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INTRODUCTION, CREDITS, CONSULTANTS

This review is an updating through December 1975 of
our previous review (Particle Data, Group, 1974, and
Supplement, 1975). In this version, we have attempted
to make the text as complete and self-contained as pos-
sible.

As usual, the results of our compilation are presented
in two sections. The Tables of Particle Properties,
usually referred to as simply the Tables, contain a sum-
mary of the properties of only those peaks or resonances
which in our judgment have a large probability of stand-
ing the test of time. This is a conservative judgment,
and surely means that some genuine resonances are
(temporarily) omitted. See Sec. V below.

The Data Card Listings, on the other hand, are an at-
tempt to give up-to-date information, along with refer-
ences, on all the reported particles whose existence is
either considered confirmed (in which case they are al-
so included in the Tables) or not yet confirmed. The
Listings also contain mini-reviews pertaining to ques-
tions of interest.

A short survey of the history of some of the constants
we compile, as well as some of those compiled by oth-
ers, has been added to the text as a, new feature (Sec.
VIII). In general, the reliability of the data has been
pretty good; that is, the percentage of the time that
our best estimates of various constants have changed
by more than one standard deviation over the years is
roughly what would be expected from statistical con-
siderations. A history of the Particle Data Group, with
a discussion of procedures and problems, has been
given by Rosenfeld (1975).

This year we are experimenting with a new statistical
procedure in our data averaging. Given in the Tables
are our best estimates (and their errors), calculated in
the old way. In the Listings, we give simultaneously the
old (labeled "AVG") and new (labeled "STUDENT" ) val-
ues. In most cases there is little difference. Details
may be found in Sec. VII. User comments are solicited.

A pocket-sized data booklet, containing the Tables
and a reprint of the figures and formulae from the first
part of the book, is available on request.

For North and South America, , Australia, and the Far
East, write to Technical Information Division, Lawrence
Berkeley Laboratory, Berkeley, California 94720, USA.

For all other areas, write to CERN Scientific In-
formation Service, CH-1211 Lexeme ~3, Switzerland.

As usual, we wish to emphasize that we compile the
experimental results of others. It is inappropriate to
give us the credit for their countless hours of effort.
We urge that references be given directly to the orig-
inal data, and we provide complete references in the
Data Card Listings for that purpose.

The responsibilities for the various sections can be
broken down as follows:

(1) Stable Particles: A. Barbaro-Galtieri, N. Barash-
Schmidt, and T. G. Trippe.

(2) Meson resonances: V. Chaloupka. , R. J. Heming-
way, M. J. Losty, and M. Roos.

(3) J3axyon resonances: A. Barbaro-Galtieri, C. Bric-
man, and R. L. Kelly.

(4) General, including text: All authors.
Consultants: To overcome unavoidable gaps in our

coverage, both intellectual and geographical, we have
solicited the help of consultants:

Ugo Amaldi (CERN)
Stanley J. Brodsky (Standford Linear Accelerator
Center)
Denyse M. Chew (Lawrence Berkeley Laboratory)
Ronald Crawford (University of Glasgow)

' J. Engler (CERN)
' Anatoli Kuznetsov (JINR, Dubna).Gerald R. Lynch (Lawrence Berkeley Laboratory)
F. Monnig (CERN)
R. Gordon Moorhouse (University of Glasgow)
David R. Nygren (Lawrence Berkeley Laboratory)

~ Oliver E. Overseth (University of Michigan)
Sherwood I. Parker (Lawrence Berkeley Laboratory)
Bernard Sadoulet (Lawrence Berkeley Laboratory)
Paul Soding (DESY)
Fumiyo Uchiyama (Lawrence Berkeley Laboratory)

The usefulness of this compilation depends in large
part on the interaction between the users and the authors
and consultants. We appreciate comments, criticisms,
and suggestions for improvements of all stages of data
retrieval, processing, and presentation.

II. SELECTION OF DATA

All particles are considered to fall into one of the
three groups:

(1) Stable particles, immune to decay via the strong
interaction, including the g.

(2) Meson resonances (including all the new high mass
particles, whether "stable" or not).

(3) Baryon resonances.

These groups are maintained within the two main parts
of the compilation:

(1) Tables of Particle Properties.
(2) Data Card Listings.
The Data Card Listings contain the original informa-

tion (data, references etc.), weighted averages, com-
ments, and "mini-reviews". Immediately preceding the
Data Card Listings is an Illustrative Key thereto. We
attempt to give complete Data Card Listings up to our
closing date (January 1, 1976) for all journals listed in
the Illustrative Key. We also include preprints and un-
published conference reports which have come to our
attention, but make no attempt at completeness.

Roughly 40% of our encoded results are not used for
averaging. They are set off in parentheses: our rea-
soning is then often given in a footnote below the data.
If the reason is not given, it is one of the following:

~ The quantity was presented with no error stated..The result comes from a preprini or conference re-
port. It is our experience that such results (and par-
ticularly the errors) often change before final publica-
tion. Accordingly we keep these new results in paren-
theses until they are published (or explicitly verified to
us by the authors)..It, involves some assumptions that we do not wish to
incorporate.
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.It is of poor quality, e.g. , bad signal-to-noise-ratio.
The result is inconsistent with others, e.g., because

of different methods employed, rendering averaging
meaningless.

It is not independent of other results, e.g., a result
from one of several partial-wave analyses all using the
same data, again rendering averaging meaningless.

Equations (2) and (3) combine to give

( 1)l+ s+I

The parity is

(3)

(4)

(5)

I I I ~ NOMENCLATURE

A. Quantum numbers

The symbols I (J )C represent:

I= isospzn

G = G-parity

4= spin

2 = space parity

C = charge conjugation parity .
1. Mesons

The charge conjugation operator C turns particle into
antiparticle and has eigenvalues +1 only for neutral
states; so it is useful to define an extension G which
has eigenvalues for charged states too. It is usually'
defined by

G=C exp(i', ) .
A neutral nonstrange state is an eigenstate of exp(i', )

with eigenvalue (—l)~. Then we can write the eigen-
value equation for the whole multiplet as

G= C„(-1)I, (2)

where C„(n for neutral) is the eigenvalue C would have
if applied to the neutral member of the multiplet. Thus,
for a wo, C has the eigenvalue+1, and since I=1, G
= —1. For the charged pion there are no eigenvalues
corresponding to C and to the isospin rotation, but Eqs.
(1) and (2) still give G= —1.

Consider a meson as a bound state of fermion-anti-
fermion, e.g., qq, with orbital angular momentum /,
and with the two fermion spins coupling to give a spin
S. Then one can show that the charge-conjugation
eigenvalue [defined in Eq. (2)] is

Most texts define it as in Eq. (1); see, e.g. , Gasiorowicz
(1966); however, sometimes the rotation is taken about I„. The
difference between the two conventions is mentioned in a foot-
note in Kallen (1964).

When the data for a particle have received special
treatment or when they present special problems, this
is noted in a mini-review in the Data Card Listings.

The Tables of Particle Properties represent the out-
put of weighted averages and some critical judgment.
The extent to which "blind" averaging has been tempered
with judgment is explained in footnotes to the Tables. In
general, however, the footnotes are less complete than
is the collection of notes and mini-reviews in the Data
Card Listings. The reader is therefore encouraged to
familiarize himself with the Data Card Listings and,
ultimately, with the original experiments.

Equations (3) and (5) combine to give

C„P= —(—1)~ (6)

2. General remarks

Well-established quantum numbers are underlined in
the Tables of Particle Properties (except for stable par-
ticles, where most of the quantum numbers are estab-
lished). We have used flimsy evidence to guess many of
the remaining ones, and we have indicated with "'P" ones
(in the baryon table) for which there is almost no evi-

so all singlet ('So, 'P„.. . ) have C„P= —1, and all trip-
let ('S„.. .) have C„P=+1. For proofs of the above,
see our 1969 text (Particle Data Group, 1969) and Ap-
pendix by C. Zemach.

If, instead of qq, we consider the meson as a state of
bosom antibo-son (e.g., A2-KK), it turns out that some
signs cancel, and Eqs. (3) and (4) [not (5)!] apply un-
clzanged. Of course the mesons are often spinless so
S is zero, but the equations are more general. Eqs. (3)
and (4) can be considered as selection rules forbidding
many decays.

We now use Eqs. (3) and (4) to introduce the concept
of "Abnormal-C" mesons, i.e., mesons that cannot be
composed of qq.

The unitary triplet of quarks is of course defined to
have isospin and hypercharge properties such that qq
can combine (according to the SU(3) relations (3)R(3].
= f 6].$(1]) so as to form only unitary octets and sin-
glets. The non-observation of "exotic" mesons (i.e.,
mesons in more complicated supermultiplets) is of
course one of the bases of the naive quark model. But
it is slightly less obvious that even some octets are
forbidden by the model, namely those with (J' )C„=(0')—,
(1 )+, (2') —,. . . . Such states are also not observed, and
this is an additional success of the naive quark model
classification scheme.

In what follows, do not confuse "Abnormal-C" with
"Normal" or "Abnormal" J, both of which are allowed by
the quark model. The series 8~=0', 1,2+, is called
Normal because P = (—1)~ as for normal spherical har-
monics, and 4~=0, 1+, ... is called Abnormal.

The top part of Table I shows all the low angular mo-
mentum states that can be formed from qq. Note that
half of the J states can be formed by both a triplet and
a singlet qq state, e.g., 'P„'P, or SD„'D2. Eq. (3)
shows that 'P, and 'P, have opposite C„, so the qq mod-
el allows both. But the states &, and 'P, have no 'P
counterparts. According to Eq. (6) they have C„P=+1,
and with the qq model there is no way to form a state
with a J~ of 'Po

~ (i.e., J~ = Normal) and with C„P= —1.
As mentioned, such octets have not shown up. With the
help of Table I one can also see that the special state
'80, C„2'=+1, cannot be formed, so has Abnormal C.

Rev. Mod. Phys. , Vol. 48, No. 2, Part I I, April 1976
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TABLE I. I (J ) of non-strange mesons from pp model. For the distinction between abnormal ~+ and abnormal C, see text fol-
lowing Eq. (6). & mesons share the same values of ~ as the I=o and 1 states shown, but are not eigenstates of G. The middle
column, which gathers together (J ) N „A C&, ig a redundant intermediate step iritended to make the table easier to read.

qq State
CP CP

(J ) CP

Normal or
aha. or mal

I (J )C Example s and comments

4 0

S

0 (0 )+

1(0 )+ Tr
Ea

0 (1 )-
, i (i )-

O', E'?

0(i )-
i(i )- B

3
PO

P

P

(& )A

1

0 (0 )+
Ii (0 )+
0 (4 )+

j~ (~ )+
0 (2 )+

Ii (2 )+

D '?

Ap

0 2 }+l

, ~ (2 )+I
W M M M M M 'W M M M M % 4Q W M M M 'W M W ~ M M M M ~ M M M M M ~ ~ M M ~ BIO

3D (i )
'3

N
same as S pl

3
D3

3 p'

3 p'

(3) +

(3 )A+

(4) +

0 (2 )-l Regge recurrence of

l (2 thy abnormal-C state
(J )c„= (0 )-

)g (3 )-
,
I

QS M ~ W M M M ~ M M M M M M M ~ W

3same as P

~Z&2

i

I

etc.

ABNORMAL C STATES THAT CANNOT COME F'ROM qq MODEL

Abnormal C
(0 ) +

state s

model (2 )N-

Have no qg I' (0 }

o(o )-
& (o)-
0(i )+

(i }+
0 (0 )-
& (o )-
0 (2 )-
i(2)-
0 (3 }+

(3 )+

All except

are

PS = normal,

CP=-X
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dence.
As is customary, we define antiparticles as the result

of operating with CPT on particles, so both share the
same spins, masses, and mean lives. Whenever there
is a particularly interesting test of CPT invariance we
include it in the Stable Particles Table.

B. Particle names

If a meson has a well-accepted colloquial name, we
use it. If not, we name it by a single symbol which spec-
ifies its baryon number E (=0 for mesons), its isospin I,
its hypercharge P, and, for a nonstrange meson its G

parity. For convenience, we also list the strangeness
S, which is related to F and B by

The name conventions for mesons are given in the first
part of Table II.

To crowd even more information onto the symbol, we
sometimes add a subscript giving J . If J is not known,
but must be 'Normal" (0', 1,2', . . .), e.g., because Kz
decays are seen, we use the subscript K. If such modes
are not seen (and are not otherwise forbidden), we guess
that it is because J is "Abnormal", and we use the sub-
script A.

For some pairs of mesons with supposedly identical
quantum numbers, we also use primes; e.g., q, q'; f,f'.

For baxyons no attempt has been made to attach a
subscript about J and P. The name conventions are
given in the second part of Table II. For stable baryons
of each I and F we use the symbol standing alone; for
resonances, the mass is in parentheses [i.e., N(1688),
A(1405), Z(1765), etc.]. The J assignments are re-
ported in the Baryon Table as 2+, &, —,+, etc., and also
by the symbols Pyy Dy3 +y5 which refer to the pp or
Kp partial-wave amplitude in which the resonant state
occurs (the first subscript refers to the isospin state:

TABLE II. Particle name conventions.

Mesons

2 &&I for N and ~ and just I for Z, A, and Z). When two
or more baryons have identical quantum numbers we
warn the reader by adding primes to the spectroscopic
symbol as expla. ined in footnote (a) of the Ba,ryon Table.

lV. CONVENTlONS AND PARAMETERS FOR
STRONG INTE RACTlONS

A. Partial-wave amplitudes and resonance parameters

The vast majority of information concerning baryon
resonances comes in the form of partial-wave analyses.
In addition data concerning meson resonances (pp, Kp, pm')
are, with increasing frequency, being subjected to par-
tial-wave analyses. We thus find it natural to introduce
the resonance parameters which we compile in terms of
a Breit-Wigner approximation for the partial-wave am-
plitude.

In general the elastic amplitude for a given angular
momentum l may be written as

q exp(2i6) —1
11 2i

where g is referred to as the absorption parameter
(0~ @~1) and 6, as the phase shift. The subscripts
11 on T denote scattering from channel 1 to channel
1 (i.e., m ~m or IfN-ZN).

In Fig. 1 we show an Argand plot of the elastic partial
wave amplitude T». It illustrates geometrically how the
real parameters g and 5 are related to the real and
imaginary parts of Tyy Many examples of such Argand
plots may be found in the Baryon Data Card Listings.

Consider the so- called non-relativistic Breit-Wigner
approxlmatlon fox' T~~.'

where & is the c.m. energy of invariant mass, F, and
I' are the elastic and total widths, and M is called the
resonance mass. Equation (2) is, of course, not the
only possible description of a resonant amplitude; it
suffices to illustrate the properties of partial-wave
amplitudes which we associate with resonance behavior
in the absence of any background in the same partial
wave (see, e.g. , the mN D» and E» waves in the Baryon
Data Card Listings). Usually the widths contain barrier-

'9

cd or
p

K+, KP
K-, KP

N

Zp Zf
A
Z

0

0, 1
0

0
0
0
0

+1
—1

Baryons

+1
+1
+2

0
0

—1
—2

0
0
0
0

+1
—1

Im T

0 ReT /2 0 Re T '/2

Since 1973, we have used'the symbol ~ for those I =0
mesons that decay mainly into 37t [~(783), ~(1670)]; we reserve
the symbol Q for Q(1020) and possible future higher-mass I
=0 mesons that decay mainly into KK.

FIG. 1. Argand plots for the partial wave amplitude &&&. The
outer circles are the unitarity bound (q=l). The inner circles
correspond to the Breit-Wigner approximation of Eq. (2) for
(a) &~=1'~/I =0.75 and (b) x&=0.4. Note: &=2(M —E)/I .
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where

= (x,xa)' ~'[ —,
' I'/(M —E ——,

' ir) ], (4)

and x, (called the elasticity) is often written x,. (Note
that in the Data Card Listings we use the symbol P~ to
denote x~.) The channel cross-section a,~ for the reac-
tion 1-P, for spin 0-spin —, scattering, is

=4 A. (J+ —')
~
T, (6)

where 4= l + 2.
The important features of Eq. (4) which characterize

resonant behavior in the Argand diagram (ImT, B versus
ReT,~) are:

(1) Energy variation given by circles with diameter
(x,x8)' 2 and maximum amplitude at E =M of

T,a =i(x,x~)'~' .
(2) A maximum in the speed near resonance, given

approximately by

2xx"Speed"(res) = ~dT, 8/dE ~~ ~= (8)

for slowly varying r(Z). These features may be related
to the g, 5 representation of T». Thus when E = M, 5 is
either 90'(x, & —,) or 0'(x, & —,') and g dips to its minimum

penetration factors which can vary rapidly with energy.
Near threshold, r, (&) should start up as q'"' (also true
for the inelastic width 1"8). Various & dependences are
then used for I'„mostly of the form

( ~)2l+ 1

()3
see Jackson (1964), Pisut and Roos (1968), and Barbaro-
Galtieri (1968).

The BW-approximation to the amplitude for an inelas-
tic process leading from channel 1 to channel P (ww-KK
or KN-Zm, for example), is

T„=—,'(r, r,)'~2/(M z —.
' zr)

value.

These simple properties can be used to judge the pres-
ence or absence of resonance behavior in an Argand plot.
However, it must be kept in mind that Eqs. (2) and (4)
are only approximations to the "true" amplitude. The
simple picture given above can be distorted by various
effects:

the presence of "background" in the same partial wave
as the resonance

two resonances in the same partial wave overlapping
in energy

the resonant energy M being close to an inelastic chan-
nel threshold, in which case a K-matrix-like- parametr-
ization is more appropriate.

B. SU(3} sign conventions for A and Z resonances

Consider the partial width I'~ of a resonance decaying
into the channel P. We can always define a coupling con-
stant such that

O" Q2

In this case the inelastic amplitude in the Breit-Wig-
ner approximation, Eq. (4) will go as

T~a ~ G~Gg/(M E —~ ir)—,

where G, is the coupling constant for the elastic chan-
nel. In the context of exact SU(3) symmetry the rela-
tive signs of the product G, Gz for different resonances
are often useful a.s a consistency check on SU(3) assign-
ment of A and Z resonances. See Appendix II for further
details.

In the Data Card Listings for A and Z resonances, we
tabulate measured values for (x,x~)' ~' ~ G, G8. Wheneve~
there is an explicit sign, it will be according to the con-
vention advocated by Levi-Setti (1969) and used in the
table of SV(3) Isoscalar Factors presented in this re-
view. Thus the signs multiplying the Breit-Wigner am-
plitudes for KX-Z(1385) -Zg, Am and KN-A(1405)-Zz are simply the product of the phases of the ap-
propriate isoscalar factors. This convention is shown
in Fig. 2 from Levi-Setti (1969).

SU(3) RELATIVE SIGN OF RESONANT AMP LIT UDES

(8} lel lsl [io! l~l

S II D I5
X (I760) X {1760)

{8}
lel

X(i760) X(I760)
S I I DI5

l~l I'I Isl

lel I'ol
X(I9I5) X(2030)

F&5 FI7
X
Jk

8P z
X

der ill r
X X

X(I385) h ( I 670) h(I 690) A( I 8 20) h{1830) X(2030) h(2IOO)
PI 3 S OI D03 F05 005 F I7 G07

X X X X

&r

p g p &
& g p p & pli Ji i r i Ii / ii li ri /ix]f~ x x x x x x

FI5
X(I 9 I 5)

FIG. 2. Plot adapted from
Le vi- Setti (1969) showing the
sign convention adopted here
for the &7I and A7I amplitudes.
Once the signs of one I= 0 and
one I=1 amplitude are fixed,
the others can be measured
relative to these two. Arrows
here indicate signs predicted
by SU(3); & marks indicate the
observed phases; ~ indicates
phase chosen according to sign
convention described in text.
The Z(1915) predictions have
been changed from Levi-Setti's
or iginal figure.

PI3
E(i385)

DI3
X( I 660)
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C. Types of partial-wave analyses

Partial-wave analyses (P+A) are classified into three
categories in the Data Card Listings: energy-indepen-
dent partial-wave analyses (IPWA), energy-dependent
partial-wave analyses (DPWA), and model-dependent
partial-wave analyses (MPWA), in increasing order of
the number of explicit supplementary hypotheses that
are used to extract the amplitudes from experimental
data.

In an IPWA, data at different energies are analyzed
separately. Usually each partial wave included in the
fit is allowed to vary freely (subject to unitarity con-
straints) over some large region, and waves whose angu-
lar momenta are above some cutoff value are assumed
to be negligible. The sharp cutoff in angular momentum
resolves continuum ambiguities in the solution (such as
the overall phase ambiguity), but there remains a finite
number of indistinguishable "best" solutions (i.e., so-
lutions corresponding to identical physical observables)
which have been codified by Barrelet (1972). In addi-
tion, there are generally some nearby solutions (and
their associated Barrelet ambiguities) which have chi-
squared values close to the minimum one.

At the end of the analysis a choice is made among
these many solutions, usually on the basis of energy
continuity. A popular criterion for making this choice is
the shortest path technique in which the total "length" of
the preferred solution is chosen to be a minimum. The
definition of "length" used here is not universal but is
usually closely related to the total geometrical length of
the lines representing the various partial-wave ampli-
tudes in Argand plots (see the Baryon section of the
Data Card Listings for examples of Argand plots). Vari-
ous other criteria which are also used in some analyses
are, e.g. , matching with known solutions at low ener-
gies, the presence of known resonances in the final re-
sults, and limited inelasticity in high partial waves.

In a DPWA, data at different energies are fit simulta-
neously by using an energy dependent parametrization of
the partial-wave amplitudes. The parametrization is
usually chosen to include both resonances and nonreso-
nant background of some sort and an attempt is made to
keep it as "model independent" as possible. Often the
data are grouped into several energy bins which are fit
separately rather than trying to fit the whole energy
range under - consideration simultaneously. One of the
main advantages of DPWA over IPWA is that sparse
data spread over many different energies can be ana-
lyzed, e.g., nearly all S = —1 analyses are DPWA. In
addition, the built-in energy continuity helps to resolve
the ambiguities that plague IPWA and eases the prob-
lems associated with resonance parameter extraction.
The price one pays for these advantages lies in the
danger of systematic error in the amplitudes and poor
fits to the data if the parametrization is poorly chosen
or insufficiently flexible.

An MPWA also uses an energy-dependent parametriza-
tion, but one based on explicit model-dependent theoreti-
cal assumptions such as Regge exchanges. This tech-
nique is usually applied to reactions where the data are
incomplete. There is, of course, no sharp distinction
between DPWA and MPWA, and a well chosen MPWA

parametrization may actually be less biased than a
model-independent but poorly chosen DPWA parametriza-
tion.

D. Production of resonances

Hereby, we mean the observation of statistically sig-
nificant peaks in invariant mass plots or, loosely, in
integrated cross sections. Many meson resonances are
of this type. We expect most of these peaks to be as-
sociated with Breit-Wigner behavior in appropriate
Argand plots; thus the p meson peak in mm mass plots
is firmly related to the I=1, /=1 pm phase shift passing
through 90

From mass plots we can determine M, I", and the ap-
proximate branching ratios

x /x~=r /r, . (9)

V. CRITERIA FOR RESONANCES
An experimentalist who sees indications of a resonance

in some energy (or mass) region will of course want to
know what has been seen in that region in the past;
hence, we strive to have the Data, Card Listings serve
as an archive for all substantial claims or evidences for
resonances.

For the Tables of Particle Properties, on the other
hand, we wish to be more conservative and to include
only those peaks or resonances which we feel have a
large chance of survival. An arrow (-) at the left of the
Tables of Particle Properties indicates that a question-
able candidate has been omitted from the Table, but that
it can be found in the corresponding part of the Data Card
Listings. One's betting odds for survival are of course
subjective; therefore no precise criteria can be defined.
In what follows we shall attempt to specify some guide
lines.

(a) When energy-independent partial-wave analyses
are available (mostly for N*'s), approximate Breit-
Wigner behavior of the amplitude appears to us to be
the most satisfactory test for a resonance. We can
check that the Argand plot follows roughly a left-hand
circle, and that the "speed" of the amplitude also shows
a maximum near the resonance energy; further, there
should be data well above the resonance, showing that
the speed again decreases. Indeed proper behavior of
the partial-wave amplitude could accredit a resonance
even if its elasticity is too small to make a noticeable
peak in the cross section.

Of course even if Argand plots are available, it may
still be a matter of opinion as to what behavior consti-
tutes a resonance. Such an example is the Zo(1780)
state seen in KN total cross-section experiments and
in partial-wave analysis. The recent partial-wave anal-
yses of Giacomelli (1974) and Martin (1975) find pre-
ferred solutions which exhibit a resonance-like loop in
the Po, wave near 1740 MeV (see Fig. 5 of the S =+ 1

In the case of total cross sections, the peak above back-
ground gives us, using the optical theorem, the product
(8+ —,')x, :

(10)
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mini-review in the Baryon Data Card Listings). How-
ever, Giacomelli et al. and Martin point out that, despite
the resonant-like appearance of the loop, the evidence
for resonant energy dependence is inconclusive. Thus
we omit the Zo(1780) from the Baryon Table. A similar
quandary has existed for some time concerning the
Z, (1900), and it too has been omitted from the Tables.

(b) When there are insufficient data to perform energy-
independent analyses, one often resorts to energy-de-
pendent partial-wave analyses (mostly for Y'*'s). In
this case Breit-Wigner behavior is an input. We there-
fore require that resonance solutions be found by sev-
eral different analyses, preferably in different channels
(KX-RN, mZ, etc.), before putting the claim in the table.

(c) Partial-wave analyses of three-body final states
(mN-pm%) are becoming available. While these anal-
yses are based on the isobar model (mN- pN, m&, etc.)
and are subject to theoretical objections of varying im-
portance, they provide increasingly reliable information
on inelastic decay modes of otherwise established reso-
nances.

(d) Most mesons, " * peaks, and high mass N* and
1'* peaks fall into a category for which no partial-wave
analyses exist. In general we accept such peaks if they
are experimentally reliable, of high statistical signifi-
cance or if they are observed in several different pro-
duction processes.

(e) A special category of "diffractive mesons" consists
of statistically significant peaks like A„A.3 or Q, which
are not far above the pm, fm, or K*m thresholds. The.
question of a resonance interpretation for these states
is complicated, because the behavior near threshold in
these channels may be described by the Deck effect.
Modern partial-wave analyses can shed considerable
light on these problems. See the mini-reviews for de-
tails.

Thus, we enter into the tables of Particle Properties
only states for which there is experimentally convincing
evidence, and we expect that most of these will be con-
firmed as resonances. '

Vl. CONVENTIONS AND PARAMETERS FOR WEAK
AND ELECTROMAGNETlC DECAYS

A. Muon-decay parameters

The p, -decay parameters describe the momentum spec-
trum ( p and q), the asymmetry (g and 6), and the heli-
city (Ii) of the electron in the process p. ' - e'+ v+ v. As-
suming a local and lepton-conserving interaction, the
matrix element may be written as

&e~a,. (Ii)&v(r,. (C,.+C,'. y, ) )v&,
i

where the summation is taken over i=~, V, &,&, &. Using
the definitions and sign conventions of Kinoshita and
Sirlin (1957), we have for the momentum parameters

p = [3g &+ 3g' v + 6g' rl /L

'0 = [g g
—g ~+ 2g & —2g v] /L p

for the asymmetry parameters:

6g~g~cospss' g„g ecosoc„v+14g'„cosp»
D

= [— gAgv os@AV g r oS@TT]/
and for the parameter describing the helicity of the elec-
tron:

2gq gJcosg g p —Bg+gvco sQQv —6g rcos(jar r
D e

Here

D=g +g +4g ~= 6g ~+4g

cosP,-,-= Re(C~iC,'+ C', C,*. ) .
The quantities g; are defined to be real non-negative
numbers, and the P;,. are phase angles between the i-
type and j-type interactions. Under the assumption of
two-component neutrinos C',. = —C, and C,'. = —C, , the
S, P, and T terms vanish, and P„v is the phase angle
between C„and C~ in the complex plane.

By using the above equations and the experimental de-
terminations of p, il, g, 6, and Ii, limits can be placed
on g~/gv, g„/gv, gr/gv, g~/gv, an«f&„v. The results,
given in the Data Card Listings assume neither two-
component neutrinos nor time-reversal invariance. If,
however, two-component neutrinos are assumed, then
sinp~v is the amplitude of time-reversal violation.
Note that most experiments study only the upper end of
the spectrum where p and g are highly correlated, so
they can only report p for q —= 0 and p for p = —,'. The val-
ues for p and p we use here were obtained by combining
measurements of both upper and lower ends of the spec-
trum and turn out to be nearly uncorrelated.

Note also that the radiative corrections are unambig-
uous only when g~ =gr =g~=0. The same limits on g„/
gv and g~v are obtained, however, as when gz, gr, and
g& are left free.

Current values for the asymmetry parameters as well
as ~g~/gv ~

and @~v are given in the Addendum to the
Stable Particle Table. In addition, upper limits on
(g~/gv(, (gr/gv[ ~d (g,/gv( aregivenint e p sec-
tion of the Stable Particle Data Card Listings.

B. K-decay parameters

1. Dalitz plot for K~3vr decays

The small deviation from uniformity of the Dalitz plot
for the 3z decay of the K meson is usually described by
a slope parameter" (Dalitz, 1956). For the v and 7'
decays of the charged K's, and the & decay mode of
the K~, we parametrize the Dalitz plot distribution by
the expression

2

. S2 —Sl S2 —Sg
2

r+ r+

where m', has been introduced so as to make the coeffi-
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cients g, h, j, and 0 dimensionless, and

s; = (P» —P,)' = (m» —m,)' —2m»T, , i = 1, 2, 3

1 1
so =— s ~ = 3(m»+ m)+ mz+m3)0 3

Here the I'; are 4-vectors, m,. and T; are the mass and
kinetic energy of the ith pion, and the index 3 is used
for the odd pion.

The coefficient g is a measure of the slope in the
variable s, (or T,) of the Dalitz plot, while ti and iz mea. —

sure the quadratic dependence on s, and (s, —s,), re-
spectively. The coefficient j is related to the asym-
metry of the plot and must be zero if CI' invariance
holds. Note also that if CP is good, g must be the same
for v' and &, and similarly for h and k.

At present there is no compelling experimental evi-
dence for the iz, k, or j term (for upper limits on the
j term, see Sec. B.3(b) below). Thus we stop the
above expansion at the first term and list only g. Since
different experiments use different forms for ~M~z, in
order to compare the experiments we have converted to
g whatever coefficients have been measured. See the
mini-review in the E section of the Stable Particle
Data Card Listings for details on this point. The re-
sults are given in the Addendum to the Stable Particle
Table and in the K' and K~ sections of the Stable PBr-
ticle Data Card Listings.

Relations among 7', ~", and 7 are predicted by the
4I = —,

' rule. See Appendix I for these relations and a
discussion of this rule.

2. Form factors in K, leptonic decays

Assuming that only the vector current contributes to
these decays, we write the matrix element as

M ~ f, (t)[(P»+P,)~u, y, (l+ y, )u„]
+f (t)[m, u, (1+y,) p,„], (2)

(ej K„3 experiments

Analyses of K» data frequently assume a linear de-
pendence of f, and f on t, i.e.

f, (t) =f, (0)[1+A., (t/m, ')] . (3)

Most K» data are adequately described by Eq. (3) for
f, and a constant f (i.e. X =0). There are two equiv-
alent parametrizations commonly used in these anal-
yses:

(1) X., $(0j Parametrizarion Analyses of K. z data, often in-
troduce the ratio of the two form factors

where I'~ and P, are the four momenta of K and m me-
sons; m, is the lepton mass; f, and f are dimensionless
form factors which can depend only on t= (P» —P,)', the
square of the four-momentum transfer to the leptons.
f, and f are relatively real if time reversal invariance
holds for these decays. K» experiments measure f,
and f, while K„experiments. are sensitive only to f,
because the presence of the lepton mass makes the f
terxn negligible.

The K» decay distribution is then described by the two
parameters A., and $(0) (assuming time reversal in-
variance and A, =0). These parameters can be deter-
mined by thx ee different methods:

JI/Ietkod &: By studying the Dalitz plot or the pion spec-
trum of K» decay. The Dalitz plot density is (See, e.g.
Chounet et al. , 1972):

p(E. , E ) ~f'. (t)[A+B&(t)+C&(t)'],

A = m»(2E~E„—m»E')+ m~~(~ E' —E„),
B= mz~(E, —zE,' ),

+ —Ip E mgx @ K' m' ~ Eg r 2'
Here &, , &~, and &„ are respectively the pion, muon,
and neutrino energies in the kaon center of mass. The
density p is fit to the data to determine the values of A, ,
g(0), and their correlation.

Method B: By measuring the K»/K„branching ratio
and comparing it with the theoretical ratio (See, e.g.,
Fearing et al. , 1970) as given in terms of A.

' and $(0),
assuming p, -e universality.

I'(If~z )/F(A;, ) =0.6457+ 1.4115K.,+ 0.1264$(0)

+ 0.0192 $(0) + 0.0080K, $(0),
I'(Ko, )/I'(K o~) = 0.6452+ 1.3162K, + 0.1246 g(0)

+ 0.0186 ((0)z+ 0.0064K, $(0) .
This cannot determine A,, and $(0) simultaneously but
simply fixes a relationship between them.

Method C: By measuring the muon polarization in K»
decay. In the rest frame of the K, the p is expected to
be polarized in the direction A with P=A/1A ~, where
A is given (Cabibbo and Maksymowicz, 1964) by

A= a, (&) pa

a (g) " m» —E, + "- za (Ea —ma) +P,Ipg pr' pa
BZ p ptj,

+m»lm((t)(p, && p, ) .
If time-reversal invariance holds, ( is real, and thus
there is no polarization perpendicular to the K-decay
plane. Polarization experiments measure the weighted
average of g(t) over the t range of the experiment, where
the weighting accounts for the variation with I; of the
sensitivity to &(t).

(2) X„X0 Parametrization Some of the m.ore recent K~s
analyses have parametrized in terms of the form
factors f, and fo which are associated with vector and
scalar exchange respectively to the lepton pair. fo is
related to f, and f by

Here fo(0) must equal f, (0) unless f (t) diverges at t =0.
The earlier assumption that f is linear in t and f is
constant leads to fo linear in t

f (t) =f,(o)[1+&o(t/m'. )] .
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With the assumption that fo(0) =f, (0), the two paramet-
rizations, (X, , $(0)) and (X, , Xo) are equivalent as long
a,s correlation. information is retained. (X, , Ao) correla, —

tions tend to be less strong than (X„g(0)) correlations.
The experimental results for $(0) and its correlation

with X, are listed in the &' and ~L, sections of the
Stable Pa,rticle Data Card Listings in subsection XIA,
XIB, or XIC depending on whether Method A, B or C
discussed above was used. The corresponding values
of X+ a,re listed in subsection I +M.

Because current experiments tend to use the (X, , X )
parametrization, we have added a subsection IO for
X, results. Wherever possible we have converted $(0)
results' into g results and vice versa.

(hj K,3 experiments

Analysis of E„data is simpler than that of K» be-
cause the second term of the matrix element assuming
a pure vector current (Eq. 2 above) can be neglected.
Here f, is usually assumed to be linear in t, and the
linear coefficient X, of Eq. (3) is determined.

If we remove the assumption of a pure vector current,
then the matrix element for the decay, in addition to the
terms in Eq. (2), would contain

+ 2m'(fsu, (l+ y,)u„

+ (2fr/mx)(Px). (P.),u~~g. (1+~.)u. ,

where fs is the scalar form factor, and fr is the tensor
form factor. In the case of the tf~ decays where the f
term can be neglected, experiments have yielded limits
on lf, /f, I

and lf, /f, I.
The K„results for x, , I fslf, I

and
I frlf, I

are listed in
thesubsections I +M, ES, and I"T respectively of the E'
and K~ sections of the Stable Particle Data Card Listings.

See also the Note oe K,', and K» I"oem Eactms in the
K' section of the Stable Particle Data Card Listings for
additional discussion of the A» parameters, correla-
tions, and conversion between parametrization and
also for a comparison of the experimental results.

3. CP violation in K decays

We list parameters for four different reactions in
which CP can be tested [for details, see Okun and Rubbia
(1967), Steinberger (1969), and Wolfenstein (1969)].

(a) Ks - m'vr m . The quantity measured here is the ratio
of amplitudes

Itf.&= [(1+~) l~&+(1 —~) l~&]/[2(1+
I
~l')]'" . (6b)

We give 6 in the Addendum to the Stable Particle Table.
In addition, in the K~ CP-violation section of the Stable
Particle Data Card Listings, we list 5 separately for K~

FLU. v and Ko~ gev.
(d) K~-2~ decay. The relevant parameters are

q. =A(z, -~'& )/A(X, -&-& )= Iq. Ie-xp(iy, ),
goo =A(K~ - pa~ )/A(Ãs go& ) =

I q loe x(pi@ o)o,

e, defined in Eqs. (6) above, and

e' = —,
' i v 2 [expi(6 —6 )] Im(A /A ) .

Here, A,- and 6,- are the amplitude and phase of g~ scat-
tering at the K mass, defined by

&I=0
I
r Iz &=e~(i6,)A, ,

&I=2
I
~II~ & =e~('6,)A, .

Wu and Yang (1964) have derived the relationships

coefficient j in Eq. (1), we choose to list o, from the
equivalent expression

l~.l'" I+ a, (2/~3)P'. 7—)/&, .
+ (CP nonviolating terms),

where T, are the kinetic energies of the charged pions.
We have momentarily abandoned the form involving the
Mandelstam variables s, in favor of Eq. (5) because the
latter has been consistently used by experimenters
searching for CP violation. We list o, among the CP-
violating parameters at the back of the E ~ section of the
Stable Particle Data Card Listings. Note that only upper
limits have been reported for this quantity.

(c) AsymmeA'y in the E~-z~l'v decays. The quantity
measured and compiled here is

r(Z -~-I'v) —r(X, -v'I-v)
I'(K~ -w l' v) + I'(K~ -m' l v)

This asymmetry violates CP invariance. If CPT is good,
for a pure Ko~ beam, 6 can be written as

6=2[(1 lxl )/(ll xl )]Re/,
where x is the aS = b.g-violating parameters defined in
section B4, and & is the parameter of the expansion

rr

It~.&=[(1+~) II~& -(1- e) l~&]/[2(1+
I
~I')]'" (6a)

As(t~'s - v'm m')/A~(If'r. -m'v v') =-x+iy . (4)

If CPT invariance holds and there is no I=3 state pres-
ent, then x can be neglected and CP violation would be
observed as a, nonzero y. We give the result for Eq. (4)
in the K~ section of the Stable Particle Table and under
Branching Ratio R4 in the K~ section of the Stable Par-
ticle Data Card Listings. Our procedure is to assume
that x=0, and to list (As/A~)2 in the form of a branching
ratio.

(b) Chawge asymmetry in K~ 3m decays. As men-
tioned above, the presence of a term in (s, —s, ) in ex-
pression (1) describing the Dalitz plot distribution for

decays of K mesons would be an indication of
CP violation. Rather than &i ting values of the (s, —s,)

g) = E —26

We give q, , q„, P, , and goo in the Addendum to the
Stable Particle Table. The phases are measured direct-
ly, whereas the magnitudes q, and q,o are derived pa-
rameters. We use, as far as we can, the directly mea-
sured quantities as input and calculate q „and g« from
the values given by our constrained fits. Therefore, if
one looks at the Data Card Listings, most of the

I q I

measurements appear in the form of branching ratios,
with appropriate comments. We then give the values
of q, and

I q~ I2 in a separate list at the end of the CP-
violating parameters section of the K~ section of the
Stable Particle Data Card Listings.
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4. DS= DQ rule in Ko decays

The relative amount of BS4 b, Q component present is
measured by the parameter x, defined as

x=A(K'-7r f' v)/A(Ko-m f'v) .

We list Re /x] and Im {x].for both K„and K 3 at the end
of the Stable Particle Data Card Listings and give values
in the Addendum to the Stable Particle Table.

Data Card Listings. However, we do not tabulate values
of these parameters because the assumptions made by
different authors are not compatible and do not allow
comparison of the numerical values.

3. Dalitz plot for q ~ vr vr y

The Dalitz plot for the decay q -m'm y may be fit to
the expression

C. q-decay parameters

1. C-violation in q-decays

As a test of possible C-violation in electromagnetic
interactions, a number of experiments have looked for
possible charge asymmetries in the decays q-7t'7t m

and q- a+jr y. We list the following parameters:

(a) The left-right asymmetry

A = (N' —N )/(N'+N ),
where N"' means the number of events with the g"' en-
ergy greater than the z"' energy in the g rest frame.

(b) The sextant asymmetry

N+N+N —N —N
N~ + N2+ N~ + N4+ N5 +N6

for the decay g-z'z z'. The numbers refer to the sex-
tants of the Dalitz plot [see, for example, Layter (1972)].
A., is sensitive to an I=0 C-violating asymmetry.

(c) The quadrant asymmetry A„defined in a similar
way as A.„but with each sector of the Dalitz plot now

containing w/2 rather than 7r/3 radians. A, is sensitive
to an I=2 C-violating final state.

(d) The d-wave contribution to the C-violating ampli-
tude in the decay g- z+z y. The upper limit for this con-
tribution is measured by the parameter P, defined by

dN/d
I

co8sI o= sin'0(1+ p cos'8),
where 8 is the angle between the g' and the y in the di-
pion center of mass. A term proportional to cos'0 could
also be due to p- and f-wave interference.

We list A. for the decay modes g-z+z"z' and q-z'z y,
A, and A, for the decay q- w'm m, and P for the decay
q- g'z y in the g section of the Stable Particle Data Card
Listings.

2. Dalitz plot for q~ m+m vr

The Dalitz plot for the decay q-m'z z' may be fit by
the distribution

(x, y) I

~ ~ 1+ay + by + cx+ dx + exy .
Here,

x=~3 (T, T )/Q,

y = (3T /Q) —1,
T„T,To are the kinetic energies of the z', ~, and

pro in the q rest system, and Q =m„—m, + —m, - —m, o.
The coefficient of the term linear in x is sensitive to
C-violation due to an I=0 or I=2 final state. We list
papers presenting determinations of th0 parameters
a, b, c, and d in the g section of the Stable Particle

Here E,- is the energy of the ith pion in the q rest
frame, and p is the distance to the center of the Dalitz
plot. We list the parameter n in the q section of the
Stable Particle Data Card Listings.

D. Baryon-decay parameters

1. A/V ratio for baryon leptonic decays

Consider the decay

&,. -B&+Z+ v .
Assuming V, A. theory, neglecting "induced" scalar, "in-
duced" pseudoscalar, and axial weak-magnetism terms,
and neglecting the q' dependence of the form factors, the
baryon part of the matrix element for these decays may
be written (Goldberger and Treiman, 1958) as

&&~ I ~, (gv-g~~s)+ (gw/me, .)~ e. I&; &,
where B,- and Bf represent initial and final baryons, g„
and g~ the axial and vector coupling constant, g~ the
weak magnetism coupling constant, and q„ the sum of
the lepton momenta. Here the Pauli representation is
used for the y matrices. The definition of g~/gv is

g /g. = Ig~/g. Ie~('&),
where 6 is 0+nv if time-reversal invariance holds (see
Jackson et al. , 195V).

In neutron beta decay the measurements are consistent
with time reversal, so g„/gv is nearly real and has been
considered to be such in all the baryon leptonic decays.
Notice that by using the above definition of the matrix
element with the Pauli representations, the value of
g„/g„ in neutron beta decay is negative.

Due to statistical limitation the weak magnetism form
factor g~ is usually assumed from CVC and SU(3), so
only g~ and g~ are determined experimenta1ly. This
determination is accomplished in a variety of ways:

(a) The lepton-neutrino angular correlation provides
a measure of the absolute value of g~/g~ (for relevant
formulas, see, e.g., Albright, 1959).

(b) The up-down asymmetry of the lepton from polar-
ized baryon decays provides a measure of g~/g„with its
sign (for relevant formulas, see, e.g. Albright, 1959).

(c) The lepton spectrum, given enough statistics, pro-
vides a measure of g„/gv with its sign (for relevant
formulas, see, e.g., Bender, 1968).

(d) The polarization of the decay baryon, from polar-
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ized or unpolarized initial baryon, also provides g„/gv
with its sign (for formulas, see, e.g., Willis and Thomp-
son, 1968).

We compile the ratio g„/gv with its sign, for those
decays for which it has been measured. For the neutron
beta decay we compile also the phase 5.

All the coupling constants and decay rates for baryon
leptonic decays are related by Cabbibo's theory
(Cabbibbo, 1964). A recent fit to this theory has been
done by Roos (1974).

2. Asymmetry parameters in nonleptonic hyperon decays

The transition matrix for the hyperon decay may be
written as

M =s+p(o'q),
where s and p are the parity-changing and the parity
conserving amplitudes, respectively; e is the Pauli spin
operator, and q is a unit vector along the direction of the
decay baryon in the hyperon rest frame.

The asymmetry parameters are defined by the rela-
tions

(.*p)/(I. I
+ I&l )

p= 21m(s*p)/(I s I'+ Ip I'),

With the transition matrix (7), the angular distribution
of the decay baryon, in the hyperon rest system, is of
the form

I=1+nP~ ~ q,
where Pr = (I"

I
a

I
Y) is the hyperon polarization.

In the notation of I ee and Yang (1957) the polar-
ization P~ of the decay baryon is'

(o'+ P ~ q)q+ p(P x q)+ rqx (P x q)P~=
1+ Qp~' Q

where- P~ is defined in that rest system of the baryon ob-
tained by a Lorentz transformation along q from the hy-
peron rest system in which q and P~ are defined. Note
that n is the helicity of the decay baryon for unpolarized
hyperons.

The three parameters n, P, and y satisfy the relation

n2+ P2+ y ~ = 1 .
It is then convenient to describe hyperon nonleptonic de-
cays in terms of the two independent parameters e and
the angle @ defined by

p= (1 —n')'~'sin@,

y= (1 —n')'~'cosy,
which has a more nearly Gaussian distribution than P or
y. Evidently

Note that Lee and Yang (1957) contains a misprint. The
minus sign in the definition of P should be replaced by a 2. In
addition. , our unit vector q is the direction of the baryon,
whereas their unit vector p is the direction of the pion.

—&a~ Q
& ~n for y&0 .I 1

+ —,m~P& —,m for y& 0.
In discussing time-reversal invariance, the quantity

of interest is 4, defined by

~ =2ls ll&lc»«(ls I'+ l~l'),
p = 2l-s

II & l»n«(ls I'+ I& I');
that is, 6 is the phase angle of s relative to p. Evidently

for n& 0,
+ —,g c 4 & —,g for Q & 0 .

Under the assumption of time-reversal invariance, the
angle b. must satisfy the relation

modulo g, where 5, and 6~ are the pion-baryon scatter-
ing phase shifts at the appropriate energy and for the
appropriate isospin state. For A decay, assuming the
validity of the

I
AI

I

= —,
' rule,

6= 6, —5~ = (6.8 + 2.0) deg 3

In the Stable Particle Data Card Listings we give n and

@ for each decay since they are the most closely related
to the experiments and are essentially uncorrelated.
Whenever necessary we have changed the signs of the
reported values, so as to agree with our conventions.
In the Stable Particle Table we give n, p, and b, with
errors; and for convenience we also give the central
value of y, without an error.

VII. STATISTICAL PROCEDURES

We divide this discussion on obtaining averages and
errors into two sections:

A. the unconstrained case, or "simple averaging", and
B. the constrained case.

In what follows, the term "error" means one standard
deviation (1c); that is, for central value x and error 5x,
the range x +5x constitutes a 68.3% confidence interval.

A. Unconstrained averaging

We first describe the standard procedure which we
have used for several years to determine averages and
errors. We will then discuss a second method, newly
proposed, which we feel offers a less conservative, and
possibly more accurate, estimate of errors.

1. Standard procedure —Gaussian distribution with scale

factor

We begin by assuming that measurements of a given
quantity obey a Gaussian distribution, and thus we cal-
culate a weighted average and error

3This value for &, —~& is derived from the phase-shift anal-
yses by Roper et «. (1965). The error is our estimation of the
uncertainty.
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x+6x= zv x.

u,.=[1/(5x,.) ],
where x,. and 6x,- are the value and error, respectively,
reported by the ith experiment, and the sums run over
N experiments. We also calculate g' and compare it
with its expectation value of N —1.

If y'/(N —1) is less than or equal to 1, and there are
no known problems with the data, we accept the above
results.

If g /(N —1) is ridiculously large, or if there is prior
knowledge of extremely large inconsistencies between
experiments, we may choose noi to average the data at
all. Or, in some cases, we may quote the calculated
average, but then give an "educated guess" as to the
error; such a guess is a generally quite conservative
estimate designed to take into account known problems
with the data.

Finally, if y'/(N —1) is greater than 1, but not to such
a large extent, we still average the data, but then try to
make up for this fact in two ways:

(i) We plot an ideogram to guide the reader in deciding
which data he might reject before making his own se-
lected average. An example of such an ideogram is
given in Fig. 3 below. Each experiment appearing in
the plot is represented by a Gaussian with central value
x, , error 5x, , and area proportional to 1/6x, The
choice of area is a somewhat arbitrary one; it is based
on the assumption that an experimenter will work to
reduce his systematic errors until they are slightly
smaller (but seldom much smaller) than his statistical

SCALE = [y /(N —1)]' (2)

errors. Thus as a bubble-chamber physicist gets more
events, he will use them both to reduce his statistical
errors and to study his biases. Our confidence that a
significant systematic error has not been made in his
experiment, as compared with other contradictory ex-
periments, then tends to go up as 1/6x,

But why not assign a weight 1/5x, , as is done when
computing a weighted average? We feel that this is
equivalent to assuming that large systematic errors
are as infrequent as large statistical fluctuations, and
that this is unrealistic.

We want to emphasize the difference between least-
squares averaging (where the weighting factor is the
inverse square of the error) and the ideograms pre-
pared for visual display. The former arithmetic is of
course best if one has statistically distributed input,
and yields a narrow Gaussian distribution centered at
the weighted mean. The ideogram (often multipeaked
and certainly not Gaussian) is based on the opposite hy-

pothesiss

that some of the input is systematically in error.
The idea behind least-squares averaging is that experi-
ments 1, 2, 3, etc. , are a/I valid (so we should multiply
their probabilities); our ideogxams are based on the as-
sumption that 1 ox 2 ox 3, eic., is valid, "hedged" with
1/6x; betting odds; we then add their probabilities. Both
approaches cannot simultaneously be right; we leave it
to the reader to choose. A glance at the ideogram will
show, however, that the discrepancy is often not severe
for reasonably distributed input.

(ii) The second way in which we try to take account of
X'/(N —1) being greater than 1 is to scale up our quoted
error 5x in Eq. (1)' by a factor

WEIGHTED AVERAGE = 104,2 + 12 .1
ERROR SCALED BY 2.3

50 100 150

FOLEY
GRAYER

~ CRENNEL
RALSTON-GA
~ DAHL
~ BARLOLl
BARLOLI

72 CNTR
71 ASPK
71 HBC
70 HBC
67 HBC
67 HBC
67 HBC

200 250

CHISQ
0.2
?.2
1.4
0.3

10.1
10.3
3.0

32.6
(CONLEV
=0.000)

A2' WIDTH (HEV)~ K KBRR NODE

FIG. 3. Ideogram of measurements of the A2 width, as deter-
mined from the ~~ mode. The vertical line indicates the posi-
tion of the weighted average, while the horizontal bar atop the
line gives the error in the average after scaling by the SCALE
factor. Only those experiments indicated by + error flags were
precise enough to be accepted in the calculation of the SCALE
factor; the column on the far right gives the g2 contribution of
each of these experiments. The less precise experiments were
included in the calculation of the weighted average, but not
SCALE; they have L error flags.

Our reasoning is as follows. Since we don't know which
one or more of the experiments are wrong, we assume
that all experimentalists underestimated their errors by
the same scale factor (2). If we scale up all input errors
by this factor, y' returns to N —1, and of course the out-
put error scales up by the same factor.

If all the experiments have errors of about the same
size, the above (straightforward) procedure for calcu-
lating SCALE is carried out. If, however, we are to
combine experiments with widely varying errors, we
must modify the procedure slightly. This is because it
is the more precise experiments that most influence not
only the average value x, but also the error 5x. -Now,
on the average, the low-precision experiments each con-
tribute about unity to both the numerator and the denom-
inator of SCALE, hence the y' contribution of the sensi-
tive experiments is diluted, i.e., reduced. Therefore,
we evaluate SCALE by using only experiments for which
the eri.or are not much greater than those of the more
precise experiments. Explicitly, to calculate SCALE
we use only the most sensitive experiments, i.e., those
with errors less than 5„where the ceiling 5, is (arbi-
trarily) chosen to be

6, =3K'~'5x .
Here 6x is the unscaled error of the mean of all the ex-
periments. Note that if each experiment had the same
error 5x, , then 6x would be 5x,/N' 2, so each individual.
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experiment would be well under the ceiling on SCALE.
This scaling approach has the property that if there

are two values with comparable errors separated by
much more than their stated errors (with or without a

. number of other experiments of lower accuracy), the
error on the mean value 6x is increased so that it is
approximately half the interval between the two discrep-
ant values.

We wish to emphasize the fact that our scaling proce-
dures for ezxoxs in no way affect central values. In addi-
tion, if one wishes to recover the unscaled error 6x, he
need only divide the given error by the SCALE factor for
that error.

Here K is a normalization constant, and e and c are pa-
rameters which the authors then fit to the combined sam-
ple of data. The resulting empirical distribution is

Sio(h/1. 11)=0.351 1+ (4)

Note that the shape of Syo is somewhere between that of
a Gaussian (=S„)and that of a Breit —Wigner (=S,).

The proposed method of averaging the data for a given
quantity then consists of finding the value of x which max-
imizes the log-likelihood function

2. A second procedure —Student's distribution

The newly proposed method of averaging data, de-
scribed in detail in Roos et al. (1975), relies upon an
empirical determination of the distribution of the resid-
uals for the ensemble of data appearing in the Review.
The residual for the ith measurement of a quantity with
average value x is defined as

a,. = (x,. —x)/6x, .
Roos et al. select several different subsamples of the
data, and show that the residuals for each subsample
have approximately the same properties; in particular,
their first few even moments are similar. Since the
distributions have longer tails than a Gaussian, the
authors choose to represent them by a distribution func-
tion having such a property, namely the Student distribu-
tion

the sum here is again taken over all N measurements of
x. The error 6x is determined by finding the variation
in x needed to decrease the log-likelihood by 1/2:

logZ ((x,) ~x) —logZ ((x,) ~x+6+) = —,
' . (6)

3. Comparison of procedures

Both of the procedures described above adopt a par-
tially empirical approach to the problem that measured
values for the quantities tabulated in this Review do not
exhibit the Gaussian behavior naively expected. (This
problem, it should be noted, persists even when careful
attempts are made to resolve difficulties and incon-
sistencies in the data prior to averaging. )

The first approach operates on a quantity-by-quantity
basis and adjusts the error in each case so that no
scaled y2/(N —1) is greater than 1. This is obviously
rather conservative, since even if the data obeyed a
Gaussian distribution, about half of the quantities would
be expected to have y~/(N —1) & 1.

The second approach, on the other hand, assumes that
(provided we first eliminate quantities with obvious,
known problems) all quantities have the same theoretical
distribution function, namely the fairly long-tailed S»(h/
1.11). With this supposition, if a Pa&iculm quantity has
a large y', it is assumed to be just a happenstance, oc-
casioned by a random fluctuation into the long tails, and
no special scaling for this quantity is done. This pro-
cedure thus results in generally smaller, or less con-
servative, error estimates for quantities having
y'/(N —1)&1. (However, it should be noted that, because
of the overall scale of 1.11 appearing in the empirical
Student's distribution, the errors for quantities with
y'/(N —1) ~ 1 are actually increased by about 10%.)
Table III shows some comparisons of sample results
from the two procedures, using data from the 1974 edi-
tion of the Review. Shifts in both x and 5x can be ob-
served, especially where SCALE & 1.

Since the new procedure is a significant departure
from the past, we have adopted the following approach
for this year: in the Data Card Listings we give the
average-and-error for each quantity calculated both
ways; the standard way is labeled a.t the left with the
code "AVG," while the proposed newer way is labeled

TABLE III. Comparison of procedures.

Particle property

Pure
Gaussian

x+ ~x

Standard method:
Gaussian+ scale factor

x+ 6x scALE

Proposed method:
Student's distribution

x+ &x

p mass (MeV)
g' mass (MeU)
Q mass (MeV)
K*(1420) mass (Mev)
~1, mean life (10 sec)
g+ mean life (10 ~0 sec)
Z mean life (10 ~ sec)
Z'-~'~+~- (%)
A Pvr ( jp)

770.32 +
957.59+

1019.69 +
1421.3
5.158
0.8004 +
1.482
5.521
63.99 +

0.65
0.24
0.15
2.3
0.042
0.0058
0.011
0.075
0.49

770.32 +
957.59+

1019.69 +
1421.3
5.158
0.8004 +
1.482
5.521
63.99+

0.91
0.24
0.28
2.3
0.042
0.0058
0.017
0.098
0.49

1.4
1.0
1.9
1.0
1.0
1.0
1.5
1.3

' 1.0

770.37 +
957.58 +

1019.83+
1421.3
5.158
0.8004 +
1.479
5.533
63.98 +

0.82
0.28
0.20
2.6
0.046
0.0064
0.013
0.089
0.55
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"STUDENT." In the Tables of Particle Properties, we
continue to use the standard procedure —Gaussian with
SCALE factor. As in the past, a SCALE factor greater
than 1 is indicated by the appearance of "S=.. ." next
to the value and error.

We heartily invite your comments on the proposed
Student's distribution method. They will assist us in
deciding on procedures for future editions.

R„„R„(~, -2, P~)

r=1 -x=1 rx
(7)

In addition to the fitted values P,-, the program calcu-
lates an error matrix (5P,5P,). We tabulate the diagonal
elements 5P, =(5P;5P,)' .' [except that some errors are
scaled according to Eq. (2) as discussed belowj. In the
listings we give the complete error matrix; we also cal-
culate the fitted value of each ratio, for comparison with
the input data, and list it below the relevant input, along
with a simple unconstrained average of the same input.

Two further comments on the example above:
(1) There was no connection between measurements

of the width and the branching ratios. But often we also
have information on partial widths I", as well as total
width I'. In this case AHR must introduce F as a param-
eter into the fit, along with the relations I", =I'P„QI",
=I'. When appropriate, we tabulate the I"; along with the
P„and give error matrices in the listings.

(2) Note that we do not allow for correlations between
input data. We do try to pick those ratios and widths
which are as independent and as close to the original
data as possible,

In asymmetric errors, we use a continuous function of
5(P)' and 5(P) in the fitting. When no err'ors are re-
ported, - we merely list the data for inspection.

Hyperon-decay parameters

The program AHH handles any type of input, n, 4, ~,
P, or y, according to the definitions of Sec. VI. If for a

4We can handle any R of the form R =go.';P;/gp, Pg', where
m; and P; are constants, usually 1 or 0.

B. Constrained fits

Except for trivial cases, all branching ratios and rate
measurements are analyzed by computer program AHR.
This program makes a simultaneous least-squares fit
to all the data, and outputs the partial-decay fractions
P, , width I', partial widths I';, and their error matrix.

The original version of AHR was written by J. Peter
Berge. It is documented separately, and we wish here
only to give the simplest nontrivial example that permits
us to comment on the error matrix and the scale factor.

Assume that a state has only three partial-decay frac-
tions, P„P„and P, (PP, = 1), which have been mea-
sured in four different ratios, A„. . . , A4, where, e.g. ,
R, =P,/P„R, =P,/P„etc. ' Further assume that each
ratio has been measured by N experiments (we designate
each experiment with a subscript x, e.g. , R,„). Then
AHR, finds the best values of Py P2 and P, by minimiz-
ing X2, namely

particular hyperon decay there are data for more than
two of the decay parameters, they are analyzed by using
the constraint

+p +y =1,

/nconsfstent constrajned data

According to our simple example, which led to Eq. (7),
the double sum for y' is summed over experiments x= 1
to Pf, leaving a single sum over ratios

Even before fitting, some of the X'„may be too large.
But if we scaled them before fitting, then the scaling
would move the central value, contrary to our policy.
So we do not scale until after the first fit; then, knowing
the fitted x'„and its expectation value (x„') we form SCALE
factors (just as before), i.e. ,

(SCALE)'„=x2/(x'„),

and if any (SCALE)„ is greater than 1, all 1V of the mea-
surements of that particular ratio are equally penalized
by having their errors increased by SCALE. Program
AHR then recycles on all the data, those with errors un-
changed as well as those with errors increased. We then
get new values, 6P',. for the errors in the partial decay
modes.

Because of the constraint (QP, =1) some SCALE fac-
tors may still be greater than 1 even after this second

. pass. If this is so, the whole procedure (i.e. , increasing
errors by the new SCALE factors and recycling through
AHIt) is repeated.

At the end of AHR's final pass we have tuo measures
of the errors for the P;. One is, of course, the 5P', ,
i.e. , the errors in the final fitted values P, which include
the effects of scaling the input errors. The other mea-
sure of the errors is (P, —P,'), i.e. , the shift in the cen-
tral values of the ith mode between the first (unscaled)
fit and the final (scaled) fit. In practice we find that on
the average these two measures of the uncertainty are
about equal. Rather than selecting just one or the other,
our tabulated errors are given by the combination

(5P ) [5Ps3 + (P PI )2]1/2

where P; is the fitted value of the ith partial-decay mode
before scaling, P', is its value after scaling, and 5P', is
the error in P', . The SCALE factors we finally list in
such cases are defined by

(SCALE); = (5P;)„b/5P; .
However, in line with our policy of not letting SCALE
affect the central values, we give the values of P, ob-
tained from the original (unscaled) fits'. [The differences
between the P, calculated with either the scaled or the
unscaled errors are, of course, always within the tabu-
lated errors, (5P;)„„.]

VIII. A LOOK AT HISTORY

It may be said that one can estimate the age of a high
energy physicist by asking him or her the mass of the
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A'. If the answer is 1115.44 MeV, he probably mas deep
into his graduate training in 1965.

A history of the values of physical constants has more
than whimsical value. In Fig. 4 we show hom the gen-
erally accepted values for the speed of light and a couple
of other constants have changed with time. The "gener-
ally accepted value" is usually an average over several
experiments, performed by a compiler (in Fig. 4, the
compiler is other than the Particle Data Group in all
cases, although we do of course quote the complied re-
sults). The x axis on all these figures is the date of
publication of the value shown. Clearly there is a gen-
eral progression toward better understanding —at least
as measured by the size of the error bars. However, the
size of the error bars do not tell the full story, as we
can see by the frequency with mhich the "best" value has
changed by more than one standard deviation. Changes
in these values can come from several sources —a new
experimental measurement, re-evaluation of an old mea-
surement (which can come about if a previously unrecog-
nized source of bias is discovered and corrected, or if
a new value for one of the input constants, e.g. the elec-
tric change, is available), or a change in the averaging
procedure.

In Fig. 5 we show the history of some masses (includ-
ing the Ao, for radioactive A' dating of your colleagues),
based on averages which we ourselves have performed.
All of these were originally presented in Rosenfeld
(1975). The publication date refers to the publication of
the Review of Particle Properties.

In Fig. 6 we show the best estimates for the lifetimes
of some of the particles stable against strong decay.
These and subsequent figures have been compiled since
publication of Rosenfeld (1975). In Fig. 7 we show the
widths of some of the resonances, and in Fig. 8, the
values of some of the branching fractions. All values
are taken from the Tables. Before 1964, very few
branching fractions mere listed in the Tables. In all
cases, a representative sample is chosen. In each fig-
ure, the heavy inner error bar represents the statistical
error computed in the averaging procedure, and the thin
outer error bars, when present, indicate the increase in
the error due to the scale factor. The scale factor is de-
scribed in the preceding section. It represents an at-
tempt to quantify the increase in the uncertainty which is
present in the case of experiments which disagree by
more than a certain amount. In the case where the error
represents an "educated guess, " rather than a calcula-
tion, the inner error bar is absent.

On the mhole, the number of times the values have
changed by more than one standard deviation over the
years is remarkably few. Even those branching fractions
which involve rare decays and which are therefore pre-
sumably difficult to measure (Fig. 8) are, for the most
part, within one or two standard deviations in 1974 of
their value in any year since 1960. This is in spite of
the vast amount of nem experimental input, and indicates
the general reliability of the results.

Of course, the data points for the different years are
hardly independent of each other, but those differing by
several years frequently have quite different experimen-
tal input. The relative lack of change is a comment both

on the experiments and on the averaging procedures.
We, of course, are responsible only for the averages
(but not on Fig. 4). These averages entail considerable
exercise of judgment: there are conflicting experiments,
experiments with impossibly small errors, ". prelimi-
nary" results, and so forth. Statistical procedures will
tell us that two experiments do not agree; they do not
give a clue as to which (if either) is a good representa-
tion of the truth. Major decisions, and their motiva-
tions, are usually discussed on a ease-by-case basis in
the Data Card Listings; general comments may be found
in Sec. II and in Rosenfeld (1975). Note that, occasional-
ly, the error bars increase from one publication to the
next, in these figures. This is usually the result of de-
cision making by the compiler, e.g. , to cease using a
particular result.

We show these figures not only to demonstrate that
there is not much change in these averages in the usual
case, but also to show that there exist cases with rela-
tively large changes. There is a, psychological danger
in preparing tables of "right" answers. The old joke
about the experimenter who fights the systematics until
he or she get the "right" answer (read "agrees with pre-
vious experiments"), and then publishes, contains a
germ of truth (presumably, those who compile and aver-
age experimental results are also not immune to this
disease). A result can disagree with the average of all
previous experiments by five standard deviations, and
still be rightf Hence, perhaps it is of value to show that
large changes can (and do) sometimes occur.

In summary, with the addition of Figs. 7-8, not avail-
able at the time of publication of Rosenfeld (1975), we
find we can reiterate his conclusions. Namely, that the
combination of careful work by experimenters and by
compilers (which involved excluding around 40% of the
data from the averages, adjusting impossibly small er-
rors, etc. ), and the frequent use of the conservative
scale factor, has produced averages whose reliability is
remarkably good.
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M. Roos, A. H. Rosenfeld, T. G. Triple, G. P. Yost

(Closing date for data: Jan. 1, 1976)

Stable Particle Table
For additional parameters, see Addendum to this table.

Quantities in italics have changed by more than one (old) standard deviation since April 2974.

Particle

7

lG(JP)C„ Mass

(MeV)
Mass

(GeV)2

O, i(1 )- 0((7xf0 ~~)

Mean Life

(sec)
c 7

(cm)

stable

Mode

stable

Partial decay mode

Fractiona
p or

l maxb

(IVlev/c)

0(&0.00006)
v~. 0(&0.65)

stable stable

0.5110034 stable ()5x 10 y)
+.0000014

stable

J~ 105.65948
+.00035

m ~ 0.01116
m~-m~~ -33.909

0.006

Z. X9FX94~10 +
s.OOOOF7
c~6.5868xf04

evv
e77
3e
e7+e vev&

100
( &4
(' (6
( &2.2
( &25

)x 10-6
)x f0-9
)x10-8
)%

'53
53
53
53
53

1 {0 ) 139.568S
%.0064

m O.D195

1 {0 )+ 134.9645
w. 0074

m ~0.1S2
m~a-m~o~ 4 .6043

+.0037

2.6030xiO
+.0023
cr 7SD.4
(~+-~ )/~
(0.05+0.07)%
(test of CPT)

0.828 10-'~
+.057 S 1.8
cv 2.5x10 6

Pkv
ev
~vy
noev
ev7
eve+e

77
ye e

e+e e e
y777
e+e

100
( 1 267gO 023)x10
( 1.24aO. 25)x10
( 1.02aO. 07)x10

c( 30 ~0 5 )xfO
( (3.4 )xfo

( 98.85+0.05)%
( 1.15+0.05)%
( &5 ' )xfo
{ 3 32 )xfO
{ &6 )xfO-
( &2 )x fo

30
70
30

5
70
70

67
67
67
67
67
67

Rev. Mod. Phys. , Vol. 48, No. 2, Part I I, April 1976 Copyright 't 976 American Physical Society S21



S22 Particle Data Group: Review of particle properties

Stable Particle Table (cont'd. )
Particle IG(JP)C Mass

(IVI e V)
IVlass2

(GeV)2

Mean life
(sec)

C7

(cm)

IVlode

Partial decay mode

Fractiona
p or

Pmax
(Me V/c)

HO ) 493.707
+0.037

m ~ 0.244

mK~-mKo~ —3.99
+0. 13

S 1.1

1.237fxip
+.0026 S 1.9

cv 370.9
(7.+-v. )/~

(.fi+.09)%
(te.-.t of CPT)

S 1.2

jL4 V
nno

n
nnono
p.nov
enov
&vZ

nn~e*v
nn~e~&
nn p v
nn )Le v
ev
evy
nn 7
nTT n 7
pin vy
en vy
ne+e
n~e~e~
njll JLC

nyy
nyy
nvv
n7
en~~~
en
pkvvv

(
(
(
(
(
(

C(

(
(
(
(
(
(

C(
e,c(

C(
C(
C(
(
(
(

C(
C(
(
(
(
(
(

63.61ap. f6)%
21.05g0. 14)%
5.59+0.03)% S 1.1
i..73+0.05)% S 1.4
3.20+0.09)% S 1.7
4.82%0.05)% S 1.1

i.8 +~ ~ )x10
3.7 yII. 3 )xi0

&5 )x fQ
0.9 g0. 4 )xip

&3.0 )xip
1.54%0.09)x10
1,62gp. 47)x 10
2.71+0.19)x10
1.0 a0.4 )xio

&6 )x10
3.7 gf.4 )xip-

g0. 5 )xiQ
&1.5 )xfp
&2.4 )xiQ
&3.5 )xfP
&3.0 )xip 4
&0.6 )xip
&4 )x f 0-6
&2.8 )xfp

)xip
&6 )x fQ

236
205
125
133
215
228
236
207
203
203
151
151
247
247
f05
125
215
228
227
227
172
227
227
227
227

. 214
214
236

497.70
+0. 13

S 1.1
m2 ~0 248

50% KSg~rt ~ 50% KL~~N

%0-) 0.8930xio
+.0023
cv 2.68

n+n
nonO

P P
e+e
n n
77

(
(
(
(

C(
(

68.67~0.25)% S-f. i*31.33 )%
&3.2 )xip
&3.4 )xio

2 Q g0. 4 )xfQ
&0.4 )xio

206
209
225
249
206
249

KL %0-) 5. 181xip
+.040
cv f553

mK -mK ~ 0.5349~20 5 sec
+0.OOZED

n~nono
n+n-nO
ny, v
nev
nevy
n TT

n+n y
n 77
77
e~
P

JLC pA, n
e+e
e+e y
n+n e+e
non~e~v

g~c(
f(
(

C(
(
(

h(
(
(
(
(
(
(

21.4 +0.7 )% S 1.2
12.25wp. i8)% S 1.1*
27. 1 +0.5 )%
39.0 +0.5 )% S 1.1
1.3 +0.8 )%
0.80i+0.006)%
0.094+0.019)% S=1.5
6.0 +2.0 )xfp 5

&2.4 )xip
4.9 g0. 5 )xfp

&2.0 )x10
1.0 g0. 3 )x10

&7.8 )xip
&5.7 )x ip
&2.0 )xip
&2.8 )xiO-5
&7.2 )x10
&2.2 )xfp

139
133
216
229
229
206
209
206
231
249
238
225
225
177
249
249
206
207

0 (0 )+ 548.8
+0.6

S 1.4
m ~ 0.301

I (O. 85+0. XZ)keV(l)
Neutral decays
(71.0+0.7)%

S 1.1

Charged decays
(29-.0+0 .7)%

S 1.1

x 'p
3n
n+n-no
TT n 7
e+e ynoe+e-
TT n
n+n e+e
TT n n 7
n TT 77

P

ll(
(
(
(
(
(
(
(
(
(
(
(

38.0 a1.0 )% S 1-2
3. 1 gf. f )% S 1.2

299+1 1)%S11
23.6 +0.6 )% S 1.1
4.89+0. 13)% S 1.1
O. 50+0. 18)%

&0.04 )%
&0. 15 )%
0. 1 +O. i )%

&6 )x10 4

&0.2 )%
2.2 +0.8 )x10

&5 )x fp

274
258
180
175
236
274
258
236
236
175
236
253
211
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Stable Particle Table (cong'd)
Particle IG(J )C Mass

(MeV)
Mass2

(GeV)2

IVlean Life

(sec)
c 'r

(cm)
Mode

Partial decay mode

Fractiona
p or

pmaxb

(MeV/c)

tsiy)
2%2 938.2796

+0.0027
m~ O. 88O4

stable (&2x 10 y}

li k+)
2 2 939.5731

+0.0027
m « 0.8828

m&-m~«-1 .29343
+0.00004

9i8+14
cv 2.75xfoi3

00+& 1115.60
jO.05

S 1.2
m «1.245

2.578xio
+.021 S 1.6
c~7.73 .

pn
nn0
pe v
PIC V

pn

(642 05)%
( 35.8 )%
( 8. 13+0.29)xf0
( 1.57go. 35)x10

c( Q. 85go. 14)x 1Q

100
104
163
131
100

1189.37
%0.06

S 1.8
m « f.415

m~+-rn~ -7.98
a.08

S 1.2

O. 8OOxfO '0
+.006
c~2.40

r(Z+~S+nv)
r(g~ g )& % 043

pn0
nn+
p7
nn+y
Ae+v

pe e

(
(
(

C(

(
(
(
(

51.6 0 7 )%
48.4 )%

1 .24~0. 18)x1O
Q. 93+0.10)x io
2.02go. 47)x f0

&3.0 }xf Q

&0.5 )x 1'Q

&7 )x 1Q

189
185

S 1.4
185
71

202
2?4
225

1192.47
M.08

m 1.422

&f.Oxf0-14
cr&3x 10

Ay
Ae+e
Ay@

100
d( 5.45
( &3

)x10
)%

74
74
74

1197.35
M.06

m «1.434

rngo-mx-« -4.88
+.06

1.482xiO
+.Of7 S 1.5
c~4.44

nn
ne v
llpA v
Ae v
nn

100
( 1.08ao. 04)x io-
( 0.45+0.04)x 10
( Q. 60+0.06)x 10 4

c( 4.6 ~0.6 )xio-4

193
230
2.10

79
193

)(j) 1314.9
+O. 6

m « 1.7?9

m-„o-m-„- -6.4
+.6

?„,96x10
a. 12
cr 8.87

pn
pe v
Z+e v
Z e+v

v
g ~+v
pp, v

ioo
( 0.5
( &7
{ &3.6
( &1.3
( &1, 1
( &0.9
( &1.1
( &0.9
( &f.3

+0.5 )%
)%
)xfo
)xio
)x 1Q

)x fQ
)x10
)x f0
}x1Q

135
184
117
299
323
120
112
64
49

309

1321 29
+0. 14

m «1.746

0~3+)(j) 1672.2
a.4

m2 2 796

1 .652x fo-~0
+.023 S 1.1
cv 4.95

3+0.3xf0-10-0.2

An
Ae v
~0e

v
g]g u
nn
ne v
np, v
Z y
pn n
pn e v
pn p
=-0e-v

-0
0n

100
( 0.69y0. 18)xt0
( &O. 5 )xfo-
( 3.5 +3.5 )x10
( &0.8 )xiO-
( &1.1 )x10
( &3.2 )xio
( &1.5 )%
( &1.2 )xio 3

( )xio
( &4 )xio
( &4 }x1Q

( &?.3 )x10

43 events
seen

139
190
123
163
70

303
327
313
118
223
304
250

6

?93
29Q
211
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ADDEND UM TO

Stable Particle Table

1.001 159 6567
000 OOO 0035 ™c p Decay parameters (~)

X.OOX 166 897
~.000 000 OZF

p = 0.752+0.003 g = —0.12 +0.2i
( = 0.972+0.oi3 6 = 0.755a0.009 h ~ 1.00+0.13
lgA/gyl=0. 86 0' f 1 g ~ f80 +15

K+ Socle

Pl V
nnp
nn n
nnpnp
pen v
enpv

S npnp

Partial rati (sec f)
{51.42+0. 17)x 10
( 17.02+0.12)xf06
{4.52+0.02)x106
( f.40g0.04)xf0
( 2.58p0.07)x fo
( 3.90~0.04)x 1O6

n( O. F689+.0085)x 10
"( 0.3509+.0030)x1Ofp

S= f.Z
S~ f.1
S~ i.1
S~1.4
S~ 1.7
S=i.1

S=i.1

dr -—rule for K ~3n(m)1

K+~n+n+n g=-o.Z 14+.005
K ~n n rr+ g=-0.2i4%.007
K~~nPnPn~ g 0 ~g0+ OZO
KL~n+n n g= 0.646+.Oi4

S~1.7
S~Z.7
S~f.6
S~Z.5

Form factors for K~'decays (For g, A&+, and A&o see
Data Card Listings, especially note in K~ section. )
Ke3 4~=0.029+.004 A~ 0.0288+.0028 5= 1.4

O „onooo
L n+„-„p (tv (

nev (

npnp n(

Mode
n+n-np
n rr '7

4 13 ~0 14)x106
2.36 y0.04)x 106
5.23 +0.fo)xfo
7.52 +O. 1f)xfos
9.88 +O. XX xio

S=1.2
S=i.1

)
1.81 y0.37)xfo S=1.5
Lef t-right asymmetry

( 0.12+.17)%
( 0.88+.40)%

lgppl=(2. 32%.09)x io S= 1.1
Ppp= (48m 13)

6=(0.330+.Of 2)x 1O-

Sextant asymmetry
(0.19LO. 16)%

Quadrant asymmetry
(-0.17go. f7)% '

P=o.047+0.062

CP violation parameters ( '
le l=(Z.Z/8+. OZ3)xf0

(45.0+ 1.2)'
lg+ pl &0.12 lgpoplz&0. 28

dS ~ -dQ
Re x=0.008+.020 S~ 1.4 Im x = -0.003+.027 S=1.2

llagnetic
moment

(equi/Zmpc)

Decay parameters(I')
Measured Derived

P(degree) y h(degree)
gA/gy gy/gA

2.7928456
P ~.OO0OO11

—1.913148 pe v
+.000066

—1.250+.009
6-(181.f+1.3)

—0.67
+.06

pn 0.647+0.013
nn 0.651+0.045
pev

(—6.5a3.5)' 0.76 (7.6 4 1)
-0.66+0.05 S~ 1.2

Z. 6Z
+.41

nn+

-0.979+0.016
+0.066+0.0f6

1 03+.5Z—.42

(36+34)

{f67~20).
S=f. f

O. 17 ( f87ae)
-o.97 (-73+ '36)

—1.48
f.37

nn
ne v
Ae v

—. 0.069g0.008 ( io+ 15) 0.98 (249 1 15)
a(0.435ao.035)

0.24+0.23 S=1.3

An —0.44+0.08
S=1.3

(Zf +12) 0.84 (216 19)

~——1.85
a.75

An —0.392g0.021 {2+6)
S=i.1

0.92 {18)+13)

-O.66+0-~-0.30
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Stable Particle Table (cont'd)

S ~ Scale factor = v'g /(N-1), where N ~ number of experiment . S should be ~ 1. If S & f, we have
nlarged the error of the mean, 6x; i.e. , 6x -+ S6x. This convention is still inadequate, since if S

1 the experiments are probably inconsistent, and therefore the real uncertainty is probably
even greater than, S6x. See text, and ideograms in Stable Particle Data Card Listings.

y = v 1—a cosp 6 defined by gA/gy = IgA/gy)e

a. Quoted upper limits correspond'to a 90% corifidence level.
b. In decays with more than two bodies, pm~x is the maximum momentum that any particle can

have.
c. See Stable Particle Data Card Listings for energy limits used in this measurement.
d. Theoretical value; see also Stable Particle Data Card Listings.
e. The direct emission branching fraction is (1.56+.35)&10.
f. The v(KS) and )g+ ) averages (and the related KL ~ n n branching fraction and rate averages)

contain only post-1971 results. The pre-1971 averages were )g+ )
= (1.95+0.03)x10 and T(KS) =

(0.862%0.006)&10 sec. See notes on )g+ ) and 7(KS) discrepancies in Stable Particle Data Card
Listings.

g. The branching fraction for KL -+neu includes the radiative events KL ~ nevy.
h. This is above the contradictory result of Clark et al. {&0.3X10 ). See note in Stable Particle Data

Card Listings.
i. See note in Stable Particle Data Card Listings.
j. P for = and J for 0 not yet measured. Values reported are SU(3) predictions.
k. Assumes rate for = ~ E e v small compared with:- ~ Ae v.

)gA/gy) defined by g& = )CA) +)C'A), gy = )Cy) +)C'y), and E(e)1;Q)(v)l';(C;+C';@5))v);
p defined by cos p = -Re{CAC'y+C'ACy)/gAgy t for more details, see text Section VI A].

m. The definition of the slope parameter of the Dalitz plot is as follows tsee also text Section VI B.i]:
)M)~ = 1+ g

n. The KS ~nn and K& ~nn rates (and branching fractions) are from independent fits and do not
include results of KL—KS interference experiments. The ) g+ ) and )F00) values given in the
addendum are these rates combined with the )ry+ ) and )gOO) results from interference
experiments.

o. The definition for the CP violation parameters is as follows [see also text Section VI 8.3]:
A(KL ~n n ) A(KL~n n )

9+ = )9+-)e = „+ ~OO —)~OO)e 0 0 0
A( S~n n ) A(KS n " )

f(KO~i+)-r(K„~~ ) I(K ~n n n ) r(KO~nOn n0)

r{K„~a+)+r{K„~) l{K1. n+n n )
' i(KO OnO 0)

p. The definition of these quantites is as follows [for more details on sign convention, see text
Section VI B]:
n =

& & P = V 1—a sing g&/gy defined by (Bily&(gy —g&y5)[8 )2)s))p)cosh
)s) +)p)

P= -2)s))p)sink
I l +)pl
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Meson Table
Apr jl 1976

In addition to the entries in the Meson Table, the Meson Data Card Listings contain all
sUbstantial claims for meson resonances. See Contents of Meson Data Card Listings(').

Quantities 7'.n italics have changed by more than, one (oM) standard deviation since Apri7. 2974.

Name

(') ~
+ 8 p ~i estab.

1 (0 )+

lvlass

(HeV)

139.57
134.96

I're V)

0.0
7.8 eV
+.9 eU

M
+p~(&)

(GeV)

0.019479
0.018Z15

Partial decay mode

P EN'

Fraction ('0) p~~(b)
[Upper limits are la (;)] (~V/e)

See Stable Particle Table

0 (0)+ 548. 8
+0. 6

2.63 keV
+.58 keV

0.301
+.000

Neutral
Charged

71.1 See Stable
Z8. 9 Particle Table

p(770) 1 (1)— 773
+3

M and 1 from neutral mode.

152 0.598
+.117 "Y

e+e

For upper limits,

= 100
0.024 +.007
0.0043+. 0005 (d)
0.0067+.0012 (d)

see footnote (e)

360
374
386
372

u~(783) 0 (1)- 782. 7
+0.3

10.0
+ 4

0.613
+.008

7T 7r 7r'
7T+ 7T

"Y
e+e
For upper

89.9+O. 6
1.3+0.3
8.8+0. 5

0.0076+.0017
limits, see footnote (f)

S=1.2*
S=l. 5*

S=l.9*

327
366
380
391

r)' (958) 0 (0 )+ 957.6
+0.3

0.917
&. 001

T) 7T7T

P Y

YY
For upper

6'7. 6'+2. 7
80. 4+2. 7
2. 0+0.3

limits, see footnote (g)

S=1.1*
231
167
479

5(970) 1 (0 )+
+10

Possibly coupled to the I =

50 (h)
+ZO

1 KK system'.

0 ~ 953
+.049

seen 315

S* (993) (0 )+ ~ 993( )
+5

40 (c)
+8

0.986
+.040

KK

7T vr

near threshold S3
476

See note on vrvr S wave

C(1020) 0 (1 )- 1019.7
+0.3

S=1 .6*

4.1
+. Z

1.040
+.004

K K

KLKS
vr+ vr vr' (incl . pvr)

r)Y
"'Y
e+e

For upper limits, see

46.6+2.3
35.0+Z. O

16.4+1.5
2.0+0.4

0.14+0.05
.032+. OOZ

.OZS+. 003
footnote (i)

S=1.6
S=1 .6*
S=l. 1

S=1.4*

128
ill
46Z
362
501
510
499

Al(1100) 1 (1 )+ ~ 1100 ~ 300 1.21
+.33

~ 100 251

p +
Broad enhancement in the J =1 pvr partial wave; not an established resonance

c (1ZOO) 0 (0 )+ 1100 to ~ 600 7r7r

1300
Existence of pole not established. See note on vrvr S wave'.'.t

B(1235) 1 (1 )— 1228
+10

125
+10

1.51
+.15

h)vr only mode seen
[D/S amplitude ratio = .25+. 06]
For upper ] imits, see footnote (j)

345

f (1270) 0 (Z )+ 1271
+5

1805
+20

1.62
+IZ3 27T+ 2vr

KK
vr+vr 277'
For upper

81+15
2. 8+0. 8
2. 7+0.6
seen

limits, see footnote (R)

S=l .1*

620
557
395
560

D(1285) 0 (A )+ 12865
+10

305
+20

p + +J = 0, 1, 2, with 1 favoured

1.65
+.04

KKvr

Zvr 2vr (prob. p'vr vr )

seen
seen
seen
seen

30S
484
Z45
565
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Meson Table (cont'd)
Part, ial decay mode

~ o i P(j')c„
~/y

+ & I—& estab.
Mass

(MeY)

Full
widthr
(MeV)

H
+r MC')

(aeV)~
Fractien ('0}

[Upper limits are la ('o)]

P of'
&max~ )

(MeV/e)

A (1310) 1 (Z )+ 13105
+5

102
5+S

1.72
+ 13

pvl

Qvr

Mvrvl'

KK

7T

70.9+1.8
15.0+1.Z

9.3+1.9
4.7+0. 5

&1

S=1.2

411
529
354
428
279

E(1420) 0+{A )+ 14165
+10

605
+20

2.01
+.08

KKvr

I[K K+ KK
Q 7T7T

e[e~

~ 40
~ ZO]
~ 60
possibly seen]

4Zl
130
564
352

40
+10

1516
+3

Not a well established resonance.

f' (1514) 0 (Z )+ 2.30
+.06

only mode seen

For upper limits, see footnote (k)

572

FI (1540) 1 {A ) 1540
+5

40
+15

2.37
+.06

KK+ K*K

37T
, seen
possibly seen

321
737

Not a well established resonance.

p' (1600) 1 (1 ~ 1600 200-800 2.56
47T

i[err+ rr

KK

dominant
seen with rr rr in S-wave]

possibly seen

738
573
788
6Z9

Not a well established resonance. '

A3(1640) 1 (Z )+ ~ 300~ 1640 Z. 69 fvr
+.49

Broad enhancement in the J = 2 fvr partial wave; not a well established resonance.

304

~(1675) 0 (3 )- 16675
+10

1505
+ZO

Z. 78
+.ZS

P7I'

37r
Svr

't [rrjrr Tr

seen
possibly seen
possibly seen
possibly seen]

646
806
778
615

g(1680)" 1 (3 )- 16905
+20

2040
+20

J , M and I' from the Zvr mode.p

h (2040) 0 (4 ) +

1805
+30

193
+50

2. 86
+.30

4.16
+.39 KK

seen
seen

27T 24+1
47T {incl . vrvrp, p p, A27T, Il~vr) 1arge
KK small
KK7T (incl. K K) small

833
787
683
6Z4

1010
890

See note (1) for possible heavier states.

K 1/2(0 ) 493.71
497. 70

0. Z44
O. Z48 See Stable Particle Table

K (892) 1/2(1 ) 892. 2
+0.5

M and j.
" from charged mode;

49.4 0.796
+1.8 +.044

mo — m = 4 2+0 6' MeV.

Kvr

Kvrvr

Ky

= 100
0. 2
0.15+0.07

288
216
309

~(1ZSO) 1/Z(0 ) 1Z505
+100

See note on Kvr S wave

~ 450 1.56
+.56

Kvr

Q region 1/Z(A ) 1200 to
1400

p +J = 1 is dominant contribution;
not a well established resonance~.

t[K"s
t[Kp
t[K (rrrr)

only mode seen

large]
seen

possibly seen]

K* (1420) 1/ Z (2 ) 14215 1085
+10

See note (m) .

Z. 02
+.15

Kvr

K*vr

Kp
KIQ

Kq

56.1+2;6
30.9+2.1

6'. 6+2. 7
4. 5+1.7
2.0+Z. 0

616
415
316
305
482
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Name

Meson Table (cont'd)
f'artial decay mode

0 1 I (j )c
~/y

+ &, & estab.
P

Mass
M

(eiv)

FLIll
Wickh

1"

lvev)

M
M(a)

(aeV)2
Fraction ('o)

)Upper limits are la {"0)|

P oF
Pmax[ ~

(mv/c)

L (1770) 1/Z(A ) 1765) 140 (+10 +5

Not a well established resonance

3.11
+.Z5

K7r Tr domin'ant
KvrTrvr seen

I[K*(1420)vr and other subreactions ]
788
757

See note (1) for possible heavier states.

J/q(3100) o (1 )- 3098
+ 3

0.067
+.012

9.6
+ 0

e e

hadrons

identified
hadron modes

0[y X(2750)

7+1
7+1

86+ 2

-12

possibly seen]%

1549
1545

328

g(3700) 0 (1 )- 3684
+ 4

0.228
+.056

13.6
+ Q

e e

hadrons
f[J/Q Tr m

g[J/y
+[J/0

J/g Y

t [yx {3410)
g [yx(3530)

&
other identified
hadron modes

0.9+ .Z

0.9+ .2
98.1+ .3

33+ 3]
17+ 2]

4.2+ .7]
3.6+ . 7] S

seen]%
seen]%

-0.5 ft

1842
1839

474
478
189

264
151

(1 ) — - 4100$(4100) —200 16.8
+ .8

+
Broad enhancement in the e e total cross section; probably not a single resonance.

Q (4400) 4414
+ 7

19.5
+ .1

+
e e .0013 + .0003 2207

~X(2750)
~P (3300 or 3500)
~X(3410)
~X(3530)

States observed in radiative decays of J/P(3100) and /{3700).
See Meson Data Card Listings for a compilation and discussion
of the experimental data.

(1} Contents of Meson Data Card Listings

Non-strange (Y = 0} strang~ (IYI = &)

entry

{770)
(.u (783)
M (940}

-+ M (953}
(958}
(970)

~ H (990)
S* (993}'

(lozo)
~ M (1033)
~ By (1040}

qN {1080}

I {J )C

1 (0}+
o+(0 )+
1 (1 )-
0 (l )-

0 (0)+
1 (0)+

0 (0)+
0 (1 }-

0 (N}+

entry

Ay (1100)
-+ M (1150)
~ Ag 5 (1170)

(1200)
B (1235 )
p' (1250)

(1270)

(1285)
A2 (1310)
E (1420)

-+ X {1430}
~ X (144O}

{1514)
F y (154.0)

I'"(JP}C

1 (1)+

0 (0 )+
1'(1'}—

0 (Z )+
o+(A )+
1(2 }+
0 (A)+
0

1

0 (2}+
1 (A)

entry I (J }C

p' (1600} 1 (1
A, (164O} 1 (Z }+

(1675) 0 (3 }-
g {1680) 1 (3 }-

~ X {1690}
~ X (1795) 1

~ Ag (1900) 1
S (1930} 1

h (Z040) 0 (4 }+
~ p (2100}
-+ T (2200) 1

~ U (z36o)
~ NN(Z375} 0

~ X(2500-3600)

entry

K

V* (892)
(1250)

0
K (1420)

~ K.~(1700)
L {1770)

~ KN(1800)
M K (2200)

~ Exotics

1/z(o }
1/2(1 }
1/2(o }
1/2(A )

1/z{z }
1/2

1/2(A )
1/2(3 )

J/4 (3100) 0 (3700)

New heavy mesons

$(4100) $ (4400) ~X(2750) ~P (3300 or 3500) ~x (3410) -+X (3530)
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Meson Tab1e (cont 'd)

Indicates an entry in Meson Data Card Listings not entered in the Meson Table. We do not regard
these as established resonances.
See Meson Data Card Listings.
Quoted error includes scale factor S = lX /(N-1) . See footnote to Stable Particle Table.
Square brackets indicate a subreaction of the previous {unbracketed) decay mode(s) .
This is only an educated guess; the error given is larger than the error of the average of the
published values. (See Meson Data Card Listings for the latter. )

(a) I'M is approximately the half-width of the resonance when plotted against M2.

(b) For decay modes into 3 particles, pox is the maximum momentum that any of the particles in
the final state can have. The momenta have been calculated by using the averaged central mass
values, without taking into account the widths of the resonances.

(c} From pole position {M — il"/2) .
(d) The e e branching ratio is from e+e ~ vr vr experiments only. The ~p interference is then due

to ~p mixing only, and is expected to be small. See note in Meson Data Card Listings. The
branching ratio is compiled from 3 experiments; each possibly with substantial ~p inter-

ference. The error reflects this uncertainty; see notes in Meson Data Card Listings. If ep
universality holds, I'{p' ~ p p ) = I'{p' ~ e+e ) x 0.99785.

(e) Empirical limits on fractions for other decay modes of p(770) are vr p & 0 8 o vr+vr+vr vr & 0 15 o,
vr vr+vr vro & 0.2'o.

{f) Empirical limits on fractions for other decay modes of ~(783) are vr vr y & 5';, vr'vr'y & lo,
q + neutral(s) & 1.5o, p+p & 0.02'o, vr'p+p & 0.2o, qy & 0.5';.

(g) Empirical limits on fractions for other decay modes of p'(958): vr vr & 2'o, vr vr vr' & 5'. ,
vrvrvrvr & ls, vrvrvrvrvr &1';, 6vr& 1'o, vrvree & 0.6';, vre+e &1.3';, gee &1.1;, vr p &4s,
fG) & 5 o ~

(h) The mass and width are from the pvr mode only. If the KK channel is strongly coupled, the width
may be 120 MeV or more.

{i) Empirical limits on fractions for other decay modes of P(1020) are vr+vr & 0 ' 03 o vr vr g & 0 7o,
u)y & 5'o, py & 2'o, 2vr Zvr vr & 1'o ~

(3) Empirical limits on fract)ons for other decay modes of B(1235): vrvr & 15 o KK & 2 o 4vr & 50 o

Orr & 1.5'a, rrrr & 28'5, (KK) rr & 8'o, KSKS rr & 2'o, KSKL rr— & 6'o.

(k} Empirical limits on fractions for other decay modes of f' (l514) are vr vr & 20o, pp & 50'o,
qvrvr & 30'o, KKvr + K K & 35'o, 2vr 2vr & 32o.

(I) Empirical limits on fractions for other decay modes of f(1270) are qvrvr & lo, K'K vr + c.c. & lq
2o ~

(m) The tabulated mass of 1421 MeV comes from the Kvr mode; the Kvrvr mode can be contaminated with
diffractively produced Q-.

Established Nonets, and octet-singlet mixing angles from Appendix IIB, Eq. (2'). Of the
two isosinglets, the "mainly octet" one is written first, followed by a semicolon.

(J )C

(0 )+

Nonet members

vrq Kq

e.lin.

-24 + 1'

8quadr.

-11+ 1

p, K, 37+1 40+1

)+ A2, K*(1420), f'; f 29+ 2 31 + 2'
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Baryon Table
April 1976

The following short list gives the status of all the Baryon States in the Data Card. Listings. In addition to the
status, the name, the nominal mass, and the quantum numbers {where known) are shown. States with three-
or four-star status are included in the main Baryon Table; the others have been omitted because the evidence
for the existence of the effect and/or for its interpretation as a resonance is open to considerable question.

N(939}
N(1470)
N(15ZO)
N(1535)
N(1670}
N(1688)
N(1700)
N(170 0)
N(1780)
N(1810)
N(1 990)
N(2000)
N(2040)
N(zio0)
N(2100)
N(21 90)
N(zzzo)
N(Z 650)
N(3 0'3 0)
N {3245)
N(3690)
N(3755)

D15
F15
Sii
D13
Pii
P13
F17
F15
D13
Sii
D15
G17
H19

al Jr %lr
rgc

iver )&rre Iw

p 1 1 )L A w&()&r

P 1 JJ
w4 wtr w&()4

Di 3 )&(i&

)t air &Ir 4,

A(1232)
~(1650)
A(1670)
&(1690)
D(1890)
A(1900}
~{1910)
D(1 950)
a(1960)
~(2160)
D(2420)
a(2850}
D(3230)

Zo (1780)
ZO {1865)
Zi (1900)
z 1 (z15o)
Z1 (2 500)

P33
S31
D33
P33
F35
S31
P31
F37
D35

H311

Poi
D03
P13

), QC)C Q

g &',c ),'c

),'c

),'C ),'C )tc

)p ))t:y &,'c

),c ),'c

&r )'
)',c ),'c )p

&,'C

),'C

)IC

Z( 1116)
Q{1330)
P ( 1405)
Pj, ( 15ZQ)
A (1600}
P ( 1670}
A{1690)
Q( 1800}
P. (18oo}
Q( 1815)
P ( 1830)
Q( 1860)
Pg. ( 1870)
Q( 2Q10}
A( Z020)
Q( 2100)
P„( 2110)
P„( 2350)
Q (2585)-

Poi
Dead

SQ 1:,"c),'c),'c),'c

DP3 gl lr ql &l

Ppl
)~ ),'c &,'c ),'(

D Q 3:,"c ),'c &,'c &',c

PQ 1 )&r&&(

G09 )"-

FQ 5 ."'(&'c)';

Dp 5 &~p&,'c.",coo(,

PQ 3 )~o)r' "ic

S01
&i r+C

F07
G Q 7 &,'c),".A)',c

F05

Z(1193) P11
Z(1385) P13
Z(1440)
Z(1480)
~(1580) D13
Z(1620) Si 1
Z(1660) Pi 1
Z(167Q) D13
Z(1670)
Z {1690)
&(175Q) S11
K{1765) D15
Z(1770} P 1 1
Z {1840) P13
Z {1880) Pi 1
Z(1915) F15
Z (1940) D1 3
Z(2000) S11
Z(2030) F17
Z{2070) F15
Z(20 80) P13
Z(2100) G17
Z(2250)
Z {2455)
z(26zo)
Z {3000)

),'c),'c&,'c c

g ),"c:,'c &,'c

i4 )4i~ r
)I( gtr

),'c )to &,'( &p

),C )tC

),'C ),'C )p

)jc )t( )C ),C

),'C )C

),'C nc )',C ),C

),'c gc )t.

,C
gl

)g ),'c ),'c )p

&',c

A&,'c

~c)',c qc)%

),".A ),'C

~C &~( &,C

),'c ),'.

(1 7)
- (1530)
- (1630)
- {1820)- (1940)- (ZQ30)- (Z250}
- (2500)

Q &,C)~ )~c

p 13 wpi&r)I J(

Q )IC

&inc &sc

& (1672} P03

Good, clear, and unmistakable. ""-'-' Good, but in need of clarification or not absolutely certain.
Needs confirmation. &- Weak.

A

[See notes on N's and E's, on possible Z 's, and on Y 's and ™'s at the beginning of those sections in the
Baryan Data Card Listings; also see nates on individual resonances in the Baryon Data Card. Listings. ]

aParticle
a

(~P)
e stab.

b~ or K Beam
pb (GeV/ c )

o = 4~& {rnb)2

Mass
M

(MeV)

Pull
Width
~c

(MeV)

M

+I M

{G ~2) Mode

Partial decay mode

p or
Fraction p

(MeV jc)

i/2(1/2 ) 938.3
939.6

0.880
0.883 See Stable Particle Table

N(147O}g

N{ 1520)g

N{ 1535)

i /2(i/2 ) P'

i/2(3/2 ) D'i3

i/2(1/2 ) S'

p = 0.66
0 = Z7. 8

p = 0.74
g = Z3. 5

p = 0.76
g = ZZ. 5

1390 to
1470

1510 to
1530

1500 to
1530

18Q to
zzo +o.29

(200}

110 to Z. 31
150 +0.19

(125)

5p to Z. 36
1ZQ +0-15

(100)

Nm

Ng
Nmm

[Ne
[&T
[Np
p'Y
npf

Nm
Nmm

[Ne
[Np
[z~
Nq
psf
ny f

Nvr

Nq
Nm~

[Np
[Ns
[as
PYf

-6o
18
25
7]e

-19 le
(9]e

0.07-0 14(0.05

55

&5]e-15]'
-Z5]e
(1

0.4-0.7
o.3-o.6

30
-65

5
3 ]— 2]'
ij

&0,4
&0.4

420
d

368
d

177
d

435
435

456
410

d

ZZ8

471
471

467
18Z
4ZZ

d
d

243
481
481
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Baryon Table (cont'd)
Particle a a

e stab.

b
m or K Beam
pb ( GeV/c)beam 2
g = 4m& (mb)

Mass
M

( MeV)

F'ull
Width

~C
( MeV)

M

+I M

(GeV )
Mode F ractlon

j0

p or
d

pmax
(MeV/c)

Par tial de cay mode

N(167o) g 1/Z(5/2 )D'
5 p = 1.00

g = 15.6
1660 to 145 to 2.79

165 +0 .26
(155)

Nm
NTI'm

AK
Nq
p'Y

45
55
50]

&0,3
& O.S
&0.03
&0.14-

560
525
36o
200
368
572
57Z

N(1. 688)8 1/Z(5/Z )P' p = 1.03
g = 14.9

1670 to 120 to 2.85
1690 145 +0.Z4

(140)

Nm
NT( m

[Ne
INp

Nq
pv'
ny~

'I

~ 60
4p
14]~
1 4]- ii] e

& Q. 3
0.1»0.4

&' P.O3

57Z
. 538
34p

d
375
388
583
583

N(1700) g

N(178O)

N(1810)

N(Z 1 90)

N(2220)

1/2 (1/2 )S"

1/2(i/Z )P"

1/2(3/2 )P13

1/2 (7/2 )G

1/2 (9/2+ )H 1 9

p = 1.05
g '= 14.3

p = 1.ZQ

0 = 1Z. Z

p = 1.Z6
g = 11.5

p = Z. 07
g = 6.Zi

p = 2.14
o = 5.97

1660 to 100 to
169Q 20Q +0.26

{150)

1700 to 100 to 3.17
1800 — 250 +0 36

(200)

1700 to 100 to 3.28
1850 300 +0.36

{ZOO)

2100 to 150 to 4.80
2Z50 300 +0 55

(2 50)

2200 to Z 50 to 4. 93
Z250 350 +Q. 67

(300)

[Ne

AK
ZK

nY&

Nm
Num

[Ne
)Np
»'as
AK
ZK
Nq
p~'
np~

Nm
NTr vr

[Np
AK
ZK
Nq
pY
n'Y

55
30
10»e
7]e
4»

e
4
2

&0.1(0.15

~ZQ
&40

i S-4O] e
ZO-SO] e
10-20]

7
10

2-ZOi
& 0.15
& 0.13

ZO
70

-7O] e
5
2

& O.Z( O. Z

15-35
&0.2
&0.2

ZO

580
547
355

d
385
250
1Q9
591
591

633
603
44Q
249
448
353
Z67
476
643
643

6sz
6Z4
Z97
386
307
503
66i
661

888
710
664

N(z6so)

N(3030)

1/2(

1/2( ' )

.p = 3.26
o = 3.67

p = 4.41
o. = Z. 6Z

-z6so

-3030

-350
(3so)

~40Q
{400)

7.02
+0.93

9.1 8
+i.21

( J+1/2)~,
&0.4~

(J+1/2)w.
&0. 1~

1154

1366

A(iZ3Z)g 3/Z(3/2 )P'33 p = 0.30 1230 to 110 to
0. = 943 1234 1ZO

(115)
E(++) Pole position: M-il /Z = (1211.010.8) -i(49.9&0.6)~

k

A(0) Pole position: M-il/2 = (1210.911.0) -i(53.121.0).k

1.5Z
+0.14

Nm -99.4
Nm T(

~ Q

py
~ Q. 58-Q. 66

227
80

Z59

~{16so)g 3/Z(1/2 )S3i p=o. 96
O =16.4

1615 to 140 to
1695 200 +0.z3

(140)

Nm
Nmm

INp
[&~
pw

35
-6s

1O-ZS]e
-50]

&0 ~ 25

547
511

d
344
558
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T8kle (co n t 'd)
aPar ticle

estab.

b
Tr or K Beam
p (Gev jc)beam 20. = 4m k (mb)

Ma. s s

M
(MeV)

Full
Width

r
(MeV}

M

+rMb

(GeV )
Mode Fraction

p or
pm'

(MeV/c)

Partial decay mode

A(1670}g 3/2(3/2 )D p = 1.00
0 =15.6

1650 to 190 to
1720 260

(200)

Z. 79
+0.33

Nvr 15
NTrm 85

[Np 30-60]
-45) e

PY 0.05-0.3f

56o
525

d
361
572

A(1890}g

A(1 910)g

3/Z(5/Z )&35

3/Z(1 /2 )P

p = 1.42
v = 9.88

p = 1.46
0 = 9.54

1860 to 150 to 3.57
1900 300

(Z50)

1780 to 160 to 3.65
1950 23p +0.38

(zoo}

Nvr

Norm

[Np

XK
p~f

NTr

Norm

[Np
jr~
ZK
pY

15
80

-6o]
10-30]

&3
&0. 1

15-35

small ]
small ]

2-2Q
(0.1

704
677
403
531
400
712

716
691
429
545
420
725

A(1950)g

&(2420)g

3/z (7/z+) P

3/2(11 /Z )H

p = 1.54
p = 8.90

p = 2.64
0 = 4.68

19 10 to Zoo to 3.80
1940 240 +0.43

(zzo)

2380 to 300 to 5.86
Z450 500 +0.73

(300)

Nm ~40
Nmm )25

[Np 10]
[a~ -ZO]
ZK (1
pyf 0.09-0.15

10-15

741
716
471
574
46o
749

10Z3

D(2850)

&(3230}

3/2( " ) p = 3.85
0 = 305

p=508
0 = Z. Z5

Z800 to -400
Z900 (400)

3ZQO to -44Q
3350 (440)

8 ~ 1Z
+1.14

10.43
+1.4Z

Nm ( j'+1/2 )w
—O. 25j

(5+1/Z)w,
—0.05~

1266

1475

Evidence for states with str angenes s +1 is controversial. See the Baryon Data Card listings for
discussion and display of data.

A(1405}

A(1520)

A(1670)

o(1/z )

o(1/z )s'

0(3/2 )Di03

o(1/z )s"

below K p
thre shold

p = 0.389
p. = 84. 5

p = 0.74
p. = 28.5

1115.6

1405 40+10
+5~ (4o)

1519 15

(15}

1660 to 20 to
1680 6p

(40)

1.245.

1.97
+o.o6

2.31
+0.02

2 ~ 79
+0.07

See Stable Par ticle

100

46+1
42+1

10+ 1
0.9+0.1

15-35
15-35
20-60

T able

142

234
258
250
140

41Q
64

393

A(169o)

A(1815)

0(3/2 )D"3

o(5/z )z"

p = 0.78
g = 26. 1

p = 1.05
0 = 16.7

1690
~102

1820

30 to
80

(60)

70 to
100
(85)

2.86
+Q. 10

3.29
+0.15

20-30
15-40

25
20

-6o
Zm 12

Z{1385)m' 1 5- ZO

429
4Q9
415
352

54Z
508
362

A(1 830)

A(1860}

A(z100)

0 (5/2 ) D
()5

0( 1 /2 ) Pp 3

Q(7/2 )G07

p = 1.09
g = 15.8

p
—— 1.14

o = 14.7

p = 1.68
(y = 8.68

1810 to 60 to
184o

(95)

1860 to 40 to
1910 110

(80)

2100 to 150 to
2120 300

(Z50}

3.35
+O. 17

3.46
+0. 15

4.41
+0.53

NK
Z7r

NK
Zm
Aq
"K

(10
35-75

(4
15-35
5- 10

~30
~5
&3
&3
&8

554
519
367

576
534

748
699
617
483
443
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Baryon Table (cont'd)
Particle a (~P)a

e stab.

b
Tr or K Beam
pb (GeVjc)
g = 4Tt X (mb)

Mass
M

(MeV)

Full
Width

~C
(Mev)

M

+I M

(GeV )
2 Mode

P OI'
Fraction pmax

(MeV/c)

Partial decay mode

A(235Q) Q( P ) p = Z. Z9
g = 5.85

2340 to 100 to 5.5Z
Z 360 200 +0 ~ 28

( 120)

( J+1./Z)~
0.9J'

seen

913

865

A(2585) p( ? ) p = 2. 91
g = 4.37

-2585 -300
(300)

6.6s
+0.78

NK (3+1/2)x.-i.03
1058

1 (1/2 ) (+)1189.4
(Q) 119Z. 5
(-)1197.4

1.4l 5
1.4ZZ
1.434

See Stable Par ticle Table

Z(1385) 1 (3/2 )P' below K p
thr e shold

(+)1382.5+0.5 (+)35+2 i.92
S=i.2m S=1 ~ 9 +0.05

(-)1386.6+1.2 ( —)42+4
2 3m S 3 2II1

(35)

88+2
12+2

Z08
117

Z(167O)" 1 (3/2 )D ii
13 p = 0.74

g = 28. 5
35 to

70
(50)

2.79
+0.08

10-25
. 20-60

(2P

410
387
447

Z(1750)

Z(1765)

1(1/2 )S

1(5/2 )D

p = 0.91
g = 20.7

p
— P 94

a = 19.6

1700
to 1790

1723
p7g

50 to 3.O6
120 +0.X3

(75)

1'10 to 3.12
150 +0.23

( 130)

NK

A(i 520) TT

Z(1385)m
ZTt

10-40
5-ZO

«8
15-55

-41
14

-16
~10

483
507
450

496
518
187
315
461

Z(i 915)g

Z(i 940)i

Z(2030) g

Z(2Z50)

Z(2455)

1 (5/2 )P'1 5

1(3/2 )D'''

1(7/2 )F

1( ? )

1( ? )

p = 1.25
g = 13.0

p = 1 ~ 32
g = 12.0

p = 1.52
g = 9.93

p = Z. Q4
g = 6.76

p = Z. 57
g. = 5.09

1905 to 7Q to 3.67
140 +0. 19

(100)

1900 to 110 to 3.76
1960 280 +0.43

(ZZO)

ZOZO to 120 to 4.1Z
2040 200 +0 ~ 37

(180)

2ZOO to 50 to 5.06
2300 ZOO +0.34

( 150)

-120 ' 6.03
(120) +0.2 9

NK
Am
Zm

,- K

NK

NK

5- l5
20

?

&20

7

-20
~20

5-10( 2

(5+1/Z)~
~0 3j
seen
seen

(3'+1/2)~
~0

612
619
568

678
6so
589

700
70Q
652
41Z

849
841
801
979

Z(Z 620) )

1/2(1/2')

p = Z. 95
g = 4.3Q

-26OO

(0)1314.9
(-)1321.3

-zoo 6. 86
(200) +0.5Z

1.729
i.746

{3'+1/2)~ 1064
~0

See Stable Particle Table

~ (1530)o 1/2(3/2')I 13 (0)1 531.8 +0.3 ( 0) 9.1+0.5 2.34
3m +0.OZ

(-)1535.1+0.6 (-) 1p. 1+1.9
(10)

100

(1820)o &P 1/2( 7 ) ] 800 to 12 to
1850 100

(6O)

3.31
+0.11

AK
ZK

- (1530)TT

seen
seen
seen
seen

396
3O6
413
234

- {1940)o&& 1/2( '? ) 1900 to 30 to 3.76
1970 14Q +0.17

(90)
- (1530)TT

seen
seen

499
336 '

0(3/2 ) 167Z.2 2. 796 See Stable Particle Table
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83ryon Table (con t'd)

b.

c ~

d.

e.

g.

h.

k.

m.
n.

0 ~.

For convenience all Baryon States for which information exists in the Baryon Data Card Listings
are listed at the beginning of the Baryon Table. States with only a one or two star (" ) rafing in that
list have been omitted from the main Baryon Table; each omitted state is indicated by an arrow in
the left-hand margin of the Table. In the Listings there is an arrow under the name of each state
omitted from the Table.
The names of the Baryon States in Col. 4 t such as N(4470)] contain a nominal ma, ss which is a
rounded average of the reported values in the Data. Card Listings. The convention for using primes
in the spectroscopic notation for the quantum numbers in Col. Z [ such as P'&&] is as follows: no
prime is atta, ched when the Data Card Listings include only one resonance in the given partial
wave; when there is more than one resonance the first has been designated with a prime, the
second with a, double prime, etc. The name and the quantum numbers for each state are also
given in large print at the beginning of the Data Card Listings for that state.
The numbers in Col. 3 and Col. 6 are calculated using the nominal mass (see a. above) for M. and
the nominal width (s e e c. below) for I
For M and I of most baryons we report here an interval instead of an average. Averages are
appropriate if each result is ba, sed on independent measurements, but inappropriate where the
spread in parameters arises because different models or procedures have been applied to a. com. —

mon set of data. A single value with an approximation sign (-) indicates that there is not enough
data to give a meaningful interval. Anominal width is included in parentheses in Col. 5; this nominal
width is used to calculate the value of I M given in Col. 6.
For two body decay modes we give the momentum, p, of the decay products in the decaying baryon
rest frame. For decay modes into ~ 3 particles we give the maximum momentum, pmax, that any
of the particles in the final state can have in this frame. The momenta are calculated using the
nominal mass (see a. above) of the decaying baryon, and of any, isobars in the final state. Some
decays which would be energetically forbidden for the nominal masses actually occur because of
the finite widths of the decaying Baryon and/or isobars in the final state. In these cases, the de-
cay momentum is omitted from Col. 9 and replaced with a reference to thi. s footnote.
Square brackets around an isobar decay mode indicate that it is a sub-reaction of the previous un-
bracketed decay mode. In the case of N ' and 6 decays into isobar modes we have used the isobar
model results of LONGACRE 75 in addition to other data from the listings (where available) to estimate
the branching fractions .
The tabulated radiative fractions involve a sum over two helicities (1/Z, 3/2). In the case of
I = 1/2 resonances, there are two distinct iso spin coupling s, whence yp and yn. For conventions
and further details, see the Mini-Review preceding the Baryon Data, Card Listings.
Only information coming from partial-wave analyses ha. s been used here. For the production ex-
periments results see the Baryon Data Card Listings.
The range given here does not include the branching ratio of approximately 80 /0 reported by
FELTESSE 75.
There may be more than one state in this region. The only analysis which reports an ejastic
coupling (LEA 73) also finds unusually low mass and width values. The inelastic branching frac
tions quoted here are based on an elasticity of 10%%uo, which is a compromise between LEA 73
RLIC 76.
This state has been seen only in an energy-dependent fit to total, channel, or fixed angle cross-
section data ~ J is not known; x is I el /I ~

See note on determination of resonance parameters in the Baryon Data Card Listings. Values of
mass and width are dependent upon resonance shape used to fit the data. The pole position is much
less dependent upon the parametrization used. The pole positions given here are taken from results
(in the Data Card Listings) of fits to the phase shifts of CARTER 73 without Coulomb corrections ~

The error given here is only an educated guess; it is larger than the error of the average of the
published values (see the Baryon Data Ca.rd Listings for the latter).
Quoted error includes an S (scale) factor. See first footnote to Stable Particle Table.
In this energy region the situation is still confused. In addition to the effect at 1670 MeV seen in
both production and formation experiments, recent formation experiments have found evidence for
fairly narrow Sl 1 and/or Pl 1 states at 1620-1660 MeV. A na, rrow bump in the I = 1 KN
total cross section has also been seen recently at 1590 MeV. It is not clear how many states
really exist here. No one has reported a, strong coupling of any of these states to KN but there is
much disagreement about branching ratios into zA and z&. See the mini-reviews preceding the
Z(1620) and Z(&670) Data Card Listings for more information.
Only - (4530) is firmly established; information on the other states comes from experiments that
have poor statistics due to the fact that the cross sections for S = — 2 states are very low. For

states, because of the meager statistics, we lower our standards and tabulate resonant effects
if they have at least a four-standard-deviation statistical significance and if thev are seen bv more
than one group. See the Ba.ryon Data Card Listings for the other states .
All four decay modes shown have been seen. Branching ratios are not quoted because there may be
mor e than one s tate her e.
This bump has been seen in both final states shown; it is not clear if one, or more, states are
present.
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PHYSICAL AND NUMERICAL CONSTANTS"

P HYSICAL CONSTANTS

cert (p. pm)
1.05

P 31
0.004
2.9; 2.9
2.9
2.6; 5.4
2.6; 2.6
2.6
0.22

32
32' 32
2.8; 5.1

2.8; 0.38; 46
0.011

1 amu

1.6
0.82

1.6

2.6
0.009

N = 6.0280943(63)x 10 mole
Vm = 22413.83(70) cm mole = molar volume of ideal gas at ST

c = 2.99792458(1.Z)x10 cm sec
e = 4.803242(14)xio esu = 1.6021898(46)xio coulomb
1 MeV = 1.6021892(46)xio erg
fi=h/Zn = 6.582173(17)xlo MeV sec = 1.0545887(57)xl.o erg sec
hc = 1..9738858(51)xio 1 1 Me Y cm = 197.32858(51) MeV F'ermi

= O.SZ40078(16) Ge Y mb'/~
A = e /fic = 1/137.035982(30)
kBoltzmann 1.380662(44)x10 erg 'K

= 8.61735(P8)xio MeV K = 1 eV/11604. 50(36) 'K

m~ = 0.5110034(14) MeV = 9.109534(47)xio kg
m& = 938.2796(Z7) MeY = 1836.15152(70) me = 6.72270(31) ms~

= 1.007276470(11) amu
= 1/12 meta = 931.5016(26) MeV

md = 1875.628(5) MeV

re = e /mec = Z.8179380(70) fermi (1 fermi = 10 cm) '

Ae = fi/mec = rea = 3.8615905(64)xlo 1 cm

a~Bohr = Fi /mee = rea = 0.52917706(44)A (1A = 10 cm)
o Thorns« ——(8/3)nr = 0.6652448(33)xio crr. (10 cm = 1 barn)~8oh„= eh/Zmec = 0.57883785(95)x10 MeV gauss

Pp = eli/Zmpc = 3.1524515(53)x10 MeY gauss
~p/~8oh„= 1.520993136(Zi)
1/~~cyclotron /™ec 8-7940~(~5)xio rad sec gauss
1/~~cpyclotron = e/~mpc = 4.789378(13)x10 rad sec 1 gauss
Hydrogen —like atom (nonrelativistic, ~ = reduced mass):

R = mee /Zfi = mec a /2, = 13.605804(36) eV (Rydberg)
= mac~ /Zli = 109737.3143(10) cm

pc = 0.3 Hp (MeY. kilogauss, cm)
1 year (sidereal) = 365.256 days = 3.1558x107 sec(amx107 sec)
density of dry air = 1.205 mg cm (at po C, 760 mm)
acceleration by gravity = 980.6'8 cm sec . (sea level, 45 )
gravitational constant = 6.6732(31)xio cm g sec
1 calorie (thermochemical) = 4.184 joules
1 atmosphere = 1033.2275 dynes cm = 1.01325 bar
1 eV per particle = 11604.50(36) 'K (from E = kT)

NUMERICAL CONSTANTS

1 rad = 57.2957795 deg
1/e = 0.3678794
ln10 = 2.3025851
log ~Oe = 0.4342945

v rr = 1.7724539
V 2 = 1.4142136
v 3 = 1.7320508
v io = 3.1622777

= 3.1415927
e = 2.7182818
ln2 = 0.6931472
log &02 = 0.3010300

Prepared by Stanley J. Brodsky, based mainly on the adjustment of the fundamental
physical constants by E. R. Cohen and B. N. Taylor, J. Phys. Chem. Ref. Data g, 663
(1973), plus current values for N, a, ps&/gs8»„, R [see B. N. Taylor and E. R. Cohen,
P roc eedinas of the Fifth In ternational Conference on Atom Masses and Fundamental
Constants (AMCO-5). Paris. 1975j. The figures in parentheses correspond to the
one-standard-deviation uncertainty in the last digits of the main number (Upda. ted
April 1976.)
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CLEBSCH-GORDAN COEFFICIENTS, SPHERICAL HARMONICS, AND d FUNCTIONS

A Q.is to be understood over e~ery coefficient; e. g. , for -8/15 read -Q8 /15. Notation'.
J J
M M

Y
0 3 cos 8

m1/2 " 1/2, ',
,

1 Z

rn
2

Coe fficient s5/z 5/z 3/z
+z 1/z 1 3/2 +3/z

1/Z 1/5 4/5
+1 +1/Z 4/5 -1/5

+1 -1/Z
Q +1/Z

,
+1/2 +1/2 1 0

+1/Z -1/Z 1/2 I/2 1

1/ Z + 1/2 1/ Z - 1/2 - 1

-1/2 -1/2 1

3, jyY = — —sin8 e
8m

5/z 3/z
+1/2 +1/Z

2/5 3/5 5/2
3/5 -Z/5 1/Z

0 1/Z 3/5
1+1/Zl Z/5

-1
-2

0 5 3 2 li
Y = ——cos 8-—

2 4~ 2 z
3/'zl
1/z

z/5 5/z
-3/5 -3/Z

1/2 4/5
+1/Z 1/5

z

3/Z
-3/z

1/5 5/2
4/5 -5/z
1/Z

Y srn6 cos8 e1 15 iQ
2 8~+1 +1/2 1 I-1/2 +1/2

+1 -1/2 1/3 2/3
o +1/z z/3 1/

0 -1/2
-1 +1/2

3/2 " 1/2, ', ,3/Z 1/Z
1/Z

z/3 1/3 3/z
1/3 -Z/3 -3/Z
-1 -1/Z 1

2 1 j 15 . 2 Zip
YZ = gq ~ sin 6e +3/2 +1/Zl 1 +1

+3/Z -1/Z 1/4 3/4
+ 1/2 + 1/2 3/4 —1/4, o

+1/2 -1/Z 1/2
1/2 + 1/2 1/ 2

/z 1/z 1/Z
-3/Z

2" 1I5/2
+ 5/2

/ 3/2
+3j2 & J J +3/2 +3/2

+3/z 0 z/5 3/5
+1/2 +1 3/5 -Z/5

+3/Z -1
+1/2 0
-1/2 +1

x

+2 +1 1 +Z +2

+2 0 I/3 2/3 3
+1 +1 2/3 -1/3 +1

+2 -1 1/15
1 0 8/15
0 +1 6/15

1/Z Z

-1/Z -1 -1

1/2 3/4 1/4 2

+1/Z 1/4 -3/4 -2

3/z -1/z

2
+1

1/3 3/5
1/6 -3/10 3 Z

- 1/2 1/10 0 0

+1 -1 1/5 1/2
O O3/5 O

-1 +1 1/5 -1/2

5/z
+1/Z +1/Z +1/Z

1/10 Z/5 1/ Z

3/5 1/15 -1/3
3/1 o -8/15 1/6

+1/2 -1
-1/2 0
-3/z +1

1 "1.l,
'+1 +1 1 +1 +1

+1 0 1/2 1/z 2
0 +1 1/2 -1/2 0

+1 -1 1/6
0 0 Z/3»1, 1/6

5/2 3/z 1/z
-1/2 -1/Z -1/Z

3/1Q 8/15 1/6
3/5 -1/15 -1/3
1/10 -Z/5 1/2

-1/2 -1
-3/Z O

1
0

3/1 0
-z/5
3/10

5/2 3/2
3/z 3/z

3/5 Z/5 5/Z'

z/5 -3/5 -5/z

3/Z 1 1

3 Z
-1 -1

1 0
0 0

1/2 1/3
O 1/3

-1/Z 1/3
2 1

-1 -1

0 -1 6/15 1/2 1/10
-1 0 8/15 -1/6 -3/10 3 2
-Z +1 1/15 -1/3 3/5 -2 -Z

Y~ = (-i) Y

0 -1 1/2 1/Z 2
-1 0 1/2 -1/2 -2

-1 -1 1 4
m, o 2/+i

-1 -1 Z/3
-2 0 1/3 -Z/3 -3

-Z -1
(3 & rn rn I)i]2 J M)

'z .= (-&) (i2i~m2m, 1~2, , J Mf

3/2 " 3/2, 3 ijz,. 6
ijz, -ijz ""2ijz, ,6

ijz, i/2 22
+2

i/2
- i/2
- i/2
+ i/2
+ 3/2

,
+3/2+3/Z i +2

+3/Z +i/2 i/2
+i/2 +3/2 i/2

+ 3/2
2 + i/2
2 - i/z

2 x 3/2f 7/2
— +7/2 3 2

+i +i +i
i/5 i/Z 3/i O

3/5 0 -2/5
i/5 - i/2 3/i 0

+3/2 -3/Z
+i/2 -i/2
-i/2 +i/2
-3/2 y3/2

7/z 5/z
+5/z +5/z

3/7 4/7
4/7 -3/7

+2 -i/z
+i i/2

0 3/Z

i+ cos6
i, i 2

sin6
J,o+2+3/2 )

+Z +'i/Z
+i +3/2

3/
+3/

z/5
-2/5 7/2 5/2 3/2

i/5 + i/Z ~ i/2 + i/2
-3/2 i/3 5 6/3 5 2/5- i/Z i Z/35 5/i 4 O

i./2 i8/35 -3/35 -i/5
3/2 4/3 5 «2 7/70 2/5

+i
0

-2

7/z 5/z
+3/z +3/z

i/7 i 6/35
4/7 i/35
Z/7 -i8/35

+2

0

3 2 i 0
0 0 0 0

i/20 i/4 9/2 0 i/4
9/20 i/4 -i/20 -i/4
9/20 -i/4 -i/20 i/4
i/20 -i/4 9/20 -i/4

+i jz -3/Z
-i jz i/z
-3/2 +i/2

i-cos6
2

i/2
+ i/z

z/5
-3/i O

i/5
-i/io
-3/2
- i/2

i/2
3/Z

2" 24 3 2
~\ i w

i/5 i/z
3/5 0
i/5 -~jz

- i/z
-3/2

d = cos63
+3

i/Z 4 3 Z

i/2 +2 +2 +2
O 3/i 4 i/Z Z/7

4/7 0 -3/7
Z 3/i4 -i/2 2/7

+2 -i
+i 0

0
-i 2

-i
3/i O

-z/5
3/iO -Z

-3/2 i/z
—i/z i/2

' -3/2

+2+2 i +3
+Z +i i/Z
+i +2 i/2-

+2
+i

0

7/z 5/z
-i/z -i/z
4/35 Z7/7O

i 8/35 3/3 5
iz/35 -5/i4

i/35 -6/35

3/2-i/2
z/5 i/io

-i/5 -i/5
0 3/i 0

z/5 -z/5
0 -3/2

-i -i/z
-2 i/2

2
-2
i/2 3

-i/2 -3
-3/2

4 3

i/i4 3/i O

3/7 i/5
3/7 - i/5
i/i4 -3/io

2

3/7 i/5
-i/i4 -3/i 0
- i/i 4 3/i 0

3/7 -i/5

7/z 5/z 3/z'
-3/Z -3/2 -3/2

2/7 i 8/3 5 i/5
4/7 -i/35 -Z/5 7/Z
i/7 -i6/35 z/5 -5/z

' -i -3/Z 4/7
-2 -i/2 3/7

0
0 0

3
0 0

i/7O i/i O

8/3 5 2/5
i 8/35 0

8/3 5 -.2/5
i/7O -i/iO

3/Z
3/z, 3/z

5/z
-5/z

3/7 7/2
-4/7 -7/Z

-3/2

6cos—
2

i+ cos0
2 0

2/7
i/i4

-2/7
i/i 4
2/7

z/5 i/5
-i/io -i/5

o i/5
i/io -i/5

-z/5 i/5
+i -2

0

i) -i 0
-2

+2 -2
2 i+ cos6'Zz —

2 0 0
-1

d3/Z, .t- i+ o 6 . 6d,/, ,/,
4 3

~ i
i/i 4 3/i 0
3/7 i/5
3/7 - i/5
i/i4 -3/iO

2 i+cos6 . -2 2
d. =. — sing ' '

3/2 i
—i-cos I9 6

3/Z, -i /2 2 2
3/7 i/5

-i/i4 -3/iO
- i/i 4 3/i 0

3/7 -i/5
0 -2

-2 0

3/2 i -cos6 . 6
'3/2, -3/2 2 ""2 d 2 i+cos 6(2

Z
4 3 2

~z 2 2

3/i 4 i/2 Z/7
o

3/i4 -i/Z Z/7

-2
-2 -i

. z
2,0 4

2 = 3d = — —sin6 cos6i,o
d3/Z 3cos6-i 6

i/2, ijz 2 2
2 i -cos6

'2, -i —
2

4 3
-3 -3

i/z i/z 4
i/2 -i/2 -4

' -2 -2 i

j 3o6+i . 6
i/Z i/Z

—
2 8lrl p

Z i -cos6 d2 i —cos 6(2 6+i)i, -i 2
2 — 3 Z i

d = —cos 6
0,0 2 2

1dj, =( i) d'In, m m, XTl —mr -m

Sign convention is that of Wigner (Group Theory, Academic I ress, New York, 1959), also used by Condon and Shortley (The Theory ofAtomic Spectra, Cambridge Univ. &ress, New York, 1953), Rose (Elementary Theory of Angular Momentum, Wiley, New York, 1957),and Cohen (Tables of the Clebsch-Gordan Coefficients, North American Rockwell Science Center, Thousand Oaks, Calif. , 1974) . The
signs and numbers in the current tables hav'e been calculated by computer programs written independently by Cohen and at LBL, (Tableextended April 1974.)
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SU(3) ISOSCALAR FACTORS

Adapted from J. J. de Swart, Rev. Mod. Phys. 35, 916 (1963)
The convention used here is: baryon first, meson second. .

{8I S {8} {27I S {10I 6 {10'J 6 {8Ii 6 {8)s6 {1}.

= 2

Multiplicity of 27;

X=2, 4 =5

Fi ve single-coef f ici ent
negative coefficient,

L Y=i I=i/Z
Z7 SD Sp

N~ ~5/10 3~5 / 10 1/2
Z K —~5/10 —3~5/10 1/2
Nq 3~5/10 —~5/10 1/2

3~5/'10 —~5/10 —1/2

tab l es a re omi t ted.
i. e. (NK)10 )

Y 1 I /
?7 io

Nsr ~2 /2 —~2/2
z K ~/2 ~2/2

—1/2
—1/2

1/2
—1/2

The one involving a

The others, involvi

3ZD ~10 ~,

'I1Q )' has
ng .'~2V I. and

are al I +1.

y 0
Z7

NR ~15/10
—~15/10

Z~
3~/20

I 0

fD
~10/10

—~10»0
—~is/5
—~s/5

Sp

1/2 /2/2
—1 /2 ~2/2~/4 0-~/4 o

NK
-K
Zsr
Zq
& 7r

Y 0 I =
27

~5 /5 —~30 i 10
~5/5 —~30/10

0 0
~30 i 10 ~5/5
~30/10 ~5/5

8~

+6 /6
—~6/6

v 6/3
0
0

lO

—~5/5
Qsis
~s/5

1/2
—1/2

rois
—~s/5
—~5/5

1/2
—1/2

ZK

AK

Y —1

27

—Qs/io~/io
3+5/10
3+5/10

I -4/z
PD

-3~5/10
3~$/10
—~5/10
—~/10

Sp IO

i/2 1/2
-1/2 1/2

—1/2 1/2
1/2 —1/2

Y~ —1 I «3/Z
Q7 40+ The phase factor (g = +l, from de Swart' s

Table I, enters in his symmetry formula (l4. 3):

(r ir zl 1 ) = &it--'~ ' ' (i'zr il ~) ~

This factor is irrelevant if you are doing your own
self-consistent calculations, it enters when you
try to check someone else vrho chase pZpi
instead of p. i ijZ .

{10~ @ {8I - {35I @ {27j @ {10I @ {SI.

Four s ingl e coat t i ci ent tables are omi t ted; only the )~i27i,
'

i s -1; the three wi th ~I35i are + l.

&sr
Z K —2~Q/5

-2~5/5
~s/5

Y~1 I~i/2N
tL

I -3/Z 6
35 27

1/4 —+5/4
3/4

-W/4

iQ

~io/4
1/2

Zvr
=K

Y 0 I 0 A
27

—~io/5 —~is/5
—~15/5 ~l/5

8x lo

Y 0 I 1

gS Z7 40

Z7r

~/3
~3/6

—3Ws/10 ~ i3
~30/10 0—+5/5 Q /3
~5/10 ~/3

—~0 / 15
5/5
/15

2 0/15

Y 0 I ~2
35 27

~/2 —1/2
1/2 ~/2

-Y
35

i/4
3/4

~2/4
1/2

-1 I- i/2
27/ 10

—7~5/20 ~/4
3 5/20 ~/4-3 /20 —1/2
~5/10 ~/2

—~s/5
5/5

~/s

Y~ -1 I» 3/2
35 27

~2/2 —~2/2
~/2 ~/2

Multiplicity of 35;
~ sI, X~@

35

+2/2

I 0 Q
40

—+2/2
W/2

CtL 35

1/2
W/2

Q 7r

"K
—~3/2

1/2

=Y - -2 I -1
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PROBABI L I TY AN D STAT I STICS

A. PROBABILITY DISTRIBUTIONS AND CONFIDENCE LEVELS

We give here properties of the three probability distributions
most commonly used in high energy physics: Normal (or
Gaussian), Chi-squared, and Poisson. We warn the reader that
there is no universal convention for the term " confidence level"

as used by physicists; thus, explicit definitions are given for
each distribution, and we have attempted to choose definitions
that correspond to common usage. It is explained below how
confidence levels for all three distributions can be extracted
fr om the foil owing figure.

I.O

0.

0.3
0.2

I K ~ ~
I I

» s
a

'C 1. I, h ~~
\
\L

f)!D = W I 'g2 'S!'sI '1~8 $8'(IO ')),l5 $0'25)(3II '(4P(')'&
' h. ~ '%

» » '~ I
K » s I

1» 'e 1 s \ s s 1 s
s '

~ e
\ \ 1 !'t s c \ I I

\ \ \ 1
l l h l 1

1 l l
\ 'I \

n ~ »» ii » )a»~X X N II Y i& ( ii i( lIt»
I. » » »

I ~s s ~ ~ I s
s s s s I ~

s \ I ~ s s ~ ~
\ L 1 l ! 1, I I I I

1 ! l Il \ l \ l l 1
'l \ 1 l l 1 I 1 (

'l l l l t l l I l I
\ '! 4 \ I l I 1

=For 0 & 50~ » »D ~ ~
\ s I ~
s s s s s t I

tO
X

3 \ 1 l \ 1 I I

f eXP ( )dX \

\ l l I l l l I

l

V= ~PX~ —&Zn~ - i

I I I I I I I I ililili

0.06—
0.04—
0.03
0.02 =

0.0 I

0.006
0.004—
0.003—

o 0.002—
(3

0.00 I

0.0008
0.0004
0.0003
0.0002

0.000 I

2 3 4 5 6 8 IO 20 30 40 50 60 80 IOO

X (or X & IOO for — )

X2 Confidence Level vs. X2 for nD Degrees of Freedom

2 3 4 5 6 8 IO 20 30 405060 80I00

A. i. Normal Di stribution

The normal distribution with mean x and standard deviation g
(variance gz) is:

P (x)dx =
2 2

e -(x-x) /Zg dx ~

The confidence level associated with an observed deviation from
the tnean, &, is the probability that

I

x-x
I

& 6, i. e. ,

2

(X)dX =
h (X) e dX (X —o)2 Z 1 Z h-1 -x /2 2 2

D zhr (h)
(3)

where h (for '' half" ) = n /Z. The mean and variance are nD
and Zn, respectively. n evaluating Eq. (3) one may use
Stirling' s approximation: 1 (h) = (h-1. )! = 2. 507 e h h!h & ) X
(1 + 0.0833/h) which is accurate to + 0.1 /p for all h = 1/Z. The
confidence level associated with a given value of nD and an ob-
served value of X is the probability of chi-squared exceeding
the observed value, i. e. ,

CL = 2 dx P(x)
%+6

(2)

A. 2. Chi-squared Distribution
The chi-squared distribution for n degrees of freedom is:

D

-2cT -cr 0 cr 2cr

[ The small figure in Eq. (2) is drawn with 5 = Zg. ] CL is given
by the ordinate of the n = 1 curve in the figure at Xz= (5/0 )Z.DThe confidence level for & . = ig is 31.7%, Zg, 4. 6 /p ', 3g, 0 ~ 3%.
The central confidence interval, 1 —CL, (which is also some-
tirnes called confidence level) for & = ig is 68.3%; 20, ,5.4 /p ',

3g, 99.7 /p. The odds against exceeding &, (1-CL)/CL, for
ig are 2.15:1;Zg, Zi:1; 3g, 370:1; 4g, 16,000:1; 5g,

1,700,000:i. Relations between g and other measures of the
width: probable error (CL = 0. 5 deviation) = 0.67g; mean ab-
solute deviation = 0.80 g; RMS deviation = g; half width at half
rnaxirnurn = 1.18 g ~

CL= z dx P (x
2 2

x D
(4)

X~
0 5 lO l5

[ The small figure in Eq. (4) is drawn with n = 5 and CL = 10%.j
CL is plotted as a. function of X for several values of nD in the2
above figure. For large nD, X becomes normally di stributed
about nD. Thus,

D D
2

(5)

becomes normally distributed with unit standard deviation. A
better approximation, due to Fisher, 1 is that x, not x, becomes
normally distributed, specifically

y, = ~zx' -~2 (6)

approaches normality with unit standard deviation. For small
CL's in particular, yz is much more accurate than yi. Thus,
for nD = 50 and X = 80, the true CL = 0.45%, but yi is 3.0 cor-2'=
responding to a CL of 0.13% while yZ is 2.7 corresporiding to a
CL of 0.35 /p .

Rev. Mod. Phys. , Vol. 48, No. 2, Part II, April t976



Particle Data Group: Review of particle properties S39

PROBABILITY AND STATISTICS {Co&t'd)

A. 3. Poi s s on Di stribution
The Poisson distribution with mean n is:

(n)
( )n

P (n) = (n=0, 1, 2, ~ ~ -).n n! (7)

2a . =.Z V. . f. (x )y /0'e i j, n ij j n n n'

Here V is the covariance matrix of the fitted parameters

The variance is equal to the mean. Confidence levels for Poisson
distributions are usually defined in terms of quantities called
"upper limits" as follows: The confidence level associated with
a given upper limit N and an observed value nO of n is the proba-
bility that n & n0 if n = N, i. e. ,

V. . =(a . -a .)(a . -a .),ij e, i e, i e, j e, j
which xs given by

(V )i- =Z f;( )f. ( „)6„-1 2

(13)

(14)

CL = Z P (n)
n= n0+1

Ct The variance of an interpolated or extrapolated value of y at point
y =Za f (x), is:

n0
Z P (n)

n=0 N

1-CL

PN

0 4 N 8 l2

(8)

[ The small figure in Eq. (8) is drawn with nO = 2 and CL = 90'/o. ]
A useful relation between Poisson and chi-squared confidence
levels allows one to look up this quantity on the above figure.
Specifically, the quantity 1-CL is given by the ordinate of the
nD = Z(nO+1) curve at X = ZN. Thus, 90 j() confidence level up-
per limits for nO = 0, 1, and 2 are given by half the X value cor-2

responding to an ordinate of 0.1 on the nD = Z, 4, and 6 curves,
r e spe ctively; the value s ar e N = 2.3, 3.g, and 5.3.

Si, S, S, S, S = Z (1, x, y, x, x y )/p'
2 2

D=SiS -S
The covariance matrix of the fitted parameters is:

(17)

(y -y ) =Z V. . f(2
(15)e e . . ij i jlj

For the case of a, straight line fit, y(x) = a + bx, one obtains the
following estimates of a and b,

a = (S S - S S )/D,e y xx x xy
b =(SiS -S S )/D,

where

Tables of confidence levels for all three of these distributions,
the relation between Poisson and chi-squared confidence levels,
and numerous other useful tables and relations may be found in
Ref. Z.

V V S -Saa ab 1 xx x

Vab Vbb D -S Si
(18)

The variance of an interpolated or extrapolated value of y at point
x ls'

B. STATISTIC S
2 1 S Sx

{y -y ) = —+e e Si Si (19)

We consider here the situation in which one is presented with N
independent data, yn +o'n, and it is desired to make some
inference about the "true" value of the quantity represented by
these data. For this purpose we interpret each datum yn as a
single sample point drawn randomly (and independently of the
other data) from a distributibn having mean y (which we wish to
estimate) and variance o'~. (Identification of t e true crn with the
0'n datum is an approximation which may become seriously inac-
curate when o'n is an appreciable fraction of yn. ) Some methods
of estimation commonly used in high energy physics are given
below; see Ref. 3 for numerous applic. ations. Section B.i. de'his
with the case in which all yn are the same, e. g. , several differ-
ent measurements of the same quantity; Sec. B.Z. deals with the
case in which yn = p{x ), where x represents some set of inde-
pendent variables, e. g. , cross-section measurements at various
value s of ene r gy and angle, xn = {En, On} .
B.i. Single Mean and Variance Estimates
{1) U the yn represent a set of values all supposedly drawn from
a single distribution with mean y and variance g (i. e. , the o' are
all the same, but their common value is unknown) then

C. ERROR PROPAGATION

1 B ff = f({y})+ —Z V2 mn mn By By

(f-f)'= Z V Bf
mn mn By By

{y) = {yk
" {y) = {yt

(Zi)

E. g. , the mean and variance of a function of a single variable
with mean y and variance o'2 are:

We consider here the situation in which one wishes to calculate
the value and error of a function of some other quantities with
errors, e. g. , in a Monte Carlo program. Let {yj be a set of
random variables with means {y) and covariance matrix V.
Then the mean and variance of a function of these variables are
appr oximately (to s e cond orde r in {y-p) ):

1
y = —Z y ande N n n

2 1 — 2=
N 1 Z(y -y )

(9)

(10)

Il+ z~ "{
= «'{y)2 2 l Z

(22)

(23)

2 2 /are unbiased estimates of y and (r . The variance of y is o' /N.
If the parent distribution is normal and N is large, the variance of
p.Z is Z04/N.e

(2) If the yn all have the common value y and the o'n are known,
then the weighted average

Note that these equations will usually be applied by substituting
some measured quantities, {y}say, for the true means, {y). If,
as is often the case, yn — yn is of order Q Vnn, then there is no
point in keeping the second order terms in Eq. (20) or (2Z) since
the substitution itself introduces first order errors.

1
y = —Ze w n

B.2. Linear Least Squares Fit

nyn'

where w = 1/(7 and w = Z w, is an appropriate unbiased esti-Z

mate of y. This choice of weighting factors in Eq. (11) minimizes
the variance of the estimate; the variance is 1/w.

2.

3.

R. A. Fisher, Statistical Methods for Research Workers
(Oliver and Boyd, Edinburgh and London, 1958).
M. Abramovitz and I. Ste gun, eds. , Handbook of
Mathematical Functions (National Bureau of Standards,
Applied Mathematic s Serie s, Vol. 55, Washington, 1964).
W. T. Eadie, D. Drijard, F. E. James, M. Roos, and
B. Sadoulet, Statistical Methods in Experimental Physics
(North-Holland, Amsterdam and London, 1971).

A least squares fit of the function y{x) = Z ai fi(x) to independent
data yn + (rn at points x (e. g. , a Legend re fit in which the f are
Legendre polynomials and the ai are Legendre coefficients) gives
the following estimates of the parameters ai. Revised. and expanded April 1974.
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RELATIVISTIC KINEMATICS"

I. NOTATION

DEFINITIONS AND GENERAL FORMULAE PARTICULAR CASES AND ASYMPTOTIC VALUES (~)

We define any 4-vector p by its components:

p = (p, P) with
p = E = the energy

0

(P~) .Pl )
magnitude P,

wher e
P = the longitudinal momentum along a beam direction

P —: the transverse momentum (2 components, along 2
axes perpendicular to the beam);

then lab lab lab ~lab
p = (E, P~), Pl ) (I-2)

cm
P

cm cm ~cm
(E i P~) ~ Pl ) (I-3)

The 4 —vector scalar products are defined by

A ~ B = A B — A~B
0 0

(I-4)

so tha. t lab lab
P P

cm cm-
p . p =m (I-5)

II. GENERAL INVARIANT DEFINITIONS AND RELATED FORMULAE

For any 2 particles i and j, the most commonly used
invariants are def ined as follows:
A. The invariant mass squared of the combination of par-

tic Zes i and j is

III . VERY HIGH ENERGY PHYSICS:
AS YMP TOT IC FORMULAE

A. Co Z Ziding beams

2 2 2s, . = m, . = (p;+p, ) = m, +m. + 2(E.E. — P. P. ) . (II-1)ij ij i j i j i j i j
Using the function A(x, y, z) [also called A (x, y, z) ], defined by

A(x, y, z) = x + y + z — 2xy —2yz —2zx2 2 2

[x — (~y + ~z) ] [x — (U y — ~z) ], (II-2)

we have the relations:
A. l. 2n the par'ticZe j rest frame (P. = 0), the longi-j

tudinal axis being alonq P. ,1

s = 2(E E — P ~ P )a b a b

If 8 is the suppLement of the angle between
the two beams, (and if we assume Ei = Pi), then:

6 e'
s = 4P P cos —= 4P P (1 ——+ . . . )a b 2 a b ' 8 (III-2)

B. 2nteraction of par ticZe a with target
b at rest
B.l. 2n the Lab frame

2 2s. . —m. —m.
1 j l. J

2m .j

6 (s,m. , m. )ij' i' j
2m, , 0)l (II-6)

and

2 2 lab labs = s =m +m +2mE =2mE
ab (III-3)

A. 2. 2n the c.m.

(P, = -P. ),
1.

frame for par ticZes (i and j)
the longitudinal axis being along P, ,1.

P. s
inc 2m

(III-4)

s . . + m. —m. 2 (s,m. , m, )
2 2 2 2

(ij) ij i j
P . I

2&s. .

ij i j
2+s. .lj l j

B.2. In the center —of-maes fr'arne

s = s = (E + F ) = 4(P ) (III-5)ab a b a

thus, p
1.

p(j)
gs. .l j

(II-13)

A. 3. AppZications; UsefuL

i) In a DaZitz p Lot for
r'eZations invoLving s. , :ij-
the 8-body decay X ~ 1 + 2 + 3,

(II-14)~ m. + m = const. (j,j = 1,2, 3)2 2

ij i
i&j 1.

2 2 2with m = (p +p +p ) = m123 1 2 3 X

and

and

p

cm cm ~sPa b 2

r 2 2s+ m —ma b

2 2+m —m

b
~s

b

(III-6)

inc '

p. , 0inc

ii) 2n a triangZe pZot for the 4-body decay, X ~ 1+ 2+ 3+ 4,

2V m. + m = const. (i, j = 1,2, 3,4)i 1234
i&j 1

2 2 2with m (p+p+p+p)=m ~

I234 1 2 3 4 X

(II-15)

(II-16)

B. The invariant momentum transfer squared between particles
i and k is

t. = (p.-p ) = m. +m. —2(E E — P. P )ik 1 k l. K k

ml. n ml n ik+ 2(P. P — P. P ) t'k 4 Pklk lk 1 k 1 k 1k 1 k 2
(II-19)

(B. being the angle between P. and P ) .lk 1
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RELATIVISTIC KINEMATICS (Cont'd)

Application to the reaction a+ b -+ c+ d:
1. Gener a L f'or mu Lae

min ac8t = t = t = t — 4P P sinac bd ac a c 2

2. Par ticuE, ar case
In the c.m. : dt = 2P P d(cosB ) .a c ac

with
minmax 2 2

(E —E ) — (P + P )ac a c a c

which, after expansion in powers of (1/s), gives

{II-20)
min
ac

m (m —m)
2s

i) m =m, m. Pma c b d

(II-24)

mintac
(m —m ) (m —m )

CL C J3 d min
u ad

(m —m ) (m —m )a d b c
( II—25)

2
+ 0 — (II-22)

3s s

min
uad

(rn —m ) (m. —m )a d k& c

In a similar way, def ining u = (p —p ), one f inds2
ad a

8
u = t = t = u — 4P P sin cLd

ad bc ad a d 2 )

mint, = 0,aa'

and
a.a

6
2 2 cLa-4P sina 2

ii) For elastic scattering
(a+b -+ a'+b'),

2 + 0 — (II-23)
3s s

A general relation between the invariants is

s+t+u=m '+m +m +m2 . 2 2 2

a mb c

2P d (cos(), ) 'aa' a CLa.

(m — )
2 2 2

Inin a b
ab' s

( II—26)

(II—27)

IV. RELATIONS BETWEEN THE (j) PARTICLE AND (ij) PARTICLE
REST FRAMES: LORENTZ TRANSFORMATION

The general Lorentz transformation has the matrix form

At high energy:

(IV-1)

E Vs.
e = and E, . = kn

In, ij
3

gs. .13
m.

3

If we define, in any frame, the quantity- P+ = E + P
E is called the boost parameter of the Lorentz
transformation that. connects the particle i j
rest frame to the particle j rest frame.

fv )'
o (p+, ) o

t

p

0 0 1 Pl

(Iv-3)
App Lication

1. To &"cacti on a (beam) + b {target)
The transformation from the lab frame into the
c.m. frame is given by:

s, . + m — m. + h(s, m, , m. )
2 2 2 2ij' i' j

2m. gs . .
3 &3

e
+E

(IV-4)
lab

E +ma and

(
l

Y

t

Y
v'~ —e'

Q(s, m. ,m. )ij' i' j
s. . +m. -m.2 2ij j i

2 2s. , + rn. —m.ij jcosh E
&3 2m. gs

1.3

(j)
l.

E(j) +1 3

(IV-5)

E(j) +
(Iv-6)

gsi,

with

cm +E labe P

+Ee
s + rn —m + ~ 2 ( s, m, mb)

2 — / 2 2
b, a a. b

2m Qs
( IV-11)

r
h, (s,m. , m. )

l
l~l = IBI~ = ~'» (

2m. gs . .i3

p(j)
1

gsi.

The spatial part of the matrix in Eq. (IV-1) above can be
written with the classical vector form

(Iv-7)

2. The Lor ent g trans form of any vector

( E P ), gi ven in a fr arne containing ano ther

ector p = E,P, into the p r'est fr'a e

where p = (m„, 0), and pl = (E1,P1) —may be2
calculated using:

~(ij) ~(j) ~ r) P (j)P =P +q Y+1 ( IV-9)
=

'2
Y

2
and

P
2

n
In

2

A convenient way to write the latter expression is

~(ij) ~(j) ~ E + E(1j) (j)
P Y+1

(IV-10)

I
E = YE —Q'P

1 1 1
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RELATIVISTIC KINEMATICS (Cont'd)

v. RAPIDITY VARIABLE: DEFINITION AND KINEMATIC RELATIONS

Definition: in any system, for a particle of energy E and
longitudinal momentum P , the rapidity is defined by

E+
y = '~Rn — = tanh

II (v-1) lab lablab, II e
y 2 ~n 1 ~n(tan )lab lab 2P — P

I!

with the transverse mass m&

From the last of the two equat

~1

(m +P)
ions above, one gets

The maximum rapidity gap for the reaction a+b ~ c+ d
at large s is:

so that

y
mi e 7

y
mi e

mj cosh

mj sinh y

(v-2)
(v-3)
(v-4)
(v-5)

i) for the incoming particles (a,b):
lab cm cm s

y =— knab a a b mma b

ii) for the outgoing particles (c,d):

(v-15)

A. Relations between the rapidities of different frames:
lab lab cm cm syd=y — y =y — y =En

LC id (v-16)

lab lab lab
(m cosh y , m sinh y , 0)a a ' a a

B. AppLication to a reaction a+ b + c+ d (or a+ b + c+ X):
In the lab frame,

AppLication to r'eaction a+b ~ 1+ 2 . . . +N, with the N

outgoing particles being ordered by increasing rapidity.
l. The maximum rapidity gap between the outgoing

particles has an approximate value

lab
Pb (m , 0, 0) (v-8)

s
y =En

1N ml mj
(v-17)

lab
P

lab lab
(m& cosh y , m& sinh y , P& )c ' &c c ' &c

(and a similar formula for particle d or X) ~

In the c.m. frame,

2. The rapidity gap (y —y ) between the rapidit. ies
y and y of particles 1 and j, respectively,
is related to the invariant mass squared of
particles i and j

cm
P

cm
Pb

cm cm
{m cosh y , m sinh y , 0)a a ' a a

cm cm
(m cosh y, m sinh y, 0)

2 2s. . = m. +m. + 2m&. m, cosh(y. —y. ) —2P . Pj. 7i j li Lj
(v-18)

s. , —m, —m. + 2P ~ P2 2

ij i j j-i Ljy. - y. = cosh (v-19)1 J 2mj .mj .1 j

2 -2
lab —I a b

Y}7 = cosh
a. '2m IA

lab s= an ——(V-lO)at. large s a m m.a I,

cm cm cm
p = (mj coshy, mj sinh y, Pj )c c C c c c

{and a similar formula for particle d or X) ~

3. The rapidity gap between either of the extreme
particles (1 or N) and its adjacent neighbor
[2 or (N —1) respectively] is, on a statistical
basis, and in first approximation

S+ Irl —m
2 2

Cm
~ ~

( ll)a 2 I— at large s a m
m vs a

2 2s+m —m

y = -kn (V-12)

and

!y -y [=an
1

N-1 N
MN

(v-2o)

(v-21)

y = cosh at large s y = kn (v-13)c ml

MI (MN) being the missing mass with respect to
particle 1 (N) in the reaction a + b ~ 1 + MI
(a + b ~ N + MN).

and m (or m) «s
d X

4. The rapidity gap y 1 between the incomingalparticle a and the outgoing particle closest
to a, 1, is related to the transverse momentum

With F =- kn , one gets, at large s:Vs

lab . s= Nnyc '
mbm

{v-14)
m

(v-23)
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RELATIVISTIC KINEMATICS (Cont'd)

VI. INCLUSIVE REACTIONS AND SCALING VARIABLES:
DEFINITIONS AND KINEMATIC RELATIONS

A. Scaling Variable: Definitions
~ For the incZusiue reaction a+ b ~ c + X

1) Feynman's definition:

x=P /P max (VI —3)

~ At hag% ener'qy,

pcm ~s
max 2

II
2P

x = . (VI —5)
s

where cm
max

QA(s, m, m . I

2~s
(vI-4)

The r'eLation between x and y is trivial:
cm

P
II 1 . cm

2Hlx=2 ~ = ~sinhy (vI-8)

is the center-of-mass momentum of particle c and the light-
est possible particle(s) mX which, consistent with
conservation laws, could recoil against particle c.

A r'eLationship between x and mX which becomes useful at
high energy [ see (VI-6) j derives from

2 2 2(p +p —p ) = s+m —2p (p +p )X a b c c c a b

and, for y also large:

cm x~s
y =On

ml

2 2
m -m

X c m
2

X1 s

(vI-9}

(vI-6)

2) An alternative definition:

p
cm

/ p
cm

II max (VI-7)

(for mX » mc)
2 2

Wl. th
II AX ~ ( md%) ~l

For Pl fixed as s ~ c

cm

x II

For eLectro- and photoproduction:
1) Bjorken's definition:

2m 'V

where

e —e' = the difference between the
incident and the outgoing energies

1
m = proton mass

! q = momentum transfer squared

(NOTE: u) is sometimes also called x. )

2) Bloom-Gilman's definition:
m —q

2 2

(d' = 4) +
q

For q and 8 large (Bjorken limit),2

B. For the inclusive reaction a+ b ~ c+ X, the invariant ~di ferentiaL cross section E(d 0/dpc} may be
written in the following forms using various expressions of the phase space volume d p /E {and omitting3

the subscript c):
Longitudinal variable

of particle c
Transverse variable

of particle c
Corresponding invariant

(differential) cross section E(d o/dp )

lab lab E
lab d3d 0

lab 2 lab lab (vI-10}

Pl
E d 0 (averaged over azimuth}
7T 2

dP dP
(vI-11)

cm 2 cm 21 da 2E d 0 ( averaged
cm vr

P
max

dxdP dxdP j. (vI-12)

Pl (ar ml )
1 d 0' 1 d 0 (averaged over
vr 2 m 2 g azimuth

dydP1 dydml

(VI-13)

2 2
m = (p +p —p )

X a b c
2t=(p -pa c

qg(s m m, )a' d 0 (averaged aver azimuth) (VI —14)
dm d't2

X

+See Denyse M. Chew, "Relativistic Kinematics", Particle Data Group Memo PDG-101, for details and references.

Revised and expanded April 1976.
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PARTICLE DETECTORS, ABSORBERS, AND RANGES"

A. DE TEC TOR PARA ME TERS

In this section we give various parameters for common detectors.
The quoted numbers represent at best an order of magnitude useful
only for preliminary design.

A. 1 Scintillators: Photqn yield = iy/100 eV in plastic scintillator
and =1@/25 eV in Na I.

A. 2 Cerenkov: Half angle 9 of cone aperture in terms of3.
velocity i3 and index of refraction n:

A. 6 Proportional Chamber Wire Instability: The limit on the
voltage V for a wire tension T is given bye

1
sT~
2C

where s, &, and C are the wire spacing, length, and capacitance
per unit length. An approximation to C for1chamber half gap
and wire diameter d (good for s & t) gives

t s1 s )V & 59T~ —+ —fn —3
mg

where V is in kV, and T is in grams.

9 = arc cos-c Pn Y ( Pn&

Threshold velocity: Pt = 1/n, p = 1/& 1 —P
'

.]

Therefore, (3 V
= I/Q 2(t+ 5, where Ei = n-1. Values of 5 for2

various cornrnonly used gases are given as a function of pressure
and wavelength in Ref. 4; for values at atmospheric pressure,
see the Table of Atomic and Nuclear Properties following.

Numbe r of photons N per cm:

N =— 2 ( 12~ dv = —Pc (32n2~ c t (32&2 (32&2~

= 500 sin ec/cm (visible spectrum)2

A. 3 Photon Collection: In addition to the photon yield, one should
take into account the light collection efficiency (~ 10% for typical

cm thick scintillator), attenuation length (= 1 to 4 rn for typical
scintillators ), and, quantum efficiency of the photomultiplier
cathode ( —25%) .

B. COSMIC RAY FLUXES

Iv vertical flux
J1 total flux crossing a unit horizontal area
JZ total flux crossing a sphere of unit radius

Total Intens ity
1.14X 10

J1 1.79X 10
J2 2.41X 10

Hard component
0.83X 10 21.27X 10
'1.68X 10

Soft component
0.31X10 2 crn Zsec sterad
0.52X 10 crn sec-2 -2
0.73X 10 crn sec

Very approximately, about 75% of all pa. rticles at sea-level are
penetrating, and are p, mesons. The absolute flux of protons at
sea-level, in a momentum range 700-1100 MeV/c, is 1.5X10
cm Zsec sterad 1, or 0.1% of all particles.

The fluxes of particles of different types depend on the latitude,
their energy, and oI). the conditions of measurement. Some typical
sea-level values are given below:

A. 4 Bubble, Streamer, Wire Chamber s:

Chamber Type
Bubble
Str carne r
Optical Spark
Magnetostrictive Spark
P ropo rtional
Drift

Accuracy(rms )

75'.
+ 300IJ.

+ 200Ij.

+ 500@,

+300 '
+ 50 to 300IJ.

Resolution Time

2 fJ, S

2 p, s
=50 ns

ns')

Dead Time
=1/20. )

= 100ms
10 ms

10 ms
= ZOO ns

=100 ns

A. 5 Shower Detectors: Typical energy resolution for incident
electron in the 1 GeV range, E in GeV.

Na I (20 rad. lengths) 6 2% (FWHM)

Lead Glass (14 rad. lengths) 8-12%
(FWHM)E

Lead Scintillator Sandwich (10 rad. lengths): (FWHM)g 22%
E

(10 lead plates, each 1 radiation length, and scintillators, each 1
cm in thickness).

a) Multiple pulsing time.
b) 60'. for high pressure.
c) 300'. is for 1 rnm pitch.
d) Delay line cathode readout can give + 150', parallel to anode wire.
e) For two chambers.

C. PASSAGE OF PARTICI ES THROUGH MATTER
12.C. i dE/dx: Ionization energy loss for particles heavier than

an electron and having charge z~e~ (Bethe-Bloch equation):

dE Z Z=z D-
P dx Ap~

ZmcP
- 2'

(1-P ) I'
2 2= 2where D = ZrNr rn c = 0.1535 MeV crn /g (see Physical ande eNumerical Constants Table), Z and A are charge and mass nurn-

her of the material, (3 = v/c for the incident particle, T' isznaxthe maximum-energy 6 ray considered. to be ionization ioss, I is
the mean ionization potential (I ZOZ eV for Z = 1, tending toward
I = 10Z for Z ) ZO), and K includes the shell correction (maximum

10% around (3 = 0. 1 in the heaviest elements), density eff ct
(important at high velocities and high densities), and the z cor-
rection (important at low velocity, a few percent at P 0.1).

A point of rninirnum ionization occurs in the range P 0.95
to 0.97, with the dependence on absorber confined to that range.
Energy loss increases approximately as L'n '& thereafter (rela-
tivistic rise), until modified by the density effect (which reduces
the rate of increase). Values of dE/dx at minimum are listed in
the Table of Atomic and Nuclear Properties of Materials (fol-
lowing).

Figures a, re given below for ionization energy loss and range
in lead (with scaling indicated for copper, aluminum, and car-
bon), and in li quid hydrogen, with T' taken to be T asmax maxdefined in Sec. C.Z below. Energy losses due to brernsstrahlung,
nuclear collisions, etc s s are not included. For thin sample s of
absorber, fluctuations are very important. 14 A review of the
problem of the penetration of charged particles into matter may
be found in Fano15.

Rev. Mod. Phys. , Vol. 48, No. 2, Part II, April 1976
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PARTICLE DETECTORS, ABSORBERS, AND RANGES (Cont'd)

Mixtures or compounds may be treated in first (but fairly
accurate) approximation using Bragg' s additivity rule:

C. 7 Photon Cross Section: See figure following.

where f. is the fractional weight ( = p ./p . ) of element i.
1 i mix

D. ATOMIC AND NUCLEAR PROPERTIES OF MATTER

See table following.

16C. 2 5 rays: Number N per g/cm per MeV of 5 rays of kinetic
energy T produced by an incident particle of momentum p and
velocity P (Ruthe r ford fo rmula):

)Ic

Prepared April 1974 by Sherwood Parker and Bernard Sadoulet.
Revised April 1976.

dN DZ
dTdx A p2T2

where D is defined in the dE/dx section. This expression is
valid for any unit charge incident particle if T«Tmax. Tmax is
the maximum 5-ray energy, given by

2mc (pc) 2P y mce e
max s m m 2

1+Zy —+ ~
where me and M are the electron and incident particle masses
and s is their center-of-mass energy squared.

Methods of Experimental Physics, L. C. L. Yuan and
C. -S. Wu, editors, Academic Press, 1961, Vol. 5A, p. 127.

Z. R K. Swank, Ann. Rev. Nuc. Sci. 4, 137 (1954) and G. T.
Wright, Proc. Phys. Soc. B68, 9Z9 (1955).

3. Methods of Experimental Physics, L. C. L. Yuan and
C. -S. Wu, editors, Academic Press, 1961, Vol. 5A, p. 163.

E.R. Hayes, R. A. Schlutter, and A. Tamosaitis, "Index
and Dispersion of Some Cerenkov Counter Gases, "
ANL-6916 ( 1964).

5. Nuclear Enterprises Catalogue.

17, 18, 19C.3 Multiple Coulomb Scattering ' ': Sketched below are
the multiple scattering angle &, displacement y, and sagitta s, of
a particle passing through a scatterer of thickness L. If the in-
cident particle has mass M, charge zPe(, velocity (5, and energy
E, and the scatterer has atomic mass m and radiation lengthL, the projection of the i/e multiple scattering angle (i. e. , the
va%ue of the scattering angle at which the distribution falls to l /e
of its peak value) is given by

i/e 14MeV/c L 1 1 l L 1 M 2

proj PP

in the small angle approxipy, tion. The distribution is approxi-
mately Gaussian for & & &'~, but has long tails. 2 The accuracy
of this expression is = 5~/0 except for low z or P, where it is
~ 10-20%%uo.

6. K. B. Hughes et al. , IEEE Transactions on Nuclear Science,
NS-19, No. 3, 1Z6 (1972).

M. Holder et al. , Phys. Letters 40B, 141 (1972) and J. S.
Scale et al. , "A I ead-Glass Cerenkov Detector for Electrons
and Photons, " CERN Writeup, Intl. Conf. on Instrumentation
in H. E.P. , Frascati (1973).

J. K. Walker and T. R. Knasel, Rev. Sci. Instr. 37, 913 (1966).

9. T. Trippe, CERN NP Internal Report 69-18 (1969).

10. S. Parker and R. Jones, LBL-797 (1972), and A. Morse and
B. Feshbachs Methods of Theoretical Physics, McGraw-Hill,
New York, 1953, p. 1236.

B. Rossi, Rev. Mod. Phys. 20, 537 (1948).

H. Bichsel, Passage of Cha~ged Particles Through Matter,
American Institute of Physics Handbook, McGraw-Hill, 1972,
Sec. 8, p. 14Z.

For a given (9proj

Leoroi
yproj

s proj

p
"oj

yproj
~

H. H. Heckman et al. , Phys. Rev. Lett. 22, 871 (1969) and
J. D. Jackson et al. , Phys. Rev. B 6, 4131 (1972).

John H. Cobb, "A Study' of Some Electromagnetic I nteractions
of High Velocity Particles with Matter, " (thesis), University.
of Oxford Report HEP/T/55 (f975).

U. Fano, Ann. Rev. Nucl. Sci. 13, 1 (1963).
16. See B. Rossi, High Energy Particles (Prentice IIall, 1952),

Section 2.3 for more accurate formulae.
C. 4 Electron Range in Lead, Copper, Carbon and Hydrogen: See
figure following.

C. 5 Fractional Energy Loss for Electrons and Positrons in Lead:
See figu r e folio win g.

C. 6 Contributions to Photon Cross Section in Lead. : See figure
following.

Virgil L. Hi ghland, Nucl. Instr. and Meth 129, 497 (1975).

18, J. B. Marion and B. A. Zimmerman, Nucl. Instr. and
Meth. 51, 93 (1967).

19. G. Z. Moliere, Naturforsch. 3{a.), 78 {1948).

See, for example, the experimental work of A. D. Hansen,
L. H. Lanzl, E. M. Lyman, and M. B ~ Scott, Phys. Rev. 84,
634 (1951).
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PARTICLE DETECTORS, ABSORBERS, AND RANGES (Cont'd}

Mean Range and Energy Loss in Lead, Copper, Aluminum, and Carbon
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Mean range and energy loss due to ionization for the indicated particles in Pb, with scaling to Cu, Al, and
C indicated, using Bethe- Bloch equation (Section C.1 above) with corrections. Calculated using program of
Hans Bichsel (UCRL-17538), with density correction added (Hans Bichsel, private communication). See also
Zoseph F. Sanni (Air Force Weapons Laboratory Technical Report No. AFWI TR —65 —150 (1966)]. The average
ionization potentials (l) assumed were: Pb (820 eV), Cu (320 eV), Al (166 eV), and C(77.5 eV). Figure indicates
total path length; observed range may be smaller (by' 1 ijp — 2/p in heavy elements) due to multiple scattering,
primarily from small energy-loss collisions with nuclei. The functional forms have not been experimentally
verified to better than roughly + imp. For higher energies refer to discussion by Cobb ["A Study of Some Electro-
rnagnetic Interactions of High Velocity Particles wi th Matter, " University of Oppford Report HEP/ T/55 (1973)]
and by. Turner ["Penetration of Charged Particles in Matter: A Symposium», National Academy of Sciences,
Wa. shington D. C. (1970), p. 48]. Scaling to other hearn particles is, to a good approprirnation, described by the
expression on the next page.
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PARTICLE DETECTORS, ABSORBERS, AND RANGES {Cont'd)

Mean Range and Energy Loss in Liquid Hydrogen
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Range anc! energy loss in liquid hydrogen bubble chamber, ba. sed on Bethe —Bloch equation (Section C.i
above), using an average ionization potential for H of I = 20.0 eV, which is an approximate average of the re-
cent experimental result of Garbincius and Hyrnan f Phys. Rev. AZ, f834 (1970)] and the recent theoretical re-
sult of Ford and Browne [Phys. Rev. A7, 448 (f 973)]: This is somewhat higher than used in the last edition.
Bubble chamber conditions are chosen to be those of Garbincius a.nd Hyman: parahydrogen of density = 0.0625
g/cm (note: range oc i/density), with vapor-pressure 60.8 lb/in (absolute) and temperature Z6. Z'K. The func-
tional dependence of the Bethe-Bloch equation is not experimentally verified to better tha. n about + 1 jo over large
momentum ranges. It should be noted that the number of bubbles per cm of a track in a bubble chamber is
nearly' proportional to i/I3, not dE/dx. For the linear portions of the range curves, R ~ p3 ~ 8.

Scaling law for particles of other mass or charge (except electrons): for. a given medium, the range Rb ef
any beam particle with mass Mb, charge z, and rnornenturn p& is given in terms of the range R of any other
particle with mass M, charge z, and rnornentum p = p M /l4I (i. e. , having the same velocity by the ex-a' a' a b a bpression

Rb(Mb, zb, pb) =
& &

. R (M, z, p pbM /Mb).
z b z
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Mean Electron Range in Lead, Copper, Carbon, and Liquid Hydrogen

T (keV)

Io Io Ioo
/c:s: c

g IO'
I—
O

IJJ

f r':f
.]&';I" i"

O. I

T (MeV)
O.OI

F:/' 3f' /l

~ /
C' 9'ff' i& /

./' /( I'
l//' .]'
:::r:i F r F
E i'i'7 l

ir' -F:: 'F
qr.

.': ':j':i~c"-::t g '": C ~4

/:::.:g&.::f::::::c,fc::'::g::-:'s-::' ':::j-'/-:7=g
;r

IO Q
I—

IJJ

lJJ

Io
I

XBI. 762-2273

Mean range of electrons in the continuous- slowing-down approximation, taking into account energy loss
by collisions with atomic electrons and by bremsstrahlung; strong fluctuations are to be expected for individual
tracks. This range is the total path length; the practical range is shorter because of multiple Coulomb scat-
tering, which becomes increasingly important as the, electron slows down. E.g. , for a fa. st electron the rrns
projected angle due to multiple Coulomb scattering reaches 1 radian by the time the electron has slowed to
0.4 MeV in hydrogen, 1.5 MeV in carbon, 9 MeV in copper, and 24 MeV {off scale) in lead. The "critical
energy" (above which the energy loss due to brernsstrahlung exceeds that due to ionization and showering
becomes important) is 400 MeV for hydrogen, 100 MeV for carbon, Z5 MeV for copper, and 10 MeV for lead.
The mean positron range may differ from the mean electron range by several percent. See Berger and
Seltzer, NASA SP-301Z (1964) and SP-3036, and P. Trower, UCRL-2426, Vol. III Rev. (1966). 1 —10 keV
range was obtained by linear extrapolation.

Fractional Energy Loss for e+ and e in Lead Contributions to Photon Cross Section in Lead

I.o
P

0.20

O.I5

O. IO

07
0.6

O
0.5—O

UJ J ' 0.4

0.5
C

Cl
0.2

O. I

O. IO

0.08

0.06

0.04

0.02

0

0.05 0
I 10

I s t s I

IOO

E (MeV)
IOOO

X B L 743- 2668

IOOIo 1000

E (MeV) XBL 743 2667

Fractional energy loss pe»adiation length in lead as
a function of electron or positron energy. Electron
(positron) scattering is considered as ionization when
the energy loss per collision is below O. Z55 MeV, and
as Moiler (Bhabha) scattering when it is above.

Photon cross section in lea, d in inverse radiation
lengths as a function of photon energy. The intensity
of photons can be expressed as I = I0exp(-0'x), where
0' is read above and. x is the path length in radiation
lengths. See also figure following.

These figures are adapted from Fig. 3.2 and Fig. 3.3 from Messel and Crawford, Electr on-Photog. Shower Distri-
bution Function Tables for Lead, Copper and Air Absorbers, Pergamon Press, f970. Messel and Crawford use

(Pb) = 5.82 g/cm&, but we have modified the figures to reflect the value given in the Table of Atomic and. .

Nuclear Properties of Materials (following), namely Lr(Pb) = 6.4 g/cm . Note that the development of electron-r 2
photon cascades is approximately independent of absorber when the results are expressed in terms of inverse
radiation lengths (i. e. , scales on left of plots).
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PARTICLE DETECTORS, ABSORBERS, AND RANGES {Cont'd)

Photon Cross Sections
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The photon cross section as a function of photon energy for various substances. The solid curve for each substance
gives the total cross section in (cm~/g). The dashed curve is the total cross section multiplied by the fraction of
energy deposited by the photon (different from solid curve because of Compton scattering and bremsstrahlung of
secondary electrons). See J. H. Hubbell, NSRDS-NBS 2$ (&969).
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PARTICLE DETECTORS, ABSORBERS, AND RANGES (Cont'dj

Atomic and Nuclear Properties of Materials"

Material Z Nuclear collision
«ngth L, ll.

b

[cm]

Nuclear
crass

section cr

[barns] [g/cm ]

Absorption
length A,

[crn]

dE/dx min

MeV MeV
g/cmZ cm

Radiation length
d

rad

[g/cmZ] {cm]

Dens(i~
[g/cm ]

() is For gas
[g/~]

Refractive

6
index n;

() is (n- f)&fo
For gas

HZ

DZ

He

Li
Be

3
4

6.94
9.01

0.215
0.Zvo

1.01 0.039
Z. of 0.074
4.00 0. 134

43.0

45. 1

49.6

53.6
55.4

607

397
100.4
30.0

790
342
478
1ZO. 6
36.7

4. 12

Z. 07
1.94
1.65
1.61

0.29Z 63.05

0.Z43

0.881
2.97

94. 3Z

82. 76
65. 19

0.342 iZ6. 1

890

755
155
35.3

0.0708
(0.090)
0. 163
O. iZ5
(o. 1v8)
0.534
1.848

1. iiZ
(140)
1.1Z8

( 1.OZ4

C

10 20. 18 0.5ZO

13 26. 98 0.650
18 39.95 0.890

64. 4

68.9
74. 5

53.7

Z5. 5

53.2

74. 9
37.2

80.9

1.73 Z. 08
1.6Z 4. 37
1.51 Z. 11

6 12.01 0.340 58. 7 ~37. 8 49.9 1.78 ~2. 76

14.01 0.390 59.7 73.8 99.4 1.8Z 1.47

42. 70
37.99

ZB. 94
Z4. 01
19.55

~27. 5

47. 0

Z4. 0

8.9

f4. 0

~i.55
O. 808
{1.25)i.207

I (o.9o)
Z. 70
1.40
{1.v8)

1.Z05
(30o)
i . 092
(67)

1.Z33
I (283)

Fe
Cu
Sn
W

Pb

26 55. 85
29 63.54
50 118.69
74 183.85
BZ Z07. 19

1.160
1.Z70
Z. 040
Z. 810
3.080

79.9
83. 1
96.6

108.6
ii1.7

10.2
9.3

13
5.6
9.8

17. 1
14.8
ZZ. 8
10.3
18.5

1.48
1.44i.28
1.17
1.13

11.6
1Z. 9
9.4

22. 6
1Z. 8

13.84
iZ. 86
8.82
6.76
6.37

1 .76
1.43
i.Zi
0.35
O. 56

7.87
B.96
7.31

19.3
11.35

Air

92 238.03 3.380

HZO

HZ (bubble chamber Z6 K)
DZ (bubble chamber 31 K)

58.3
43.0
45. f

58 3
~683
&322

vB. 8
887
403

116.9
6O. Z 5OOOOg 6V5OOg

1.09 ~20. 7 6.00

Z. 03
4. 1Z
Z. 07

0.0022g 36.ZO 30050g
Z. 03 36.08

~0.26 63.05
~0. 29 126. 1

36. 1
~f 000

~900

~f8. 95
O. ooi205g( 1.000273g
{1.29) ) (293)
1.00 1.33

~0.063 1. 11Z
~0. 140 1 . 110

Freon 13B1 (CF'3Br)

Il ford emulsion
Nar

74. 3
79.5
9f.9

H-Ne mixture (50 male percent)' 62. 9

Propane (C3H 8)j 55.0 134 176

23 6
25 0

73.5

39. 1
41.3

154.5 215 1.84
Z. 28

0.75
0.98

1.44
1.32

5.49
4. 84

1.52 WZ. 3

29.70
45. 38

16.53
1 i.02
9.49

73.0

Z. 94
Z. 59

0.407
o.4ij

I(z. o)
~f. 5Oj
(8.v 1)
3.815
3.67-

1.092
i. 25j
(1005)
1.238j
{v5O)

i. 775

LiF'

Polyethylene (CHZ)
Mylar (C5H402)
Polystyrene, scintillator (CH)
Lucite, Plexiglas (C5HBOZ)

61. 1
55.7
58. 5
57.0
57.7

Z3. 1
~59.6

42. 1
55.Z

~48. 9

30.7
78.4
56. 1
68.5
65.0

i.69
Z. 09
1.91
1.97i.97

4. 46
~i. 95

Z. 65
2 .'03

~2. 32

39.
44.
39.
43
40.

25
78
95
8
55

14.9
~48

28. v
42. 9

~34. 5

Z. 64
0.92-0. 95

i.39
1.032

-i. 16-1.ZO

1 . 394

Spark or proportional chamber
Shielding concrete
C0 n

Freon 1Z {CCSZFZ)
2 n

Freon 13 (CCSF3)
Silica Aeragel

0.03%
32.2

46000
20ZOO
21400

430

0.05%
64. 9 Z6. 0
60.4 33800
68. 1 13800
66.0 15000
62.3 ~311

1.70
f.82
1.64
1.70
1.82

O. 073
4. 25
0.0033
0.0081
O. OOVZ

~0.36

Z. 7%
26. 7 10.7
36.2 20210
23. 7 4810
27. f 5 6380
30 ~ 1.50 0.

0.046
Z. 5
( 1 79)n
(4 93)rl

26)n
1-0.3

(4 1o)"
(1080)n

(vZO)"
i.0+0. Z5p

«) Table revised January 1976 by J. Engler and F'. Monnig. For details and references, see CERN NP Internal Report 74—i.
a) & of neutrons {~ e of protons) at, 20 GeV from Landolt-Bornstein, New Series I, Vol. 5. Energy dependence for all nuclei ~ 1/2

percent/GeV (from 5-Z5 GeV).
b) Lcoll A/{N. cr). In the absorption lengt, h the elastic scattering is subtracted.
c) F'or a minimum-ionizing, singly-charged particle in the material. From W.H. Barkas and M.J. Berger, Tables of Enerav Losses and Ranaes

of Heavv Charmed Part, icles, NASA-SP-3013 (1964).
d) F'rom Y.S. Tsai, Pair Production and Bremsstrahlung of Charmed Leotons, SLAC-PUB-1365 (1974), Table III-6.
e) Values for solids, or the liquid phase at boiling point, except «here noted. Values in parentheses for gaseous phase STP (0 C, 1 atm-),

except where noted.
f) Density variable.
g) Gas at, ZOOC.

h) Density may vary about a3%, depending on operating conditions.
i) Values for typical ~orking condition with HZ target: 50 mole percent, Z9 K, 7 atm.
j) Values for typical chamber working conditions. Propane ™57 C, 8-10 atm. Freon 13Bf 28 C, 8—10 atm.
k) Typical scintillator; e.g. PILOT B and NE fOZA have an atomic ratio H/C 1.10.
S) Vat. ues for typical construction: Z layers 50 gem Cu/Be wires, 8 mm gap, 60% argon, 40% isobutane or COZ,' 2 layers 50psm Mylar/Acier

foils.
m) Standard shielding blocks~typical composition 02 52%, Si 32.5%, Ca 6%, Na 1.5%, Fe 2%, Al 4% plus reinforcing iron bars. Attenuation

length S ~ 115 a 5 g/cm, also valid for earth (typical p ~ 2.15) from CERN —LRL—RHEL Shielding exp. UCRL 17841 (1968).-
n) Used in 0'erenkov counters, value at 26C and f atm. Indices of refraction from E.R. Hayes, R.A. Schluter, and A. Tamosaitis, ANL-6916

(1964).
o) n(Sio&) + Zn(H&O) used in Cerenkov counters, p = density in g/cm . From M. Cantin et al. , Nucl. Instr. Meth. f 18, 177 {1974).
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ELECTROMAGNETIC RELATIONS

Maxwell's Equations Impe dances: Alternating Cur rents (MKSA)

Quantity CGS (statcoul. ,
statamp. , sec cm )

MKSA (coul. , amp. , ohm)
Ohm's law: V = ZI, V = Voe

g hat

1. Impedance of self-inductance of inductance L: Z = iuL

Potentials; V = Zcharges r '

1 I
A Zc currents r

c = speed of light
in vacuum

v =
4~F0 charges
I AA Z I
4~ currents r

0 6 10 MKSA-9

IJ.
O

= 4' 10 MKSA

2. Impedance of a capacitor of capacitance C: Z =
j.G)C

3. Impedance of a flat conductor of width w at high frequency:
(1+i)p

wQ

- 1.7&(10 8 Q m for Curesistivity - 2.8 X10 8 0 m for Al

Fields: E = -&V, B=&XA E =-&V, B = &XA effective skin depth

Materials: D = e E, B = p. H I5 = eE, B=p, H
6.6 cm

Qv(sec )

for Cu

Force.

Maxwell:

F = q(E+ —X B)c

& ~ E = 4~p

AXE = 1 BB
c Bt

B=O,
BE

c c Bt

F = q(E+vXB)

D —
p

~XE=- Bt

B=0)

~XH= j+

Capacitance C and Inductance L per Unit Length (MKSA)

For flat plates of width w, s epar ated by d« w:

C = E w d
I w

Zvr g
fn( r2/ri )

L = —Xn(r /r );2Tt 2

2 to 6 for plastic sdielectric constant 4 to 8 for porcelain, glasses
magnetic susceptibility

2. For coax cable of interior and exterior radii ri and r

Integral Forms (MKSA)

Gauss' theorem:
E n dS= p/r dV

surface volume

Transmission Lines (No Loss) (MKSA)

Velocity = 1/4 LC = 1/0 p, e

Impedance = 0 L/C

L, C are inductance and capacitance per unit length

ds
(p = charge/volume) Synchrotron Radiation (CGS)

Energy loss/revolution =
3

2 3 4
I3 y, p = orbit radius.

P

2. Ampere's law:

d.S

f H'd7= j n dS

I surface

(j = surface current density)

For electrons (l3 = 1), = 0.0885 I E(GeV)] /p(meter).&E (MeV)

Critical frequency: u = 3y c/pc

See J.D. Jackson, Classical Electrodynamics, 2nd Ed. , John
Wiley 8 Sons, New York, 1975, for more formulae and detai ls.
(Prepared April 1974; revised April 1976. )

RADIOACTIVITY AND RADIATION PROTECTION

Unit of activity = Curie:
1 Ci = 3.7X 101 disintegrations/sec

Unit of exposure dose for x and y radiation = Roentgen:
1 R = 1 esu/cm = 87.8 erg/g (5.49 X 10 MeV/g) of air

Unit of absorbed dose = rad:
rad = 100 erg/g (6.25 X 107 MeV/g) in any material

Unit of dose equivalent (for protection) = rem:
rems (Roentgen equivalents for man) = rads X QF,

where QF (quality factor) depends upon the type of' radiation
and other factors. For y rays and HE protons, QF = 1; for
thermal neutrons, QF = 3; for fast neutrons, QF ranges up
to 10; and for u particles and heavy ions, QF ranges up to 20.
Maximum permissible occupational dose for the whole body:

5 rem/year (or = 100 millirem/week)
Fluxes (per cm2) to liberate 1 rad in carbon:

3.5 X 10 minimum ioniring singly charged particles
1 ~ 0 X 109 photons of 1 MeV energy

(These fluxes are correct to within a factor of 2 for all
materials. )
Natural background: 120 to 130 millirem/year

cosmic radiation (charged particles + neutrons) 25
pcosmic radiation (y rays) -25

radiation from rocks and air (y rays) 73
Cosmic ray background in counters: - 1/min/cm /ster
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C.M. ENERGY AND MOMENTUIVI VS. BEAIVI IVIOMENTUM

dEcm cm rn dT
p beam m v dP =m dP

p beam beam p hearn

PBEAM
(ME V/C)

C ~ M ~ ENERGY . MOMENTU& IN C ~ & ~ PBEAM
(ME V) (MEV/C } (ME V/C)

—---C ~ M ~ ENERGY- —--- —MOMENTUM IN C ~ & ~--
{MEV) (MEV/C)

P BE AM --'-C ~ M ~ ENE RGY--- —MOME NTUM IN C ~ M ~-
(GEV/C) (GEV) (GFV/C)

Yp
ep

0
20
40
60
80

939
958
977
996

1015

100
I.20
140
160
180

1033
1051
1069
1087
I. 104

2 00.
220
240
260
280

1, 121
1137
1154
1 170
1186

300
320
340
360
380

1201
1217
1232
1247
1262

400
420
440
460
480

1277
1292
1306
1320
1335

600
620
e4o
660
680

700
720
740
760
780

1416
1430
1443
14"6
1468

1481
1494
1506
15 19
1531

800
820
840
860
880

1543
1555
1567
1579
1591

900
920
940
960
980

1000
1020 .

1040
1060
1080

1100
1120
1140
1160
1180

1603
1615
1626
1638
1649

1660
1672
1683
1694
1705

1716
1727
1738
1748
1759

1200
1220
1240
12eo
1280

1300
1320
1340
1360
1380

1400
1420
1440
1460
1480

1770
1780
1791
180I.
1812

1822
1832
1843
1853
1863

1873
1883
1893
1903
1912

500 1349
520 1362
540 . 1376
5 60 1390
580 1403

1078
1079
1083
1089
1096
T(PI)
1 10.5
1116
1127
1139
1152
T(PI)
1165
1178
1192
1206
1219
T( PI)
1233
1247
1261
1274
1288
T(PI)
1302
1315
1329
1 342
1356
T(PI)
1 369
1382
1395
1408
1421
T(PI)
1434
1446
1459
1472
1484
T (PI )
1496
1509
1,521
1533

.1545
T(PI)
1557
1569
1580
1592
1604
T(PI)
1615
1627
1638
1649
1661
T(PI)
1672
1683
1694
1705
1716
T(P I)
1726
1737
1748
1758
1769
T(PI)
1780
1790
1800
1811
1821
T(PI)
1831
1841
1851
1862
1872
T(PI)
1881
1891
1,901
1911
1921
T(PI)

ep

0
20
38
56
74
ME V

91
107
123
138
153

MEV
167
182
195
209
222

MEV
234
247
259
271
282

MEV
294
305
316
327
337

MEV
348
3"8
368
378
388

MEV
397
407
416
425
434

MEV
443
452
461
470
478

MEV
486
495
503
511
519

MEV
527
535
542
550
558

MEV
565
573
580
587
594

MEV
601
609
616
622
629

MFV
636
643
650
656
663

ME V

669
676
682
689
695

MEV
701
708
714
720
726

MEV

1 432
1432
1433
1434
1436

PB
1439
1441
1445
1449
1453

PB
1457
1462
1468
1474
1480

PB
1486
1493
1500
1507
1514

PB
1522
1530
1538
1546
1554

PB
1563
1572
1580
1589
1598

PB
1607
1616
1625
1634
1644

PB
1653
1662
1671
1681
1690

PB
1699
1709
1718
1728
1737

PB
1747
1756
1765
1775
1784

PB
1794
1803
1812
1 822
1 831

PB
1840
1850
1859
1868
1877

PB
1887
1896
190'
1914
1923

PB
1932
1941
1950
1959
1968

PB
1977
1986
1995
2004
2013

PB

1877
1877
1 877
1877
1878

EAM — 59
1879
1880
1882
1883
1885

EAM — 92
1887
1889
1892
1894
1897

EAM — 107
1900
1903
1906
1910
1913

EAM — 115
1917
192 1
1925
1929
1933

EAM — 120
1938
1943
1947
1952
1957

EAM — 123
1962
196&
1973
1978
1984

EAM — 125
1989
1995
200 1
2007
2013

EAM — 127
2019
2025
2031
2037
2043

EAM — 129
2049
2056
2062
2069
20T5

EAM - 130
2082
2088
2095
2102
2108

EAM — 131
2115
2122
2129
2135
2142

EAM - 131
2149
2156
2163
2170
2177

EAM — ), 32
2184
2191
2198
2205
2212

EAM - 133
2219
2226
2233
2240
2247

EAM — 133

0
17
35
52
6S

85
101
117
132
147

161
175
189
202
215

228
241
253
265
277

288
300
311
322
332

343
353
363
373
383

393
402
412
421
430

439
448
457
465
474

482
490
499
507
515

523
"31
538
546
554

561
569
576
583
591

598
605
612
619
626

633
639
e4e
653
660

666
673
679
685
692

698
704
711
717
723

Kp PP

0
1.3
26
39
52

10
20
30
48

65
78
91

104
116

50
6D
70
80
90

129
141
153
166
I.78

189
201
213
224
235

99.
109
119
129
138

148
158
167
177
186

279
290

300
310
321
331
341

224
233

242
251
260
269
278

350
360
370
379
388

397
406
415
424
433

287
296
304
313
322

330
339
347
355
364

442
450
459
467
475

372
380
388
396
404

483
492
500
508
515

412
420
428
435
443

523
531
538
546
553

561
568
575
583
590

597
604
611
618
624

451
458
46e
473
481

488
495
502
510
517

524
531
538
545
552

631
638
645
651
658

559
565
572
579
585

664
671
677
684
690

592
599
605
612
618

247 196
258 205
268 214

1500
1520
1540
1560
1580

YP
ep

1922
1932
1942
1951
1961

1600
1620
1640
leeO
1680

1700
1720
1740
1760
1780

1970
1980
1989
1999
2008

2018
2027
2036
2045
2054

1800
1820
1840
1860
1880

2064
2073
2082
2091
2100

1900
1920
1940
1960
1980

2000
2020
2040
2060
2080

2108
2117
2126
2135
2144

2153
2161
2170
2179
2187

2100
2120
2140
21eo
2180

2200
2220
2240
2260
2280

2196
2204
2213
2221
2230

2238 '

2246
2255
2263
2271

2400
2420
2440
2460
2480

2320
2328
2336
2344
2352

2500
2520
2540
2560
258G

2600
2620
2640
2660
26 80

2700
2720
2740
2760
2780

2360
2368
2376
2384
2392

2400
2408
2415
2423
2431

2439
2446
2454
2462
2469

2800
2820
2840
2860
2880

2900
2920
2940
2960
2980

2477
2484
2492
2499
2507

2514
2522
2529
25 37
2544

2300 2280
2320 2288
2340 2296
2360 2304
238G 2312

1930
194G
1950
1959
1969
T(PI)
1978
1988
1997
2006
2016
T(PI)
2025

, 2034
2043
2053
2062
T(PI)
2071
2080
2089
2098
2 107
T(PI)
2115
2124
2133
2142
2150
T(P I )
2159
2168
2176
2185
2 194
T(PI)
2202
2211
2219
2227
2236
T(PI)
2244
2253
226 1
2269
2277
T(PI)
2286
2294
2302
2310
2318
T(PI)
2326
2334
2342
2350
2358
T(PI)
2366
23T4
2382
2390
2398
T(PI)
2405
2413
2421
2429
2436
T( PI)
2444
2452
2459
2467
24T4
T{PI)
2482
2490
2497
2505
2512
T(PI)
25 20
2527
2534
2542
2549

Kp pp ep

2022 2254 732 72 9
2031 2261 738 735
2039 2268 744 741
2048 2275 750 747-
2057 2282 756 753

PBEAH — 133 MFV
2065 2289 762 759
2074 2296 768 765
2083 2304 773 770
2091 2311 779 776
2100 2318 785 782

PBEAM — 134 MEV
2109 2325 791 788
2117 2332 796 793
2126 2339 802 799
2).34 2346 807 805
2143 2353 813 810

PBEAM — 134 HEV
2151 2360 818 816
2159 2367 824 821
2168 2374 829 827
2176 2381 835 832
2184 2388 S40 837

PBEAM — 134 MEV
2193 2395 845 843
2201 2402 851 848
2209 2409 856 853
2217 2416 861 859
2226 2423 867 S64

PBEAM — 135 MEV
2234 2430 872 869
2242 2437 877 874
2250 2444 882 879
2258 245 1 887 885
2266 2458 892 890

PBEA4l — 135 MEV
2274 2465 897 895
2282 2472 902 900
2290 2479 907 905
2298 2486 912 910
2306 2493 917 915

PBEAM — 135 MEV
2314 2"00 922 920
2322 2507 927 925
2330 2514 932 930
2338 2520 937 934
2346 2527 942 939

PBEAM — 135 MEV
2353 2534 947 944
2361 2541 951 949
2369 2548 956 954
2377 2555 961 959
2384 2561 966 963

PBEAM - 135 MEV
2392 2568 970 968
2400 2575 975 973
2407 2582 980 977
2415 2589 984 982
2423 2595 989 987

PBEAM - 136 MEV
2430 2602 994 991
2438 2609 998 996
2445 26 16 1003 1001
2453 2622 1007 1005
2460 2629 1012 1010

PBEAM — 136 MEV
2468 2636 1017 1014
2475 2643 1021 1019
2483 2649 1025 1023
2490 26 5 6 1030 1028
2498 2663 1034 1032

P BEAM — 136 &EV
2505 2669 1039 1037
2512 2676 1043 1041
2520 2682 1048 1045
2 527 2689 1052 1050
2534 2696 1056 1054

PBEAM —. 136 MEV
2542 2702 1061 105 8
2549 2709 1065 1063
2556 2715 1069 1067
2563 2722 1074 1071
2570 2728 1078 1076

PBEAM — 136 MEV
2578 2735 1082 1080
2585 2742 1086 1084
2592 2748 1091 1088
2599 2755 1095 1093
2606 2761 1099 1097

PBEANI — 136 MEV

Kp PP

756
762
T68
774
779

ese
692
698
704
710

785
791
796
802
808

716
721
727
733
739

813
818
824
829
835

840
845
851
856
861

744
75D
756
761
767

772
778
783
789
794

866
872
877
882
887

799
805
810
815
821

892
897
902
907
912

826
831
836
841
846

917
922
927
932
937

852
857
862
867
872

941
946
95]
956
960

877
882
887
892
897

965
970
975
979
984

988
993
998

1002
1007

90I.
906
911
916
921

926
930
935
940
944

1011
1016
1020
1025
1029

949
954
958
963
968

1034
1038
1042
1047
1051

972
977
981
986
990

1056 995
106D 999
1064 1004
1069 1008
1073 1013

696 624
702 631
709 637
715 643
721 650

727 656
733 662
739 668
745 674
751 680

-3 ~ 0
3» 2
3 ' 4
3 ' 6
3 ' 8

4 ~ 0
4 ~ 2
4»4
4 ~ 6
4 ~ 8

5 ~ 0
5 ~ 5
6 ~ 0
6 ~ 5
7 ' 0

7 ' 5
8 ~ 0
8 ' 5
9 ' 0
9 ~ 5

10~ 0
11 0
12 0
I. 3 ~ 0
14~ 0

15~ 0
16~ 0
17~ 0
18 0
19' 0

20 0
22 ~ 0
24 ~ 0
26 ' 0
28 ' 0

30 ' 0
32 ' 0
34 ~ 0
36 ~ 0
38 ~ 0

40 ' 0
42 0
44 0
46 ' 0
48 ~ 0

50 ~ 0
55 0
eo ~ 0
65 ~ 0
70 0

75 0
80 0
85 ~ 0
90 ~ 0
95 ~ 0

100 0
200 ' 0
300 ' 0
400»0
500 ' 0

600 ' 0
700 ' 0
800 0
900 ~ 0

1000 ' 0

1100' 0
1200 ' 0
1300 0
1400 ' 0
1500' 0

leOO. O

1700 0
1800~ 0
1900~ 0
2000 ' 0

Yp
ep
1Tp

2 ' 56
2 ' 63
2 70
2 ' 77
2 ' 83

2 ~ 90
2 ' 96
3 ' 03
3 ' 09
3 15

3 ' 21
3 ' 35
3% 49
3 ~ 62
3 ~ 75

3 ' 87
3 99
4» 1 1
4 ' 22
4 ~ 33

4 ~ 43
4 64
4» 84
5 ~ 03
5 ' 21

5 ~ 39
5 ~ 56
5 ~ 73
5 ' 89
6 ~ 05

6 ~ 20
6 ~ 49
6%78
7 ' 05
7 ' 31

7 ~ 56
7 ~ 81
8%04
8 ~ 27
8 ~ 50

8 ~ 72
8 ~ 93
9 14
9 ~ 34
9 ~ 54

9 ~ 73
10 ' 20
10 ' 65
ll 08
11 ' 50

11 90
12 29
12 ' 67
13~ 03
13 39

13 73
19 40
23 75
27 ~ 41
30 ~ 65

33 ~ 57
36 ~ 26
38 76
41 11
43 ~ 33

45 ~ 44
47 ~ 46
49 ~ 40
51»26
53 ~ Ge

54 F 80
56 49
58 13
59 72
61 ' 27

Kp

2 ~ 61
2 ~ 68
2 ~ 75
2 ~ 82
2 ~ 88

T(PI)
2 ~ 95
3 ~ 01
3 ~ 07
3 13
3 19

T(PI)
3 ~ 25
3 39
3 ' 52
3 ~ 65
3 78

T(PI )
3 ' 90
4 ' 02
4» 14
4 ~ 25
4 36

T(PI )
4 ~ 46
4 ~ 67
4 ~ Se
5 ~ 05
5 ~ 24

T(PI )
5 ~ 41
5 ~ 58
5 ~ 75
5 ~ 91
6 ~ 07

T(PI )
6 22
e ~ 51
6 ~ 79
7 F 07
7 ~ 33

T(PI )
7 ~ 58
T ~ 82
8 ~ 06
8 ' 29
8 ~ 51

T(PI )
8 ~ 73
8 ~ 94
9 ~ 15
9 ~ 35
9 ~ 55

T{PI )
9 74

10 21
10.ee
11F 10
11 51
T(PI )
11' 91
12 30
12 ' 67
13 ~ 04
13 ' 39
T(PI }
13 74
19 40
23 ~ 75
27 ~ 42
30 ~ 65
T(PI }
33~ 57
36 ~ 26
38~ 76
41 ' ll
43 ' 33
T(PI )
45 ~ 45
47 ~ 47
49» 40
51 27
53 ~ 07
T (P I )
54 ~ 81
56 ~ 49
58 13
59 72
61 ~ 27
T(PI )

PP

2 77 1
2 ~ 83 1 ~

2 ' 89 1»
2 ' 9e 1»
3 ' 02 1 ~

PBEAM
3 ~ 08 1»
3 14 1
3 19 1 ~

3 ' 25 1
3 ' 31 1

PBEAM
3 ~ 3e 1
3%50 1 ~

3 ' 63 1
3 ' 75 1
3 87 1 ~

P BEAM
3 ~ 99 1 ~

4 ~ 11 1
4 ~ 22 1
4 ~ 33 2 ~

4 ' 44 2 ~

PBFAM
4»54 2 ~

4 ' 74 2 ~

4 ' 93 2 ~

5 12 2 ~

5 ~ 30 2 ~

PBFAM
5 ' 47 2 ~

5 ' 64 2 ~

5 81 2
5 ~ 97 '2 ~

6 12 2
PBEAM

6 ~ 27 3 ~

e ~ 56 3 ~

6 ' 84 3 ~

7 11 3 ~

7 ~ 3 7 3 ~

PBEAM
7 62 3 ~

7%86 3 ~

8 ~ 10 3 ~

8 ' 33 4 ~

8 ' 55 4
PBEAM

8 ' 77 4
8 ' 98 4 ~

9 ' 18 4 ~

9 ' 39 4 ~

9 58 4 ~

PBEAM
9 ' 78 4 ~

10 ' 25 5 ~

10 ' 69 5 ~

11 12 5 ~

llew

54 5.
PBEAM

11 94 5 ~

12 ' 32 6 ~

12»70 6 ~

13 F 06 6 ~

13%42 6 ~

PBEAM
13 ' 76 6%
19' 42 9 ~

23 76 11 '
27 43 13 '
30 ' 66 15'

P BEAM
33 ~ 58 16~

36»27 18 '
38 ~ 7T 19
41 ~ 12 20»
43 ' 34 21 '

P BEAM
45 ' 45 22 '
47 ' 47 23
49 ' 41 ,24 '
51 ' 27 25 '
53.07 2e.

PBEAM
54 F 81 27 '
56»50 28 '
58 13 29 '
59 ' 73 29 '
61 28 30

PBEAM

P
p Kp
P
10 1 ~ 08
14 1 12
18 1 16
22 I. ~ 20
26 1 24
»137 GEV
29 1 ~ 27
33 1.31
36 1 ~ 34
40 1 38
43 1 ~ 41
~ 138 GEV
46 1»44
54 1 ~ 52
61 1 60
69 1 ~ 67
75 1 ~ 74
~ 138 GEV
82 1 ~ 80
88 1 ~ 87
94 1 ~ 93
00 1 ~ 99
06 2 ' 05
~ 139 GEV
12 2 ~ 10
22 2 ' 21
33 2 ' 31
43 2 ' 41
52 2 ' 51
~ 1 39 G'EV

61 2 ~ 60
70 2 ' 69
79 2 ' 78
87 2 ' 86
95 2 94
~ 139 GEV
03 3 02
18 3 17
32 3 ~ 31
46 3 ' 45
59 3 ~ 59
% 139 GEV
72 3 ~ 71
85 3 ~ 84
97 3 ' 96
08 4 ' 08
20 4 ' 19

139 GEV
31 4 ' 30
41 4 ' 41
52 4.51
62 4'62
72 4 ~ 72

139 GEV
82 4 ~ 81
06 5 ~ 05
28 5 28
50 5 ~ 50
71 5 71
~ 139 GEV
91 5 ' 91
11 F 10
30 6»29
48 6 F 48
66 6 ' 65
~ 139 GFV
83 6 ' 83
67 9»67
85 11' 85
69 13 ' 69
31 15~ 31
~ 140 GEV
77 16~ 77
12 18 ~ 11
37 19~ 37
54 20 ' 54
65 21 ' 65
~ 140 GEV
71 22 ~ 71
72 23 72
69 24 ~ 69
62 25.e2
52 2e.52
~ 140 GEV
39 27 ~ 39
24 28 24
Oe 29 ~ 05
85 29 ' 85
63 30 63
~ 14G GEV

PP

1 ~ 02
1 ~ 06
1 ~ 10
1 14
1 ~ 18

1 ~ 22
1 ~ 26
1 ~ 29
1 33
1.36

1 ~ 40
1 48
I ~ 55
1 ~ 63
1 70

1 ~ 76
1 ~ 83

89
1 ~ 95
2 ~ 01

2 ' 07
2 ~ 18
2% 28
2 ~ 38
2 ~ 48

2 ~ 57
2 ' 66
2 ~ 75
2 ~ 83
2 ~ 91

2 ~ 99
3 14
3 ~ 29
3 ~ 43
3 ~ 56

3 ~ 69
3 ' 82
3 94
4.Oe
4 ' 17

4 ~ 28
4 ~ 39
4 ~ 50
4.eo
4 ' 70

4 ~ 80
5 ~ 04
5 ' 26
5 ~ 48
5 69

5 ~ 89
6 ~ 09
6 ~ 28
6 ' 46
6 ' 64

6 ~ 82
9 ~ 66

11~ 84
13 ~ 68
15 ~ 30

16~ 76
18 11
19~ 36
20 ~ 54
21 65

22 71
23 72
24 ' 69
25 62
26 52

27 39
28 23
29 ~ 05
29 ~ 85
30 ~ 62
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PERIODIC TABLE OF THE ELEMENTS

IA IIA

1
H

1.008 IIIA IVA VA. VIA VIIA

2
He

4.0026
'3
Li

6.94

4
Be

9.0122
5
B

10.81

6 7 8 9
C N 0 F

12.011 14.0067 15.9994 18.9984

10
Ne

20.17
11 12

Mg
22.9898 24.305 II I8 IVB VB VIB VIIB VIII IB IIB

13 14 15 16
Al Si P S

26.9815 28.086 30.9738 32.06

17
C1

35.453

18
A

39.948

19
K

39.09

20
Ca

40.08

21
Sc

44.956

22 23 24 25 26 27 28
Ti V Cr Mn Fe Co Ni

47.90 50.941 51.996 54.9380 55.847 58.9332 58.71

29
Cu

63.55

30
Zn

65.38

31
Ga

69.72

32
Ge

72.59

33 34
As Se

74.9216 78.96

35
Br

79.904

36
Kr

83.80

37
Rb

85.47

38
Sr

87.62

39 40
Zr

88.906 91.22

41
Nb

92.906

42 43 44 45 46
Mo Tc Ru Rh Pd

95.94 98.9062 101.07 102.906 106.4

47 48
Ag Cd

107.868 112.40

49
In

114.82

50
Sn

118.69

51 52 53 54
Sb Te I Xe

121.75 127.60 126~5. 131.30

55 56
Cs Ba

132.905 137.34

57—71
Rare

Earths

72 73 74
Hf Ta W

178.49 180.947 183.85

75
Re

186.2

76. 77 78 79 80 81
Os Ir Pt Au Hg Tl

190.2 192.22 195.09 196.967 200.59 204.37

82
Pb

207.2

83 84
Bi po

208.981 (209)

85
At

(210)

86
Rn

(222)

87
Fr

(223)

88
Ra

226.025

89—
Acti-
nides

104 105 106

(261) (262) (263)

57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 Rare earths
pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu (Lanthanide

1 38 91 140 1 2 140908 144.24 (145) 150.4 1 5 1.96 1 57.25 158.925 1 62.50 164.930 1 67.26 168.934 173.04 174.97 series)

&9 90 91 92 93 94 95 96 97 98 99 100 101 102 103
Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No «Actinide series

(227) 232.038 231.036 23&.03 237.048 (244) (243) (247) ' (247) (25 1) (254) (257) (2 58) (2 59) (260)

Numbers in parentheses are mass numbers of most stable isotope of that element. Adapted from the
Handbook of Chensistry and Physics, 1975-76. (Particle Data Group update, Apri1 197$.)

CROSS SECTION PLOTS

500—

03 03
II I

PHOTON ENERGY—Gelt.
'

I.O S
I I

lQ 20 30

OOOO

PHOTON BARGY-GeV.
I.O 5

I

IO 20 30
I I

400-

~ 300—
I

b~ 200—

l00—

0 SANTA —BARBARA —SLAC

II! DESY—HAMBURG

[ GLASGOW —SHEFF!ELD -DNPL

+ LEBEDEV- YEREVAN -SERPL!KHOV

lI' SLAC- TUFTS-BERKELEY

f ABBHHM

!l! SLAC 8 BERKELEY

800-

+600-
I

b 400-

200-

$ SANTA —BARBARA —SLAG

$ DESY—HAMBLRG

l GLASG(3X'—SHEFFIELD- DNPL

+LEBEDEV-YEREVAN-SERPUKHCh/

!!' I!
I

I!

lll!
I

I! IIIIg !!!ll«I &l! IllII1IIIIIIgI)III i„Ip!I I I

+ +

OJ
I I I I

2 4 S

E~~ (PHOTON AND NUCLEON)-GBV.

I I6-7- 8 0—
l

I I I I

2 4 5 6 7 8
E(-~ (PHOTON AND NUCI EON)-GeV.

"(p total cross section versus photon energy (top scale) and
photon-plus-nucleon total center-of-mass energy (lower scale) .
Courtesy Gething M. Lewis, Glasgow.

pd total cross section versus photon energy (top scale) and
photon-plus-single-nucleon total center-of-mass energy (lower
scale). Courtesy Gething M. Lewis, Glasgow.
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CROSS SECTION PLOTS (Cont'd)

100.0—

60.0—

I I I I I I I I

Total Cross-sectio

vN

Ec.~. («&)
2 3 4
I

'I I 1 I I I 'I I

6 8 'F 8 910
I I t I I

t I I I I I I I

20.0—

lO.O

E 6.0
CO

40
O

2.0D

b
oI

II II

06—
IP

0411 (

28

&, ~ —Cern Gargamelie

o, ~ = Caltech —Fermilab
(this expt)

100— tot m+p

I

I I } I & II

I I I I I t l

"I4
&&y& j-.& 3 I $ 4I)to

I I I I I I I I

O. l

I I I I I I I I! I I I I I I I I

2 4 6 lO 20 40 60 IOO 200
Neutrino Energy (GeV)

" 5 ~~ j~ '~&
T ~~ «~etc ~ t ~ ~ ~ ~ 1+t~

Neutrino and anti-neutrino total cross sections per nucleon
I reproduced,

with permission, from B.C. Barish et al. , Phys. Rev. Lett. 35, 1316
(1975)j. The data are consistent with the form o- = u Etot Vp V

10O )
I I I I I I I II I I I I I I I II

(G.~/ )

I I I [ 1 I & I

100

p total cross-section data, from the Particle Data. Group compilation
"&N Two-Body Scattering Data. , " LBL-63 ( f973).

200—
E, ~ (GeV)

1.5 2

s.o — t P
Form factors

4.0
2M, WI

R=o 18
W&2.6 GeV

I
& 1 (Gev/c)

2.0

1,0

100

0
0.6

4 W
pity+

R= 0.18
W&2.6 GeV

i'll

~(Gvg &

I I I I I 0

04 —100
100

a't t(wN)=ImA'(0')/Pb

0.2

0.1

1 I I I I

4 6 8 10
I

20

0-

0.1 1.
P (Gev/c)

C'

Inelastic electroproductkon form facCora f»»ir«»
space-like photon scattering on a proton, from SLAG-MIT,
Phys. Rev. D5, 528 (1972). R = cps/O'T, the ratio of the
longitudinal to transverse cross sections. See L. Hand,
Phys. Rev. 429, 4834 (1963).

Interpolations of ~N total cross sections for I=3/2 and I/2, and the
corresponding real pa.rts of the forward amplitudes a.s calculated from
dispersion relations by A. A. Carter and S.R. Carter (RHEL ppt, RL-
73-024, 1973; labeled C above) and by G. Hohler and H. P. Zakob (priv.comm. , 1972; labeled H above). The'normalization of the curves for
each value of I is such that the st of their squares divided by 49, 6
gives do/dt at 0' in mb/(GeV/c)
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ROSS SECTION PLOTS (Cont'd}
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ross-section data corn 'l d y
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RN/ 7ZZ K Gp; G. R. Lynch, K d (& 3
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eV c) The n BNL data. below i G Ve c are
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I
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I

s s s ~ ~ ~ s ~
I ~ s
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Klp ~ K pa
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Regeneration hase
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40—

30-'
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I l l
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lC)
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0.5 1.0 1.5 2.0 2.5
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1500 1600 1800 2000 2200 2400
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CD

gl

3.0
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! I

2600 2700

—60-

Q)

—90-
Q3
K

n. -120—

-180

I f.

-IQ:.
M IF I&

Af-

-t't-

s I

10
Pb. («&/c)

100

K Q total cross section
Com iled

sections for I = 0 and

on Bar
ddnflddbL

yo R
y i et al. , Pr

e c.
Phases of
The deuteri d

orwa, rd am lit

proton data. 0—
erium data a.re shifted

a. -p, compiled b
Birnlev et al; JINR-El-

Phys. Lett. 48B 257 (f974).

0 0or KLp K 0sp
0

p
p)

K. -I". Albr echt e t al.
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CROSS SECTION PLOTS (Cont'd}

20— I
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pp and np cross sections from Particle Data Group, "NN and ND
Interactions -- A Compilation", UCRL-20 000 NN (August &970);
some points at higher energies added since original compilation.
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Compilation of recent K p and K d total cross-+ +

section measurements. References can be found
in the Ba.ryon Data Card Listings.
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Total cross-section for isospin zero KN system.
Unfolding of the BUGG 68 and BOWEN 70 and 73
data was done by G. R. Lynch (as in Proc. of l970
Duke Conference). Tables of o were provided
by the BNL authors. Lynch an BNL use the
sa7ne 7nethod of unfolding; the BOWEN 73 unfolded
distributLon is obtained by a different method (see
plot in Z mini-review in the Baryon Data Card
Listing s ).

py and pd. cross sections from Particle Data Group, " A Compilation of
NN and ND Reactions, " LBL-58 (1972); some points added since original
compilatio n.
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CROSS SECTION PLOTS (Cont'd)
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pp, pp, m p, Tr p, K p, and K p total cross sections versus
s(= 2m pl b), as compiled by U. Amaldi, CERN.

p lab '
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pn, np, pn, K n, and K n total cross sections versus s(- 2m pl b), as
compiled by G.' Giacomelli, CERN.

Rev. Mod. Phys. , Vol. 48, No. 2, Part I I, April 't S76



Particle Data Group: Review of particle properties

:)A'..'A )"A.+:)

Naxne of particle as it

Arrow indicates this particle I g
oxnitte d from table.

. .. .. .uS1.ra1.ive .key
/XX MESON ( 1200,JPG= -) I=1/

ORI G I NALLY C ALLED X

OMITTED FROM TABLE

Particle name and quantum
numbers (if known).

jParticle code (for internal
j use only).

!
General comments on

particle.

Quantity tabulated below.

Code for quantity tabulated
(M=rnas s, N('=width, etc. )

Symbols used to key together '

data. card and related
comments.

Nuxnber of events above
backgr ound.

216 ~

/XX( 1200) MASS (NEVE

/MERRILL 66/HBC 0 3 ~ 2 K-P 7/66

'Abbreviated reference for
this xesult; full reference
given below.

Meas ur ement technique
(see abbreviations on
next page. )

Charge(s) of particle
d.etected.

Measured values (paren-
theses indicate value
not used in average).

+ Error in measured value
(- field blank if error
symmetric; par enthe s e s
on error only indicate
data not used in average
due to problems with
er r ox' e s timation).

Average value (and error)
of quantity measured.

Ve r tica. l bar indic ate s
average; width of hori-
zontal bar on top is er ror
(scaled) in average.

Reaction producing particle,
or comments.

Date this result punched
(asterisk indicates result
added or changed since
previous edition).

Scale factor & i indicates
inconsistent data.

Ideogram to display incon-
sistent data; curve is sum
of Gaussians, one.for
each experiment (area of
Gaussian = i/error;
width of Gaussian =
+ ex'ror).

Value and error for each
experiment.

—20 20 60 100 140
XX (1200) WIDTH (MEV)

=0.179)

Contribution of experiment
to X2 (if no entr y pr e s ent,
expe r ime nt not us ed in
calculating X or scale
factor because of large
error).

Partial decay mode
(labeled by Pi). I

/Pl

74 XX( 1200) PARTIAL DECAY NODES

XX( 1200) INTO 3P I/
XX(1200) INTO K KBAR

DECAY MASSES
/139+ 139+ 139/
493+ 49 3

taepresentative masses of
decay products (used for

l

calculating last column of
Particle Property Tables)

74 XX( 1200) BRANCHING RATIOS

Branching r atio (labeled
by R)).

/R 1
gl

Rl
Rl
Rl

XX( 1200) INTO
~ 66

L (.68)
L LYNCH DATA H

~ ~ ~ ~ ~

/0 675

3P I /TOTAL /
e02 MERRILL

( 03) LYNCH
AS QUEST IONABL E BACKGROUND

~ ~ ~ ~

0 ~ 012/ FROM F IT ( ERROR I

(Pl)
66 HBC 0 3 ' 2 K-P
67 HBC +- 2 ~ 7 P I-P

SUBTRACTION

NCLUDES SCALE FACTOR OF 1 ~ 3)

7/66
6/&7,

Value (and error) of quantity
measured, as determined
from constrained fit (using ~-
all measured branching
ratios for this particle).

00) INTO
~ 35

~ ~ ~ ~

/0 ~ 325

) INTO KKBAR/3P I.50 03
~ 41 e04

FENNER
SMITH

KKBAR/TOTAL
~ 05 PIERCE

~ ~ ~ ~

0 ~ 012/ FROM F IT ( ERROR I

(P2)
68 ASPK + 2 1 K-P

NCLUDES SCALE FACTO

/(P2) /(Pl ) /
69 HBC 0 4 ~ 2 P I+P
70 MMS — 3 ~ 5 P I-P

9/68

9/69
2/76~

!
Branching ratio Rj in terms

of partial decay mode
fractions Pi above.

~ e ~

0 ' 468
0 ' 480

~ 0 ~ ~

0 ~ 043 AVERAGE ( ERROR INCLUDES SCALE FACTOR JF 1 8)
0 026/ FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 3)

References listed by year,
then author.

Abbreviated reference form
used on data cards above.

Journal, report, preprint,
etc. (see abbreviations
on next page).

/MERRILL
LYNCH
PIERCE
F ENNER
SMITH

66/PRL 16 143
67 PR 155 610
68 PL 27B 230
69 NC 61B 3&2
70/P RL 24 14/

RE FER.ENCES

A ~ MERRIl L
B ~ LYNCH

/ N ~ PIERCE/
D ~ FENNERg B BEANE
J ~ SMITH

(tt uthor (s)

Quantum number determina-
tions in this reference

(LRL) 'Institution(s) of author(s)
(MYSF+AMFX) (see abbreviations on

/( SLAG)/ next page).
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Abbreviations
Journals

(cont'd)

Measurement techniques

I1lustrative Key

APAH

ADVP

ANP
ARNS
BAPS
JETP
JETPL
LNC

NC

NP

PL
PN
PPSL
PR
PRL
PRSL
RMP

SJNP
ZPHY

Acta Phys. Acad. Hungarica
Advances in Physics
Annals of Physics
Annual Reviews of Nuclear Science
Bulletin of the Amer. Phys. Soc.
English Transl. of Soviet Physics
Letters of Soviet Physics JETP
Letters to Nuovo Cimento
Nuovo Cimento
Nuclear Physics
Physics Letters
Particles and Nuclei
Proc. of the Phys. Soc. of London
Physical Review
Physical Review Letters
Proc. of the Royal Soc. of London
Reviews of Modern Physics
Soviet. Journal of Nuclear Physics
Zeitschrift fur Physik

JETP

ASPK
CC
CNTR
DASP
DBC
DPWA

ELEC
EMUL

FBC
FRAB
FRAG
FRAM

HBC
HEBC
HLBC

Automatic spark chambers
Cloud chamber
Counters
DESY double-arm spectrometer
Deuterium bubble chamber
Energy-dependent PWA

Electronic combination
Emulsions
Freon bubble chamber
ADONE BB Group detector
ADONE g"( Group detector
ADONE MEA Group detector
Hydrogen bubble chamber
Helium bubble chamber
Heavy liquid bubble chamber

HYBR
IPWA
MMS

MPWA

OSPK
PBC
PLUT
PWA

RVUE
SNAG

SPEC
SPRK
STRC
WIRE
XEBC

Conferences

Conferences are referred to by the location in
were held (e.g. , DUBNA, BOULDER, LUND, etc. ) .

Hybrid: BC + electronics
Energy-independent PWA

Missing mass spectrometer
Model-dependent PWA

Optical spark chamber
Propane bubble chamber
DESY PLUTO detector
Partial-wave analysis
Review of previous data
SPEAR magnetic detector
Spectrometer
Spark chamber
Streamer chamber
Wire chamber
Xenon bubble chamber

which they

Institutions
AACH
AARH
AERE
ALBA
AMST
ANKA
ANL
ARIZ
ATEh
ATHU
BARC
BAR I
BELG
BERG
HERL
BERN
BGNA
81 NG

8 IRM
BNL
BOHR
BONN
BORD
BQST
BRAN
BR I 5
BROW
BRUX
BUCH
BUDA
BUFF
CAEN
CANB
CARL
CARN
CASE
CAVE
CC AC
CDEF
CEA
CERN
CHIC
C INC
CIT
CNRC
COLO
CCLU
CORN
CRAC
CUNY
CUR I
DARE
DART
DE SY
DUKE
DURH
DUUC
ED IN
EF I
EPOL
ETHZ
FIRZ
F I SK
FLOR
FNAL
FRAS
FSU
GE NQ

CE SC
GEVA
GLAS
CRAZ
GSCO
HA I F
HAMB
HARV
HAWA

hE 10
HELS
IBM
IIT
ILL
II LC
I ND

INNS
IOWA
IPN
I P NP
IPPC
IRAD
ISU
ITEP
IUPU
JAGL
JHU
JINR
KANS
KARL
KEK
KIAE
KNTY
LALC
LANC
LASL
LAI 5
LBL
l. EBO
LEHE
LE ID
LINZ
LIVP
LO IC
LCQM
L0UC
LQWC
LP NP
LPTP
LRL
LSU

TECHNI SCHE UNE V AACHE N

AAR HUS UN I V ~

ATCNIC ENERGY RES ~ ESTAB g

STATE UNEVg OF NEW YORK AT ALBANY
UNIV' OF AMSTERDAM
MI COL E EAST T EC HN ICAL UNIV ~

ARGCNNE NAT ~ L AB ~

UNIV OF AR IZQNA
NUCLEAR RES C ENTRE DEMOKR ITQS
UNIV OF ATHENS
UNIV' DC BARCEI.ONA
UNIV ~ DI BAR I
INST INTER4NI V DES SCI. NUC ~

FYS ISK INST ITUTT
INST HOCI-ENERCIEPHYS CAW
UNIV BERN
VNI V ~ 0! BCLOCNA
STATE UNIV OF NEW YORK AT BINGtiAMTOH
8 IR M INGHAM UN I V

BROOKHAVEN NAT IONAL LAB ~

NIELS BOHR INSTITUTE
UNIV. BONN
UNIV' DE BCRDEAUX
805 TON UNIV
BRANDEIS UNIV
H. H. WILLS PHYS. LAB kg U . CF BRISTOL
BROWN UNIV g

UNIV' LIBRE CE BRUXELLES
BUCHAREST STATE UhlIVg
CENTRAL RESEARCH INSTITUTE QF PHYSICS
STATE UNIV. OF NEW YORK AT BUFFALO
LAB ~ DE PHYSI CORPLSCULAIRE
AUSTRALIAN NATIONAL UNIV ~

CARLTON UNIV
CARNEGIE-MELLON UhlIV
CAS E WESTERN RESERVE Uhl I V.
CAVENDISH LAB CAMBRIDCE UNIV ~

COMMUNITY COLI. EGE CF ALLEGHENY CCUNTY
COLL EG E DE FR ANCE
CAMBR IOCE ELCCTRQh ACCEL
EUROPEAN OR G ~ FOR NUC RE 5 ~

UN I V OF C H I CA GO
UNIV OF CINCINNATI
CAL IF ~ IN ST IT4'TE OF TECHNOLOGY
CANADIAN NAT ICNAL RESEARCH COUNCIL
UNIV ~ OF CCLCRAQQ
COLUMB IA UNIV
CORHELL UhIV.
INST FOR NUCLEAR RESEARCH
CITY UNIV OF NEW YORK
LABCRATCIRE JCLIOT-CURIE

. CARESBURY NUC ~ PHYS~ LAB.
DARTMOUTI- COLLECE
DEUTSCHES ELEKTRChEh-SYNC'
DUKE UNIV»
UNI V OF OUR VAtg

UNI VERSE TY COLLEGE
UI41 V OF ED IN BURGH
EhlR I CQ F ERMI INST ~ FOR hUCL ~ STUDIES
ECOLE POLYTECHNI CUE
SWISS FEDERAI INST ~ OF TECHNOLOGY
UNIV DI F IREhZE
F I SK UNIV ~

UH I V OF FLOR I OA
FERMI HAT ICNAL ACCELERATCR L AB
LAB ~ NAZ IONAL I DEL 5 I NCROTRONE
FI.OR I DA STATE UHIV
UNIV' DI GEhCVA
GENERAL ELECTRIC RES ~ AND DEV CENTER
UNIV ~ DE G ENEVE
4NIV ~ OF GLASGOW
UNIV ~ GRAZ
GEOLOGICAL SURVEY OF CANADA
TECHNICN — I SRAEL INST g OF TECHhOLCGY
UHI V ~ HAMBURG
HARV AR 0 UN IV
UNI V ~ OF HAWAI I
UHIV ~ HEIDELBERG
HELS INGII4 YL IOP ISTC
INTERNATIONAL BL'SINESS MACHINES
ILL INDI S INST OF TECH g

LNI 'V. OF ILL INC IS
UNIV OF ILLINOIS AT CHICAGO
UNIV e OF INDIANA
PHYS INST g UNIV INNSBRUCK
UNI Vg OF IOWA
INST DE PHYS ~ NUCLEAIRE
INST ITUT OE PHYS IQUE NUCLEAIRE
INST ~ FQR PARTICLE PHYSICS OF CANACA
IHST ITUT E CU RAC IUM
IOWA STATE UNIV ~

INST+ FOR TECRe AND EXP e PHYS ~

INDIANA' U ~ PURCUE 0 ~ AT INC IANAPOLI 5
JAG ELLCNI AN UNIV
JOHNS HOPKINS UNIV ~

JCjhT INST FOR NUCL RESEARCH
UNIV' OF KANSAS
TECHNISCI-E UNIV KARLSRUHE
NA7 ~ LAB FOR HIGI-' ENERGY PHYS ~ g JAPAN
KURCHATOV INST ~ OF ATQMIC Et4ERGY
UNIV OF KENTUCKY
LINEAR ACC EL ERAT OR LAB g ORSAY
LANCASTER UNIV ~

U ~ C LOS ALAMOS SCIENTIFIC LAB ~

UNIV OF LAUSAhNE
U ~ C ~ LAWRENCE BERKELEY LAB
LEBEOEV PhYS ICS INST ~

LE HIGH UNI V ~

INST g LORENTZ
LINZ INST ITUT FUR PHYS IKg KEPLER HOCH
LI VE RPOOL UNIV ~

IMPERIAL COL OF SC I ~ ANO TECH ~

QUEEN MARY COLLEGE
UNIVERSITY CCLLEGE
WESTFIELD COLLEGE
LAB ~ DE P I YS ~ NUCL ET HAUTES ENCRGIE 5
LAB. DE PHYS Tl-EQR ~ ET HAUTES EHERGI ES
U ~ CD LAWRENCE BERKELEY LAB.
LOUISIANA STATE UNIV

AACHEN ~ GERMANY
AARHUS ~ DENMARK
HARWELLg BERKS g ENGLAhlD
ALBANYg N ~ Y g USA
AMSTERDAM' hETt-ERLANDS
ANKARAg TURKEY
ARGONNEg II.Leg USA
TUC SON g AR I Z ~ g USA
AThENS g GRCECE
ATI-ENS g GREECE
BARCELChA ~ SPAIN
SARI g ITALY
BRUX EL LES g BEL G IUM
BER.GEN g NORWAY
Z EUTHEN/BERLINg DDR
BERNg SWITZERLAND
BOLOGNAg ITALY
8 INGHAMTON, N. Y, USA
8IRMINGI-AMg ENGLAND
UPTON g L ~ I ~ g N ~ Y ~ g USA
COPENHAGEN DEhiMARK
BCNHg GERMANY
BORDEAUXg FRAHCE
BOSTONg MASS g USA
IgIAL THAM g MA SS ~ g USA
BRISTOLg ENGLAND
PRQVIDENCEg RE I kg USA
BRUXELLESg BELGIUM
BUCHAR EST g ROiMANIA
BUDAPEST g HUNGARY
BUFFALOg N ~ Ysg USA
CAENg FRANCE
CANBERRA g AUSTRALIA
QTTAWAg CANADA
PITTSBURCHg PA~g USA
CLEVELANDg QHI Cg USA
CAMBRIDGEg ENGLAND
P ITTSBURGH, PENN, USA
PARISg FRANCE
CAMBRIDGEg MASSe g LSA
GENEVA g SWITZERLAND
CHI C AGO g I L L ~ ~ U SA
C INC INNATI g OHIO, USA
PASADENAg CAL IF kg USA
OTTAWA g CANADA
BOULDERg COLO kg USA
NEW YORKg N ~ Y ~ g USA
ITHACAg N ~ Y kg USA
CRACOWg POLAND
NEW YQRKg N ~ Y kg USA
PARIS ~ FRANCE
DARESBURYg EhGLAND
HANOVCRg N ~ H kg USA
HAMBURGg GERMANY
DURHAMg N ~ Cog USA
DURHAMg ENGLAND
DUEL IN, IRELAND
ED IN BURGH g SCOTLAND
CHICAGO g ILL ~ g 4SA
PARI Sg FRANCE
ZURICH g SWI TZERLAND
FIRENZEg ITALY
NASHVILLEg TENN. , USA
GAINSVILLEg FLAg g LSA
BATAVIAg ILL ~ g USA
FRASCATlg ITALY
TALLAHASSEE g F LA ~ g 4'SA
GE NOVA g ITAL Y
SCHENECTADY g N. Y. g USA
GENEVA g SWITZERLAND
GLASGOW g SCOTL AND
GRAZg AUSTRIA
07TAWAg CANADA
HA IFAg ISRAEL
HAMBURG g GERMANY
CAMBRIDGE g MASS. g LSA
HCNOLULUg HAWAII g USA
HEIQELBERGg GERMANY
HELS INK I g FINLAND
PALO ALTOg CAL IF g USA
CHICAGO g I LL g USA
URBAhtA g ILL ~ g LSA
CHICAGOg ILL ~g USA
BLOOMINGTONg I NDe g USA
INNSBRUCKg AUS7RIA
IOWA CITY g ICWA ~ USA
QRSAYg FRANCE
PARIS g FRANCE
CANADA
PAR IS g FRANCE
AMES g IQWAg USA
MQSCOWg USSR
INDEANAPOLI S g INC ~ g USA
CRACOWg POLAND
BALTIMOREg MD kg USA
DUBNAg USSR
LAWRENCEg KANSASg USA
KARLSRUHEg GERMANY
TSUKUBA-GUNg JAPAN
MCSCOWg USSR
LEXINGTCNg KY ~ ~ USA
ORSAYg FRANCE
LDNCAS7 ERg ENGLAhlD
LOS ALAMOSg N ~ M ~ g USA
LAUSANNEg 5'W ITZERLAND
BERKELEYg CALIF. g USA
MOSCOWg USSR
BETHI. EHEM g PA ~ ~ USA
LEIOENg NETI-'ERLANOS
L INZ g AUSTRIA
L IVERPOOL ~ ENGLAND
LO hiD ON ~ E NG LAN 0
LONDONg ENGLAND
LCNOONg ENGLAND
LONOONg ENGLAND
PARISg FRANCE
PARIS g FRANCE
BERKELEYg CALIF kg USA
BATON ROUGEg I. Aug I.SA

L UND
MACR
MADU

MANH

MANI
MANZ

MASA
MASB
MCGI
MC HS
MHC0
M ICH
MI LA
MINN
M I OH

MIT
MODE
MCNL
MONS
MONT
MPIH
MPIM
MSNA
MSU
MUNG
NAGC
NAPL
NDAM

NEAS
NE UC
NEVI
NI JM
NORD
NOVO
NRL
NW ES
NYU
CHI 0
OREG
CRNL
ORSA
OSLO
CSU
OXF
PADO
PATR
PENN
PISA
PITT
PPA
PRAG
PR IN
PURD
REHO
RHEL
RISC
RMCS
ROCH
RCMA
RUTG
SACL
SAGA
SEAT
SEEB
SERP
SETO
SFLA
SHEF
SHMP
S It4
SLAC
SOFI
STAN
STEV
STLQ
ST OH

STQN '

STRB
SUSS
SYRA
TATA
TELA
TEMP
TENN
TNT 0
TOHO
TOKY
TOR I
TRST
TUFT
UBC
UC8
UCD
UC I
UCLA
UCND
UCR
UCSB
4C SC
UC 50
UMD

UNC 5
UPNJ
UTAH
VAND
VIEN
VIRG
VPI
WARS
WASH
lg IEN
'WILL
WI SC
WOOD
WUS L
ltYC M

YALE
ZEEM

UNI V ~ I LUhD
JUNTA DE Eh!ERG I A hUCLEAR
UNIV. AUTONOME DE MADRID
MANHATTAN CCLLEGE
UNI V OF MANITOBA
UNIV MA INZ
UNI V. OF MASS ACHUS ETTS
UNIV ~ OF MASSACHUSETTS
MCG ILL UNIV ~

UNIV MANCHESTER
MOUt4T HOLYCKE COLL'
UNIV ~ OF M ICV I CAN
UNIV. DI tgILANC
UNIV OF MINNESOTA
MI AMI UNIV ~

MASSACHUSETTS INST. CF TECHNGLCG
ISTITUTO CI F ESICA DELLA UNEVERS
UNIV DE MCNTREAL
UNI V. DE L' ETAT, PChS
UNIV DE MONT P ELL I ER
MAX-PLANCK-INST g FUR PHYS. -ASTRO
MAX PLANCK INST ~ FUR PHYSI ASTRC
INS ~ 01 FISECA DELL UNIV ~

MICHIGAN STATE UNIV
UNI V ~ OF MUNICH
NAGOYA UNIV ~

UNEVg 01 NAPOLI
UNIV ~ OF NOTRE CAME
NORTI'EASTERN UhiIV
UNI V DE NEUC HATE L
NEVIS LAB
R. K ~ UNIV ~ NI JtgEGEN
NORD I SK IN 5 ~ FOR TEOR ATGMFYS ~

INSTg QF NUCL ~ PHYS~
NAVAL RESEARCH LABORATORY
NORTHWESTERN UNIV'
NEW YORK UI4IV ~

OHIO UNIVe
UhlIV. OF OREGCN
QAK RIDCE NATIOHAL LAB ~

UNI V. DE PARIS g FAC ~ DES SCI ~

OSLO UNIV ~

OHIO STATE UNIV ~

OXFORD UNIV ~

UNIV ~ DI PAOQVA
Ut4IV ~ OF PATRAS
UNI V OF P ENhSYLVANIA
UNIV ~ 01 P ISA
UNIV+ OF P ITTSBURCI.
PRII4CETON-P ENN PROTON ACCEL
IHST ITUTE OF PhYS ICSg CSAV
PRIhCETCN UNIV'
PURCUE UH IV
WEI ZMANN INST ~ OF SC I
RUTHERFORC HIGH ENERGY LAB ~

RESEARCH ESTAB Q RISC
ROYAL MILITARY COLLECE CF SC IENC
UHIV. QF ROCt-ESTER
UNIV ~ D I ROMA
RUTCERS UhIV
CNTR ~ O'ETUDES NUC ~ SACLAY
SAGA UNIV ~

SEATTLE PACIFIC CCLLEGE
RESEARCH CENTER SE EBERSDCRF
INST ~ OF HI Gl- EN ~ PHYS ~

SETCN klALL UNIV'
UN I V OF SCUT H F LCR ID A

UhIIV OF Sl-EFF IELD
UNIV. OF SCUTHAMPTCN
SWISS INSTg FCR NUCLEAR RESEARCH
STANFORD LINEAR ACCEL ~ CENTER
BULGARIAN ACAD. CF SC I.
STANFORD UN IV ~

STEVENS INST OF TECh
ST LOUIS UNIV ~

STOCKHOLII UNIV
STATE UNIV ~ CF t4EW YORK AT STCNY
CENTRE DES RES ~ NUCLEAIRE5
SUSSEX UNIV
SYRACUSE UNIV.
TATA INST OF FUNCAMENTAL RE SEAR
UNIV ~ OF TEL-AVIV
TEMPLE UNIV ~

UNIV. OF TENNESSEE
UNIV' OF TCRChTC
TOHQKU UNIV ~

UHIV ~ OF TOKYO
UNIV. D I TCRI hC
UNI V ~ OI TR IESTE
TUFTS UNIV'
Ut4IV ~ OF BRITISH CCLUMBIA
UNIV ~ OF CALIF ~ AT BERKELEY
UNIV OF CALIF AT DAVIS
UhljV ~ OF CALIF ~ AT IRVINE
UNIV ~ OF CALIF ~ AT LOS ANGELES
UNION CARBI OE NUCLEAR 0 IV IS ION
UNI V ~ OF CALIF ~ AT RIVERS ICE
UNIV OF CAL IF AT SANTA BARBARA
UhlIV ~ QF CALIf a AT SANTA CRUZ
UNI V ~ OF CALIF ~ AT SAN DIEGO
UNIV e QF MARYLAND
UHICN

COLLIE

UPSALA COLLEGE
UNIV ~, OF UTAI-.
VANOERBILT UNIV.
INST' FOR t. ICh EN PHYS kg A. AD

UHI V ~ OF V I RGIN I A

VIRGINIA PCLYTECHhIC INST ~

UNIV ~ OF WARSAW
UNI V~ OF WASH INCTCN
UNI V s WI E h
COLLEGE OF WILLIAM AND MARY
UNIV OF WISCCNS IN
WQODSTOCK COLLEGE
WASHIhlG70N UN IV ~

UHI V. OF WYOMING
YAL E UN I V

ZEEMAN LAB kg UN IV ~ OF AMSTERDAM

Y
ITA

PHYS ~

PHYSI

BROOK

CH

5.

LUNDg SWEDEN
MACR IDg SPAIN
MADRID, SI A IN
NEW YORK g N ~ Y ~ g V SA
W INN IPEGg CANACA
MAINZ g GERMANY
AMHERST g MASS .g USA
BQSTONg MASS. g USA
MONTREAL' CANADA
MANCHESTERg ENGLAND
SOUTH HADLEYg NASS kg USA
ANN ARBOR g MECH ~ g USA
MILANOg ITALY
MI NNEAPCI. IS g MINN~ g USA
OXFORD g OHI Og L' SA
CAMBRIDGEg MASS. g USA
MODENAg ITALY
MONTREAL g CANADA
MQhSg BELGIUM
MQNTPELLIER, FRANCE
HEIDELBERGg GERMANY I

MUNICHg GERMANY
MESSINA ~ ITALY
EAS7 LANS ING ~ MICH ~ g USA
MUNICHg GERMANY
NAGOYAg JAPAN
NAPOLIg ITALY
NOTRE DAMEg IND kg LSA
BOSTONg MASS kg LSA
NEUCHATEL g SWITZERLAND
IRVIHGTQN-ON-HUDSOhg N ~ Y ~ g USA
N I JMEGFNg NETHERLANDS
CCPENhACEN DENMARK
NOVOSIBIRSKg LSSR
WASHINGTON, D.C. g USA
EVANSTClN g ILL g USA
NEW YORKg No Y g USA
ATI-ENS g QHIOg USA
EUGENE g ORE ~ g USA
OAK RIDGE g TENN ~ g USA
ORSAY ~ FRANCE
OSLOg NORWAY
COLUMBUSg OHEQg USA
OXFOROg ENGLAND
PADOVAg ITALY
PATRASg GREECE
PHIL AOELPHI Ag PA e g USA
PISAg ITALY
P ITTSBURGHg PA g USA
PR ENCETCNg I4 ~ J ~ g VSA
PRAGUE g CZECHOSLOVAKIA
PR INCETQNg N. J ~ g USA
LAFAYETTE g IND g USA
REHOVQTH g I SRAEL
CH ILTON g 010~ g 8 ERKS ~ g ENGLAND
ROSKILDEg DENMARK
ShRIVENHAMg ENGLAND
ROCHESTERg H Y kg VSA
ROMA g I TALY
NEW BRUNSWICK g N ~ J ~ g LSA
CIF-SUR-YVETTE g FRANCE
SAGAg JAPAN
SEATTLE& WASH g USA
VIENNA g AUSTRIA
SERPUKOVg USSR
SOUTH ORAI4GEg N ~ J kg USA
TAMPAg FLA g USA
SHEFF IELDg ENGLAND
SCUT HAMPTONg ENGE. AND
V ILL I GEN S'WIT ZERL AND

STANFORDg CALIF ~ g USA
SCF IAg BULGARIA
STANFORDg CALI F ~ g USA
HOBOKEN g N ~ J ~ g VSA
ST ~ I OUI Sg tgO ~ g USA
STOCKHOLM g SWEDEH
STCNYBRQOK L ~ I ~, . N ~ Y, USA
STRASBQURGg FRANCE
SUSSEXg ENGLAND
SYRACUSEg N ~ Y ~ g USA
BOMBAY, INDIA
TEL-AV IVg I SRAEI
PHILADELPHIAg PA g USA
KNOXVILLEg TENN ~ LSA
TORONTOg CANADA
SENDAIg JAPAN
TOKYOg JAPAH
TCR INC, ITALY
TP. IESTEg ITALY
MEDFORDg MASS. g USA
VANCOUVERg CANADA
BERKELEYg CALIF kg USA
OAVESg CALIF g USA
IR VINE g CAL I F ~ g USA
LQS ANGELES g CALIF. g USA
QAK RIDGE g TENN ~ g USA
RIVERS I DEg CAL IF «g USA
SANTA BARBARAg CAL IF ~ g USA
SANTA CRUZg CALIF~g USA
LA JOLLAg CALIF , USA
COLLEGE PARKs MD. g I'SA
SCI ENECTADYg N ~ Y kg USA
EAST ORANGEg N ~ J g USA
SALT LAKE CITYg UTAHg LSA
tiASHVILLEg TENN kg USA
VI ENNAg AUSTRIA
CHARLOTTESVILLEg VA~g LSA
BLACKSBURGg VA kg USA
'WARSAWg POLAND
SEATTLEg WASHY USA
WIENg AUSTRIA
WILLIAMSBURGg VA. g USA
MADISON g WI SC g USA
WCDQSTQCKg MD ~ g USA
ST ~ LOUIS g MQ ~ g USA
LARAMI E g WYOMING g LSA
NEW HAVEN g CCNN g USA
AMSTCRDAMg hlETVERLANDS
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S60 Particle Data Group: Review of particle properties

Stable Particles
Ve& Vp 6 P

Data Card Listings
For notation, see key at front of Listings.

0 GAMMA( Or J=l)

0 GAMMA MASS ( IN UNITS OF 10++-21 MEV)

-SHAF E R 65
BOOTH 67
HYMAN 67
SAC KENST 71
SHRUM 71
COWS IK 72
BAC KE NST 73
CLARK 74
DAUM 76

PRl 14 923
PL 268 39
PL 25B 376
PL 36 B 403
PL 378 114
PRL 29 669
Pl 43 8 539
PR 09 533
PUBL» IN PL 8

R E 5 HAF ER r CRO)rE r JENKINS (LPL I
BOOTHr JQHNSOVrMIl LIAMSr WQRHAl 0 (L IVERPOPL I
+LQKE N r PE WI TT r MCKENZ I Er. (ANL+CARN+NW ES )
BACK ENSTOSS r DAN IELr KOCH+ (CERN rKARL rHEID)
E V SHRUMr K Q H Zl OCK (UNIV QF V IRGIN IA )
R COWS IK r J MC C LEl LAhlD (UCB)
BACKENSTOS Sr DANIEL r KOCH+ (CERN+KARL+MUNICH)
+ELIOFFrFRISCHr JQHNSONrKERTHr SHEN + (LBL )

FEB +DUBAL r EATONr FROSCH r MCCULLQCH+ (S INr FTHZ)

M P
M

M F
H

M

M F
M P

(6 ~ ) OR l ESS PATE L 65
6 ~ OR LESS G INTS BURG 64
2 ~ 3 OR LESS GOLDHABER 68

(0»06) OR LESS FRANKEN 71
10» OR L ESS MILl IAHS 71
0.73 QR LESS HOLLWEG 74

VAL I DITY QUEST IONA BL E ACCORD IN G TO AUTHOR 5
SEE CRITI C I 5 M IN GOLDHABER 71

SATELLITE DATA
SATELL ITE DATA
SAT ELL IT E DAT A

LOW F REQ RE S CI R
CNTR TESTS GA USS LAM

ALFVEN WAVES
AND KROL L 71 ~

10/69
10/69
).0/69
3/72
3/71
7/74+
3/72
3/72

3 ELECTRON(0 ~ 5r J=1/2)

3 ELECTRON MASS (MEV)

REFERENCES FOR GAMMA
M

M

( ~ 511006){»30002)
( ~ 5 110041 ( ~ 0000016).5110034 0000014

CO HEN
TAYLOR
COHEN

65 RVUE
69 RVUE
73 RVUE

US I NG NEW E/H 7/70
3/74

G INTS BUR
PATEL
GOLDHABE
FRANKEN
WI LL I AHS
HOLLWEG

64 SOV» ASTR ~ AJ7
65 PL 14 105
68 PRL 21 567
71 PRL 26 115
71 PRL 26 721
74 PRL 32 961

536 M ~ A GI NTSBURG
V ~ L PATEL
A ~ GOLDHA 8 ER r M ~ N I ET 0
P A FRANKENr G W AMPULSKI
+FALLERr HILL
J V HOLLMFG (NATL CENTER

(ACAD SCI r USSR I
{DURHAH)

{STONY BROOK I
( MICH )

{WESLEYAN)
FOR ATMOS RESRCH)

PAPERS NQT REFERRED TO IN DATA CARDS

. T
T 5
T 5
T 5
T 5

3 ELECTRON MEAN LIFE (UNITS 10+&21 YR)

2 ~ 0 QR HQRE HQE 65 CNTR
5 ' 3 OR HQRE ST E INBERG 75 CNTR

STEINBERG 75 SENSI TI VE TQ ALL DECAY "lQDES IN WHICH DECAY PART ICL ES
ESCAPE FROM DETECTOR WITHOUT DEPOSI TING ENERGY ~ TEST OF CHARGE
CONSERVATION ~

6/66
2/76+
2/764
2/764
2/764

GOL DHA BE 7 1 RMP 43 277
KROLL 71 PRL 26 1395

A S GOLDHABER r M M NIETO
N M KROLL

( STON+ BOHR+ UCSB)
( SLAG )

3 Ei.ECTRQN MAGNET I C MOMENT( E/2 HEI

&e

M

M

M

M

M D

M

H

M

H

M D

M C
M C

1 E—NEUTRINO(0r J=l/2 )

1 E-NEUTR I NO MASS ( KE V I

LESS
LESS

(0 28)
LESS CL= ~ 67
LESS CL= ~ 90
LESS CL= ~ 90
LESS CL= 90
LESS
L ES5 CL= ~ 90

075KEV(CL= ~ 67)

(0 ~ 25) OR
(0 ~ 50) OR
{0~ 55)
4 ~ 1 OR
0 ~ 5 OR
0 ' 32 OR
0 ~ 06 OR

(0F 008)OR
0 F 086 OR

OAR I 5 69 VALUE

LANGER 52
HAMILTON 53
FR IEDMAN 58
BECK 68
DARIS 69
SALGO 69
BERGKV YS 72
COWSIK 72
RODE 72

DISAGREES WI

CNTR ANT I-NEUT (TR I TI UM )
CNTR ANT I-NEUT ~ ( T R I T I UM I 11/73
CNTR ANTI-NEUT ( TRI TI UM)
CNT R NEUTRINO(SODIUM 22 ) 11/73
CNTR ANTI-NEUT (TRITIUM) 11/73
CNTR ANTI-NEUT ~ ( TRI TI UM) ll/73
CNT ANT I-NEUT ~ (TRITIUM ) ll/73
THEOR ~ LI M» FROM COSHQLQGY 3174
CNTR ANT I-NEUT ~ ( TR I Tl UM ) 11/73
TH FIG 6 WE USE F IG ~ 6 ll/73

11/75~
11/75+

450 ~

1 (E-NEUTRINO) — (E-ANTINEUTRINO) MASS DIFF (KFV)

OR LESS CL= 90 CLARK 74 ASPK KE3 DECAY 11/75&

450 ~ OR LESS CL»90 CLARK 74 ASPK KE3 DECAY
LOWEST LIMIT FROM STRANGENESS CHANGING DECAY»

MM

MM

MM

MM

HM R
HM

MM

HM

MM

MM

MM R

SEE RICH 72 FOR A REV1EW OF THEORY AND EXP
i»0011609) +-(24) + 10++-7 SCHUPP 61

(1~ 001159622 l +~ ( 27)+10+&-9 WILKI N SON 63
(1 ~ 001168) +-(22)+10++-6 RICH ee
( 1 ~ 001159557) +-(30)+10++-9 RICH 68
(1~ 0011596389)+-(31)&10++-10TAYLOR 69
(1» 001159644l +-{7)& 10++-9 WESLEY ' 70
( 1.00}1596577)+ (35) +10&+-10WESLEY 71
(1 0011603) +-{12)+10++-7 GILLE1 AND 72

1 ~ 0011596567 +-(35)+10++-10COHEN 73
RICH 68 I S REEVALUATION QF MILKY NSQN 63 ~

FR IMENTS ~

CNTR
CNTR
CNTR + POS ITRQN
CNTR
RVUE
CNT R

CNTR
CNTR +
RVU E

SCHUP P
MILK INSO
COHEN
MOE

RICH
RICH
TAYLOR
WESLEY
WESLEY
GILLE LAN
RICH
COHEN
STEI NBER

REF ERE NCES FOR ELECT RON

61 PR 121 1 A A SCHUPP, R W P IDD, H R CRANE ( MICH)
63 PR 130 852 D T WILKINSONrH R CRANE (HICH )
65' RMP 37 537 COHEN r DUHQND ( N» A»AVIATION SC I» CENTER+CIT I
65 PR 140 8 992 M K MOE F RE INES (CAS E INST TECHNOLOGY)
66 PRL 17 271 A RICHr H R CRANE (MICH)
68 P RL 20 967 A R ICH {MICH)
69 RMP 41 375 +PARKERr LANGENBERG ( P R IN+UC I+PE NN I
70 PRL 24 1320 J C MESLEYrA RICH ( MICH)
71 PR A4 1341 J C 'WE SLE Yr A RI CH ( IUI I C H )
72 PR A5 38 J GILLELANDr A RICH ( MI CH )
72 RMP 44 250 A RICHr J C WESLEY ( MICH)
73 J ~ PHYS CHEM ~ REF ~ DATA 2r P ~ 663r F ~ R ~ COHENrB N ~ TAYLOR
75 PR 012 2582 STEINBERGr KWIATKOWSKirHAFNHAUTr WALL (UMD)

3 /74

8/66
8/ee
e/e8
2/71
6 /70
2/72
2/72
3 /74

REFERENCES FOR E-N EUT R INO

LANGER
HAMI LTQN
FRIEDMAN
BECK
DAR I 5
SALGQ
BERGKVI 5
COWS IK
RODE
CLARK

52 PR 88 689
53 PR 92 1521
58 PR 109 2214
68 ZPHY 216 229
69 NP A 138 545
69 NP A138 417
72 NP 839 317
72 PRL 29 669
72 LNC 5 139
74 PR 09 533

2 MU-NEUTRINO(0 r J=l/2 )

L M LANGERr R J D MOFFAT { INO IANA )
0 HAMI LTQNr W P ALFORDr L GROSS (PRINCETON )
LFWI5 FR IEOMANr LINCOLN G SMITH (BNL)

3ECK H DANIEL ( MP IH )
DARI Sr C ST-PIERRE ( LA V AL -QU E 8EC )

R C SALGOr H H STAUB ( ZURICH)
KARL-ERIK BERGKV I ST (UN jv STOCKHOLM)
R COWS IKr J MC CLELLAND (UCB I
B RODE r H DANIEL ( HUNI CH+ MP I H )
+EL IOFFr FR ISCHr JQHNSONrKERTHr SHEN+ (LBL )

H

M C
H D
M

M

M 0
M

M F IT

{ 105 ~ 659)
(105»6599)
(105 ~ 6597 )
{ 105 ~ 6594)

10 5 ~ 65948
CRANE 71 GI VE
CROWE 72 GYVE

~ ~ ~ ~ ~

105»65948

4 MUON(10br J=l/2)

4 MUON MA 55 ( MF V)

( 0 002) FE INBERG 63 RVUE
{0 ~ 0014) TA YLQR 69 RVUE USING NEW E/H
(0 ~ 0005 I CRANE 71 CNTR INCLUDED IN COHEN73
( 0 ~ 0004) CROWE 72 CNTR INCLUDED IN COHEN73

0»00035 COHEN 73 RVUE
S MUIHE=206. 76878{85) ME USE HE= 5110041{16)MEV
5 MU/ME=206. 768z{ 5) AND USES ME=. 5), 10041(le)MEV.
~ ~ ~ ~

0 ~ 00035 FROM F IT ( ERROR INCLUDES 5 CALE . FACTOR 'OF 1»0 I

7!70
1/73
2/72
3174
1/73
1/73

2/764

M

M

M

M

M

M

M

8 M

M 5
M

M 8 M

H D M

M M

M 8
M S
M D

2 HU-NEUTRINO MA SS (ME V)

3 5 OR LESS BARKAS 56
4 ~ 0 OR LESS DUDZ I AK 59
3 ~ 6 OR LESS FE INBERG 63
3 ~ 0 OR LESS ALLCOCK 65
2 5. OR LESS BARDON 65
2 ~ 8 OR LESS CL= »90 SHAFER 65
1 ~ 6 OR LESS CL= 90 BOOTH 67
2 ~ 2 OR L ESS Cl = ~ 90 HYMAN 67

(1»2) OR LESS CL= ~ 90 BACKENSTO 71
1 15 OR LE SS CL=» 90 SHRUM 71

(8 EV) OR LESS COWS IK 72
1 15 OR LESS CL= ~ 90 BACKENSTO 73
0 65 OR LE SS CL= ~ 90 CLARK 74
1 ~ 0 OR LESS CL= 90 DAUM 76

WE CALCULATE UPPER LIMIT AT CL= »90 FROM M+
BACKENSTOSS 73 REPLACES BACKENSTOSS 71 AND

SHRUM 71 USES 5I{AFER 67 P I- MASS VALUE AND
DAUH 76 USES OUR 1974 P I- AND MU MASSES

FHUL
CNTR
RVUE
RVU E
ASPK
CNTR
CNTR
HEBC
CNTR
CNTR
THE OR
CNTR
ASPK
SP F. C

&2 ~

USES
CRANE

0» K- HE
H+& 2=- 1.28+- 1 ~ 24
M&+2=-1 ~ 55+-1 ~ 14

~ LI M ~ FROM COSMOLOGY
M&&2=-0 29+-0 ~ 90
KMU3 DECAY
M++ 2= 0.23+-0.54

THE I & NEM PI — MASS ~

71 HU MA SS VALUE ~

7/66
7/66

5/71
3/68

11/67
10/71
12/71
3!74
1/73
7/74+
1/76&
I /764
1/73
1/73
1/764

4 MUON MEAN LIFE ( UNI TS 10++-6)

T
T
T
T
T
T M

T
T
T W

T W

T
T A

T

11/C. 7

7/66
2/76&
1/764
1/764
1/764
I/764

4 MU+/MU- MEAN L IFE RAT IO

DT 1 ~ 000 0 001 ME YER 63 CNTR MEAN LIFE MU+IMU- 7!66

2 ~ 198 0»001 0»001 FARLEY 62 CNTR
2»203 0.004 LUNDY 62 CNTR , CONLEV= 98
2 202 0.003 0 003 ECKHAUSE 63 CNTR
2» 197 0 005 0 ~ 002 MEYER 63 CNTR +
2 198 0 ~ 002 ' . 0 ~ 002 ME YER 63 CNTR

(2 ~ 20026) {0 00081) M ILL IAMS 72 CNTR +
2»1973 0 ' 0003 DUCLOS 73 CNTR +
2. 19711 0 ~ 03008 BALANDIN 74 CNTR +

WI LLI A MS 72 MEAN L IF E MEASUR EMENT WAS NOT THE PR IMAR Y PURPOSE OF
THEIR EXPERIHENT AND DISAGREES STRONGLY WITH LATER EXPTS NQT AVGD ~

~ ~ ~ ~ ~ ~ ~ ~ ~

VG 2 197134 0 ~ 000077 0 ~ 0000 77 AVERAGE ( ERROR INCL ~ SCALE FACTOR OF 1 0)
STUDENT 2, 197133 0. 000084 0. 000084 4 VG ~ USI NG STUDE NT10 (H/ l. 11) -- 5 EE TEXT

R EF ER ENCES FOR MU-N EUTR INO

BARKAS 56 PR 101 778
DUDZ IAK 59 PR 114 336
FE INBERG 63 ARMS 13 431
ALLCOCK 65 PPSL 85 875
BARD ON 65 P RL 14 449

W H BARKASrW BIRNBAUMrF M SMITH (LPL)
M F ~ DUDZ IAKr R SAGANFr J VEDDER (LRL I
G FEINBERGr L M LFDERMAN (COLUMBIA)
G R ALLCOCK ( LI VER POOL I

BARDONr NORTONr PEO&L F~ + (COl U+STONY BPQQK )

2 ( MU

NEUTRINO�

) ( HU ANTI NEUTRI NQI MASS DIFF ~ ( lEVI

( 0 45) OR LESS CL=. 90 CLARK 74 ASPK KMU3 DECAY 11/754
E XP ERI MENTS ~

62 CNTR +
68 C NTR + STOR ~ R I NGS
68 cNTR — sTQR ~ RI NG5

TO GIVE MU+- VALUE BELOW
e8 cNTR +- s~QR. RINGs
75 CNTR + STORAGE RING

MH SEE RICH 72 FQR A REVIEW OF THEORY AND
MM (&162 ~ 0) {5 0 ) CHARPAK
MM B ( 1165~ 75) ( 0 71) BAILEY
MM 8 (1166~ 25 I (0 24l BAILEY
MM 8 ERRORS STATISTICAL VALUES COMBINED
MM 1166 16 0 31 BA & LEY
MH 1165F 895 0 027 BA ILEY
MM ~ ~ ~ ~ ~ ~ ~ ~ ~

MM AVG 1165~ 897 0 027 A VERAGE (LRROR I
HM STUDENT1165 897 0.029 AVERAGE USING ST

NCLUDES SCALE FACTOR OF 1»0)
UDENT10( H/1 11) -- SE E TE XT

4. MUON ANOMALOUS MAGN» 'rlOMENT {10++-6&El ( 2+NlU MASS ) )

3/74

5/69
5/69
5/69
5/69

ll/75+
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Particle Data Group: Review of particle properties S63

Data Card Listings
For notation, see key at front of Listings.

Stable Particles

4 MUON TO PROTON MAGNET IC MOMENT RA~ IO

MMR THIS RATIO IS US Et) TQ OBTAIN PRECISF VALUES PF THE MUON MASS ~

MMR SEE CROME 72 ~

MMR (3 ~ 1865) ( «0022) COFF Ihl 58 CNTR + SPIN RESOhIANCE
tilMR (3 18"0) I 00111 LUNDY 58 CVTR + PRECESSIOhl STRQB
MMR (3«176) ( ~ 013) LUNDY 58 CNTR - PRECESSION STROB
MMR ( 3 e 1834 ) ( ~ 00021 GAR WIN 60 CNTR + PRECESSIQhl PHASE
MMR (3 18336) ( ~ 00007 I 8 INGHAM 63 CNTR + PR ECESSIQN STROB
MMR ( 3 ~ 18081 ( ~ 0004) BI NGHAM 63 CNTR — PRECESS ION ST ROB
MMR (3 18338) ( ~ 00004) HUTCHIN S 63 ChITR + PRECE SSIQN PHASE
MMR D (3«183351) ( ~ 300016) EHRL I CH 69 CNTP HFS SPL ITT ING
MMR C ( 3 183314)( ~ 000034) THOMPSON 69 CNTR HF5 SPLIT& I NG
MMR (3 ' 1833301( ~ 000044) HUTCHINS 70 CNTR + PRECESSION PHASE
MMR H (3e 183347) ( ~ 000009) HAGUE 70 CNTR + PRECESSION PHASE
M&R C (3 183336)( ~ 0000131 CRANE 71 CNTR HF5 SPLITTING
MMR D (3 183349)( ~ 000015) DEVQE 71 CNTR HF S SPLITTING
MMR F (3~ 183326) ( o 000013 ) FAVART 71

CONTR

HcS SPL ITTEt(G
MMR H ( 3 1833467( 0000082) CRQWE 72 CNTR + PRECESSION PHASE
MMR R THE RESULTS THROUGH 1972 ARE INCLUDED IN COHEN 73 ~

MMR R 3 ~ 1833402 ~ 0000072 C 0 HE N 73 RVU F.

MMR 3 1833299 0000025 CA SPER SON 75 CNTR
MMR C CRAhlE 71 SUPERSEDES THOMPSON 69 ~ THIS IS NOT A DIRECT MEASUREMFNT«
MMR H CROWE 72 SUPERSEDES HAGUE 70 ~

MMR F &AVART 71 ASSUMES A ZERO VALUE FOR THc PROTON PQLARI ZASILITY ~

MMR D DEVOE 71 SUPERCEDES EHRLICH 69 ~ THIS IS NOT A DIR ECT MEASUREMENT ~

MMR D WE G I VE A NE W VALUE WHI CH CONTAINS A THEORETICAL CORRECT IOhl OF
MMR D -7e8+-2 ~ 3 PPMt AS DISCUSSED IN FOOTNOTE 35A Qc CRQWE 72 ~

MMR ~ ~ ~ ~ ~ ~ ~ ~ ~

MMR AVG 3 ~ 18333100~ 0000032 A VERAGE f ERROR INCLUDES SCALE FACTOR OF 1 «41
MMR STUDENT3 18333090 0000026 AVERAGE USING STUDENT10(H/1 111 - SEE TEXT

3/72
3/72
2/72
2/72
2/72
2/72
2/72
2/72
2 /72
2/72
2/72
2/72
2/72
2/72
1 /73
2/72
2/72
3/74
3/74
2/76¹
1/73

1/73
1 /73
1/73
1/73

DFL DELTA P ARAMF TER
Dc L 8354 0 ~ 78
DEL 0 ~ 782
DEL 490K 0 ~ 75 2
DEL VOSSLFR b9 HAS
DEL ~ ~ ~ ~ ~ ~

DEL AVG 0 ~ 7551
DEL STUDENT 0 ~ 7550

( V-A THEORY PREDICTS DELTA=O ~ 75)
0 «05 PL AND 60 HSC + WHOLE SPEC TRUM
0 ' 031 KRUGE R 61
0 ' 009 FRYSERGER 68 ASPK + 25-53 MEV Et.
MEASURED THc ASYMMETRY BELOW 10 MEV
~ ~ ~

0 ~ 0085 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 «0)
0 ~ 0094 AVERAGE USING STUPENT10(H/jo jl) -- SEE TEXT

GS
GS

SCALAR COUPLING CONSTANT IN MUON DECAY
0 ~ 33 OR L ESS DE RENZO

I IN UNITS OF. GV I
69 RVUE

GA

GA

FAV
FAV

AXIAL VECTOR COUPI. ING 'CONSTANT I N MUON DECAY (IN UNITS OF GV)
0«86 0 ~ 33 0 11 DERENZO 69 RVUE

'PHA SE BETWEEhl VECTOR AND AXIAL VECTOR COUPLINGS (DEGREES I
180 15' DERENZO 69 RVUE

HEL HEL I C I TY OF DECAY EL ECTRON ~

HEI ( V A THEORY PRED ICTS HEL IC IT Y-+ 1 FOR E+ t R SP ECTI VELY)
HEL WE HA VE FLIPPED THE SIGN FOR E- SO OUR PROGRAMS CAN AVERAGE
HEL D (0 ~ 28) f 0 ~ 161 D I C K 63 CNTR + ANNI HI LAT I ON

HEL 0 IN DQUBT- POSITRQNS POSSIBLY DEPOLARIZED IN BE MODERATOR ~

HEL 1 ~ 05 0 ~ 30 BUHLER 63 CNTR + ANNIHILAT ION
HEL 0 ' 94 0 ' 38 BLOOM 64 CNTR + 8 RE IIIIS TRANS MI SS
HEL 1 ~ 04 0 ~ 18 DUCLOS 64 CNTR + SHABHA SCATT
HEL 29K 0 ~ 89 0 ~ 28 SCHMARTZ 67 QSPK — MOLLER SCATT
HEL ~ ~ ~ ~ ~ ~ ~ ~ ~

HEL AVG 1 ~ 00 0 ~ 13 AVERAGE (ERROR INCLUDES SCAt E FACTOR OF 1 ~ 01
HEL STUDENT 1 ~ 00 0 ~ 14 AVERAGE USING STUDEI'IT10(H/1 ~ 11) -- SEE TEXT

10/69
10/69
10 /69
11/69

10/69

10/e9
10/69
10/69
10/69

10/69

10/69

10/69

GT
GT

TENSOR COUPLING CONSTANT IN MUON DECAY
0 ' 28 OR LESS DERENZO

(IN UNiTS OF GV I
69 R VUE 10/69

Pl
P2
P3
P4
P5

4 MUON PART IAL DECAY MODES

MUON I NTO E ANTI (E-NEU) (MU-NEU)
MUON INTO E 2GAMMA
MUON I NTQ 3ELECT'RONS
MUON INTO E GAMMA
MUON !NTO E ( E~N EU) ANT I ( MU-NE U I

DECAY MASSES
, 5+ 0+ 0.5+ 0+ 0
~ 5+ ~ 5+ ~ 5
~ 5+ . 0
«5+ 0+ 0

GP
GP

PSEUDQSCALAR COUPLING COhlSTANT IN MUON DECAY (IN UNITS OF GVI
0 ' 33 OR LESS DERENZO 69 'RVUE

REFERENCES FOR MUON

10/69

Rl
Rl
Rl P
Rl P

MUON BR ANCHI NG RAT IQS

MUON INTO E+2GAMMA ( IN UNITS OF 10¹¹-51 (P2) / (Pl)
1 6 OR LESS Cf.= «90 FRANK EL 1 63 OSPK +
0 ~ 4 OR LESS CL= ~ 90 POUTISSQU 74 CNTR + 12/75¹

PQUTISSOU 74 L IMIT APPLIES TO SUM OF ALL NEUTRI NOLESS MU+ DECAYS ~ 1/76¹

COFF IN
LUNDY
BARDQN
DUDZI AK
GARW IN
PLANO
AL I-ZADE
KRUGER

58 PR )09 973
58 PRL 1 38
59 PRI 2 56
59 PR 114 336
60 PR 118 271
60 PR 119 1400
61 JE TP 13 313
61 UCRL-9322 {UNP UB I

+GARWINt PENMANt LEDERMANt SACHS f COLUMBIA I
+SENS ~ SWANSONr TELEGDI rYOVANQV ITCH (CHICAGO)
M SARDONt 0 SERLEYr L LEDERMAN (COLUMBIA )
W DUDZIAKt R SAGANEr J VEDDER (LRL )
GARWIN tHUTCHINSONt PENMANr SHAPIRO (COLUMBIA I
R J PL AND ( COL UMB I A )
ALE ZADE t GUREVICHr NIKQLSK I (USSR I

H KRUGEP, f LRL I

R2
R2 F
R2 F
R2 F
R2
R2 K

R2 K

R2 F
R2
R2

R3
R3
R3
R3

R4
R4
R4
R4

MUON INTO E+GAMMA ( IN UNITS OF 10¹¹-81
4 ~ 3 OR LESS CL= ~ 90 FRANKEL1
2 ~ 2 OR LESS CL ~ 90 PARKER
2 ~ 9 OR LESS CL= ~ 90 KORENCH1

MUON+ I NTO (E+ ( E-ANT INEU) ( MU-NE U) )
FORBIDDEN. BY ADDITIVE CONSERVATI VATION
MULT I PLICATE VE LAW PREDICTS R4 0 ~ 5

Oe 25 OR LESS CL~«90 EICHTEN

(P4)/(Pll
63 0SPK
64 OS PK
7l, OSPK +

(P5)/ f Pl )
LA W F OR MUON NUMBER ~

73 HLBC +

4 MUON DECAY PARAME TE RS

MUON INTO 3E (IN UNITS OF 10¹¹-71 (P3)/t Pl I
5 0 OR LESS CL ~ 90 PARKER 62 CNTR
1 «3 OR LESS CL= «90 AL IKHANOV 62 OSPK
1 ~ 5 OR LESS CL~ ~ 90 FRANKEL2 63 CNTR
1 ~ 2 OR LFSS CL= ~ 90 BASAEV 63 OSPK
0 ~ 062 OR I.ESS CL= ~ 90 KORENCH2 71 QSPK

KQRENCHENK02 71 ASSUMES A CONSTANT MATRIX ELEMENT ~

FOUR ABOVE EXPERIMEhlTS EVALUATED UPPER I. IMITS ASSUMING A SECOND
ORDER V-A NEUTRINO LOOP DIAGRAM ~ LIMITS NOT SIGNIFICANTLY CHANGED SY
ASSUMING A CONSTANT MATR IX EI. EMEN7 ~

2/72
2/72

10// 1

11/75¹

AL I KHANO
BLOCK
CHARPAK
FARLEY
LUNDY
PARKER

BABAEV
B INGHAM
BUHLER
DICK
ECKHAUSE
FF. I NBE RG
FRANKEL1
FRANKEL2
HUTCHINS
ME YER

BA RLOW
BLOOM
DUCLOS
GUR EVI CH
PONT ECOR
PARKER

64 PPS 84 239
64 PL 8 87
64 PL 9 62
64 PL 11 185
64 DUBNA CONF
64 pR 1338 768

62 CERN CONF 423
62 NC 23 1114
62 PL 1 16
62 CERhl CON F 415
62 PR 125 1686
62 NC 23 485

63 JE TP 16 1397
63 NC 27 1352
63 PL 7 368
63 PL 7 150
63 PR 132 422
e3 ARNs 13 431
63 NC 27 894
63 PR 130 351
63 PR 131 1351
63 PR 132 2693

A I ALIKHANOVr A BABAEV + ( ITEP MOSCOW )
BLOCK t F IQR INI t K IKUCHI+(DUK Et BOLOGNA t MELANO)
G CHARPAKtF J M FARLEYtR L GARWIN + f CERN)
F A R L E Y t M A S SAM t MULL ER t Z I C H!C Hi (CERN)
R I CHARD A LUNDY (EFI )
S PARKER tS PENMAN (EFI)

BABAEVt BALATS tKAFTANGVt LANDSBERG + {ITEP )
G ~ MCD ~ BENGHAM (LRL)
+CAS IBBO tF IDECARQ r MASSAMt MULLE R+ {CERN)
DICK t F EUVRAI S r S PI GHEL (CERN )
M ECKHAUSEtT A FILEPPAS + (CARhlEGI E I
GERALD FEINBERGt L M LEDERMAN tCOLUMBIA)
S FRANKEL t 'W FRAT I t J HALPERN + {PENN I
S FRANKELt M FRATI t J HALPERN + t PENN)
HUTCHINSONt MENESt PATLACHt SHAPIRO (COLUMBIA)
S L MEYE R t ANDERSON t BI ES ERt LEDERMAN+ (COL U I

+BOOT Hr CARROLt COURTr DAVE ES r EDWARDS+ ( LI VP I
+DICK tFEUVRAI StHENRY t MACQtSPEGHEL ( CERN)
+HE IN TZ E t DE R UJ ULA ~ SOERGE L (CERN)
GUREVICHt MAKAR EYNA+ (KURCHATOVr MOSCOW I
PQNTECORVOt SULYAEV (MOSCOW I
S PARKER tH L ANDERSQNtC REY (EFI )

RELATED TE XT SECTION VI A

10/69
10/69

10/69
10/69
10/69
10/69
10/69
10 /69
10/69
10/69

10/69

RHO R HO PA RAME TER (V-A THEORY PREDICTS RHQ~O «75)
RHO C t 0 ~ 741l (0 ~ 027) DUDZ IAK 59 CNTR + 20-53 MEV E+
RHO P92 13 0« 745 0 ~ 025 PLANQ 60 HBC + WHOLE SPECTRUM
RHQ P TWQ PARAMETER FIT TQ RHO AND ETA ~

RHO C 2276 (0«7511 (0 ~ 034l BLOCK 62 HEBC — WHOLE SPECTRUM
RHO D (0 ~ 641 (0 ~ 04) BARLQM 64 CNTR —'WHOLE SPECTRUM
RHQ D ( 0 661) ( 0 ~ 016) BARLQW 64 ChlTR + WHOLE SPECT RUM

RHO D (0 ~ 867) f 0 «035) PONTECORV 64 CC
RHO D RE SULTS I N DOUBT o

RHQ C 800K ( 0 ~ 7503) t Oe 0026) PEOPLE S 66 ASPK + 20-53 MEV E+
RHO C 280K (0 ' 760) (0 ' 009 1 SHERWOOD 67 ASPK + 25-53 MEV E+
RHO C 170K {0 ~ 762) f 0 ~ 008 ) F RYBERGER 68 AS PK + 25-53 MEV E+
RHO C ETA CONSTRAINED =0 ~ THESE VALUES INCORPORATED INTO A TWO PARAMETER
RH(I C F IT TO RHQ AND ETA BY DEREN ZO 69 ~

RHO 0 ' 7518 0 ' 0026 DERE NZQ 69 RVUE
RHO ~ ~ ~ ~ ~ ~ ~ ~ ~

RHO AVG 0 7517 0 «0026 AVERAGE ( ERROR INCLUDES SCAL E FACTOR OF 1 ~ Ol
RHO STUDENT 0 ~ 7517 0 ~ 0028 AVERAGE USING STUDENT 10 ( H/1 ~ 1 1 I -- SEE TEXT

PEOPLES
GUREVICH
SCHWARTZ
S HERWOQD
BAILEY

ALSO
FRYBERGE

DER ENZO
EHR L ICH
TAYLOR
THOMP SQN
HAGUE
HUT C HENS

CRANE
DEVOE

ALSO
FA VART
KORE NC Hl
KORENCH2

66 NEVIS-147 (UNPUB)
67 IAE 1297
67 P R 162 13t)6
67 PR 1.56 1475
68 PL 288 287
72 NC 9A 369
68 PR 166 1379

69 PR 181 1854
69 pRL 23 513
69 R MP 41 375
69 PRL 22 163
70 PRL 25 628
70 PRL 24 1254

71 PRL 27 474
71 PRL 25 1779( ER I

71 PRL 26 213
71 pRL 27 133e
71 SJNP 13 190
71 S JNP 13 728

+CASPERSONrCRANEt EGANr HUGHES+
+MC INTGRE t MAGNONt STOWELL r SWANSON+
DEVOEt MCINTGREt MAGNOhlt STOWELL+
+MC INTYRE r STQWELL't TEL EGDE r DEVOE+
KORENCHENKO KOSTI N MICELMACHER+
KORENCHENKOt KOST INr MI CELMACHER+

f YAL E I
(CHICAGO)
(CHICAGO)
(CHICAGO )

( JINR I
( JINR)

J PEOPLE S f COLUMBIA I
GUR EV I CHt MAKAR I YNA t M I SHAKO VA+ (KURCHATOV)
0 M SCHWARTZ {EFI)
8 A SHER WOOD {EFI I
+BARTLt VQN BOCHMANNt BPOWN t FARLEY+ (CERNI
+BARTL r VON BOCHMANNt BROWNt FARLFY+ .. ( CERN)
D FRYBERGER (EFI )

S DERENZO (EFI )
+HOFER t MAGNON r STOWEL(- t SMANSON+ (CHICAGO)
+P ARK ER r L AhlGENB ERG f PR IN+UC I+PENN I
+AMATOt CRANE r HUGHES t hIQSL EY+ (YALE I
+ROT HBERG SCHENCK WILL IAMS+ (WASH+L RL )
HUTCHINSONtLARSONr SCHOENt SOBERr+ t PPA)

ETA
ETA P
ET A P
ET A C
ET A C
ET A C
ETA C
ET A

ET A PAR AMET ER
9213 ( -2 0) ( 0 ~ 9)

TWO PARAMETER FIT TO RHO
800K (0 ~ 05) (0 ~ 5)
280K (-0~ 7) (0 6)
170K ( 0«7) (0 ~ 5l

RHO CONSTRAINED =0 75
6346 0 12 0 ~ 21

(V-A T HEQRY
PLANQ

AND ETA- PLANO
PEOPLES
SHERWOOD
FRYBERGER

PR EDICTS ETA=0)
60 HBC + WHOLE SPECTRUM
60 DI SCOUNTS VALUE F OR ETA
66 ASPK + 20-53 ME V E+
67 ASPK + 25-53 MEV E+
68 ASPK + 25-53 MEV E+

10/69
10/69
10/69
10/69
10/69

DERENZO 69 HBC + 1«6-6 ~ 8 MEV E+ 10/69

C ROME
WELL IAMS
COHEN
DUCLOS
E ICHTE N

BAL AND IN
POUTESSO
BAILEY
CASPERSQ

72 PR D5 2145 +HAGUE tRQTHBERGt SCHEhlCK+ t LSL+ WASH)
72 PR Db 737 R W W ILL IAMS -D L WILLIAMS (WASHINGTON)
73 J ~ PHYS ~ CHEM ~ REF ~ DATA 2t PE 663t E ~ R ~ COHEhlrB ~ N ~ TAYLOR
73 PL 478 491 +MAGNONr P I CARD (SACL)
73 PL 46B 281 +0EDEhl+ ( AACH+B ELG+CERN+EPOL+M IL A+LALO+LOUC I

74 JETP 40 811 +GRESENYUK tZI NOVt KONI N ~ PONOMAREV ( J INR I

74 NP 880 221 POUTISSOV ~ FELAWKA t INGRAM + (MONL+UBC)
75 PL 558 420 +BORER+ (CERN+OAR E+BERN+SHEF+MANZ+RMCS+ Bi RM I
75 PL 598 397 D ~ E ~ CASPERSON ET AL ~

XS I XSI PARAMETER (V-A THEORY PREDICTS XS I=j)
XS I 9K 0 ~ 97 0 ~ 05 BARDQN 59 CNTR BROMOFORM TARGET
XSI 8354 0 ' 93 0 F 06 PLANO 60 HBC + 8 ~ 8 KGAUSS
XSI A ( 0 ~ 903 ) f 0 ~ 027 1 AL I-ZADE 61 EMUL + 27 KGAUSS
XS I A DEPOLARIZATION BY MEDIUM NOT KNQ'WN SUFFICIENTLY WELL ~

XS I G 66K ( 0 ~ 975 ) (0 ~ 030 ) GUREV ICH 64 EMUL 140 KGAUSS
XS I 0 ~ 975 0 ~ 014 GUREVICH 67 EMUL
XSI G GUREVICH 67 SUPERSEDES GUREVICH 64
XSI ~ ~ ~ ~ ~ e ~ ~ ~

XS I AVG 0 ~ 972 0 ~ 013 AVERAGE - ( ERROR I NCL UDES SCALE FACTOR OF 1 «0 I
XSI STUDENT 0 973 0 ~ 014 AVERAGC USING STUDENT10(H/1 ~ ill -- SEE TEXT

10/69
10/69
10/69

10/69
10/69
10/69

FISHER
ASTBUR Y
DEVONS
LATHROP
LATHROP
REITER
TELEGDI
CHARPAK
HUT C HI NS
SHAPE RO
FAIRLEY
VOSSLER
RICH

59 PRL 3 349
6 0 ROCH CONF 60
60 PRL 5 330
60 hl C 17 109
60 NC 17 114
60 PRL 5 22
60 ROCH CONF 60
61 PRL .6 128
61 PRL 7 129
62 P R 125 1022
66 NC 45A 281
69 NC 63 A 423
72 RMP 44 250

PAPERS NQT REFERRED TO IN DATA CARDS

F IS HER r L EONT I C t LUNDBY t MEUN IE R t STROOT ( CERN)
542 ASTBURYt HATTERSLEY t HUSS A IN + (L IVER POOL I

DEVQNS tGIDALt LEDERMANt SHAPIRO (COLUMBIA)
J LATHROP t R A LUNDYt V L TELEGDI + (EFI )
J LATHROP t R A LUNDYt S PENMAN + (EFI )
REITER t ROMANOWSKI, SUTTON + (CARNEGIE I

713 V L T ELEGD I {CERN)
CHARPAKt FARLEY tGARWINt MULLERt SENS + (CCRN )
D P HUTCHINSQNr J MENES + (COLUMBIA)
G SHAPIROt L M LEDERMAN ( COLUMBIA )
FAIRLEYt BAILEYt BRQ'WNr GIESCH + (CERN)
C VOS SLER (EFI)
A RICHr J C WESLEY {MICH)

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹
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Rev. Mod. Phys. , Vol. 48, No. 2, Part ll, April l976



S62 Particle Data Group: Review of particle properties

Sta,hie Particles
7t.+, pro

Data Card Listings
For notation, see key at front of Listings.

R EFERENCES FOR CHARGED P ION

8 CHARGED PION( 140' JPG=O--) I =1 CROWE 54 PR 96 470
BARKAS 56 PR 101 778
CROWE 57 NC 5 541
CAST AGNQ 58 PR 112 1779

K M CRQWE» R H PHILLIPS (LFL I
W H BARKASgW BIRNBAUNgF M SMITH (LFL }
K M CRQWE (STANFORD HEPL I
C CASTAGNOLIgM MUCHNIK (RQMA)

M

N

M

M

N

M

M

M

M

M

8 CHARGED P ION MASS (MEV)

S
8

S
B
S
8

AV
ST
FI

139» 37 0» 20 CROWE 54 CNTR
139»68 0 ~ 15 BARKAS 56 ENUL +

( 139~ 577) (0 ~ 013) SHAFER 67 CNTR - MESONIC ATOMS

(139' 549) ( 0 008) BACKENSTO 71 CNTR — MESONIC ATOMS
139~ 566 0 ~ 013 SHAFER 72 CNTR - MESONIC ATOMS
139' 569 0 ~ 008 BACKENSTQ 73 CNTR MESONIC ATOMS

SHAFER 72 UPDATES SHAFER6T WITH NEW ALPHA AND NEW CALIB LINE

ENERGY

BACKENSTOSS 73 CORRECTS BACKENSTOSS 71 WITH NEW VACUUM PQL ~ CALC ~

~ ~ ~ » ~ ~ ~ ~ ~

G 139~ 5682 0 0068 AVERAGE ( ERROR INCLUDES SCALE F ACTOR OF 1 ~ 0}
UOENT 139~ 5682 Oe0073 AVERAGE USING STUDENT IQ(H/1 11) -- SEE TEXT
T. 139 ~ 5688 0» 0064 F ROM F I T ( ERROR INCLUDES SCALE FACTOR OF 1»0 I

8 (Pj+ I — ( MU+ } MASS DIFFERENCE ( MEV)

6/68
10/71
1173
1/73
1/73
1/73

2/76¹

ANDER SQN
AS HK I N

DEPOMM I 1
DEPOMNI 2
BARTLETT
DI CAPUA

BACASTOW
BF.R&RAM

DUNA ITS E
EC KHAUS E

BAROQN
DUNAI TSE
KINSEY
LOBKQW I C

60 PR
eo NC
63 PL
63 PL
64 PR
64 PR

119 2050
16 490

5 61
7 285
136B 1452
1338 1333

65 P R 139 B407
65 PR 139 B 6).7
65 J ETP 20 58
65 PL 19 348

o

66 P RL 16 775
66 PL 23 283
66 P R 144 1132
66 P RL 17 548

H L ANDERSON T FUJII, R H MIi LER + (EFI )
ASHK INpFAZZINI p FIDECARO pL IPMAN + (CERN)
DEPOMMIERp HEINTZEp RUBBIAgSQERGEL {CERN}
P DEPQMNI ERpHEI NTZE ~ RUBBI A g SQERGEL (CERN )
BARTL ETT g DEVONS p MEYER pRQSEN (COL UMB IA )
DI CAPUA~GARLANDgPCNDROMgSTRELZOFF (COLUI

+GHES QU I ER Eq W I EGA NDg L ARSEN (LRL+SLAC )
BERTRAND NEYE Rt C ARRIGAN+ ( MICH+CARNEG IE I
DUNA I TSEV PETRUKHI N PRQKQSHK IN + (DUBNA I
ECKHAUS E~ HARRIS' SHUL ER+ ( WILL IAM AND MARY }

BARDQNyDOREgDQRFANgKRI EGER + f COLUMBIA)
+KUTY IN~ PRQKOSHK IN RASUVAEV SIMQNOV (DUBNA I
KINSEY' LQBKQWICZpNQRDBERG I ROCHESTER UNIV )
LQBKQW IC Z, ME L I SSI NQS, NAGA SHI MA+ ( ROCH+ BNL )

D

D

D
D

D
D

0
0

145

34» 00
33 ' 89
33 F 881
33~ 925
~ ~ ~ ~ ~

AVG 33»915
STUDE NT 33 ~ 915
F IT 33 ' 9093

0 ' 076
0.076
0 ' 035
0 ~ 025
~ ~ ~

0 019 AVERAGE
0 ~ 021 AVERAGE
0 ' 0064 FROM FIT

BARK AS;
BARKAS
HYMAN

BOOTH

56 ENUL
56 EMUL
67 HEBC
70 CNTR

+ K-HE
+ MAGNET IC SP ECT ~

( ERROR INCL UDES SCALE FACTOR OF 1 ~ 0}
USING STUDENT lo (H/1» 11) -- SEE TEXT
(ERROR INCLUDES SCALE FACTOR OF 1 0)

8 ((PI+) — {PI-))/AVG. g MASS DIFFERENCE (PERCENT)

2/71
2/71

2/76¹

DE POMMI E
PETt? UKHI
BOOTH
AYRES

ALSO
ALSO
ALSO
ALSO

68 NP B4 189
68 J INR-P 1-3862
70 PL 328 723
71 PR 3D 1051
67 P R 157 1288
68 PRL 21 261
69 UC RL-18369
69 P RL 23 1267

HYMAN 67 PL 258 376
NORDBERG 67 PL 24B 594
SHAFER 67 PR 163 1451

ALSO 65 PRL 14 923

+LOKENy PEW ITT q DERR ICK +, ( ANL+CARN+NWES )
NDRDBERGy LOBKOWICZ yBURMAN (ROCHESTER UNIV)
ROBERT E ~ S HAF ER (LPL )
SHAFERgCRQWEg JENKINS (LRL I

DEPOMMI ERg DUCLOS q HE INT ZEg KL E INKNECHT+( CERN )
PETRUKHIN, RYKALIN, KHAZINS, CISFK (DUBNA I
+JOHNSON g WILLIAMS y WQRMALD (Lj VP)
+CQR, I ACK i GR EEN BERG y K ENNEY + (L RL ~ UCSB )
AYRES SCALD WELL t GREE NBERG s KENNEY e KURZ+ (LRL )
AYRES o CORM ACK y GR EENBERG y KENNE Y+ ( LRl ~ UC SB)
CA V ID S AY RES (THCS IS ) (LRL )
GREENBERG yAYRESyCORMACKgKENNEY+ (LRLpUCSB}

DN

T
T
T
T
T
T
T
T
T
T
T
T
T
T
T

0002 0 »05 AYRES 71 CNTR 3/71

8 CHARGED PEON MEAN L I FE (UN ITS 10¹¹-9)
25 ~ 6
25 ~ 6
25 ~ 46
26 ~ 02
25 F 6
25 ' 9

( 26 ~ 40)
STEMATIC ER

26 ' 67
26 ~ 04
26 ~ 02
26 ~ 09

~ ~ ~ ~ ~

AVG 26 ' 030
s TUDE NT 2e. 028

0 ' 5
0 8
0 32
0 ' 04
0 ~ 3
0»3

(0 08}
ROR S IN

0 ~ 24
0 05
0 ~ 04
0 08

8000

N SY

»» ~ ~

0 ~ 023
0 ~ 025

0 ' 5 CRQWE
O»8 ANDERSON
0»32 ASHKIN

EC KHAUS E
BARDON
OUNA ITS EV
KINSEY

CALI BR» IN THI S E XP
LOBKOW I CZ
NORDBERG
AYRE S
DUNA ITS EV

57 R VUF.

60 CNTR
6P ChlTR +
65 CNTR +
66 CNTR
ee cNTR
66 CNTR +

~ DI SCUSSED BY
66 cNTR
67 CNTR +
71 CNTR +-
73 CNTR +

NQRDBERG 67

9/ee
6/66
6/68
6/66
8/67
9/66
8/67
3/71
3/74

0 ~ 023 AVERAGE (ERROR INCL» SCALE FACTOR QF 1 0)
0 ~ 025 AVG US ING STUDENT lo( H/1» 11) —SEE TEXT

BAC KE NST
ALSO

KOR ENCHE
SHAFER
BACKENST

ALSO
DUNA ITSE
BRYMAN

71 PL 36B 403
70 THESI S
71 SJ NP 13 189
72 PR I VATE COMM ~

T3 PL 43 8 539
73 SUBMITTED TQ NP
73 S JNP 16 292
75 PR Dl 1 1337

BACKENSTOSS yDANIELy KQCH+ f CEt? Np KARL ~ HE ID I
C» VQN DER MAL SBURG (HEIDEl BERG)
KORENCHENKQy KQSTIiNp MI CELMACHER+ ( JINR)
R ~ SHAF E t? g 1972 ( FNAL)
BACKENSTOSSgQANIELpKQCH+ (CERN+KARL+MUNICH)
L ~ T AUS CHER
DUNAITSEV P&QKQSHKIN RAZUVAEV+ (SERP I
+P ICC IQTTQ f UNIV OF VICTORIA)

PAPERS NQT REFERRED TQ IN DATA CARDS

ME RRI SQN 62 ADVP 1 1
S HAP IRO 62 P R 125 1022
CZI RR 63 PR 130 341

A W MERR I SON

G SHAPIRO L M LE DER MAN

JOHN 8 CZ IRR

(l I VERPQQL I
(COLUMBIA I

(LRL)

9 NEUTRAL PION ( 135' JPG= 0—) I= 1

¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

8 ( (PI~) — (PI-) ) /AVG. q MEAN LIFE DIFF ~ (PERCENT) 9 {PI+-I {P I 0) MASS DIFF ERENCE (MEV )

DT

DT
DT
DT
OT
DT
DT
DT
OT

0 ~ 23
ABOVE IS THE

0»4
-0 ~ 14

Oe055

L

AVG
STUDENT

~ ~ ~ ~ ~

0 ~ 053
p 053

0 ~ 40 LOBKQWI CZ 66 CNTR SEE NOTE L
MOST CONSERVATI VE VALUE QUOTED BY AUTHORS

0 ~ 7 BARDON 66 CNTR
0 ' 29 PETRUKHIN 68 CNTR
0 071 A YRE S 71 CNTR

» o

0 ~ 068 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ Ol
0 ~ 073 AVERAGE USING STUDENT10(H/1 11} -- SEE TEXT

N THI S QUANTITY IS A MEASURE OF CPT INVARI ANCE IN W I ~

9/66
9/66
7/66
8/68
3/71

D
0
D

D

D

D

D
D

D AVG
D STUDENT

(5 3T)
4»50
4 62
4 ~ 60
4 ~ 55
4 ~ 69
4. eo56
4 ~ 59

6034
~ ~ ~ ~ ~ ~

4 ~ 6043
4.eo43

(1 0)
0 ~ 31
Q ~ 05
0 ~ 04
0 ~ 07
0 ~ 07
0»0055
0 ~ 03
Q o 0052
~ » ~

0 ' 0037
0 ~ 0040

PANQF SKY
CHI NOW SKY
HADDOCK
HILLMAN
CA SSEL S
SAM IQ S
CZIRR
PC TRUKHI N

VAS IL E VSK

51 CNTR
54 CNTR
59 CNTR
59 CNT R

59 CNTR
60 HBC
63 CNT R
63 CNTR
66 CNTR

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
AVERAGE US ING STUDENT 10(H/1 ~ jl) -- SEE TE XT

2 /72

9/66

Pl
P2
P3
P4
P5
pe

Rl
Rl

R2
R2
R2
R2
R2
R2
R2
R2

8 CHARGED PION PARTIAL DECAY MODES

I NTO MU I MU-NEU)
INTO E ( E-NEU}
INTO MU (MU-NEU ) GAMMA

INTO P IO E ( E-NEVI
INTO E N EU GA MMA

INTO E NEU E+ E-

CHAR ~ PION
CHAR ~ PION
CHAR ~ P ION
CHAR ~ PION
CHA R o PION
CHAR ~ P ION

DECAY MASSE S
105+ 0

»5+ 0
105+ 0+
134+ .5+.5+ Q+.5+ p+

0
0
0

~ 5+ ~ 5

8 CHARGED PION BRANCHING RATIOS

CHAR ~ PION INTO MU NEU GAMMA (UNITS 10¹¹4) (P3}/(Pl}
26 1 24 0 ~ 25 CASTAGNOL 58 ENUL E (NU) o LT «3 38 MV

CHAR ~ PION I NTO E NEU {UNITS 10¹¹-4) (P2)/( P 1)
1 ~ 21 0 07 ANDERSON 60 CNTR

D (1~ 247) (0 ~ 028 l D I CAP UA 64 CNTR
D 1 ~ 274 0 ~ 024 BRYMAN 75 RVUE
D BRYMAN 75 IS A RECALC OF DICAPUA 64 EXPT USING LATEST PI LIFETIME ~

~ ~ ~ ~ ~ » ~ ~ ~

AVG 1 ~ 267 0 ~ 023 AVERAGE ( ERROR I NCLUDES SCALE FACTOR OF 1 ~ Q}
STUDENT 1e268 0 ~ 025 AVERAGE USING STUDENT10(H/1 1 I, I -- SEE TEXT

11/75¹
9/75¹
9/75 ¹

N 76
N 45
N 88

T
T:

T
T N

T
T N

T. K 2
T
T
T 8
T N

T N

T K

T B
T
T AVG
T STUDENT

0 ~ 828
0 ~ 835

{1~ 9l
(2 ~ 3}
(2 ~ 8 I

1 ~ 05
75 (1 ~ 7)

0»730
67 (1~ 6)
32 l»0

o.5e
0 9
O«82

OLD ENULS IQN M

SHIFT TQ LARGE
INCLUDES EVENT
BRQWMAN G IVES

9 NEUTRAL PICN MEAN LIFE (UNITS 10¹¹-lbI

6/66
6 /66
8167
7/70

12/70
7/75¹

8 /67
11/75¹
1 ~ 8)
EXT

I 0 ~ 5 I (0 ~ 5) GL ASSER 61 EMUL
1} ( 1 0) Tj ETGE 62 EMUL

(0 ' 9 I fp ~ 9) KQLLER 63 EMUL SEE STANER 66
0 ~ 18 0 ~ 18 VQN OARDE 63 CNTR

(0 ~ 5) SHWE 64 EMUL
0 ' 105 BELLETTIN 65 CNTR

(0'6) (0,5 ) EVANS 65. EMU(.
Q. 5 STAMER 66 EMUL
0 »06 BELLETTIN 70 CNTR PRIM» EFF ~ ON NUC
o.oe8 KRYSHKIN 70 CNTR PR IMAKOFF EFFECT
Q 04 BR QWMAN 74 CNTR PR I MAKOF F E FF ECT

EASURENENTS NQT USED BECAUSE OF POSSIBLE SYSTEMATIC
R MEAN LIFE VALUES
s OF KQLLER e3.
P Io W IDTH 8 ~ 02+ ~ 42EV ~ MEAN L IFE IS HBAR /WIDTH ~

~ ~ ~

0 ~ 057 Oo 053 A VERAGE (ERROR I NCL ~ SCALE FACTOR OF
0»038 0 ~ 035 AVG USING STUDENT10(H/le 1 1) -- SEE T
( SEE IDEOGRAM BELOW I

R3
R3
R3
R3
R3
R3
R3
R3
R3
R3

R4
R4

R5
R5

CHAR ~ PION INTO P I 0 E
D 52 ( 1~ 15) ( ~ 22}

D 36 O»97 0 ~ 20
D 38 1~ 07 0 ~ 21
D 1» 10 0 ~ 26
D 43 1 ~ 1 0 ~ 2

332 1 ~ OO 0» 08
~ ~ ~ ~ ~ ~ ~ ~ ~

AVG 1 ~ 023 O. 069
STUDENT 1 o Q23 0 074
D DE POMNIER 68 STAT ES
D 10 PERCENT TQO LARGE
D DETECT ION EFF IC IENCY
D MEASUREMENT S ACCORD I
D COMMUNICATIONS 1972 ~

CHAR P ION INTO C NEU
143 3~ 0 0 ~ 5

CHAR» P ION INTO E NEU
3 ~ 4 OR LESS

NEU ( UNITS 1o¹¹-8)
DE PQMMI 1
BARTLETT
BACASTQW
BERTRAM
DUNA ITS EV

0 10 OE POMMI E R

(P4}/(Pl I
+
+
+
+
+

63 CNTR
64 0 SPK
65 QS PK
65 QSPK
65 CNTR
68 CNTR

AV ERAGE {ERROR INCLUDES S CAL E FACTOR OF 1 0)
AVERAGE USING STUDENTlo(H/1 ll } -- SEE TEXT

THAT THE RESULT OF QEPQMNIER 63 I S AT LEAST
BECAUS E OF A SYSTEMAT I C ERROR IN THE P I 0

THIS MAY BE TRUE QF ALL THE PREVIOUS
NG To DEpoMNIER 68 AND v ~ sQERGELs pRI vATE

GAMMA ( UNITS 10¹¹-8) (P5) /(Pl}
DEPOMMI2 63 CNTR GAN KE 50-90 MEV

E+ E (UNITS 10¹¹-8) (Pe) /(P 1}
CL= 90 KQRENCHEN 71 QSPK +

2/72

6/66
7/66
3/68

2/72
2/72
2/72
2 /72

slee

10 /71

9 NEUTRAL PION PARTIAL DECAY MODES

Pj
P2
P3
P4
P5
P6

PI 0 I NTCl 2GANMA
P I 0 IN TC! E+ E- GAMMA

PIO INTO 4ELECTRONS
PI 0 INTO 3 GAMMA
P I 0 INTO 4 GAMMA

PIP INTO E+ E-

DECAY MASSE S
0+ 0.5+ .5+.5+ .5+
Q+ P+
p+ p+.5+ .5

0
~ 5+ »5

0
0+ 0

9 NEUTRAL PI GN BRANCHING RATIOS

(P2) /(P 1)
QUANTUM ELECT ~ 9/66

P I-P TO P IO N

SCALE FACTOR OF 1 ~ Ol
H/1 11) -- S EE T EXT

Rl P Io INTO (GAMMA E+ E-)/ (2GAMMA} (PERCENT)
Rl ( 1 ~ 196) THEQRET ~ CALC ~ JOSEPH 60
Rl 27 1 ~ 17 0 15 BUDAGQ V 60 HBC
Rj 3o71 l. lee 0.047 SAMIQS 61 HBC
Rl S SAMIQS VALUE USES PANQFSKY RATIO = 1 ~ 62
Rl ~ ~ ~ ~ ~ ~ ~ ~ ~

. Rl AVG 1 ~ 166 0 ~ 045 AVERAGE ( ERROR INCLUDES
Rl STUDENT 1 166 Qo 048 A VER AGE USING STUDE NT10'(
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Particle Data Group: Review of particle properties S63

Data Card Listings
For notation, see key at front of Listings.

Stable Particles
~0, Z+

(WEIGHTED RVERAGE ~ 1.207 + 0.080
ERROR SCALED BY 1.8

CHISQ
CNTR 0.0
CNTR 1.3
CNTR 8.9
EMUL
CNTR 0.7
CNTR 2.3

13 ~ 2
( CONLEV
=0.010)

~ BROLlMAN 74
.KRYSHKIN 70
~ BELLETTIN 70
STAMER 66
BELLETTIN 65

~ VON DARDE 63

2 3
NEUTRAL PI DFCAY RATE (UNITS 10%6SEC-1)

R2 PI 0 INTO {3 GAMMA) / (2 GAHMA) (UNITS 10¹¹6} (P4}/(Pl}
R2 0 5 ~ 0 OR LESS CL= ~ 90 DUCLOS 65 CNTR
R2 5 ~ 0 OR L ESS CL ~ 90 KUT IN 65 CNTR

6/66
3/68

10 CHARGED K MEA N L IF E ( UNI TS 10¹¹-8)
T C

T 0
0 52

T
T 0 33
T Q

T 0 5),
T 293
T
T
T
T
T
T 3M
T 0 OL
T

T
T

6/66
8/67
9/66
2/71
2/71

AVG
S TUDENT
F IT

wEIGHTED nvEv(-}GE - o.eoe4 + 0.0021
ERROR SCALED BY 2.4

Values above of weighted average,
error, and scale factor are for the
reader' s convenience only. The
data were actually processed. by a
constrained fit program, which
calculates its own values of x, 5x,
and scale factor, which are differ-
ent from the values shown here.

HAR ~ K MEAN LIFE
(0»95} ( 0.36 l ( 0» 25) ILQFF 56 EHUL.

(1 ~ 60) (0 ~ 3) {0.3) EISENBERG 58 EMUL

1 21 0 06 0 06 BURROWE S 59 CNTR
(1 38) (0 ~ 24) (0 ~ 24l FREDEN 60 EMUL

( 1 ~ 25) (0 ~ 22) (0»)7 l BARKAS 6 1 EMUL

( 1 ~ 27) ( 0~ 36) (0»23} BHOWMIK 61 EMUL

1~ 3 1 0 ~ 08 0 ~ 08 NOPDIN 61 HBC
(1.24) (0.07} NQRDIN el RVUE

1 ~ 231 0 011 0 ~ 011 BQYARSK I 62 CNTR +
l»2443 0 ~ 0038 FITCH 65 CNTR + K AT REST
1~ 221 0 ~ 011 FORD 67 CNTR +-
1.2272 0 0036 LOBKQWICZ 69 CNTR + K IN FLIGHT
l»2380 0 ~ 0016 QTT 71 CNTR + STQPPI NG K

0 EXPEP I MENTS W ITH LARGE ERR JRS EXCLUDED FROM AVERAGING

l 2370 0 J032 0,0032 AVERAGE {ERROR INCL ~ SCALF FACTOR OF 2 ~ 4l
1 ~ 2374 0 ~ 0016 0 ~ 0016 AVG» USING STUDENT10(H/1 11) -- SEE TEXT
1 2371 0 0026 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 91

(SEE IDEOGRAM BcLQW )

R3 PIO INTO (E+E+E-E-) /( 2 SAHMA) ( UNI TS 10¹¹-5)
R3 146 3 ~ 18 0 ~ 30 SAMIQS 62 HBC
R3 3 ~ 28 THEORE T» CA LC ~ HI YA ZAK I 73
R3 N ABOVE VALUE USES PANOFSKY RATIO = l»62

(P3) /'(Pi)
SEE NOTE N BELOW 6/66
QUANTUM EL ECT ~ 2/76¹

R4
R4

P IO INTO ( 4 GAHMA) /(2 GAMMA) (UNITS 10¹¹-5) ( P5 l/ (Pl )
0 6 ~ 1 OR LESS CL=»90 ABRAHS 73 ASPK

8/73
8/73

R5 P I 0 INTO ( E+ c-) /TOTAL (UNI TS 10¹¹-6) {P6 ) / ( P 1 ) 12/75¹
R5 D 2 ~ 0 OR LESS CL= ~ 90 DA VIE S 74 RVUE 12/7 5¹
R5 D DAY IE S 74 EXTRACTS THIS INFORMAT IGN FROM BLQCH 75 K+ EXP ER IHENT ~ 12/75¹

~ ~ ~ OTT 71
LOBKO(JICZ 69

~ . FORD 67
~ FITCH 65

BOY ARSKI 62
NORDIN 61
BURROAES S9

CNTR
CNTR
CNTR
CNTR
CNTR
HBC
CNTR

CHISQ
0.4
7.3

3.7

PANOF SKY 51 PR
CHINOWSK 54 PR
CASSELS 59 PPS
HADDOCK 59 PRL
HILLMAN 59 NC

81 565
93 586
74 92

3 478
14 887

REFERENCES FOR NEUTRAL PION

W K H PANOFSKY g R L AAMODT p J HADLEY (LRL )
W CHINOWSKYg J STEINBERGER (COLUMBIA)
CASSELS JONES MURPHY 0 NE ILL (LI VcRPOOL I
HADDOCKg ABASHI ANg CROWEt CZIRR (LRL )
HILLMAN MI DOE LKOQP YAMAGATA ZAVATTI NI ( CERN )

0.70 0.75 0.80 0.85 0.90 0»95
CHARGED K DECAY RATE (UNITS 10}){+8 SEC-1.)

11.4
( CONLEV
=0 .003)

BUDAGOV
JQS EPH
SAMI OS
GLASSER
SAM I OS
SAH I OS
7 I ETGE

60 JE TP 11 755
60 NC 16 997
60 NC 18 154
61 PR 123 1014
61 PR 121 275
62 PR 126 1844
62 PR 127 1324

CZIPR 63 PR 130 341
KQLLER 63 NC 27 1405

Al SO 66 STAMER
PE TRUKHI 63 SI ENA CONF 208
VON DAR 0 63 PL 4 51

JOHN 8 C Z I RR
E L KQLLc R, S TAYLOR, T HUETTER

(LRL )
(STEVENS )

V I PETRUKHINg YU 0 PROKOSHKIN ( JINR)
VON DARDEL, DEKKERS g ME RMOD, VAN PUTT EN+ ( CERN )

BUDAGQVy VIKTQRg DZHEL EPOV y ERMOLOV + .( J INR )
0 W JOSE PH (EFI)
N P S AMI OS (COL UMBI A )
R G GLASSERqN SEEMANg 8 STILLER (NRL )
N P SAMIO S (COLUHBIA+BNl )
S ANIOS p PLANOg PRODELL + {COLUMB IA+BNL )
J TIETGE i W PUESCHEL ( 'MAX PLANCK INST l

10 ((K+) — (K-l)/AVG. , MEAN LjcE DIFFERENCE (PERCENT)

DT N THIS QUANTI TY I S A MEASURE QF CPT INVARI ANCE IN W ~ I ~

DT
DT
DT
DT AVG
DT STUDENT

0 ' 47
0 ~ 090

0 30.
0» 078

F QRD 67 CNTR
LQBKOWI C Z 69 CNTR

10 CHARGED K PARTIAL DECAY MODES

~ » ~ ~ ~ » ~ ~

0 ~ 114 0 ~ 093 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 2)
0» 112 0» 083 AVERAGE USING STUDENTlD( H/1»ll I —SEE TEXT

8/67
12/70

SHWE 64 PR 1368 1839
BELLETT I 65 NC 40 A 1139
DUC LOS 65 PL 19 253
EVANS 65 PR 139 B 982
KUT IN 65 J ETP L ETT 2 243

66 PR 151 1108
ee PL 23 281
70 NC 66A 243
70 JETP 30 1037
73 PL 458 66
73 PR D8 2051
74 PRL 33 1400
74 NC 24A 324

STAMER
VASILEVS
BELL ETTI
KR YS HK I N

ABRAMS
M IYAZAK I
BROWMAN
DA VIES

H SHWE yF M SMI TH g W H BARKAS (LRL )
BELL ETTIN I p BEHPQRAD g BRACC I NI+( PI SA+F IRENZE)
DUCLOS' FREYT AG g HE INT Z E + {CERN+HE jOEL BERG }
0 A EVANS {OXFORD)
KUT INe PETRUKHINg PPC'& OSHK IN ( JINR l

STAMER e TAYLOR&KOLLER&HUETTER+ (STEVENS)
VAS ILEVSKYi V ISHNYAKOVv DUNAITSEV + (DUBNA )
BE LLETTI NI BENPQRADy LU BELSMEY+ ( PISA+BONN l
+STERL IGQVgUSOV (TQMSK POLYTECH ~ INST» }
+CARROLL' KYCIAf L Ig MICHAEL ~HOCKETT + '(BNL )
T ~ MIYAZAKI pE ~ TAKASUGI (TQKY)
+DE WIRE g G I TTELHAN p HA N SON+ (CORN+ BI NG)
+GUY p Z IA ( 8 I R H+R HE L+5HHP l

10 CHARGED K(494' J P=O-) I=1/2

10 CHARGED K MASS (HF. V)

H

M

M

M A

M

M A

M A

H

M

M

493 ~ 9
493 ~ 7
493 ~ 78

( 493 ~ 87)
493»691
493 ' 662

KUNSELMAN 74

0 ~ 2
0 ~ 3
0 17

(0» 19)
0 ~ 040
0 ~ 19

UPDATES
~ » ~ »

0»037
0 ~ 040
0»037

~ »» ~ »

A VG 493 ~ 702
STUDENT 493 ' 701
F IT 493 ~ 707

CORE N 57 RVU E
BARKAS 63 EMUL
GR EI NER 65 EHUL
KUNSE LMAN 71 CNT R

BACKENSTQ 73 CN&R
KU NS EL MAN 74 CNTR

KUNSELMAN 71 WITH IMPROVED

+ VIA TAU DECA Y
KAONIC ATOMS
KAQhtIC ATOMS
KAON IC ATOMS

K AGNI C ATOM CALC ~

AV ERAGE ( ERR QR INCL UDES SCAL E FACTOR OF 1 0)
AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE TEXT

FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

7/66
10/71
1/73
3/74
3/74

2/76¹

Pl
P2
P3
P4
P5
P6
P7
P8
P9
P10
P 11
P12
P13
P14
P15
P16
P17
P18
P19
P20
P21
P22
P23
P24
P25
P26
P27
P28

DECAY
105+ 0
139+ 134
139+ 139+
139+ 134+
105+ 134+.5+ 134+
139+ 139+
139+ 139+
139+ 139+
139+ 139+.5+ 0
1 05+ 0+
139+ 134+
139+ 139+
139+ ~ 5+
139+ 105+
139+ 0+
134+ .5+
139+ .5+
139+ 0+.5+ 0+
139+ 0
139+ 0+
134+ 134+
139+ .5+
139+ .5+
105+ 0+
134+ 105+

CHAR K

CHAR ~ K
CHAR K
CHAR K
CHAR K
CHAR K
K+ INTO
K+ !NTO
K+ INTO
K+ I NTO
C HAR ~ K

CHAR K
CHAR ~ K
C HAR ~ K
CHAR ~ K

CHAR K
CHAR K

CHAR ~ K
K- I NTO
CHAR ~ K

CHAR ~ K
CHAR. K

CHAR ~ K

CHAR ~ K
K+ I NTQ
K+ INTO
CHAR ~ K

CHAR K

K MU2
K PI 2
TAU
TAU PRIME
K MU3
K E3
K E+ 4
K E- 4
K+ MU+
K+MU-
K E2
K MU RAD
K PI RAD
TAU RAD
PI E E
PI MU MU

PI GAM
Pj E NEU GAM
P I+E-E-
PI NEU NEU
K E2 RAD
K PI GAM

P I 3G AH

K E4 2P IO
P I -E+MU+
PI+E+HU-
MU 3NEU
PI MU NEU GAM

!h(TO MU N EU
INTO PI PI 0
INTO PI PI+ PI
INTO P I 2P I0
INTO MU PI 0 NEU
INTO E P IO NEU
P I+ P I- E+ NEU
PI+ PI+ E- NEU
PI+ PI- NU+ NEU
P I+ PI + MU- NEU
INTO E NEU
INTO MU NEU GAMMA
INTO PI PIO GAMMA
INTO PI PI+ PI — GAMMA

INTO P I E+ E-
I NTQ Pj HU+ NU-
INTO P I GAMHA GAMMA

INT0 P I0 E NEU GAMHA
Pj+ E- E-
INTO PI NEU NEU
INTO E N EU GAMMA

I NTQ PI GAMMA

INTO P I 3GAMHA
INTO PIO PIO E NEU
PI- E+ MU+
PI+ E+ MU-
I NTO HU NEU NEU NEUBAR
INTO PIO HU NEU GAMMA

{:HARGED K CONSTRAINED F I T
OVERALL FIT OF MEAN L IFE» WIDTHS AND BRANCHING
RATIOS USES 57 DATA POINTS TQ DETERMINE SIX
QUANT ITI ES ~ OVERALL F IT HAS CHI SQ=78 ~ 2 MAIN
CONTRIBUTION (13~ 3) COMES FPOM R19 OF HAIDT
71 ( WE SEE NQ REA SGhl TO RE JECT THI 5 EXP ER IMENT
A& THI S T IHE )

MASSES

139
134

0
0
5+

~ 5+
1 05+
105+

0
0

139+
5

105
0
0+
5
0
0

0+
~ 5+

105
105

0+
0+

0
0

2/76¹
2/76¹

10 (K~) (K ) MASS DIFFcRENCE (MEV }

DM F 1 ~ 5 ) 0 ~ 032 0 ~ 090 FORD 72 ASPK +-
DM F FORD 72 USES M( &I+) -M( P I- l = +28+-70 KEV

4/72
1/73
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S64 Particle Oata Group: Review of particle properties

Stable Particles Data Card Listings
For notation, see key at front of Listings.

FITTED PARTIAL DECAY MODE RATES

The matrix below is the branching fraction matrix above, .transformed into rate
space; i. e. , G. —= l, = l P., in appropriate units. In analogy to the matrix abovei i total i
the diagonal elements are G. + 6G. , where 6G. = Q (6G.6G.), while the ofi-diagonal1 1 1 1 1
elements are the normalized correlation coefficients (6G.6G. )/(6G. 6G.). Note that,
because of the error in F I, the errors and correlations here are not directly derivabletotal'
from those above.

G 1 G 2 G 4 G 5 G 6
G 1 ~ 5142+-~ 0017
G 2 - ~ 296 1 «1702+ ~ 0012
G 3 -~ 1003 - ~ 0015 ~ 0452+- ~ 0002
G 4» 1062 ~ 0568 ~ 2045 ~ 01 tO+ ~ 0004
G 5 - ~ 1676 - ~ 2140 - 1189 - ~ 3265 ~ 0258+- ~ 0007
G 6 -»1606 -~ 0816 «1522 ~ 0289 ~ 2218 ~ 0390+- ~ 0004

G' 3

10 CHARGED K DECAY RATES

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P., as follows: The diagonal elements are P. + 6P. , where1 1 1
6P, = Q(6P. 6P.), while the off-diagonal elements are the normalized correlation coeffi-
cients (6P.6P. ) /(6P. ~ 6P.). For the definitions of the individual P., see the listingsj i } 1
above; only those P, appearing in the matrix are assumed in the fit to be nonzero and1
are thus constrained to add to i.

P 1 P 2 P 3 P 4 P 5 P 6
P 1 ~ 636 1+-~ 00 16
P 2 —~ 7186 ~ 2105+- ~ 001 t
P 3 - ~ 1988 - ~ 0362 ~ 0559+- 0003
P 4 - ~ 1859 «0420 «2008 ~ 01 73+-~ 0005
P 5 ~ 278 t ~ 2 t85» 1118 ~ 3299 ~ 0320+ ~ 0009
P 6 —~ 3526 —~ 14 16 ~ 1487 ~ 0230 ~ 21 58 0482+- ~ 0005

R2
R2 0
R2 0
R2 0
R2
R2
R2
R2
R2 FIT

CHAR ~ K INTO (P
(27 ' 7)
(23 ' 2)

EARL IER EXPERI
(21«0)
(21 ~ 6)

16K 21 ~ 18
~ ~ ~ ~ ~ ~

21»05

I PI 0) /TOTAL t UNITS 10++-2) (P2)
(2 ' 7) BIRGE 56 EMUL +
(2 ' 2) AL EXANDER 57 EMUL +
MENTS NOT AVERAGED{0.6) CALLAHAN 65 HLBC SEE R17
(O»6) TR ILL ING 65 RVUE

O. 28 CH! ANG 72 OSPK + I 84 GEV/C K+
~ ~ ~

0 14 FROM F IT t ERROR INCLUDES SCALE FACTOR OF 1«0)

WEIGHTED AVERAGE = S.S21 + 0.098
ERROR SCALED BY 1..3

e of weighted average,
scale factor are for the
nvenience only. The
ctually processed by a
fit program, which

ts own values of x, 5x,
ctor, which are differ-

e values shown here.

R3 CHAR ~ K INTO (P I P I+ P I- )/TOTAL (UNITS 10++-2) t P3)
R3 0 (F 6) (0 ' 4) B I RGE 56 EMUL +
R3 0 f6 8) (0»4) ALEXANDER 57 EMUL +
R3 0 (5 ~ 2 ) (0 ~ 3) T A YLOR 59 EMUL +
R3 0 EAR'Ll ER EXP ERI MENTS NQT AVERAGED
R3 5 ' 7 0 ~ 3 ROE 61 HLBC +
R3 2332 5 ~ 54 0 .12 CALLAHAN 64 HLBC +
R3 540 5«1 0 ~ 2 SHAKLEE 64 HLBC +
R3 5 ~ 71 0 ~ 15 DE MARCO 65 HBC
R3 44 6 ~ 0 0 ~ 4 YOUNG 65 EMUL +
R3 P 693 5»34 0«21 PANDQULAS 70 EMUL +
R3 C 2330 (5 ' 56) (0 ' 20) CHIANG 72 OSPK + 1 ~ 84 GEV/C K+
R3 C THI S VALUE I S NOT I NDEP ENDENT OF CHIANG 72 Rit R2« R4t R5t AND R6
R3 P INCLUDES EVENTS OF TAYLOR 59 ~

R3 ~ ~ ~ ~ ~ ~ ~ ~ ~

R3 AVG 5 ~ 521 0 ~ 098 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1»3)
R3 STUDENT 5 ~ 533 0 ~ 089 AVERAGE USING STUDENT10(H/1 ~ ll) -- SEE TEXT
R3 F IT 5 ~ 587 0 ~ 030 FROM F IT ( ERROR INCL UDES SCAL E FACTOR OF 1 1)

( SEE IDEOGRAM BELOW )

6/66
9/72

9 /66

9/66
6/66
6 /66

10/70
9/72
9/72

Hl CHAR ~ K INTO MU NEU (UNITS 10''&6 SEC-1) (G 1)
Hl 51 ~ 2 0 ~ 8 FORD 67 CNTR +-
Wl ~ ~ » ~ ~ ~ ~ ~ ~

Hl FIT 51 ~ 42 0 17 FROM FIT ( ERROR INCLUDES SCALE FACTOR QF 1«2)

H2 CHARe K INTO PI PI+ PI- {UNITS 10++6 SEC-1) ( G3)
W2 F (4 «496 } '( 0»030 ) FORD 67 CNTR +- SEE NOTE F
H2 F 3+2M (4 529} (0 ' 032) FORD 70 ASPK SEE N3TE F
W2 4»511 0 ~ 024 FORD 70 ASPK S EC NOT E F
H2 F THE LAST IS THE COMBINED RESULT OF FORD 67 AND FORD 70
W2 ~ ~ ~ ~ ~ ~ ~ ~ ~

W2 FIT 4 ~ 516 0 ~ 023 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 I)
H3 CHAR ~ K INTO {TAU} - (TAU PRIME) (UNITS 10++6 SEC-1)
H3 {G3-G4)
H3 USED FOR DELTA I "- 1/2. TEST
H3 » ~ ~ ~ ~ « ~ ~ ~

W3 F IT 3»117 0 ~ 039 FROM F IT

W4 CHAR ~ K INTO {MU PI 0 NEU) + ( E PIO NEU} (UNITS 10ss6 SEC-I )
H4 (G5+G6)
W4 USED FOR DELTA I = 1/2 TEST ~

W4 ~ ~ ~ « ~ ~ ~ « ~

H4 F IT 6 ~ 483 0 ~ 090 FROM F IT

8/67

8/67
11/70
11/70

ULAS 70
6S
65
64
64
61

RCO
EE
HAN

E JUL
EJUL
HBC
HLBC
HLBC
HLBC

4.S S.O S.S 6 ~ 0 6.S 7.0
CHAR. K TO (PI PI+ PI-) &TOTAL (UN 10%)tt-2)

CHISQ
0.7
1.4
1.6
4.4
0.0
0.4
8.6

( CONLEU
~0 .127)

10 ( (K+) — (K-) )/AVG ~ t DECAY RAT E DIFFERENCE (PERCENT)

01 DIFFERENCE IN K MU2 RATES ( (Gl+)-( Gl'-) ) /Gl ( PERCENT)
01 -0.54 0 ' 41 FQRO 67 CNTR

02 DIFFERENCE IN T AU RATES ttG3+)-( G3-))/G3 {PERCENT)
02 -0 ~ 50 0 ~ 90 FL ETC HE R 67 QS PK
02 F (-0~ 04) (0 ~ 21) FORD 67 CNTR S EE NOTE F
02 F 3 ~ 2M f 0 10) (0» 14) F ORD 70 ASPK S EE NOT E F
02 F 0 ~ 08 0» 12 FORD 70 ASPK SEE NOTE F
02 S (-0 02) (0 16) S Ml TH 73 ASPK +-
02 F SECOND FORD 70 VALUE IS FIRST FORD 70 COMBINED WITH FORD 67
02 S SMITH 73 VALUE OF D2 IS DERIVED FROM SM j TH 73 VALUE OF D3 ~

02 ~ ~ ~ ~ ~ ~ » ~ »

D2 AVG 0 ~ 07 0 ~ 12 AVERAGE (ERROR INCLUDES SCALE FACTOR QF 1»0)
D2 STUDENT 0«07 0 ~ 13 AVERAGE USING STUDENT10(H/1» 11) -- SEE TEXT

D3 DIFFERENCE IN TAU PRIME RATES ( (G4+ }-{G4-1)/AVERAGE f PERCENT )
03 1802 1 ~ 1 1 8 HERZO 69 OSPK
03 0 08 0 58 SMITH 73 AS PK +-
03 ~ ~ ~ ~ ~ ~ ~ ~ »

03 AVG -0 03 0 ~ 55 AVERAGE ( ER'ROR INCLUDES SCAL E FACTOR OF 1 «0)
D3 STUDENT -0.03 0 60 AVERAGE USING STUDENT 10(H/I 11} -- SEE TEXT

8/67

8/67
8/67

11/7 0
11/70
11/73

11/73

5/70
l 1 /73

R4 CHAR ~ K INTO (PI 2P IO )/TOT AL {UNITS 10++-2) (P4)
R4 0 f 2 1) (0.5) 8 I RGE 56 EMUL +
R4 0 (2 2) (0 ~ 4) AL EXANDER 57 EMUL +
R4 0 (1 ~ 5) (0 ~ 2) TAYLOR 59 EMUL +
R4 0 EARLIER EXPERIMENTS NOT AVERAGED
R4 1+7 0 ' 2 ROE 61 HLBC +
R4 108 1 8 0 ~ 2 SHAKLEE 64 HLBC +
R4 P 198 1 53 0 ~ 11 PA NDQULAS 70 EMUL +
R4 1307 1 ~ 8 4 0 ~ 06 CHIANG 72 QSPK + 1» 84 GEV/C K+
R4 P INCLUDES EVENTS OF TAYLOR 59»
R4 ~ ~ ~ ~ ~ « ~ ~ ~

R4 A VG 1 ~ 767 0 071 AVERAGE t ERROR INCLUDES SCALE FACTOR OF 1«4)
R4 STUDENT 1 ~ 778 0 063 AVERAGE USING STUDENT10( H/1«11) -- SEE TEXT
R4 FIT 1 731 0 045 FROM F IT (ERROR I NCLUDES SCALE FACTOR OF 1 .4)

( S EE IDEOGRAM BELOW )

LJE'IGHTED AVERAGE ~ 1.767 + 0 .071
ERROR SCALED BY 1 .4

11/67
11/67
10/70
9/72

5/70

05
05
D5
D5
05 AVG
D5 STUDENT

DIFFERENCE IN
24 0 ~ 0

4000 1 ~ 0
» ««

1 0
1 0

K P I RAD RATES ( (G13+}—fG13-) ) /AVERAGE f PERCENT)
240 0 EDWARDS 72 OSPK PI KE 58-90 MEV 8/72

4 ' 0 ABRAMS 73 ASPK +- PI KE 51-100 MEV 3/74««4
3«9
4 ' 3

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
AVERAGE USING STUDENTlO( H11 ll) -- SEE TEXT

D4 DIFFERENCE IN K P 12 RATES ( f G2+)-(G2-) ) /AVERAGE (PERCENT)
04 0 ~-8 1 2 HE RZO 69 OS PK

ove of weighted average,
d scale factor are for the
convenience only. The
actually processed by a
d fit program, which
its own values of x, 5x,

factor, which are differ-
he values shown here.

10 CHARGED K BR, ANCHING RAT IQS

R 0 0(.D DAT A EXCLUDED

Rl CHAR ~ K INTO (MU NEU) /TOTAL ( UNITS 10++-2) (Pl)
Rl 0 (58~5) (3 ~ 0) BIRGE 56 EMUL +
Rl 0 (56 ' 9) (2«6) ALEXANDER 57 EMUL +
Rl 0 QLD EXPERIMENTS NOT INCLUDED IN AVERAGING
Rl 62K 63 ~ 2 t O«4 t CHIANG 72 OSPK + 1 ~ 84 GEV/C K+
Rl ~ ~ ~ ~ ~ ~ ~ ~ ~

Rl F IT 63 ~ 61 0 16 FROM F IT ( ERROR INCLUDES SCALE FACTOR OF 1 »0)

1/71
9172

CHISQ
1.S
4.6
0.0
0.1
6.3

( CONLEU
~0.100)

NG 72 OSPK
OULAS 70 EMUL
LEE 64 HLBC

61 HLBC

~ 2 1.6 2.0 2.4
CHAR . K INTO (PI 2P T& ) &TOTAL (UN 10)s)s-2)
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Data Card Listings
For notation, see key at front of Listings.

Stable Particles

R5
R5
R5
R5
R5
R5
R5
R5

R6
R6
R6
R6
R6
R6
R6
R6
R6
R6
R6

CHAR ~ K INTO (E PIO NEU)/TOTAL (UNITS 10¹¹-2) (P6)
0 (3 2) (1~ 3) BIRGE 56 EMUL +
0 (5 11 (1 ~ 31 AL EXANDER 5I EMUL +
0 EARLIER EXPERIMENTS NQT AVERAGED

5 0 0 ~ 5 ROE
429 4 7 0o3 SHAKL EE

3516 4 86 0 ~ 10 CHIANG
~ ~ ~ ~ ~ ~ ~ ~ ~

AVG 849 0 ~ 093
STUDENT 4.85 0 ~ 10
FIT 4 ~ 823 0 ~ 052

61 HLBC +
64 HLBC +
72 OSPK + 1 ~ 84 GEV/C K+

AVERAGE ( ERROR INC| UDES SCALE FACTOR OF 1 0)
AVERAGE USING STUDENT 10(H/1 111 —SEE TEXT

FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 el )

CHAR K INTO (MU P IO NEU) /TOTAL ( UNI TS 10¹¹-21 (P51
0 (2 8) (1 0) 8 I RGE 56 EMUL +
0 (5 91 t 1 3) AL EXANDER 57 'EMUL +
0 (2 81 (0 4) TA Yl OR 59 EMUL +
0 EARLIER EXPERIMENTS NOT AVERAGED

2345 3e 33 Oe 16 CHIANG 72 OSPK + 1 84 GEV/C K+
~ ~ ~ ~ ~ ~ e ~ ~

FIT 3e197 Oe 087 FROM FIT (ERROR INCLUDES SCALE FACTOR OF lo71

9/7 2

11/67
11/67
9/72

WEIGHTED AVERAGE ~ 0.536 +- 0.054
ERROR SCALED BY 3o2

Values above of weighted average,
error, and scale factor are for the
reader' s convenience only. The
data were actually processed by a
constrained fit program, which
calculates its own values of x, Qx,
and scale factor, which are differ-
ent from the values shown here.

R7
R7
R7
R7
R7
R7
R7
R7
R7

R8
RS
R8
RS

AVG
STUDENT
F IT

AVERAGE (ERROR INCLUDES SCALE FACTGR OF 1 e41
AVERAGE USING STUDENT10( H/1 11) —SEE TEXT

FROM F IT ( ERROR INCL UDES SCAL E FACTOR OF 1 e 1)

K+ INTO (PI+ PI+ E- NEUI /TOTAL (UNI TS 10¹¹-7) (P8)
20 ~ OR LESS CL= ~ 95 BIRGE 65 FBC +

0 6 ~ 9 OR LESS CL= 95 ELY 69 HLBC +
0 9 ~ 0 OR LESS CL~ ~ 95 SCHWEINBE 71 HLBC +

CHARe K INTO (PI2 + HU31/TOTAL (UNITS 10¹¹-21 (P2+P5)
WE COMBINE THESE TWO MODES FOR EXPTS MEASURING THEM IN XENON BC
BECAUS E OF DIFFICULT IES OF SEPARATING THEM THERE

23o 4 1 ~ 1 ROE 61 HLBC +
886 25 0 ~ 9 SHA KLEE 64 HL BC +

~ ~ ~ ~ ~ ~ ~ ~ ~

24 60 Oe 98
24o61 0 ~ 83
24 ~ 25 0 ~ 15

11/67

11/67
11/67

8/66
10/69
9/ 71

~ HA IDT
YOUNG

~ ~ ~ ~ ~ ~ ~ r BISI1

0e2 0.6 1.0
CHARGED K INTO (I1U PIO NEU) &TAU

1 .4

CHISQ
71 HLBC 3.1
65 Ef1UL
65 H+HL 7.5

10.5
( CONLEV
~0.001)

R9
R9

R10
R10

Rll
Rl 1
Rll
Rll
Rl1

Rl?
R12
R12
R12
R12
R12

R13
R13
R13
R13
R13
R13
R13
R13
R13
R13
R13
R13
R13
R13
R13
R13

K+ INTO (P I+ PI- MU+ NEU) /TOTAL (UNITS 10¹¹-5) (P9)
1 0 77 0 ~ 54 0 ~ 50 CLINE 65 FBC + 8 /66

CHAR ~ K INTO (E NEU) /TOTAL ( UNITS 10¹¹-51 t Pl 1)
160 ~ 0 OR LESS CL= 95 BORREANI 64 HBC +

2 1 1 ~ 8 1 3 BOWEN 67 OSPK +
BOW EN RESULT SHOUL D BE CORRECTED TO 1 9 (+1 7 y- j 2) BECAUSE OF
K+ TO E+ NEU GAMMA DECAYS BEFORE COMPAR ING 'WITH BQTTER ILL 67 R28

CHAR ~ K INTO (P I GAMMA GAHMA I /TOTAl ( UNI TS 10¹¹-4)
(P17)

ALL VALUES GI VEN HERE ASSUME A PHASE SPACE PION ENERGY SPECTRUM
-0 ~ 1 0 ~ 6 CHEN 68 OSPK + T(P I) 60-90 HEV

0 0 ~ 5 OR LESS CL= 90 KLEMS 71 OSPK + T(P I)GT 117 MEV
0 0.35 OR LESS CL= ~ 90 LJUNG 73 HLBC + 6-102 114-127MEV

CHAP ~ K INTO {P I P I0 GAHMA )IT OTAL (UNITS 10¹¹-4)(P 13)
18 2 2 0 7 CLINE 64 FBC + PI+ KE
0 1 9 OR LESS CL= ~ 90 EHHERSON 69 QSPK Pl+ KE

M 0 1 e0 OR LESS HALTSEV 70 HL BC + P I+ KE
A2100 2 7 1 0 ~ 19 ABRAHS 72 ASPK +- PI+ KE24240 ~ 8 EDWARDS 72 QSPK P I+ KE

L (1 5) (lo11 (0 6) L JUNG 73 HLBC + PI+ KE
L {2~ 61 ( 1 51 ( 1 11 LJUNG 73 HLBC + Pl+ KE

L 17 6 8 3 ~ 7 2 ~ 1 LJUNG 73 HLBC + P I+ KE
M MALTSEV 70 SELECTS LQW PI+ ENERGY TO ENHANCE DIRECT EHISS
L THE LJUNG 73 VALUES ARE NQT INDEPENDENT ~

A ABRAHS 72 OBSERVES DIRECT EMISSION BR ~ RATIO OF (1 ~ 56+-0 ~

A +-0 ~ 5¹10¹¹-5ADDNL ~ SYST ERROR AND INNER BREMSSTRAHLIJNG
A OF (2 ~ 55+ 0 ~ 18)¹10¹¹4 ~ WE QUOTE THE SUM OF THESE BR~ RA

~ ~ e ~ ~ ~ ~ ~ ~ I'

AVERAGE HEANINGLESS (SCALE FACTOR = je0)

55-80 MEV
55-80 ME V

LT 55 ME V
55-90 MEV
58-90 HEV
55-80 ME V
55-90 MEV
55-102ME V

ION CONTR

35)¹10¹¹-5
BR ~ RATIO

TIGS»

11/67
8/67

2/72
9/73
8/7 1.

9/73

8/66
10169
12/75¹

1/73
8/72
9/73
9/73
9/73
1/76¹
9173
1/73
I, /73
1/73

K+ INTO t PI+ PI+ MU- NEU) /TOTAL {UNITS 10¹¹-6) {P101
0 3 ~ 0 OR LESS CL= ~ 95 BIRGE 65 FBC + 8/66

R20
R20
R20
R20
R20
R20
R20
R20
R20

- R20
R20
'R20

R21
R21
R21
R21
R21
R21
R21
R21

R22
R22
R22

R23
R23
R23
R23
R23
R23
R23

CHAR ~ K INTO ( E
1679 5 ~ 89
5110 6 ~ 16

AVG
STUDENT
F IT

6 ~ 02
6 ~ 02
5 ~ 697

PI0 NEU) I( MU2+PI21 (UNITS 10¹¹-21(P61/(Pl+P21
0 ~ 21 C ESTER 66 OSPK +
0 22 ESCHSTRUT 68 QSPK +
e ~ ~

0 ~ 15 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
0 ~ 17 AVERAGE USING STUDENT j0 {H/1 el 1 ) - SEE TEXT
Oe067 FROM FIT (ERROR INCLUDES SCALE FACTOR OF lel)

CHAR ~ K INTO (E PIO NEU) ITAU t'P6 ) / ( P3 )
230 0 ~ 90 0 ~ 06 BORREANI 64 HBC +

37 0 ~ 90 0 ~ 16 YOUNG 65 EHUL +
854 0 ~ 94 0 ~ 09 BELLOTT2 67 HLBC

H 4385 (0e8461 (Oe021) EICHTEN 68 HLBC +
H4385 Oe 850 0 ~ 0 1,9 HAIDT 71 HL BC +

2827 0 ' 856 0 ~ 040 BRAUN 75 HLBC +
H HAIDT 71 IS A REANALYS IS OF EICHTEN 68 ~

~ e ~ ~ ~ ~ ~ ~ ~

AVG 0 ~ 858 0 ~ 016 AVERAGE (ERROR INCLUDES SCALE FACTOR OF leo)
STUDENT 0 ~ 858 0 ~ 018 AVERAGE USING STUDENT10(H/le 11) —SEE TEXT
FIT Oo 8632 0 0098 FROH FIT {ERRQR INCLUDES SCALE FACTOR OF l ~ 1)

K+ INTO tPI+ Pl- E+ NEU)/TAU (UNITS 10¹¹-41 (P7) /(P31
69 6 ~ 7 1 ~ 5 8 IRGE 65 FBC +

269 5 ' 83 Oe63 ELY 69 HLBC +
500 7 ~ 36 0 e68 BQURQUIN 71 ASPK
106 7 ~ 0 0 ~ 9 SCHWEINBE 71 HLBC +

e e ~ e ~ ~ e ~ e
AVG 6 ~ 64 0 ~ 40 AVERAGE ( ERROR INCLUDES SCALE FACTO'R OF 1e0)
STUDENT 6 ~ 66 Oe48 AVERAGE USING STUDENT10(H/1 ~ ll) -- SEE TEXT

K+ INTO (PI+ PI — MU+ NEU]/TAU (UNITS 10¹¹-4) (P9)/ t P3)
1 ( 2 ~ 5) APPROX GRE I NE R 64 EHUL +
7 2 ~ 57 1 55 BI SI 67 DBC +

~ 8 /66
~ 8/66

11/67
ll /68
12/70
12/75¹

8 /66
ll /68
12/7 1
9/71

8 /66
11/67

8/67
3/68

R14
R14
R14

R15
R15
R15
R15
R15
R15
R15
R15
R15

CHAR K INTO ( PI E+ E-) /TOTAL ( UNITS 10¹¹-6
1 2 ~ 45 OR LESS CL= ~ 90 CAMERINI 64

4 ~ 4 OR LESS CL= ~ 90 8 IS I 67
(0 4) OR LESS . . CLINE1 67

0 ~ 88 OR L ESS CL= ~ 90 CLINE2 67
32 0 OR LESS CL= ~ 90 BEIER 72

1 7 OR LFSS CL~ 90 CENCE 74
0 ~ 27 OR L ESS CL=. ~ 90 CENCE 74

CLINE2 REPLACES CLINE1 ~ CLINEl IS NOT FOR

I P15)
FBC + 8/66
DBC + 11/67
FBC + ~ 11/67
FBC + ~ 2/74
OSPK +- 9/72
ASPK + THREE TRACK EVTS 10/74¹
ASPK + TWO TRACK EVENTS 10/74¹
CL = ~ 90 ~ 2 174

R1.6
R16
R16

CHAR ~ K INTO (PI HU+ MU-)/TOTAL (UNITS 10¹¹-6) {P16)
3 ~ 0 QR LESS CL= ~ 90 CAMERINI 65 FBC + 8/66
2 ' 4 OR LESS CL= ~ 90 BISI 67 DBC + 11/67

R17
R 1.7
R1, 7
R17
R'1 7
R17
R17

CHAR ~

134
1045

AVG
STUDENT
FIT

(P?)/(P3)
65 EMUL +
66 FBC +

K INTO
3 24
3o96

(PI P I0) /TAU
Oo 34
Oe 15

~ ~ ~ ~

0 ~ 27
0 ~ 16
0 033

YOUNG
CALLAHAN

~ 8/66
9/66

~ ~ ~ e
3 ~ 84
3 86
3e 768

(ERRGR INCLUDES SCALE FACTOR OF 1 91
USING STUDENT10t H/1 ~ 11) —SEE TEXT
(ERROR INCLUDES SCALE FACTOR OF 1 1)

A VERAGE
AVERAGE

FROM FIT

R18
R18
R18
R18
R18
R18
R18

CHAR ~

2027
17

AVG
STUDENT
F IT

(P4)1 (P3)
65 H+HL +
65 EMUL +

K INTO (PI 2PI0) /TAU
0 303 0 ~ 009 8 I SI
0 393 0 ~ 099 Y.DUNG

~ ~ ~ ~ ~ ~ ~

0 3037 0 ~ 0090 '

AVERAGE ( ERROR INC{.UDES SCALE FACTOR OF 1 ~ 0)
0 3037 0 0097 AVERAGE USING STUDENT lO(H/ I 111 —SEE TEXT
0 ~ 3098 0» 0079 FROM F IT t ERROR INCLUDES SCALE FACTOR OF 1 ~ 3k

~ 8 /66
8/66

R19
R 1.9
R19
R19
R19
R19
R19
R19
R19
R19

CHA Re K I NT0
2845 Oe632

38 0 90
H 1505 t 0 5101

H 1505 Oe 503
H HA I DT 71 IS

~ ~ ~ ~ ~

AVG 0 536
STUDENT 0 ' 527
FIT 0 ~ 572

(MU PI0 NEU)/TAU (P5)1 {P3)
0 ~ 035 8 I SI 1 65 H+HL +
0 ~ 16 YOUNG 65 EHUL +

(0 017) EIGHT EN 68 .HLBC +
0 019 HAIDT 71 HLBC +

A REANALYS IS OF E ICHTEN 68 ~

~ ~ ~ ~

0 ~ 054 AVERAGE ( ERROR I NCLUDES SCALE FACTOR OF 3 ~ 2 I
0 025 AVERAGE USiNG STUDENT10(H/1 ll) -- SEE TEXT
0 ~ 016 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 81
( SEE IDEOGRAM BE LQW )

~ 8 /66
8/66

11/68
12/70

CHAR ~ K I NTO ( PI PI+ PI- GAMMA) /TOTAL (UNITS 10¹¹-4)
( P141

1 ~ 0 0 ~ 4 STAMER 65 EHUL + EGAM GT llMEV 8/66

R24
R24
R24
R?4
R24

'R24
R24
R24
R24

R25
R25
R25
R25
R25
R25
R25
R25
R25
R25
R25
R25

R26
R26
R26
R26
R26
R26
R26
R?6
R26
R26
R26
R26

R27
R27

' R27
R27
R27
R27

R28
R28
R28
R28
R28
R28
R28
R28
R28

R
R

R

F IT

CHAR ~ K INTO
427 ( 10e 381

DELETED FROM
TQ ADD UP TO

~ ~ ~ ~ ~

11~ 385

MU NEU ) /TAU ( P 1 I 1( P3)
{0 ~ 82) YOUNG 65 EMUL +

OVERALL FIT BECAUSE YOUNG 65 CONSTRAINS HIS RESULTS ~

1 ~ ONLY YOUNG HEASURED MU2 DIRECTLY
e ~ ~ ~

Oe072 FROM FIT

CHARe
10

8
112
534
404

AVG
STUDENT

K INTO
1 ~ 9
1 ~ 8
2e 42
2 ~ 37
2 ~ 51

e ~ ~ ~

2 ' 42
F 42

E NEU)/(MU NEU) (UNITS 10¹¹-5) (Pll)1(Pl )
0 ' 7 Oe 5 SOTTERI LL 67 ASPK +
0 ~ 8 0 ~ 6 MAC EK 69 A SPK +
Oe 42 CLARK 72 GSPK +
0 ~ 17 HEARD2 75 SPEC +
0 ' 15 HEINTZE 76 SPEC +

~ ~ ~ ~

Oe ll AVERAGE (ERROR INCLUDES SCALE FACTOR OF I ~ Ol
0 ~ 12 AVERAGE USING STUDENT10(H/1 11) -- SEE TE XT

CHAR ~ K INTO (PI PI 0) /( MU NEVI (P21/(Pl)
A4517 0 ' 3277 0 ' 0065 AUERBACH 67 OSPK +

1600 0 ~ 305 0 ~ 018 ZELLER 69 ASPK +
25K Oe328 0 005 WEISSENBE 74 STRC

A AUERBACH 67 CHANGED FRQN ~ 3253+- 0065 SEE COMMENT WITH RATIO R26
~ ~ ~ ~ ~ ~ ~ ~ ~

AVG 0 ~ 3268 Oe 0039 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
STUDENT 0 ~ 3269 0 ~ 0042 AVERAGE USING STUDENT10t H/le ill -- SEE TEXT
FIT 0 ~ 3309 0 ~ 0029 FROM FIT (ERROR INCLUDES ~ SCALE FACTOR OF 1 0)

CHAR ~ K INTO (E PIO NEU)/(MU NEVI ( P61 /(Pl)
A 295 Oo 0791 Oe0054 AUERBACH 67 OSPK +

960 ~ 0 775 ~ 0033 BOTTERI1 68 ASPK +
561 0 ~ 069 0 ~ 006 GARL AND 68 OSPK +
350 Oe 069 0 ~ 006 ZELLER 69 ASPK +

A 'AUERBACH 67 CHANGED FROM ~ 0797+- ~ 0054 SEE COMHENT WITH RATIO R26 ~

A THE VALUE 07S5+-e0025 GIVEN IN AUERBACH 67 IS AN AVERAGE OF
A AUERBACH 67 R25 AND CESTER 66 R23 ~

e e e e e e ~ e
AVG 0 ~ 0752 0 ~ 0024 AVERAGE ( ERRDR INCLUDES SCALE FACTOR OF 1 ~ 0)
STUDENT 0 0753 0 0027 AVERAGE USING STUDENT10t H/1 .111 -- SEE T'EXT
FIT 0 ~ 07582 Oe00091 FROM F IT (ERROR INCLUDES SCALE. FACTOR OF 1 ~ 11

CHAR ~ K INTO (HU Pl 0 NEU) /( MU NEVI I P5 )/ (Pl )
A 307 0 F 0486 0 ' 0040 AUERBACH 67 OSPK +
G 4?4 0 F 0480 0e0037 GARLAND 68 QSPK

240 Oe 054 0 009 ZELLER 69 ASPK +
A AUERBACH 67 CHANGED FROM ~ 0602+- ~ 0046 BY ERRATUM WHICH BRINGS THE
A MU-SPECTRUM CALCULAT IQN INTO AGREEMENT WITH GAILLARD 70 APPENDIX 8 ~

G GARLAND 68 CHANGED FROM ~ 055+- ~ 004 IN AGREEHENT WITH MU-SPECTRUM
G CALCULAT ION OF GA ILL ARO 70 APPENDIX 8 ~ L G ~ PONDROM o PRI V ~ CGMMe ( 73)

~ ~ ~ ~ ~ ~ ~ ~ e
AVG 0 ~ 0488 Oe 0026 AVERAGE t ERROR INCLUDES SCALE FACTOR OF 1 «01
STUDENT Oe0487 0 ~ 002S AVERAGE USING STUDENT10t H/le ill —SEE TEXT
F I T 0 ~ 0503 0 ~ 0014 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 7)

1/74
10/69
7174¹
1/74

1/74
5/68
4/68

10/69
1/74
3/74
3/74

1/74
1/74

10/69
1/76¹
1/74
1/74
1/74

9/66

11/67
4/69
1/73

ll/75¹
2/76¹
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Stable Particles Data Card Listings
For notation, see key at front of Listings.

R29
R29
R29
R29
'R2 9
R29
R29
R29
R29
R29
P. 29
R29
R29
R29
R29
R29
R29
R29
R29
R29
R29

CHAR ~ K INTO (MU P I0 NEU }/ {E P I0 NEU) {P5}/(P6)
C 1509 0 ~ 703 Oe 056 CALLAHA1 66 HLBC

5601 0 ' 667 0 ' 017 BOTTERI2 68 ASPK +
H 1398 (0 ~ 604 } (0 ~ 022) E ICHTEN 68 HL BC
H ( 0 ~ 596) ( 0 ~ 025) HAI DT 71 HLBC +

D3480 0 698 0 ~ 025 CHI ANG 72 OSPK + 1 84 GEV/C K+
L 554 0 ~ 705 0 ~ 063 LUCAS2 73 HBC — DALITZ PRS ON{ Y

B 1585 ( 0 ~ 608) {0 ~ 014) BRAUN 75 HLBC +
COMMENTS

C FROM CALL AHAN1 66 WE US E ONLY THE MU31E3 8 ATIQ AND DO NQT
C INCLUDE IN THE FIT THE RATIOS MU3/TAU AND E3/TAUg SINCE THEY SHOW
C LARGE DISAGREEMENTS WITH THE REST OF THE DATA ~

H HAIDT 71 IS A REANALYSIS OF EICHTEN 68 ~

H ONI Y INDIVIDUAL RATIOS INCLUDED IN FI T (SEE R19 AND R20} ~

0 CHIANG 72 R29 IS STATISTICALLY INDEPENDENT OF CHIANG 72 R5 AND R6
L LUCAS 73 GI VES N(MU3) =554+-7 6PCT~ N(E3) =786+-3 1PCT ~ WE DIVIDE ~

8 BRAUN 75 VALUE IS FROM FORM FACTOR FI To ASSUMES MU-E UNIVERSALITY ~

~ ~ ~ ~ ~ ~ ~ ~ ~

AVG 0 680 0 013 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 Ol
STUDENT 0 ~ 680 0 ~ 015 AVERAGE USING STUDENT10(H/1 11 l -- SEE TEXT
F IT 0.663 0 018 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1 ~ 7)

6/68
6/68

10/68
12/70
9/72

11/73
1/764

11/68
9/72

11/73
1/764

Note on Slope Parameter for K ~ 37l Decays

As was discussed in Section VI B.l of the
text, for the 371 decays of the K mesons we list
the slope parameter "g" which is defined, as in
that, section, by

(s —s) fs3 —s)2

IN/' ~ a+g, +h/ .)
R30
R30
R30
R30
R30
R30
R30
R30
R30
R30

CHAR ~ K INTO (P IO E NEU GAMMA ) l(P IO E NE U) {UNITS l0+e'-2)
(P 18)/{P6)

1 ~ 2 0 ~ 8 BELLOTT1 67 HLBC + EGAM GT 30MEV
R 13 0 ~ 76 0 ~ 28 ROMANO 71 HLBC EGAM GT 10MEV

R (0 53] (0 22) ROMANO 71 HLBC + EGAM GT 30 ME V
L 16 0 ~ 48 00 20 L JUNG 73 HLBC + EGAM GT 30 MEV

L (0 ~ 22l (0 ~ 15) (0+10} LJUNG 73 HLBC + EGAM GT 30 MEV
L FI RST L JUNG VALUE IS FOR COS (EL ECT-GAMMA ) L ~ T ~ 0 9e S ECOND VALUE IS
L FOR COS(ELECT-GAMMA) BETH 0 ' 6 ANO 0 9 FOR COMPARISON WiTH ROMANOV
R BOTH ROMANO VALUES ARE FOR COS(ELECT-GAMMA l BETW 0 6 AND Oe 9~

R30 R SECOND VALUE IS FOR CQMPARI SON WITH SECOND L JUNG VAI. UE
R30 R WE USE LOWEST EGAM CUT FOR TABLE VA L UE ~ SEE ROMANO FOR EGAM DEPEND ~

11167
10/71
9/73
9/73
9/73
9/73
9/73
9/7.3
9/73
9/73 where

(s -s ) fs -s&)2', 'I + ~ ~ ~ ~

m'+ j

R30
R30

R31
R31
R31

~ ~ ~ ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR = 1 ~ 0)
K- INTO ( P I+ E- E-) /TOTAL {UNITS 10+e'-5) ( 1 19}

TE ST OF LE PTON NUMBER CONSE RVATI ON ~

1~ 5 OR LESS CHANG 68 HBC 3/68

2 2s. = (p - p. ) = (m —m. ) — 2m T.
3. K i K i K

(2)

R32
R32
R32
R32
R32
R32
R32
R32

R33
R33
R33

CHAR ~ K INTO {PI NEU NEU) /TQTAt. (UNITS 10++-6) {P20)
C (1~4) OR LESS CL= ~ 90 KLEMS 71 OSPK + T(PI) 117-127MEV
C (0 94l OR LESS CL= ~ 90 CABLE 73 CNTR + T(P I) 60-105 MEV

C 0 ~ 56 OR LESS CL= ~ 90 CABLE 73 CNTR + T(PI) 60-127 MEV
L 0 57 ~ 0 OR LESS CLe ~ 90 L JUNG 73 HLBC +
C KLEMS 71 AND CABLE 73 ASSUME PI SPECTRUM SAME AS KE3 DECAY ~

C SECOND CABLE LIMIT COMBINES CABLE AND KLEMS DATA FOR VECTOR INT ~

L LJUNG 73 ASSUMES VECTOR INTERACTION ~

CHAR K INTO {E NEU GAMMA) /TOTAL {UNI TS 10++-5) (P21}
M 7 ~ 1 OR LESS MACEK 70 OSPK + P ( E) 234 TQ 247
M ABOVE I S MEASUREMENT OF STRUCTURE DEP'ENDENT DECAY ONLY ~

3/74
2 /74
2/74
9/73
3/74
2/74
9/73

12/70

s = —
g s. = —(m +m +m +m)1 t 1 2 2 2 2

0 3 i 3 K l 2 3 (3)

p, p. are the four-vectors for the K and the
i 'pion, and. the index 3 refers (4)

R34
R34

CHAR ~ K I NTO (Pi GAMMA)/TOTAL (UNITS 10++-6 ) (P 22)
t ~ 0 QR LESS CL-~90 KLEMS 71 OSPK +

R35 CHAR ~ K INTO (TAU) /(TAU PRIME)
R35 USED FOR DELTA I=1/2 TEST ~

R35 ~ 0 0 ~ ~ L ~

R35 F IT 3e 227 0 ~ 083 FROM FIT

( P3/ P4}

R36
R36

R37
R37

CHAR ~ K INTO {P I 3GAMMA)/TOTAL (UNITS 10++-4} (P23)
3~ 0 OR LESS CL ~ 90 KLEMS 71 OSPK + T( PI} GT 117MEV

K+ INTO {PI+ PI+ E- NEU}/(PI+ PI- E+ NEU) {P8) /(P 7)
0 0 ~ 013 OR LESS CL= ~ 95 BOURQUIN 71 ASPK

8/71

8/71

2 /.72
12/7 1

to the odd pion i.e. , the third pion in
the decays listed below.

Ne refer to the three possible charged decays as
'0

g
'6

g and c
+ + + +

7 K ~ 1T 'IT 'll

R38
R3&
R38

R39
R39
R39

CHAR ~ K INTO ( PIO P ID E NEU}/K E3 {UNITS 10++-4) (P 24}/{P6 }
0 37 ~ 0 OR LE SS CLe ~ 90 ROMANO 71 HLBC +
2 3 A & 5 ' 0 1 ~ 2 L JUNG 73 HLBC +

K+ INTO (P I- E+ MU+) /TOTAL (UNITS 10++-8) (P25}
K- INTO {PI e E- MU-} /TOTAL IS ALSO INCLUDED HERE

2 ~ 8 OR LESS CL= ~ 90 BEIER 72 OSPK +-

1'2/7 1
9/73

. 9/72

+ 0 0 +
K ~ 'tl 'IT Vf

0 + — 0
K ~ 'tl K TI

L
R40
R40
R40

R41
R41
R41

R42
R42

K+ INTO ( P I+ E+ MU- l /TOTAL ( UNITS 10++-8) ( P26)
K- INTO (Pi — E MU+) /TOTAL IS ALSO INCLUDED HERE

1 ~ 4 OR LESS CL= ~ 90 BE IER 72 OSPK +-

CHAR ~ K INTO (MU 3NEU)/TOTAL (UNITS 10++-6} (P27)
P 0 6 ' 0 OR LESS CL= ~ 90 PANG 73 CNTR +
P PANG 73 ASSUMES MU SP ECTRUM FROM NEU-NEU INTERACTION OF BARDIN 70+

CHAR K !NTQ (PIO MU NEU GAM} /TOTAL(UNITS 10++-5}(P28l
0 6 ~ 1 OR LESS CLe ~ 90 L JUNG 73 HLBC + EGAM GT 30 ME V

R43 CHAR o K INTO ( E P IO NEU) /( PI Pi 0) (P6) 1(P2)
R43 L 786 0 221 0 0012 LUCAS2 73 HBC — DAL ITZ PR S ONLY
R43 L LUCAS 73 GI VES N(E3) =7&6+-3 ~ 1PCTy N(PI2) =3564+-3 ~ 1PCT ~ WE DIVIDE ~

R43 ~ ~ ~ ~ ~ ~ ~ ~ 0
R43 F IT 0e2291 0+0031 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 1)

9/72

11/73
3/74

9/73
9/73

11/73
11/73

The measurements of g vary considerably beyond

the authors' quoted errors as can be seen in the
ideograms associated with the GT+, GT-, and GTP

subsections of the K Data Card Listings and the
GTO subsection of the K Listings. Appendix I

(discusses tests of the 5I = 1/2 rule utilizing these
R44
R44
R44
R44
R44
R44
R44

R45
R45

R46
R46
R46

R47
R47
R47

CHAR ~ K INTO (P I 2P IO ) I( PI PI 0) {P4) /(P2)
L 574 0 ~ 081 0 ~ 00 5 LUCAS2 73 HBC - DAL ITZ PRS ONLY
L LUCAS 73 GIVES N(PI 2PIO}=574+-5 ~ 9 PCTp N{ PI2)=3564+-3 ~ 1 PCT ~

L WE QUOTE 0 5s'N{ PI 2P IOl/'N(PI 2} WHERE 0 ~ 5 I S BECAUSE ONLY DALITZ
L PAIR PIO' S WERE USED ~

~ ~ ~ ~ ~ ~ 1 ~ ~

F IT 0 0822 0 ~ 0022 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 3)

CHAR ~ K INTO (MU NEU GAMMA }/TOTAL ( UNI TS 10ee'-3} ( P12)
12 5 ~ 8 3 ~ 5 WEISSENBE 74 STRC + E-GAMMA GT 9 MEV

CHAR ~ K INTO (PI E+ E }/(Pie PI C NEUl {UNITS 10+e 3} (P15}/(P7}
8 41 7 ~ 0 1 ~ 3 &LOCH 75 SPEC +
8 BLOCH 75 QUOTES THI S RESULT MULTIPLIED BY OUR 1974 KE4 BR~FRAC ~

CHARo K INTO ( E NEU GAM)1 (E NEU} {P21)/(Pll)
H 56 1 05 Oe 25 0 ~ 30 HEARDl 75 SPEC + P ( E } 236 TO 247
H ABOVE IS S ENS IT IVE ONLY TO STRUCTURE DECAY TERM

11/73
11/73
ll /73
ll/73

7 /74+
7/74+

11/75+
11/75+

11/75+
11/75 e'

slopes
There is no indication of a CP-violating

0asymmetry in K decay as measured by the asymmetryL
parameter 0 (equivalent to j ) given in subsection
A of the K Listings.

There is conflicting evidence regarding the
presence or absence of the second order terms in
Eq. (1), even when only the high-statistics experi-

0 + — 0ments are considered. In K ~ 'll Vl IT, NESSNER 74
L

find a significant h and k, while others find
them smaller or consistent with zero. The results
on h for the high-statistics experiments are as
follows:
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Data Card Listings
For notation, see key at front of Listings.

Stable Particles

Experiment
Number of

events Value of h
a) For analysis of charged K' s the expression

often used is:
MES SNE R 74

BUCHANAN 7 5

BUCHANAN 70

ALBROW 70

BISI 74

509 K

56 K

20 K

+0. 079+ 0.007

+0.041 + 0.024

consistent with 0

-0.009 + 0.016
0.000+ 0.009

wit. h

3T —Q3
Q

g =m — $m.K 3

The relevant formulae are:

All values other than MESSNER 74 have been convert-
ed by us from the authors' parametrizations into
the parametrization of Eq. (1) above.

+ +
FORD 72 (1.5M events) have studied K ~ Yr Tr IT

and find that. the X, /DF goes from 1.38 to 1.20 for2

DF= 150 when the second order and the CP violation
t.erms are added. However, the authors state that
since their Coulomb correct. ion is larger than the

with

3 3 0
Y + Q

K~

experimental errors and is not well known, it is
difficult to interpret these results. LUCASI 73

+
(81K K ~ Yr 'rr Tr events) note a quadratic behavior

-c a
Y Y

1+a a
Y

2
3with c

in their data, but find that it can be explained by

normal measurement error and subsequent fitting,
which together result in a depletion of events in

the center of the Dalitz plot and a bunching of
events near the kinematic limit. Because of this
they state that. it is not appropriate for them to

b) For the analysis of K decay the expression0

often used is-
m

~x~' = j+2a "(» -T )
m 3 3maxm

quot, e a value of the quadrat, ic coefficient. MAST

69 (51K K ~ m Tr Tr event, s), HOFFMASTER 72 (40K
+ + + 0 0K ~ lT vr Tr event. s) and SMITH 75 (27K K -+Tr vr m

with

T3max

2 2 2
m +m — 4m

m3

events) also find no evidence for quadratic behavior.

HEUSSE 70 have studied the K ~ Tr 7r Vr decay0 0 0 0

L
where only a second order term could explain devia-

tion from uniformity of the Dalitz plot. They also
get results consistent with a zero coefficient.

Ne list the value of g obtained when the

quadratic terms were dropped from the fit unless

otherwise noted in the data card footnotes.
In the literature other definitions of slope

parameters have appeared. Ne have converted to the
definition of g in Eq. (1) whatever experimental

quantity has been reported. Ne give the conversion

to the definition (1) for the most widely used

parametrizations and tabulate the conversion factors
for the reader's convenience.

The relevant transformat. ions are

+ —(1+ D)Q
3 2K 3

and

2a

1+a ct t
with

ct
2m

( + ) 3max
Tr+

c) Other K authors use the same form of0

matrix element as given in b) above, but def ine

T3max 3 Q
2
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Stable Particles Data Card Listings
For notat)on, see key at front of Listings.

The relevant transformation is then
EIGHTED AVERAGE ~ -0.2144 + 0.004S

ERROR SCALED BY 1.7
-2a

u
1+a cu

with c
u

4m
K
2 Q ~

3m

0d) Older K analyses were done using

T3
JN/' = Z+ B

V

-c a
V V

1+d a
V V

g w1th c
V

The relevant trans formation is then

2
m +

2
' -0.26 -0.22

LIN . ENERG Y DEP

HOFFMASTE 72 HLBC
~ ~ ~ ~ ~ ~ ~ ~ eFQRD 72 ASPK

BUTLER 6B HBCl ZINC HENKQ 67 HBC

-0.18 -0.1.4

FOR K+ TO P I+ PI+ P I-

CHISQ
2.8
0.3

3.1
f CONLEV
~0.081 )

and

d = (1 + 4)v 3m
K

WEIGHTED AVERAGE ~ -0.2135 + 0 ~ 0066
ERROR SCALED BY 2.7

For the reader's convenience we give a table

of numerical values for Q, T, 6, c, and c3max' ' y' t'
obtained using the masses from the current edition.

T
3max

C
y

t
C

C

d
V

75.00

48.10

84. 21

53.22

-0.0789

0.7028

-0.0768
-0.2247

0.0400

0.0524

83.60

53.91
0.0798

0.7023

0.3204

0.2272

0.0393

0.0605

0.0

0.7891

0.0963

0.0

0.0400

0.0506

10 CHARGED K ENERGY DEPENDENCE OF DALI TZ PLOT

RELATED TEXT SECTION VI 8 ~ lo APPENDIX I o AND MINI-REVIEW ABOV'E

MATRIX ELE ME NT SQUARED = 1 + G ( S3-SO) /( MP I+&&2 )

~ . . LUCAS1
~ ~ ~ ~ ~ ~ a FQRD
~ ~ MAST

MOSCOSQ

73 HBC
72 ASPK
69 HBC
68 HBC

CHISQ
3.3
3.5
7.7

-0.24 -0.22 -0.20 -0.18 -0.16 -0.14
LIN. ENERGY DEP . FOR K — TO PI- PI- PI+

14.5
(CONLEV
~0.001)

DG ((GT+)-(GT-) )/((GT+)+(GT-) ) IN PERCENT
DG A NON-ZERO VALUE FOR THIS QUANT ITY INDICATES CP VIOLATION
DG 3 ~ 2M -Oe 70 0» 53 FORD 70 ASPK

GTP LINEAR ENERGY DEPENDENCE (G) FOR TAU PRIME DECAY CHA ~ K INTO PI PI DPI 0
GTP 1792 0 ~ 48 0» 04 KALMUS 64 HLBC +
GTP 1874 0 ' 586 0 ' 098 8 I SI 65 HLBC + ALSO HBC
GT P 4048 0 ~ 516 0 ~ 020 DAVISON 69 HLBC + ALSO EMUL
GTP 198 0, 516 0 074 PANDOULAS 70 EMUL +
GT P A 1365 0 ~ 67 0 ~ 06 AUBER T 72 HLBC
GTP 574 0 ~ 484 Oe 084 LUG AS2 73 HBC — D AL IT Z PRS ONLY
GTP S 27K 0 ~ 510 0 ~ 060 SMI TH 75 WIRE +
GTP 5635 0 ~ 602 0 ~ 021 SHEAFF 75 HLBC +
GTP A WE GI VE LI NEAR TERM OF HIGHER ORDER FIT ~ EQ ~ I OF APP II AUBERT 72 ~

GTP S SMITH 75 MEASURES QUADRAT IC COEFFICIENT H=0 ~ 009+-0 040
GTP ~ ~ ~ ~ ~ ~ ~ e ~

GT P AVG 0 ~ 5 50 0 ~ 020 A VERAGE '( ERROR I NCL UDES SCALE FACT OR OF 1 »6 )

. GTP STUDENT 0 ~ 542 0 ~ 019 AVERAGE USING STUDENT10(H/lell) -- SEE TEXT
( SEE IDEOGRAM BELOW )

11/70

10/69
10 /69
10/69
10/70
1/73
9/73

12/75+
2 /764'
1/73

12/75'

GT+ L I NEA R

ENERGY�.

DEPENDENCE (G) FOR TAU DECAYS K+ INTO P I+ P I+ PI-
GT+ THESE EXP TS FIT N++2=1+AY+Y WE .LI ST G I N THE NAIN L ISTING AND

GT+ GIVE AY AT RIGHT ~ G=-l»5+AY(NP 1++2)/(NK+Q) SEE NOTE ABOVE ~

GT+Z 5428 -0 ~ 22 Oe 024 ZINCHENKO 67 HBC + AY=0 28+- 03
GT+ 9994 -0 ~ 218 0 ~ 016 BUTLER 68 HBC + AY=0 ~ 277+- ~ 020
GT+ G17898 ( -0 ~ 196) (0 ~ 012) GRAUMAN 70 HLBC + AY=0 ~ 228+- ~ 030
GT+Q 750K -0 ~ 2158 0 ~ 0028 FORD 72 AS PK + AY=0 ~ 2734+- ~ 0035
GT+ 39819 —0 201 0 008 HOFFMASTE 72 HLBC + INCLUDES GRAUMAN

GT+ Q THIS VALUE OF AY IS FRON A QUADRATIC FIT WITH Y++2 COEF=e 030+- ~ 010~

GT+ Q A LINEAR FIT I S QUOTED ONLY FOR THE IR COMBINED K+ AND K- SAMPLE ~

'GT+ Q IT GI VES AY=0 ~ 2737+- ~ 0032 ~ THE QUADRATIC FIT TO THE COMBINED
GT+ Q SAMPLE GIVES AY=0 2752+- ~ 0033 AND Y++2 COEFF=O ~ 025+- ~ 010 ~

GT+ Q (CHI SQ/DF ) =1» 38 FOR LINEAR FIT AND 1 »20 FOR QUADRATIC FIT e

GT+ G EMUL S ~ DATA ADDED — ALL EVENTS INCLUDED BY HOFFMASTER 72
GT+ Z AL SO INCLUDES ' DBC EV ENTS e

~ ~ ~ o ~ ~ ~ ~ ~+
GT+ AVG -0 ~ 2144 0 ~ 0045 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 7)
GT+ STUDENT -0 2146 0 0029 AVERAGE USING STUDENT10(H/1 11) -- SEE TE XT

( SEE IDEOGRAM BELOW )

GT- LI NEAR ENERGY DEPENDENCE (G) FOR TAU DECAYS K- INTO P I- P I- PI+
GT- FOR DEF INITION OF AY SEE NOTE IN ABOVE SECTION GT+.
GT- F 1347 (»0»220) (0 ' 035) F E RRO-L UZ 6 1 HBC — A Y=O ~ 28+- 045
GT-M 5778 -0» 190 0 023 MOSCOS 0 68 HBC — AY=0 ~ 242+ ~ 029
GT- 50919 -0 ~ 194 Oo 007 MA ST 69 H BC — AY =0 ~ 247+- ~ 009
GT-Q 750K -0 »2187 0 ~ 0028 FORD 72 A SPK — A Y=Oe 2770+- ~ 0035
GT 8 1K 0 ~ 199 0 ~ 008 L UCAS 1 73 HBC — AY=0 ~ 252+- 01 1
GT Q T HIS VALUE OF AY I S FROM A QUADRATIC F I T 'WI TH Y B'B2 COEF= e 0'20+ ~ 0 10 ~

GT- Q SEE ALSO THE NOTE Q IN THE GT+ SECTION ABOVE
GT- F NO RADI ATI VE CORRECTIONS INCLUDED ~

GT- M ALSO INCL UDES DBC CVENTS ~

T- ~ ~ ~ e ~ ~ ~ o ~

GT- AVG -0 ~ 2135 0» 0066 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 2 ~ 7)
GT- STUDENT -0 ~ 2142 0» 0039 AVERAGE USING STUDENT10(H/1 ~ ll) —SEE TEXT

( S EE IDEOGRAM BEL OW )

10 /69
10/69
8/70
4/72
1/71
4/72
4/72
4/72
4/72
1/73
1/71

10 /69
10/69
10/69
4/72

10/72
4/72
4/72

WEIGHTED AVERAGE ~ O. SSO + 0.020
ERROR SCALED BY 1..6

HEAFF
MITH
UCAS2
UBERT
ANDOULAS
AVISON
ISI
ALMUS

CHISQ
75 HLBC 6 .1.
75 WIRE 0 .4
73 HBC 0.6
72 HLBC 4.0
70 EMUL 0.2
69 HLBC 2.9
6S HLBC 0.1
64 HLBC 3 »1

17.5
(CONI EV0.014)0.3 0.5 0.7 0.9

LI.N. ENERGY DEP . FOR K TO PI PIO PI.O
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Data Card Listings
For notation, see key at front of Listings.

Stable Particles

+ 0Note on K and K~ Form Factors

Definitions of the parameters X, ((0), ~0+'
] t /f [ and [ fgf ( and a genezal di.scnssion of the
methods of analysis are given in Section VI B.2 of
the text.

This note describes the contents of the Data

Card Listings for the two K parametrizatians,
p3

(~+g g (0) ) and (~, ~ ), which were discussed in
0

the text. Problems related to our data entries for
individual experiments are discussed and a campari-
son of results is given.

A 0 P arametriz ation: Th is parametri za-+
tion is used in recent K analyses. To facilitatep3
comparison between experiments, we convert earlier
experiments from the (A, , ((0)) parametrization to+'
(A. , X ) whenever possible (i.e. , when A. and g{0)
values, errors, and correlations are given) . The

transformation between these parametrizations is:.

A. + ag(0)

gg2 {l + 2a dg (0)
) ~g2 + 2gg2

0 dA. +

K 3 Experiments—p3

The matrix element for K 3 decay, assuming a
pure vector current, is given by Eq. (2) in Section
VI B.2 of the text. Most experiments appear to be
compatible with the assumption that f depends+
linearly on t and that. f is constant. Only DALLY

0
72 (K 3) appears to require X p 0 (by about three'p3
standard deviations) . A single data bin at low q
seems to be responsible. The effect is not observed
in the high-statistics experiment of DONALDSON2 74

0(alsa K 3) .p3

((0) Parametrization: A, data from K 3+ p3
decay are entered into the K and K sections of

L
the Data Card Listings in subsection L+M. The

corresponding g(0) values are entered in subsection
XIA, XIB, or XIC, depending on whether Method A, B,
or C, discussed below and in the text, was used.
The data cards contain the values„ ane-standard-
deviation errors 6X and A((0), as well as the

-l/2correlation d((0)/dA. , all indicated on the e

likelihood contour below. The correlations are
given on the right side of the ((0) data cards.

0 dg (0)

where a = m /( —m ) . The A. value, the one-2 2 2
7r 7f

standard-deviation error AA, , and the correlation
dX /dA are given in subsection LO of the data

0 +
cards.

Ne also convert (~,X ) results into the (A.

((0) ) parametrization whenever possible so that
subsection LO is essentially equivalent ta the three
subsections XIA, XIB, and XIC.

Individual analyses have used a variety of
parametrizations. Problems arise when trying to
express their results in terms of the parametri-
zations used here. The discussio~ of these problems

is divided into three sections corresponding to the
three methods of analyses discussed in the text.

Method A: Dalitz plot analyses and pion
spectrum analyses usually determine A, and ((0)
(or Ap) values, errors, and correlation. Such

measurements are entered in the L+M, XIA, and LO

subsections. They give rise to the error ellipses
shown in Figs. l and 2.

c3
+I
C)

Slope dg (0)
d X+

XBL 745- 2682

Some analyses of this. type fix X and determine+
g(0), e.g. , CARPENTER 66 and PEACH 73 (both K ) .p3
Ne enter ((0) and dE(0)/dX in the XIA section and+
give the fixed X value in the data card footnote.
The E(0) error is parenthesized because it does not
include the uncertainty in the value af A. . These+
results, trans farmed to A. measurements, give rise

0

to bands in Fig. 2.
In some cases, we alter an error from its

.published value in order to obtain an error ellipse
with a width which matches the error in ((0) for
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Stable Particles Data Card Listings
For notation, see key at front of Listings.

CAI L

-O. I

XBL 762-2298

-1/2Fig. 1. One-standard-deviation {e ) likelihood+contours jn the (~,A ) plane for K+ 0 p3

fixed A. . These adjustments are noted in the ((0)+
data card footnotes, e.g. , for CALLAHANl 66 and

HAIDT 71 (K subsection XIA), where the published
+

errors and correlation violate the constraint
Ic I

& l on the normalized correlation coefficient
A. g

C given by

AA+ dg (0)
hF d~

XBL 762-2297

-1/2Fig. 2. One-standard-deviation (e ) likelihood
contours in the (A. , A. ) plane for K 0

+ 0 p3

Kith the BRAUN1 73 values, A. = 0.027, ~~(6.6)+
-0.34 + 0.20, and dg(6. 6)/dA. = -14, we obtain+

In some cases, e.g. , BHAUNl 73, the parametri-

zation used is A ~ ((0), ((t*), where t* is the
+

weighted average of t with weighting according to
the sensitivity to (. In this case we do not use

((0) . It is a bad. ly determined parameter comparable

to A. or the slope of E, (t) . Instead, we use

r(0) = g(t*) (1 + A t*)

&'" ' (1 + X t*) + r. «*)t*
dX +

g-(0) = (-0.40 + 0.24) — 19 (A. — 0.027)

or for their fitted A. = 0.025 + 0.017, we get+
C(0) = -0.36 + 0.40. .

Method B: Branching ratio experiments cannot
determine A. and ((0) simultaneously, but simply+
fix a relationship between them, given in Section
VI B .2 of the text. Results are usually quoted as
values of F (0) at fixed ~ . Ne list these results
in subsection XIB, but we do not average them
because the ~ values differ. Instead, we compute+

. a combined result by using the relations in the
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Data Card Listings
For notation, see key at front of Listings.

Stable Particles

1" (K )/1 {K )p3 e3
E {0)

0.663 + .018 (S=l.7) 0.696 + .017

-0.20 + .15 (S=l.7) +0.09 + .13

dE (0) /dA, -11.9 -10.3

+0.014 + .012(S=1.7) +0.038 + .Oll

text and our fitted values of I'(K 3) /I'(K 3) and
0 0

p3
)/r{K 3), which include the branching ratios'p3 e3

from these experiments. The branching ratios from

our current edition and the results for ((0) and &0

evaluated at A, = 0.030 are

the signs of g(0) and d({0)/dA. are opposite,
whereas the above equation reguires them to be the
same (since t & 0) .

Comparison of K Experiments: Figures 1 and
p3

2 show the likelihood contours in. the {A Ap) plane
+ + I p

for K and K respectively.
The K Dalitz plot results (ellipses) shown

p3
are fairly consistent. and appear to cluster between

the K /K 3 result and the polarization results ofp3 e3
BETTELS 68 and CUTTS 69. The K 3 results are much'p3
less consistent with a small cluster appearing in

dA, /dX +0.04 +0.12
the neighborhood of the DONALDSON2 74 result.

fits to the results shown in Fig. 1 and

The scale factor S is the amount by which the error
has been multiplied in order to compensate for

K
0

K

Fig. 2 yield the following values for A. and A.+
The corresponding values of ((0) are also given.

discrepancies in the branching ratios. These

results give rise to the K /K bands in Figs. 1
p3 e3

and 2.

Method C: Polarization experiments measure

&({t)), the weighted average of g{.t) over the t
range of the experiment, where the weighting

accounts for the variation with t of the sensi-
tivity to g{t) . Such measurements are entered in

subsection XIC.

Xo

dA. /dA.

2
X /DF

+0.027 + .008*

-0.009 + .007*

-0.15

34/18

+0.034 + .006*

+0.021 + .006*

-0.24

72/12

2.5

To reinterpret, these results in the {A. , F(0) )

parametrization, we recognize that A, = 0 corre-
sponds to ({t) constant (always assuming A. = 0) so

F(0)
& 0

= &F(t)&'+ '

g(0)

dg (0) /dX

-0.45 + .14* -0.17 + .10*

*All errors have been increased by the scale
factor S = (X /DF) ~ to take into account the
discrepancies between measurements.

The correlation with A. is given by the following+
relations {valid for small ~ ):+

Z((&) = (6(&)& () + ~+ (—g)&
m

&g(t) &

dX+

where & t/m ) is the average value of t weighted by
7r

the sensitivity to ({t). These results, transform-

ed to X and dA. 0/dX values, are entered in sub-
0 0

section LO and give rise to bands in Figs. 1 and 2.
In Figs. 1 and 2, we disregard those polari-

/

zation measurements for which dE(0) /dX is not

obtainable. Also we disregard NERLAN 73 because

In view of the large X /DF of these fits,
especially K, the fit results should be taken

p3
with a grain of salt. The largest contributors to

in the K 3 case are CHIANG 72 with 10.4, and2 +
p3

the polarization results, BETTELS 68 with 5.4 and

CUTTS 69 with 4.2. In the K 3 case the largestp3
contributors are the polarization results of
SANDNEISS 73 with 17, LONGO 69 with 14, and SHEN

75 with 12, and the Dalitz plot results of ALBRON

72 with ll, ALBRECHT 74 with 7.3, and PEACH 73 with

5.3. All other X values were less than 4.2

The DONALDSON2 74 result.

.030 + .003+

.019 + .004
0
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Stable Particles Data Card Listings
For notation, see key at front of Listings.

clearly dominates the statistics in the K 3 case.
]33

The A, value is consistent with the K 3 value of+ e3
and with the pole approximation

f (t) = f (0)+ +
K*

Their fp (t) extrapolates linearly to the Callan-
Treiman point. It is less than two standard
deviations from the K /K result.

p3 e3

K Experiments—e3

effective mass of the lepton pair» Ne quote the
elinear coefficient A, (L+E on the data cards) .+

There has been some suggestion of departure from

linearity tCHIEN 71 (K 3) and Chounet, Gaillard,e3
and Gaillard —Review] but no compelling evidence.

The A. results are fairly consistent and the aver-
+

age values are
+

K 0.0285 + 0.0043+

0K 0.0288 + 0.0028 (S = 1.4)+

where the K error has been multiplied by thee3
scale factor 1.4 to compensate for inconsistencies
(see ideogram in K section L+E) .

Many of the change s in this section were

stimulated by the comments and criticism of L. M.

Chounet, and by the excellent reviews of Gaillard
1 2

and Chounet and Chounet, Gaillard, and Gaillard.
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The f term of the matrix element [Eq. (2) text
Section VX .B.2 ] can be neglected for K becausee3
it. is proportional to the lepton mass. The f term+
is usua11y assumed to be linear in t = q = (P —P )

'tT

the square of the four-momentum transfer, i.e. , the

XIA
X IA
XIA
XI A

X IA
XI A

XIA
XIA
XIA
XI A

XIA
X!A
XIA
X IA
XIA
XIA
XIA
XI A

XIA
XI A

XIA
XI A

XI A

XIA
XI A

XIA
XIA
XI A

XIA
XIA

X!8
X IB
XI 8
XIB
XIB
XI 8
XIB
XIB
X!8
XIB
XIB
XIB
XIB
X!8
XI 8
XIB
XIB
XI 8
XIB
XI 8
XIB
XIB
XIB

X IC
X!C
X IC
X IC
XIC
XIC
XIC
XIC
X IC
XIC
X!C
X IC
X IC
XIC
XIC
XIC
XIC
X IC
X!C
XIC
X IC

IXI
IX I
IXI
IXI
IX I
I XI
IX I
IXI
IXI

L+M
L+M
L+M
L+M
L+M
L+M
L+M

'
L+M
L+M
L+M
L+M
L+M
L+M
L+M
L+M

10 CHAR GED K FORM F ACTOR S

RELATED TEXT SECTION Vj 8 ~ 2 AND MINI-REVIEW ABOVE

IN THE FORM FACTOR COMMENTS' THE FOLLOWING ABBR EVIAT IONS ARE USED»
F+ ANO F- ARE PQRM FACTORS FQR THE VECTOR MATRIX ELEMENT ~

FS AND FT REFER TQ THE SCALAR AND TENSOR TERM ~

F0 = (F+) + (F-)+T/(MK++2-MPI ++2 )
L+ L- AND LO ARE THE L !NEAR

'

E XP ANSI ON CQEFF S ~ OF F+ F- ANO F0 ~

L+ REFERS TO THE KMU3 VALUE EXCEPT IN THE KE3 SECTIONS»
OXI /DL IS THE CORRELATION BETWEEN' XI(0) AND I+ IN KMU3 ~

DLD/DL+ IS THE CQR'R'EI ATION BE~WEEN L0 AND L+ IN KMU3.
T — MOMENTUM TRANSFER TQ T H P I IN UNIT'S OF &P I++2 ~

DP = DALI TZ PLOT ANALYSI S
PI = PI SPECTRUM ANAlYSIS
MU = MU SPECTRUM ANALYS IS
PQL= MU POLARIZATION ANALYSIS
BR = KMU3/KE3 BRANCHING RATIO ANALYSI S
E = POSITRON QR ELECTRON SPECTRUM ANALYSIS
RC = RADIATIVE CORRECTIONS

IMAGINARY
2648 0 0

397 +1.6
2950 0 ' 5
6000 -0»l
3133 -0»3

PART OF
1 ~ 0
1 ~ 3
l»4
0 ' 3
0 ' 3

XI (TEST OF T REVERSAL)
CALLAHA 1 66 FRBC
CALL AHA1 66 ~RBC

0 ~ 5 CALL AHAl 66 FRBC
BET~EL S 68 HLBC

0 4 CUTTS 69 QSPK

MU

TOTAL PQL ~

LONG.

POLY�

.

TOTAL POLY
TOTAL POL ~ F IG 7

~ ~ ~ ~ ~

0 ~ 09
-0 10

AVG
STUDE NT

~ ~ ~ ~

0 ~ 21
0 ~ 23

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
AVERAGE USING STUDENT 10 ( H/ ). » 11) -- SEE TEXT

LAMBDA + (L INEAR ENERGY DEPENDENCE OF F+ IN KMU3 DECAY)
SEE AI SO THE CORRESPONDING ENTRI ES AND FOOTNOTES IN S ECT IQNS XI A,
XICg ANO LO ~

FOR RAO ~ COR ~ OF KMU3 DP S EE G INS BURG 70 AN D BECHERR A'WY 70 ~

444 0 ~ 0 0 05 CAI. LAHA1 66 FRBC + P I
2041 0 ~ 009 0 ~ 026 KI JE'WSKI 69 QSPK + PI
3240 0 ~ 050 0 018 HA! DT 71 HL BC + DP

A4025 0 ~ 024 0 ~ 019 ANKENBRAN 72 ASPK + P I
3480 -0 F 006 0 ' 015 CHIANG 72 QSPK + DP
1897 0 ' 025 0 ' 017 BRAUN1 73 HL BC + DP
490 0 ~ 025 0» 0 30 A RNQI D 74 HLBC + DP

6527 0 ~ 027 0» 019 MERLAN 74 ASPK + DP
A A NKENBRANDT 72 L+ FROM F I G ~ 3 TO MATCH DX I/ DL ~ T EXT GIVES ~ 024+- ~ 022

~ ~ ~ ~ ~ ~ » ~ ~

FIT DISCUSSED IN NOTE ON KI 3 FORM FACTORS ABOVE»

XIA = F-/F+ (DETERMINED FROM SPECTRA)
76 {+1 8) {0 ~ 6) BR QWN 62 XEBC + DP+BR y L+=0
87 (+0 ~ 7) (0 ~ 5) G IACDMELL 64 EMUL + MU+BR R VUE o I+=0

J (-0 ~ 08) (0.7) JE NSEN 64 XEBC + OP+BR (KMU 3g KE3)
2648 (0 ~ 0 l ( 1 ~ ll ( 0 ~ 9) CALLAHA1 66 FRBC + "IU f L+ —Oy T UNKN

C 444 +0.72 0.93 CALLAHAl 66 FRBC + PI DXI/DI =-17
78 (-0 5) {0 ~ 9) EI SLER 68 HLBC + PI ei +=Os NQ DX/DL

K 2041 -0 ~ 5 0 ' 8 KI JE WSKI 69 QSPK + PI DX! /0 L=-26
H3240 -1 ~ 1 0 ~ 56 HA IDT 71 HL BC + DP g OX I/DL=-29
A4025 -0 ~ 62 0» 28 ANKENBRAN 72 ASPK + P I p DX I/ DL=-12
83480 +0 ~ 45 0 ~ 28 CH! ANG 72 OSPK + OP p DXI /DL=-15
01897 -0 ~ 36 0 40 BRAUNl 73 HL BC + DP p DX I /DL=- 19
N 490 -0 ~ 8 0 ~ 8 ARNOLD 74 HLBC + DP g DX I/DL=-20
M6527 -0 o 57 0 24 MERLAN 74 ASPK + DP y DXI /DL= -9

J JENSEN 64 GI VES L+M=L+E=- ~ 020+- ~ 027 ~ OX I/DL UNKNOWN ~ INCLUDES
J 8 HAKLEE 64 XI 8(KMU3/KE 3) ~

C CALLAHAN 66 TABLE 1 (P I ANAL ) GI YES DXI /DL={ ~ 72- ~ 05) /( 0- ~ 04) =-17 '
C ERROR RAI SED FROM ~ 80 TQ AGREE M TH DXI0= 37 FOR F IXED L+ ~

K KI JEWS KI 69 FIG ~ 17 WAS USED TO OBTAIN DXI /DL AND E'RRQRS ~

H HAI QT 71 TABLE 8 (OP ANAL ) GIV ES OX I/OL = (-1 o 1+0 ~ 5) /{ ~ 050- 029) =-29~
H ERROR RAI SEO FROM 50 TO AGREE WITH DXIO= ~ 20 FOR FIXED L+»
A ANKENBRANDT 72 FIG ~ 3 WAS USED TQ OBTAIN DXI /DL
8 CHIANG 72 FIG ~ 10 WAS USED TO OBTAIN DXI/DL ~

8 FIT HAD L-=L+ BUT WOULD NOT CHANGE FOR L-=0 ~ L PONDRQMe PRIV ~ CQM ~ 74
0 BRAUNl 73 GIVES X I {T)=-»34+-~ 20' DXI( T) /DL+=-14 FOR I += ~ 0271 T=6 ~ 6 ~

D WE CALCULATE ABOVE XI(0) AND DXI(0)/DL+ FOR TI'EIR L+= ~ 025+- ~ 017
N ARNOLD 74 FIG ~ 4 WAS USED TO OBTAIN XIA AND DXI /DL ~

M MERLAN 74 FIG ~ 5 WAS USED TO OBTAIN DXI/DL
~ ~ ~ ~ ~ ~ ~ ~ »

F IT DISCUSSED IN NOTE ON KL3 FORM FACTORS ABOVE ~

XI 8 = F-/F+ (DETERMINED FROM KMU3/KE3)
THE KMU3/KE3 BRANCHING RATIO F I XES A 'RELATIONSHIP BETWFEN XI (Ol
ANO L+ ~ WE QUOTE THE AUTHORS XI (0). AND ASSOCIATEO L+ BUT DQ NQT
AVERAGE 8 ECAUSE THE L+ VALUES DI FFER ~ THE FIT RESUI.T AND SCALE
FACTOR GIVEN IN THE ABOVE NOTE QN KL3 FORM FACTORS ARE NQT OBTAI NED
FROM THESE XI 8 VALUES INST EAD THEY ARE Q BTAIN EO DIR ECTLY F RQM THE
F I TTED KMU3/KE3 8 AT I 0 ( R29) ~

-0 ~ 17 0 ~ 75 0 ~ 99 SHAKLEE 64 XEBC + B Re L+=0
+0.6 0 ' 5 BISI 1 65 HBC + BRe I+=0

500 +0 8 0 ~ 6 CUTTS 65 OSPK + BRr L+=0
636 +0 ~ 4 0 ' 4 CALLAHA1 66 FRBC + BR I+=0
306 +0 75 0 ~ 50 AUERBACH 67 QSPK + BRg L+=0

8 5601 (-0~ 08) (0 ~ 15) SQTTERIL2 68 ASPK + BRgL+= ~ 023+- ~ 008
E 1398 (-0 60) {0~ 20 ) EICHTEN 68 HL BC + BR, SEE NOTE E

986 +1 ~ 0 0 6 GARLAND 68 OSPK + BRg L+=0
+0 ~ 91 0 ~ 82 ZELLER 69 ASPK + BR, L+= ~ 023

8 -0 ~ 35 0 ~ 22 BQTTERIL 70 OSPK + BR gL+= ~ 045+- ~ 015
E 1505 -0 81 0 ~ 27 HAIOT 71 HLBC + BR~ L+= »0281 FIG ~ 8

5825 0 ~ 0 0 15 CHIANG 72 QSPK + BRyL+= ~ 03 yF IG»10
8 HOTTER IL 70 I S REEVALUAT I QN OF BDTTER IL 2 68 WITH 0 I FFERENT L+ ~

E E ICHTEN 68 HAS L+= ~ 023+- 008' T=4~ INDE& QF L- REPL BY HAIDT 71
~ » ~ ~ ~ ~ ~ ~ ~

FIT DI SCUSSED IN NOTE ON KL3 FORM FACTORS ABOVE ~

X IC = F-f F+ ( DETERMINED FROM MU POLAR I ZAT ION IN KMU3)
THE MU POLARIZATION IS A ME4SURE OF X I{T)» NO ASSUMPTIONS ON I+-
NECESSARY T ( WEIGHTED BY SENSITIVITY TQ XI 0) SHOULD BE SPECIFIED ~

IN L+yXI (0) PARAMETERIZATIQN THIS IS XI(0) FOR 1+=0~ DXI/DL=XI+T ~

FOR RAD» CORR TO MUON POLARIZATION IN KMU3 SEE GINS BERG 71 ~

T 2100 (+1»2) (2 ~ 4) ( 1 ~ 8) BQRREANI 65 HLBC + PQLARI ZAT IQN
T 500 BTWN -4»0 AND +1 »7 CUTTS 65 QSPK + LONG ~ POL ~

T 397 (-1~ 4) (1 8) CALLAH41 66 FRBC + TOTAL POL
T 2950 (-0 ~ 7) (0 ~ 9) (3~ 3) CALLAHA1 66 FRBC + LONG» PQL»

86000 -1 »0 0 ~ 3 8 ETT EL S 68 HL BC + TOTAL POI. » T=4» 9
C3133 -0.95 0 ' 3 CUTTS 69 QSPK + TOTAL PQL ~ T=4 ~ 0

M 40K (-0 64l {0» 27l MERLAN 74 ASPK + PQL y DX I/DL=+1»7
D1585 -0 ~ 25 1 ~ 20 BRAUN 75 HL BC + PQL ~ T=4 2

T T VAL UE NOT GI VEN ~

8 BETT EL S 68 DXI /DL =X I+T=-1» 0+4. 9=-4 9 ~

C CUTTS 69 T4 ~ 0 WAS CALCULATED F&QM FIG ~ 8 DXI/DL=X I+I=- 95+4=-3 8 ~

M MERLAN 74 POLARIZATION RESULT (FIG 5) NQT PQSS IBLE ~ SEE DISCUSS ION
M OF PQLARI ZATION EXP ER IMEhlTS IN NOTE ON KL3 FORM FACTORS ABOVE o

D BRAUN 75 DX I/DL=X I+T=- ~ 25&4 ~ 2= —1 0 ~

~ » ~ ~ ~ ~ ~ ~ ~

F IT DISCUSS ED IN NOTE QN KI 3 FORM FACTOR S ABOVE ~

8 /67

1/74
1 /74
1/74
1/74.
1/74
1/74
1/74
1 /74
1/74
1/74
3/74

11/754'
3 /74
1/74
1 /74.
1/74
1/74
1/74
1/74
1 /74
1/74
1/74
1/74
3/74
3/74

11/75~
3/74

1/74
1/74
1/74
2/76~
2/ 76&
2/76+
1/74
1/74
1/74
1/74
1/74
1/74
1/74
1/74
1/74
1 /74
1/74
1 /74
1/74
1/74

8/67
1/74
8/67
8/67
1/74
1/74
3/74
1/76~

1/74
I/764
I /764
I /764

1/74
1/74
1/74
1/74
1/74

3/74
1/74
1/74
1 /74
1/74
1 /74
3/74
7/74+
3/74
1/74



Particle Data Group: Review of particle properties S73

Data Card Listings
For notation, see key at front of Listings.

Stable Particles

LO LAMBDA 0 (L IHEAR ENERGY DEPEhlDENCE OF FO I H KMU3 DECAY)
LO WHEREVER PQSS IBLEy WE HAVE CONVERTED THE ABOVE VALUES QF XI( 01 INTO
LO VALUES OF LO USING TI E ASSOC IATED L+4I AND DX I/ Ot e

LO W 444 +Oe 058 0 036 CALLAHAl 66 FRBC + Pl r DLO/DL+=-0 ~ 37
LO L 6000 Oo 081 (0 e024 } BETTELs 68 HLBc + PQL DL0/DL+=+ ~ 60
LO W 2041 -Oo 031 0 ~ 045 Kl JE WSKI 69 QSPK + Ply DLO/DL+=-1 ~ 10
LO L 3133 -0 ~ 077 {0 ~ 024) CUTTS 69 OSPK t' POL yDLO/Ot. + + o69
I 0 W 3240 -0 e 039 0 ~ 029 HA IDT 71 HL BC + DP r OL0/OL+=-1 ~ 34
LO W 4025 -0 ~ 026 0 ~ 013 ANKENBRAN 72 ASPK + Ply DLO/DL+=+0 ~ 03
LO W 3480 +0 ~ 030 0 ~ 014 CHTANG 72 OSPK + DP r DLO/OL+=-0 ~ 21
L0 01897 -0 ~ 008 - 0 ~ 020 BRAUNl 73 HL BC + DP t DLO/DL+=-0 ~ 53
LO 4'90 0 ~ 040 0 ~ 040 ARNOLD 74 HLBC + DPr DLO/DL+=-0 ee2
LO 8 (-0 ~ 017) (0 ~ 0111 BRAUI4 74 HLBC + KMU3/KE3 VS ~ T
LO M 6527 -0 ~ 019 0 ~ 015 MERLAH 74 ASPK + OPr DLO/DL+=+0 ~ 27
LO L 1585 0 ~ 020 0 ~ 097 SRAUhl 75 HLBC + PQL y DLO/OL+=+ ~ 92
LO W LO CALCULATED BY US FROH XIOr L+Mr AND DXI/DL ~
LO L LO VALUE IS FOR 1+=0 ~ CALCULATED BY US FROM X10 ANO DXI/OL ~
LO D THIS VALUE ANO ERROR ARE TAKEN FROM BRAUN 75 BUT CORRESPOND TO THE
LO D BRAUN1 73 L+H RESULT ~ OLO/DL+ IS FROM BRAUN1 73 DXI /DL IN XI A ABVe
LO 8 BRAUH 74 I S A COMBINED KMU3-KE3 RESULT o IT IS NOT, INDEPENDENT OF
LO B BRAUN1 73 (KMU3) AND BRAUN2 73 ( KE3) FORM FACTOR RESUI TS ~
LO M MERLAN 74 LO ANO OLO/DL+ WERE CALCULATED BY US FROM XIAr L+M y ANO
LO M DXI /DL ~ THEIR F TG ~ 6 GIVES LO=-0 e025+-0 ~ 012 AND NO DLO/DL+ ~
LO ~ e ~ ~ ~ o ~ ~ ~

LO F IT DISCUSS ED IN NOTE ON KL3 FORM FACTORS ABOVE ~

FS/F+ RATIO
~ 18
~ 30

0 ~ 23
Oo 14
0 ~ 13
0 F 00

FS
FS
FS
'PS
FS 270T
FS 4017
FS 2827
FS
FS AVG
FS STUDENT

~ ~ ~ ~ ~

0 ' 125
0 126

OF SCALAR TO F+ COUPLIHGS FOR KE3 DECAY(ABS ~ VALUE)----
OR LESS CL= ~ 90 BELLOTT2 67 HLBC
OR LESS CL= ~ 95 KALMUS 67 HLSC +
OR LESS CL~ ~ 90 BOTTER ILl 68 ASPK

0 ~ 03 0 ~ 0t STEINER 71 HLBC + L+t FSt FTt PHI FIT
OR LE SS CL= ~ 90 CHIANG 72 OSPK +

0 ~ 10 BRAUN 75 HLBC +
~ ~ ~ ~

0 ~ 044 AVERAGE (ERROR INCLUDES SCALE FACTOR QF 1 o31
0 ~ 037 AVERAGE USING STUDENT10{ H/1 11) —SEE TEXT

L+E LAHBDA + (L INEAR ENERGY DEPENDENCE OF F+ IN KE3 DECAY)
I +E FOR RADoCQR ~ OF KE3 DP SEE GINSBURG 67 ANO BECHERRAWY 70 ~
L+E 217 +0 ~ 036 o 045 BROWN 62 XEBC + Ply NO RC
L+E 407 -0 ~ 010 ~ 029 JENSEN 64 XEBC + P I NO RC
L+E 230 -0 ~ 04 ~ 05 SQRREANI 64 HBC + E+y NO RC
L+E 854 0 ~ 0 y5 0 ~ 017 0 ~ 018 BiELLOTTZ 67 FBC + DPt USES RC
L+E 1393 +0 ~ 016 ~ 016 IHLAY 67 OSPK + DP y NQ RC
L+E 51 5 +0 ~ 028 e013 ~ 014 KAL4IUS 67 FBC + E+ r P I ~ NO RC
L+E 960 ~ 08 ~ 04 BQTTERIL1 68 ASPK + E+ USES RC
L+E 90 -0 ~ 02 0 ~ 08 Oo 12 El SLER 68 Ht. BC + PI r USES RC
L+E 1458 o045 ~ 015 BOTTERIL 70 OSPK P lr USES RC
L+E 2707 0 ~ 027 0 ~ 010 STEI NER 71 HLPC + DP r USES RC
L+E 4017 0 ~ 029 0 ~ 011 CHIANG 72 QSPK + DP t RC HEGLTGBLE
I +E A 0 ' 027 0 F 008 BRAUN2 73 HLBC + DPy NO RC
L+E 8 ( 0 ~ 025) ( 0 ~ 0071 BRAUN 74 HLBC + KMU3/KE3 VS ~ T
L+ E A BRAUN2 73 ST AT ES T HAT RC OF G IN S BER G 67 WOULD LOWE R L+E 8 Y ~ 002 SUT
L+E A THAT RC OF BECHERR ANY QI SAGREE S ANO WOULD R AI S E L+E BY ~ 005 ~
L+E B BRAUN 74 I 5 A COMBINED KMU3-KE3 RESULT ~ I T I 5 NOT INDEPENDENT OF
L+E 8 BRAUN1 73 (KMU3 ) AND BRAUN2 73 t KE3 ) FORM FACTOR RESULTS
L+E ~ ~ ~ ~ ~ ~ ~ ~ ~

L+E AVG 0 ' 0285 0 0043 AVERAGE (ERROR INCLUDES SCALE FACTOR OF F 01
L+E STUDENT 0 ~ 0284 0 o0047 AVERAGE US IHG STUOEhIT10( H/1 11) -- SEE TE XT

1/74
1/74
1/74
l/74
1/74
1/74
1/74
I /764
7/744

ll /75+
3 /74
1/ Tete
1/74
1/74
1/76+
1/76

ll/75+
11/754
3/74
3/74

3/74

8/67
8/67

11/67
8/67
8/67
6/68
6/68

10/69
11/7 1
9/72
3/74

ll/754
3/74
I /764'

11/754
11/754

10/69
10/69
8/66
2/72
9/72

12/754

CALL AHA1
CALLAHAN
CESTER

ALSO

AUERBACH
ALSO

BELLOTT 1
BELLOTT2

ALSO
8 I 5!
BOTT ER IL

ALSO
8 OWE'N

CL I NE1
CLI NE2
FL ETCHER
FORD
TML AY
KAL MUS
ZINCHENK

BETTELS .

ALSO
BOTT ER IL
BOTTERI 1
BOTTF R 12
BUTL ER
CHANG

CHEN
EICHTEN
ET SLER
ESC HSTRU
GARLAND
MOSCOSO

CUTTS
At. SCI

DAV ISON
ELY
EMMERSQN

HE RZO
K I JEWSKI
LOBKOW IC

ALSO
MACEK
HAST
ZE LLER

BOTT ER I L
FORD
GRAUMAN

ALSO
MACE K
HALTSEV
PA NDQUt. A

66
66
66
67

67
74
67
67
bb
bT
67
68
67

67
67
67
67
67
67
67

e8
71
e8
68
68
68
68

68
68
68
68
68
68

69
68
69
69
69

69
69
69
66
69
69
69

70
70
70
69
70
70
70

PR 155 1505
P R D9 3216
HEIDELBERG CONF
NC 52A 1287
Pl. 20 690
PL 258 572
PRL 19 982
BOTT ER IL
PR 154 1314

HEIDFLBERG CONF
HERCEG NOVI TBL ~ 4
PRL 19 98
PRL 18 1214

160 1203
PR 159 1187
RUTGERS (THES IS )

NC 56A 1106
HA I DT

171 1402
PR 174 1661
PRL 21 766
UCRL-18420
PRL 20 510

PRL 20 73
PL 27B 586
P R 169 1090
P R 165 1487

167 1225
THES!5

PR 184 13SO
PRL 20 955
P R 180 1333
PR 180 1319
P RL 23 393

PR 186 1403
UCRL-18433 THESI S
P R 185 1676
PRL 17 548
PRL 22 32
PR 183 1200
P R 182 1420

PL 318 325
PRL 25 1370
P R Dl 1277
PRL 23 737
P R 0 1 1249
SJNP 10 e78
P R D2 1205

+DQBBS r MAhlNy MCF ARLANE r WHI TEt
ERRATUM
BELLOTT I y PUI L I A (MIL AN)
BELLOTTIyFIQRINIrPULLT A ( MILAN I
BELLOTTI r F IOR IN I r PULL IA+ {MILAN)
8 IS I t C ESTER t CHI ES At VI GONE (TORINO I
BOTTER IL'LrBROWNyCQRBETTrCULLIGAN + (OXFORD)

BOW ENr MANN y HCF ARLANEt HUGHES+ t PENN-PR INCETO )

CL INEr HAGGERTYr SINGL ETON r FRY+ {Wl SCDNSIN)
0 CLI hIE PROC ~ INTL ~ SCH ~ Oh) ELEM ~ PART ~ PHYSICS
FLETCHER rBEIERyEDWRADS ~ + {ILLINOIS I
+LEHQNICKr NAUENBERGr PIROUE (PR INC ETON I
I MLAYr ESCHSTRUTHt F RANKLTN+ t P R INC ETON I
KALMUS r KERNAN {LRLI
Z INC HE NKO (RUTGERS)

AAC HEN-BAR I-BERGEN-C ERN-EP-NI JMEGE N-ORSAY+

BOTTER ILL BROWN CLEGG CORBETT + {OX FORD I
BOTTERlLL BROWN CLEGG CORBETT + {OXFORD)
BOTT ER ILLy SROWNt CLEGGr CORBETT + (OXFORD )
+BI AND ~ GOLDHABER GQL DHABER HI RATA+ ( LRL I
CHANGr YODHr EHRL I CHr P LAND+( MARY LAND r RUTGERS )

CHEhlyCUTTStKI JEWSKT y STIENING + {LRLyMIT I
AACHEN-BAR I-CERN-EP-QRSAY-PADOVA-VALENCIA
EISLER rFUNGyHARATECK r MEYERt PLANO (RUTGERS)
E SCHSTR UTH rFRANKLI N ~ HUGHES+ {PRI NCETONy PENN )
+TSTP I Sr DE VONS r ROSEN+ ( COLUMBIA r RUTGy WI SC I
M L MQSCQSO (UNIV PAR I 5 ORSAY )

+ST IENINGy W IEGANOr DEUTSCH ( LRL yMI T)
C UTTS t ST I E NI NG r W I EGAHDt DEUTS CH t t. RL r M IT )
+BACASTOW y BARKASy EVANStFUNG yPORTER+ {UCR I
ELYr GIDALr HAGOPIANrKALMUS+ (I.OUC+WISC+LRL)
EMHERSONrQUIRK (OXFORD)

+BANNERr BEIERy BERTRAM y EDWARDS + ( ILL)
P K KI JE WSKI (LBL I
+MELISSINDSrNAGASHIMA y TEWKSBURY+ (ROCHrBNL)
LOBKOWICZy MEL ISS INOS r NAGASHIM+ (RDCH+BNL I
HACEK y MANN y MC FARL ANE y ROBERTS+{P EhINr T E MPLE I
+GERSHWIN y ALSTON-GARN JOST yBANGERTE R+ (LRL)
Z ELLER y HADDOCKt HELL ANDyP AHL+ ( UCLA r LRL }

+BROWN r CL EGGy CORBETT y C UL L IGAN+ {DXF)
+P I ROUE r REHMEL y SHITH y S DUD ER ( PR IN )
+KOLLER r TA YLOR ~ PANDOULAS+ (STEV ySETOy LEH I I
+KOLLER y TAYLORr PANDOULAS+ {STEV ySETOt LEHI )
+HANNr MCFARLANE r ROBERTS {PENN )
+PE STOVA y SOLODOVNI KOVA yFADEEV + ( JINR I
+TAYLORr KOLLERt GRAUMAN + ( STEVy SETO)

PR 150 1153 CAI LAHANr CANER INI+{ WI SC rLRL rRI VERSIDEy SARI )
NC 44 A 90 A C CALLAHAN {WISCONSIN)
PL 21 343 CESTERy ESCHSTRUTHyONEILL+ t PRINCETQN-PENN)
AUERBACH ~ FOOTNOTE 1

FT FT/F+ RATIO
FT ~ 58
FT 1 ~ 1
FT 0 ~ 58
FT 2707 0 ~ 24
FT 4017 Oe 75
FT 2827 0 ~ 07.
FT ~ ~ ~ ~

FT AVG 0 ' 22
FT STUDENT 0 ' 22

OF TENSOR TO F+ COUPLINGS FOR KE3 DECAY(ABSe VAI UE)-—-
OR LES5 CL= 90 BELLOTT2 67 HLBC
OR L ESS CL=. 95 KALMUS 67 HLBC +
OR LESS CL= 90 BOTTERILl 68 ASPK

0 ~ 16 0 ~ 1 y ST EINER 71 HLBC + L+ tFStFTt PHI FIT
OR LESS CL= ~ 90 CHIANG 72 DSPK +

0 ~ 37 BRA Uhj 75 HL BC +
~ e ~ e ~

Oo 14 AVERAGE (ERROR INC(. UDES SCALE FACTOR OF 1 e0)
0 ~ 15 AVERAGE USING STUDENT10( H/le 11) —SEE TEXT

FTH FT/F+ RATIO OF TENSOR TQ F+ COUPLIHGS FOR KMU3 DECAY
FTM 1585 0 ~ 02 0 ~ 12 BR A UN 75 HLBC

KE4 KE4 DECAY FORM FACTORS ARE GIVEN IN THE FOLLOWING PAPERS
KE4 BASILE Tl ASPK +
KE4 BE IER 73 QS PK +-

10/69
10/69
8/66
2 /72
9/72

12/754

]./764

ll /754
I 1 /754

BAS ILE
BOURQUI N

HAIDT
ALSO

KLEMS
ALSO
ALSO

K'UN S EL MA

OTT
ROHANO
SC HWE INB
STETNER

ABRAMS
ANKENBRA
A UBERT
BE TER
CHIANG

71
71
71
69
71
70
70

71
71
71
71
71

72
72
72
72
72

PL 368 619
PL 368 615
PR D3 10
PL 29B 691
PR O4 66
P RL 24 1086
PRL 25 473

PL 348 485
PR 03 52
PL 368 525
P L 368 246
PL 368 521

P RL 29 1118
P RL 28 1472
NC 12A 509
P RL 29 678
P R D6 1254

+BREHIN yDI AHANT-BERGER yKUNZ+ (SACL+GEVA)
+BOYMDNOr EXTERMANNyHARASCO+ {GEVA y SACL )
A ACHE N+BAR I+CERN+ EP+NI JHE GEH+ORS AY +P AOOV A+
+(AACHt BAR I r CERN t EPOL t Nl JMr ORSAY r PADDy TDRI )
+HILDEBRANDr ST IENING {CHIC tL RL )
Kt.EMS r HTLDEBRANDr STI ENING {LRLr CHIC)
KLEMSt HILDESRANOy STIENING ( LRL ~ CHIC)

R ~ KUNS ELM AN ( WYOMING I
OTTy PR I TCHAR D ( LOQH)
+RENTONr AUBERTt BURBAN-LUTZ {BARIy CERN ~ ORSA)
AACHEN+BELGIUM+CERN+NI JMEGEN+PADDVA CQLLAB
AACHEN+BAR I+CERN+EPOL+ORSA+NI JH+PADD+TDRIN

+CARROLL rKYC IA r Ll r HENESr MICHAEL + (BNL)
ANK ENBRANDTt LARSEN+ ( BNL+LA SL+F NAL+ YALE)
+HEUSS Er PASCAUDy V IALLE+ {ORS A+BRUX+ EPOI. )
+BUCHHOLZ r MANNr PARKER. ( P ENNSYLVANIA )
+ROS Ehl y S HAP IROt HAhIDLER tOL SEN+ ( R OCH+WI SC I

8IP GE 56
ILOFF 56
AL E XANDE 57
COHEN 57
ET SEhIBER 58
BURROWES 59
TAYLOR 59

FR EDEN 60
BARKAS 6 1
SHOW MIK 61
FERRO-LU 61
NORD IN 61
ROE 61
BOYAR SKI 62
BROWN 62
BARKAS 63

PR 118 564
PR 124 1209
NC 20 857
NC 22 1087
PR 123 2166
PRL 7 346
PR 128 2398
PRI 8 450
PRL 11 26

BORRE ANI 64
CALLAHAN 64
CA MER INI 64
CLI NE 64
GIACOMEL 64
GREINER 64
JE NSEN 64
KA LMUS 64
SHAKLEE 64

PL 12 123
PR 136 8 1463
PRL 13 318
PRL 1 3 101
NC 34 1134
P RL 13 284
PR 136 81431
PRI 13 99
PR 136 8 1423

BI RGE 65
8151 e5
SIST 1 65
BORR EAN I 65
CALLAHAN 65
CAMERIHI 65
CL INE 65
CUTTS 65

P R 139 8 1600
NC 35 768
PR 139 8 1068
PR . 140 81686
PRL 15 129
NC 37 1795
PL 15 293
PR 138 8969

NC 4 834
PR 102 927
NC 6 478
FUND ~ CON 5 ~ P HY S ~

HC 8 663
PRL 2 117
PR 114 359

REFERENCES FOR CHARGED K

SIRGE rPERKINStPETERSONySTORKtWHITEHEA (LFL I
ILOFF GOLOHABER LANNUTTI GILBERT + (LRL )
ALEXANOERy JOHNSTONtOCEALLAIGH (OUBL IN INST I
+CROWE r OUMOND {ATOMICS INTER ~ +LRL+CIT I
EIS ENBERGy KOCHr LOHRMAI4NyNIKOI IC + (BERN)
BURROWF5 r CALDWE LL r FR I SCHy HILL + {MIT I
5 TAYLOR HARRI S DREAR LEE BAUMEL (COLUMBI A I

5 C FREDENrF C GILBEPTrR S WHITE {LPL)
BARKAS OYER ~ MASON t NORRIS NICKOI. S SMIT ( LRL)
8 BHOWHIKr P C JAINrP C MATHUR (DELHI UNIVI
FERRO-LUZZI y MILLER y MURRAY r ROSEHF ELD+ (LRL I
PAUL NORD IN JR (LRL}
AOEr 5 INCLAIRy BROWNr GLASER + ( MICH+I RL )
BOYARSKI yLOHr Nl EMELA r RITSON (HIT )
BROWN r KA DYK ~ TR ILL ING r 'ROE+ {LRL~ MICH)
W H BARKAS t J N DY ERr H H HECKMAN (LPL )

G BORREAN I r G R INAUDO y A WE RBROUC K ( TURIN}
A CALLAHAHyR MARCHrR STARK (W ISCONS IN )
CAMER INI yCLIHE yFRYr POWELL (WISCDNS IN+LRL I
D CL INEy W F F'RY .(WI SCONSI Nl
GIACOMELLI t MONT T t QUAR ENI+ ( BOLOGNAy HUNICH)
D GREINER r W OSBORNE y W BARKAS (LFL)
JENSEN y SHAKLEEy RQE r SINCLAIR ( MICHI
+KERNANr PU r POWE LL y OOW D (LRLy MISC)
SHAKLEE t JE NSE N y ROE y5 I HCLAI R ( MICH}

BIRGE ELY GIOAL GAMER INI CLINE + (LRL+WISC)
8 IS It BORREANI t CESTER ~ FERRARO + (TQRINOI
BORREANI r MARZAR I-CHI ESAr R INAUDO+ ( TORINO)
BORREANI tGIDAt- ~ RINAUDOy CAFORIO+ (BAR Ir TORI )
A GAL LAHAN r D C LINE ( WI SCONSI N)
+CLINE, GIDAL KALMUS K ERNAN ( WISC+LRL )
A CLTNE t 'W F FRY {WISCONS IN}
CUTTSyELIOFFr STIENING (LRL}

CLARK
EDWARDS
F ORO
HOFFHAST

ABRAHS
BACK ENST
BEIER
BR AUN 1

AL SO
BR AUN2

AL 50
CABLE

72
72
72
72

73
73
73
73
75
73
75
73

P RL 29 1274
PR 05 2720
PL 388 335
NP 836 1.

PRL 30 500
PL 438 43 1
PRL 30 399
PL 478 182
BR AUN

PL 478 185
BRAUN
PR D8 3807

+CORK y EL I OFF r KERTH t MC REYNOLDS r NEWTON+ (LBL )
+BEIERr BERTRAMy HERZDrKOESTER + . t ILL )
+PIROUEyRE HHELt SHTTHtSQUDER (PRINCETON I
HOFFHASTER KOLLER TAYLOR+ (STEV+SETQ+LEHI I

+CARROLL KYCI A LI MEhIES HICHAEL + (BNL )
BACKENSTOSSyBA'MBERGER+(CERN+KARL+HEID+STOH)
+BUCHHOt. Zy HANHy PARKER y ROBERTS ( PENH I
AACHEN+BARI+BRU SSELS+CERN COLL ABDRAT ION

AACHEN+BAR I+BRUSSELS+CERN COLLABORATION

+HILDEBRANOt PANGr STIENING I EF I+LBL )

LJUNG
ALSO
ALSO
ALSO

LUCA51
I UCA52
PANG

ALSO
SHI TH
ARN jLD
BRAUN
CENCE

ALSO
KUNSELMA
MERLAN
WEISSENB
BI OCH
BR A UN

'HEARD1
HEARD2
SHEAFF
SH 1TH
HE INTZE

73
72
72
69
73
73
73
72
73
74
74
74
73
74
74
74
75
75
75
75
75
75
76

PR DB, 1307
PRL 28 523
PRL 28 1287
PRI 23 326
PR DB 719 .
PR DB 727
P R D8 1989
PL 40 8 699
HP 860 411 .

PR D9 1221
PL 518 393
PR 010 776
THESI 5 {UNPUBt.
P R C9 2469
PR D9 107
PL 488 474
PL 568 201
HP 889 210
PL 55 8 324
PL 55 8 327
PR 012 2570
hIP 89 1 45
PL {TO BE PUBL ~

0 ~ LJUNG y D ~ CL INE (WISC)
0 ~ L JUNG (WISC)
D oC L INEr 0 ~ L JUNG (WISC)
CAMERI NI L JUNG SHEAFF CL INE {WISC I
I UCASr TAFT r WILL IS (YALE)
LUCASy TAFT r WILL IS (YALE I
+HILOEBRAhlDyCABLEy STI ENING (EFI+ARIZ+LBL I
CABI Ey HILDEBRANDrPANGySTIENING (EFI+LBLI
+BOOTH RENSHALL ~ JONES+ (GLAS+L IVP+OXF+RHEL )
C L ARNOLD r 8 P ROE rD SINCLAIR {MICH)
+CORNELSS ENr MARTYN + (AACH+SAR I+BRUX+CERN I
+HARR I S y JONES r MORGADO + (HAWA+LBL+WISC )
D 8 CLARKE (WI SC)
R ~ KUHS EL MAN t WYOH I
+ KA SHA ~ WA NDE RE R t AOAI R+ ( Y AL E+BNL+LAS L I
WEISSENBERG EGOROV HINERVINA + ( ITEP+LEBD)
+BREHI Ny BUNG Et DEVAUX+ {SAC L+GEVA I
+CORNELSSENt MARTYhl+ {AACH+BAR I+BRUX+CERN)
+HE INTZEy HEINZELHANhl+ (C E RN+HE I 0)
+HE IHT ZEy HETNZELHAhIN+ (CERN+HEID )
M ~ SHE AFF (WISC)
+BOOTHrRENSHALL y JONES+ (GLAS+LTVP+DXF+RHEI )
+HEIhIZELMANNr IGO-KEMEI4ES rMUNDHENKE+ {HETD I

QUANTUM NUHBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS

OE MARCO 65
FITCH 65
GREI NER 65
ST AMER 65
TRILLING 65

UPDATED
YOUNG 65

ALSO 67

P R 140 8 1430
P R 140 8 1088
ARNS 15 67
PR 138 B 440
UCRL 16473
FROM 1965 ARGONNE
UCRL 16362
PR 156 1464

DE HARCOt GROSSOr RINAUDO ( T OR I ND+CERN )
F ITCHY QUARLESy WILKINS( PR I NCETON+MT HOLYOKE)
QUOT ED BY BARK AS (LRL )
STAHER y HUETTER yKOLLE R t TAYLQRtGRAUHAN ( STEV)
CEORGE H TRILL ING (LRL)
CONF ~ r PAGE 5
POH-SHI EN YOUNG {THF S I 5 r BERKELEY) (LFL)
P S YOUNGr W ~ Z ~ OSBORNE r W ~ H BARKAS (LRL)

BLOCK

BRENE
BIRGE
ADA IR

61
63
64

CERN CONF 371

NP 22 553
PRL 11 35
PL 12 67

BLOCK ~ LENDINARAyHONAPI tNWES+BOLOGNAI

PAPERS NOT REFERRED TO IN DATA CARDS

SRENE ~ EGARDTt QV IST ( NORD )
BIRGEt ELYt GIDAL r CAHERINI + (LRL+W ISC+BARI I
ADAIR yLE IPUNER (YALEr BNL I
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S74 Particle Data Group: Review of particle properties

Stable Particles
K+, K, KS0

Data Card Listings
For notation, see key at front of Listings.

CAB I BBO
ALSO
ALSO

CAB I 880
GINS BERG
WILL IS
C RONI N

HA IDT 2
BAR DIN
BECHERR A

FEAR ING
GA ILL ARD
GI NSBERG
GINSBERG
CHOUNET

64 PL 9 352
64 PL 11 360
65 PL 14 72
66 BERKELEY CONF 33
67 PR 162 1570
67 HE IDEL BERG 273
68 V I ENNA CQNF 241
69 PL 298 696
70 PL 328 121
70 PR 01 1452
70 PR 03 542
70 CERN 70-14
70 PR Dl 229
71 PR 04 2893
72 PL 4C 199

C48 IBBQv MAKSYHQWI C 2 {CERN)
CAB I 880 ' HA KSY HQWI C Z (CERN)
CAB IBBQg MAKSYMOWI CZ ( CERN l
CABIBBO (CERN)
EDWARD S GINSBERG (U ~ MASS BOSTON )
W J WILLIS -RAPPORTEUR TALK (YAI. El
RAPPORTEUR TALK {

PRINCETON�)

+ {AACHyBARI FACE&Ny EPOLpNI JMyORS AyPAOOyTORI )
BARD IN 8 ILENKY PONTECQRVO ( JI NR)
T ~ BECHERRAWY ( RQCH )
+F I SCHBACK g SMITH {STON+BOHR)
H K GAILLARDy L H CHOUNET ( CERN+ ORSA l
E S G INSBERG ( I IT HAIFA)
E. S GINSBERG (MIT )
(PHYS ~ REP TS ~ ) CHOUNET y 2¹GAILLARD(ORSA+CERN)

have obtained results compatible with each other

which average (0.8930 + 0.0023) & 10 second. This

is about. five standard deviations above the previous

average. The origin of this discrepancy is not

known.

The corrections for systematic biases in

SKJEGGESTAD 72 and HILL 68 (including the correction

M

H

M

H
H

H

H

498~ 1
2223 497 ~ 44
4500 498m 9

497e 44
~ ~ ~ ~

AVG 497 ~ 87
STUDENT 497 ' 83
F IT 497 ~ 70

ll NEUTRAL K(498 e JP=O-) 1 =1/2

11 NEUTRAL K MA SS ( HE V l

0% 4 CHRI S TENS 64 OS PK
0 ~ 33 KIM 65 HBC KO FROH PBAR P 6/66
0 ~ 5 BALTAY 66 HBC KO FROH PBAR P 6/66
00 50 FITCH 67 OSPK 11/67

~ ~ 0 ~ ~

0 ~ 32 AV ERAGE ( ERROR. INCL UDES SCAL E FACTOR OF 1 ~ 5)
Oo 26 AVERAGE USING STUOENT10 {H/1 11 ) —SEE TEXT
0 ~ 13 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1) 2/76¹
(S EE IDEOGRAH BELOW l

MEXSHTED AVERAGE ~ 497.87 + 0.32
ERROR SCAI ED BY 1.S

for the new value of q ) amount to +1-o and 0.75o",+-
respectively. Similar corrections, if applied to
the older bubble chamber results, would probably

increase the old average by only about. one standard.

deviation and would. not account for the discrepancy.

The two experiments which contribute most to
the X (see ideogram below) are KIRSCH 66 and DONALD2

68. The combined result of all other experiments is
—10 2(0.8914+ 0.0021) && 10 second with a X of 11.5 for

f weighted average,
le factor are for the

enience only. The
ually processed by a

program, which
own values of x, Qx,
r, which are differ-

alues shown here.

CHISQ
67 DSPK 0.7
66 HBC 4.3
65 HBC 1.7

TSTEHS 64 QSPK 0.3
7.0

(CDHLEV
~0 ~ 072)

CH

TAY

HEUTRAL K I%ASS ( MEV )

496.6 497.S 498.S 499.5 SOO ~ S

10 degrees of freedom. This value does not. differ
significantly from the average of the newer (post-
1971) experiments.

Since the newer experiments are in principle
superior —that is, they have higher statistics,
better acceptance, and easier trigger conditions-
we have chosen to average them separately from the

older experiments as is seen in the Data Card

Listings below. In the Stable Particle Table, we

quote the new value, but give the old value in a

warning footnote.

ll {KO) — (K+-) MASS DIFFERENCE {MEVI

ROSENFELO 59 HRC
CRAWFORD 59 HBC
BUR NST E IN 65 HBC
KIM 65 HBC
HI LL 68 DBC

3 ~ 9
5+4
3 ~ 90
3a 71
3o 95

0.6
1~ 1
0 ~ 25
0 ' 35
0 ~ 21

~ 0 4 ~ ~

Os 14
0» 15
0 ~ 13

9
7

417

AVG
STUDENT
F IT

K P TO KO N

+ K+D TO KOPP

D 3 ~ 92 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 e0)
D 3.91 AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE TEXT
D 3 ~ 99 FROM F IT t ERROR INCI UDES SCAI E FACTOR OF 1 1)

6/68
3 /68

2/76¹

CR AWFORD 59
ROSENFEL 59
CHRISTEN 64
BURNSTEI 65
KIM 65
BALTAY 66
F ITCH 67
HILL 68

PRL 2 112
PRL ' 2 110
PRL 13 138
PR 138 8 895
P R 140 8 1334
PR 142 932
PR 164 1711
P R 168 1534

REFERENCES FOR NEUTRAL K

CRAWFORD'

CRESTING

GOODg STEVENSON' 7 ICHO (LRL )
A H ROSENFELDgF SOLMITZgR D TRIPP (LRL)
CHRISTENSON gCRONINgF ITCHY TURLAY (PRINCETON)
R A BURNST EINg H A RUB IN (MARYLAND)
J K KI Hy L KIRSCHyD HILLCR (COI.UMBI A)
BALTAYg SANOWE I SSe STONEHILL + ( YALE+BNLl
F ITCH j ROTH t RUSS g VERNON ( PRINCETON )
HILL eRQB INSON e SAKI TT ~ CANTER ( BNL~ CARNEGIE I

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

12 SHORT L IVEO NEUTRAL K {498' JP 0 ) 1=1/2

Note on the K, Mean Life0

S

From 1968 until 1972 our average value for the
0 —10

K mean 1if{ was (0.862 + 0.006) && 10 second.
Since then three high-precisian experiments,
SKJEGGESTAD 72 (Oslo, CERN, Saclay), GENENIGER 74

(CERN, Heidelberg), and CARITHERS 75 (Columbia, NYU)

12 KOS MEA) LIFE (UNITS 10¹¹-10SEC)

MEAN L I FE
( 1 ~ 07)
0 ~ 94

(F 09)
E XPTS WI

0 ' 94
Oe87
0 ~ 86
0.866
0 90
0 92

(0 +904)
Oe 843
0.856
0 ' 872

~ ~ ~ ~ ~

0 ' 8641
0 ~ 8642

T KOS
T 0 90
T 512
T O 63
T 0 OLD
T 378
T 503
T 545
T
T 572
T 4500
T B
T 5000
T )9994
T H 20000
T
T, AVG
T STUDENT

(PR E-1971 EX PER IH ENTS l
{0 13) ( 0 13) BOLDT 58 CC
0 ~ 05 0 ~ 05 CP A WFOR D 59 HBC

(0 18) {0~ 15) BQWEN 60 CC
TH LOW STATISTICS NOT INCLUDED IN AVERAGE ~

0 ~ 05 0 ~ 05 BERTANZA 62 HBC
0 ~ 05 CHRET IEN 63 HL BC
0 ' 04 KRclSLER 64 OSPK
0 ' 016 AL FF- STE I 66 OSP K

0 ~ 06 0 ~ 05 AUERBACH 66 OS PK
0 ~ 04 BALTAY 66 HBC

(0 ~ 024 ) BOTT BODE 66 QSPK
Oo 013 KI RSCH 66 HBC
0 ~ 008 DONA LD 68 HBC
0 ~ 009 HILL 68 DBC

~ ~ ~ ~

0 ~ 0065 Oo 0065 A VERAGE (ERROR I NCL ~ SCALE FACTOR OF
0 ~ 0060 0 ~ 0059 AVG ~ USING STUDENT10{H/le 11) —SEE T
{SEE IDEOGRAM BEI QW )

KOS MEAN LIFE (POST-1971 EXPERIMENTS)
THESE VAI UES ARE USED TO D TERMINE THE STABLE PART ICLE TABLE
VALUES OF THE KOS MEAN LIFE AND RATES»

H 50K 0 ~ 8958 0 ~0045 SKJEGGEST 72 HBC
F 2173 ( 0 ~ 867) (0~ 024) FACKLER 73 OSPK

6M 0 ' 8937 0 ' 0048 GE WENIGER 74 ASPK
C 0 ~ 8913 0 e0032 CARITHERS 75 SP EC

~ ~ ~ ~ ~ ~ ~ ~ ~

AVG 0 ~ 8930 0 ~ 0023 0 0023 AVERAGE (ERPOR INCL SCALE FACTOR OF
STUDENT 0 ~ 8930 0 ~ 0025 0 ~ 0025 AVG ~ USING STUDENT). 0(H/ le 11) —SEE 7
F IT Oo 8930 0 ~ 0023 FROH F IT ( ERROR INCI UDES SCAI E FACT OR OF 1 ~ 0)

( S EE IDEOGRAM BELOW I

T
T
T
T
T
T
T
T
T
T
T

COMME NT 5
HILL 68 HAS BEEN CHANGED BY THE AUTHORS FROM THE PUBI ISHED VALUE
(0 ~ 865+-0 ~ 009l BECAUSE OF A COW& ECTION IN THE SHIFT DUE TO ETA+- ~

SK JEGGESTAD 72 AND H'ILL 68 G IVE DETAILED Df SCUSSIONS OF SYSTEMATICS
ENCOUNTERED IN THIS TYPE OF EXP EP. IMENT
KOS MEAN LIFE NOT T).. E PRIMARY QUANTITY MEASURED IN THIS EXPT ~

FACKLER 73 DOES NQT INCLUDE SYSTEMATIC ERRORS
CAR IT HERS 75 VALUE IS FOR KOL KO S MASS DIFFERENCE DM= ~ 5348+ ~ 002 l. ~

THE DM DE PENDENCE OF THE TOTAL DECAY RATE ( INV ERS MEAN I IFE ) IS
GAMHA{KOS I=((1 122+ 004)+ 16¹{DM-5348) /DM)¹10¹¹10/SEC ~

VA LUE WOULD NOT CHANGE 'W 1T H OUR CURRENT DM= ~ 5 49+ ~ 0022 ~

T H

T H

T H

T H

T 8
T F
T C
T C
T C
T C

6/68

9/66
8 /67
6/66
9/66
6/66
6/68

11/72

1.3 l

EXT

1/73
ll/73
3/74
7/75¹

1 Ol
EXT

11/72
11/72

6/68
11/73
11/75¹
ll/75¹
11/75¹
2/76¹
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Particle Data Group: Review of particle properties S75

Data Card Listings
For notation, see key at front of Listings.

Stable Particles

WEIGHTED AVERAGE = 1.1257 + 0 ~ 0065
ERROR SCALED BY 2.5

Values above of weighted average,
error, and scale factor are for the
reader' s convenience only. The
data were actually processed by a
constrained fit program, which
calculates its own values of x, 5x,
and scale factor, which are differ-
ent from the values shown here,

~ . CARITHERS 75
~ - GEWENIGER 74
~ SKJEGGEST 72

HILL 6B
DONALD 6B
KIRSCH 66
BALTIIY 66

~ .AUERBACH 66
ALFF-STEI 66

.KREISLER 64

.CHRETIEN 63
BERTANZA 62
CRAWFORD 59

SPEC
ASPK
HBC
DBC
HBC
HBC
HBC
OSPK
OSPK
OSPK
HLBC
HBC
HBC

0.9S 1.05 1.15 1.25 1.35
KOS DECAY RATE (UNITS 10+)l(10 SEC-1)

CHISQ
o.e
1 ~ 3
2.B
3 ~ 2

15.2
11 ~ 0

1.9

36.1
(CONLEV
=0.000)

R3
R3 N

R3 G

R3
R3 G
R3 8
R3 A

R3
R3 N

R3
R3
R3
R3 G
R3 8
R3 A

R3
R3
R3
R3

AVG
STUDENT
FIT

R4
R4
R4
R4
R4
R4
R4 C
R4.
R4 J
R4 M

R4 J
R4
R4
R4
R4
R4 C
R4 J
R4 M

KOS INTO (PI+ PI-) /(P IO PIO) (Pl) /(P2 I

267 (2 ~ 12 ) (0 017 ) BQ ZQK I 69 HLBC
3016 (2 ~ 2851 (Oe 055) GQBBI 69 QSPK K+N TO KQP
3700 2 ~ 10 0 ~ 06 MQRFIN 69 HLBC K+N TO KQP
7944 2 282 0 ~ 043 HQFFETT 70 QSPK K+N TQ KOP
6150 2 ~ 22 0. 095 BALTAY 71 HSC K-P TO KO +NEUTRALS
3068 2 ~ 22 Oo 10 AL ITTI 72 HBC K+P TO Pl+ P KO
6380 2 ~ 22 0.08 HORS E 72 DBC K+N TQ KOP

701 2 10 Oo 11 NAGY 72 HLBC K+N TQ KOP
4799 2 ~ 16 0 08 HILL 73 DBC K+D TO KO P P

16K Zo 169 Oo 094 CQWELL 74 QSPK PI- P TQ LAM KO
NAGY 72 I S A F INAL RE SUI T WHICH I NC LUDE S BQZQKI 69
MQFFETT 70 IS A F INAL RESULT WHICH INCLUDES GQBB I 69
THE DIRECTLY MEASURED QUANTITY IS KS TQ PI+PI-/ALL KOBAR= ~ 345+- ~ 005
THE DIRECTLY MEASURED QUANT(TY I S KOS TQ PI+ PI-/ALL KO= ~ 345+- ~ 005

~ ~ ~ ~ ~ ~ ~ ~ ~

Zo 204 Oa027 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 el)
2 ~ 201 0 ~ 032 AVERAGE USING STUDENT10(H/1 ~ ll) -- SEE TEXT
2 192 0 026 FROM F IT ( ERROR I NCL UDES SCAL E FACTOR QF 1 1 )

(KOS INTO P I+ P I- P IOt CP VIOLATI NG) /(KOL INTO PI+ PI- PIO)
TEST OF CP VIOLATION — SEC TEXT SECT ION VI Bo3A FOR DEFINITIONS
CPT A SSUMED VALID — ( I ~ E RE( A) =0) - ONLY ( IMA) ++2 QUOTED HERE
18. (3 ~ 8) QR LESS CL= ~ 90 ANDERSON 65 HBC

0+45 OR LESS CL= ~ 90 BEHR 66 HL BC
53 ( 1 ~ 7) OR LESS CL= ~ 90 WEBBER 70 HBC
71 0 ~ 8 OR LESS . CL= ~ 90 WEBBER 70 HBC
99 1 ~ 2 OR L ESS CL= +90 CHQ 71 DBC
98 ( 1 ~ 0) OR LESS CL= ~ 90 JAMES 71 HSC
50 (1 2) QR LESS CL= ~ 95 MEISNER 71 HBC CL= 9 NQT AVAIL ~

180 0 ~ 66 OR LESS CL= ~ 90 J.AMES 72 HBC
99 1 ~ 2 OR LESS CL= ~ 90 JONES 7Z QSPK

384 0 ~ 12 OR L ESS CL= ~ 90 METCALF 72 ASPK
148 Ot 71 OR LESS CL=t90 MALLARY 73 QSPK RE(A)=- ~ 05+- 17
192 1 ~ 2 OR LESS CL= ~ 90 BALDOCE QL 75 HLBC

THIS IS THE COMBINED RESULT OF ANDERSON 65 AND WEBBER 70
JAMES 72 I S A FINAL RESULT WHICH INCLUDES JAMES 71 ~

THESE AUTHORS FIND REAL( A ) = Ze 75+- ~ 65 t ABOVE VALUE AT RE ( A) =0

5/70
5/69

10 /69
2/72

12/71
6/72
2/72
1/73
9/73
7/754

11/73
2/72

12/71
6/72

10/69
8/66
8/70
8/70
4/71
6/71
2/71
1/73

10/72
2/74
8/73

12/75 4

ll /73
2/7 1

Pl
P2
P3
P4
P5
P6
P7

12 KOS PARTIAL DECAY MODES

KOS INTO PI+ PI-
KOS INTO P IO P IO
KOS I NTO MU+ MU«

KOS INTO E+ E-
KOS INTO PI+ PI- GAMMA

KOS INTO GAMMA GAMMA

KOS INTO 3PI 0

DECAY MA SSE S
139+ 139
134+ 134
10 5+ 105.5+ .5
139+ 139+ 0

0+ 0
134+ 134+ ).34

12 KOS BRANCHING RAT IQS

Rl KOS INTO (PI+
Rl 0.68
Rl 0 ~ 70
Rl U ( 0 ~ 740)
Rl U 1648 0 ~ 670
R 1 U ANDER SQN RE S
Rl ~ ~ 0 ~ ~

Rl AVG 0 ~ 6710
R 1 STUDENT 0 671
Rl F IT 0 ' 6867

R2
R2
R2
RZ
R2
RZ
RZ
R2
R2
R2

KOS INTO ( P I 0
0 27
0 ~ 26
0 ~ 30
0 ~ 335
0~288

1086
198

AVG 0 ' 316
STUDENT 0 ~ 316
F IT 0 ~ 3133

P I 0) /TOTAL (P2)
0 ~ 11 CRAWFORD 59 HBC
0+06 BAGL IN 60 HL BC
0.035 8 RQWN 61 HL BC
0 ~ 014 BRQ WN 63 HLBC
0+021 CHRET I EN 63 HL BC

~ ~ ~ ~

0 ~ 014 AVERAGE ( ERROR INCLUDES SCAI E FACTOR OF 1 3)
0o014 AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE TEXT
0 ~ 0025 FPQM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ I )
(SEE IDEOGRAM BELOW . )

WEIGHTED AVERAGE ~ 0.316 + 0.014
ERROR SCALED BY 1 .3

P I- I /TQTAL I Pl)
0 04. CR AWFQR 0 59 HBC
0 F 08 COLUMBIA 60 HSC

( 0 ~ 024) ANOE RSON 62 HBC
Oi010 DOYLE 69 HBC P I- P TO LA M KO

ULT NQT PUBLI SHEDt EVENTS ADDED TO DOYLE SAMPLE
~ ~ ~ ~

0 ~ 0096 AVERAGE ( ERROR INCI UDES SCALE FACTOR OF 1 t0)
Oo 010 AVERAGE USING STUDENT)0(H/1 ~ 11) -- SEE TEXT
0 ~ 0025 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)

1/76~
2/71

R5
R5
R5
R5
R5 S
R5
R5 S

KOS INTO (MU+ MU-) /CHARGED ( UNITS 10++-5) (P3)/ (Pl. )
10 ~ 0 QR I ESS CL= ~ 90 BOTT-BODE 67 OSPK
20 ~ 0 OR LESS CI = ~ 90 BQHM 69 QSPK

1 ~ 07 OR I ESS CL~ 90 HYAMS 69 QSPK
32 ~ 6 OP LESS CL= 90 STUTZKE 69 OSPK

0 ~ 047 QR LESS CL= ~ 90 GJESDAL 73 ASPK
VALUE CALC ULATED BY USt USING 2 ~ 3 INSTEAD OF 1 EVENTt 90 PERC ~ CL

RS
R8 R
RS R

RB R

RB
RS
R8 R

KOS INTO 2 GAMMA/TOTAL ( UNITS
0 21 ~ 0 OR L ESS CL= ~ 90
0 2 ~ 2 OR LESS CL= ~ 90
0 0 ~ 71 OR LESS CL= 90
0 2 ~ 0 OR L ESS CL= ~ 90
0 004 OR LESS CL= 90

THESE LIMITS ARE FOR MAXIMUM

10~~-3) ( P6)
BANNER 69 QSPK
RE PELLI N 71 OSPK
BANNER 72 QSPK
MORSE 72 DBC
BARMIN2 73 HLSC

INTERFERENCE IN KS-KL TQ 2 GAMMAS

R9
R9

R10
R10
R10
R10 G
R10 G
R10 G

(KOS INTO Pl+ PI- PIO, CP CONSERVING)/(KOL INTO PI+ PI- PI0)
38 t 0 ~ 42 OR LESS CL ~ 90 METCALF 72 ASPK

(KOS INTO 3PI0tCP VIQLATINGI /(KOL INTO 3PIO)
SEE COMMENTS UNDER BRANCHING RATIO R4

22 1 02 OR LESS CL= ~ 90 BARMIN1 73 HL BC
0 ~ 28 OR LESS CL= ~ 90 GJESDAL 74 SPEC

GJESDAL 74 USES K2PIt KMU3 AND KE3 DECAY RESULTS AND UNITARI TY ~

CALCULATES ABS(ETAOOO) = e26+- ~ 20 ~ WE CONVERT TQ CL= ~ 90 UPPER LIMIT ~

'4CA444 4tt:44444tt'4 4s44s4'444 44'4444'444 '4CA'4c4444'44 44w4444'4 4444444 44

REFERENCES FOR KOS

R6 KOS INTO ( PI+ PI- GAMMA) /( PI+ PI-) (UN 10++-3) (P5 )/ (Pl )
R6 27 NQ RAT IO GIVEN BELI QTTI 66 HBC PG GT 50 MEV/C

10 3 3 1 ~ 2 WEBBER 70 HBC PG GT 50 MEV/C
2 ' 8 0 ~ 6 BURGUN 73 HBC PG GT 50 MEV/C

R6 C 29 (3 ~ 0) (0 ~ 6) BOBI SUT 74 HLBC PG GT 40 MEV/C
R6 8 BURGUN 73 ESTIMATES THAT DIRECT EMISS IQN CONTR I BUT IQN IS ~ 3+- ~ 6
R6 C BQBI SUT 74 NQT INCLUDED IN AVERAGE BECAUSE P(GAMMA) CUT DIFFERS ~

R6 C ESTIMATES DIRECT EMISSION CONTRIBUTION TQ BE 0 ~ 5 OR LESSt CL= ~ 95 ~

R6 ~ ~ ~ ~ ~ ~ ~ ~ ~

R6 AVG 2 ~ 90 Ot 54 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 0)
R6 STUDENT 2 ~ 90 0 ~ 58 AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE TEXT

R7 KOS INTO ( E+ E- I /CHARGED ( UNI TS 10++-5) (P4) /(Pl)
R7 50 ~ 0 OR L ESS CL= ~ 90 BQHM 69 QSPK

8/67
2/71

10/69
5 /69
7/73

10/69
10/69
11/73
12/75+
11/73
1/76+
1/76~

2/71

12/71
12/71
8/72
2 /72
2/74

12/71

11/72

11/73
ll/75~
11/754'
11/754'

Values above of weighted average,
error, and scale factor are for the
reader' s convenience only. The
data were actually processed by a
constrained fit program, which
calculates its own values of m, Sx,
and scale factor, which are differ-
ent from the values shown here,

BQLDT 58 PRL
CRAW FORD 59 P RL

1 150
2 266

BAGL I N 6 0 NC 18 1043
BQWEN 60 PR 119 2030
COLUMBIA 60 RQCH CONF 727

BROWN 61 NC 19 1155
ANDERSON 62 CERN CONF 836
BERTANZA 62 PREPRINT 0105

UNPUBL I SHEDU' BUT R ECERT I

E BQLDT D 0 CALDWELL Y PAL (M IT)
CRAWFQROtCRESTI ~ DQUGLASStGQODt TICHQ + (LRL)

BAGLINt BLOCHt SRISSQNt HENNESSY + (EPQL )
BOWEN t HARD Yt REYNOLDS t SUN t MOORE+ ( PRI N+BNL )
M SCHW ART Z + ( COL UMB IA )

BROWN tBRYANT ~ BURNSTEINtGI ASERt KADYK+ (MICH)
J A ANDERS ONt F S CRAWFORD + (LRL I
BERTANZA t CONNOLLY t CUL WICK t EISL ER + ( BNL )

FIED BY AUTHORS t AUGUST 66 ~

0.15 O. 25

~ . . CHRETIEN
~ - BROWN
~ . ~ EIROWN
~ .BAGLIN

~ . . CRAWFCIRD

0.35 0.45 0.55
KOS INTO (P IO PIO) &TOTAL

63 HLBC
63 HLBC
61 Ht 8C
60 HLBC
59 HBC

CHISQ
1.e
1.8
0.2
0.9
4.7

( CONLEV
~0.195)

ALFF-STE 66
AUERBACH 66

ALSO 65
BALTAY 66
SE HR 66
BELLOTTI 66
BOTT-SOD 66
K IRSCH 66

BOTT-BOD 67
DONALD 68
HILL 68

PL 21 595
P R 149 1052
AUERBACH
PR 142 932
PL 22 540
NC 45A 737
PL 23 277
PR 147 939

PL 248 194
PL 278 58
PR 171 1418

CHR ETI EN 63 P R 131 2208
BROWN 63 P R 130 769
KREISLER 64 PR 136 8 1074
ANDERSON 65 PRL 14 475

CHRETI EN+ ( BRANQEIS+BROWN+HARVARD+ MIT I

BROWNtKADYKt TRILI INGtROE + ( LRL+Ml CH)
M KREISLERtO QVERSETHt J CRONIN (PRINCETON)
+CRAWFORtGQLDENt STERNt BINFQRD + (LRL+WISC)

ALFF-STEINBERGERt HEUERtKLEINKNECHT + (CERN)
AUERBACHt DQBBS t LANDE t MANN t SC IULLI+ ( PENN)

BALTAYt S ANDWEISSt STQNEHILL + (YAI E+BNL )
BEHRt BR ISSQNt PETI AU+ (EPOL t MILAt PADQt QRSAY )
+PULL I At BALOO-GEOL IN + ( MI LAN+PADUA)
BOTT-BODENHAUS ENt DE BQUAR D + ( CERN )
L KIRSCH t P SCHMIDT ( COLU MB I A )

BOTT-BQDENHAUSENt DE BQUARDt CASSEL+ (CERN)
DONALD t EDWARDS ~ NI SAR+ (LI VP t CERNt IPNPt COEF )
HILL t ROB INSON t SAK ITT + ( BNL t CARNEGIE)

BANNER 69
BOHM 69
8QZQKI 69
DQYL E 69

P R 188 2033
THES IS
PL 308 498
UCRL 18139-THESIS

+CRONIN tLI UtPILCHER (PRINCETON)
A ~ 80HM (AACH)
+FENYVE S tGQMBQSI t NAGY t SURANY I+ ( BUDAPEST )
J tC ~ DOYLE (LRL I
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S76 Particle Data Group: Review of particle properties

Stable Particles
KS. Kl',

Data Card Listings
For notation, see key at front of Listings.

MOFFETT
WEBBER

ALSO
BALTAY

ALSO
CHO
JAMES
ME I SNER
REPEL{.IN

70 BAPS 15 512
70 PR 01 1967
69 UCRL 19226 THESIS
71 PRL 27 1678
71 NEVIS-187 THESIS
71 PR D3 1557
71 PL 35B 265
71 PR D3 59
71 PL 368 603

+GOBBI e GREENwHAKEL vROSEN (ROCHESTER)
+5QLMI T Z CRAW FORD AL STQN-GARN JD ST {LRL }
8 R WEBBER (LRL)
+BRIDGE'WATERqCOOPERyGERSHWINyHABIBI+ {CQLU)
WILLIAM AD COOPER (CQLUMB IA)
+DRALLC&CANTEReENGLER+FISK+ (CARN+BNL+CASE}
+MONTANETgPAUL yPAULI+ (CERN+SACL+OSLO)
+MANNq HERTZBACHgKOFL ER + (NASA+BhlL+YALE )
+WQLFFgCHQLLETgGAILLARDgJANE+ (QRSA+CERN)

ALITTI 72 PL 398 568 J AL I TT I y E L ESQUQY ~ A MULL ER (SACLAY)
BANNER 72 PRL 29 237 +CRQNINgHOFF NANqKNAPP qSVQCHET (PRINCETON)
JAMES 72 NP 849 +MQNTANETgPAULgSAETRE+ (CERN+SACL+OSLQ)
JONES 72 NC 9A 151. +ABASHIANp GRAHAM' NANTS CHp ORRIS MITH+ {ILL )

GOBBI 69 PRL 22 6S2 GOBBIp GR EENCE HAKELg&QFFETTpRQSEN+tROCHESTER)
HYANS 69 PL 298 521 +KOCH' POTTERg VON 1 INDERNp LQRENZ+ CERN{MP IM }
MORF IN 69 PRL 23 660 MQRF IN SINCLAI R (MICH}
STUTZKE 69 PR 177 2009 +ABASHIANg JONESgMANTSCHgORRqSMITH( ILLINOIS)

T KQ
T 34
T ASS
T 15
T
T 1700
T
T L
T .4M
T L SUM
T
T AVG
T STUDENT
T FIT

13 KOL MEAN LIFE (UNITS 10+&-8 SEC)

l MEAN LIFE
8 ~ 1 . 3 ~ 2 2 4 BARDQN

UMED DS=DQ AND DELTA I=1/2 CRAWFORD
F 1 2 ' 4 l»3 DARMQN
5»3 0 ~ 6 FU JI I6.1 15 1 2 ASTBUR Y3
5 ' 15 0»14 DE VL IN

(5 ' 0} (Qe51 LQWYS
5»154 0 044 VQSBURGH

OF PARTIAL DECAY RATES
~ ~ ~ ~ e ~ ~ ~ ~

5 15S 0«342 Qe042 AVERAGE
5 158 0 ~ 046 0 045 A VG. US
5»181 0 040 FROM F IT (ERRQR

58 CNTR
59 HBC
62 FBC
64 DSPK
65 CNTR
67 CNTR
67 HLBC
72 CNTR 2/71

(ERROR INCL« SCALE FACTOR OF 1»01
ING STUDEiNT10(H/ jell} —SEE TEXT
INCLUDES SCALE FACTOR OF 1»0)

13 KQL PARTIAL DECAY ~GOES

BARNIN1
BARMIN2
BURGUN
FACKLER
GJESDAL
HILL
NALLARY
BOBISUT
COWELL
GEWENIGE
GJESDAL
BAI.DOCEO
CARITHER

73 PL 468 465
73 PL 478 463
73 PL 46B 481
73 PRL 31 847
73 PL 448 217
73 PR DB 1290
73 PR D7 1953
74 LNC 11 646
74 PR Dlo 2083
74 PL 4SB 487
74 PL 528 119
75 NC 25A 688
75 PRL 34 1244

METCALF 72 PL 408 703
NORSE 72 PRL 28 388
NAGY 72 NP 847 94

ALSO 69 PL 308 498
SKJEGGES 72 NP 848 343

+NEUHOFERe NIEBERGALL+ (CERN+IPN+WI EN)
+NAUENBERG BI ERMAN S AGER+ (COLO+PR IN+UMD 1
+TEL 8 I SZ g VE SZ TE RG 0MB I {BUDAPEST)
BOZOKI p FENYVESy GQMBQS I pNAGY+ (BUDAPE ST)
SKJEGGESTADg JAMES' MQNTANET+(QSLO+CERN+SACL )

+BARYLQV p DAV IDENKOg DEMIDQV+ { I TEP 1

+BARYLOVgDAVIDENKOgDEMIDOV+ (ITEP )
+BERTRANET ALE SQUQY pMULLER qPAULI+(SACL+CERN)
+FR ISCHg MART INg SMOOTHS SQMP AYRAC (MIT)
+PRESSERgSTEFFENgSTEINBERGER+ (CERN+HEIOl
+SAKI TTq SAMIOS gBURRI 5 yENGLER+ (BNL+CARNl
+BINNIE GALLIVAN GOMEZ PECK SCIULLI+ (CIT)
+HUZI TA g NATTIOL I ~ P UGL I ER I N (PADO)
+LEE-FRANZINI yQRCUTTyFRANZINI + (STON+COLU)
GEWENI GERy GJESDAL p PRESSFR+ (C ERN+HE ID )
+PRESSERS STEFFENg STEINBERGER + (CERN+HEID)
BALOO-GEOL IN BQBI SUT CAL IMANI+ (PADO+WI SC 1

CARITHERS q MODIS NYGREN ~PUN + (CQLU+NYU)

PAPERS NQT REFERRED TO IN DATA CARDS

Pl
P2
P3
P4
P5
P6
P7
PS
P9
P10
Pll
P12
P13
P14
P15
P16
P17
P18

KOL INTO 3PIQ
KOL INTO PI+ PI- PIQ
KQL INTO PI MU NEUTRINO
KQL INTO PI E NEUTRINO
KOL INTO PI+ PI-
KQL INTO MU+ NU

KQL INTO E+ E-
KOL INTO E MU

KQL INTO TWQ GAMMAS
KQL INTO PI+ PI- GAMMA
KOL INTO PIQ PIQ
KQL INTO PI E NEU GAMMA
KOL INTO PIO TWQ GAMMAS
KOL INTO E+ E- GAMMA
KQL INTO MU+ MU- GAMMA

KOL INTO MU+ MU PIQ
KQL INTO PI+ PI- E+ E-
KOL INTO PIO PI+- E-+ hIEU

TAU 0 PRIME
TAU 0
KL MU3
Kl. E3
KL PI+ PI-
KL ZMU
KL 2E
KL EMU
KL 2GAMMA
KL PI+-G
KL 2PIO
KL E3GAM
KL PI2GAM4/A
KL 2EGAM
KL 2MUGAM
'KL 2MUPI0
KL 2PI2E
KL 2P IENEU

DE
134+
139+
139+
1.39+
139+
105+.5+

~ 5+
0+

139+
134+
139+
134+

5+
105+
105+
139+
134+

CAY MASSES
134+ 134
139+ 134
105+ . 0

5+ 0
139
105

~ 5
105

0
139+ 0
134.5+ 0+ 0

0+ 0.5+ Q

105+ 0
105+ 134
139+ .5+ .5
139+ .5+ 0

BIRGE 60 RQCH CONF 601
MULLER 60 PRL 4 41.8
FITCH 61 NC 22 1160
GOOD 61 PR 124 '1223
CRAWFORD 62 CERN CONF 827
AUERBACH 65 PRL 14 192
TRILLING 65 UCRL 16473

UPDATED FROM 1965 ARGQNNE

R W SIRGEyP P ELY + (L R L+WI 5 CONS IN)
MULL ERq 8IRGE q FOWLER t GOOD ~ PICC I QNI+ I LRL+BNL)
V FITCHyP PIRQUEtR PERKINS {PRIN+LASL )
GOODgMATSENgMULLERgPICCI ONI (LPL)
F S CRAWFORD (LRL)
AUERSACHvLANDEeMAh}N+SCIUI LjgUTQ + (PENhl)
GEORGE H TRILLING (LRL1
CONF ~ g PAGE 115~

NEUTRAL K CCNSTRAINED FIT
OVERALL FIT OF MEAN LIFE'S WIDTHS AND BRANCHING
RATIOS USES 62 DATA POINTS TO DETERMINE SIX
QUANTITIES OVERALL FIT HAS CHI SQUARED 67 7

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

2/764
2/764

0
L 13 LONG-LIVED NEUTRAL Kt 498' JP=Q-) I=1/2

13 (KQLl — {KQS) MASS DIFFERENCE
WE GIVE (KQL-KOS MASS DIFFERENCC / HBAR) IN UNITS OF 10'+10 SEC-1

61 CNTR
61 HLBC
62 HLBC
65 HLB{
65 HLBC
65 QSPK
65 OSPK
65 QSPK
66 QSPK
66 HLBC
66 OSPK
66 HBCg
66 DBC
66 HBC
66 QSPK
66 HBC
66 HBC
66 OSPK
67 DBC
67 QSPK
68 QSPK
68 HBC
6S QSPK
69 QSPK
69 ASPK
70 CNTR
70 ASPK
71 DSPK
71 ASPK
71 DBC
73 QSPK
74 SPEC
74 SPEC

ASSUMES CP CONST

KO+N INTO HYPER
C REGEN

OBC KO+N INTO HYPER
KQ SCATTER Ihl D2
K0+P INTO HYPER'
IRON REGENERATOR

C+URANIUN REGEN»
KQ+D INTO HYPER

GAP METHOD

D X

D X
0 T
D T
D T
D T
Q,T
0 C
D A

D V
D N

D N

D 8
D F
D R
D R
D R
D H
D H

D S

D TX (2 20) (0~ 35) FITCH
D X (0 84) (0 29) (0 22)GOOD
D TXC (1' 02) (0 ~ 23) CAMERINI
D TX (0 55) (0 24) AUBERT
D X t0 ~ 26) (0 ' 36 ) (0»26}BALDQ-CEO
D TXA (0' 64) (0' 12) CHRISTENS
D TX {0~ 70) OR LESS F I TCH CF ~ MEISNER 66
D V 130 (0 ~ 89) (0 15) V I SHNEVSK CU AND AL REGEN
D X (Oe514} (Oe0391 ALFF-STEI
D X 84 (0 421 (0 24) (0 ' 361 BALDQ-CEQ
D 8 (0 ~ 531) (0 »027) BOTT-BODE
D TX 77 {0 ~ 58) (Oe 17) CAMERINI
D N 72 (+0' 64 1 ( 0 181 CAiNTER
D X 95 (0 ~ 621 (0»101 {0«16) CHANG
D X (0~ 81) (0 ~ 171 FUJI I
D X 59 (0 ~ 741 (0 e 34) NEI SNER1
D + SIGN FAVORED MEISNER2
D X {0 ~ 38) (0 ~ 16) JQVANQVIC
D TX 136 (+0 ~ 64) (0 ~ 191 CANTER
D X (0 ' 65) {0»ll) MISCHKE
D X 590 {0 59) \0»131 BALATZ AL REGENERATOR
D X (0 ' 520) (0 044) CARNEGIE GAP METHOD
D TX {+0~ 487) (0 ~ 046) MELHQP ST ~ STEEL REGEN
D BX (0 ' 547) (0 0241 BOTT-BODE C REGEN
D FX (0 ~ 5551 (0 »0201 FA ISSNER REGEN IN CU
D 0 ' 542 0 F 006 CULLEN
D R (0 ' 5421 t 0 ' 0061 ARQNSON GAP METHOD
D X (0 ' 481) (0 052) (0 ' 075)BALATS
D R (0» 534) (0 ~ 0071 CA RNEGI E
D TH 119 (+0~ 671 {0 ~ 141 HILL
D S 1757 (0»5571 {0~ 03S ) FACKLER
D 0 5340 0 ~ 0030 GE'WENI G3 GAP METHOD
D 0 ' 5334 0 ' 0040 GJESDAL1 CHG ASYMMETRY
0 ~ ~ ~ ~ e ~ ~ ~ ~

D AVG 0 ~ 5349 0« 0022 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1»0)
D STUDENT 0 ~ 5348 0»0025 AVERAGE USING STUDEN'10tH/1 ll} -- SEE TEXT

COMMENTS
NO ATTEMPT HAS BEEN MADE TQ CORRECT OLDER EXPER IMENTS WITH LARGE
ERRORS FOR THE SUBSEQUENT CHANGES IN THE KQS MCAN LIFE GR IN ETA+- ~

A KOS NEAhl LIFE OF 0 862 jQs+-10 SEC WAS USED IN CONVERTING THE
MASS DIFFERENCE FROM UNITS OF INVERSE KQS MEAN LIVES TQ ABSOLUTE
UNITS ~ VALUES NOT BEARING THIS FOOTNOTE EITHER WERE GIVEN IN
ABSOLUTE UNITS OR WERE CONVERTED USING THE AUTHORS' VALUE OF THE
KOS MEAN LIFE«
CANERINI 62 VALUE CHANGED FROM 1»7 {SEE TABLE 1 OF CANERINI 66)
CHRISTENSQN 65 CORRECTED FOR INTERFERENCE BY FITCH 65 FOOTNOTE
VISHNEVSKY 65 hlQT CQRRECTEO FOR INTERFERENCE EFFECTS'
CANTER 66 ERROR IGNORES UNCERTAINTY OF PHASE SHIFTS THESE EVENTS
ARE USED IN HILL 71e
BOTT-BQDENHAUSEN 69 IS A REEVALUATION OF BOTT-BQDENHAUSEN 66 '
FAISSNER 69 HAS ADDNL ~ SYSTEMATIC ERROR lESS THAN TWO PERCENT.
ARONSON 70 ANO CARNEGIE 71 USE KQS MEAN LIFE= ~ 862+- ~ 006 E-10 SEC ~
WE HAVE NOT ATTENPTEO TQ ADJUST THESE VALUES FOR THE SUBSEQUENT
CHANGE Ihl THE KQS MEAN LIFF. OR IN ETA+-
HILL 71 PRIMARY RESULT IS THAT DM IS POSITIVE
THE MAGNITUDE MAY HAVE AN ADDITIONAL SYSTEMATIC ERROR OF ABOUT 0 ~ 12
NOT AVERAGED BECAUSE ERROR IS I ARGE AND SYSTEMATICS NQT DISCUSSED ~

8/67
6/66

6/66
7/66
8/67
6/66
8/67
eyes
8/67

11/66
8/67
9/66
6/66
9/66

11/66
11/67

o ll/67
3/68
3/68
6/68
1/71

10/69
1/71
1/71
9/71
8/71

10/71
11/73
jj/75'
jl/75~

lj/754
2/764
1/71
1/71
1/71
1/71
1/71
8/67
1/71
3/68

10/71
10/71
1/71
1/71

lj/75
2/764
2/764

10/71
10/71
2/76+

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P., as follows: The diagonal elements are P. + 6P. , where1 1 16P. = Q(6P. 6P.), while the off-diagonal elements are the normalized' correlation coeffi-
cients (6P.6P. ) j(6P. ~ 6P.). For the definitions of the individual P., see the listings1 J 1 J 1
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and1
are thus constrained to add to i.

P 4 P 5P 3P 2P 1
P 1 ~ 2140+-~ 0067
P 2 - ~ 4051 ~ 1225+-« 0019
P 3 ~ 5365. ~ 0677 e 2710+ ~ 0047
P 4 —~ 6408 ~ QS93 —~ 2416 ~ 3896+- 0053
P 5 -.2195 ~ 5350 ~ 0342 F 0453 ~ 0020+- F 0001
Pll «1476 —~ 0732 -e0938 -»1119 —~ 0396 »0009+- ~ 0002

FITTED PARTIAL DECAY MODE RATES

G4G 1 G 2 G3 Gll
G 1 »0413+- 0014
G 2 —.2195 ~ 0236+- ~ 0004
G 3 ~ 3386 »1977 «0523+ ~ 0010
G 4 — 3854 2367 —~ 0345 0752+- ~ 0011
G 5 -«1255 5630 »1098 »1315 ~ 0004+- F 0000
G 11 » 1569 F 04'45 e0644 ~ 0733 ~ 0254 »OQQ2+ »0000

13 KQL DECAY RATES

Wj KQL INTO PIQ PIQ PIQ {UNITS 10++6 SEC-1} (Gl)
Wl 54 5 ' 22 1 03 0 ' 84 BEHR 66 HLBC ASSUMES CP
WI. ~ ~ ~ ~ ~ ~ ~ ~ ~

Wl FIT 4«13 0 ~ 14 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1 ~ 21

8/66

W2 KOL
W2 18
W2 14
W2 136
W2 53
W2 99
W2 J 98
W2 50
W2 J 180
W2 192
W2 IN
W2 THE
W2 W2
W2 J JAM
W2
W2 AVG
W2 STUDENT
W2 FIT

INTO PI+ PI- PQ (UhlITS 10++6 SEC-1) (G2)
3 26 0 77 ANDERSON 65 HBC
1 4. 0»4 FRANZINI 65 HSC
2 62 0 28 0 ' 27 BEHR 66 HLBC ASSUMES CP
2 ~ 20 0. 35 WEBBER 70 HBC ASSUMES CP
2 ' 71 Qe28 CHQ 71 DBC ASSUMES CP

{2~ 5) (0 ~ 31 JAMES 71 HBC ASSUMES CP
2«12 0« 33 ME I SNER 71 HBC ASSUMES CP
2 ' 35 Q«20 JAI»IES 72 HBC ASSUMES CP
2 ~ 32 0 13 Q»15 BALDQCEOL 75 HLBC ASSUMES CP

THE OVERALL FIT THIS RATE IS WELL DETERMINED BY THE MEAN LIFE AN
BRANCHING RATIO R2 FQR THIS REASON THE DISCREoAhICY BETWEEN THE

MEASUREMENTS DOES NQT AFFECT THE SCALE FACTOR QF THE OVERALL FIT
ES 72 IS A FINAL M-ASUREMENT AND INCLUDES JAMES 71 ~eeeee ~

2«34 0 ~ 11 AVERAGE (ERROR INCLUDES SCALE FACTQP. OF 1 ~ 2)
2 ~ 35 0. 10 AVERAGE USING STUDENT10(H/loll} -- SEE TEXT
2 ~ 364 0«039 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1 1)

(SEE IDECGRAM BELOW 1

8/66
6/66
8/66

10/71
e 4/71

6/71
10/71
1/73
1/76+

11/73

The matrix below is the branching fraction matrix above, transformed into rate
space; i.e. , G. =— l. = ~ P. , in appropriate units ~ In analogy to the matrix above,i i total i'
the diagonal elements are G. + 6G. , where 6G. = Q(6G.6G.), while the off-diagonal1 1 1 1 1
elements are the normalized correlation coefficients (6G.6G.)/(6G. 6G.). Note that,j I 3because of the error in 1, the errors and correlations here are not directly derivabletotal'
from those above.
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Data Card Listings
For notation, see key at front of I istings.

Stable Particles

WEIGHTED AVERAGE ~ 2.34 + O. i i.
ERROR SCALED BY 1..2

Values above of weighted average,
error, and scale factor are for the
reader' s convenience only. The
data were actually processed by a
constrained fit program, which
calculates its own values of x, 6x,
and scale fa.ctor, which are differ-
ent from the values shown here.

BALDOCEOL
JAHES

~ I1EISHER
CHO

~ WEBBER
~ BEHR
~ FRANZINI
~~~ ANDERSON

75 HLBC
72 HBC
71 HBC
71 DBC
70 HBC
66 HLBC
65 HBC
65 HBC

CHISQ
0.0
0 ~ 0
0.4
1.7
0.2
1.0
5.5

0 2 4 6

KOL RATE INTO P I+ PI- PIO ( 10+)K6 SEC-1)

8.9
(CONLEV
&0.127)

W3 KOL I NTO PI
W3 7 52
W3 620 7 ~ 81
W3
W3 AVG 7 ~ 71
W3 STUDENT 7 ~ 71
W3 FIT 7 ~ 52

E NEUTRINO (UN ITS 10¹¹6SEC-1) (G4)
0 ~ 85 0 ~ 72 AUBERT 65 HLBC DS=DQt CP ASSUMED
0 ~ 56 CHAN 71 HBC

~ ~ ~ ~ ~

0 ~ 46 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
0 ~ 49 AVERAGE USING STUDENT10(H/1 11) -- SEC TEXT
Oo ll. FROM F

8/67
2/72

8 /67

2 /72
8 /67

10/70
2/72
1/73
9/72

WEIGHTED A VENTAGE 11.60 + 0 .65
ERROR SCALED BY 1.5

IT ( ERROR INCL UDES SCAL E FACTOR OF 1 ~ 0)

KOL INTO CHARGED ( 3-BODY I (UN ITS 10¹¹6SEC- 1) {G2+G3+G4)
98 15~ 1 1 ~ 9 AU ERBACH 66 OSPK

~ ~ ~ ~ ~ ~ ~ ~ ~

15 ~ 1 1 0 ~ 16 FROM F IT ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)

W5 KOL INTO LEPTONIC (KMU3+KE3) ( UNI TS 10¹¹6SEC-ll (G3+G4l
W5 D 109 9 ~ 85 1 ~ 15 1 05 FRANZ IN I 65 HBC

W5 0 39
W5 C 335 {10~ 3l (0 ~ 8) HI LL 67 DBC K+N TO KO P

W5 0 252 13 ~

3 3 ll ~ 6 0 ~ 9 CHO 70 DBC K+N TO KO P

W5 D 410
13 ' 1 1 ~ 3 WEBBER 71 HBC K- P TO KOBAR N

0 7 BURGUN 72- HBC K+V TO KOPP I+
W5 D 126 8 47 1 69 MA NN 72 HBC K- P TO KOBAR N

W5 C CHO 70 INCLUDES EVENTS OF HILL 67
W5 D A S SUM E S D S =DQ R UL E
'W5 ~ ~ ~ ~ ~ ~ ~ ~ ~

'W5 AVG ll 60 0 ~ 65 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 5l

W5 FIT
W5 STUDENT 11~ 66 0 ~ 54 AVERAGE US ING STUDENT10 ( H/1~ l 1 ) -- SEE TEXT

12~ 75 0 ~ 15 FROM F IT ( ERROR INCLUDES SCALE FACTOR OF 1 el )
(S EE IDEOGRAM BELOW )

R2 KOL INTO ( P I+
R2 59 Owl 85
R2 79 Oe 151
R2 75 Oe 157
R2 66 0+15
R2 326 0. 159
R2 566 0 ' 178
R2 1729 (0 ~ 144)
R2 126 Ool62
R2 0 ~ 161
R2 1402 0 ~ 167
'R2 1590 0 1605
R2 3200 0 ' 146
R2 558 0 ~ 159
R 2 ~ ~ ~ ~ ~

R2 AVG 0+1564
R2 STUDENT 0 ~ 1578
R2 F IT 0 ' 1564

P I- P IO) /CHARGED ( P2) / ( P2+P3+P4 )0,038 AST IER 61 CC
0.020 ADAIR 64 HBC
Oe03 0+04 LUERS 64 HBC
0 ~ 03 0 ~ 04 AST BURY 1 65 CC
0 ~ 015 ASTBURY2 65 CC
0 017 GUI DON I 65 HBC

{0 004) HOPKINS 65 HBC
0 015 HAWKINS 66 HBC
0 ' 005 HOPKI N S 67 HBC
0 ~ 016 KULYUKINA 68 CC
Oe 0038 ALEXANDER 73 HBC
0 ' 004 BRANDENBU 73 HBC
0 ~ 010 EVANS 73 HL BC

~ ~ ~ ~

0026 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 2)
0~'3029 AVERAGE USING STUDENT10( H/1 o 11) -- SEE TEXT
0 ~ 0022 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)
(SEE IDEOGRAM BELOW )

8/66
8/6, 6
8/66
8/66
6/66
6 /66

SEE HOPKINS 67 6/66
6/66
8 /67
2/71
1/74
1/74
1/73

I4EIGHTEQ A VERAGE = 0 .1564 + 0 ~ 0026
ERROR SCALED BY 1.2

Values above of weighted average,
error, and scale factor are for the
reader' s convenience only. The
data were actually processed by a
constrained fit program, which
calculates its own values of x, Sx,
and scale factor, which are differ-
ent from the values shown here.

EVANS 73 HLBC

~ ~

BRAHDENBU
.ALE){AHDER
KULYUKINA

~ - HOPKINS
~ HAWK IHS

GUIDONI
ASTBURY2
ASTBURY1
LUERS

~ ~ ~ ~ ADAIR
AST IER

73 HBC
73 HBC
68 CC
67 HBC
66 HBC
65 HBC
65 CC
65 CC
64 HBC
64 HBC
61 CC

0.10 0.14 0.18 0.22 0.26
KOL IHTO (PI+ PI- PIO) iCHARGED

CHISQ
0 ~ 1
6.?
1. .2
0.4
0.8
0.1
1.6
0.0

0.1

11.1
( COHLEV
~0.194)

(P3) / (P2+P3+P4)

7/66
2/7 1

R3 KOL INTO (PI MU NEUTRINO) /CHARGED
R3 C 251 (0 356) (0 07 ) LUEPS 64 HBC
R3 C 172 (0~ 39) (0 ~ 08) (0.10) ASTBURYl 65 CC
R3 C 330 (0 ~ 335) ( 0 ~ 055) KULYUKj NA 68 CC
R3 C THIS MODE NOT MEASUREG INDEPENDENTLY FROM R2 AND R4
R3 0 ~ ~ ~ ~ 0 ~ ~

R3 F IT 0 ~ 3461 0 ~ 0051 FROM F I T

ove of weighted. average,
d scale factor are for the
convenience only. The
actually processed by a

ed fit program, which
its own values of x, 5x,

factor, which are differ-
the values shown here.

4
R4
R4
R4
R4
R4
R4
R4
R4

R5
R5
R5
R5 FIT

KOL INTO ( P I E NEUTRINOI /CHARGED (P4 )/ ( P2+P3+P4)
24 0 ~ 46 Oo l 1 NE AGU 61 CC

153 0 ~ 487 0 e05 LUERS 64 HBC
202 0 ~ 46. Oo 08 0 ~ 10 ASTBURY1 65 CC
500 0~498 0 ~ 052 KULYUKINA 68 CC

~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 485 0 032 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 e0)
STUDENT 0 485 0 034 AVERAGE USING STUDENT10(H/1 1 1 ) —SEE TEXT

0 ~ 4975 0 ~ 005 2 FROM F IT ( ERROR INCL UDES 5 CAL E FACTOR OF 1 0)

KOL INTO (PI E NEU)/((P I E NEU)+(PI MU NEU) I {P4) /( P3+P4}
320 Oo 415 0 ~ 120 ASTIER 61 CC

4 E ~ ~ 0 ~ I ~ ~

0 ~ 5898 0 ~ 0059 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

2/76¹
7/66
2/7 1

72 HBC
72 HBC
71 HBC
70 DBC

NZINI 65 HBC

GUN

BER

6 10 14 18
KOL RATE INTO KfiU3 + KE3 (10+s{6 SEC-1)

CHISQ

1.3
1.3
0.0
2.5
8.6

( CONLEV
~0.072)

W6
W6
W6
W6 F IT

8/67

13 KOL BRANCHING RATIOS

KOL INTO (PI 0
24 0 ~ 24

549 0 ~ 251
444 Oo 277

29 0.31
~ ~ ~ ~ ~

0 ~ 260
DENT 0 ?'0

0 273

Rj,
Rl
Rl
Rl
Rl
Rl
R 1 AVG
Rl STU
Rl F IT

PIO PIO
0~ 08
0 ' 014
0 021
0 ~ 07

~ ~ ~ 0

0 011
0 ~ 013
0 ~ 011

) /CHARGED
ANIKI NA 64 CC
BUDAGOV 68 HLBC
BUDAGOV 68 HLBC

0 ~ 06 KUL YUKI NA 68 CC

{P ll/(P2+P3+P4)
6 /66

OR SAY MEASURe 10/68
E C ~ POL YT EC M cAS 10/68

2/71

AVERAGE (cRROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE L!SING STUDENT10{H/1 11) -- SEE TEXT

FROM F IT {ERROt? INCLUDES SCALE' FACTOR OF j.2)

KOL INTO PI MU NEUTRINO UNITS 10¹¹S,SEC-1) (G3l
19 4 ~ 54 1 ~ 24 1 08 LOWYS 67 HL BC

~ ~ ~ ~ ~ ~ ~ ~ ~

5 ~ 230 0 ~ 099 FROM F IT (ERROR I NCL UDES SC ALE FACTOR OF 1 ~ 0 )

R6 KOL INTO (PI+ PI- PIO) /TOTAL
R6
R6 ~ ~ ~ 4 ~ ~ ~ ~ ~

R6 F IT 0.1225 0 ~ 0019 FROM F IT

(P2l

R7
R7
R7
R7 F IT

KOL INTO (LEPTON PI NEUTRINO)/TOTAL
/

~ ~ ~ ~ ~ ~ ~ 0 ~

0 ~ 6606 0 ~ 0062 F ROM F I T

(P3+P4)

else
11/68
11/67
2/71
2/72

1)./71
8/72
8 /72
8/72

11/71
11/71
11/68
2/71

NORM TO 3PI{C+N)
KOL 1 e 5-9 GEV/C

2 /76¹
2/76¹
2/764'
2/76 ¹

6/73
2/76¹
2/76¹
6/73

RB KOL INTO (2 GAMMA)/TOTAL (UN ~ 10¹¹-4)
( 1~ 3) (0+6) CR I EGEE 66 OS PK

RB 32 6 ~ 7 2% 2 TOOOROFF 67 OSPK REPL~ CR IEGEE66
RB K 33 (7 ~ 4) (1 os) CRONIN 1 67 OSPK
RB 90 5 ~ 5 1 ~ 1 KUNZ 68 OSP

23 4 ' 5 1 ~ 0 EN STROM 71 OSPK
K

5o0 (1 ~ 0 I RE PELL IN 71 OSPK
4 ~ 54 0 ~ 84 BANNER2 72 OSPK

THIS VALUE USES ( E00/E+-)¹¹2=1~ 05+-0, 14 ~ IN GENERAL y S13RB
RB 8 {4o 32+-0 ~ 55) ¹ (10¹¹-4)¹ ( ( E00/ E+- )¹¹2) ~

R8 R ASSUMES REGEN AMPL IN COPPER AT 2GEV IS 22 MB TO EVALUATE
R8 R FOR A GI V EN REGEN AMPL AND ERROR g MULTIPLY 8 Y ( REG'EN A MPL/22MB) ¹¹2
RB C CRI EGEE 66 REPLACED BY TODOROFF 67
RB K CRONIN1 67 REPLACED BY KUNZ 68 ~

RB
~ 89 0 ~ 54 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)

RB STUDENT 4i88 0 59 AVERAGE USING STUDENT10(H/1 11) —SEE TEXT

KOL I NTO ( Pj+ PI -) /CHARGED ( UNIT 10¹¹-3) {P5)/(P2+P +
CHR I STENS 64 OSPK ETA +- = 1 ~95+-0 «20

(P2+P3+P4)

GALBRA ITH 65 OSPK ETA +- = 1 ~ 99+-0 ~ 16
BASILE 66 OSPK ETA +- = 1.92+-0.13.

{1 o993) ( 0~080) BOTT-BODE 66 OSPK ETA +- = 1 95+-

R9 0 OLD EXP
R9 M 4200 (2 ~ 60) (0 ~ 07 ) MES E~ SNER 73 ASPK ETA + — 2 +23+ 0 ~ 05

~ +-0 ~ 04

0 OLD EXPERIMENTS EXCLUDED FROM FIT ~ SEE SUBSECT ION E+ BELOW FOR
R9 0 AVERAGE ETA+- OF THESE EXPERIMENTS AND FOR NOTE ON DI SCREP N

SAME DATA AS R27 MESSNER 731 BUT W ITH DIFFER ENT NORMALIZATION ~

~ ~ ~ ~ 0 ~ ~ ~ ~

R9 F IT 2 ~ 565 0 ~ 373 FROM F IT

Rev. Mod. Phys. , Vol. 48, No. 2, Part ll, April 1976
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Stable Particles Data Card Listings
For notation, see key at front of Listings.

R 1 0 KOL INTO (PI MU NEU) /( PI
0 ~,19
0.10
0 2
0 ~ 08
0 ~ 05
0.13}
0 ~ 04)
0 ' 030)
0 F 08
0 ~ 044
0 ~ 030
Oe037
0 IS NOT
A SC ANNI

R10
R10
R10
R10
RI. O
R10
R10
R10
R10
R10

0 81
0 82

273 0.7
0 ~ 81
0 ~ 71

K {0 67}
8 569 (0 71)

1309 {0 648)
3548 0.68
6700 ' 0 741

770

R10 1.309 0.662
R 10 10K 0 662
R10 K KULYUK INA 68 Rl
R10 8 BEILL IERE 69 I S

E NEU)
ADA I R 64 HBC
DE BOUARD 67 OSPK
HAWKI NS 67 HBC
HOPK IN S 67 HBC
BUDAGOV 68 HLBC
KULYUKI NA 68 CC
BE ILL I ERE 69 HLBC
EVANS 69 HLBC REPL BY EVANS 73
BA SILE 70 OSPK
BRANDEN BU 73 HBC
E VANS 73 HLBC
WI LLIAMS 74 ASPK

MEASURED INDEPENDENTLY FROM RZ AND R4 ~

NG EXPT USING SAME EXPOSURE AS BUDAGDV 68

(P3)/(P41

R10
R10
R10
R10

~ ~ ~ ~ ~ ~

AVG 0 695
STUDENT 0 695
F IT 0 696

~ ~ ~

0 ~ 019
0 ~ 021
0 ~ 017

AVERAGE (ERROR INCLUDES SCAL E FACTOR OF 1 ~ 1)
AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE TEXT

FROM F IT (ERROR INCL UDES SCALE FACTOR OF 1 e0)

6/66
11/67
8/67
8/67

10/68
~ 3/74
10/69

1/73
10/70

1/74
1/73

10/74¹
1/74

I RZO
R20 0
R20 0
R20 0
R20 0
R20
R20 F IT

KOL INTO (PI+ PI —}/ ( K E3 + KMU3) (UNITS 10¹¹-3) (P 5) / {P3+P4}
309 ( 2 511 (0 Z3} DE BQUARD 67 OSPK ETA+-=2 00+-0 09
525 (2 351 {0 ~ 19) FITCH 67 OSPK E TA+ 1 ~ 94+ 0 e08

Ol 0 EXPEPI MENTS EXCLUDED FROM F IT ~ SEE SU BS~CT ION E+- BELOW FOR
AVER'4GE ETA+- I3F THESE EXPERIMENTS AND FOR NOTE ON DISCREPANCY ~

~ ~ ~ ~ ~ ~ e ~ ~

3 ~ 041 0 ~ 090 F ROM F IT

R21 KOL INTO (2GAMMA)/(3 P IO) (UNITS 10¹¹-3) ( P9) /(Pl)
R21 16 Ze 5 0 ~ 7 ARNOLD 68 HLBC VACUUM DECAY
R21 $ BANNER 69 IS NEW EXPT. NOT TO BE CONF WI TH RB OF CRONIN1 67
R21 115 2 ~ 24 0 ~ 28 BANNER 69 OSPK
R21 28 2 ' 13 0 43 BARMI N 71 HLBC
R2 }. ~ e ~ ~ e e ~ ~ ~

R21 AVG 2 ~ 24 0 22 AVERAGE ( ERROR INCL UDES SCAL E FACTOR OF 1 ~ 01
R21 STUDENT 2 ~ 24 0.24 AVERkGE USING STUDENT 10 ( H/1 ~ 11 } -- SEE TEXT

2/76¹
2/ 76¹
2 /76¹
2/ 76¹

11/68
2/72

11/68
8/71

R 1 1
Rl 1
Rll
Rll
Rl1

R12
R12
R12
R12
R12
R12
R12
R12
R12

R13
R13
R13
R13

R14
R14
R14
R14
R14

KOL INTO ( MU+MU-1 /CHARGED ( UNITS 10¹¹-6)
100 0 OR LESS AN IK IN A 65 CC
250 ~ 0 OR LESS CL=e90 ALFF-STEI 66 OSPK

2 0 OR LE SS CL= ~ 90 BOTT-BODE 67 OSPK
35 ~ 0 OR LESS CL= ~ 90 FITCH 67 OSPK

KOL INTO ( P I+ P I — GAMMA)/TOTAL
15 0 OR LESS

5 0 OR LESS
3 0 OR LESS
0 ' 4 OR LESS CL= ~ 90
3 ' 2 OR LESS CL= ~ 90
0 062 0 ' 0210.46 OR LESS CL= e90

F S KOL TO PI+PI-P IO/ALL KOL

0
1

D 24

D US

( UNITS 10¹¹-31
AN IK INA 65 CC
BELLOTT I 66 HLBC
NE FKE NS 66 OS PK
THATCHER 68 OSPK
BOBISUT 74 HLBC
DONALDS1 74' SPEC
WOO 74 SPEC
DECAYS = 0 ~ 126

KOL INTO ( E+ E-1/CHARGED (UNITS 10¹¹-6}
1000 0 OR LE SS A NIKI NA 65 CC
200 ~ 0 OR LESS CL= ~ 90 Al FF-STEI 66 OSPK
23e0 OR LESS CL= ~ 90 BOTT-BODE 67 OSPK

KOL INTO (E MU) /CHARGED {UNITS 10¹¹-4)
10 0 OR LESS AN IK I NA 65 CC

1 0 OR LESS CARPENTER 66 OSPK
0 1 OR LESS ' BOTT-BODE 67 OSPK
0 ~ 08 OR LESS F ITCH 67 OSPK

( P6 ) / ( P2+P3+P4 )

GAM KE 40-130 MV

GAM KE 1ZO MEV
GAM KE 20-170 MV

GAM KE GT 40 MEV

(P7)/(P2+P3+P4)

(PB) /( P2+P3+P4)

6/66
9/66
8/67
3/68

6/66
8/67
6/66
2/71

12/75¹
10/74¹
12/75¹
10/74¹

6/ee
6 /66
8/67

6/66
8/66
8/67
3 /68

0 +
Note on the K ~ p p ControversyI

0 +
The K ~ p p branching ratio upper limit of

L
CLARK 71 does not agree with the results of subse-

quent experiments.
A total of twelve examples of this decay have

been observed in three experiments: CARITHERSl 73

(Columbia-CERN-NYU), CARITHERS2 73 (Columbi a-BNL-

CERN), and FUKUSHIMA 76 (Princeton-Univ. of Mass. —

R15
R15
R15
R15
R15
R15
R15

R16
Rle
R16

KOL INTO ( E+ PI- NEU)/(E- PI+ NEU)
0 97 (0 ' 90) (0 ' 18) NCAGU 61 CC
0 ( 1 ~ 01) (0~ 161 LUE RS 64 HBC
O 894 (0 99) (0 ~ 023) KULYUK INA 66 CC
0 1539 (1 06) (0 ~ 05) VE RHEY 66 OS PK
0 LOW PRECISION EXPTS NOT AVERAGED ~ FOR MORE PRECISE VALUEf
0 SEE S13A2 (BENNETT 70' MARX 70)

KOL INTO (MU+ P I- N EU ) /( MU- P I+ NE U)
lM 1 0081 0 e0027 DOR FAN 67 OSPK
SEE ALSO S13A2 AND S13AL IN THE CP VIOI ATION SECT ION

8/66
9/66
8/67

ll /67
2/71

Amherst). Background from all sources (primarily
from K ~ TtpV with the pion either penetrating the

L
muon counter or decaying to tju in flight, ) has been

estimated to be negligible for these experiments.
The rates from these three experiments and the

R17
R17
R17
R17
R17
R17
R17

KOL INTO ( P IO PI 0) /TOTAL (UNITS 10¹¹-3) (Pll )
C 7 {1.2 ) ( 1 ~ 5) ( 1 ~ 2) CRI EGEE 66 OSPK
C CRIEGEE EXPT NOT DESIGNED TO MEASURE 2 P IO DECAY MODE
G 189 ( 2 ~ 5) (0~ 8) GAILLARO 69 OSPK E00=3.6+-0.6
G LATEST RESULT OF THIS EXPERIMENT GI VEN BY FA I SSNER 70 R19

~ ~ ~ ~ ~ ~ ~ ~ ~

F IT 0 94 0 ~ 19 FROM FIT

7/ee

5/69
1/71

upper limits of FOETH 69 and DARRIULAT 70 are all
quite consistent (see subsection R22 below) . The

combined result of these five experiments is
R18
R18
R18
R18
R18
R18
R18
R18

ALEKSANYA 64 FBC
BUDAGOV 68 HLBC
BARMINZ 72 HL BC ERROR STAT ONLY

KOL INTO (3PI0) /(PI+PI-PIO)
188 2 0 Oe6

1010 F 80 0 ' 13
883 {1 65) (F 07)

~ e e ~ ~ ~ ~ ~ ~

AVG 1.81 0 ~ 13 AV'ERAGE ( ERROR INCLUDES SCAl E FACTOR OF 1 ~ 0)
STUDENT 1 81 0 ~ 14 AVERAGE USING STUDENT 10(H/1 ~ 11) -- SEE TEXT
FIT 1 747 0 ~ 070 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 el )

9/66
10/68
3/74 L

I'(K ~ T( T( )L

0 )xlO-1.4

R19
R19
R19
R19
R19
R19
R19
R19
R19
R19
R19
R19
R19
R19
R19

KOL INTO (2PI 0) /(3P IO) (UNITS 10¹¹-2) ( P 1 1 ) / ( P 1 '}

C 109 (1 89) (0 ~ 31) CRQNI N 1 67 OSPK ETA00 4 ~ 9+ 0 ~ 5
C (1 ~ 36) (Oels) CRONIN 2 67 OSPK ETA00=3 92+-Oe3
C CRONI NZ I S FURTHER ANALY S IS OF C RONI Nl ~ NOW BDT H W ITHDRAWN

NO EVENTS SEEN BARTLETT 68 OSPK SEE EOO BELOW
57 0 ' 46 0 ~ 11 BANNER 69 OSPK ETA 00=2 e 2+-0. 3

133 1~ 31 Oe 31 CE NCE 69 OS PK ET AGO=3 ~ 7+-0 ~ 5
29 0 37 0 ~ 08 BA RMI N 70 HL BC ET A00=2 02+-0,23
30 0 ~ 32 0 ~ 15 BUOAGOV. 70 HL BC ETA00=1 9+-0 ~ 5

F 172 0 90 0.30 F A I SS NE R 70 OS PK ET ADO= 3 ~ 2+-0 5
F FAISSNER 70 CONTAINS SAME 2PI 0 EVENTS AS GAILLARD 69 R17

~ ~ ~ ~ ~ ~ ~ ~ ~

AVG 0 439 0 ~ 098 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 e7 }
STUDENT 0 ~ 425 0 ~ 065 AVERAGE USING STUDENT10( H/1 11) -- SEE TEXT
FIT 0 ~ 439 0 ~ 088 FROM F IT ( ERROR INCL UDES SCAL E FACTOR DF 1 e 5)

( SE E I I3EOGRAM BELOW 1

LIEISHTED A VERASE 0 .439 + 0 .098
ERROR SCALED BY 1.7

alues above of weighted average,
ror, and scale factor are for the
ader' s convenience only. The
ta. were actually processed by a.
nstrained fit program, which
lculates its own values of x, 5x,

nd scale factor, which are differ-
t from the values shown here,

8/67
11/67
11/68
I.l /68
2/72

10/69
12/70
10/70
12/70

+3.8where we have divided the observed number (12 )

by the sum of the e ffective denominators (which

include the Ttvt//pp relative acceptances) given in

the data card comments field.
CLARK 71 found no events and obtained the

-6limit R & l. 53 && 10 at 90% confidence level. This

result is from the FIELD 74 reanalysis o f the exper-
iment. The reanalysis uncovered no ma jor flaws, but

did f ind a few problems which increased the upper
-6limit from 1.2 & 10 to the above. The combined

result of the other five experiments leads us to
expect 7.5 events for the sensitivity of the CLARK

0 ~ S

~ . FAISSHER
.BUDAGOV

BARfiIN
CENCE
BANNER

2.S

70 OSPK
70 HLBC
70 HLBC
69 OSPK
69 OSPK

CHISQ
2.4
0.6
0.7
7.9
0.0

11.7
(COHLEV
~0.020)

71 experiment (9.5 events before reanalysis) .
0 +The theoretical lower limit for 1 (K ~ p p ) //
L

0 +
I (K ~ T( Tt ) based on unitarity considerations is

-6 13 & 10, in agreement with the combined result,
but above the CLARK 71 upper limit.

KOL INTO (2PIO) & (3PIO) (10++-2)
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Data Card Listings
For notation, see I{'ey at front of Listings.

Stable Particles

Re ference
C. Quigg and J. D. Jackson, UCRL-18487 (1968) .

R22
RZZ
R22
R22
R22
RZZ
R22
R22
RZZ
R22
R22
R22
R22
R22
R22

A

C
C

C
F

A

A

C
C
F

KQL INTO {"U+HU-)/ tP I+PI-) (UNITS 10¹¹-6) (P6) /(P5)
0 140. OR LESS CL= 90 FOETH 69 SPEC EFF DENOM = 16000
0 18 ~ OR LESS CL~ ~ 90 DARRIUl AT 70 SPEC EFF ~ DENOM»= 12'5000
0 (1 ~ 53) OR LESS CL=»90 CLARK 71 SPEC EFF ~ DENOM ~ (1500000)
6 6«7 6. 1 3 ~ 1 CARITHE1 73 SPEC EFF ~ DENOM = 893000
3 4 ' 5 6 ~ 3 CARITHE2 73 SPEC EFF ~ DEN'3M = 667000
9 {5~ 8) {4~ ) (2 ~ ) CARITHF2 73 SPEC EFF DENOM ~ t 1560000)
3 4 ~ 2 5«1 .2 ~ 6 FUKUSHIMA 76 SPEC EFF ~ DENOM ~ 714000

CLARK 71 LIMIT RAISED FRON 1 2 E-06 BY FIELD 74 REANALYSIS
NOT IN AGREEMENT WITH THREE SUBSEQUENT EXPTS ~ SO NOT AVERAGED ~

CARITHERS ERRORS ARE, AT CL=90 PERCENT ~ 'SECOND CARITHERS2 VAlUE IS
AVERAGE OF CARITHERS1 73 VALUE AND FIRST CARITHERSZ 73 VALUE ~

FUKUSHIHA 76 ERRORS ARE AT CL=90 PERCENT«
~ ~ ~ ~ » ~ « ~ ~

12 5 ' 0 16 1 ~ 4 COMBINED (CL '68) EFF ~ DENOM ~ 2415000

In the Stable Particle Table we quote the
above combined value, but warn in a footnote that
the value does not include CLARK 71.

5/70
11/70
2/76¹
2/76¹
2/76¹
2/76¹
2176¹
2/76¹
2/76¹
2176¹
2/76¹
2/76¹
2/76¹

0.0 0.4

BUCHANAN
BALDOCEOL

-SLONE
NESSNER
BISI
BRANDENBU
ALEXANDER.t1ETCALF
KRENZ.JAf1ES
SI1ITH
BUCHANAN

F . . . .ALBROM.BASILE2.NEFKENS
HOPKINS
HAWKINS
ANIKINA
ASTBURY2
ASTBURY1
LUERS

~ - ADAIR

0»B 1.2

75 SPEC
75 HLBC
74 STRC
74 ASPK
74 ASPK
73 HBC
73 HBC
72 ASPK
72 HLBC
72 HBC
70 OSPK
70 SPEC
70 ASPK
68 OSPK
67 OSPK
67 HBC
66 HBC
66 CC
65 CC
65 CC
64 HBC
64 HBC

TAU 0 SLOPE PARAMETER FOR KOL

LlEISHTED AVERAGE = 0 ~ 646 + 0.014
ERROR SCALED BY 2.5

CHISQ
6.4
0 ~ 4
8 ~ 99.91.04.51.10.30.8

0 ~ 0
5 ~ ?0.2

29.8
15.6

0 ' 0

B4.5
(CONLEV
=0.000)

R23
R23
R23

R24
R24

KQL
0

KQL

INTO (E+ E- )/{PI+PI-l (UNITS 10¹¹-5) (P7)/(P5)
10 0 0R LESS CL= 90 FOETH 69 ASPK

0»10 OR LESS Ct =»90 CLARK 71 ASPK

INTO (E NU)/tPI+PI-) (UNITS 10¹¹-5) (P 8) 1(P 5)
0»10 OR LESS Ct = ~ 90 ClARK 71 ASPK

5/70
6171

6/71 13 KQL FOR M FACTORS

R25
R25

'R26
R26

R27
R27
R27
R27

R28
R28

R29
R29

R30
R30

R31
R31

R32
R32

GTO
GTO
GTQ
GTO
GTQ
GTQ
GTQ
GTQ
GTQ
GTO
G~Q
GTQ
GTQ
GTQ
GTQ
GTQ
GTQ
GTQ
GTQ
GTQ
GTQ
GTQ
GTQ
GTQ
GTQ
GTQ
GTQ
GTQ
GTQ
GTQ
GTQ
GTQ
GT0
GTQ

KQL
10

KQL
Q

KQL
4200

F IT

INTO (PI E NEU GAH)/(KL E3) (UNITS 10¹¹-2) (P12)/(P3)
3 ~ 3 2 ~ 0 PEACH 71 Hi BC GAM KE GT 15 HEV

INTO (PIQ T'W0 GAMHAS)/{3PIQ) (UNITS 10¹¹-3)(P13)/{P1)
1«1 OR LESS C{ =«90 BANNER 69 OSPK

IiNTO tPI+ PI-)/TAU (UNITS ).0¹¹-2) (P5 ll tP2)
1 ' 64 0 ' 04 ME SSNE R 73 ASPK ETA +- = 2 «23

~ ~ ~ ~ ~ ~ ~ ~ ~

1»640 0 ~ 040 FROM FI' (ERROR INCLUDES SCALE FACTOR OF 1»0)

KQL INTO {E+ E- GAMMA)/(3PIQ) {UNITS 10¹¹-.4) (P14)/(P1)
0 1 3 OR LESS CL= 90 BARMIN1 72 HLBC

KQl INTO (HU+ HU GAHHA)/TOTAL (UNITS 10¹¹-6) (P15)
7 ~ 81 OR LESS CL~ ~ 90 DONALDS3 74 SPEC

KQL INTO {MU+ MU- PIQ)/TOTAL (UNITS 10¹¹-5) (P16)
5 ~ 66 OR LESS CL »90 DONALDS3 74 SPEC

KQL INTO (Pl+P I-E+E-) /TOTAl (UNITS 10¹¹-6) (P17)
7 ' 2 OR LESS CL~ ~ 90 DGNALD53 74 SPEC

KQL INTO (PIO PI+- E-+ NEU)/TOTAL (UNITS 10¹¹-3)(P18)
2 ~ 2 OR LESS CL= ~ 90 DONALDS3 74 SPEC

13 KQL ENERGY DEPENDENCE OF DALITZ PLOT

RiELATED TEXT SECTION VI Bo lo APPENDIX Io AND MINI-REVIEW ON SLOPE
PARAMETERS IN THE CHARGED K SECTION OF THE DATA CARD LISTINGS ABOVE

MATRIX ELEMENT SQUARED = 1 + G (S3-50) l(HPI+¹¹2)
LINEAR ENERGY DEPENDENCE {G) FOR TAU DECAYS KLCNG INTO PI+ PI- PIQ

79 0 ' 55 0 ' 23 ADAIR 64 HBC AV=-F 6 +- 1 7
77 0 ' 51 0 ' 20 LUERS 64 HBC AV, =-7 ' 3 +- 1 ' 6
66 0 ' 32 0 ' 13 ASTBURY1 65 CC AV"-'-5 ~ 5 +- 1 ~ 5

310 0 ' 51 0 ' 09 ASTBURY2 65 CC AV=-{7' 3 +.6 —~ 8)
280 0 ' 64 0»17 ANIKINA f6 CC AV~-{8»2 + ~ 9 -1«3l
126 0 ~ 70 0« 12 HAWKINS 66 HBC AV=-8«6 +«0 ~ 7

1350 0»649 0 F 044 HOPKINS 67 HBC AT=-0 ~ 294 +- ~ 018
1198 0.428 0 055 NEFKENS 67 BSPK AU=-0 ' 204 +- ~ 025
2446 0 ' 400 0 ' 045 BASILE2 68 OSPK AT=-0»188 +- ~ 020

29000 0 ~ 651 0 ~ 012 ALBROW 70 ASPK AY=-0 ~ 862 +- ~ 015
8 36K 0 ' 593 0 ' 022 BUCHANAN 70 SPEC AU=-0 ' 278 +- ~ 010
4400 0 ' 656 0 ' 058 SMITH 70 OSPK AT=-O ~ 297 +- ~ 024

180 0 ' 50 0«11 JAMES 72 HBC
1486 0 608 0«043 KRENZ 72 HLBC AT=-0»277 +- ~ 018

384 0 ' 688 0 ' 074 METCALF 72 ASPK AT=-0 ~ 31 +- ~ 03
0 ' 6 12 0 ' 032 ALeXANDER 73 HBC

3200 0 ~ 73 0 ~ 04 BRANDENBU 73 HBC
C 2QK 0 ~ 619 0 ~ 027 BI SI 74 ASPK AT=-0 ~ 282 +- ~ 011
M509K 0 ~ 677 0 ~ 010 MESSNER 74 ASPK AY=-0«917+- ~ 013
5 0 ~ 714 0 ~ 023 SLONE 74 STRC

192 0 ~ 69 0 ~ 07 BALDOCEOL 75 HLBC
56K 0 ' 590 0 ' 022 BUCHANAN 75 SPEC AU=-0« 277 +- ~ 010

8 BUCHANAN 70 RESU{ T REVISED BY BUCHANAN 75 TO INCLUDE RADIATIVE COR»
8 AND TO USE MORE RELIABLE KL HOM ~ SPECT ~ OF 2ND EXPT»'{HAD SAME BEAMl ~

C BISI 74 VALUE COHES FROH QUADRATIC FIT WITH QUAD ~ TEPM CONSISTENT
C WITH ZERO ~ GTQ ERROR IS THUS LARGER THAN IF LINEAR FIT WCRE USED ~

M MESSNER 74 FINDS NONLINEAR T'ERMS H= ~ 079+- ~ 007» J=0» K~ ~ 0097+-~ 0018 ~

5 SLONE 74 VALUE IS FROM A FIT TO A LINEAR MATRIX ELEMENTS NOT T0 A
S LINEAR SPECTRUM ~ HIS FIT TO A LINEAR SPECTRUM GIVES
5 GTQ=Q ~ 630+-0 017 WITH A POOR CHI SQUARED

~ ~ ~ ~ ~ ~ ~ ~ ~

AVG 0 ~ 646 0, 014 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2 ~ 5)
STUDEiNT 0 6462 0 0095 AVERAGE USING STUDENT10(H/1 11l —SEE TEXT

(SEE IDEOGRAM BELOW )

6/71

2/72

6/73
6173

3/74

12/75¹
12175¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹

3/71
3/71
3/71
3/71
3/71
&/71

10/69
3/71
3/71
1/71
2/76¹
3/71
1/73

11/72
11/72
2/76¹
1/74

1.0/74¹'
7/75¹

12/75¹
12/75¹
7/75¹
2176¹
2/76¹

11./75¹
ll/75¹
1/76¹

12/75¹
12/75¹
12/75¹

XIA
XIA
XI A

XIA
XIA
XIA
XI A

X IA
XI A

XIA
XIA
XI A

XI A

XI A

XIA
X IA
XI A

XI A

XIA
XI A

X IA
XIA
XI A

XIA
XIA
XI A

XIA
XIA
XI A

X IA
XI A

XI A

XI A

X!A

X IB
XI 8
XIB
XI 8
XIB
XIB
XIB
XI 8
XI 8
XIB
XI 8
XIB
XI 8
XI 8
X 18
XIB
XI 8
XI 8

RELATED TEXT SECTION VI 8 ~ 2 AND MINI-REVIEW ON FORH FACTORS
IN THE CHARGED K SECTION OF THE DATA CARO LISTINGS ABOVE ~

IN THE FORM FACTOR COMMENTS THE FOLLOWING ABBREVIATIONS ARE USED'
F+ AND F- ARE FORM FACTORS FOR THE VECTOR MATRIX ELEHENT ~

FS AND FT RCFER TO THE SCALAR ANO TENSOR TERMS
FQ " (F+l + (F-l¹T/(MK¹¹2-MPI¹¹2)
L+ L- AND LO ARE THE LINEAR EXPANSION COEFFS ~ OF F+ F- ANO FQ
L+ REFERS TO THE KMU3 VALUE EXCEPT IN THE KE3 SECTIONS ~

DXI/DL IS THE CORRELATION BETWEEN XI(0) AND L+ IN KHU3 ~

OLQ/DL+ IS THE CORRELATION BETWEEN LQ ANO L+ IN KMU3 ~

T = HOMCNTUH TRANSFER TO THE PI IN UNITS OF MPI¹¹2~
DP = DALITZ PLOT ANALYSIS
PI ~ PI SPECTRUM ANALYSIS
MU ~ MU SPECTRUM ANALYSIS
POL= HU'POLARIZATION ANALYSIS
BR = KHU3/KE3 BRANCHING RATIO ANALYSIS
E = POSITRON OR ELECTRON SPECTRUH ANALYSIS
RC = RADIATIVE CORRECTIONS

XIA ~ F-/F+ (DETERMINED FROM SPECTRAl
L1341 +1 2 (0 ' 8) CARPENTER 66 OSPK DPp DXI/DL~-18

B 3140 ( 3»9) (0 ' 4) BASILE 70 OSPK DPg INDEP OF L+
C ), 6K (-0~ 68) (0 12) (0~ 20l CHIEN 70 ASPK DPy DXI/DL~-26

A9086 -1 5 0 ' 7 ALBROW 72 ASPK DP DXI /DL=-28
C 16K (+0 ~ 50) (0 ~ 61l DALLY 72 ASPK DP. y DXI/DL UNKN ~

P1385 -1» 00 (0~ 45) PEACH 73 HLBC OP» DXI/DL~-20
0 82K -0 ~ 26 0 ~ 21 ALBRECHT 74 WIRE DP t DXI/DL~-24

D 82K t -2» 41) (0»17) ALBRECHT 74 WIRE DP y DXI/DL~-9 ~ 4
El»6M -0 ~ 11 0 07 DONALDS2 74 SPEC DPy OX I/DL=-17
F 32K -0 ~ 25 0 ~ 22 BUCHANAN 75 SPEC DPp DXI/OL~-5 9
L CARPENTER 66 XI{0) IS FOR I+=0 ~ OXI/Dt IS FROH FIG ~ 9 ~

8 BASILE 70 IS INCOMPATIBLE WITH ALL OTHER RESULTS ~ AUTHORS SUGGEST
8 THAT EFFICIENCY ESTIMATES MIGHT BE R'ESPONSIBLE ~

A ALBROW 72 FI'T HAS L- FREEr GETS L-=- ~ 030+-«060 OR LAM=+ ~ 15+»17-»11~

C CHIEN 70 ERRORS ARE STATISTICAL ONLY, DXI/DL FROM FIG ~ 4 ~

C DALLY 72 IS A REANALYSIS OF CHIEN 70» THE DALLY 72 RESULT IS
C NOT COMPATIBLE WITH ASSUMPTION L-=0 SO NOT INCLUDED IN OUR FIT ~

C THE NON-ZERO L- VALUE AND THE RELATIVELY LARGE L+ VALUE FOUND BY
C DALLY 72 CONE MAINLY FROM A SINGLE LOW T BIN (FIGS»lv2) ~

C ~HE (F+gXI ) CORRELATION 'WAS IGNORED ~

C WE ESTIMATE FROH FIG 2 THAT FIXING L-=0 WOULD GIVE Xl(0)~-1 4+-0»3
C AND WOULD ADD 10 TO CHI SQUARED ~ DXI/DL IS NOT GIVEN ~

0 ALBRECHT 74 IS CALCULATED BY US FROM LQi L+ AND OLO/DL+ ~ THEY FIND
0 TWO SOLUTIONS» THE FIRST HAS l+= ~ 046+- ~ 008 IN AGREEMENT WITH KE3»
P PEACH 73 GIVES XIQ-"- ~ 95+- 45 FOR L+~L-=»025 ~ THE ABOVE VALUE 15
P FOR L-=0 ~ K ~ PEACHY PRIVATE COMMUNICATION(1974) ~

E DONALDSON2 74 GIVES XI=-»11+-~ 02 NOT INCLUDING SYSTEMATICS ~ ABOVE
E ERROR AND DXI/OL MERE CALCULATED BY US FROH LO ANO L+ ERRORS (WHICH
E INCLUDE SYSTEHATICS) AND DLQ/DL+ ~

F BUCHANAN 75 IS CALCULATED BY US FROH LQe L+ AND DLQ/DL+ BECAUSE
F THEIR APPENDIX A VALUE ~ 20+-2Z ASSUMES XI(T) CONSTANT» I»E ~ L ~L+ ~

~ ~ ~ ~ ~ ~ o, ~ ~

FIT DISCUSSED IN NOTE ON KL3 FORH FACTORS IN K+- SECTION OF DATA CARDS ~

XIB = F-/F+ (DETERMINED FROM KMU3/KE3l
THE KHU3/KE3 BRANCHING RATIO FIXES A RElATIONSHIP BETWEEN XI(0)
ANO L+ ~ WE QUOTE THE AUTHORS XI(0) AND ASSOCIATED L+ BUT DO NOT

AVERAGE BECAUSE THE L+ VALUES DIFFER THE FIT RESULT AND SCALE
FACTOR GIVEN IN THE NOTE ON KL3 FORM FACTORS IN THE K+- SECTION OF

THE DATA CARDS ARE NOT OBTAINED FROM THESE XIB VALUES« INSTEAD
THEY ARE OBTAINED DIRECT{ Y FROM THE FITTED KMU3/KE3 RATI0 (R10lo

389 +1 1 11 ADAIR .64 HBC BR ~ L+~0
+0 ~ 66 0 ~ 9 1 ' 3 LUE'RS 64 HBC BRg L+~0
+0 ' 2 0«8 - 1 ' 2 KULYUKINA 68 CC BRr L+=0

569 +0 ~ 45 0 ~ 28 BEILLIERE 69 HLBC BRy L+~0
E 1309 (-Q»22) (0~ 30) EVANS 69 Ht BC BRg L+~ ~ 02+- ~ 015

3548 -Q»5 0«5 BASILE 7Q OSPK BRe L+~»02
6700 0 ~ 5 0 ~ 4 BRANDENBU 73 HBC BR»L+= ~ 019+-~ 013

E1309 -0 08 0 ~ 25 EVANS 73 HLBC BRq L+~ ~ 02
E EVANS 73 REPLACES EVANS 69 ~

~ » ~ ~ ~ ~ ~ ~ ~

FIT DISCUSSEO IN NOTE ON KL3 FORM FACTORS IN K+- SECTION 0F DATA CARDS ~

1/74
1/74
1/74
1/74
1/74
1/74

11/75¹
11/75¹
11/75¹
2/76¹
1174
1/74
1/74
1/74
1/74
1/74
2/76¹
1/74
1/74
1/74
1/74
1/74ll/75¹
3/74
1174
1/74

11/75¹
11/75¹
11/75¹
2/76¹
2/76+

l. /74
1/74
1/74
2/76¹
2/76¹
2/76¹
1/74
1/74
1/74
1/74
1/74
1/74
1/74
1/74
1/74
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SBO Particle Data Group: Review of particle properties

Stable Particles Data Card Listings
For notation, see key at front of Listings.

2/72
8/67
5/69
1 /74
1 174
1/76¹
I/74
1/ 74
1/74
1 /76¹

I XI IHAGINARY PART OF XI
IX I -0 ' 2 0%6
IXI -0 ' 02 0 F 08
I XI 2 ~ 2M -0 ~ 060 0 ~ 045
IXI ~ o ~ o ~ ~ ~ ~ ~

IXI AVG -0 ' 051 0 ' 039
IXI STUDENT -0 ~ 051 0% 042

(TEST OF T REVERSAL)
ABRAMS 68 OSPK PQLARI ZATION 10/69
LQNGQ 69 CNTR PGL ~ T=3 ~ 3 1)./69
SANDWEISS 73 CNTR POLY T=O 1/74

AVERAGE ( ERROR INCLUDES SCALE FACTOR QF 1 Ol
AVERAGE USING STUDENT10 (H/1 ~ 1 1 I —S EE TEXT

I+M LAMBDA + (LINEAR ENERGY DEPENDENCE OF F+ IN KMU3 DECAY }
I+M SEE ALSO THE CORRESPONDING ENTRIES AND NOTES IN SECTION X IA AND LO»

L+M FOR RAD ~ CQR ~ OF KMU3 DP SEE GIN SBURG 70 AND BECHERRAWY 70 ~

L+M C 16K (0.07) {0 02) CHI EN 70 AS PK DP

L+H A9086 Oe085 0»015 ALBRGW 72 ASPK OP

L+M C 16K (0 11} (0 04) DALLY 72 ASPK DP

L+M D 82K 0 046 0 ~ 008 ALBRECHT 74 WIRE DP

L+M D 82K ( 0 ~ 076) ( 0 ~ 004) ALBRECHT 74 WI RE DP

L+H 1 ~ 6 M 0 ~ 030 0 003 DONALDS2 74 SP EG DP

L+M 32K 0 ~ 046 0» 030 BUCHANAN 75 S PEC DP

L+M C CHIEN 70 VALUE AND ERROR HAV'E BEEN CHANGED FROM 0 ~ 08 +- 0 ~ 01 TQ

L+H C . INCLUDE SYSTEMAT IC EFFECTS ~ DALLY 72 IS A R EANAL YS IS OF GHIEN 70 ~

L+M C SEE NOTE IN SECTION XIA ~

L+H D AL BRECHT 74 F INDS TWO SOLUTIONS ~ THE & I RST AGREES Wl TH KE3 ~

L+M ~ ~ ~ ~ ~ ~ ~ ~ ~

I+M FIT DISCUSSED IN NOTE ON KL3 FORM FACTORS IN K+- SECTION OF DATA CARDS ~

3/74
1174
l/74
1 /74jj/75¹

11/75'¹
10/74¹
9/75¹
3/71
3/71
1/74jj/75¹

XIC XIC = F-/F+ ( DETERMINED FROM MU PQLARI ZAT ION IN KMU3)
XIC THE MU POLARIZATION IS A HEASURE OF XI (T) NQ ASSUMPTIONS ON L+-
XI C NECESSARY o T ( WE IGHT ED BY S ENS IT IV ITY TG XI 0) SHQUL D BE SPEC IF I ED ~

XIC IN. L+ XI(0) PARAMETERIZATI QN THIS I S XI (0) FOR L+=0 ~ DXI/DL-"XI¹T
XIC FOR RAD ~ CQRR ~ TO MUON POLARIZATION IN KMU3y SEE GINSBERG 73 ~

XIC T 2608 {-1~ 2 ) (0 ' 5) AUERBACH 66 QSPK POLAR IZAT IQN
XIC T 638 {-1~ 6) (0 5) ABRAMS 68 QSPK POLAR IZAT IQN
XIC L 1 ~ 8 1 0 ~ 50 0 ~ 26 LQNGQ 69 CNTR PQL ~ T —3 ~ 3
XI C S2 ~ 2M 0» 385 0 o 105 SANOWE ISS 73 GNTR PQLo DX I/DL 6
XIC H350K +0 ~ 178 0» 105 SHEN 75 SPEC PGL o DX I/ DL= + ~ 68
XIC T T VALUE NOT GIVEN ~

XIC L LONGO 69 T=3 ~ 3 CALC ~ FROM DXI /DL=-6 ~ 0 (TABL E 1 l DIVIDED B Y XI=-1 e 8 1
XIC S SANDWEISS 73 IS FOR L+=0 AND T=O ~

XIC H SHEN 75 7=+3 ~ 80o DXI/DL=XT¹T= ~ 178¹3~ 80=+ ~ 6S ~

XI C ~ ~ ~ ~ ~ ~ ~ o ~

XIC FIT DISCUSSED IN NOTE ON KL3 FORH FACTORS IN K+- SECTION OF DATA CARDS ~

WEIGHTED AVERAGE ~ 0.0288 + 0.0028
FRROR SCALED BY 1.4

-0.1 0.0

» ~

» ~

0.1 0 ~ 2

BUCHANAN 7S
BLUNENTHA 7S

. I4ANG 74
BRANDENBU 73
ALBROW 73
NEUHOFER 72
CHIEN 71

.BISI. 71
BASILE 68
ARQNSON 68

.LOWYS 67
~ KAOYK 67
~ FIRESTONE 67
FISHER 6S
LUERS 64

0.3
LAMBDA+ FOR KE3 DECAY OF KOL

SPEC
SPEC
OSPK
HBC

ASPK

ASPK

ASPK

ASPK

OSPK

QSPK

FBC
HBC

HBC

QSPK

HBC

CHISQ
6.4

0.9
0.
1.3
0.2
4.5
1.4
0.2
O. S

1.6
3.8

21.7
(CONLEU
~0.027)

13 CP V IQL AT IQN P ARAMET ERS IN KOL DECAYS

RELATED TEXT SECTION Vl 8 ~ 3 AND Ml NI-REVIEW BE) QW

------------13 CHARGE ASYMMETRY IN TAU DECAYS------------- —----——
TEXT SECTION VI 8 ~ 3 8

LO LAMBDA 0 (LINEAR ENERGY DEPENDENCE OF FO IN KMU3 CECAY I

LO WHEREVER POSSIBLE q WE HAVE CONVERTED THE ABOVE VALUES OF XI (0) INTO

LO VALUES OF LO USING THE ASSOCIATED I+M AND DXI/DL ~

LO { 137l. +0 ~ 10 {0~ 07) CARPENTER 66 GSPK OPo DLO/DL+=-0 ~ 54
LO L 0 155 ( 0 043) ( 0 ~ 022)LQNGQ 69 CNTR PQL DLO/DL+=+ 49
LO 8 314'0 { 0 ~ 333 ) (0 ~ 034) BASILE 70 OSPK DP oDL0/DL+ +1 ~

LO A 9086 -0 ~ 043 0 052 ALBRGW 72 ASPK DP DLO/DL+= 1 39
LO C 16K ( -0 ~ 067) ( 0 ~ 227 ) DA LLY 72 ASPK DP q DLO/DL+ UNKN ~

LO R 6700 ' (+0~ 06 ) (0 ~ 03 ) BRANDEN BU 73 HBC BR o L+= ~ 019+- 013
LO P 1385 -0» 060 (0» 038) PEACH 73 HLBC DP y DLO/DL+=-0 ~ 71
LO L 2 ' 2M -0 ' 033 (0 ' 009l SANDWEI SS 73 GN&R POL yDLO/DL+=+ 49
LO 0 82K +0 ' 024 0 ' 011 ALBRECHT '74 WIRE DP yDLO/DL+=- I »06
LO D 82K ( -0 ~ 130) ( 0 ~ 014) ALBRECHT 74 WIRE DPgDl 0/DL+=+0 ~ 20
LO E 1 »6H 0 ~ 019 0 ~ 004 DQNALDS2 74 SPEC DP oDLO/DL+=-0%47
LO F 32K +0 ~ 025 0 ~ 019 BUCHANAN 75 SPEC DP t DLO/DL+=+0»5
LO L 350K +0 015 ( 0 009) SHEN 75 SPEC POL o DLO/ DL+= 1 %06

LO L LO VALUE IS FOR 1+=0~ CALCULATED BY US FROM XIO AND OXI/DL ~

L0 . 8 BASI LE 70 )-0 I S FOR I + 0 ~ CALCULATED BY US FROM X IA W ITH DXI /DL 0»
LO 8 BASILE 70 IS INCQMPATIBI E WITH ALL OTHER RESULTS ~ AUTHORS SUGGEST

LO 8 THAT EFFICIENCY EST IMAT ES MIGHT BE R ESPONS I 8 LE ~

L0 A ALBROW 72 LO I S CALCULATED BY US FROM X IAo L+ AND DXI/DL ~ THEY GIVE
LO A LO=- ~ 043+- ~ 039 FOR L-=0 WE USE OUR LARGER CALCULATED ERROR ~

LO C DALLY 72 GIVES F0=1 20+- »35o LO=- 080+-e 272' L OP RIME=- 006+- » 045 g

LO C BUT WITH A DIFFERENT DEF INI TION OF LO ~ QUR QUOT ED LO IS HIS LO/FO ~

LO C 'WE CANNOT CALCULATE TRUE L 0 ERROR WI TROUT HI S ( LO t FO ) CORREL AT I QNS ~

LO C SEE ALSO NOTE C IN SECT IGN X IA
L 0 P PEACH 73 A SSUME S L+~0 ~ 025 ~ CALCULATED BY US FR CM X I 0 AND DX IO/ DL+ ~

LO R FIT FOR LO DOES NOT INCLUDE THI S VALUE BUT INSTEAD INCLUDES THE

LO R KHU3/KE3 RESULT FROM THIS EXPERIMENT ~

LO D ALBRECHT 74 FINDS T'WO SOLUTIONS ~ THE F IRST HAS 1+= » 046+- ~ 008 IN

LO D AGREEMENT WITH KE3 ~ DLO/DL+ QBTAINEO FROM FIG» 2C ~

LO E DQNALDSQN2 74 DL0/DL+ OBTAINED FROM FIG 18 ~

LO F BUCHANAN 75 VALUE I S FROM THE I R APPENDI X A AND USES ONLY KHU3 DATA ~

LO F DLO/DL+ WAS OBTAINED BY PRIVATE CGMMUNICATIONg C»BUCHANAN' 1976e
LO ~ ~ ~ ~ ~ ~ ~ ~ ~

LO F IT 0ISCUSSEO IN NOTE ON KL3 FORM FACTORS I N K+- SECTION OF DATA CARDS ~

1/74
1/74
1 /74
1/74
1 /74
1/74
1/74
1/74

1).175¹
11/75¹
10/74¹
2/76¹
1/76 ¹

1 /74
1/74
1 /74
1/74
1/74
1/74
1/74
1/74
1/74
1/74
1/74
2/76¹
2/76¹

11/75¹
11/75¹
2/76¹
2/76¹

SEE SCR IBANQ 70 FOR DEFINITION (HIS SIGMA+-) ~ A=1 FGR MAX ASYMMETRY

{Ml¹¹2= 1+ S IG+- (2/SQRT( 3) ¹((T+)-(T-I ) 1 TMAX) AS SCRI BANG 70

DECAY ASYMMETRY PARAMETER FOR PI+ PI- P IO (UNITS 10¹¹-2)
~ 3M 0»2 0 ~ 95 BLANPI ED 68 CNTR

3M 0 ~ 27 0 ~ 2 SC RI BANG 70 CNTR

4400 0 ~ 000 0» 050 SMITH 70 QSPK

~ ~ ~ ~ ~ ~ ~ ~ ~

AVG 0.016 0.063 AVERAGE (EPROR INCLUDES SCALE FACTOR OF 1.3)
STUDENT 0 ~ 015 0 053 AVERAGE USING STUDENT10(H/1 ~ 11) —SEE TEXT

{SEE IDEQGRAH BELOW }

WEIGHTED AVERAGE 0.016 + 0.063
ERROR SCALED BY 1.3

~ 4/70
» 12/70
~ 10/70

L+E LAMBDA + (L
L+E FOR RAD»CQR»
L+E 153 +0 07
L+E 577 +0. 15
I +E 762 -0»01
L+ E 531 +0 ~ 01
L+E 240 +0 ' 0S
L+E 1000 0 ' 02
L+E 4800 +0 023
L+E 42K 0 ~ 023
L+E 16K 0 ~ 05
L+E 1910 0 ~ 022
L+E 5600 0» 045
L+E 1871 0 ~ 019
L+E Z 500K (0 031)
L+E 2171 0 ~ 040
L+E 25K 0 ~ 0270
L+E 24K 0 044
L+E Z PREL I MIN ARY ~

L+E ~ ~ ~ e e

L+E AVG 0 ' 0288
L+E STUDENT 0%0280

I NEAR ENERGY DEPENDENCE OF F+
OF KE3 DP SEE GINSBURG 67 AND

~06 LUERS 64
~ 08 F ISHER 65
e02 F I RE STONE 67.015 KADYK 67
~ 10 F 08 LQWYS 67

0 ~ 013 ARON SQN 68
0 012 BASIL E 6S
0» 005 Bl SI 71
Oe01 GHIEN 71
0 014 NEUHOFER 72
0% 014 ALBRQW 73
0 »013 BRANDENBU 73

(0 ~ 0025 I GJESDAL 73
0 ~ 012 WA NG 74
0 ~ 0028 BLUHENTHA 75
0 ~ 006 BUCHANAN 75

IN KO
BECH
HBC
OSPK
HBC
HBC
FBC
QSPK
OSPK
ASPK
ASPK
ASP K

ASPK
HBC

E3 DECAY )
ERRAWY 70 ~

DP o NQ RC
DPg NQ RC
DPo NO RC
EoP Io NQ RC
P Io USES RC
Pl
DPy NQ RC
DPo USES RC
DPg NO RC
P I o USES RC
DPy USES RC
PI TRANSV» o RC
DP
DP g USES RC
DP
DPo USES RC

QSPK
SPF. C
SPEC

~ ~ ~ ~

0 0028 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 4)
0 0024 AVERAGE USI NG STUDENT 10(H/ I 1 1) -- SEE TEXT
{S EE IDEOGRAM BELOW )

3/74

8/67
8/67
8/67
8/67
5/69
3/68

12/71
6/71
1/73
9/73
1/74
3/74
7/74¹
7/75¹
7/75¹
3/74

FS FS/F+ RATIO OF SCALAR TQ F+ COUPLINGS FOR KE3 DECAY(ABS VALUE) ———
FS 0 ~ 15 OR I ESS CL= ~ 68 KULYUKINA 67 CC 10 /69
FS 5600 0» 19 OR LESS CL= ~ 95 ALBRQW 73 ASPK 9/73
FS 25K 0 ' 04 OR LESS GL= ~ 68 BLUMENTHA 75 SPEC 7/75¹

FT FT/F+ RAT IG OF TENSOR TC F+ CQUPLINGS FOR KE3 DECAY ( ABS ~ VALUE )----
FT 1 ~ 0 OR LESS CL= 68 KULYUK INA 67 CG 10/69
FT 5600 1» 0 OR LESS CL= «95 AL 8 RQW 73 ASP K 9/73
FT 25K 0 ~ 23 OR LE SS CL= 68 BLUMENTHA 75 SPEC 7/75¹

CHISQ
~ . Sf1ITH 70 OSPK 0 .1
~ . SCRIBANO 70 CNTR 1.6

BLANPIED 68 CNTR
1.7

(CONLEV
=0.1&0)

DECAY ASYMMETRY FQR KOL INTO PI+ PI- PIO

13 CHARGE A SYMME TRY IN LE PTGNI C DECAYS {PERCENT )-———
TEXT SECT ION V I 8 ~ 3 C

11/67
1/73
1/73
6/73
7/74¹
1/73
1/73

A2 KOL
A2 8 10M
A2 8 10M
A2 10&
A2 600K
A2 40M
A2 34M
A2 8 SAAL
A2
A2 A VG.
A2 STUDEN

INTO (E+PI-NU) -( E-P
{0' 224) (0 ' 036)
0 ' 246 0 ' 059
Oe 346 0 ~ 033
0 ' 36 0 ' 18
0 ~ 318 0 ~ 038
0 ~ 341 Oe 018

69 !S A R EANALYS IS
~ ~ ~ ~ ~ ~ ~ ~ ~

0»333 0 ~ 014
T 0 ~ 334 0 ~ 016

I+ NU) /( E+P I -NU I+ ( E-P I+NU)
BENNETT 67 CNTR
SAAL 69 GNTR
MARX 70 GNTR
ASHFORD 72. ASPK
F ITCH 73 ASPK
GEWENIGl 74 ASPK

OF BENNETT 67

(PERCENT)

AVERAGE (ERROR INCLUDES SCALE +ACTOR OF 1 »0)
AVERAGE USING STUDENT10{ H/le 11) -- SEE TEXT

11/67
10/70
10/70
2/72

12 /73
7/74¹

SUCH ASYMMETRY VIOl. ATES CP ~ IT I S RELATED TO REAL {EPS ILQNI,

Al KOL I NTG (HU+PI-NU) —(MU P I+NU) /(MU+Pl-NU)+ (MU-P I+NU I (PERGENT )

Aj D 1M {0 ~ 403) ( Oe 134) DGRFAN 67 GSPK DERIVED FROM R16
Al D 1M 0 ~ 57 0«17 PACIQTT I 69 OSPK

Aj 7 ~ 7M 0 ~ 278 0 ~ 051 P I CC I GNI 72 AS PK

Al 4e 1M 0 ~ 60 0 ~ 14 MCCARTHY 73 GNTR

Al 15M 0 ~ 313 0 ~ 029 GEWFNIG1 74 ASPK

Al 0 PAGIOTTI 69 IS A REANALYSIS OF DQRFAN 67 AND IS CORRECTED FOR

Al D HU+ MU- RANGE DIFFERENCE IN MC CARTHY 72 ~

A). e ~ ~ e ~ ~ ~ ~ ~

Al AVG 0 ~ 319 0 038 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 »5)
Al STUDENT 0 ~ 316 0 027 AVERAGE USING STUDENT10{ H/1 ll ) -- SEE TEXT
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Data Card Listings
For notation, see key at front of Listings.

Stable Particles
0

AL KOL INTO ( (L+)-(L-) ) /((L+)+(L-) ) (COMBINED Al AND A2) (PERCENT)
AL B 10M 0 ~ 246 0 ~ 059 SAAL 69 CNTR KE3
AL D IM 0 57 0 ),7 PAC IOTT I 69 OSPK KMU3
AL 10M 0 ~ 346 0 ~ 033 MARX 70 CNTR KE3
AL 600K 0 ~ 36 0 ~ 18 AS HFOR 0 72 A SPK K E3
A L 7o 7M 0 ~ 278 Oa 051 PI CCI ON I 72 ASPK KMU3
AL 40M Oo 3 18 0 038 & I TCH 73 ASPK KE3
AL 4 lM 0 60 0 ~ 14 MCCARTHY 73 CNTR KMU3
AL 33M 0+333 0 050 WILLIAMS 73 ASPK KMU3+KF3
At 15M 0 ~ 3 13 0 ~ 029 GE WENI G 1 74 ASPK KMU3
AL 34M 0 ~ 341 0 018 GEWENIG 1 74 ASPK KE3
AL SEE FOOTNOTES IN SECTIONS A1 AND A2 ABOVE ~

AL ~ ~ ~ ~ 0 ~ ~ ~ ~

AL AVG 0 ~ 330 0 ~ 012 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 Ol
AL STUDENT 0 ~ 330 0~ 013 AVERAGE USING STUDENT10(H/1 11) -- SEE TEXT

( S EE IDEOGRAM BELOW )

WEIGHTED AVERAGE = 0.330 + 0.012
ERROR SCALED BY 1.0

2/71
1/73
2/71
2/72
1/73

12/73
6/73

12/73
. 7/74+

7/744
1/ 73

I other. GEWENIGER2 74 also made a check measurement

in order to confirm their interference result. by
0 + — 0measuring the branching ratio K ~ TI Tt /K ~ vreg.
L L

They obtained the result IQ I
= (2.30+ 0.06)xlo

which, although systematically less reliable than

the interference result, is in good agreement with
1it. A Columbia experiment and two Chicago exper-

2 3
iments (Cronin group and Telegdi group ) have also
yielded unpublished measurements whiah corroborate

the higher values of
The origin o f the discrepancy between old and

0.0 0.2 0 ~ 4

SEWENIS1 74
SEWENIS1 74

~ 'WILLIAMS 73
MCCARTHY 73

~ ~ ~ ~ FITCH 73
~ ~ PICCIONI 72
~ .ASHFORD 72

MAR)( 70
~ PACIOTTI 69

~ ~ . r o BAAL 69

0.6 O. E) 1.0

ASPK
ASPK
ASPK
CNTR
ASPK
ASPK
ASPK
CNTR
OSPK
CNTR

CHISQ
0.4
0.3
0.0

0.1
1.0
0.2

2.0
4.1

(CONLEV
~0.660)

new results is not known. The -e.ffeet of the- change

in the K mean life value (see note in K section
S

of the Stable Particle Data Card Listings} is
insufficient to explain it, raising IT) I by only

about 2%. The NESSNER 73 result above was evaluated

for the old K mean life and branching fractions
S

0 + 0 + 0 0for K ~ TI Yt and K ~ Tr Tt Yt - The new K mean
S L S

life and the current branching fractions increase
CHARGE ASYMMETRY FOR KOL INTO LEPTONS

13 PARAMETERS FOR KOL INTO 2PI DECAY
TEXT SECTION V I 8 ~ 3 0

ETA+- = A(KL TO P I+P I-) /A(KS TO PI+PI-)
ETAOO = A(KL TO PIOPIO) /A(KS TD P IOP I0)

Note on IQ

There is a very large discrepancy between old

and new results for IQ I, the ratio of amplitudes+-
A(K ~ 7l Tt ) /A(K ~ YI TI ) . The average of the older

L S
results of CHRISTENSON 64, GAIBRAITH 65,

+»
BASILE 66, BOTT-BODENHAUSEN 66, DE BOUARD 67, and

FITCH 67 (see subsections R9, R20, and E+- of the

K Data Card Listings) is
L

IQ I
= (1.95 + 0.03) x 10+-

with very good consistency.
0 0

In 1973 a CERN-Heidelberg K,K inter ferenceL' S
experiment and a Colorado-SLAC-Santa Cruz branching

ratio measurement gave the following results:
—3+ Q. Q35) x 1Q QENENIGER2 74,
-3

(2.23 + O. O5 ) x 1O NESSNER 73,
+~

which are around ll standard deviations above the

previous average but are in good agreement with each

the MESSNER 73 IT) I
value slightly to

(2.246+ 0.032) x 10

We are troubled by this large unexplained

discrepancy. We feel that our normal procedure of
averaging and inareasing the error by a scale factor
S to account. for the discrepancy is not adequate for
this case. The two new results, when combined with

the average of the earlier results by that procedure,

give 2.15 + 0.11 (S = 6.0) . While this value-and-

error makes some sense in that it . nearly spans both

incompatible sets of data, we ahoose not to quote

it. Instead, since the newer experiments are in

principle superior (higher statistics, better aaaep-

tance, easier trigger conditions), we have ahosen to
average them separately from the earlier experiments

as is seen in the E+- subsection of the Data Card

Listings below.

The entry referenced as GKL/GKS 71 is the

average of all seven experiments before 1971. This

average is determined from the branching ratios
quoted for these experiments in subsections R9 and

R20 above. It was quoted by us as the IQ I
value

in our l971 edition. The average and fit values at
the end of the E+- subsection below do not include
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Stable Particles
KLO

Data Card Listings
For notation, see key at front of Listings.

the pre 1-971
I n I

results. The reader may thus+-
utilize the pre-1971 and post-1971 results as

WEICHTED AVERAGE = 2.129 + 0.066
ERROR SCALED BY 3.1

des' red.
The fitted values in the EOS, E+-, and ER

subsections below are the result of a fit to the
unparenthes ized values o f

I n I, I n I, and

In /n I
in these subsections. We quote the

oo +-
fitted values of

I
n I

and In I
in the Addendum to+- 00

the Stable Particle Table but warn in a footnote
that they exclude pre —1971

I n I
results.

0See also D. Nygren's "Review of K Decays" for
additional discussion of this and other K contro-
versies. 1.6 2.0 2 ~ 4

ABS (ETA+ —) (UNITS 10))()((-3)

GEWENIS2
f1ESSNER
FITCH
DEBOUARD
BOTT-BODE
BASILE
GALBRAITH
CHRISTENS

2.B

74 ASPK
?3 ASPK
67 OSPK
67 OSPK
66 OSPK
66 OSPK
65 OSPK
64 OSPK

CHISQ
23.B
4.1
5.6
2.1

20.1
2.6
o.e

58 ~ 9
(CONLEV
=0.000)

Values above of weighted average,
error, and scale factor are for the
reader' s convenience only. The
data were actually processed by a
constrained fit program, which
calculates its own values of x, ()x,
and scale factor, which are differ-
ent from the values shown here,

Re ferences

1. D. R. Nygren, private communication.

2. R. DeUoe, private communication.

3. S. Aronson, private communication to D. Nygren

reported in re ference 4.
D. R. Nygren, Review of K Decays, presented at0

the Berkeley A. P.S. Meeting of the Division of
Particles and Fields, Berkeley, California,
August 13-17, 1973; LBL-2407.

THE F I&TED VALUES OF ETA+- AND ETAOO GI VEN BELOW ARE THE RESULTS
OF A F ET TO ETA+- g ETAOO AND ET A03/ ETA+- RE SUL TS ~ THE VALUE 5 L I STE D
BELOW WHICH ARE NOT PARENTHESI ZED ENTER THE FIT AS SHOWN ~ THE
VALUES WHICH ARE PARENTHESIZED AND BEAR THE FOOTNOTE X 00 NOT ENTER
THE F IT AS SHOWN ~ THESE EXPERIMENTS GIVE BRANCHING RATIOS ANO ENTER
THE FIT VIA THE QUANTITY ACTUALLY MEASURED -- BRANCHING RAT IOS
R9t R20 AND R27 ( ETA+-) AND R 17 AND R19 (E TAOO) ~ TH'ESE BRANCHI NG
RATIOS ARE COMBINED WITH CURRENT NORMAL IZATIONS AND CURP ENT KL AND KS
MEAN LIVES TO OBTAIN PI PI RATES ~ THE ETA+- AND ETAOO VALUES OBTAINED
FROM THESE RATES ARE ENTERED BELOW WITH THE NAME GKL/GKS ~

0Note on K ~ 27r and K RegenerationL S

Some experiments obtain $ (the phase of++
) using K, K ~ Yr Tr interference behind a+-

regenerator. In these interference experiments
the measured quantity is the di fference of $ and+
the regeneration phase $, as shown in the expres-R'
sion below. After the regenerator, the intensity

+of the Yr Tr decays in the forward direction is
Ist*«p) = «p) IR(p) I

e + In

—(I' +I' ) t/2
+ 2IR(p) I In

E+- ETA+- = A (KL TO PI+PI-) /A(KS TO PI+P I- I UNITS 10¹¹-3
E+- X 45 (1 ~ 95) (0 ~ 20) 'CHR I STENS 64 OSPK
E+- X 54 (1~ 99) (0 16) GALBRAITH 65 OSPK
E+- X (1 92) ( 0 ~ 13) BA SI LE 66 OSPK
E+- X (1.95 ) (0 04 } BOTT-BODE 66 OSPK
E+- X (2 ~ 00l ( 0 ~ 09) DE SOU ARD 67 OS PK
E+- X (1 94l (0»08) F I TCH 67 OSPK
E+- AX (1 95) (0 ~ 03) GKL/GKS 71 RVUE . EXPTS ~ BEFORE 71
E+- A . AVERAGE OF ABOVE EXPTS ~ EXCLUDED FROM FIT ~ SEE TYPED NOTE ABOVE ~
E+- X 4200 (2 ~ 23 l ( 0» 05) ME SSNER 73 ASPK
E+- 2 30 0 ~ 035 GEWENIG2 74 ASPKi+-8 X 2» 246 0» 032 GKL/GKS 76 RVU E BR EX P ~ AFT ER 71
E+-8 CURRENTLY INCLUDES ONLY MESSNER 73 + NEW KL TAU AND KS PI+PI- RATES
F+- X SEE NOTE ABOVE RFGAR DING F ITT ED VALUES OF ET A+- ANO ETAOO
E+- ~ ~ ~ ~ ~ ~ ~ ~ ~

E+- AVG 2 271 0 ~ 027 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)
E+- STUDENT 2 ~ 270 0 ~ 027 AVERAGE USING STUDENT 10 (H/1 ~ 11) -- SEE TEXT
E+- F IT 2 272 0 ~ 023 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1»0)

( S, E E IDEOGRAM BELOW )

ER RAT I
ER 124
ER 167
ER
E& AVG
ER STUDE NT
ER F IT

0 OF ETAOO OVER ETA+-
1»03 0 ' 07 BANNER 1 72 OSP K
1 ~ 00 0» 06 HOLDER 72 ASPK

~ » ~ ~ ~ ~ ~ ~ »

1 ~ 013 0 ~ 046 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0}
1 013 0 ~ 049 AVERAGE USI NG STUDENT 10 ( H/ )» 11) -- SEE TEXT
1 ~ 023 0 ~ 040 FROM F IT' ( ERROR I NCLUDES SCALE FACTOR OF 1 ~ 1 l

EOS ( c TAOO) ¹¹2= ( A( KL TO 2PI0) /A(KS TO 2P I Ol l ¹¹2(UNITS 10¹¹-6)
EOS X 0 (-2 ~ l (7 ~ 0) BARTLETT 68 OSPK
EOS X 57 (4 ~ 9) (1 ~ 2) BANNER 69 OSPK
EOS X 133 ( 14»1) ( 3 ~ 4) CENCE 69 OSPK
EOS XF 180 (13» l (4 ~ ) GAILLARD 69 OSPK
EOS X 29 (4» 08) (O»9) BARMIN 70 HLFC
EOS X 30 (3 ~ 61) ( 1 9) BUDAGOV 70 HLBC
EOS C 8.7 3»7 CHOLLET 70 OSPK CU REG. g4 GAMMAS
EOS XF 172 (9» 9) (3 ~ 4) FA ISSNER 70 OSPK
EOS C 56 7 ' 4 2»0 WOLFF 71 OSPK CU REG ~ f4GAMMAS
EOS X 5»2 F 1 GKL/GKS 76 RVUE BR SCALE FACTOR=l» 5
EOS X SEE NOTE ABOVE R GAR 0 ING F I TTED VALUES OF ET A'+- AND ETAOO ~

EOS C CHOLLET 70 GIVES E~AOO=(1 ~ 23+-0 ~ 24)¹(REGEN AMPL g2GEV/C CU)/10000MB
EOS C WOLFF 71 GIVES ETAOO=(1 13+-0 12)¹(REGEN AMPL y2GEV/C CU)/10000MB
EOS C WE COMPUTE BOTH ETAOO¹¹2 VALUES FOR (REGEN AMPL~2GEV/C CU)=24+-2MB
EOS C THIS REGEN AMPL RESULTS &ROM AVERAGING OVER FAI SSNER 69 ~

EOS C EXTRAPOLATED US ING OPT ICAL MODEL CAI CULTIONS 0F BOHM ET AL ~

EOS C PL 27B 594 (1968l AND THE DATA OF BALATS 71 ~ (FROM H ~ FAISSNERy
EOS C PRIVATE COMMUN ICAT ION I

EOS F FAISSNER 70 CONTAINS S AME 2P IO FVENTS AS GAI(L ARD 69
EOS ~ ~ » ~ ~ » ~ ~ ~

EO S AVG 5» 90 0 ~ 93 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
EOS STUDc NT 5 9 l»1 AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE TE XT
EOS FIT 5 41 0»22 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)
EOO THIS FIT VALUE CORRESPONDS TO ETA00=2 ~ 325+-0 ~ 093

10/ 69
2/72

10/69
10/69
12/70
10/70
2/72

12/70
).2/71
2/76¹
2/72
2/72
2/72
2/72
2/72
2/72
2/72

2176¹
2/76¹

2 /76¹
2 /76¹
2/76¹
2/76¹
2/76¹
2/76¹
2 /76¹
2/76¹

11/75¹
3/74
2/76¹
2/76¹

2/76¹

8/72
8/72

2/76¹

cos(6mt + (I) (p) — $ )

where:

is the decay time in the K rest frame,

Qm = m -m, and m, I',m, I" are the masses andL S . L L S S
decay rates of the long- and short-lived K

i(I)+
I e is the ratio of decay amplitudes

A(K ~ Tr Tr )/A(K ~ Tr Tr ),L S

R (p) = 7rNAi
( )

—
( ) ~

—
2

I' f, (p) [1-2ifm/)' j'

2
—I" [1 —2ifm/I' ]S

where
(2)

S (p) is proportional to the K momentum spectrum,L
and

i(I)R(P)
R(» is the transmission-regener-

ated K amplitude (relative to the K ):L
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Data, Card Listings
For notation, see key at front of Listings.

Stable Particles

k (p) is the thickness of regenerator measured in

units of the mean decay length of K
S

is the number of nuclei per cubic centimeter,

is the K mean decay length, and

and

tan h j

f (p), f (p) are the forward scattering amplitude

of K and K

From (1) above it. is clear that the value of $ is+-
highly correlated with the value of Am and $ . In

R
addition, a less obvious but significant correlation
exists between $ and I" . Usually Am is a, param-+- S
eter of the fit and (I) is determined by some other

R
~cans (optical model calculations, time dependence

of the charge asymmetry in K decay, etc. ).e3
We list (t) and give in comment cards both the

value of $ used by the authors and the Am depen-
R

dence of +

These expressions and the values of the K — K
10

mass difference DM = (0.5349+0.0022) x10
0

-10
the K mean life I = (0.8930+0.0023)x10 sec,

S S
0 + Q

+
and the magnitude of the K ~ ~ v /K -+ Tt Tt

L S
amplitude rat. io ~0 ~

= (2.272+0. 023)&&10 , all
from the current edition, result in the

preditions that
(I) 0 0

= (43.69+0.13)

Reg = (1.643+0.017) xl0

These can be compared with the experimental

values
F+-
F+-
F+-
F+-
F+-
F+
F+
F+-
F+-
F+-
F+-
F+-
F+~
F+-
F+-
F+-
F+-
F+-
F+-
F+-
F+-
F+-
F+-
F+-

F+-
F+'-
F+-
F+-
F+
F+-
F+-
F+-
F+-
F+-
F+-

FOO PHASE OF ETA 00 (DEGREES)
FOO FIRST QUADRANT PR EFERR ED

FOO C 51 ~ 0 30 ~ 0
FOO W 56 38» 0 25 ~ 0
FOO C CHOLL ET 70 USES REGENERATOR
FOO W WOLFF 71 USES REGENERATOR
FOO ~ ~ ~ ~ ~ ~ ~ ~ ~

FOO AVG 43 ~ 3 19 2
FOO STUDENT 43 ~ 3 20 ~ 7
FOO FI T 48»3 13' 2

GOBBI 69 OSPK
CHOLLET 70 OSPK CU REGS g4 GAMMAS

WOLFF 71 OSPK CU REG ~ g 4 GAMMAS

PHA SE F R=-46 ~ 5+-4» 4 OEG ~

PHA S E F Re -48 ~ 2+-3 5 DE 6

AVERAGE ( ERROR I NCL UDES SCALE FACTOR OF 1 ~ 0 }
AVERAGE USING STUDENT10{H/1»li) —SEE TEXT

FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0}

OF
OF 8
DF B
OF
OF F IT

PHASE DIFFERENCE FOO — F+- ( DEGREES )
76 18~ 0 BARBIELLI 73 ASPK

INDEPENDENT OF REGENERATOR MECHANISM DM AND LIFETIMES ~

~ ~ ~ ~ ~ ~ ~ ~ ~

3 ~ 3 13~ 1 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

Superweak Model Predictions for $ and Res

The superweak model of Wolfenstein, Phys.

Letters 13, 562 (1964) predicts that

PHASE OF ETA +- {DEGREES)
THE DEPENDENCE OF THE PHASE ON THE KOL-KOS MASS DIFFERENCE
IS GIVEN FOR EACH EXPERIMENT IN THE COMMENTS BELOW» WHERE OM IS
( MASS DIFF ~ /HBAR } IN UNIT S 10++10 SEC-1 ~ WE HAVE EVALUATED THESE

MASS DEPENOENCES US ING OUR APRIL 1976 VALUEs DM=O ~ 5349+-0 ~ 0022
TO OBTAIN THE VALUES ANO AVERAGE QUOTED BELOW

0 (45»0) ( 50 ~ 0} F ITCH 65 OSPK BE REGEN

O (30e0) {45~ 0) F IR E STONE 66 HBC

0 {70 0) (21 ~ 0) BOTT-BODE 67 OSPK C REGEN

0 (25 ~ 0) {35 ~ 0) MISCHKE 67 OSPK CU REGEN

0 OLD EXPERIMENTS WITH LARGE ERRORS NOT INCLUDED IN AVERAGE ~

N (51' 0) {ll»0) BENNETT2 68 CNTR CU REGS USES
C 34» 2 10~ 0 BE NNE TT 69 CNTR CU REGEN

8 45 ~ 3 12 0 BO HM 69 OSP K VACUUM REGE N

F 45»2 7 ~ 4 FAISSNER 69 ASPK CU REGEN

J 40 6 4»2 JE NSE N 70 ASPK VACUUM REGEN

0 37 ~ 2 12»0 BALAT5 71 OSPK C U REGEN

P 36»2 6»l CARNEGIE 72 ASPK CU REGEN
'G 46 5 1 6 GEWENIG2 74 ASPK VACUUM REGEN

H 45 ~ 5 2 ~ 8 CAR ITHERS 75 SPEC C REGEN

» ~ ~ ~ ~ ~ » ~ ~

AVG 45 ~ 0 1~ 3 AVERAGE l ERROR I NCLUOES SCALE FACTOR OF 1 ~ 0)
STUDENT 45 ' 1 1»4 AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE TEXT

FIT 45 ~ 0 1 ~ 2 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0}
COMMENTS

N BENNETT 69 IS A REEVALUAT ION OF BENNETT2 68»
C BENNE TT 69 USE S MEASUREMENT OF ( F+-}-{PHI F) OF ALFF-ST EIN BERGER 66 ~

C BENNETT 69 F+ l 34e9+ 10»0)+ 69+(DM ~ 545} OEG ~ FR 49 ~ 9+ 5 ~ 4 DEG ~

8 BOHM 69 F+-=(41 ~ 0+-12 ~ 0)+479+(OM- 526) DEG ~

F FAISSNER 69 ERROR ENLARGED TO INCLUDE ERROR IN REGENERATOR PHASE ~

F F AI SSNER 69 F+-= ( 49 ~ 3+-7 ~ 4) +205+(DM- ~ 555) DEG ~ F R =-42 ~ 7+-5 0 0 EG

J JENSEN 70 F+-=(42 ~ 4+-4 ~ 0)+576+(DM- ~ 538) DEG ~

D BALA TS 71 F+ ( 39~ 0+ 12 ~ 0) +198+ (OM ~ 544) DEG ~ FR= t3 ~ 0+ 4 ~ 0 0 EG ~

P CARNEGIE 72 F+- IS INSENS I 7 I VE TO DM ~ FR 56 ~ 2+ 5 ~ 2 DEG ~

G GEWENIG2 74 F+-= (49 ~ 4+-I 0) +565+ {DM- ~ 540 ) DEG ~

H CAR ITHER 75 F+-= (45 ~ 5+-2 ~ 8) +224+ I OM- ~ 5348) DEG» FR=-40 9+-2»6 DEG ~

(45.0+1.2)

400 = (48-3+13-2)

2/76+ and our current values of the charge asymmetry
11/69
2/71
2/71
2/71

11/69
2/71
2/71
9/71
1/73
3/74

11/75+

11/69
10/70
12/71
1/73
1/73

2/76+

7/73
7/73

2/764

parameter for leptonic K decay
L

h = (0.330+0.012): and the AS = -6Q amplitude

(Rex, Imx) = (0.008+0.020, -0.003+0.027) .
The superweak predictions are in good

agreement with the data.
The values of T and ~p ~

have undergone
S +-

major revision in the past few years (see notes
0 0

on these parameters in the K and K sections of
S L

the Data Card Listings). We have utilized only

the post-1971 experimental values of these para-

meters and have made necessary changes in the

related parameters AM and (I) (see footnotes in
+

the related data card subsections D and F+-

above).

11/67
11/67
11/67 3
7/68 Res = (l.624+0. 088) x10
2 /764
8/68
2/71
2/71 where ReF has been computed using the relation
2/71
2/71
9/71
1/73

'3/74
7/75~
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Particle Data Group: Review of particle properties

Stable Particles Data Card Listings
For notation, see key at front of Listings.

13 X = ( DS= DQ AMPL I TUDE ) / {DS =+DQ A h'PL I TUDE )

P ELATED TEXT SECTION VI 8 4

}JEIGHTED AVERAGE = -0.003 + 0.02?
ERROR SCALED E}Y 1 o 2

REX
REX
REX
REX
REX
REX
REX
REX
REX
REX
REX
REX
REX
REX
REX
REX
REX
REX
REX
REX
REX
REX
REX
REX
REX
REX
REX
REX
REX
REX
REX
REX

REAL PART OF X

0 ~ 44 BALDQ-CE 65 HLBC K+ CHARGE EXC HNG
O. 1 AU BERT 65 Hl BC K+ CHARGE E XCHNG

0 ~ 16 0 28 FRANZINI 65 HBC PBAR P
0.35 FELDMAN 67 OSPK PI-P TQ KO LMBDA

N 335 (0 ~ 17) (0 10) HILL 67 DBC K+0 YIELDS KOPP
8 ( 0 ~ 03) ( 0 ~ 03) BENNETT1 68 CNT R

0 ~ 07 0 ~ 09 JAME 5 68 HBC PBAR P
BENNETT 69 CNTR CHAR ASYM+ CU RE

Oo 14 0 16 LITTENBER 69 OSPK K+N TO KO P
CHQ 70 DBC K+0 TO KO PP

U 222 (0 ~ 04) (0 ~ 07 } (0 «OS ) BURGUN 71 HBC K+P TQ KOP IP +
07 09 WE BBER 71 HBC K P TQ KBAR N

U 410 0 03 Oo06 Oo06 BURGUN 72 HBC K+P TQ KOPPI+
Oo10 O. },4 MANN 72 HBC K-P TQ KOBAR N

MANTSCH 72 OSPK KE3 FROM KO LMB
00 (0 ~ 04 ) (.0 o 10 ) (0 o 13 } GR A HAM 72 OSPK KMU3 F ROM KO LMBG 100 (0 ~ 04)

G RAHAM 72 OSPK P I-P TQ KO LMBDA
0 ~ 044 FACKLER 73 OSPK KE3 FROM KO1757 -0 ~ 008 0 ~

1367 0 ~ 03 0 ~ 07 HART 7~ OSPK KE3 FROM KO LMB
1079 -0 ' 070 0 ' 036 MALLARY 73 OSPK KE3 FROM KO LM +

NI EBERGA 74 ASPK K+P TQ KOPPI+
C BALDQ-CE 65 GIVES X. AND THETA CONVERTED BY US TO REX ~AND IM X ~

F FRANZINI 65 GIVES X AND THETA FOR REX ANO IMX S EE SCHMIDT 67 ~

N CHO 70 IS ANALYSIS OF UNAMBIGUOUS EVENTS IN NEW DATA AND HILL 67 ~

U BURGUN 72 IS A FINAL RESULT WHICH INCLUDES BURGUN 71 ~

8 BENNETT 69 I S A REANALYSIS QF BENhtETTj 68
6 SECOND GRAHAM 72 VALUE '15 FIRST GRAHAM 72 VALUE COMBINED WITH
G MANTSCH 72 ~

AVG 0 ~ 008 0 ~ 020 AVERAGE (ERROR INCL UDES SCALE FACTOR OF 1 4)
STUDENT 0 ~ 007 0 ~ 017 AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE TEXT

( SEE IDEOGRAM BELOW )

11/67
1}./67
1}./67
11/67
11/67
7/68
5/69

10/69
4/69

10/70
2/72

10/69
1/73
9/72
2/72
2/72
2/72
9/ 73
2/74
6/73
7/74~

11/67
11/67

ll/73

2/72
2/72

-1.0 -0.5

IMAG. PART DF

NIEBERGA
MALLARY

FACKLER
GRAHAM

MANN

BURGUN

WEBBER

CHO

LITTENBER
JAMES
FELDMAN

FR(:IHZINI
AUBERT

BALDD-CE

74 ASPK
?3 PSPK
?3 GSPK

?3 DSPK
?2 DSPK
?2 HBC

72 HBC

71 HBC

70 DBC

69 OSPK

68 HBC

6? OSPK

65 HBC

65 HLBC

66 HLBC

0.0 O. S 1.0
(DELTA S = -DELTA Q AMP)

gc+6o+6c6cgotog 4cgt+6ogg+rto6o

R EF ERENCES FO'R KOL

CHISQ
1.3
1.?
1.8
0.1
0.2
2.5
1.3
0.0
1.2
1.0

0.0

2.5
2.9

16.5
( CDNLEV
=0 .169)

LIEIGHTED RVF RAGE = 0 .008 + 0 .020
ERROR SCALED BY 1.4

-O 4 0.0

NIESERGA ?4)
MALLARY ?3
HART ?3
FACKLER ?3

~ GRAHAM 72
~ MAHH ?2
BURGUN ?2

~ MEBBER 71
C H(j. 70
LIT TENBER 69
8EHNETT 69
JAMES 68

'FELDMAN 6?
~ FRANZINI 65

AUBERT 65
BBLOO-CE 65

O. 4 0.8

ASPK
OSPK
OSPK
OSPK
OSPK
Hec
HBC

HBC

DeC
QSPK
CNTR

HBC

DSPK.
HBC

HLBC
HLBC

REAL PART GF ){ (DELTQ S ~ -DELTR Q AMP)

CHISQ
1.1
4.?
0.3
0.1
0.4
4. 4

0.1
9.1

0.3
1.3
1.0

0.0

24. 6
(CDHLEV
=0.01?)

BARDON
CRAWFORD
AST IER
F ITCH
GOOD
NEAGU

ALSO

58 ANP 5 156
59 PRL 2 361
61 A IX CONF 1 227
61 NC 22 j160
61 PR 124 1223
61 PRL 6 552
61 J ETP 13 1138

M BARDQNr K LAhIDEe L LEDERMAht (CQLUMBIA+BNL)
CRAWFORDr CREST I DOUGL ASS GOOD + (LRL )
ASTIER r 8LASKOVIC e RI YET r S I AUD + ( EPOL )
V F ITCHr P P IROUE r R PERKINS ( PR I NC ETON )
GOQDr MATS ENr MULL ERt P I CCI ON It POW ELL + {LRL )
NEAGV OKONQV PETRQV RQSANCVA RUSAKOV ( JINR)
NYAGUr OKONOVr PETROVrROZANOVAt RVSAKOV {JI NR)

CAMER IN I 62 P R 128 362
DARMGN 6 2 PL 3 57

CAMERINI tFRYrGAIDOSr BIRGE tELY + (WISC+LPL)
J DARMONe A ROOSSET r J SI X {EPQL)

ADA IR
ALEKSANY

ALSO
AN IK INA
CHRI ST EN
FUJII
LUERS

64 PL 12 67
64 DUBNA 2 102
64 J ET P 19 1019
64 J ETP 19 42
64 PRL 13 138
64 DUBNA 2 146
64 PR 133 B 12T6

R K ADAIR r L 8 LEI PUNE R (YALE+BNL )
ALEKSANYAN eALIKHANYANr VARTAZARYAN+ (EREVAN)
ALEKSANYAN+ (Lf BEDEV+MOS ENG PHYS+EREVAN )
ANIKINAr ZHURAVLEVA+ (GEORG ACAD SCI+ OUBNA}
CHRIST ENSONr CRONINr F ITCHy TURLAY (PR INCETON)
FUJI Is JOVANQVI CHr TURKOT+ ( BNLt MARYL ANDt M IT )
I UER S t MI TTRA r WI LLI S e YAMAMOTO {BNL)

AN IK INA 65
ANDERSON 65
ASTBURYl 65

AL 50 65
ASTBURY2 65
ASTBURY3 65
AUBERT 65

ALSO 67
BALDO-CE 65

J I NR P 2488
PRL 14 475
PL 16 80
HELV ~ PH ~ AC ~ 39 5
PL 18 175
PL 18 178
PL 17 59
LOWYS
NC 38 684

ANIKINA t VARDENGAt ZHURAVL EVAt KOTLYA+ (DUBNA I
ANDERSON e CRAWFORD t GOLDEht t STERN + ( LRL+WISC }
ASTBURYr F INQCCHIAROe BEUSCH + (CERN+ZURICH )

23 M PEPIN
ASTBURYe MICHEL INI r BEUSCH + (CERN+ZURICH)
AST BURY e MI CHEL IN I r BEUSCH + ( CERN+2 UR IC H )
AUBERT r BEHRr CANAVANr CHQUNET+ ( EPOL+ORSAY )

BALDO-CEOL Iht, CAL IMANI e CIAMPOL ILLO + ( PADO}

CH'RI STEN 65
FISHER 65
FITCH 65
FRANZINI 65
GALBRAIT 65
GUIDONI 65
HOP K I NS 65
VI SHNE VS 65

CHR I STENSQN e CRQNINrF I TCH e TURLAY (PRI NC ETON)
F IS HER e ABASHIANr ABRAMS t CARP ENT ER+e r + (ILL}

PRL 15 73 FITCHe ROTHeRUSSr VERNON ( PR INC ETON l
FRANZIN IeKIRSCHtPLANO + (COLUMBIA+RUTGERS)

3 3 - GALBRA ITHt MANNING r JONES + (AERE+BI(IS+RHEL )
ARGONNE CONF 49 +BARNE 5 r FOEL SCHE r F ERBELr F I R ESTO (+ BNL+YALE)
ARGOhINE CONF 67 H W K HOPK INSt BACON t E ISLER ( VAND+ RUTGERS)
Pl 18 339 VISHNEVSKY GALANINArSEMENQV + ( ITEP )

IMX I HAGI NARY PART OF X (ASSU 5MES M(KL)-M(KS} POSITIVE -- SEE S13D)
+ CHARGE EXC HNGIMX C 152 -0 ~ 44 Oo 32 0. 19 BALDQ-CE 65 HLBC K+

AUBERT 65 HLBC K+ CHARGE EXCHNGIMX 196 0 ~ 21 0 ~ 11 0 15 AUBE
+ 24 0 ~ 40 0 ~ 30 FRANZINI 65 HBC PBAR PI MX F 1 09 +Oo 24 0 ~ 40

FELDMAN 67 OSPK PI-P TO KO LMBDAIMX 116 0 ~ 0 0 ~ 25 F
67 DBC K+0 YIELDS KOPP

0 ~ 37 0 29 JAMES 68 HBC PBAR P

5' (-0 ~ 20 l (0 ~ 10 )

0 ll LI TTENBER 69 OSPK Ke. N TO KQPIMX 686 -0 ~ 11 0 ~ 10 0
5 0 ~ 08 0 o07 CHO 70 r}BC K+D TQ KOPPI MX N 21 — ~

(0 08) (0 ~ 09) BURGUN 71 HBC K+P TO KOPPI+
7 H -P 0

0.07 BURGUN 72 HBC K+P TO KOPPI+
MANN 72 HBC K-P TQ KOBAR N

~ 16) MANTSCH 72 QSPK KE3 FROM KO LMB

IMX G 442 Oo05 0 ~ 13
FACKLER 73 QSPK K'E3 FROM KOI MX 1757 -0 ~ 017 0 ~ 060

73 OSPK KE3 FROM KO LMB
092 0 ~ 074 MALLARY 73 QSPK KE3 FROM KO LM +

N EBERGA 74 ASPK K+P TO KOPPI+IMX
AND THETA ~ CONVERTED BY US TQ REX AND IMX ~IMX C BALDO-CE 65 GI VES X

M SEE SCHMIDT 67 'F FRANZINI 65 GIVES X AND THETA ~ FQR REX AND I XIMX
FT NOT E 10 QF HILL 67 H ~7 SHOULD READ eOo58, NOT -0 58 (PRIV. COMM ~ ) ~I MX ht

7I MX N CHO 70 I 5 ANALYSIS OF UF UNAMBIGUOUS EVENTS IN NEW DATA AND HILL 6 ~

IMX U BURGUN 7272 IS A FINAL RESUL WHICH INCLUDES BURGUN Tl ~

IMX G SECOND GRAHAM 72 VALVE IS FIRST GRAHAM 72 VALUE C QMB I NEO WI TH
IMX G MANTSCH 72
IMX

-0 ~ 003 0 ~ 027 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 2)
AVERAGE USING STUDENT 10 ( H/1, 11 } -- SEE TEXTIMX STUDENT -0 ~ 003 0 027 AVER

( SEE IDEOGRAM BELOW }

3/68
3/68
3/68

11/67
11/67
5/69
4/69

10/70
2/72

10 /69
1/73
9/72
2/72
2/72
2/72
9/73
2/74
6/73
7/74+

11/67
11/67
3/68

11/73
2/72
2/7 2

AI FF-STE 66
ANI KI NA 66
AUERBACH 66
AUERBACH 66

ALSO 65
BALDQ-CE 66
BAS I LE 66

PL 21 595
SJNP 2 339
P RL 17 980
PR 149 1052
PRL 14 192
NC 45A 733

BALATON CONF

ALFF-STEINBERGERt HEUERrRUBBIA + {CERN)
ANIKINAs VARDENGAr ZHURAVLEVA+ (J INR)
AUERBACH ~ MANNr MCFARLANE r SCIULLI ( PENN)
AUERBACHe DOBBS ~ LANDE t MANN e SC IULL I+ ( PENN)
+LANDc t MANN, SC I ULLI, UTO, WHITE~ YOUNG ( PENN )
BALDQ-CEOLINtCALI RANI tCIAMPOLILLQ+ (PADUA)
BAS ILEt CR QNINs THEVENE T + ( SAC

LAY�)

BEHR
BELL QTT I
BOTT-800
CA MER INI
CANTER
CARP ENTE
CHANG

66' PL
66 NC
66 PL
66 PR
66 PRL
66 PR
66 PL

22 540
45 A 737
23 277
150 1148
1T 942
142 871
23 702

+BR ISSON t BAI DO-Cf OLIN r AUBERT+ ( PADOr EPQL)
BELLOTT I e PULL IAr BALDO-GEOL IN+ (MILANePADUA )
BOTT-BQDENHAUSEN, DE BOUARGrCASS EL+ {CERN)
C AMER I NI t CLI NE e ENGL I SH r F I SCHBE I N+WI SCONS I N

+CHO, ENGLER, F ISK, HILL + (CARNEGIE+BNL )
CARPENTERrABASHANeABRAMSrFISHER (ILLINOIS)
CHARGe BASSANOrKIKUCHI eDODD+ (SYRACUSE r BNL)

JOVA NOVI 66
KULYUK IN 66
MEISNER1 66
MEISNER2 66
NEFKENS 66
VERHEY 66

BENNETT 67
BOTT-BOD 67
BOTT-800 67

AI SO 66
ALSO 66

CANT ER 67
CRONIN 1 67
CRONIhl 2 67
DEBQUARD 6T

ALSO 65

PRL 17 1075
BERKELEY 28

P R'L 16 278
PRL 17 492
PL 19 706
PRL 17 669

JQVANQVIC H t F U J I I r TURK QT e ZORN + ( BNL+UMD+M IT )
KUL YVKINA t ME STVI RI SH VILI eNEAGUt PETR+ ( JINR )
G 'W ME ISNERt B 8 CRAWFORDe F CRAWFORD (LRL l
G MEISNERr 8 CRAWFORDr F CRAWFORD (LRL )
NEFKEhtS r ABASHI ANr ABRAMS r CARPENTER+ ( ILL )
VERHEYr NEFKENSr ABASHIAN+ (

ILL�)

BENNETTeNYGRENt SAALt STEINBERGER +(COLUMBIA)
BOTT BQDENHAUS ENt DEBOUARDe CASSEL + (CERN)
BOTT-BODENHAUSENt DEBOUARDr CEKKERS+ ( CERN)
BOTT-BODENHAUSEN e DEBOUARD r CASSE L+ ( CERN)
BOTT-BODENHAUSENt DEBOUARDr CASS EL+ ( CEIe Nl
J ~ Mo C ANTE R (CARNEGIE )
+KUNZe R I SK t WHEEI ER (PRINCETON}

/67) +KUNZr RISKe WHEELER ( PR INC ETON )
DEBOUARDe DEKKERS, JORDANs MERMOD + ( CERN)
DE BOUARDe DEKKER Sr SC HARFF+ (CE RN+ORSA+MP I M }

PRL 19 993
PL 248 194
PL 248 438
PL 20 212
PL 23 277
THESIS
PRL 18 25
P R I NC CONF (11
NC 52A 662
PL 15 58

+FOX eFRAUENFE LDERsHAhtSONe MQSCAT+ ( ILLINOIS )CR IEGEE 66 PRL 17 ).50
F IRESTONE sKIMtLACHr SANDWE I SS+ (YALE r BNL)FI RESTQht 66 PRI 16 556
FIRESTONE s KI Mt LACHES ANOWEISS+ (YALEr BNL )F I& E STQN 66 PRL 17 116

FUJ I I 66 PRL 13 253 FVJIIr JOVANOVICH TURKQTt ZORN ( BNL+MARYLAND I

FU J I I 66 IS THE CORRECT ED VALUE GIVEN BY JOVANOVICH+ 66
HA WKI NS 66 PL 21 238 C J 8 HA WK INS (YALE)

ALSO 67 PR 156 1444 C J 8 HAWKINS

DEVL IN 67 PRL 18 54
ALSO 68 PR 169 1045

DORF AN 67 PRL 19 987
F ELDMAN 67 P R 155 1611

DEVLINrSOLOMONt SHEPARDrBEALL+ (PRIN4UMD)
SAYER ~ BEALL e DEVLIN r SHEPHARD+ ( UMD+PPA+ PRIN)
00R F Aht r EN 5 T R 0 M, RAY MOND r 5 C HW ART Z + ( S L AC+L RL )
FELDMA N rF RANKE L r HI GHLAND t S LOAN ( PENN}
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Particle Data Group: Review of particle properties S85

Data Card Listings
For notation, see key at front of Listings.

Stable Particles
KL0, q

FI RESTON
F I TCH
HAWK INS
HI Ll

67
67
67
67

67
67
67
67
67
67
67

68
68
68
69
68
68

BASILE
BAS I LE 2
BENNETT 1
BENNETT2
B LA NPI ED
BUDAGOV

ALSO

CA RNEG IE
JAMES

AL SO
KULYUK I N

KUNZ
MELHOP
THATCHCR

68
68
68
68
68
68
68

68
68
68
68
68
68
68

BAN(4 ER
ALSO
ALSO

BE ILL I ER
BENNETT
BOH M

ALSO

BOTT-BOD
CENCE
EVANS
FAI SSNER
FOETH

69
68
68
69
69
69
68

69
69
69
69
69

HOPKINS
KADYK
KUL YUK I N

LOWYS
MISCHKE
NEFKENS
TODOROFF

ABRAH 5
ARNOLD
ARONSON

ALSO
BA LAT Z

BARTLETT

PRL 18 176
PR 164 1711
PR 156 1444
PRL 19 668

PRL 19 185
PRL 19 597

PRE PRINT
PL 248 75
PRL 18 138
PR 157 1233

THES IS

PR 176 1603
PL 288 56
PRL 20 287
PR 175 1708
PL 268 320
PRL 21 558

PL 26 8 542
PL 288 58
PL 27 B 244
PL 278 248
PRL 2 1. 1650
NC 57A 182
PL 288 215

PRINC TR44 THES IS
NP 88 365
PRL 21 257
JETP 26 20
THESIS {PU 46)
PR 172 1613
PR 174 1674

PR 188 2033
PRL 21 1103
PRL 21 1107
PL 308 202
PL 298 317
NP 89 605
PL 278 321

CERN 69-7 329
PRL 22 1210
PRL 23 427
PL 308 204
PL 308 282

FIRESTONEr KIMy LACHr SANDWEI SSt+ (YALE yBNL)
F ITCH t ROT Hr RUSS t'VERNON (PRINCETON )
C J 8 HA WKI NS (YAl El
HILLt LUERSr ROBINSONy CANTER+ {BNL ~ CARNEGIE )

+CRON I N t L I U ~ PI LCHE R

BANNER CRONIN L IU P I LCHER
BANNCR CRONIN L IU P ILCHER
BE ILL I ERE t BOUTANG y LI HON
+NY GR E!4y S AAL y ST E IN BE RGER+
+DARR I ULAT y GROSSOt KAFT ANOV+
BOHH yDARR I ULATy GROSSO yKAFTANOV

(PR INC ETCN)
(PRINCETON)
(PRINCETON )

(EPOL I

t COLUyBNL )
{CERN I
( CERN)

BOTT-BODENHAUSENt DE BOUARDt CASSEL+ (CERN I
CENCE y JONE S y PE TER SON y STENGER+ (HAWAI I y LPL I

EVANS y GOLOENy HUIRy PEACH+ ( EDINBURGH y CERN I
+FOETH y STAUDE ~ T ITT EL+ (AACHy CERh}, TORI I
+HOLDER y RADF RHACHER + (AACHEN t CERNy TORINO I

HOPKINSyBACONy EISLER (Bh'L I
KADYKt CHANy DRI J ARDr ORENy SHEL DON (LRL )
KULYUKINA+HESTVIRISHVILI+NEAGU + ( JINR)
LOWYSy AUBERTr'CHOUNET y PASCAUD+ (EPQLy QRSA)
HI S CHK E ~ AS AS H I AN ~ A BR AH S+ {ILLINOIS)
+ABASHIANr ABRAMSt CARPENTER ~ FISHER+ t ILL )
JOHN A TODORQFF (ILLINOIS}

+ABASHIANt HISCHKEyNEFKENSy SMITH+ ( ILLINOIS )
ARNOLDt BUDAGOVyCUNDYyAUBERT+ {CERN+ORSAY)
S H ~ ARONSON K ~ W ~ CHEN (PR INC ETON )
S H ARONSONy K W CHEN (PRINCETON)
BAl ATZ y BER EZIN y VI SHNE VSKY rGALANI NA+ ( ITEP)
BARTLETT t CARNEGIE t F IT CH+ (PR INC ETON )

BAS IL E y CRONIN y THEVENET y TUR LAY+ ( SACL AY }
+CRONIN y THEVENET y TURL AYy ZYLSER AJCH+(SACLAY}
SENNETTy NYGRENy STEI NSERGER+ t

COLUMBIA+CERN�

)
BENNETTr 4YGR ENt STE INSERGER+ ( COLUHB IA+CERN )
SLANPI EDyLEVITy ENGELS+ (CAS E+HARV+MCGI )
SUDAGQVr SURHEI STER tC UNDY+ {CERNyORSAy IPNP I
+CUNDY y MY ATT y NE ZR I CK + {CERN r OR SA y EPOL )

R ~ K»CA RNEG I E (PR INC ETON I

F JAMES y H BR I AND ( IPNPy CERN)
HELLAND LONGO YOUNG (UCLAy MICH)
KUI- YUK INA r ME STVIR I SH VIL I t NEAGU+ ( JINR)
P F KUNZ ( PR I hlC E TON )
MELHOP MURTY BOWLESy BURNETT+ {LA JQLLA)
THATCHERy ABASHIAN ~ ASRAHS yCARPENTER + (ILL)

DALLY
ALSO
ALSO

GRAHAH
HOLDER
JAMES
KREhlZ

MANN

HANTSCH
METCALF
NEUHOFER
PICCIONI

ALSO
VOSBURGH

ALSO

ALBROW
ALE XA NDE
BARB IELl
BR ANDENB
CAR I THE 1
CAR IT HE2
EVANS

ALSO

FACKLER
FITCH

ALSO
GJESDAL
HART
MALLARY

ALSO

HC CART HY

ALSO
ALSO

MESSNER
PEACH
SANDWE IS
WI LLI AHS

AL BR ECHT
8151
SOS 1SUT
DONALDS 1

ALSO
DONALDS2

AL50
DONALD53

72
70
71
72
72
72
72

72
72
72
72
72
74
72
71

73
73
73
73
73
73
73
69

73
73
72
73
73
73
70

Pl. 41 8 647
CHIEN
C H IF.N

hlC 9A 166
PL 40B 141
NP 849 1
LNC 4 213

PR D6 137
NC 9A 160
P I 408 703
PL 41 8 642
PRL 29 1412
P R D9 2939
PR D6 1834
P RL 26 866

NP 858 22
NP 865 301
PL 438 529
P R DB 1978
PRL 30 1336
PRL 31 1025
PR D7 36
PRL 23 427

PRL 31 847
PRL 31 1524
COQ-3072-13
2 ND A I X CONF
NP 866 3)7
PR DY 1953
PRL 25 1214

73
72
71
73
73
73
73

74
74
74
74.
74
74
73
74

PR D7 687
PL 428 291
THESI 5 LBL-550
PRL 30 876
PL 43 8 441
P RL 30 1002
PRL 31 1521

PL 488 393
PL 50 8 50%
L NC 11 646
PRL 33 554
DONALDSON 3
PR D9 2960
~RL 31 337
SL AC 184-THES I 5

+ INNOCENTI y SEPP I r CHIEN tCQX+ (S LAC+ JHU+UCl A}

+ABASHIANy JONES yMANTSC'HrORR+ (I LL+l4EASI
+RADER MAC HERy ST AUDE+ ( AAC H+C ERN+TORI )
+HONTANET y PAUL SAETRE+ ( CERN+SACL+QS LO I

+HOPKINS r EVANS r MUIRy PEACH (AACH+CERN+EDIN)

+KO~LERy HEI SNER t HERTZ BACH+ ( MASA+BNL+YALE)
+ABASHIANy GRAHAMt JONES, ORR+ ( ILL+NEAS I
+NEUHOFERy NI EBERGALl + (CERN+IPN+WIE!4)
+NIEBiiRGALL r REGLER y STIER+ (CERN+ORSA+VI EN)
+COOMBESr DQNALDSQNy DORFANt FRYSERGER+ ( Sl AC)
PICCIONI r DONALDSON + (SLAC+UCSC+CQLO)
+DEVL IN y ESTERL ING y GOZ y BRY MAN + (RUTG y MASA)
VOSBURGH DEVL IN ESTERLING GOZ + {RUTG MASAl

+ASTOhl BARBER BIRD ELL I SON+ ( MCH S+DARE )
ALEXANDERt SENARY y SOROWIT Zy LANDE+(T ELA+HE ID)
BARB IELLINI yDARRI ULATrFAINBERG+ t CERN)
BRANOENBURGr JQHi'4SONr LEITHtLOOS+ '

( SLAC )
+MODI 5 NYGREN PUN SCHWART Z+ (COLU+CERh!+NYU )
CAR I THER S r NYGRE Nr GORDON+ ( COLU+BNL+CERN I
+MUIRy P EACHt BUDAGQV+ ( EDINBURGH+CERN I
EVANSr GO(DEl4r MUIRy PEACH+ t EDINBURGH+CERhl )

+FR ISCHt MARTINr SMOQTy SOMPAYRAC ( HIT)
+HEPPy JENSENy STROVINKy WEBB (PRINCETON)
R ~ C»WEBB t THE SI S) (PRINCETON)
+K AM A Ey PR ESSER r ST E FF EN t ST E IN 8 ER+ ( C ERh}+HE I 0 )
+HUTTONtFIELDy SHARPy BLACKMORE+ (CAVE+RHEL }
+BINNIEy GALL I VAN yGOMEZ yPECKr SCIULLI + {CIT)
SCIULLIt GALL IVANy BINNIEr GOMEZ + {CIT)

+BREWER y BUDNI TZ t ENTI 5 tGRA VEN y MI LLER+ (LBL I
MCCARTHY, BREWER BUDN IT Z r ENT 15 GRAVEN+ tL BL )
RtL ~ MCCARTHY (LBL}
+MORS Er NAUENSERGy HITLIN + (COLO+SLAC+UCSC)
+EVANS t MUI Rt HOPKINS y &RENZ ( EDIN+CERN+AACH)
+SUNDERLAND y TURNER y WILLI S yKEl LER (YAl E+ANL )
+LARSENtLE IPUNERy SAPPy SESSOMS+ {BNL+YALE)

DUBNA+BERL IN+BUDA PE ST+PRAGUE+ SERPUKH+SOFI A

8 IS Iy FERRERO (TORI )
+HUZI TAy MATTIOLI y PUGLI ER IN ( PADO)
DONALDSQ!4 yHI TL IN y KENNELLY y KI RKSY + {SLAC }

DONA LOS CN F RYSE RGER HI TL IN L IU+ (SLAC+UCSC )
DONALDSON FRYBER GER y MITLI N r LIU+ (SLAC+ UCSC I

GR E GORY J ~ DON AL DSON ( SLAG )

GAI LLARD
ALSO

GOBBI
L ITTENBE
LONGQ
PAC IOTTI
SAAL

69 NC 59A 453
67 PRL 18 20
69 PRL 22 685
69
69
69
69

PRL 22 654
PR 181 1808
THES I 5 y UCR L 19446
THE SI 5

+GALBRA I TH yHUSS RI y JANt + {CERN r RHEL y AACHEN )
+KR IENEN yGALBRAITH yHUSSRI+ {CE RN+RHEL+AACH)
+GR EENy HAK ELt HOFFETTy ROSEN y GOZ+ {ROCH+RUTG I
LITTENBERG yF I ELDy PICC IONI r MEHLHOP+ (UCSD)
H J LQNGOyK K YOUNGy J A HELLAND t HICHy UCLA)
H A PAC IOTT I (LRL)
H J SAAL ( COLU HBI A I

GEWEN I Gl
Al SQ

GEWEN IG2
Al SO

GF WE NI G3
GJESDAL1

74
74
74
74
74
74

PL 488 483
CERN TNT REPT ~

PL 488 487
PL 52 8 119
PL 52 B 108
PL 52S 113

GEWEN I GER t GJE SDAL t KA MAE r PRESSER+ (CERN+ HE 10 )
VERA LUTH (THESIS-INT REPT 74-4) {HEID)
GEWENI GER y GJE SDAL y PRESSER + (CERN+HE ID)
GJ ESOAL y PR ESSER y STEFFEN + (CERN+HE ID)
GEWENIGERr GJESDALr PRESSER + (CERN+HEID)
+P RE S SFR y KA MAE r STEFF E N+ (CERN+HEID)

A LB ROW
ARON SQN
BAR MIN
BASI LE
BUCHANAN

ALSO
BUDAGOV

ALSO

CHIEN
ALSO

CHO
AL SO

CHOLLET
CULLEN

70
70
70
70
70

PL 338 516
PRL 25 1057
PL 338 377
PR D2 78
PL 338 623

+ASTONy BARBERy 8 IROy ELL 1SON + (MCHS+DA~E )
+ EHRL I C H y HO F ER y JE {45E N+ (EFI yILLCr SLAG)
+BARYLON y BOR I 50 Vy BYSHE VA+ (ITEPy JI NR)
+CRQNIN t THEVENT y TURLAY t ZYLBERA JCH + ( SACL )
+OR ICKEYyRUDNICKr SHEPARD+ (SLACy JHUyUCLA)

70 PL 338 627 C-Y»CHIENyCQXy ETTLINGER +
PRIVATE COHHUN ICAT IQN y 8» COXy FEB ~ 71~

PR 01 3031
P RL 19 668
PL 318 658
PL 328 523

( J HU+SL AC+UCL A I

70
67
70
70

+DRAL( Ey CANTER ~ ENGI ERyFI SK+ {CARNtBNL t CASE )
HILL y LUERS y ROB I NSONy 5 AKITT + ( BNL r CARi4 I
+GAILLARDr JANEt RATCLI FFEt REPELl IN t ( CERNI
+DARRIULATt DEUTSCHyFOETH + (AACHtCERNt TORI )

PRIVATE COHHUNICAT IOf4y 8 ~ COXt FES ~ 71
70 PR 02 815 +CUNDYyHYATT ~ NEZRICK+ (CERNy ORSAy EPOL I
68 Pl 288 215 +C UNDY y MYA TT y NE ZR I C K+ (CERNyORSAy EPOL I

MESSNER
NI EBERGA
SLONE
WANG

W ILL IAHS
WOO

BALOOC EO
SLUMENTH
BU CHANAN
CAR ITHER
SHEN
FUKUSH IH

74
74
74

PRL 33 1458
Pl 498 103
SLAC 181-THESIS

74 PR D9 540
74 P RL 33 240
74 LNC 10 38

75
75
75
75
75
Yb

NC 25A 688
PRL 34 164
PR 011 457
P RL 34 1244
LSL-4275 THESIS
P RL 36 348

+FRANKLI Nr MORSE t NAUENSERG+ {CQLO+SL AC+UCSC)
NIFBERGALLtREGLERr STIER + (CERNtORSA+VIEN)
CAV ID NE IL SL ONE ( SLAG)
+SMI THr WHATLEY y ZORNy HORNBQST EL (UMD+BNL )
+LARSFNyLE IPUNERySAPPySESSQMS + tBhL+YA(. E I
+BUCHANANy PEPPER ( UCLA )

BALDO-CEOL INr BOB I SUTyCAL I MANI+ (PADO+ WI SC)
BLUMENTHAL FRANK EL N AGY + ( PENN+CHIC+TEMP )
+DR ICKi:-Y yPEPPFR yRUDNICK + {UCLA+S LAC+JHU I
CAR IT HER S y MOD I S r NYGR EN yPUN + ( C QLU+NYU)
GILBERT SHEN (L Bl
FUKUSHIMA r JENSENy SURKOyTHALER+ (PRIN+MASA I

PAPERS NOT REFERRED TO IN CATA CARDS

OARRIULA
FAISSNER
J ENSEN

ALSO
MARX

ALSO

SCRI BAND
SM ITH
WEBB ER

ALSO

BALAT S
SAP Ml N

815 I
BURGUN
CAR NEG I E
CHAN
CHIEN

ALSO

70
70
YO
69
70
70

70
70
70
69

71
71
71
71
71
71
71
72

S JNP 13 53
Pl 358 604
PL 36B 533
l NC 2 1169
PR D4 1
L BL-350 THES I 5
PL 35 8 261
DALLY

PL 338 249
NC 70A 57
THESIS
PRL 23 615
PL 328 219
THE SI S yNE VI 5 179

PL 328 224
PL 32B 133
PR Dj 1967
UCRL 19226 THES I 5

+FERRE ROy G RQSSQ yHOLDER + ( AACHr CERNy TORI )
+REIT HLERy THQHEr GAILL ARD+ {AACHyCERNy RHEL )
D A ~ JENSEN (EFI )
JENSEN y ARQNSO!4 t EHR LI CH tF RYBERGER+ ( EF I t ILL I
+NYGRENy PEOPL ES y ST EINBERGE+(COI UyHARV y CERN I
JAY MARX ( COLUMBIA )

+MANNELL It PIERAZZINI y MARX+ (P ISAt COLUt HARV)
+WANGt WHATLEYyZORNyHORNBOSTEL (UMDr BNL I
+SOL"{ITZy CRAWFORD r AL STON-GARN JOST ( LRL I
8 R WEBBER (LRL )

+BEREZ IN y VISHNEVSKI I y GALA NINA+ (!TEP)
+BARYL OV r V ES E LOVS KY y DAY I DENK0+ ( ITEP )
+DARR IULAT FERRERO RUBBI A+ (AACH CERN TORI )
+L ESQUOY r HULL ER y PAUL I+ ( SACL+CERN+OSLO)
+GEST ER y F ITCHt STROVI NK ySULAK (PR IN )
J»HIONG-SI NG CHAN (LSL )
+COXy ETTL INGERt RESVANIS+ ( JHUy SLAG y UCLA )

RUBBI A

ALSO 1
ALSO 2
ALSO 3

SC HM IDT
CRONIN
SEC HER RA
GINSBERG
HEUSSE
GI NSBERG

67
66
66
66
67
68
70
70
70
73

Al EXANDE 62
JOVANOVI 63
ST ERhl 64
BEHR 65
MESTVIRI 65
TRILLING 65

UPDATED
GINSB ERG 67

PRL 9.69
BNL CONF 42
PRL 12 459
ARGONN E CONF 59
J I NR P 2449
UC RL 16473
FROM 1965 ARGQNNE
PR 162 1570

Pl. 248 531
PL 20 207
PL 21 595
PL 23 167
NEVIS 160(THESIS)
V I ENNA CONF P ~ 28 1
PR Dj ).452
PR 01 229
LNC 3 449
PR 08 3887

C ~ RUBB IA J .STE IiNBERGER
ALFF-STE IN BERGER r HEUER y KLE
AL FF-STE Ihl BERGER r HEUER t KLE
C ~ RUBBIA J ~ STE INBERGER
P ~ SCHMIDT
CRQNI'4, RAPPOR. TEUR S TALK
T BECHERRAWY
E 5 GI NSBERC
+AUBERTt PASCAUDr V IALLF
E S G I NSB ERG J SMITH

( CERN+COL U I
INKNECHT+ t CEPNI
INKNECH&+ {CERNl

(CE RNiCOLU)
{C OLU MB I A I

{PRINCETON)
(ROCH)

(IIT HAIFAI
(ORSAY)

{M IT+ STON )

G AL EXAh! DERt S ALME I DA t F CR A WFORD (LRL}
JOVANOVIC y FISCHER ~ BURRIS + {BNL+MARYLAND)
STERN yBINFORDy LINDyANDERSQN +, (W ISC+LRL )
SEHRy BR ISS ONt BELL QTT I+ ( EPOL t MILA y PADO)
MESTVIRISHVILI yNYAGUr PETRQVt RUSAKOV+ (J INR)
GEORGE H TRILLING (LRL)
CONF. , PAGE 115»
EDWARD S GINSBERG (U HASS BOSTON }

CHO
CLARK

ALSO
Al 50
AL SO

ENST ROM
ALSO

71
71
70
71
74
71
70

PR D3 1557
PRL 26 1667
UCRL 19709-Tl E515
UC RL 20264-T I- ES IS
SL AC-PUB-1498
PR 04 2629
THESIS (SLAG 125)

+D'RALLEy CANTERy ENGLERy &ISK+ tCARiNr BNL yCASE l

+ELIOFF yF IELDy FRISCHy JOHNSONyKERTH+ {LRL I
ROLLA ND JOHNSON (LFL)
IiENRY FR ISCH {LRL)
R ~ C ~ FIELD (SL AC)
+AKA V I A y COOMBE S y DORF AN+ (SLACy STAN)
J E E!4STROM ( STANFORD )

14 ETA( 549tJPG=O-+) 1=0

FOR C ~ BALTAY'5 REVIEW OF THE ETA HESONy SEE PROC»' UNIV ~ OF PENN.
CONF ~ ON MESON SPECTROSCOPY ( W ~ A ~ SEN JAMIhly N ~ Y ~ y 1968 )

HI LL
JAMES
HEI SNFR
PEACH

REP ELL IN
WEBSER

ALSO
ALSO

WOLFF

ALBROW
ASHFORD
BANNER 1
BANNER2
BAR MI Nj
BAR M IN 2
BURGUN
CARNEGIE

71
Yj
71
71

PR 04 7
PL 358 265
PR 03 59
PL 358 351

71
71
68
69
71

NP 844 1
PL 388 47
PRL 28 1597
PRL 29 237
SJNP 15 636
5 JNP 15 638

850 194
PR 06 2335

72
72
Y2
72
72
72
72
72

PL 368 603
PR 03 64
PRL 21 498
UCRL 19266-THESI 5
PL 36 8 517

+SAKITTy SKJEGGESTADyCANTER+ (BNLtCARNy CASE)
+MONT Ai4ET y PAUL y PAUl. I+ ( CERN+SACL+OSLO)
+MANN rHERTZBACHtKOFLER + (MASA+BNL+YALE)
+EVANS yMUIR yBUDAGOVr HOPKINS+ (EDINy CERN}

+tirQLFF yCHOLLET y GA ILL ARD y JANE+ t ORSAy CERN)
+SQLM ITZ y CRAWFORD t AL STON-GARN JOST (LRL)
W EBBER y 5QL MI TZ y CR AWFOR Dt ALSTONGARNJ OST (L RL )
8 R WEBBE'R (LRL )
+CHQl LET r RE PELL IN r GA ILL ARO+ (OR SA y CERN I

+ASTON y BARBER r BIRD t E LLI SON+ (HCHS+DARE )
+BROWN y MASEKy MAUNGt MILL ER t RUDERMAN+ {UC SD )
+CRONIN» HOFF MAN tKNAPPr 5HOCYET (PR INCETON )
+CRQNI N r HOFF MAN r KNAP P y SHOCHET {P R I NC ETCN l
+DAVIDENKOy DEMIDOVy DOLGQLENKO+ ( ITEP )
+SARYLQVy DAVIDENKOt DEMIDOV+ ( ITEP)
+LE SQUQYy MUI LER r PAULI y+ ( SAC L+CERN+OSLO)
+CEST ERy FITCHt STROVINKy SULAK {PR INCETQN)

53
35
91

148
325

250

549.0
546»0
548 0
549 ' 3
549 ' 0
552»0
548.2
555 ' 0

14 ETA MA 5 5 (ME V)

1 2
0

1 ~ 0
2 ~ 9
0 ' 7
3 0
0 65
2 0

BA ST I EN
P ICKUP
ALFF
DELCJURT
FOEl SCHE
KRAEMER
F Q STF., R3
JAHE S

62 HBC
62 HBC
62 HBC
63 CNTR
64 HBC
64 DSC
65 HSC
66 HBC

~ ~ ~ ~ ~

AVG 548 ~ 82
STUDENT 548 72

~ ~ ~ ~

0 ~ 56 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1»4)
0»44 AVERAGE USING STUDENT10(H/1» ll) -- SEE TEXT
( S E E IDECGRAM SEL QW )

7/66
6/bb
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PartiCle Data GrOup: ReVieW Of partiCle prapertieS

Stable Particles »&a Card Listings
For notation, see key at front of Listings.

LIEISHTED AVERAGE = S4H . E)2 + 0 .56
ERRDR SCALED BY 1.4

14 ET A DECAY RAT ES

Note on Conflicting Results for Tj ~~ Decay Rate

The BROWMAN 74 result for I" is three standard
deviations below the earlier BEMPORAD 67 result.

540 545 550 SSS
ETA MASS (MEU)

~ JAMES
FQSTER3
KRAEMER
FDELSCHE

~ DELCDURT
ALFF
PICKUP
BASTIEN

560 565

66 HBC

65 HBC
64 DBC
64 HBC
63 CNTR
62 HBC
62 HBC
62 HBC

CHISQ
9.6
0.9
1.1
0.1
0 ~ 0
0. /

0 ~ 0
12.4

(CDNLEU
=0.054)

This is because the BEMPORAD 67 analysis finds a
negligible strong-production amplitude and attri-
butes all of t:heir observed g photoproduction cross
section to Coulomb production. BRONMAN 74, on the
other hand, find that -the strong-production contri-
bution to the cross section is significant, especi-
ally at lower energies, and that the Coulomb con-
tribution is smaller, resulting in a smaller value

14 ET A WIDTH

ETA
91

148
3).

WI DTH DETFRM INED
(10~0) OR L ESS
(10~ 0) OR LESS
( 12.0) OR LESS

(4 0) OR, LESS
(e9) OR LESS

FRCM MASS SPECTRUM
ALFF
FOELSCHE
JA MES
BALTAY

CL ~ 95 JONES

(UNITS MEV )
62 HBC
64 HBC
66 HBC
66 DBC
66, CNTR

W ETA
W TH
W DI
W

FI T

WI DTH DET ERMINED FROM DECAY RATE ( UN I TS KE V)
I S I S THE PART I AL DECAY RATE ( W 1 ) FOR THE MODE ( ETA INTO 2GAMMA )
VIDEO BY THE FITTED BRANCHING FRACTION (Pl ). FOR THAT MODE ~

~ ~ ~ ~

0.85
~ ~ 0 ~ ~

0 ' 12 FRCM F IT

Pl
P2
P3
P4
P5
P6
P7
PB
P9
P10
P 1 1
P12
P13
P14
P15

ETA INTO
ETA INTO
ETA INTO
ET A INTO
ETA I NTO
ETA INTO
ET A INTO
E TA I NTO
ETA INTO
ET A INTO
E TA I NTO
ETA INTO
ET A INTO
ETA I NTO
ET A INTO

14 ETA PARTIAL DECAY MODES

2GAMMA
3P IO
PI+ PI — PI 0
P I+ P I- GAMMA
F4 E PIO (VIOLATES C IN E ~ M ~ I ~ )
5+ E- PI+ PI-
P I 0 2 GAMMA
E+ E- GAMMA

2P I 0 GAMMA ( VIOLATE S C )
P I+ P I — P I 0 CAMMA

PI+ PI — 2GAMMA
MU+ MU-
MU+ MU- GAMMA
MU+ MU- PI 0
P I+ P I-

DECAY M

0+ 0
134+ 134+
139+ 139+
139+ 139+
134+ ~ 5+
), 39+ 139+
134+ 0+.5+ 5+
134+ 134+
139' 139+
139+ 139+
10 5+ 105
10 5+ 1 05+
105+ 105+
139+ 139

ASSES

134
134

0
o5.5+ .5

0
0
0

134+ 0
0+ 0

0
134

P 7P 1 P 2
P 1 3 799+- 0098
P . 2 —~ 2691 2990+- ~ 0106
P 3 -«3224 —~ 2353 ~ 2358+- ~ 0056
P 4 — 2866 —~ 2095 8201 0489+- ~ 0013
P 7 —~ 4271 — 578 1 —~ 0939 — 080 1 03 14+- ~ 0109
P 8 —.0434 —~ 0326 —.0494 —.0501 —~ 0036 0050+- ~ 0012

P P 8P 3

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P. , as follows: The diagonal elements are P, + 6P. , where

1 1 1
6P. = Q(6P. 6P.), while the off-diagonal elements are the normalized correlation coeffi-

1 1 i
cients (6P.6P. ) /{6P. ~ 6P.). For the definitions ot' the individual P., see the listingsi j 1 J 1
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and

1
are thus constrained to add to 1.

6/66
7/66
8/67

of I
gyes

The g photoproduction data of BROWNAN 74 were

taken at incident "(-. ray energies of 5.8, 9.0, and

11.45 GeV on beryllium, aluminum„copper, silver,
and uranium targets, while the BEMPORAD 67 data were

taken at 4.0 and 5.5 GeV on lead, silver, and zinc.
The higher energies, higher statistics, better
angular resolution, and larger range of atomic
weights of the BROWMAN 74 experiment result in a
more reliable separation of the Coulomb amplitude
from the strong-production amplitude. In addition,
the bad approximation mentioned in BRONNAN 74 foot-
note 4 was present in the theoretical work utilized
by BENPORAD 67 and this may account. for some of the
discrepancy.

Browman et al. state that the BROWNAN 74 result
is compatible with the BEMPORAD 67 data, although
the agreement, is not, as good as that given by the
BEMPORAD 67 fit to these data. On the other hand. ,
the BENPORAD 67 result appears to be incompatible
with t:he 9 GeV data (especially uranium) shown in
Fig. 2 of BRONMAN 74.

We quote the BROWMAN 74 result.
FITTED PARTIAL DECAY MODE RATES

The matrix below is the branching fraction matrix above, transformed into rate
space; i. e. , G. =— l. = I P. , in appropriate units. In analogy to the matrix above,i i total i'
the diagonal elements are G. + 6G. , where 6G. = Q(6G. 6G.), while the off-diagonal1 1 1 1 1
elements are the normalized correlation coefficients (6G. 6G. ) j{6G.' 6G. ) ~ Note that,

1 j 1
because of the error in 1, the errors and correlations here are not directly derivabletotal'
from those above.

G 8G 7G 4G 3G 1 G 2
1 .3240+-. 0460

G 2 ~ 9386 ~ 2550+- o 0385
G 3 9689 .9513 o 20 11+ o 0294
G 4 .9646 ~ 947 l 1 0097 ~ 0417+-.0061
G 7 3661 ~ 3028 '4240 4226 ~ 0268+- 0104
G 8 .5178 ~ 5082 ~ 5233 ~ 5 199 23 18 ~ 0043+- 0012

Wl
Wl 8
Wl
Wl B

' Wl
Wl B
'W 1 B
'W 1 8
W 1 B'
Wl
'Wl F IT

ET A INTO 2GAMMA (UN ITS K EV ) (G1)
(i+00) (0 22) BEMPORAD 67 CNTR PR IMAKOFF EFFECT

0 ~ 324 0 ~ 046 BROWMAN 74 CNTR P R IMAKOFF EFF ECT
BE MPORAO 67 GIVES W 1= 1 2 1+ ~ 26 KEV A S SUMING THAT Wl/TOTA L= 0 ~ 314e
BEMPORAD PRIVATE COMMUNICAT ION GIVES MORE GENERAL RESULT AS
W 1+Wl / TOTAL ~ 380+ ~ 083 WE E VAL UATE THI S USING Wl/TOTAL ~ 38+ ~ 0 1 ~
NOT INCLUDED IN AV ERAGE BECAUSE THE UNCERT IANTY RESULTING FROM THE
SEPARATION OF THE COULOMB ANO NUCLEAR AMPLITUDES HAS APPARENTLY
BEEN UNDERESTIMATED ~ SEE NOTE ON DI SCRE PANCY ABOVE ~

'

~ ~ ~ ~ ~ ~ 0 ~ ~

0 ~ 324 0 046 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 0)

11/75+
7/74»

11/75+
11/75'
1 1 /75+
2/76+
2/764
2/76»
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Particle Data Group: Review of particle propertIes

Data Card Listings
For notation, see key at front of Listings.

Stable Particles

14 ET A BRANCHING RATIOS

( P 1+P 2+P 7 ) / ( P 3+P 4+ P 8 )ETA INTO NEUTRALS/CHARGED
( 1 ~ 0) PI CKUP 62 H2 HBCRl N 10 (2 ~ 5) ~

BASTI EN 62 HBCRl N 53 (3 ~ 20} (1~ 26)
SHAFER 62 HBCRl N (2 ~ 7) (0 ~(0 ~ 8)
BU SCHBECK 63 HBCRl

( l«0) JAMES 66 HBC
E NOT BEEN USED IN COMPUTING THE AVERAGES

LEARLY PARTIAL MODES (3 I AND (4 )
ED VALUES THUS PROBABLY CONTAIN

UNABLE TO SEPARATE CLEAR Y
Rl N FROM EACH OTHER ~ ThE REPORTED V
Rl N SOME t UNKNOWN) FRACTION QF MODE (4 )

0 ' 23 BALTAY2 6Rl
Rl

VERAGE (ERROR INCLUDES SCALE FACTOR QF 1 0)Rl AVG
G STUDENT10(H/1 11) —SEE TEXT

(ERROR INCLUDES SCALE FACTOR OF 1 1
~ 24 A VERAGE USI N ~

2«452 0«081 FROM FIT (ERR

(Pl) / I P3t P4+ PB)R2 ETA INTO 2GAMMA/CHARGED
FORD 63 HBCR2 0«99 0 ~ 48 CRAWFOR

R2 ~ ~ ~ ~ ~ ~ ~ ~ ~

1 ~ 311 0 ~ 053 FROM FITT ( ERROR I NCL UDES SCALE F ACTOR OF 1 ~ 1 )

0Note on g ~ Tl

7/66
6/66

11/67

R5 ETA
R5
R5
R5
R5
R5 AVG
R5 STUDENT
R5 F IT

R6 ETA
R6
Rb
R6
R6
R6
R6 AVG
Re sTUDENT
R6 FIT

INTO (3P IO )
0 ~ 83
2 ~ 0
0 ~ 90

~ ~ ~ ~ ~ ~

0 ~ 91
0 91
1 ~ 357

+ 2/3(
0 ' 32
1 ' 0
0 ~ 24
~ ~ »

0 ~ 19
0 ~ 20
Oe 057

P IO 2GAMMA)/ P I+PI-P I0
C RAW~ QRD 63 HBC
FOE LSCHE 64 HBC
FOSTER1 65 HBC

AVERAGE t ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVER AGiE USING STUD=NT10( H/1 ll

FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 2}

( ~ 2+2/3P 7) /P 3

INTO a PIO/2GAMMA
90) QR MORE

0«88 0 ' 16
1 ~ 1 0 ' 2
0 ~ 75 0 ~ 09

I
~ e ~ ~ ~ ~ ~ e ~

0 ~ 824 0 ~ 085
0 821 0 085
0 787 0 ' 039

(SEE

WEIGHTED AVERAGE ~ 0 «B24 + 0.OBS
ERROR SCALED 'BY 1..2

(P2)/(P1)
CHRETI EN 62 PBC
BALTAY1 67 DBC
CENCE 67 QSPK
DE VQNS 70 QSPK

AVERAGEGE ( ERROR INCLUDES SCALE FACTOR QF 1 ~ 2 }
AVERAGE USING STUDENT10(H/1 ~ 11) SEE TEXT

FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)
IDEOGRAM BELOW )

7/66
7/66
7/66

ll/67
1/68

12/70

The discrepancies between varioarious measure-
~ Tt g arements of branching ratios involving g

1 ed in the ideogram below, in which. all rel-isp aye

evant experimen'ments have been converted to a com-

ratio fitmon ratio, 7t gg//neutrals. Our branching

does not inclu ed DIGIUGNO 66, FELDNAN 67, or the

upper limit measurements. p gSee a e 43 of "Review

Ph sics Letters 398,of Particle Properties, Phy

No. 1 (1972) for more discussion.

WEI&HTED AVERA&E = 0.061 + 0.031
ERROR SCALED BY 2.3

0.4 O. B 1 ~ 2

ETA INTO (3PIO) & (2&AMMA)

1.6

70 OSPK
67 GSPK
67 DBC

CHISQ
0.7
1.9
0 .1.
2.7

( CONLEV
=O. 269)

e of weighted average,
scale factor are for the
nv'enience only. The
ctually processed by a
fit program, which

ts own values of x, Sx,
actor, which are differ-
e values shown here.

~ ~ ~

[

~

al
I

I ~ ~ ~
I

~ ~ ~ ~ ~

~ SCHMITT
~ KANOFSKY
~ . DEVONS

CO)(
BUTTRAM
JACQUET
FELDMAN
BALTAY1
)JAHLI &

&RUNHAUS
DI&IU&NO

-0 2 0.0 0.2 0.4 0.6 O. B

ETA B.R. INTO (PIO 2&AMMA) &NEUTRALS

70 OSPK
70 OSPK
70 OSPK
70 HBC
70 OSPK
69 HLBC
67 OSPK
67 DBC
66 OSPK
66 OSPK
66 CNTR

CHISQ
0.9
0.0
2.3
1.6
3 ~ 4
0.6

13.4
0.8

4 ~ 4
19.0
46.4

(CONLEV
=0.000)

R4 ET A I
R4
R4 M 24
R4 M THIS
R4 M NOT
R4
R4
R4
R4
R4
R4 7250
R4 18K
R4
R4 AVG
R4 STUDENT
R4 FIT

6/66

8/67
11/67
8/67

12/70
6/70

12/70
12/70

5/71
2/71
2/71

6/66
7/66
7/66
8/67

11/67
6/70
6/73

(P7 )/ I Pl+P2+P7)R3 ETA INTO t P I 0 2GAMMA) /NEUTRALS
72 ) DI G IUGNO 66 CNTR ERROR DOUBLEDR3 S

GIUGNO+ 66 HAVE BEEN INCREASED BY A FACTORR3
POSSIBLE SYSTEMATIC ERRORS ASOF TWO' TO TAKE INTO ACCOUNT POSSIR3

R3 SUGGESTED BY THE
GRUNHAUS 66 OSPK

AUTHORS'
R3

~ 044) BUNIATOV 67 QSPKR3 R ( ~ 028 ) t 044)
FELDMAN 67 QSPKR3 5 ( ~ 244) ( ~ 05)

N ETA DECAY INTO NEUTRAl S ABOVE«R3 S SEE THE NOTE ON ETA
UTTRA M 70 QSPKR3

70 HBCR3
S CL~ ~ 90 DE VQNS 70 OSPKR3

CHMI TT 70 OSPKF 016 , ~ 047 S
A REANALYS IS BUN IATOV 67R3 R SCHMITT 70 IS A R

STRUGALSK 71 HLBCR3 E (0 11) (0~ 03)
LUD ED BECAUSE THE ERROR APP EARSR3 E THIS MEASUREMENT HAS BEEN EXCLU

TO BE SERIOUSLY UNOEREST IMAT ED ~R3 E

AVERAGE OF 1 ~ 4}
R3

VERAGE (ERROR INCLUDES SCALE FACTOR 0 ~

AVERAGE USING STUDENT10(H/1 ll) -- SEE TEXT
R INCLUDES SCALE FACTOR OF 1 2)0«015 FROM FIT (ERRQR3 F IT 0 ~ 044

+ PI- PIO} (P4 }/(P3)NTQ (PI+ PI- GAMMA)/ I Pl+ P I- P IO
FQELSCHE 64 HHBC0 ~ 14 0« 08
PAULI 64 QBC(0 ' 73) (0 ' 25)

N INCLUDED IN THE AVERAGES SINCE IT I S
ARE ACTUALLY FROM ET ASCLEAR THAT THEIR CLASS 8 EVENTS ARE

CRAWFORD 66 HBC0«30 0 ' 06
KRAEMER 64 CBC
FOSTER3 65 HBC~ 196 ~ 041
L ITCHFI EL 67 DBC25 ~~ 035
BALTAY2 67 DBC0 ~ 28 0 ~0 ~ 04
GORMLE Y 70 ASPK~ 201 ~ 006
THALER 73 ASPK0 ' 209 0 ' 004

~ ~ ~ ~ ~ ~ ~ ~ ~

RAGE (ERROR. INCLUDES SCALE FACTOR OF 1 1 j0 ~ 2074 0 ~ 0037 A VERA GE
UDE NT10( H /1 ~ 11) -- SEE TEXT0 ' 2074 0«0037 AVER AGE US ING ST

INCLUDES SCALE FACTOR OF 1 e 0)0« 2075 0 0033 FROM F IT ( ERROR IN

( P 1)/( P3)R7 ETA
R7
R7 401
R7
R7 AVG
R7 STUDENT
R7 F I T

RB ETA I
RB 50
RB
RB
RB 244
RB 29
RB 8 70
RB 74
RB 8 ERR
RB
RB AVG
RB STUDENT
R8 F IT

R9
R9
R9
R9
R9
R9

8/67
11/67
12/75+

R10
R].0 6/66

Rll
Rl 1 6/ee

6/66
8/67
8/67

8/67

11/67
12/70
6/70
5/71

12/75~

R13
R13
R13

' R13
R13
R13
R13
R)3
R13
R13

- R1 3
R13
R13
R13
R13

ETA INTO 3P IO/NEUTRALS
0.054) DI GIUGNGNO e6 CNTRS (0 ~ 209) ( ~

GRUNHAUS 66 OSPKR ( ~ 29) ( 1( 10)
FELDMAN 67 OSPKS ( e 177) ( ~ 035 )

ETA DECAY INTO NEUTRALS ABOVE ~S SEE THE NOTE ON E
~ 41 ~ 033 BUNIATQV 67 QSPK

R REDUNDANT INFORMAT ION FRQ M THI S EXP ER IMENT»
70 OSPK( ~ 439) t ~ 024 ) BUTTRAM 70R

~ 042 C0 X 70 HBC~ 392 ~ 042
STRUGALSK 71 HLBC0 ~ 32 0 ~0 ' 09
KENDALL 74 OSPK75 0« 40 0 14

0 ~ 397 0 ~ 025 AVERAGE ( ERROR INCL UDES
o27 E A E S I T

FROM F IT (ERROR INCLUDESF IT 0 ~ 421 0» 014

t P 2) / ( Pl+ P2+ P7 )
ERROR DOUBLED

SCALE FACTOR QF 1» 0)
H/1 11) -- SEE TEXT
SCALE FACTOR OF 1 1 }

6/66
8/67
8/67

1)./ 67

12/70
6/70
5/71

12/75+

I NTO 2GAMMA/ (PI+ Pj — PO)
F QSTE Rl 65 HBC

7/69
1 ~ 61 0» 39

BAGL IN 69 HLBC1«72 ~ 25

UDENT10t H/1 I. l} -- SEE TEXT
ERROR INCLUDES SCALE FACTOR Q 1

~ 3 AVERAGE US ING ST
I. )1«611 0 ~ Ob5 FROM F IT (ERR

( P 1+P 2+P 7 }/( P 3 }NTQ NEUTRAl. / (P I+ P I- P IO )
3 6

7/66PAULI 64 OBC
9/662 ~ 89 0 «56 ALFF-STEI 66 HBC
1/68F LATTE'2 67 HBC

11/72AGUILAR-8 72 HBC
).1/720.S0 BLQQDWQRT 72 HBC
12/75~

2 ~ 83, 0«8
KE NDALL 74 QS PK2 ' 54 l«89

A E 0« 5 BY BLQQDWQRTHg PRIVY COMM» 1/73OR INCREASED FROM PUBLISHED VAl UE 0

AVERAGE
E USING STUDENT10(H/1 ~ 11) -- SEE TEXT

3 ~ 01 0 ~ 10 F ROM F IT ( ERROR3 ~ 0 . ROR INCLUDES SCALE FACTOR OF 1 1)

) (UNITS 1044-4) ( P5) /(P3)ETA INTO ' ( E+E-P IQ) /(P I+P I-P IO
OR L ESS PR ICE 65 HBC1 10~ OR

F 0STER2 65 HBC0 77. OR LESS F
C42 ~ OR LESS Ct = 90 BAGL IN1 67 HLB

OR LESS CL= ~ 90 BILLING 67—~ HLBC
1 ~ 9 OR LESS CL= ~ 90 JANE 1

ETA INTO ( E+E-PI+PI- I /TOTAL ( UNITS 10+~-2) (P6 )

(0 ' 7) OR LESS RI TTENBER 65 HBC

(P6 }/ (P4)~TA INTO (E+E-PI+PI-) /(PI+PI-GAMMA)
GRQSSMAN 66 HBC1 0 ~ 026 0 ~ 026

( P 1 ) / (

Pl+P2+�P7�)
R).2 ETA INTO 2 GAMMA/NEUTRALS

) (0 ' 044) 0 I Gj UGNO 6666 CNTR ERROR DOUBLEDR12 S (0 ~ 416) t ~

GRUNHAUS 66 QSPKR12
( 579) t 052)) FELDMAN 67 QSPK

E A DECA INTO NEUTRA ABQV E ~R12 S SEE THE NOTE QN ET
J ONE S 66 CNTRR12 T (0 39) t 0 ~ 06)

CTIQNS FROM TWQ DIFFERENT EXPTSR12 T THIS RESULT FRO COM COMBINING CROSS SECTIQ
BUNI ATQ V 67 OSPKR12

01 8 BUTT R AM 70 QS PKR12 .03e CQX 70 HBCR12 ~ ~

STRUGALSK 71 HLBCR12 0 ~ ~0 ' 09
KENDALL 74 QSPKR 12 113 0«60 0 ~ ).4

R12 ~ ~ ~ ~ ~ ~ ~ ~ ~

E OR INCLUDES SCALE FACTOR OF 1.3)R12 AVG 0»535 0 ~ 018 AVERAGE t R&
6 A VERAGE USING STUDENT10 ( H/1 «11 ) -- SEE TEXTR 12 STUDENT 0 ~ 535 0 ~ 01

«2}0 ~ 535 0 013 FROM F IT ( E RRQR I NCLUDES SCALE FACTOR QF 1 eR12 F IT
(S EE IDEOGRAM BFLOW )
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S88 Particle Data Group: Review of particle properties

Stable Particles Data Card Listings
For notation, see key at front of Listings.

WEIGHTED AVERAGE = O. S3S + O. OXH

ERROR SCALED BY 1.3

Values above of weighted average,
error, and scale factor are for the
r ea.der' s convenience only. The
data were actually processed by a
constra. ined fit program, which
calculates its own values of x, gx,
and scale factor, which are differ-
ent from the values shown here.

CHISQ

Al
Al
Al
Al
A).
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al

14 ETA C-N3NCONS ERV ING DECAY PARAMETERS

R. ELATED TEXT SECTION V I C ~ 1

AV ERAGE ( ERROR INCL UOES S CAL E FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT10(H/1 ~ ll) -- SEE TEXT

LEFT-R IGHT ASYMMETRY PARAMETER FOR PI+ PI- PIO (UNITS 10¹¹-2)
1351 7 2 2 ' 8 BA LTA Y 66 DBC
1300 5 ~ 8 3 ~ 4 CL PWY 66 HBC

10665 {0 ~ 3) ( 1 ~ 0) CNQPS 66 OS PK REPL BY HULL ER 69
705 -6 ~ 1 0 LARRI BE 66 HBC

G36800 (1 ~ 5) ( ~ 5) GORML EY3 68 ASPK
10709 ~ 3 1 ~ 1 HULLER 69 OSPK
1138 —1 ~ 4. 3 CARP ENTR 70 HBC
349 3 «2 5 4 DANBURG 70 DBC

220K -0 05 0«22 LAYTER 72 ASPK
165K 0 ~ 28 0 ~ 26 JANE1 74 OSPK

G GORHLEY3 68 ASYHHETRY PROBABLY DUE TO UNMEASURED (E X 8) SPK ~ CH ~

G EFFECTS NE'W EXPTS. WITH (E X 8) CONTROLS DONT OBSERVE ASYMMETRY ~

~ ~ ~ ~ ~ ~ ~ ~ ~

AVG 0 ' 12 0 ' 17
STUDENT 0 ~ 11 0«19

8/66
8/66
8/67
8/67
6/6 8
9/69
6/70
2/7 1
8/72
3/74
3/74
3/74

KENDRLL 74
STRUGALSK 71

&& 70
TTRAM 70
NIATOV 67
UNHAUS 66

0 ~ 3 O. S 0.7

ETA INTO (2 GAMMI:))&NEUTRALS

0.9

OSPK
HLBC
HBC
OSPK
OSPK
OSPK

0.1
1.9
0.0
2.B
1 .El

6 ~ 6
(CONLEV
=0 .157)

R14 ETA INTO PIG (2
R14 («5) OR
R14 0 ' 0
R14 P {0 05)
R14 ~ ~ ~ ~ ~ ~

R14 F IT 0 ~ 083

GAMMA)
LESS
0 ~ 14

(0 04)
~ ~ «

0 030

/2GA MHA

CL= 90 WAHLI G 66 SPRK
BALT AY1 67 DBC
8 GNAMY 67 S PRK

(P7 )/(Pl )
7 /66

11/67
PREL IMINARY RESULT 11/67

FROM FIT ( ERROR INCL UDES SCAI E FACTOR OF 1 ~ 2)

R15 ETA INTO ( E+E-P IO 1/TOTAL (UNITS 10¹¹-2) {P5)
(0 ~ 7) OR LESS RITTENBER 65 HBC

R15 (0 ' 084)GR LESS CL= ~ 90 BAZIhj 68 DBC

LE F T-R I GHT A

33 2 ~

-4
1620 I ~ 5
7257 1~ 22

36K 0 ' 5
35K 1 2

MULL ER 69 I S

SYMMETRY PARAMETER FOR PI+ PI- GAHMA (UNITS 10¹¹-2)
17 ~ CRA WF GRD 66 HBC

8« L ITCHFI EL 67 DBC
2 ' 5 HULLER 69 OSPK
1 56 G GRHLE Y 70 ASPK
0 ~ 6 THAL ER 72 ASPK
0 ~ 6 JANE2 74 OSPK

SENS IT IVE ONLY TQ UP&ER ~ 4 OF GAMMA-RAY SPECTRUM«
« ~ « ~ ~

0 40
0 ~ 45

A2
A2
A2
A2 N

A2
A2
A2
A2 N

A2
' A2 AVG

A2 STUDENT
AVERAGE {ERROR IhjCLUDES SCALE FACTOR OF 1 0)
AVERAGE USING STUDENT 10(H/1 «1 1 1 SEE TEXT

0 88
0 ' 88

AS SEXTANT ASYHMF TRY PARAMETER FOR PI+ PI- PIO {UNITS 10¹¹-2)
AS 1300 6 8 3 ' 3 CL P WY 66 HBC
AS 705 -2 ~ 4 4 ~ 0 L ARRI BE 66 HBC
AS 37K 0 ~ 5 0 ~ 5 GORMLEY3 68 WIRE
AS 220K 0«10 0 ~ 22 LAYTER 72 ASPK
AS 165K 0 ~ 20 0 25 JANE1 74 OSPK

AS AVG 0 19 0 ~ 16 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AS STUDENT 0 19 0 ~ 17 AVERAGE USING STUDENT 10(H/ l»11) -- SEE TEXT

AQ QUADRANT ASYMHETRY PARAMETER FOR P I+ P I- P I0 {UNITS 10¹¹-2)
AQ 220K -0 ~ 07 0 ~ 22 LAYTE R 72 ASPK
AQ 165K —0 ~ 30 0 ~ 25 JA NE 1 74 GSPK

-0 ~ 17 0 ' 17 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
AQ STUDENT -0 ~ 17 0 ~ 18 AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE TEXT

11/66
8/67
9/69
6/70
8/72
3/74

12/75¹
12/75¹
12/75¹
12/75¹
12/75¹

12/75¹
12/75¹

ETA I NTO 2G AMMA/ (3PIO + P I0 2GAMMA)
0 ~ 80 25 BACC I 63 CNTR

l«150 0 060 FROM FIT l ERROR INCLUDES SCALE FACTOR OF 1 ~ 2)

R16
R16
R16
R16 F IT

( P 1)/ I PZ+P 7)

R17
R17
R17
R17
R17
R17
R17 T
R17

ETA INTO (P I+PI-P IO GAHMA)/ (P I+P I-P IO) ( UNITS 10¹¹-2)
(P10)/(P3)

(7»0)
(0 ~ 91
(1 6)
(1 71
0«24
0 ~ 0

OR L ESS
OR LESS
OR L ESS
OR L ESS
OR LESS

0. 15

CL= ~ 95
CL=«,90
CL= «90

F LATTE 67 HBC
PR ICE 67 HBC
BALTAY2 67 GBC
ARNOLD 68 HLBC
T HAL ER 73 ASPK
L I Mi T ABOVE REST AT ED FOR AVERAGING

R18 ETA INTO ( PI+PI- 2GAMMA)/ (PI+PI-P IO) (P ll) /(P31{.009)OR LESS PRICE 67 HBC
( «016)OR LESS CL= ~ 95 BALTAY2 67 DBC

ETAR19
R19
R19
R. 19 199
R19
R19 A VG
R19 STUDENT
R19 F IT

INTO 3P I 0/( PI+ PI-
1 ~ 3 »4
1 .47 0 ~ 20
1 50 15

~ »» ~ « ~ ~ ~ ~

1,46 0 ' 13
1 ~ 46 0«14
1 ' 268 0 ' 060

PIO)

0 ' 17
29

BAGLIN2
BULLOCK
BAGLIN

67 HLBC
68 HL BC
69 HL BC

(P2)/(P3)

AVERAGE ( ERROR ENCL. UDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDE NT10(H/1 11) -- SEE TEXT

FROM FIT (ERROR INCLUDES SCAI E FACTOR OF 1«1)

&20 ETA
R20
R20
R20 F IT

(Pl) /(P2+2/3 P7)INTO 2GAMHA/((3PIO)+2/3(PI 0 2GAMMA) I

1 ~ 10 0«5 MULLER 63 DBC

1 ~ 187 0 058 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 2)

I P 1+PZ+P7 )
67 OSPK
71 CNTR HM SP ECTROMETER

R21 ETA INTO NEUTRALS/TOTAI
R21 «79 F 08 8 UNI A TOV

1eK. .705 .008 BA5 ILE

0 ~ 7058 0 0080 AVERAGE ( ERROR I NCL UDES SCAI E FACTOR OF 1 ~ 0)
R21 STUDENT 0 ~ 7058 0 0086 AVERAGE USING STUDEhjT10(H/1 111 -- SEE TE XT

0 ~ 7103 0 ~ 0068 FROM F IT ( ERROR I NCLUDES SCAL E FACTOR OF 1 ~ 1 )

7/66

8/67
8/67

11/67
9/68
6/73
6/73

8 /67
9/68
7/69

7/66

11/67
8/71

DP
DP
DP
DP
DP
DP
DP
DP
DP
DP
DP
DP
DP
DP

RELATED TEXT S ECTION V I C.2
THE FOLLOWING EXP TS FIT TG ONE OR hlORE
Ay By Cy Dy OR E FOR ETA TO P I+ PI- P IO
MATRIX ELEMENT¹¹2=1 + A¹Y + 8¹(Y¹¹2)+

1300 SEE TEXT SEC VI C ~ 2 CLPWY
705 SEE TEXT SEC VI C ~ 2. LA RRI BE

7170 SEE TEXT SEC VI C ~ 2 C MOPS
37K SEE TEXT SEC VI C 2 GGRMLE Y3
52e SEE TEXT SEC VI C.2 BAGLIN

1138 SEE TF XT SEC VI C ~ 2 CARPENTR
349 SEE TEXT SEC VI C ~ 2 DANBURG

7250 SEE TEXT SEC VI CD 2 GORMLEY
220K SEE TEXT SEC VI C 2 LA YTE R

81K SEE TEXT SEC VI C ~ 2 LAYTFR

OF THE CGEFF I C I ENTS

C¹X + D¹(X¹¹2)+ E¹X¹Y
66 HBC
66 HBC
68 OSPK
68 WIRE
69 HL BC
70 H B.C
70 DBC
70 W IR E
72 ASPK
73 ASPK

AO ALPHA PARAMETER FOR ETA TQ 3 Pi 0
AO MATRIX ELEHENT ¹¹21 + 2¹ALPHA¹Z (SEE TEXT SEC VI C ~ 3)
AO 192 -0 ~ 32 0 ~ 37 BAGLI N 70 HLBC

PE VSNER 61 PRI 7 421

/

REFERENCES FOR ETA

PEVSNERy KRAEMER y NUSS BAUHy RICHARDSON + (J HU )

BET BETA FOR E TA TO PI+ PI- GAMMA ~ SENSIT I VE TQ 0-WAVE CONTRIBUT ION
BET DN/DCDS THETA = SIN¹¹2THETA ¹ ( 1 + BETA ¹ COS¹¹2THETA)
BET 7250 -0«060 0 «065 GQRHL EY 70 W IR E
BET L 0 ~ 1Z 0«06 TH AL E R 72 ASPK
BET 35K 0 ~ 1 1 0 ~ 1 1 JA NE2 74 OSPK
BET L AUTHORS DONT BELIEVE THIS TO INDICATE D-WAVE BECAUSE DEPENDENCE OF
BET L BETA ON GAMMA ENERGY INCQNSI STENT WITH THEOR PREDICT IQN ~

BET L COS¹¹2DEP ENDENCE MAY ALSO COME FROM P AND F-WAVE INTERFERENCE ~ .

BET ~ ~ ~ ~ ~ ~ ~ ~ ~

BET A VG 0 ~ 047 0«062 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 5)
BET STUDENT 0«053 0 ~ 053 AVERAGE USING STUDENT10(H/1« ll) -- SEE TEXT

14 ENERGY DEPEhlDENCE OF ETA DALI TZ PLOT

12/75¹
12/.75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹

12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹

12/75¹
12/75¹

R22
R22
R22
R22 F IT

ET A INT J ( P IO 2GAHMA)/TOTAL
~ 12 OR LESS CL=. 95

~ ~ ~ ~ ~ ~ ~ ~ ~

0 031 0 ~ 0 11 FRGH F IT

JACQUET
(P7)

69 HL BC 6/70
ALFF e2 PRL 9 322
BAST IEN 62 PRL 8 114
CHRET I EN 62 P RL 9 ).27
PICKUP 62 PRL 8 329
SHAFER 62 CERN CONF 307

ALFFy BERL EYy COLLEYy BRUGGER + ( COLU+RUTGERS )
BASTIENy BERGEy DAHLy FERRO-LUZZ! + (LRL )
CHRET IEN+ ( BRAN+BROWN+HARVARD+HI T+PADOVA)
E P ICKUPy ROBINSONy SALANT (CNRC+BNL )
J SHAFERyFERRG-LUZZI yMURRAY + (UCB+LRL)

R23 ETA INTO MU+MU-/TOTAL (UNITS 10¹¹-5) ( P12)
R23 0 2 ~ OR LESS CL= ~ 95 WEHMANN 68 QSPK

R24 ETA INTO MU+MU-P IO/TOTAL (UNITS 10¹¹-4) (P 14)
R24 5 ~ OR LESS WEHMANN 68 OSPK

R25 ETA INTO MU+MU-/2GAHMA (UN ITS 10¹¹-5)
R25 5 ~ 9 202 HYAMS 69 OS PK

(P12) /(P 1)

P I 0 2GAHMA ) (P7)/(P2+P7)
KANOF SKY 70 OS PK

THI S EXPERIMENT FROM +0 3y-0 ~ 1
IT IS CLEAR FROM FIGURE 7 IN THE
GF 0 0 I S ABOUT AS PROBABLE AS THE

R26
R26
R26
R26
R26
R26
R26
R26 'F

ETA INTO ( P IO ZGAMMA )/ (3P IO +
N 0 ~ 1 0 3
N WE HAVE CHANGED THE ERROR ON

N TO THE ABOVE +0 3 y-0 y 3 S INC E
N ARTICLE THAT A CENTRAL VALUE
N QUOTED VALUE OF 0 ' 1

0 095 0.032 FRGM FIT (ERROR INCLUDES SCALE FACTOR OF 1»2)

4/68

4/68

7/69

2/71
2/71
2/71
2/7 1
2/71

BACC I
BUSCHBEC
CR A'W FO RD

ALSO
DELCGURT
MULI ER

63 PRL 11 37
63 S lENA CONF 1 166
63 PRL 10 546
66 P RL 16 907
63 Pl 7 215
63 S I EN A CONF 99

FOELSCHE 64 PR 134 8 1138
KRAEMER 64 PR 136 8 496
PAUL I 64 PL 13 351

FOSTER1 65 PR 138 8 652
FOSTER 2 65 A THEN S
FOSTER3 65 THES IS
PRICE 65 PRL 15 123
R I TTENBE 65 PRL 15 556

H W FOEL SCHE y H L KRAYBILL
KRAEMERyMADANSKYy FIELDS +
E PAULI yA MULLER

FOSTER y P ET ERS y MEER y LOEF FL ER
FOSTE R y GOOD ~ ME E R

M ~ C ~ FOSTER
L ~ R ~ PRICEy F ~ S ~ CRAWFORD
RITTEN BERG y KAL BFLEISC H

( YALE1
( JHU+NWE S+ WOOD )

(S ACL AY )

+ {WI SC+P URDUE )
(W ISCGNS IN )
(WI SCGNSI N)

(LRL 1

( LRL+BNL )

BACCIy PENSOySALVINI + (ROMA+FRAS)
BUSCHBECK-CZAPPyCOOPER y (VIENNAyCERNy AHST 1

F S CRAWFORD y LLOYD y FO'WLER ( LRL+ DUKE)
F S CRAWFORDyL LLOYDyE FOWLER (LRL+DUKE)
DELCOURT yLEFRANCOI Sy PEREZ Y JORBA+ (ORSAY )
MULLER y P AUL I + {SACL+ROHA)

{P15)
73 ASPK CGN L EV ~ NOT GIVEN

R28
R28 J
R28 J
R28
R28 FIT

ETA INTO (E+E-GAMMA)/(PI+PI-PI0) (UNITS
80 2«l 0«5 JANE2
VALUE CHANGED BY ERRATUM «

~ ~ ~ ~ ~ ~ ~ ~ ~

2 ~ 11 0.50 FROM F IT ( ERROR I

l0¹¹-2) (P81/(P31
75 OSPK

NCL UDE 5 SCALE F ACTOR OF 1 ~ 0 )

R27 ETA INTO ( PI+ PI —) /TOTAL (UNITS 10¹¹-21
R27 0 (0 15) OR LESS THALER

6/73
6/73

2/76¹
2 /76¹

ALFF-STE
BALTAY
CLPWY
C NOPS
CR AW FORD
DIGIUGNO
GROSSMAN
GRUNHAUS
JAMES
JOhjE S
LARRIBE
WAHLIG

66 PR 145 1072
66 PRL 16 1224
66 PR 149 1044
66 PL 22 546
66 P RL 16 333
66 PRL 16 767
66 PR 146 993
66 THESI S
66 PR 142 896
66 PL 23 597
66 PL 23 600
66 PRL 17 221

ALFF-STEINBERGERy BERLEY+ (COLUMBIA+RUTGERS )
+FRANZ INI y KI Hy KI RSCH+ (COLUMBIA+STONY BROOK )
COL UM B IA yL RL y P UR DUE y W I SCONSI N y YALE
CNOPS y+INOCCHI ARS y{ ASS ALLEy (CERNy ETHZy SACL )
F ~ S «CRA WFORD y L ~ R» PRI CE (LRL )
DIGIUGNOy GIORGI y SILVESTRI+ (NAPLy TRSTyFRAS)
R GROSSHANy L PRICE y F CRAWFORD (LRL )
J ~ GRUNHA US (COLUHBIA)
F E JAHESy H L KRAYBILL ( YAL E+8 NL 1

JONES y BI NNI Ey DUANEy HORS EY ~ MASONy (LO ICy RHEL )
LARRIBE y LEVEQUE y MULLER y PAULI y+ (SACL+RHEL 1

WAHLIGy SHIBATAy MANNELL I ( MIT+P I SA 1
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Particle Data Group: Review of particle properties S89

Data Card Listings
For notation, see key at front of Listings.

Stable Particles
P, xl

BAGL Ihll
BAGL IN2
BAL TAY1
BALTAY2
BEMPORAD

AL SQ
BILLING
BOhlA MY

80 WEN

BUNI ATOV
CENCE
FEL DMAN

FLATTE
FLATTE2
LITCHF IE
PRICE

67 PL 248 637 BAGLINtBEZAGUETtDEGRANGEt+ . ( E POL+UCB I
67 BAPS 12 567 BAGL I t4t 8 EZAGUET t DEGR ANGE t+ ( EPQt. +UCB )
67 PRL 19 1495 BALTAY t FRANZINI t KIMt NEWMAN+ (COLU+BRAN)
67 PRL 19 1498 BAL TAY ~ FRANZ IN I, K I M, NEWMAN+ (COLU+ STON )
67 PL 258 380 BEMPORADt BRACCINIt FOAtLUBELSMEY+(P ISAt BONNI

PRIVATE COMMUNICATION
67 PL 258 435 8 ILL IN G t BULLOCK t E S TEN t GQ VAN t+ ( LOUC t OXF I
67 HEIDELBERG CONF ~ BQNAMYt SONDEREGGER ( SACL AY)
67 PL 248 206 BOWEN t CNOP S tF I NQCCH I AROt+ (CERN+ETHZ+SACL I
67 PL 258 560 BUNIATOV t 2 AVATTINI tDE INET t+ (CERN+KARL )
67 PRL 19 1393 CENCEt PETERSON t STENGERt CHIU+ (HAWAI I+LPL )
67 PRL 18 868 FE{ OMAN FRATI GLEESON HALPERN + ( PENN}
67 P RL 18 976 S «M ~ FL ATTE (LRL)
67 P R 163 1441 S ~ M ~ FLATT E AND C ~ G ~ WOHl (LRL I
67 PL 248 486 L ITCHF IELD tRANGANt SEGARt SMITH+ {RHEL+SACLAY}
67 PRL 18 1207 L «R ~ PRICE» F ~ S ~ CRAWFORD (LPL)

HARRISON
TAYLOR
FQX
COHEN
BERGAMAS
REINE S
ROBERTS

ALSO

69 PRL 22 1263 HARR IS QNt SANDARS t WRIGHT ( CLAR ENDQN OXFORD I
69 RMP 41 375 4PARKER tLANGENBERG ( PR IN+UCI t PENN)
72 P RL 29 193 +BARNES E I SENSTE IN+{ BNL+CARN+VPI+WI LL+ WYCM)
73 J ~ PHYS ~ CHEM ~ REF ~ DATA 2 t P ~ 663t E ~ R ~ CQHENt 8 ~ N ~ TAYLOR
74 LNC 11 636 BERGAMASCO t PICCHI (TQRI+FRAS I
74 PRL 32 493 +CROUCH ( UC I+ CA SE )
74 PRL 33 1181 +CQXt ECKHAUSE+. (WILL+VP I+CARN+WYQM+C IT+BNL )
75 PR D12 1232 ROBERTS CQX t. (WI LL+VPI+CARN+WYOM+CIT+BNL)

17 NEUTRON(939t J=l/2) !=1/2

ARhlOLD 68 PL 278 466
BAZ IN 68 PRL 20 895
BULLOCK 68 PL 278 402
GORMLEY3 68 PRL 21 402
WEHMANN 68 PRL 20 748

BAGL IN 69 PL 298 445
ALSO 70 NP 822 66

HYAM S 69 PL 298 128
JACQUET 69 NC 58 743
MULLER 69 THES IS

+PATYt BAGL INtBI NGHAM+ ( STRBt'MADR+EPOL+UCB )
BAZ INt GOSHAW ZACHER + (PRINCETON QUEENS)
+ESTENt FLEMINGtGOVANt HENDERSONt OWEN+ {LOUC)
GORMLE YtHYMANt LEE t NASH tPEOPLES+ (COLU+BNL)
WEHMANNt ENGELSt+ (HARV+CASE+SLAC+CORN+MCGI )

BAGLINt BEZAGUE Tt+ ( EPOL t UCBt MAOR ~ STRB)
+BEZAGUET t DEGRANGEt MUSSET +( EPOL t MADR t STRB I
HYAMSt KOCH tPOTTERt YON LINDERNt+ (CERNt MP IM)
JACQUETtNGUYEN-KHACtHAATUFT+ (EPOLt BERG)
ARMAND MULLER ( STRB)

M T
M T
M T
M T

17 NEUTRON MASS ( MEV I

(939 ~ 5527) (0 ~ 005 2 } TAYLOR 69 R VUE USING NEW E/H
939 5731 0 0027 COHEN 73 RVUE

THESE DETERMINATIQNS OF NEUTRON MASS NQT INDEPENDENT OF
NEUTRON-PROTON MASS DIFFER ENCE MEASUREMENTS BE LQ'W ~

17 (NEUTRON) - (PROTON} MASS DIFFERENCE (MEV)

7/70
3/74
7/70
7/70

BAGL IN
BUTTRAM
CARP ENTR
COX
DANBURG
DEVONS
GQRMLEY

ALSO
KANOFSKY
SCHMITT

70 NP 822 66
70 PRL 25 1358
70 PR D 1 1303
70 P RL 24 534
70 PR Dtt 2564
70 PR 0 1 1936
70 PR 02 501
70 NEVI S 181

{THESIS�

}
70 NC 68 413
70 PL 32 8 638

+BEZAGUET t DEGRANGE tMUSSET+ (EPQL+MADR+ STRB)
+KREIS LERt MISCHKE ( PRIN)
CARPENTER t 8INKLEYt CHAPMAN t CQX t DAGAN+ ( DUKE)
CGXt FORTNEYt GOL SON ( DUKE )
+ABOLINStDAHLt DAVIES t HOCHtKIRZt+ {LRL)
+GRUNHAUStKQZLOWSKI t NEMETHY . + {COLUr SYRA)
GORML E Y t HYMAhl t L EE t NASH t PEOPLE S+ (COL U+ BNL )
MICHAE L GORML EY (COLU)
A ~ KANOF SKY (LEHII
+BUNIATOV ZAVATTINI DEINET+ (CERN KARL)

0 M

D

0 M

D M

D M

MM

17 NEUTRON MAGNET IC MOMENT (htAGNETONS t938 ~ 2 MEV)

-1.913148 O. OOOO66 COHEN 56 RVUE

(1 ~ 29344) (0 ~ 00007) MATTAUC H 65 RVUE
1» 29343 0 ~ 00004 COHEN 74 RVU E

WE HAVE CONVERTED MATTAUCH NEUTRON-HYDROGEN MASS DIFFERENCE TQ
NEUTRON-PROTON MASS DIFFERENCE USING CURRENT VALUE OF ELECTRON MASS
AND A HYDROGEN BINDING ENERGY OF 13,6 EV ~

3/71
3/74
3/71
3/71
3/71

7/66

BAS ILE
STRUGALS
AGUIL A R-
BLOODWOR
LAYTER
THALER
THALER
BROWMAN
JANE1
JANE2
KENDALL
JANE 1
JANE2

ALSO

71 NC 3A 796
71 NP 827 429
72 PR 06 29
72 NP 839 525
72 PRL 29 316
72 PRL 29 313
73 PR D7 2569
74 PiRL 32 1067
74 PL 488 260
74 PL 48 8 265
74 NC 21 A 387
75 PL 598 99
75 PL 598 103
76 PL (TO BE PUBL ~ )

+BOLLINI tDALPIAZtFRABETTI+ (CERNt BGNAt STRB)
+CHUV I LQ t GEME SY t I VANOVSK AYA+ ( JINR )
AGUILAR-BENITEZtCHUNGtEISNERtSAMIQS (BNL)
BLOOD WORTH JAC K SGhl P REhlTI C E YOQN ( TORONTO I
+APPELtKOTLEWSKItLEEtSTEINtTHALER . {COLU)
+APPEL tKOTLEWSKI ~ LAYT ERt L EEt ST E IN ( CQLU )
+APPEL tKOTLEWSK I t LAYTERt LEE t STEIN {CQLU)
+DEW IREt GITTELMANt HANSGNtLQH +

(CORN+BING�)

+JONES tLIPMANtQWENt PENNEY+ (RHEL+LOWC+SUSS I
+JONES t L IP MAN t 0 WEN t P ENNE Y+ ( RHE L+ LOWC+ SUSS)
+LANOU t MASS IMOt SHAP IRO + ( BROW+BAR I +M IT )
+GRANNI S, J(3NES, LI PMAN tOWEN t (RHEL+LQWC I
+GRANN 1St JONESt LIP MAN tOWEN + (RHEL+LOWC }
ERRATUMt M ~ R ~ JANEt PRIVAT E COMMUNICATION ~

QUANTUM NUMBER DETERMINATIONS NOT REFERRED TO IN THE DATA CARDS

EDM
EDM

17 NCUTRQN ELECTRIC DI&OLE MOMENT (UNITS Lo++-23 E CM)
TEST OF CP OR T VIOLATION IN THE EM INTERACT IQN

(5 ~ ) OR LESS
0» 32 0 ~ 75

BAIRD
DRESS

69 MBR INCt UDED IN DRESS73 10/69
73 MBR ~ l T» 10++-23 CL= 80 6/73

17 NEUTR Ohl MEAN L IF E f UNI T S 10++3 S EC I

THE MEASUREMENT OF THE NEUTRON MEAN LIFE BY SGSNOV SKI I 59 HAS
BEEhl DI SCARDED SINCE 1 ~ IT DI SAGREE S Wj TH THE BETTER AND MORE
RECENT RESULT OF CHR IST ENS EN 67 ~ 2 ~ THE VALUE OF GA/G V DE-
RIVED FPQM THE NEW VALUE OF THE MEAN LIFE AGREES WEl L WITH THE
GA/GV VALUE QBTA INED FROM THE FREE NEUTRON DATA ~

BAST IEN 62 PRL 8 114
CARMONY 62 PRL 8 117
ROSENFEL 62 PRL 8 293

BASTIEN t BERGE t DAHL tFERRQ-LUZZI t MILLER+ {LRL I
D CARMONY t A ROSENFELD t VAN OE WALLE ( LRL )
A ROSENFELDt D CARMQNY t VAN DE WALLE (LRL I

( 1»012} f 0 ~ 021} SQSNOVSKI 59 PILE SEE NOT E E
(0»935) (0 ~ 014) CHRI STENS 67 PILE REPL BY CHRI STENS72

O.918 O. O14 CHRI STENS 72 P IL E
ERROR CHANGED BECAUSE ERROR IN CROSS SECTION FQR NFUTRQN ABSORPT IGN
I hl GOl D HAS BEEN REDUCED ~

7/68
3/68
6/72

T
T
T 8

8
T
T
T R
T 8
T R

16 PROTGN{938t J=l/2) I=1 /2

16 PROTON MA SS (ME V I

(938~ 256} (0 005)
(938 ' 2592) (0 ' 0052)
938»2796 0 ~ 0027

COHEN
TAYLOR
COHEN

65 RVUE
69 R VUE US I NG NEW E/H
73 RVUE

16 PROTON MEAN LIFE {UNI TS 10++26 YR}

( 000001) OR MORE
(0 ' 002}OR MORE
(1 ~ 5 } OR MORE

( 60 ~ 0) OR MORE
(200 ~ 0) OR MORE
{1300 ~ 0 ) OR MORE
20000»0 OR MORE

KROPP ANO BACK ENSTOSS SENSI TI
R E INES 74 LOOKS AT DECAY CHAI

16 PROTON MAGNET ~ MOMENT(E/2MP I

GOLDHABE 54 TH '232 FISS ~ MODE INQEPEN
FLERQV 57 TH 232 FISS ~ MODE INOEPEN
BACK ENSTO 60 ChlTR
KROPP 65 CNT R
GURR 67 CNTR DEPT ON DECAY MODE
BERGAMASC 74 CNTR
RE jNE S 74 CNTR

VE TO PARTI CULAR DECAY MODES OF PROTON
NS END ING IN MUON DECAY ~

7/66
7/70
3/74

12/75%
12/7 54'

12/754

17 NEUTRON BET A DECAY CQUPL ING CONSTANTS

RELATED TEXT SECTION VI 0 1

F
F. C
F P
F P
F C
F P

PHASE ANGLE OF GA RELATIVE TQ GV {DEGREESI
(176F 1) (F 4} CQNFORTQ 67 R VUE
(181' 3) (1 ' 3) ERQZOL I MS 70 CNTR POLAR ~ NEUTRON
181~ 1 1~ 3 K R QPF 73 R VUE hl DECAY

CQNFQR&0 67 COMBINES FREE NEUTRQhl DATA TO 1967» RE PL» BY KRQPF 73 ~

K ROPF 73 VALUE QBT AINE 0 BY F ITT ING AL L DAT A THROUGH 1972

AV GA/GV ( SEE TEXT 'FOR SIGN CONVENTION)
AV C (-1 ~ 250) (0 ~ 044) COhtFORTO 67 RVUE SEE NOTE C BELOW
AV EP ( —1 ' 23) (0 F 01} CHRISTENS 67 CNTR N DECAY FT VALUE
AV P ( —1 ' 22) ( 0 F 08) GRIGQRE V 68 CNTR E-NEU ANG CORREL
AV P (-1 ~ 26) {0 02) CHR ISTENS 70 CNTR PE tNEUT SPIN CORREL
AV EP (-1~ 27) (0 ~ 025 I EROZQLI MS 71 CNTR PE, NEUT SPIN CORREL
AV EP (-1»239) f 0 ~ 011} CHRI STENS 72 CNTR N DEC ~ + FT VALUE
AV P (-1 ~ 263) {0 016) KRQPF 73 RVUE N DECAY ALONE
AV P -1» 250 ' 0 ~ 009 KRQPF 73 RVUE N DEC ~ + FT VALUE
AV E --j»250 0 ~ 036 DOBRQZEMS 75 CNTR E-NEU ANG CORREL
AV C CQhlFORTQ 67 COMBINES FREE NEUTRON DATA TQ 1967 ~ REPL» BY KRQPF 73 ~

AV E THESE EXPERIMENTS MEASURE THE ABSOLUTE VALUE OF GA/GV ONLY
AV P KROPF 73 VALUE OBTAINED BY F I TTING At L DATA THROUGH 1972 ~

AV ~ ~ ~ ~ ~ « ~ ~ ~

AV AVG -l»2500 0 ~ 0087 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ OI
A V STUDENT -I ~ 2500 0 ~ 0094 AVERAGE USING STUDE hl T10 ( H/1 11 ) -- SEF TEXT

11/68
10/71
10/71
10/7 1
1/73
1/73
1/73

12 /75 4
1/73

10/71
1/73

11/68
10/69
1/73
1/73
1/73

MM

MM

MM

(2 ' 79276) ( 00002)
( 2 ~ 792782} ( 000017)

2 ' 7928456 ~ 0000011

COHEN
TAYLOR
CQ HEN

65 RVUE
69 RVUE US ING NEW E/H
73 RVUE

7/70
3 /74

444gg4 448 444444A84 4W4444084

REFERENCE S FOR NE UTRQN

MMl 0
MM1 R
MM1 R
MMl 0
MM1 R

16 ANTI PROTON MAGNETIC MOMENT ( E/2 }tP I

f l«8} (1 ~ 2 I BUTTON 62 CNTR
( -2 ~ 83) ( 0 10l FOX 72 CNT R
-2 ~ 819 0 ~ 056 ROBERTS 74 CNTR

OLD EXPERIMENT WITH LARGE ERROR ~ NOT AVERAGED ~

ROBERTS 74 IS REANALYSIS OF FOX 72 DATA ~ REPLACES QLD FOX VALUE ~

11/75+
7/75+

7/754'

COHE N 56 PR 104 283
SOS NOVSK 59 J ETP 9 717

MATTAUCH 65 NP 67 1
CHR ISTEN 67 PL 26B 11
CQNFQRTQ 67 APAH 22 15
GR I GOREV 68 S JNP 6 239

V W COHEN t C QRNGQLDt RAMS EY (BNL+HARVARD )
SOSNOVSKIItSPIVAK»PRQKOFEV + {IAE MOSCOW )

+THIELEt WAPSTRA (MAX PLANCK INST»CHEM« I
CHR I STEN SEN htj E LSON BAHNSE N BROWN+ f RI SO)
G ~ CQNFORTO (CERN)
+GRI SHIN t VLADI MIRSK I I t NIKOLACVSKI I + { IT EP I

16 PROTON EL ECTR IC DIPOLE MOMENT ( UNITS 10++-23 E CM}
NQNZERQ VALUE IMPLIES VIOLATION OF & AND P IN EM INTERACTION

ED M 1G 700 ~ 900 « HARR I SON 69 MBR

REFERENCES FOR PROTON

10 /69

BAIRD
TAYLOR
CHRISTEhl
ERQZOL I M

ALSO
EROZOL I M

CHRISTEN
COHEN
DP SS
KR OPF

ALSO
COHEN
DQBRQZEM

69 PR 179 1285 +MILLERt DRESSt RAMSEY {ORNL t HA'RV)
69 RMP 41 375 +PARKER t LANG ENBERG ( PR I N+UC I+PENN )
70 P R C1 1693 CHR I ST ENSFN t KRQHN t R I NGQ (ANL }
70 SJNP 11 583 ERQZQL IMSK I BQNDARENKQ + (KURC MOSCOW I

PL 278 557 ERQZQL I M SKY t BONDARENKO + ( KURC IN MOSCOW I
71 JETPL 13 252 ERQZOL IMSK I I t BONDARENKO + f KURC MOSCOW)
72 &R 05 1628 CHRI ST ENSEN NIELSQN BAHNS EN BROWN+ ( R ISO )
73 J ~ PHYS ~ CHEM»RE'F ~ DATA 2t P ~ 663t E ~ R ~ COHEN ~ 8 ~ N ~ TAYLOR
73 P R D7 3147 DRESS t M ILL ER t RAMSEY {OR NL+ HARV)
73 ZPHY TQ BE PUBL ~ A KRQPF t H PAUL (L INZ. I
70 NP A154 160 H PAUL ( V I EN}
7 t PRIVATE COMM» E ~ R ~ COHEN ( ROCKWELL INTERNATL ~ SC I ~ CENTER )
75 PR 011 510 DQBROZEMSKYt KERSCHPAUMt MORAWt PAUL + (S EIB)

GOL DHABE
FLERGV
BACK EN ST
BUTTON
COHEN
KRQPP
GURR

54 P R 96 1157 FNOTE 2
57 SQV PHYS DOK 3 79
60 NC 16 749
62 P R 127 1297
65 R MP 37 537
65 PR 137 8 740
67 PR 158 1321

GQLDHABER t F RE INES+ (LQS ALAMQStBNL)
FLEROVt KLQCHKOVt SKOBK INt TERENTEV ( USSR )
BACKENSTOSStFRAUENFELDERt HYAMS + (CERhll
J BUTTON t 8 MAGL IC (LBL)
+DUMQhlD (N ~ AMER ~ AVIATION SCI ENCE CENT ~ t C IT )
W R KRQPP t F RE I NES I CAS j INST TECHNOLOGY )
GURRt KROPP tREINEStMEYER (CASE t JOHANNESBURG)

JACKSON 57 P R 106 517
. COHEN 65 RMP 37 537

B HALLA 66 PL 19 691

PAPERS NQT REFERRED TQ IN CATA CARDS

JACKSON» TREI MAN t WYLD ( PR I NC ETON I
+DUMOhlD ( N ~ AMER ~ AVIATION SCI ENCE CENT t C I T)
C P BHALLA ( ALABAMA )
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Particle Data Group: Review of .particle properties

Stable Particles »ta Card Listings
For notation, see key at front of Listings.

18 LAMBDA{ 1115'JP=1/2+ ) I =0

N

M N

M N

M N

N

M N

M N

M N

M

18 LAMBDA MASS (MFVl

5 INCE OUR FINAL VAlUES FOR THE SIGMA AND LAMBDA MASSES COHE FROM
DQI NG AN OVERALL FIT TO ALL MEASURED MASSES AND MASS DIFFERENCES
WE HAVE USED THE UNCORR ELATED MEASURE MENTS FROM SCHMIDT 65 RATHER
THAN THE ONES COMING FROM THE OVERALl FIT REPORTED IN THAT PAPER«
SI NCE THERE SEEMS TQ BE NO CQNVI NC ING ARGUMENT AS TO WHY ONE SHOULD
IGNORE DATA USING RANGE MEASUREMENTS WE HAVE INCLUDED HERE VALUES
DEPENDING QN PROT'3N AND P IQN RANGES % THE SCHMI DT 65 MASSES HA VE
BEEN REEVALUATED USING QUR APRIL 1973 PROTON AND CHARGED K AND P I
MASSES P ~ SCHHIDTg PRIVATE COMMUNICATIONS {1974l ~

M

M

M L
M S

M 5
M 5
M

M

M B

M 8
M 8
M 8
M 8
M 8
M 5
M

M A

M 5
M

1115.44 0. 12 BHQWMI K 63 RVUF + 5 EE NOTE L BE!QW

ABOVE LAMBDA MASS HAS BEEN RAISED 35 KEV TO ACCOUNT FOR 46 KEV
INCREASE IN PROTON MASS AND 11 K EV DECREASE IN CHARGED P ION MASS ~

635( 1115~ 86) t 0 ~ 09) BALTAY 65 HBC ERROR IS STATIS«
488 1115' 65 0 07 SCHMIJT 65 HBC SEF NOTE N

1147(1115' 74) (0 ' 04) CHIEN 66 HBC 6 ~ 9 PBAR P
972( 1115 691 ( 0 05) CHIEN 66 HBC 6 9 PBAR PANT IL

1115 6 0 ~ 4 LONDON 66 HBC
{1116F 0) (0»2) BAOI ER 67 HBC 2 ~ 4 PBAR P ~ LLBAR

195 1115~ 39 0 ~ 12 MAYEUR 67 EMUL
1524{1115' 52) (0 ' 03) BQ HM 70 EMUL
935 1 115~ 59 0 *08 HYMAN 72 HEBC

AV ERAGE OF VERY INCQNSI STENT DATA ~ ERROR STATI STI CA! ONLY ~ AUTHORS
DETECT SYSTEMATIC EFFECT OF ABOUT ~ 15 MEVy WHICH THEY ATTRI BUTE
TO ERROR I N RANGE-ENERGY RELATIONS' IN REGION BETA=0 ~ 6-0 ~ 7 ~

THIS EFFECTS IF CONFIRMED' WOULD AFFECT VERY LITTLE THE VALUES OF
BHQWMI CK 63 AND MAYEUR 67 ~

ERROR PURELY STATISTICAL»
~ » ~ ~ » ~ ~ ~ ~

VG 1115~ 566 0.056 AVERAGE {ERROR INCLUDES SCALE FACTOR OF l»3)
TUDENT1115 568 0 ~ 053 AVERAGE USING STUDENT 10 (H/1 ~ 11l -- SEE TEXT

FI 1115~ 600 0 ~ 048 FROM FIT (ERROR INCLUDES SCAlE FACTOR OF 1»2)
( 5 EE IDEOGRAM BEL QW I

6/66
3/74
9/67
9/67
6/66
8/67

11/67
3/72

11/71
3/72
3/72
3/72
3/72

2/76 4

WEIGHTED AVERAGE = 0.3879 + 0.0031
ERROR SCALED BY 1 ' 6

0.30 0.35 0.40 0, .45

POULARD 73
ALTHOFF2 73
BALTAY 71

'DEMIDOV 70
HEPP 68
GRIMM 68
BADIER 67
BADIER 67
AUERBACH 67
ENGELMANN 66
BURAN 66
HILL 65
BAI TAY 65.SCHWARTZ 64.KREISLER 64
HUBBARD 64
CHRETIEN 63
BLOCK 63.HUMPHREY 62
CHANG 62
BOWEN 60
CRAWFORD 59
BOLDT 58

I0.50 0 ~ SS
LAMBDA DECAY RATE (UNITS 10++10 SEC-1)

HBC
OSPK
HBC
HLBC
HBC
HBC
HBC
HBC
OSPK
HBC
HLBC
OSPK
HBC
HBC
OSPK
HBC
HLBC
HEBC
HBC
HBC
CC
HBC
CC

CHISQ
5.9S.40.93.0
1 ~ 71.50.0
0 ~ 80.84.85.30.00.20.05.80.00.9

11 ~ 11.1
0.9

50.1
(CONLEV
~0.000)

18 ( LAMBDA ~ ANT IL AMBDA) /A VG» e MEA N LIFE DIFFERENCE

DT 0.044 O. 085 BADIER 67 HBC 2 ~ 4 PBAR P 8/67
WEIGHTED AVERAGE = 1115.566 + 0.056

ERROR SCALED BY 1.3
18 LAMBDA MAGNETIC MOMENT {MAGNETONS e938 ~ 26 HEV)

ues above of weighted average,
or, and scale factor are for the
der' s convenience only. The

were actually processed by a
strained fit program, which
ulates its own va, lues of x, 5x,
scale factor, which are differ-

from the values shown here.

MM

MM

HM

MM

MH

MM

MM

MM

MM

8553
151
49

1300
3868

AVG
STUDENT

1 ~ 5
0 ~ 0

-1 ~ 39
-0 ~ 5
-0 ' 67
-0% 66-0 ~ 73
~ ~ ~ ~

-0 ~ 672
-0 670

0 ~ 5
0 ~ 6
0 72
0 28
0 ~ 31
0 ~ 07
0 ~ 18

~ ~ ~ ~

0%061
0 ' 067

COOL 62 OSPK
KERNAN 63 CC
ANDERSON 64 HBC
CHARRIE RE 65 EHUL

0 ~ 37 BARKOV 71 EHUL
DAHLJENSE 71 EMUL
HI LL 71 OSPK

PRELIM ~ RESULT 2/72
MAG F IELD=200KG 6/71

10/7 1

AVERAGE {ERROR I NCLUDES SCALE FACTOR OF 1»0)
AVERAGE USING STUDENT10(H/1 ~ 1 ll -- SEE TEXT

18 LAMBDA ElECTRIC DIPOLE HQMENT {UNITS 10&+-14 E CMl
NON2ERO VALUE IMPLIES VIOLATION OF T AND P

1115.0 1115.4

LAMBDA MASS (MEV)

1115.8

HYMAN

MAYEUR

LONDON

SCHMIDT
~ BHOWMIK

1116~ 2

72 HEBC
67 EMUL

66 HBC
65 HBC
63 RVUE

CHISQ
0.1
2.2

1.4
1.1
4.8

( CONLEV0.188)

18 L AHBDA PARTI AL DECAY MODES

Pl
P2
P3
P4
P5

LAMBDA INTO PROTON P I-
LAMBDA INTO NEUTRON P IO
LAMBDA INTO PROTON HU- NEUTR I NG
LAMBDA I NTO PROTON E- NE UTRI NO
LAMBDA INTO PROTON P I- GAMMA

EDM 5 ~ 0 OR LESS CL= ~ 95 GIBSON 66 EMUL
EDM 8 1 0 OR LESS CL= 95 BARONI 71 EMUL
EDM 8 BARON I MEASURES (-5 ~ 9+-2 ~ 9) +10++-15 E CM

DECAY MA SSE S
938+ 139
939+ 134
938+ 105+ 0
938+ 5+ 0
938+ 139+ 0

2/72
2/72
2/72

18
DM 0 ~ 05
DM 0 ' 29
DM ~ ~ ~ ~ ~ »

DM A VG 0 ~ 083
DM STUDENT 0 080

L AMDA
0 ~ 06
0» ).5
~ ~ ~

0% 083
0 ' 063

T

T
T
T

T
T
T
T
r
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T

2 ~ 63
2 ~ 72
2 ~ 72
2 ~ 60
2 ' 69
2 ~ 36
2 ~ 76
2 ' 59
2 ~ 31
2 ~ 59
2 ~ 51
2 ~ 6
2 ~ 35

(2»50)
( 2 ~ 70)

2 452
2.68
2% 44
2 ~ 55
2 ~ 535
? ~ 47
2 ~ 39
2 ~ 54
2 ~ 69
2 ~ 626

R PURELY

188
825
140
186
799

2239
7n6
794

2260
1378
635

2 534
916

5 1147
5 972

2213
585

8342
26n0
1059
4572
6582

36K
S ERRQ

~ ~ ~ ~

2 ~ 578
2 ~ 577

AVG
STUDENT-

ANT ILAMBDA MASS DIFFERENCE {MEV)
CHIEN 66 HBC 6»9 PBAR P
BADIER 67 HBC 2 ~ 4 PBAR P

AVERAGE (ERROR INClUDES SCALE FACTOR QF 1»5)
AVERAGE USING STUDENT10t H/1 11) -- SEE TEXT

9/67
8/67

18 LAMBDA MEAN L IFE (UNITS 10++-10}

0.2 I.

0 ~ 16
0 ' 27
0.20
F 11
0 ~ 06

80lDT
CRAWFORD
BOWEN
CHANG
HUMPHRE Y

BlOCK
CHRETI EN
HUBBARD
KREISLER
SCHWART 2
BALTAY
HILL
BURAN
C HI EN
CHIEN
E NGE LHA NN

AUER BACH
BADI ER
BADI ER
GR I MH

HEPP
DE MID GV
BALTAY
ALTHOFF2
POULARD

58 CC
59 HBC
60 CC
62 HBC
62 HBC
63 HEBC
63 HLBC
64 HBC
64 QSPK
64 HBC
65 HBC
65 OSPK
66 HLBC
66 HBC
66 HBC
66 HBC
67 QSPK
67 HBC
67 HBC
68 HBC
68 HBC
70 HLBC
71 HBC
73 05 PK
73 HBC

0 ~ 21
0» 16
0 ~ 29
0 ~ 28
0 ~ 11
0%06
0 ~ 20
0 09
0 ~ 10
0 ~ 07
0 ~ 16
0»1
0» 09

(0 14)
(0 ' 20)
0 056
0 ~ 13
0 ~ 15
0 ~ 15~
0 ~ 035
0 ~ 08
0 10
0 ~ 04
0 ' 05
0 ' 020

STAT IST ICAL
~ ~ ~

0 ' 021 , 0 ' 021
0 ~ 020 0 020
{SEE IDEOGRAM

6/66

6/66
9 /67
9167
9/66
8/67
6/68
6/68
6/68
8/68

12/70
6/71
2/74
9/73

6 ~ 9 P BAR P6.9 P BAR P i ANTI
0 ~ 054
0 11

2 4 PBAR P
2%4 PBAR PgANTIL

PI-P g 3 ~ 86 GEV/C
K-P AT RE ST
P I+N TO K+L AM BDA
K-P g KMOM .4T02 ~ 3

AVERAGE (ERROR INCL SCALE FACTOR OF 1»6)
AV G ~ USING STUDEN T10( H/ l. ~ 1 1) -- SEE TEXT

BELOW )

R2
R2
R2
R2
R2
R2
R2
R2
RZ
R2

LAMBDA INTO (N
0 ~ 23
0 ~ 43
0 ~ 28
0» 35

75 0 ' 291
~ ~ ~ ~ ~ ~

AVG 0 ~ 304
STUDFNT 0.304
F IT 0 ~ 3581

PIO)/((P P j~)+{N

PIG�)

) (P2) / (P 1+P2)
0 ' 09 EI SLFR 57 HLBC
0 ~ 14 CRAW FORD 59 HBC
0 ~ 08 BAGLIN 60 HLBC
0»05 BROWN 63 HLBC
0 ~ 034 CHRET I EN 63 HL BC
~ » ~

0 025 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1»0l
0%028 AVERAGE USING'STUDENT10(H/I. ~ 11) -- SEE TE XT
0 ~ 0049 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

R3 LAMBDA INTO (P
R3 0 15 t2 ~ 0)
R3 0 8 (2 ~ 9)
R3 N 150 (0 82)
R3 N 102 ( 0 ~ 78)
R3 0 20 (1~ 55)
R3 N 143 (0F 80)
R3 N 86 (0 78)
R3 N 218 (0 ~ 88 l
R3 N THE SE VAL UE5 H

R3 N BECAUSE THAT I
R3 0 LOW STATISTICS

E- NEU) /TOTAL {UNITS 10++-3) (P4) / ( P 1+P 2)
(0 ~ 5) HUMPHRE Y 61 RVUE
(1%5) I 1 ~ 2) AUBERT 62 FBC
(0 ' 12) ELY 63 FBC
{0 ~ 12l t 0 ~ 13) BAGl IN 64 FBC
(0 ~ 34) L I ND 64 HBC
(0.08) HALQNEY 69 HBC
(0 09) CANTER 71 HBC K-P AT REST
(0 ~ 10) L INDQUIST 71 OSPK PI- P TO KO LAH
AVE BEEN CHANGED BY US INTO RATIOS TO PROTON PI-~
5 THE DIRECTLY HEASURED QUANTITY SEE R5 BELD'W

EX PER IMENTS ~ NOT A VER AGED

K- AT REST
K- AT 1 45 GEV/C

18 LAMBDA BRANCHING RATIOS

Rl LAMBDA INTO (P PI-) /( ( P P I-)+{N P I 0)) (P 1) /(Pl+PZ)
Rl 0 ~ 627 0 «031 CRAWFORD 59 HBC
Rl 0%65 0 ~ 05 COLUMBIA 60 HBC
Rl U (0 ~ 685 l (0 ~ 017) AN DER SON 62 HBC
R 1 903 0» 643 0 ~ 0 16 HUMPHREY 62 HBC
Rl U 6736 0 ~ 635 0 007 DOYLE 69 HBC PI-P TO LAM ~ KD
Rl 4572 0 ' 646 0 F 008 BALTAY 71 HBC K-P AT REST
Rl U ANDERSON RESULT NOT PUBL ISHEDp EVENTS ADDED TO DOY(. E SAMPLE ~

Rl ~ ~ ~ ~ ~ ~ ~ ~ ~

Rl AVG 0 ~ 6399 0 ~ 0049 AVERAGE t ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
Rl STUDENT 0%6398 0 ~ 0055 AVERAGE USING STUDENT10(H/l«11) -- SEE TEXT
Rl FIT 0 ~ 6419 0» 0049 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1»0)

2/71
6/71
2/71

10/69
4/7 1
2/72
3172
3/72
7/70
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Particle Data Group: Review of particle properties

Data Car(i Listings
For notation, see key at front of Listings.

Stable Particles
A, Z+

LAMBDA INTO
I (0 ~ 2)

(1.0)
2 (1.0}

BETWEEN I
3 I ~ 3
2 1 ~ 5
9 2 ~ 4

14 l«4

R4.
R4
R4
R4
R4
R4
R4
R4
R4
R4
R4 AVG
R4 STUDENT

( P MU- NEU)
OR MORE
OR LESS
OR L ESS

3 AND 6 ~ 0
0 ~ 7
I 2
0 ~ 8
0 ~ 5

I ~ 57
I ~ 56

0 ~ 35
0 ~ 38

/TOTAL ( UNITS 10&+-4)
GOQ D 62 HBC
ALSTON 63 HBC
KE RNAN 64 F BC
L IND 64 HBC
L I ND 64 RVU E
RONNE 64 F BC
CANTER I 71 HBC
BAGGETT2 72 HBC

(P3) / ( Pl+P2 ]

STOPP ED K-P
STOP K-

AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT10(H/1«Ill -- SEE TEXT

INTO (P
I ~ 23
l«17
I ~ 20
I 31
1 ~ 17
I ~ 32
ATE 0 BY

R5 LA MBDA
R5 150
R5 120
R5 143
R5 1078
R5 C 86
R5 C 218
R5 C CALCUL
R5
R5 AVG
R5 STUDENT

I 267
I ~ 267

E- NEU) / ( P PI-) (UNITS 10+&-3 ) (P 4)/(P I )
0 20 ELY 63 FBC
0«18 BAGLIN 64 FBC
0 ~ 12 MALONEY 69 HBC
0 ~ 06 ALTHOFF1 71 OSPK
0 ~ 13 CANTER 71 HBC K-P AT PE ST
0 ~ 15 L INDQUIST 71 OSPK P I-P TO Ko LAM

US FROM R3 ASSUMING THE AUTHORS USED ( P PI-I/TOT=2/3
« ~ ~

0 ~ 044 AVERAGE ( ERROR INCLUDES SCALE F ACTOR OF 1 «0 I

0.050 A VERAGE USING STUD"= NTIO(H/I 11) -- SEE TEXT

R6
Rb

LAMBDA INTO {P Pj- GAMMA) /( P PI-) (UNITS 10++-3) ( P5 ) / ( P1 )
72 I ~ 32 0.22 BAGGETT3 72 HBC PI- MQM LT 95 MEV/C

18 LAMBC A DECAY P AR AMET ERS

RELATED TEXT SECTION VI D ANO APPENDIX I I I

A- ALPHA
A- 1156
A-
A- 10130
A- M 2529
A- 3520
A- 10325
A-
A- AVG
A- STUDENT

LAMBDA-
0 ~ 62

(0 663)
0 ~ 645

(0 ~ 747)
0 67
0 ~ 649

~ ~ ~ ~

0.647
0 647

{LAMBDA
0 F 07{0.022)
0 ~ 017

(0 ~ 086)
0 ~ 06
0.023

~ ~ ~ ~

0 ~ 013
0«0).4

INTO PI- PROTON)
CRONIN
SERGE
QVERSETH
MERR ILL
DAUBER
CLELAND

63 CNTR LAMBDA FROM P I'-P
66 RVUE INCL UDES ABOVE
67 OSPK I A'MBDA FROM PI-P
68 HBC RE PL BY DA'UBER 68
69 HBC FROM XI DECAY
72 OSPK LAMBDA FROM PI-P

AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
A VERAGE USING STUDE NT10 (H/I 11) —S EE TEXT

Ao ALPHAO /ALPHA- FOR lAMBCA (L INTO P IO N/L INTO PI- P)
Ao 1«10 0 ~ 27 CORK 60 CNTR
Ao Q 47eo I.ooo o.oeS QLSEN 70 OSPK P I+N TO K+ LAMBDA
AO « ~ ~ ~ ~ ~ ~ ~ ~

AO AVG I ~ 006 0«066 AVERAGE (ERROR INC! UDES SCALE FACTOR QF 1 ol
AO STUDENT I ~ 006 0 ~ 07 I AVERAGE US I'NG STUDENT IO ( H/ I I I ) — SEE TEXT
AO 0 DONE BY COMPARING PROTON DISTR WITH N DISTR«FROM LAMBDA DECAY ~

7/66

7/71
8/72

2/72
2/72
2/72
2/72
3/72
3/72
3/72

1/73
I/73

8/67
9/66
8/67
6/68
6/68
5/72

5/7 0

EISLFR 57 NC 5 1700
BOLDT 58 PRI 1 148
CRAWFORD 59 PRL 2 266

BAGL I N 60 NC 18 1043
BOWEN 60 PR I 19 2030
CQRK 60 PR 120 1000
COLUMBIA 60 ROCH CONF 726
HUMPHREY 61 PRL 6 478

ANDERSON
AUBERT
CHANG
COOL
GOOD
HUMP HR EY

ALSTQN
BHOW M I K
BLOCK
BROWN
C HR ET I EN
CRONIN
ELY
KERNAN

62 CERN CONF 832
62 NC 25 479
62 THESI S DUKE
62 PR 127 22'23
62 PRL 9 518
62 P R 127 1305

63 UCRL lo92e
63 NC 2S 1494
63 PR 130 766
63 PR 130 769
63 PR 131 2208
63 PR 129 1795
63 P R 131 868
63 P R 129 870

BAGL IN 65
BALTAY 65
BAPLOW 65
CHARR I ER 65

ALSO 66
C ONF 0RTO 6 5
ELY 65
HI LL 65
SCHMI D T 65

BERGE 66
'

BUP. AN 66
CHIEN 66
ENGELMAN 66
GIBSON 66
LONDON 66

NC 35 977
P R 140 8 1027
PL 18 64
PL 15 66
NC 46 A 205
EC I N T HER ZEGNOV I
PR 137 81302
PRL 15 85
PR 140 8 1328

BERK EL EY 46
PL 20 318
PR 152 1171
NC 45 A 1038
NC 45A 882
P R 143 1034

ANDERSON 64 PRL 13 167
BAGL I N 64 NC 35 977
HUBBARD 64 PR 135 8 183
KERNAN 64 PR 133 B 1271
KREISLER 64 PR 136 8 1074
LIND 64 PR 135 8 1483
RONNE 64 PL ll 357
SCHWARTZ 64 UCRL 11360 THES IS

BAGL INr BLOCHr BRI SSON r HENNESSY + (EPOI )
BQWENr HARDYr REYNOLDS r SUN + {P R INC ETON I

CQP K r KERTHr HENZEL r CRCNIN+ ( LRL+P 8 IN+BNL )
M SCHHAR TZ r- (COLUMBIAl
HUMPHREYrK IRZ, POSENFELDrRHEE + I LRL+SYRA)

ANDERSONr CRAWFQRDr GOLDEN r L
AU BERT BR I SSON HENNE SSY 5 I
CHUEN CHUEN CHANG
COQLr HILL rMARSHALL +

L GOQDr V G L IND
W E HUMPHREYrR R ROSS

LOYD + (I PL)
X + ( EPQL )

( DUKE l
( BNI ~MI T+NYU+ANL l

I W I SCONSIN )
(LPL)

ALSTQNr K I RZr NEUFELDr S QLMIT Zr HQHLMUT (LRL )
8 BHQHMI K r D P GQYAL {DELHI )
BLOCK r GESS AROL I r RATT I+( NWE S+BGNA+SYRA+ ORNL )
BRQHNr KADYKr TRILLINGr PQE + (I RL+MICHl
CHRETIENrCRQUCH+ ( BRAN+BPOWN+HARVARD+MIT )
J H CRONIN r 0 E OVERS ETH ( PR I NC E TQN )
cLY, GIDAL, KAlMUS, QSWALDr PQHELl + (LRL )
KERNANrNQVEYr WARSHAWr WATTENBERG (ANL+ILL)

J A ANDE PSONr F S CRAWFORD (LRL l

BAG) INr 8 INGHAM+ (EPQL+CERN+LQUC+RHE{+BERG)
HUSSAR Dr BERGEr KAlBFL EISCHr SHAFER + (LPL )
KERNANr PQWELI r SANDLER + (LRL+LOUC l
M N KREI SLEP rO OVERSETHr J CRONIN ( PRIN)
LINDr B INFORDr GOODr STERN (WISCONSIN}
RONNE+ ( CERN+ EPQL+LQUC++UNI V ~ BERGEN )
JOSEPH ADAM SCHWARTZ (LRL )

BAGLIN + (EPQL rCERNrLQUCrRHELr BERGEN)
BALTAYr SANDWEISS«CULWICKr'KQPP + ( YALE+BNL)
J BARLQWr BLAIR r CONFORTO+ (CERN+RHEL+PENN )

CHARR IERE r GI 8 SON+ ( E PQL+BRI 5+CERN+MP I M )
CHARRIEREr GIBSON + (EPQL r BR I SrCERNr MPIM)
G C QNFORTO (CERN }

LY GIDAL KALMUS PQWEt. L + (LPir LOUC)
HILL r L Ir JENK INSr KYCI Ar RUDEPMAN {MIT r BNL )

SCHMIDT ( COLUM 8 I A )

BERGEr CAB IBBO ((RVUE) LRLrCERN)
BURANr EI VI NDSQNr 5 KJEGGEST AQr TOFT E + {OSLO )
+LACHr SANDWEI SSr TAFT r YEHr QREN r- ( YALE+BNL)
ENGEL MANNr F ILT HUTHr AL EXANDER+ ( HE ID f PE HO )
W M GIBSQNr K GREEN (BR IS )
LONDON r RAUr GQLDBERGr LICHTMAN+ (BNLr SYRA)

REFERENCE S cOR LAMBDA

E I S LE R r PLANOr S AMI QS r S CHWAPT Z + ( COLU+BNL )
SOI DT, D 0 CAI DWELL r Y PAL (MI T l

CRAWFORD CREST I DOUGL ASS GQQD + {LPL)

PHI ANGLE
1156 13 0

10130 -8 ' 0
7377 {-9»2 l

I 0325 -7 0

F-
F-
F-
F-
F-
F-
F- AVG
F- STUDENT

-6 ~ 5
-6 ~ 6

(S IN {PHI )/COS (PHI )=BETA/GAMMA) (DEGREES)
17 0 CRONIN 63 OSPK I AMBDA FROM PI-P

6 ' 0 OVERSETH 67 OSPK LAMBDA FROM PI-P
(5«2) CLELAND 67 OSPK REPL BY CLELAND 72
4 ~ 5 CLELAND 72 OSPK LAMBDA FROM PI-P

~ ~ ~ ~ ~

3 ~ 5
3 ~ 8

AV ERAGE ( ERROR INCLUDES S CAL E FACTOR OF I. ~ 0)
AVERAGE USING STUDENTIO(H/I ~ jjl -- SEE TEXT

11/67
11/67
5/72
5/72

AUERBACH 67
BADIER 67
CLEI AND 67
MAYEUR 67
OVERSETH 67
GRI MM 68
HEPP 68
MERRILL 68

NC 47A 19
PL 258 152
PL 2eB 45
U «L IBR BRUX ~ BUI 32
PRL 19 391
NC 54 A 187
Z PHYS 214 71
PR 167 1202

AUERBACHrBQWEN«DOBBSrLANDErMANN+ (PENN)
+BQNNc Tr BR I AN DET r SAD 0ULE T f EPOL)
CLELANDr 8IENLEINr CQNFQRTQ+ (CERN+GEVA+LUND )
C ~ MAYEURr E «TOMP Ar J ~ 'HI CKENS (BELGr LQUC}
0 E OVERSETHr R F RQTH ( MICH+ PP, I N)
H ~ -J ~ GR I MM {HE IDEL BERG )
V«HEPP r H ~ SCHLE ICH ( HE I D EL BE RG )
MERRILL r SH4FER (LPL)

AV GA/GV FOR LAMBDA BETA DECAY (SEE TEXT SEC ~ VI D. I FOR SIGN CONV ~ )
AV C 22 (-I 03) L!ND 64 HBC
AV C 102 (0 ~ 6) OR MORE , BAGL IN 65 HLBC NO SIGN GIVEN
AV C BETW 0 ~ AND 1 ~ I BARLOH 65 OSPK
AV C 102 {0~ 7) OR MORE CL= ~ 95 ELY 65 HLBC ABS «VALUE
AV C EXPERIMENTS INCLUDED IN CONFORTO 65 RVUE
AV -1~ 14 0«23 0 ~ 33 CQNFORTO 65 RVUE
AV M 148 -0 72 0 14 0 19 MALONE Y 69 HBC
AV A 1078 (-0 62 l (0 «08 l (0 «09 ) ALTHOFF 2 71 OSPK POLAR I ZED LAMBDA
AV M 141 -0 ~ 75 0 ~ 15 0 ~ 18 CANTER 71 HBC
AV L 173 ( 0«32 l ( 0 ~ 13) ( 0 « I 7) LI NDQUI ST 71 OSPK UP DOWN AS YMMETRY
AV ML I 73 (-0~ 68 ) (0 ~ 27 ) (0 ~ 54 l L INDQU I ST 71 OSPK E-N EU CQRR ELA TI ON

AV L 173 -0«40 0«13 0 ~ 17 LINDQUI ST 71 OSPK E-NEU AND UP-DOWN
AV M 352 0 74 0 ~ 09 ' 0 I 2 BAGGETT I 72 HBC STOP ~ K

AV A 817 -0«63 0 ~ 06 ALTHQFF1 73 OSPK POLAR IZED LAMBDA
AV A ALTHOFF 1 73 INCLUDES DATA OF ALTHOFF2 71 ~ USES PROT SPECT'RUM AND
AV A THREE SPIN ASYMMETR IES ~

AV M EXPT MEASURES ONLY THE ABSOLUTE VALUE OF A/V
AV L L INDQUI ST 71 GETS THREE' VALUES ~ WE AVERAGE THE ONE THAT USES
AV L ALL DATA «

AV ~ ~ ~ ~ ~ ~ ~ ~ ~

AV AVG -0 658 0 ~ 054 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF I «2)
AV STUDENT -0 ~ 660 0 «051 AVERAGE USING STUDENTID(H/1 ~ 11) -- SEE TEXT

( S EE I DEOGRAM BELOW )

6/68
1/71
6/68
I /71
6/68

11/67
10/69
7/73
4/7 I
9/71
9/71
9/71
2/72
7/73
7/73
7/73
7/73

10/7 I
10/71

DAU 8 ER 69
DOYLE 69
MA (.ONE Y 69
BOHM 70
DEMIDOV 70
OLSEN 70

ALTHOFFI 71
ALTHOFF 2 71
BALT AY 71
BAPKQV 71
BARONI 7 I
CANTER 71

CANT CP. I 71
DAHLJENS 71
HI LL 71

AL SO 65
L INDQU IS 71

BAGGETT1 72
BAGGETT2 72
BAGGETT3 72
CL ELAND 72
HY MAN 72

PR 179 1262
U CRL 18139-TI CS IS
PRL 23 425
NC 70A 384
S JNP 10 681
PRL 24 843

PL 378 531
Pl 378 535
PR D4 670
JETPL 14 60
LNC 2 1256
pRL 26 Se8

PRL 27 59
NC 3A I
P R Q4 1979
PRt. 15 85
PRL 27 612

ZPHY 249 279
ZPHY 252 362
PL 42 8 379
NP 840 221
P R D5 1063

+BERGE r HUBBARD r ME RRI LL r MI LLER ( lP.L l
J ~ C DOYL E f LRL)
MALQNEYrSECHI-ZQRN (UNIV MARYL AND l

KRECKER + (BERL+BRUX+DUUC+LQUC+LOWC+WARS)
+K IR ILLQV-UGRYUMOVr PQNOSOV r P ROTASOV+ ( I TEP )
+PCNORQM HANDLER L IMON SMITH + (W ISC MICH)

+BROWN r FREYTAGr HEARD r HE INT ZF +
+BRQWNr FREYTAGr HEARD r HE INT ZE +
yBR IDGE WA TcR r COQPE R, HABI 8 I y
+GUR EV IC Hr

MAKALU

INA M ARTEMYANQ V+
G BARQNI r S PETRERAr G ROMANO
+CQI E LEE-FRANZINI lOVELESS +

f CERNr HE ID l
(CERN« HEID)
( COLU+B I NG )

( ITEP )
{RQMA)

f STQN+CQI U)

+COLE r LEE-FRANZINI r LOVELESS+ (STQN+CQLU )
DAHL-JENSEN + ( CERN+ANKA+LAUS+MPI M+ RQMA}
+LI JFNK INS KY CIA RUDERMAN ( MIT BNL )
HIll r L I r JE NKI NS r KYCI A r RUDERMAN ( M IT r BNL )
L INDQUI STr SUMNER+ {EF I r WUSL r QSUr ANL)

+BAGGETT, E ISELE r F ILTHUTHr FREHS E+ { HE ID)
+BAGGETTr E ISELErF ILTHUTHrFREHSE+, I HEIQ)
+ BAGGETT r E ISElEr F ILTHUTHr FR EHS Er HEPP+f HE ID )
+CONFORTQ r EATON r GEPB E R+ (CERN+GEVA+LUND )
+BUNNELL r DEP& ICKr F IELDS r KATZ+ ( ANL+CARN)

WEIGHTED AVERAGE = -0.6SB + 0.064
ERROR SCALED BY 1.2 ALT HOFF 1 73 Pl 438 237

ALTHOFF2 73 NP 866 29
POULARD 73 P L 46B 135

+BROWN rFRE YTAG r HEARD rHE I NTZE+ (CERN+HE ID)
+BROWN r FR EYTAG r HEARD r HE I NTZE+ (CE RN+ HE I D)
+GIVERNAUDrBORG f SACL )

PAPERS NOT REFERRED TQ IN DATA CARDS

ARMENT ER 62 CERN CONF 236 ARMENTERQS+ (CE RN+EPQL+LOI C+BI RM+CEN-SACLAY)
BALTAY 62 CERN CONF 233 '

BALTAYr CQWLERr SANDWEISSrCUL WICK+ ( YALE+BNl )
SERGE 63 THE SI S ( BERKELEY) J PETE R BERGE (LRL )

ALTHOFF1 73
BAGGETT1 72
LINDQUIST 71
CANTER 71
BALONEY 69
CONFORTO 66

O. S—1.6 -1 ~ 0 —0.5 0.0

GA&GV FOR LAflSDA BETA DECAY

OSPK
HBC
OSPK
HBC
HBC
RVUE

CHISQ
0.2
0.6
3 ~ 0
0.3
0 ~ 1
3 ~ 0
7.2

(CONLEV
~0.206)

l9 S IGMA+( 1189r JP= I/2+) I =1

19 S I GMA+ MASS (MEV )

M N SEE NOTE PRECEDING LAMBDA MASS L IST INGS

M

M

M

M

M

M

M

. M

M

3/74
6/68

12/73
12/73

2/76 &

144 1189~ 38 0 ~ 15 BARKAS 63 EMUL + SEE NOTE S BE LOH
58 1189,48 0 «22 BHQWMIK 64 EMUL + S EE NOTE S BELOW

S ABOVE SIGMA+ MASSES HAVE BEEN RAIScD 30 KEV TQ ACCOUNT FOR 46 KEV
S INCREASE IN PROTON MASS AND 21 KEV DECREASE IN PION MASS

4205 j. 1 89~ 61 O. 08 SCHMIDT 65 HBC SEE NOTE N

1189«16 0 12 HYMAN 67 HEBC
8 607 1189 33 0 04 BO HM 72 E MUL
B 8QHM 72 UPDATED WITH PDG APR ~ 73 K- PI - AND P Io MASS ES

~ ~ ~ ~ « ~ ~ ~ ~

AVG 1189~ 371 0 ~ 060 AVERAGE (ERROR INCLUDES SCALE FACTOR OF l. S)
STUDENT 1189~ 354 0«041 AVERAGE USING STUDENT 10 ( H/ 1 ~ 11 ) -- SEE TEXT
F IT 1189 366 0 ~ 057 FROM F IT {ERROR I NCLUDES SCALE FACTOR OF I «8 )

(S EE If)EOGRAM BELOW
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Particle Data Group: Review of particle properties

Stable Particles Data Card Listings
For notation, see key at front of Listings.

WEIGHTED AVERAGE = 1189.371 + 0.060
ERROR SCALED BY 1.8

Values above of weighted average,
error, and scale factor are for the
reader' s convenience only. The
data were actually processed by a
constrained fit program, which
calculates its own values of x, 5x,
and scale factor, which are differ-
ent fr om the values shown here.

SIGMA+ INTO {P
1 (0 68) OP

24 0 ~ 37
(0' 171

45 0«21
31 0. 276

R4
R4
R4
R4
R4
R4
R4
R4 AVG
R4 STUDENT

~ e ~ o e o

0 ~ 240
0 ~ 239

(P5) /(Pi )GAMMA) /( P P IO) ( UNITS 10&+-2)
LESS CARR A RA 64 H BC
0 ~ 08 . BA ZI N 65 HBC

QUARE NI 65 EMUl
0 ~ 03 ANG 69 HBC

051 GE RSHWI N 69 HBC
STOP K-

WEIGHTED AVERAGE = 0.240 + 0.03S
ERROR SCALED BY 1..4

0
~ e ~

0.035 AV ERAGE ( ER RO'R INCL UDES SCALE FACTOR OF 1 «4)
0 ~ 030 AVERAGE USING STUDENT10 ( H/1 ~ 1 1 ) SEE TEXT
(SEE IDEOGRAM BELOW

esse
10/69
10/69

1188.8 1189 ~ 2 1189.6
SIGMA+ MASS (MEV)

~ BOHM
~ HYMAN
.SCHMIDT
.BHOWMIK
BARKAS

1190.0

72 EMUL

67 HEBC
66 HBC
64 EMUL

63 EMU[

CHISQ
1.0
3.1
8.9
0.2
0.0

13.3
( CONLEV
~0 .010)

19 Sj GMA+ HEAN LIFE (UNITS 10++-10 )

T
T 127
T 41
T 117
T 54
T 23
T 49
T 140
T' 192
T 456
T 203
T 181
T 900
T C 1300
T S 125
T S 117
T 381
T 10664
T 20K
T 526
T C CHA
T S ERR
T
T AVG
T STUDENT

GLASER 58 RVUE
0.98 0. 16 0. 12 PUSCHEL 60 EMUL

0 ' 82 0 ' 34 . 0 ' 20 EVANS 60 EMUL
0 ~ 85 0« 14 0 ~ ll FR EDEN 60 EHUL

0 SO 0 10 0 ~ 067 KAPLGN 60 EHUL
0 ~ 76 0«22 0 ~ 14 CHIESA 61 EMUL
0 ~ 75 0 ~ 13 0 ~ 09 BERTHELOT 61 HL BC
0 ~ 82 0« 10 0 ~ 08 BARKAS 61 EMUL

0.749 0.05e 0.052 GRARD ez HBC
0 ~ 765 ' 0 ~ 04 0 04 HUMPHREY 62 HBC
0 ~ 84 0 ~ 12 0 ~ 08 BHQWMIK 64 EMUL

0 ' 84 0 ' 09 BALTA Y 65 HBC

0 ~ 76 0 ~ 03 CARAYAN 65 HBC
0 ~ 83 Oe 032 CHANG 66 HBC

(0 ~ 86) (0 15) CHI EN 66 HBC +
( lo 10) (0 24) CH IF N 66 H BC

0 F 80 0 F 07 COOK 66 QSPK
0 ' 803 0«008 BARLOUTAU 69 HBC

Oo 795 0 ~ 010 EI SELE 70 HBC
0« 83 0 ~ 04 BA KKER 71 DBC

NG ERROR 0 ~ 018 RAISED BY US ~ SEE 1970 EDITIGNy
OR PURELY STATISTICAL
~ ~ ~ . ~ ~ e ~ ~ ~

0 ~ 8004 0 ~ 0058 0 ~ 00 57 AVERAGE ( ERROR IN CL

0 ~ 8004 0 0064 0 ~ 0063 A VG USING STUDENT I

e/ee
6 /66
6 /66
9/67
9/67
7/66

11/69
2/71

10/71
1 /73

6«9 PBAR P
6 9 P BAR P y ANTI

K-P e 4-1 ~ 2 GE V/C
K-P AT REST
K-N TO SIG+ 2PI-
RMP 42' 123{1970)

SCALE FACTOR GF 1 0)
0{H/1 11) -- S EE: EXT

381
52
51
69

29333
955

2651

MM

MM

HM

MM

MM

MM

HM

MH

HH AVG
MM STUDENT

1~ 5
3 5
3 0
3 ~ 5
2 ~ 1
Zo 67
2 7

2 62
2.62

1 1
1 ~ 5
1 ~ 2
1 ~ 2
1 ~ 0
0 97
0 9
e ~ ~

0 ~ 41
0,45

C QOK 66
KOTEL CHUG 67
SULLIVAN 67
COMBE 68
HAST 68
ALLFY 71
SAHA 73

OSPK
E MUL

EHUL
EMUL
HBC
OSPK
Hl BC

K-P AT lo 15BEV/C
PHGTQPRODUCT ION

K-P AT 4 GEV/C
1 ~ 28 GEV/C P I+P
K-P 25TQ ~ 55GEV/C

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
AVERAGE USING STUDENT10(H/j, jl) SEE TEXT

7 /66
8/67
8/67

10 /68
6/68

10/70
6/73

19 SIGMA+ MAGNETIC MOMENT (MAGNETQNS v938 ~ 26 HEV)

R5
R5 EQ
R5 EO
R5 EO
R5 0
R5 UA

R5 UG
R5 0
R5 U

R5 U A

R5 U

R5 E
R5 A

R5
R5
R5

R6
R6
R6 E
Re E
R6 U

R6
Pe E
R6 U

R6
R6
R6

R7
R7
R7
R7
R7

0.1 0.2 0.3 0.4 O. S

IN 69 HBC
69 HBC
66 HBC

0.6

CHISQ
O. S
1.0
2.6
4.1

(CONLEV
~0.126)

SIGMA+ INTO (P GAMMA) & (P PIO)

SIGMA+ INTO lN E+ NEUI /{ N PI+
0 (16220) EFFECT IV E DENOH
0 (2720) EFFECTIVE DENOM ~

1 {9690) EFFECTI VE DENOM

0 (32406}EFFECT IVE DFNOM ~

0 {80400) EFFECTIVE DENQM ~

1 ( 30000) EFFECTI VE DENOM ~

OLDER LOWER ST AT I ST ICS EXPTS
0 105000 EFFECTIVE DENOM.
0 111000 EFFECTIVE DENOM ~

EFFECT IVE DENOH ~

EFFECT IVE DENQM o

EISELE2 69 REPLACED BY BY EB
o ~ ~ ~ ~ ~ e e e

1~ 1 OR LE SS CL ~ 90
NUMBER OF EVENTS INCREASED T

) ( UNI T S 10++-5 )
COUR AN T 64 HBC
MURPHY 64 HBC
NAUE NBE RG 64 HBC
BI ERMAN 68 HBC
EISELE2 69 HBC + STOP K-
NORTON 69 HBC
NOT INCLUDED IN AVFRAGE e

SECHI ZORN 73 HBC STOP K-
EBENHQH 74 HBC STOP K-
CALCULATED BY US
TAKEN F ROM EI S ELE 67

E NH OH 74.

(P7)/(P2)
SEE NOTE E
S EE NOTE E
S EE NOTE E

QUR AVERAGE (2 .3 EVTS ) / ( EFF ~ DNOM ~ S UM )
0 2 3 FOR 90PC CONFIDENCE LEVEL

11/67
11/67
6/68
6/68
6/68

11/69
2/764
2/76+
1/76+

11/67
I/76+

2/76+
2/76%

SI GMA+ INTO ( N HU+ NE U) / ( P I+N)
I ( 120) ANALYSED EVENTS
0 10150 EFF ECT IV E DENOM ~

0 1710 EFFFCTI VE DENCM«
2 62000 EFFECT IV E DENOM o

0 33800 EFFECT IVE DENQH ~

EFF ECTI VE DENOH ~

EF F ECT IV E DENQH o

~ ~ ~ e ~ ~ ~ ~ ~

6 ~ 2 OR LESS CL —«90
NUMBER OF EVENTS INCREASED TO

( UNI TS 10+&-5 ) {P6 ) / {P2 )
GALTIERI 62 EHUL NO RATIO QUOTED
coURANT e4 HBc sEE NoTE E
NAUENBERG 64 HBC SEE NOTE E
E I SF. I E2 69 HBC
BAGGETT 69 HBC
TAKEN FROM EISELE 67
CALCULATED BY US

QUR AVERAGE (6 ~ 7 EVTS) /(EFF ~ DNGM ~ SUM}
6 ~ 7 FOR 90PC CONF I DENCE LEVE L

11/67
11/67
11/67
6/68

11/68
11/eT

2/76+
2/76+

6/68
10/69

2/76+

{SIGMA+ INTO LEPTON S) /( SIGMA- INTO LE PTONS)
0 0 ~ 034 OR LESS BAGGETT 67 HBC
1 0 08 OR LESS NORTON 69 HBC

~ ~ ~ ~ e ~ e ~ ~

0 ~ 043 OR LESS Ct = ~ 90 OUR AVERAGE USING R5 AND R6

Pl
P2
P3
p4
P5
P6
P7
PS

SIGHA+
SIGMA+
SIGMA+
SIGMA+
SI GHA+
SIGMA+
SI G MA+

SIGMA+

19 S IGMA+ PART I AL DECAY MODES

INTO PROTON P IO
INTO NEUTRON PI+
INTO NEUTRON PI+ GAMMA

INTO LAHBDA E+ NEU
INTO PROTON GAMMA

INTO NEUTRGN MU+ NEUTRINO
I NTO NEUT RON E+ NEUT R I NO

INTO P ROT ON E+ E-

DECAY MASSES
938+ 134
939+ 139
939+ 139+ 0

jj15+ 5+ 0
938+ 0
939+ 105+ 0
939+ .5+ 0
938+ .5+ .5

Rl S I GM

Rl 308
Rj 534
R 1 1331
Rl 537
Rl
Rl AVG
R 1 STUDENT

19 SIGHA+ BRANCHING RATIOS

A+ INTO (NE UTRGN P I+ ) /( NUC LEON PI )

0 490 0 «024 HUMPHREY 62 HBC
0 46 0«02 CHANG 66 HBC
0 ~ 488 0«010 BARLOUTAU 69 HBC
0 484 0.015 TQV EE 71 EMUL

~ ~ ~ ~ .~ ~ o ~ ~

0 ~ 4835 0 ~ 0073
0 F 4838 0 ' 008 1

(P2)/(Pl+P2)

6/66
K-P ~ 4-1 ~ 2 GEV/C 11/69

12/71

AVERAGE (FRRQR INCLUDES SCALE FACTOR QF 1 0)
AVERAGE USING STUDENTl0(H/1 11) -- SEE TEXT

R9
R9
R9
R9

( SIGMA+ INTO N MU+ NE
2 0 ~ 06 0 045

~ ~ ~ ~ e ~ e ~ ~

0 ~ 12 OR LE SS

U) /( SIGMA- I NTO N MU- NEU)
0 ~ 03 E I SELE2 69 HBC +- STOP K-

CL= ~ 90 OUR AVERAGE USING R6

R10
R10 E
R10 G

R10 0
'R1 0
R10 E
R10 E
R10
R10

( SIGMA+ I NTO N E+ NEU
0 (0 ~ 03) OR LESS
0 (0 ~ 12) OR LESS

LOWER STATI ST I CS EXP
0 0«01S OR LESS
0 0«019 OR LESS

EI SELE2 69 REPLACED
~ e e ~ ~ ~ ~ ~ ~

0 ~ 009 OR LESS

}/ {SIGMA- INTO N E- NEU)
CL= ~ 90 EI SELE2 69 HBC +- STOP K-
CL —e 95 CQL'E 71 HBC STOP K-

ERIMENT NQT INCl. UDED IN AV ERAGE
CL ~ 90 SE CHI ZQRN 73 HBC STOP K y POISS ON

CL= ~ 90 EB ENHOH 74 HBC +- STOP K-
BY E 8 ENHOH 74 ~

CL= ~ 90 OUR AVERAGE USING R5

19 SIGMA+ DECAY PARAMETERS

RELATED TEXT SECTION VI 0 AND APPENDIX I II

RS SIGMA+ INTO (PROTON E+ E- ) /TOTAL ( UNI TS IO++-6) (PS)
RB 7 ~ 0 OR LESS ANG 69 HBC STOP K-
R 8 A ANG 69 FOUND 3 E+E- EVENTS I N AGREEMENT W IT H GAMMA CGNV ERS ION OF
RS A PROTON GAMMA DECAY -LIHIT GI VEN HERE IS FOR NEUTRAL CURRENT

10/69

10/69

2/71

10/69
10/71

2 /764'
8/73

12 /754
12/754

2 /764'

SI G HA+ I NTO
4 l3 3)

R3
R3
R3 W

R3
R3
R3
R3
R3
R3

(L AMBCA E+ NEU ) /T OTAL (UNITS 10+&-5)
{1 ~ 7) WILL Is e4 HBC
EVENTS FROM THIS EXP RIHENT INCLU

0 ' 8 BARASH 67 HBC
0 ~ 7 BA LTAY 69 HBC
1 0 EISELE1 69 HBC

~ e ~ e ~

0«47 A VERAGF. ( ERROR I NCLUDES
0 52 AVERAGE USING STUDENT10(

(P4)
STOP« K-

DED IN EI SELE 1 69
STOP K-
STOP K-
STOP K-

6 2 ~ 0
5 1 6

10 2 ' 9
~ e ~ ~

AVG 2 ~ 02
STUDENT 2 ~ 01

SCALE FACTOR OF 1 «0)
H/1 11) -- SF E TE XT

R2 SIGMA+ INTO (NEUT PI+ GAf ) /( PI+N) (UNITS 10&&-3 ) ( P3)/P2)
R2 {1 ~ 8) ABOUT BAZIN2 65 HBC P I+ LT 116 MEV/C
RZ 29 0 ~ 27 0«05 ANG 69 HBC P I+ LT 110 ME V/C
R2 1SO 0 93 0 10 EBENHQH 73 HBC P I+ LT 150 HEV/C

8/67
11/68
3/74

9/66
11/69

8/67
11/69
10/69

A+0
8+0
A+0
A+0
A+0
A+0
A+0

A+
A+
A+
A+
A+
A+

PIO P)
SIG+ FROH P I+P
REPLAC ~ BY BANGER
S I G+ F ROM K-P
S I G+ &ROM K-P
PREL IMINARY

9 /66
9/66
2/764

ALPHA SIGMA++( SIG+ TO PI+ N)
35000 0«069 0 ' 017

41 01 0 ~ 037 0 ~ 049
BANGER TER 69 HBC
BERLEY 70 HBC

K-P AT 400 MEV/C jl/69
12/70

~ ~ ~ ~ ~ «e o ~

AVG 0 ' 066 0 ' 0 16
ST UDE NT 0 ~ 066 0 ~ 0 17

AVERAGE ( ERROR INCL UDES SCALE FACTOR OF 1 0)
AVEP AGE USING STUDENT10(H/1 ~ 11) -- SEE TEXT

ALPHA+/ALPHAO FOR SIGMA+ ( SIG+ TQ PI+ N) /( SIG+ TG
+0 04 0 ~ 11 CORK 60 CNTR

(+0 ~ 20) ( 0 ~ 24) 7RI PP 62 HBC +
0 3500 (-~ 014) (0 ' 052) BANGERTER 66 HBC +
0 2600 ( ~ 047 ) ( «07 ) BERLEY 66 HBC

20K ( 0« 104) {0 ~ 028) RE UCRQFT 76 HBC
0 OLD RESULTSyHAVE BEEN REPLACED e SEE BELOW
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Particle Data Group: Review of particle properties S93

Data Card Listings
For notation, see k,ey at front of Listings.

Stable Particles
Z, Z

REPLACE BY BANGE
K-P TQ SIG+ P I-

AO ALPHA SIGMAO (S IG+ INTO PIO PROTON)
AO -0 ~ 80 0 16 BEALL 62 CNTR
AO (-0~ 90) (0 ~ 25) TR IP P 62 HBC
AO Q 5200 {-0~ 986) (0 072) BANGER TER 66 HBC
AO 32000 -0 ' 999 0 ' 022 BANGERTER 69 HBC
AO H 1335 -0~ 98 0 ~ 05 0 ~ 02 HARRI S 70 OSPK P I+P TQ S IG+ K+
AO 16K -0%940 0 ~ 045 BELLAMY 72 ASPK PI+P TQ 5 IG+ K+
AO L 1259 0 ~ 945 0 ~ 055 0 ~ 0e2 LI PMAN 73 QSPK Pl+P TQ S IG +
AO L DECAY PROTONS SCATTERED QFF ALUMINUMe
A0 H DECAY PROTCNS SCATTERED OFF CARBON ~

AO ~ e ~ a ~ ~ ~ ~ ~

AO AVG -0 ~ 979 0 ~ 016 AVERAGE (ERROR INCLUDES SCALE FACTOR OF ), ~ 0)
AO STUDENT -0 979. 0 018 AVERAGE USING STUDENT10( H/1 11) -- SEE TEXT

7/66
10/69
5/70

11/72
7/73
7/73

PAPERS NDT REFERRFD TO IN DATA CARDS

GLAS ER 58 CERN CON~ 270 GLA SER eGQQD e MQRRI SQN ( M ICH+LF L I

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

QUANTUM NUMBER DETERMINAT IQNS NQT REFER'RED TQ IN THE DATA CARDS

TRIPP 62 PRL 8 175 R TRIPPeM WATSONe M FERRO-L UZZI (LRL) P
A(.FF 63 SI ENA CONF 1 205 ALFFe NAUENBERGeKIRSCHe+ (CQLU+RUTG+BNL I

ALSO 65 PR 137 8 1105 ALFF eGELFANDe BRUGGEReBERLEY+(CQLU+RUTG+BNL I
COURANT 63 5 I ENA CONF 1 73 COURANTe F ILTHUTke BURNSTEIN e DAY+ (CERN+UMD )

F+ C CHANGED FROM 176 TQ 184 TQ AGREE WITH SIGN CONVENT IQN ~
F+ ~ ~ ~ ~ 0 ~ ~ ~ e
F+ AVG 167 ~ 3 20 el
F+ STUDENT 167~ 5 21 e 2

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 el)
AVERAGE. USING STUDENT10 (H/1 1 1 I -- SEE TEXT

F+ PHI+ ANGLE {S IG+ INTO N P I I 5 IN(PHI ) /COS( PHI ) =BETA/GAMMA ( DEGREE)
F+ 0 370 (180e ) (30 ~ ) 8 ERL EY 66 HBC + N EUTR ON R'ESCA TT ~ ' 9/66
F+ 560 143 29 ~ BANGERTl 69 HBC 10/69
F+ C 1054 184~ 24% BERLEY 70 HBC K-P AT 400 ME V/C 11/69

20 SIGMA-(1198e JP=l/2+I I=1

20 SI GI(A- MASS (MEV)

M N SEE NOTE PRECEDING LAMBDA MASS LISTINGS
AG
AG

ALPHA S IGMAG (S IG+ INTO PROTON GAMMA)
61 -1~ 03 0 52 0 ~ 42 GE RSHWIN 69 HBC K-P TO S I G PI

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AV'ERAGE USING STUDENT10{ H/1 e 1 1 ) -- SEE TEXT

REF ER ENCE S FOR S I GMA+

FO PHI0 ANGLE (S IG+ INTO PIO PROTON) S IN(PHI )/COS(PHI )=BETA/GAMMA (DEG)
FO H 22 ' 0 90 ' 0 HARRI S 70 QSPK Pl+P TQ S IG+ K+
FO L 1259 38 ~ 1 35 ~ 7 37e 1 LIPMAN 73 QSPK PI+P TO S'IG+K+
FO L DECAY PROTON SCATTER ED OFF ALUMINUM ~

FO H DECAY PROTONS SCATTERED OFF CARBON ~

FO 0 ~ ~ 0 ~ ~ ~ e ~

FO A VG 35 ~ 8 33 ~ 7
FO STUDENT 35 8 36 ~ 3

11/69

5/70
7/73
7/73

20 (SIGMA-) — (SIGMA+) MASS DIFFERENCE (MEV)

D BARKAS 63 EMUL
D DDSC H 65 HBC
D BQHM 72' EMUL 1/73
O ~ ~ ~ ~ ~ ~ ~ ~ ~

D AVG 8 ~ 09 AVERAGE ( ERROR INCI UDES 5 CAL E FACTOR OF 1 ~ 0)
D STUDENT 8 10 AVERAGE USING STUDENT10(H/1 ill -- SEE TEXT
D FIT 7 ~ 98 FROM F IT {ERROR INCL UDES SCAL E FACTOR OF 1 ~ 2) 2/76¹

87 8 ~ 25
2500 8 ~ 25

86 7 ~ 91

0 ~ 40
0 25
0 ~ 23

0 16
0 ~ 18
0 ea8

M 3 000 1 l97 ~ 43 0 ~ 08 SCHMIDT 65 HBC 5 EE NOTE N 3 /74
M ~ ~ ~ ~ ~ ~ ~ ~ ~

M F IT 1197.35 0 ~ 06 FROM F IT ( ERROR INCLUDES SCALE F ACTOR OF 1 0) 2/76¹

CORK
EVANS
FREDEN
KAPLQN
PUSCHEL

60 PR 120 1000
60 NC 15 873
60 NC 16 611
60 ANP 9 139
60 NP 20 254

CORKe KERTH e WENZEL eCRQNI Ne COOL( LRL+PRIN+BNL I
BR IST+ BR'JS S+ I A S-U ~ COL-DUBS IN+LON+MI LAN+P AO
S FREDEN ~ H KQRNBLUMe R WHIT E (LRL )
M KAPLONeA MELI SSINQSe YAMANOUCHI {ROCHI
W PUS CHEL (MAX PLANCK INST)

20 (SIGMA-) - (LAMBDA) MASS DIFFERENCE (MEV)

BARKAS 61 PR 124 1209
BERTHELO 61 NC 21 693
CHI ESA 6 1 NC 19 1171

BEALL 62 PRL 8 75
GRARD 62 PR 127 607
GALTIERI 62 PRL 9 26
HUMPHREY 62 PR 127 1305
TR IPP 62 PRL 9 66

BARKAS OYER ~ MASON NICHOLS SMITH {LRL I
BERT HELOT e DAUD INe GQUSSU + ( SAC LA V+OR SA Y )
CHI ESA e QUASS I AT I e R INAU 00 ( INFN-TUR IN )

BEALLe CQRKeKEEFEeMURPHYeWENZEL (LRL)
F GRARDeG A SMITH (LRL )
GALTIERI BARKAS HECKMAN PATRICK SMI TH (LRL)
W E HUMPHREYe R R ROS 5 (LRL)
R D TRIPP e M 8 WATSON e M FERRO-LUZZI {LRL)

DL N SEE NOTE PRECEDING LAMBDA MASS LISTINGS ~

DL
DL
DL
DL
DL AV

DL ST
DL F I

81 ~ 70
85 81 80

2279 81~ 64
~ ~ ~ ~ e

G 81 e 693
UDENT 8 1eb92
T 81~ 750

0 ~ 19
0 ~ 13
0 09

~ ~ ~ 4

0 ~ 069
0 ~ 077
0 ~ 054

BU RNSTE IN 64 kBC
SCHMIDT 65 HBC SEE NOTE N

HEPP 68 HBC

9/66
3/74
8/68

AVERAGE t ERROR INCLUDES SCALE FACTOR QF I ~ 0)
AVERAGE USING STUDENT10( H/le 11) SEE TEXT

FRCM FIT (ERROR INCLUDES SCALE FACTOR OF 1 0) 2/76¹

BARKAS
ALSO

BHOWMI K

CARRARA
COURANT
MURPHY
NAU ENBER
'WI LLl S

BALTAY
BAZIN
BAZ IN2
CARAYAN
QUARENI
SC HM IOT

BANGERTE
BERL E Y
CHANG

ALSO
CHI EN
COOK

63 PRL 11 26
61 UCRL 9450

i

64 NP 53 22
64 PL 12 72
64 PP. 136 8 1791
64 PR 134 8 188
64 PRL 12 679
64 PRL 13 291

65 P R 140 8 1027
65 PRL 14 154
65 PR 140 8 1358
65 PR 138 8 433
65 NC 40 A 928
65 PR 140 8 1328

66 PR L 17 495
66 PRL 17 1071
66 PR 151 1081
65 NE VI 5 145 THES IS
66 PR 152 1171
66 PRL 17 223

W H BARKAS e J N OY ERe H k HECKMANN
JOHN OYER (THESISe BERKELEYI

(LRt. )
(LRL I

8 ' BHQWMIKe P JAI Ne P MATHURe LAKS HMI (DEL Hl I
CARRARA eCRESTI eGRIGQLETTOe PERUZZO+ (PADOVA)
COURANT e F ILT HUT H+ {CERN+VE I 0+UMD+NRL+BNL )
C THORNTON MURPHY (W ISCQNS IN )
NAUENBCRG e MARATECK e+ (COLU+RUTG+ PRI NI
W ILL IS e COURANT e ENGEL MAN+ ( BNL e C ERN e HE ID e UMD )

BALTAY, SANDWEI SS,CULWICK, KQPP e {YALE+BNL)
BAZ IN e BLUMENF EL De NAU ENBER 6 + {P R IN+COL U )
8 A 1 I N e PLA NOe SC HMI OT+ {P R IN e RUT Ge COLU )
CARAYANNOPOULQSe TAUTFEST e WILLMANN (PURDUE)
QUARENIe CARTACCI + (BGNAeFIRZeGENOePARMA)
P SCHMIDT ( COLU MB I A I

BANGERTERe GALT IERIe BERGEe MURRAY+ (LRl. I
+HCRZBACH, KQFLER YAMAMQTO + I BNL+MASA+YALE I
CHUNG YUN CHANG {COLUMBIA)
CHUNG YUN CkANG (COLUM BI A )
+LACH e SANDWEI SS e TAFT e YEH e OREN + (Y ALE+BNL )
V COOKe E WART eMASEK eQRR ePLATNER t WASHI NGTQN)

T
T
T 45
T 41
T 1208
T C 3267
T 5 61 (
T 5 64 (
T 506
T 10253
T ~ 1M
T 1383
T
T 2400
T C CHANG
T S ERROR
T
T AVG
T STUDENT

1~ 67
1 ~ 89
1 e35
1 ~ 75
1 ~ 58
1 ~ 666
2 ~ 08)
1 ~ 46)
1 ~ 38
1 472
1 ~ 485
le42
1 ~ 41
1 463
ERROR.
PUR ELY

~ ~ ~

1» 482
1 ~ 479

0 ~ 40 0 ~ 28 BROWN 58 HLBC
0 ~ 33 0 ~ 25 EI SLER 58 HLBC
0 ~ 32 0 17 CHIESA 61 EMUL
0 ~ 39 0 ~ 30 BA RKAS 61 EMUL
0 06 0 06 HUMPHRE Y 62 HBC
0 e075 CHANG 66 HBC

( 0 ~ 22) CHI EN 66 HBC
(0 ~ 31) CH I EN 66 HBC
0 F 07 WHITES IDE 68 HBC
0 ~ 016 SARI QUTAU 69 HBC
0 022 El SELE 70 HRC
0.05 BAKKER 7 1 DBC
0 ~ 09 0 ~ 08 TOVEE 71 EMUL
0 e 039 ROBER TSQN 72 HBC

0 ~ 018 RAISED BY US ~ SEE 1970 EDITI
STAT I STICAL e
~ ~ ~ ~

0 ~ 017 0o 017 A VFRAGE ( ERROR I
0 ~ 0 13 0 ~ 01 3 A VG ~ USI NG STUDE
(S EE IDEOGRAM BEL QW )

STOP ~ K-
STQP ~ K-

6 e9 PBAR P
6 ~ 9 PBAR PeANTI

STOP ~ K-
K-P ~ 4-1 2 GEV/C
K-P AT RE ST
K-N TQ S IG- 2PI

K-P ~ 25 GEV/C
QNe RMP 42e 123( 1970)

6/66
9/67
9/67
6/68

11/69
2/71

10/71
12/71
3/74
1/73

NCL ~ SCAL E FACTOR QF le 5)
NT10(k/1 ~ ll) -- SEE TEXT

20 SIGMA- MiEAN LIFE ( UNI TS 10¹¹-10)

BAGGETT 67 PRL 19 1458
ALSO 68 VIENNA ABS ~ 374
ALSO 68 PRI VATE COMM ~

BAGGETT eDAYeGLA SSERe KEkQE eKNQP+ {MARYLAND I
BAGGETT ~ K EHOE ( MAR YLA ND I
N ~ BAGGETT (MARYL AND)

WEIGHTED AVERAGE = 0.6746 + D ~ D076
ERROR SCALED BY 1.5

BARASH
El SELE
HYM AN

KOTELCHU
SULLIVAN

ALSO

67 PRL 19 181
67 ZPHYS 205 409
67 PL 25 8 376
67 PRL 18 1166
67 'PRL 18 1163
64 PRL 13 246

BARASH DAY GLASSER KEHOE KNOP + (MARYLAND)
+ENGELMANNeFILTHUTHe FQLIS He HEPP+ ( HEID)
+LQKEN ePE WI TTe MCKENZI Ee+ (ANL+CARN+NWES I
KQT ELCHUCKe GQZAe SULL I VAN e ROSS ( VANDERB ILT)
5ULLI VANeMCINTURFFeKQTELCHUCH (VANDERBILT )
A D MC INTURFF eC E RODS ( VANOER 8 I LT )

8 I ERMAN
COMBE
MAST

68 PRL 20 1459
68 NC 57 A 54
68. PRL 20 1312

ANG
BAGGETT
BALT AY
BANGERTE
BA NGE RT I
BARl OUTA
EI SELE1
El SELE2
GERSHW IN

ALSO
NORTON

'BERL EY
EISELE
HARRIS

ALL EY
BAKKER
COLE
TOVEE
BELLAMY
BOHM

ALSO

70 P R Dl 2015
70 ZPHY 238 372
70 P RL 24 165

71 PR D3 75
71 LNC 1 37
71 PR D4 631
71 NP 833 493
72 PL 398 299
72 NP 848 1
73 I I HE-73 ~ 2 NQ V

69 ZPHYS 228 15 1
69 MDDP-TR-973
69 P RL 22 615
69 UCRL-19244
69 PR 187 1821
69 NP 814 153
69 ZPHYS 221 1
69 ZPHYS 221 401
69 PR 188 2077

UCRL 1924b THES IS
69 NEVIS 175 (THESIS

8IERMANe KQUNQSU eNAUENBERG + (PRINCETON )
CERN-BRI STOL-LAUSANNE-MUNICH-ROME-CQLLABQR
MAST e GERS HW INe ALSTQN-GARNJQST + (LRL)

+EBENHOHe E I SELE eENGELMANN eF ILTHUTH+ (HEID)
N V BAGGETT (THES IS ) (UMD I
BALTA Y eF RANZI NI e NEWMAN e NORTON+ (CQLUe STQNI
ROGER ODELL BANGER TER. ( THE 5l S) (LRL)
BANGERTEReGARNJQSTeGALTIERle GERSHWIN+ (LRL )
BARLQUTAUD eBiELLEFONe GRANET+ ( SACL+CERN+HEID)
+ENGELMANNe F ILTHUTke FQHL I SCH ~ HEPP+ ( HE ID )
+ENGE LMA NN F I LTHUTH FQHL IS CH, HEPP+ ( HE

ID�

)
+ALSTON-GARNJQSTe BANGERTER + {LRL )
LAWRENCE K GERSHW IN (L&L )

) HERBE RT NORTON (COLUMBIA)

+YAMINe HERTZBACHeKQFL ER + ( BNL eMA SA e YALE )
+F ILTHUTH e HE PP e PRESS ER e Z ECH ( HE I DEL BERG )
+OVER SE TH e PQNDRQM e DE TTMANN (MI CHe WI SC)

+BENBRQQK eCQOKeGLASSe GREEN eHAGUE + t WASH)
+e SABRE COLL AB ( ZE E M+SAC I +BGNA+REHQ+E PQL )
+LEE-FRANZ INI e LQVELFSS e BALT AY+ (STQNe CQLU)
LOUC e BELGRADE e BERL e8RUX eDUBL IN e WARS CQLLAB
+ANDERSON e CRAWFORD e QS MON+ t LOWC+PHEL+ SUSS I

8ERLIN+BELGRADE+BRUX+DUBL IN+LQUC+WARSAW
BRUSSELS BULLCTI Ne SAME COLLABORATION

~ ~ ~
I

~ ROBERTSON 72
TOVEE 7$

~ BAKKER 71
~ EISELE 7D

BARLOUTAU 69
~ ~ WHITESIDE 68

CHANG 66
~ HUMPHREY 62

BARKAS 61
CHIESA 61
EISLER 68

~ .BROWN 58

0.4 0.6 0.8
SIGMA- DECAY RATE (UNITS 10+fff1D SEC-1)

HBC
EMUL
DBC
HBC
HBC
HBC
HBC
HBC
EMUL

EMUL

HLBC
HLBC

CHISQ
0.2
0.7
1.4
D. D

0.4
1.8
7.S
3.D

15.1
(CONLEV
~0.034)

EB E NHOk
L I PMAN
SAHA
S'EC HIZOR
EBENHQH
REUCROFT

73 ZPHY 264 413
73 PL 438, 89
73 P R D7 3295
73 PR DB 12
74 ZPHY 266 367
76 PREPRI NT

+E1SELEeF ILTHUTHe HEPP e LEITNERe THQUW+ ( HE ID )
+UTOe WALKER e MQNTGQMF RY+ {RHEL+SUSSe LQWC )
+FETKQV ICHe HE INTZELMANeMEL TZER + ( CARN)
8 ~ SEC HI-ZQRN e G ~ SNOW (UMD )
+EISELEeENGELMANN ~ FILTHUTH eHEPP + {HEID)
+RQOSeWATERSeWEBSTEReHANSL+ (VANDeMPIM)

20 SIG)eA- MAGNETIC MOMENT '(MAGhlETQNS 938 26 MEV I

MM R ~ BTWN -1 eb AND +0 8 FOX 73 CNTR S IG-ATOM F INE ST 3/74
MM R «1 ~ 48 0 ~ 37 ROBERTS 74 CNTR 5 IG-ATOM FINE ST 12/75¹
MM R ROBERTS 74 INCLUDES DATA FROM FQX 73 ~ 12/75¹
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S94 Particle Data Group: Review of particle properties

Stable Particles Data Card Listings
For notation, see key at front of Listings.

Pl
P2
P3
P4
P5

SIGMA-
5 I GMA-
SIGMA-
SIGMA-
SIGMA-

2/} 5IGMA- PART I AL DECAY MODES

I NTO NEUTRON P I—
INTO NEUTRON P I- GA MMA

INTO NEUTRON MU- NEUTR INO
INTO NcUTPON E- NEUTRINO
INTO L AM BDA E- NEUTR I NQ

DECAY MA SSE S
939+ 139
939+ 139+ 0
939+ 105+ 0
939+ .5+ 0

1115+ ~ 5+ 0

BARKAS
BURNSTE I
COURANT
MILL ER
MURPHY
N AUEN 8 ER

63 ~RL 11 26
64 PRL 13 66
64 P R 136 8 1791
64 PL 11 262
64 PR 134 8 188
64 PRL 12 679

SARKAS 61 PR l24 1209
CHIFSA 61 NC 19 1171
HUMPHREY 62 P R 127 1305
TRIPP 62 PRL 9 66

BARKAS r DYER r MASQNr NICKQLS r SMITH
A M CHIESA r 8 QUASS I AT I r G RINAUDO
W E HUMPHREYrR R R055
R 0 TR!PPr 'r! WATSQNr M FERRO-LUZZ I

{LPL)
{TURIN}

(LPL }
(LPL I

W H BARKASr J N DYERrH H HECKMAN ( LP.L )
BURNST EINr DAY r KEHQEr SECHI ZQRN r SNOW {UMD )
CGURANT r F I LTHUTH+ (CERN+HE ID+UMD+NRt. +BhlL )
MILLER r STANNARD r BE ZA GUET+ ( LOUC r E PQL+ BERG )
C T HORNTON MURPHY {W I SCON SIN )
NAUENBERGrSCHMIDTrMARATECK+(COLU+RUTG+PRIN I

Rl
Rl
Rj

Rl
Rl
Rj
RI
Rl

R2
R2
R2
R2
R2
R2
R2
R2
RZ
R2
R2

'RZ
P2
R2

R3
R3
R3.
R3
R3
R3
R3
R3
R3

R4
R4
'R4

R4

A-
A-
A-
A-
A-
A-
A-
A-
A-
A-
A-
A-

20 SIGMA- BRANCHING RAT 1 05

5 I GM A-
22
ll
56
72
13

INTO
0 ~ 66
0 56
0 ' 43
0 ~ 43
0 38

(N MU- NEUI/ {N
0 o15
Oo Z0
0 ~ 09
0 ' 06
0 ~ 11

PI-I {UNITS
COURANT
SAZIN
BAGGETT
ANG 1
COLF

10¹¹-3)
64 HSC
65 HSC
69 HBC
69 HBC
71 HBC

{P3) /(Pl}
F RQM STOP ~ K-

S TOP K-
STOP K-
STOP K-

6/66
10/69
10/69
10/71

AVG
STUDEN&

0 ~ 44
0 ' 44

~ ~ ~ ~ ~

7 0 043 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0}
5 0 ~ 047 A VERAGE USING

STUDENT

10�
(H/1 ~ 1 1 I S EE T EXT

(N E- NEU
0 ' 4
0 ~ 34
0 ' 4
0 3
0 ~ 09

) {0 08)
0o15
0 ~ 07
0. 06

EPLACED BY

I NTQ
1 ~ 0
1 ~ 37
lo 15
1 4
1 ~ 11
1 02
0 ~ 97
1 ~ 05
1 ~ 09
69 R

5 I G MA-
9

16
16
31

180
{

1

A 331
57

455
A 601
A ANG

AVG
STUDENT

~ ~ ~ ~ o ~ o ~ ~

1 o 082 Oo 038
lo082 Oo041

) / (N P I- I ( UNITS 10¹¹-3)
0 ~ 3 MURPH Y 64 HLBC

NAUENBERG 64 HBC
MILLER 64 FBC
COURANT 64 HSC
8 I ERMAN 68 HSC
ANG 1 69 HSC
COLE 71 HBC
SECHIZORN 73 HBC
EBENHQH 74 HBC

EBENHQH 74 '

{P4}/(Pj}

STOP K-
STOP K-
STOP K-
STOP K-

AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 oo}
AVERAGE USING STUDENT10(H/1 ~ ll) -- SEE TEXT

6/68
10/69
10/71
8/73
1/76¹
1/76¹

5 IGMA- INTO (LAMBDA E-

jj 0 ~ 75
35 0 ~ 64
31 0 ~ 69
31 0 52

0 28
0 ~ 12
0 ~ 1?
Oo09

NEU) /( N P I-I ( UNI TS 10¹¹-4}
t P5} /{Pl)

COURANT 64 HBC STOP K-
BARASH 67 HBC STOP K-
EISELE1 69 HBC STOP K-
BALTAY 69 HBC ST QP K-

8 /67
10/69
4/69

AVG
STUDENT

~ ~ ~ ~ ~ ~

0 ~ 604
0 ~ 605

~ ~ ~

0 o060
0 069

AVERAGE ( ERROR INCLUDES SCAL E FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT10(H/l«11) -- SEE TFXT

20 SIGMA- DECAY PARAMETE RS

RELATED TEXT SECTION VI 0 AND APPENDIX III
ALPHA SIGMA-

(-0~ 16) {0 ~ 21) TRIPP
0 6500 ( -0 ~ 0 10) {0 ~ 043 I BA NGE RTC R
0 6068 t -0 ~ 104) (0 04 ) SERLEY

5 1000 -Oo 071 0 0).2 BANGERTER
8 5978 (-0 ~ 134) ( 0 ~ 034 I BE RLE Y
60000 -0o067 0 ~ 011 BQGERT

0 OLD RESULTS HAVE BEEN REPLACED
8 BERLEY 70 REPLACED BY BQGERT 70

62 HBC
66 HBC
67 HBC
69 HBC
70 HBC
70 HBC

RE PL BY BAN GERTE
K-P TO 5 IG- PI+
K-P TO SI G- P I+

K-P AT 400 ME V/C
K-P AT 400 ME V/C

7/66
11/67
10/69
2/71

12/70

2/71

AVG
STUDENT

~ ~ ~ o ~ ~ o ~ ~

-0 ~ 0688 0 ~ 008 1
-0o0688 0o0087

AVERAGE t ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT10(H/lo 11} -- SEE TEXT

SIGMA- INTO {N PI- GAMMA }/ t N PI —) {UNITS 10¹¹-3)(P2}/ I P 1}
( 1 ~ 1)APPRQXI M ~ BAZIN 65 HSC Pi- LT 166 MEV/C 8/67

23 0 ~ 10 o02 ANG 2 69 HBC PI- LT 110 ME V/C 10/69
292 0 ' 46 0.06 EBENHOH 73 HBC PI+ LT 150 MEV/C 3/74

BAZI N

DDSC H

ALSO
SCHMIDT
SANGERTE
CHANG
CHIEN

SARASH
BERLEY
8 IERMAN
GE RSHWI N

HFPP
WHITES ID

ANG 1
ANG 2
SAGGETT
SALTAY
BANGERT E
BANGERTl

65 PR 140 8 1358
65 PL 14 239
66 PR 151 108I
65 P R 140 8 13?8
66 PRL 17 495
66 P R 151 1081
66 PR 152 1171

67 PRL 19 181
67 P RL 19 979
68 PRL ?0 1459
68 P RL 20 1270
68 ZPHY 214 71
68 NC 54A 537

69 ZPHY ZZ3 103
69 ZPHY 228 151
&9 PP. L 23 249
69 PRL 2 2 615
69 U CRL-19244
69 PR 187 1821

8ARLOUTA 69 NP 814 153
CO! LERAI 69 PRL 23 198
EISELE1 69 ZPHY 221 1 .
EI SELE2 69 ZPHY 223 487
GE R SHWI N 69 UC RL-19246

BARLOUTAUD r BELL EFON r GRANET+ ( SAC I+CERN+HE I 0)
COLL ER AINE'r DAY r GLASS ER r KNOP+{ UNIV MARYL AND I
+ENGELMANNrFILTHUTHr FOHLI SCHrHEPP+ (HEIDI
EIS'ELEr ENGELMANNrF ILTHUTHr FOHLI SCH+ tHEI D)
LA'WRENC E KENNETH GERS HWIN (THES IS I (L RL )

BERLEY
SOGERT
EBENHQH
EISELE

BAKKER
COLE

At. SO
TOVEE
BALTAY
8 0HM
ELLIS
FR ANZ INI
RQBERTSO
EB ENHOH
FOX
SECHIZOR
EBENHQH
ROBERTS

ALSO
ALSO

TANENBAU
ALSO

TANENBAU

70 P R Dl 2015
70 PR D2 6
70 KIEV CONF
70 ZP HY 238 372

71 LNC 1 37
71 PR D4 631
69 NEVIS-175 THES IS
71 NP 833 493
72 PR D5 1569
72 NP 848 1
72 NP 839 77
72 P R 06 2417
72 T HES IS
73 ZPHY 26/+ 4 13
73 P RL 31 1084
73 PR DS 12
74 Z PHY 266 367
74 PRL 32 1265
74 PRL 33 122
75 PR 012 1232
74 P RL 33 175
75 TANENBAUM
75 PR D12 1871

+YAM IN r HERT Z BACHr KQF LER + ( BNI- r MA SAr YALE )
+LUCASr TAFT r'WILLIS r BERLEY + (BNLr MASAr YALE I
+EISELE rENGELMANN, FILTHUTHrFOHLISCH+ (HEID)
+F ILT HUT Hr HE PPr PRESSER r Z ECH ( HE IDELB ERG I

+r SABRE COLLAS {ZEEM+SACL+BGNA+RCHO+EPQL)
+LEE-F RANZINI r LOVELESS r BALTAY+ (STQNr COLU I
HERBERT NORTON (C QLUMBI A)
LOUCr BELGRADEr BERL r BRUXr DUBL INr WARS COLLAB
+FEINMANr FRANZ INI r NEWMANr YEH+ (COLU+STGNI
8 ERL IN+BELGRADE+BR OX+DUB L IN+LOUC+ WARSAW

OXF+AER E+RHEL+L OQM+LYON+NWES+ IT EP C OLL ABOR
COLUMBIA+HEIDELBERG+MARYLAND+STONY BROOK
R oM ~ ROBERTSON (I IT)
+El SELE r F I LTHUTHr HEPP r LEIT NER ~ T HOUW+ t HE ID )
+l AMrBARNE Sr E I SENSTEI Nr. ( BNL+VP I+WI LL+WYOM I
8 ~ SECHI-ZORNr Go SNOW ( UMD)
+EISELEr ENGELMANNr FILTHUTHr HEPP + t HEID)
WILL+VPI+CARN+WYQM+CI T COLLABORATION
ERRATUM TO ROBERTS 74
RQBERTSr COX + {'WILL+VPI+CARN+WYOM+CIT+Bh}L I
TANENBAUMrHUNGERBUEHLER + (YALE+FNAL+BNL I

TANENBA UMr HUNGE RBUEHLER + ( YALE+FNAL+BNL I

PAPERS NOT REFERRED TO IN DATA CARDS

BROWN
NI ETO

57 PR 108 1036
68 RMP 40 140

J BROWNr D GLASERr M PERL
M NIETO

( MICH+BNL )
(STON )

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

BAZ INr PLANOr SCHMIDT + ( P R I N+RUTG+CQL U I
DQSCHr ENGE LMANNr F I LTHUTH rHEPPr KLUGE+ ( H ID I
C HUNG YUN CHANG ( CQL UMBI A I
P SCHMIDT ( COLUM BI A )
BANGERTER r GALTIERI r SERGE r MURRAY+ {LRL)
CHUNG YUN CHANG (COLUMBIA)
+LACHr SANDWEISS r TAFT r YEHr OR EN + {YAL E+BNL I

BARAS H OAY GLASSER KEHOE KNOP + (MARYLA'ND)
BERLEY r HERTZBACHr KOCL ER + (SNLr MASAr YAL E I
B IERMAN r KOUNOSUr NAIJENBERG + {PRINCETON)
GERSHWIN ALSTQN-GARNJQST SANGERTER+ (LRL}
VS HEPPrH ~ SCHLEICH ( HE IDEL BEP G )
H WHI ~ESIOE r J ~ GOLLUB ( OBE RL INI

AMGr c I SELE, ENGELMANN r FILT}-UTH + ( HEI D)
+EBENHQR r E I S EL E r EN GE L MANN r F I LT HUTH+ t HE I D I
SAGGETTr KEHOEr SNOW t UNIV MARYLAND )
SALTAYr FRANZINI r NEWMANr NORTON+ (COLUr STCN)
ROGER ODELL BANGERTE& {THESI Sl (LRL}
BANGERT ER GARNJ OST, GALT I ER I GER SHW IN+ (LRL I

F-
F-
F-
F-
F-
F-
F-
F-

AVG
STUDENT

P HI ANGLE ( SIN( PHI I /CQS{ PHI ) =BETA /GAMMA } ( DEGREESI
0 1006 (+22 ~ ) ( 30 I BERL EY 67 HBC K-P TQ, SI G- PI+

1385 14o 19~ BAhIGERT 1 69 HBC
C1092 + 5 ~ 23 ~ BE RLE Y 70 HSC NEUTRON RESCATT o

C CHANGED FROM -5 TQ +5 TQ AGREE WITH S IGN CONVENTION
~ o ~ ~ ~ ~ ~ ~ ~

10 ~ 3 14o6 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
10 4 15 8 AVERAGE USING STUDENT10( H/1 ill -- SEE TE XT

11/67
10/69
11/69

0
21 S IGMAO(1193r JP=1/2+) I=1

21 (SIGMA-) — (5 IGMA0 ) MASS DIFFERENCE . t MEV )
Dl N SEE NOTE PRECEDING LAMBDA MASS LI STINGS ~

AV
AV
AV
AV
AV
AV

AV
AV

AV

AV
AV

AV
AV
AV

GV/GA FOR SIGMA TQ LAMBCA BETA DECAY (TEXT SEC VI 0 ~ 1 FOR SIGN CONV)
PREDICTED TQ BE ZERO BY CONSERVED VECTOR CURRENT THEORY

FB 45 {0~ 31} (0 30} BARASH 67 HBC
FS 5). (0 7) (0 4) BALTAY 69 HBC USING SIG+-
FS 81 (+0o 22} (0.28} E I SELE1 69 HBC

F S 186 0 ~ 37 0 ~ 20 FRANZ INI 72 HBC USING SI G+-
T 55 -0 ~ 17 0 ~ 35 TANENBAUM 75 SPEC
8 BARASH 67 MEASURED ABSQ{.UTE VALUE.
S S I GN CHANGED TO AGREE W ITH OUR CONVENTION

FRANZI NI 72 INCLUDES EVENTS OF SARASH 67 EISELE 1 69 BALTAY 69 ~

T WE QUOTE TANENBAUM 75 WHICH ASSUMES CVC WK MAG TERM ~

~ ~ ~ ~ ~ ~ o ~ ~

AVG 0 ~ 24 0 ~ 23 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 3)
STUDENT 0 ~ 24 0 20 A VERAGE USING STUDENT10(H/1 ~ 11} -- SEE TEXT

11/67-
4/69

10/68
1/73

12/75¹

1/73
1/76¹

Dl
Dl
Dl
Dj
Dl
Dl
Dl

18
37
12

AVG
STUDENT
FIT

4o 75
4 87
5o01

~ ~ ~ ~

4 ~ 860
4 ~ 860
4» 882

SURNSTEIN 64 HBC
DDSC H 65 HBC
SCHMIDT 65 HBC SEE NOTE

WEIGHTED AVERAGE = 4.860 + 0.076
ERROR SCALED BY 1.2

0 ~ 1
0 ~ 12
0 o lz

~ ~ ~ ~

0 ~ 076 AVERAGE ( ERROR I NCLUOES SCALE FACTOR OF 1 2)
0 ~ 077 AVERAGE USING STUDE'NT10(H/lo 11) SEE TE XT
0 ~ 063 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1 0)
( SEE IDEOGRAM BE LOW

3/74

2/76¹

AVl
AV1
Avl
AV ).
AV1
Avl
AV1
Avl
AVj
AV1
A Vi.
AV1
Avl
AVl
AV j.
AV1
A V).
Avl
AVj

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFEREh}CES FOR SIGMA-

BROWN 5 8 CERN CONF 270
EISLER 58 NC SER10 10 150

BROWNr GLAS ER r GRAVES r PERL r CRONIN + ( MICH I
EI SLcR BASS I CONVERS I+ ( CQLU BNL BGNA P I SA I

GA/GV FOR SIGMA TO NEUTRON BE TA DECAY(TEXT SEC VI 0 ~ I. FOR SIGN CONVI
57 (0 ~ 05} {0 23) {0 32) GERSHWIN 68 HBC REPLACED BY GER ~ 69

C 49 0 Z3 016 CQLLERAIN 69 HBC NEUTRON SCATTER
C 33 0 ~ 37 0 ~ 26 0 19 EI SELE2 69 HBC NEUTRON SCATTER ~

61 +0 19 0 ~ 20 0 17 GERSHW IN 69 HBC POLAR IZED SIGMAS
63 -0.33 Oo 30 0 85 SOGERT 70 HBC K-P AT 400 MEV/C

5 -0 ~ 20 0 ~ 28 EBENHOH 70 HBC E- SPECTRUM
C 36 0 ~ 29 0 ~ 28 0 ~ 29 BALTAY 72 HBC NEUTRON SCATTER

43 -Oo 4 0 ~ 52 1 ~ 5 ELLI S 72 ASPK POLARIZED S IGMAS
E {+0 10} (0 ~ 11} ELLI S 72 RVUE SUM LI KEL ~ (+SCL)
E (-0 ~ 27) (0 ~ 13) (0 ~ 17) ELL IS 72 RVUE SUM LIKEL (-SOL)

C3507 Oo/o35 0 035 TANENBAU 74 ASPK
C COL{.ERAINEr EISELEr BALTAYr TANENSAUM MEASURE ABSOLUTE VALUE OF GA/GV ~

GERSHW I N 69 SOGERT 70r EBE'4HQH 70, AND ELL IS 72 MEASURE THE SIGN
BUT NEITHER HAS A DEFIh! ITE SIGN DETFRMINATI ON SINCE THE 5 IGN IS
UNDETERMINED TEE AVERAGE OF THE SIX VALUES IS MEANINGLESS ~

E ELLI 5 72 HAS COMBINED THE MAXIMUM LIKELIHOODS OF COLLFRAINE 69r
E EISELE2 69r GERSHWIN 69r ELLIS 72r AND GETS TWO POSSIBt E VALUES ~

S SIGN CHANGED TO AGREE WITH QUR CQNVE ~ INCLUDES BIERMAN 68 EVENTS ~

6/68
10/69

~ 10 /69
10/69
10/70
3/72
6/72

).0/7 1
10 /71
10/7 1
10 /74¹
ll /75¹

3/72
3/72
3/72

ove of weighted average,
d scale factor are for the
convenience only. The
actually processed by a

ed fit program, which
its own values of x, 5x,

factor, which are differ-
he values shown here.

IDT 65 HBC
H' 65 HBC
STEIN 64 HBC

4.4 4 .Ej 5.2 5.6

CHISQ
1.6
0.0
1o2
2.8

(CONl EU~0.249)
(SIGMA —) —(SIGMAO) MASS DIFFERENCE
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Particle Data Group: Review of particle properties

Data Card Listings
For notation, see key at front of Listings.

Stable Particles

21 (SIGMAO) - (LAMBDA) MASS DIFFERENCE (MEV) 22 Xi- MEAN LIFE ( UNI TS 10¹¹-10}

DL 208
DL 109
DL
DL AVG
DL STUDENT
DL & IT

76 63 0 ~ 28
76 23 0 ~ 55

~ ~ ~ ~ ~ ~ ~ o ~

76 ~ 55 0 ~ 25
76 ~ 55 0 ~ 27
76 ~ 87 0 ~ 08

SCHMIDT 65 HBC SEE NOTE N 6/68
COLAS 75 HlBC LAMBDA-GAMMA DEC 12/75¹

AVERAGE l ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT 10 ( H/ 1 ~ 11 ) -- SEE TEXT

FROM F IT lERROR INCLUDES SCALE FACTOR OF 1 0) 2176¹

21 S IGMA0 MEAN LIFE (UNITS 10¹¹-14)
(1~ 0) OR LESS DA VI S 62 EMUL

21 S I GMAO PART I AL DECAY MODES

DL N SEE NOTE PRECEDING LAMBDA MASS L IST INGS ~

H 11
H 18
H (QLD

517
62

356
794
246

5 6
299

5
261 0

680
4303

5 2436
5 THE E

AVG
STUDENT

(3.5)
(1 28)
OAT A AND

1 ~ 86
1 ~ 55

(1 ~ 77 )
1 ~ 69
je70

(1 ~ 37)
1 ~ 80

(1 ~ 67)
le61

. 1 ~ 73
1 ~ 63

(lo637)
RRQR IS 5

~ ~ ~ ~

1~ 652
1 ~ 651

6 1 HLBC
61 HLBC
SUGGEST'IQN OF J R HUBBARD)
63 FBC
63 HBC
64 HBC
64 HBC .

65 HBC
66 HBC — 6.9 P BAR P
66 HBC
68 HBC K-P AT le 3-1~ 8
69 HBC
72 HLBC
74 HBC
74 QSPK

) WANG

} F O'WLER
DROPPED ON

JAUNEAU
SCHNEI OER
CA RMQNY
HUBBARD
PJERRQU
CHIEN
LONDON
BURGUN
DAUBER
MAYEUR
BALTAY
COOL

Y

(3 ~ 4) I 1 23
(0 ~ 41) (0 ~ 25
LOW STAT IST ICS

0 ~ 15 0 14
0 ~ 31 0 ~ 31

(0 12)
0 ~ 07
0 ~ 12

(0.51)
0 ~ 16

(0 F 07)
0 04
0 08
0 ~ 03

(0 ~ 050 }
TATI ST ICAL QNL

~ ~ ~

0 ~ 023
0 025

REP BY P JERRQU 65

2 ~ 1 GEVI C K-
1 ~ 75 GEV/C K-
1 8 GEV/C

0 ~ 07

0 ~ 022 AVERAGE f ERROR INCL ~ S CAL E FACTOR OF
0 ~ 024 A VG ~ USI NG STUD" NT10 (H/I ~ 11) -- S EE T

11/67
9/67
6/66
2/71
6/68
1/73
3/74

10/74¹

lol)
EXT

Pj
P2
P3

SIG MAO I NTO L AM BCA GAMMA

S IGMAO INTO LAMBDA E+ F.-
5 IG MAO I NTO L AM BOA GAMMA GAMMA

21 S I GMAO BRANCHING RAT I QS

DECAY MASSES
1115+ 0
1115+ e5+ 5
1115+ 0+ 0

22 ANTI-X I+ MEAN L IFE (UNITS 10¹¹-10)
5 (1 51) (0~ 55) CHIEN 66 HBC + 6 ~ 9 PBAR PLANT I 9/67

12 (1o9} (0 ~ 7) {0~ 5) SHEN 67 HBC ANTI- XI- 10/67
34 1 ~ 6 0 3 STONE 70 HBC 10/70
35 f 1~ 55) (0 ~ 35) (0 ~ 20) VOTRUBA 72 HBC 10 GEV/C K+ P 11/72
THE ERROR IS STAT IST ICAL ONLY

Rl . 5IGMAO INTO (LAMBDA E+ E- )/TQTAI. t P2) /(Pl+P2)
Rl t 0 ~ 00545) THEORET ~ CAL ~ FEINBERG 58 QUANTUM EL ECT 9/66

R2 SIGMAO INTO (I ANBDA GAMMA GAMMA)/{LAMBDA GAMMA) (P3) /(P 1) 12/75¹
R2 Oe 03 QR LESS CL~ ~ 90 COLAS 75 HLBC 12/75¹

22 XI- PARTIAL DECAY MODES

FE INBERG
DAV IS
BURNSTE I
DQSCH
SCHMIDT
COLAS

58 PR 109 1019
62 PR 127 605
64 PRL 13 66
65 PL 14 239
65 P R 140 8 1328
75 NP 891 253

COURANT 63 PRL 10 409

REFERENCE S FOR SI GMAO

G ~ FE I NBE RG (BNL )
D DAVI S R SETTI M RAYMOND yG TOMASIN {EFI)
BU'RNST EIN ~ DAYo KEHQEg SECHI EQRNg SNOW ( UMD )
DOSCH ~ ENGELMANNt FILTHUTH~HEPP ~ KLUGE+ l HE ID)
P SCHMIDT (COLUMBIA)
+FARWCLLeFERREReSIX {ORSA)

PAPERS NOT REFERRED TO IN DATA CARDS ~

COURANT g F ILTHUTH ~ FRANZ INI+ l CERN+UMD+NRL )

Pl
P2
P3
P4
P5
P6
P7
PB
P9
P10
Pl 1
P12
P13

XI- INTO
X I- INTO
XI- INTO
XI- INTO
XI- INTO
XI- INTO
Xi !NTQ
X I- INTO
XI- I NTQ
XI- INTO
X I- INTO
XI- I NTO
X I- INTO

LAMBDA PI-
LAMBDA E- NEUTRINO
NEUT RON P I-
LAMBDA MU- NEUTRINO
S!GMAO E- NEUTRINO
SI GM AO MU- NEUTR I NO
NEUTRON E- NEUTR INQ
N EUT RQN MiU- NEUTR INQ
SIGMA- GAMNA
PROTON P I- P I-
PROTON PI — E- NEUTRINO
PROTON P I MU- NEUTR I NQ

XI 0 E- NEUTR INQ

DECAY MA SSE S
1115+ 139
1115+ ~ 5+ 0
939+ 139

jjj5+ 105+ 0
1 192+ ~ 5+ 0
1192+ 105+ 0
939+ ~ 5+ 0
939+ 105+ 0

1197+ 0
938+ I 39+ 139
938+ 139+ ~ 5+
9 38+ 139+ ).05+

1314+ ~ 5+ 0

QUANTUM NUMBER OETERMINATIQNS NOT REFERRED TO IN THE DATA CARDS

ALFF 65 PR 137 81105 ALFF ~ GEL

PANDEAN

AUENBERG+ ( COI UM8 IA+R UTG+BNL }P
22 X I- BRANCHING RAT IOS

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

22 XI-( 132jg JP=l/2 ) I= 1/2

22 XI- MASS ( ME V)

M H 11 tl317 ~ 0} {2'~ 2) WANG 61 HLBC
M H 18( 1317~ 9) ( 1 9) FOWlER 61 HLBC
M H lOLD DATA AND LOW STATiSTICS DROPPED ON SUGGESTION OF J R HUBBARD)
M 517 1321 ~ 4 0 ~ 4 JAUNE AU 63 F BC

62 1321el 00 65 SCHNE I DER 63 HBC
M 241 132lo 1 0 ~ 3 BA DIER 1 64 HBC

ALL MASSES ABOVE WERE RAISED 0e09 MEV BECAUSE LAMBDA MASS RAISED
M 149 1321~ 3 0 ~ 4 P JERRQU 65 HBC
M 6 1321' 67 0 ' 52 CHIEN ' 66 HBC - 6 ~ 9 PBAR P
M 299 132lo4 1 1 LONDON 66 HBC
M G 195 1321F 87 0 51 GOLDWASSE 70 HBC 5 ' 5 K P
M G USES LAMBDA MASS OF 1115~ 58-&it Xi ) I 5 1322 18 IF M( I AMBDA) =1115~ 84
M 268 1321~ 12 0 ~ 41 WI LQUET 72 HLBC
M ~ ~ ~ ~ ~ o ~ ~ ~

M AVG I 32 1 o 3 1 0 ~ 16 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
M STUDENT 1321~ 31

~
0 ~ 1 7 AVERAGE USING STUDENT 10 l H/ 1 ~ 1 1) 5 EE TFXT

iN FIT 1321 29 0 ~ 14 FROM F IT l ERROR INCLUDES SCALE ' FACTOR QF 1 0)
THE FIT ASSUMES X I AND ANTI~XI MASSES EQUAL ~

11/67
9/67
6/66
8/70
8/70
1/73

2/76¹

Rl
Rl
Rl
Rl
Rj
Rl
Rl
Rl
Rl
Rl
Rl
Rj
Rl

R2
R2
R2
R2
R2

R3
R3
R3
R3
R3

R4
R4
R4
R4
R4

H

H

AVG

XI- INTO (LAMBDA E- NEU)/f LAMBDA PI-) (UNITS 10¹¹-3)
(~2 }/(P I)

EFFECTIVE DENQM ~ CARMQNY 63 HBC
EFFECT IVE DENQN ~ JAUNEAU 63 HBC
EFFECT IVE DENQM BERGE 66 HBC
EFFECTI VE DE NON LONDON 66 HBC
EFFECT IVE DENQM ~ TRIPP 8 67 HBC
EFFECTIVE DENQM. HUBBARD 68 HBC

l 0 ~ 90) ( 0 ~ 55) HUBBARD 68 RVUE
(RVUE ) INCLUDES ALL ABOVE EVENTS

EFFECT IVE DENQM ~ YEH 74 HBC
~ ~ ~ ~ ~

0 ' 3 QUR AVERAGE USING ALL THE ABOVE

11/67
11/67
11/67
11/67
11/67
6/68
6/68
6/68
7/75¹

1
0
0
1
0
2

HUB
1

155
260
220
155
717

1976
(1 15)

BARD 68
4150

~ ~ ~ ~

0 ' 7 2/76¹
INTO (NEUTRON P I-) /( LAMBDA PI-} ( UNI TS 10¹¹-3)

t P3}/(Pl}
5 ~ 0 OR LESS FERRO-LUZ 63 HBC
lel OR I ESS DA UBE R 69 HBC
3o0 QR LESS Cl= o90 YEH 74 HBC

XI-

6/68
6/68

760 CFF DENQM ~ 7/75¹
XI- INTO (LAMBDA MU- NEUTRINO) /TOTAL {UNI TS 10¹¹-31

(P 4)
12 0 OR LESS BE RGE 66 HBC

1~ 3 OR LESS DAUBER 69 HBC
0 ~ 35 0.35 YEH 74 HBC

6/68
6/68

2859 EFF ~ DENQM ~ 7/75¹
X I- INTO l 5 IGMAO E- NEUTRINO} /TOTAL t UNI TS 10¹¹-3)

tP5}
3~ 0 OR LESS
0 ~ 5 OR LESS
0 ~ 53 OR LESS CL ~ 90

6/eB
6/68
7/75¹

BE RGE 66 HBC
DAUBER 69 HBC
YEH 74 HBC 4363 EFF ~ DENQM ~

Ml 1 {1322~ 0)
Ml 5 1320' 69
Ml S 12(1321e7)
Ml 34 1321' 2
Ml 35 1321 6
Mi 5 THE ERROR
Ml ~ ~ ~ ~

M 1 A VG 1321~ 20
Ml STUDENT 1321~ 20
Ml F IT 1321o29

THE F I T AS

22 ANTI- XI+ MA SS (ME V)

ANTI- XI
+ 6o9 PBAR Po ANT I

ANT I-XI-
62 HBC
66 HBC
67 HBC
70 HBC
72 HBC

ll o3) BROWN
Oo 93 CHIEN

(0 ~ 6) SHEN
0e4 STONE
0 8 VOT RUB A 10 GEV/C K+ P

IS STAT I ST ICAl QNL-Y
~ ~ ~ ~ ~

0 ' 33 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ' 0)
0 ~ 36 AVERAGE USING STIJDENT10t H/1 11) -- SEE TEXT
0 14 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

SUMES Xi AND ANTI-XI MASSE S EQUAL

7/66
9167

10/67
10/70
11/72

2/76¹

R5
R5
R5

R6
Rb
R6

R7
R7
R7
R7
R7
R7

X I-

XI-

X I- INTO ( SI GMAO E- NEU + LAMBDA E- NE U) /TOTAL ( 10¹¹-3}
(P2+P5}

0 ~ 68 0 ~ 22 DUCLOS 71 QSPK SEE NOTE D

5 EXPERIMENT CANNOT DISTINGUISH SIGMAO FROM LAMBDA ~ THE CABIBBQ
QRY PREDICTS 5 IGMA0 RATE ABOUT 4 F ACTOR 6 SMALL ER THAN THE
BDA ~ TO GET A VALU'E FQR THE TABLE R7 HAS' BEEN AVERAGED W IT H Rl

17
THI
THE
LAM

INTO {S IGO MU- NEU)/ {LAM P I-) (UNITS 10¹¹-3)f P6}1( Pl)
5e0 OR LESS BERGE . 66 HBC
0 ~ 76 OR LE SS CL ~ 90 YEH 74 HBC 3026 EFF ~ DENGM ~

INTO (N E- NEU)/(LAMBDA PI-) (UNITS 10¹¹-3)(P7)/(Pl)
10~ 0 QR LE55 CL= ~ 90 BI NGHAM 65 RVUE

3 ~ 2 OR LESS CL= ~ 90 YEH 74 HBC 715 FFF ~ DENOM ~

7/66
7/75¹

9/66
7/75¹

10171

DM lo0

22 (X I-) - (ANT I-XI+) MASS QI FFcR ENCE (MEV)

le 1 CHIFN 66 HBC 6 ~ 9 PBAR P

22 XI MAGNETIC MQMcNT {NAGNETQNSo938 26 MEV )

9/67

R8
RB

R9
R9

R10
R10

XI- INTO f N MU- NEU)/ (LAMBDA P I-) (UNITS 10¹¹-3) (P 8) 1(P 1)
0 15 ~ 3 OR I E SS CI.= ~ 90 YEH 74 HBC 150 EFF DENQM 11/75¹

XI- INTO t SIGMA- GAMMA)/ {LAM PI-} (UNITS 10¹¹-4} {P9)/{P1)
0 ll 5 OR LESS CL= ~ 90 YEH 74 HBC 2000 EFF ~ DENQM 1I/75¹

XI — INTO ( P PI- PI-)/(LAMBDA PI-} (UNITS 10¹¹-4)(~10)/f P 1)
0 3o7 OR LCSS CL= ~ 90 YEH 74 HBC 6200 EFF ~ DENCM ll/75¹

MM

MM

MM

MM

MM

2724 -0~ 1
2436 -2 ~ 1

2 ~ 1
0 ~ 8

~ ~ ~ ~ e ~ ~ ~ ~

AVG -1 ~ 85 0 ~ 75
STUDENT -1~ 86 0 ~ 82

BINGHAM 70 QSPK - 1 ~ 8 GEV/C K-P
COOL 74 OSPK — 1 ~ 8 GEV/C K-P

AVERAGE f ERROR INCLUDES SCALE FACTOR OF lo0)
AV ERAGE USING STUDcNT 10 l H/ 1 1 1 ) SE E TEXT

2/71
10/74¹

Rll
Rll

R12
R12

XI- I NTQ (P PI- E- NEU) / f LAM Pi- ) (UNI TS 10¹¹4}( P 11)/ (P 1)
0 3 7 OR LESS CL= ~ 90 YEH 74 HBC 6200 EFF ~ DiENCM 11/75¹

XI INTO {P PI MU NEU)/ {LAM Pi ) (UNITS 10¹¹4) (P12)/(P 1)
0 3 7 OR LFSS CL= ~ 90 YEH 74 HBC 6200 EFF DENCM ~ 1 1/75¹

R13
R13

XI- INTO (XIO E- NEU)/(LAM PI- } (UNITS 10¹¹-3}
0 2 3 OR LESS CL= ~ 90 YEH 74 H BC

(P 13}/(Pl )
1000 E&F ~ DENQM, 11/75¹
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596 Particle Data Group: Review of particle properties

Stable Particles Data Card Listings
For notation, see key at front of Listings.

22 X I- DECAY PARAMETERS

RELATED TEXT SECTION VI 0 AND APPENDIX I I I

AlPHA XI-
0 (-0 ~ 44) ( 0 ~ 12) JAUNEAU 63 FBC SEF NOTE D

0 62 (-0 ~ 73 ) (0 ~ 23 ) SCHNEIDER 63 HBC SEE NOTE 0
240 -0»5 0«38 BADI ER1 64 HBC SEE NOTE 0
356 -0 ~ 62 0% 13 CARMONY 64 HBC SEE NOTE D

1004 -0 ' 365 0«068 BERGE 66 HBC SEE NOTE 0
364 -0 ~ 47 0 ~ 13 LONDON 66 HBC SEE NOTE D

(-0 ~ 39 1 I ( 0 032 I BcRGE 2 66 RVUE INCLUDES ALL
2529 (-0«375) I 0 ~ 051 ) HFRRILL 68 HBC
2781 -0 ' 391 0 ' 045 DAUBER 69 HBC
2724 -0 ' 383 0.065 8 INGHAM 70 OSPK
820 -0 ' 42 0«11 MAYEUR 72 HLBC 2 ' 1 GEV/C K-

4303 -0 ' 376 0« 038 BALTAY 74 HBC l. 75 GEV/C K-
2436 -0 ' 39 0 F 05 COOL 74 OSPK — 1%8 GEV/C K-P

A USE 0 ALPH A L AM BOA = 0 ~ 647 +- 0 ~ 020 ~

0 ER RGRS MULTIPl I EO BY 1 ~ 1 DUE TO APPROXI MATI GNS USED FOR X I
0 POLARIZATION {SEE GAUBER 69 FOR DETAILED DISCUSSIGN)

LONDON 66 USES ALPHA-lAHBDA = 0 ' 62
M DATA OF MERRILL 68 INCI UDED IN DAUBER 68 ~

0 OLD DATA NGT INCLUDED IN AVERAGE ~

~ ~ ~ ~ ~ ~ ~ ~ ~

AVG -0 392 0 ~ 021 AVERAGE (ERROR INCLUDES SCALE FACTOR GF 1 ~ 0)
STUDENT -0 ~ 391 0 %023 AVERAGE USING STUDENT 10 ( H/1 ~ 1 1 l -- SEE TE XT

A

A

A

A

A

A

A L
A

A

A

A

A

A

A

A

A
''A

A L

A

A

A

A

A

BELOW
BF LGW
BELD'W

BELOW
BFlGW
BELOW
ABOVE

SEE NOTE A BELOW

WEISHTED AIJERASE ~ 2.0 + 5 .7
ERROR SCALED BY 1.1

F PHI ANGLE (SIN(PHI )/COS(PHI )=BETA/GAMMA) {DEGREES)
F 0 (-16 ' 0) (45,0) JAUNEAU 63 cBC SEE NOTE D BELOW
F 0 62 (45 0) (36 ~ 0) SCHNEI DER 63 HBC SEE NOTE 0 BELOW
F 356 54 ~ 0 30 ~ 0 CARMONY 64 HBC SEE NOTE D BELOW
F 1004 0 ~ 12 ' BERGE 66 HBC SEE NOTE D BELOW
F L 364 0 ~ 0 20 ~ 4 LONDON 66 HBC SEE NOTE D BELOW
F M 2529 (9 ~ 81 ( 11~ 6) HERR ILL 68 HBC
F 2781 -14%

llew

DAUBcR 69 HBC SEE NOTE A BELOW
F 2724 -26 ' 0 30 ' 0 8 I NGHA M 70 QSPK
F 4303 11' 0 9 ~ 0 BALTAY 74 HBC 1 ~ 75 GEV/C K-
F 2436 5 ~ 0 16 ~ 0 COOL 74 OSPK - 1 8 GEV/C K-P
F A USED ALPHA LAMBDA = 0 ~ 647 +- 0 ~ 020 ~

F D ERRORS MULT IPL IEO BY 1 «2 DUE TQ APPROX IMAT IQNS USED FOR XI
F 0 POLARI ZATION ~ (SEE DAUBER 68 FOR DETAIL ED DISCUSS ION)
F L LONDON 66 USES ALP HA-LAHBDA = 0 ~ 62
F M DATA OF MERRILL 68 INCLUDED IN DAUBER 68»
F 0 OLD DATA NOT INC(. UDFD IN AVERAGE ~

F e ~ ~ ~ ~ ~ ~ ~ ~

F AVG 2 ~ 0 5 «7 AVERAGE ( ERROR INCL UDES SCAl E FACTOR QF 1 1 }
STUDENT 2 ~ 0 6 ~ 2 AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE TEXT

I S EE IDEOGRAM BE LOW )

6/68
6/68
6/68
6/68
6/68
6/68
9/66
6/68

10/70
1/73
3/74

10/74&

6/68

6/68
6/68
6/68
6/68
6/68
6/68

10/70
3/74

10/74&

DUCLOS
MAY EUR
VOTRUBA
WI LQUET
BALT AY
CQGL

AL SO
YEH

71 NP 832 493
72 NP B47 333
72 NP 845 77
72 P L 428 372
74 PR D9 49
74 PR D10 792
72 PRL 29 1630
74 PR D10 3545

+FREYTAGrHEINTZErHEINZELMAhr JONES+ (CERN)
+VAN 8 I NST r Wl LQUF. T+ ( BRUX+CERN+TUFT+ LOUC I
VOTRUBAr SAFDERr RATCL IFFE ( 8 IRM+ED IN )
+FLIAGINE r GUY r KNI GHT+ (BRUX+CERN+TUFT+LOUC )
+BR IDGEWATER COOPER GER SHWIN+ (COLU+ BI NG) J
+GIACGMELLIr JENKINSrKYCIArLEONTICrLI+ {BNL)
COQLr GIACOMELI I r JENKINSrKYCIAr LEGNT IC+(BNL I
+GA I GALAS SMI TH, Z ENDLE, BALTAY + ( BI NG+CQLU)

23 XIO(1314rJP=1/2 } I=1/2

1 1313~ 4
49 1315e2

23 X I 0 MASS ( ME V }

1%8
0 ~ 92

PALMER
W ILQUET

68 HBC
72 HL PC

3/68
1/73

AVG 1314~ 83
STUDENT1314 84
F IT 1314%90

~ ~ ~

0 ~ 82
0 ~ 91
0 ~ 55

23 {XI-) — (X IO ) MASS DIFFERENCE ( MEV}

23 b«8
45 (6 ' 1)
88 6 ~ 1
29 6 ~ 9

0
D

0
D

D

D AVG
D STUDENT
0 F IT

6 34
6 ' 34
6 ~ 40

1 ~ 6
(1.6 )
0. 9
2% 2

Oe 74
0 F 80
0 ' 55

JAUNEAU 63 FBC
CARMONY 64 HBC R EP BY PJERROU 65
PJERRQU 65 HBC 11/67
LONDON 66 HBC 6/66

AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 0)
AVERAGE USING STUDENT10(H/1 11) -- SEE TEXT

FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 0) 2/76+

23 XI 0 MEAN LIFE ( UNITS 10++-10)

T 24
T 45
T 101

. T 80
T 340
T 8 469
T M 157
T B 652
T M MAY

T 8 BAL
T
T AVG
T STUDENT

3 9 1e4 0 ~ 80 J AUN EAU

(3e 5) ( 1 ~ Ol ( 0 ~ 8) CARMQNY

2 ~ 5 0 ~ 4 0 ~ 3 HU BBARD
3% 0 0 ~ 5 PJERROU
3 ~ 07 0 ~ 22 0 ~ 20 DA UBE R

(2 ~ 85) (0 e20 l (0 ~ 18 ) BR IDGEWAT
2 90 0» 32 0 ~ 27 MAYEUR
2 ~ 88 0 ~ 21 0 ~ 19 BALTAY

EUR 72 VALUE MODIFIED BY ERRATUM ~

TA Y 74 INCL UOE S BRIDGEWATER 72 ~

e ~ ~ ~ ~ ~ ~ ~

2 ~ 96 0 ~ 12 0 ~ 11 AVERAGE
2 ~ 96 0 ~ 14 0.13 AVGe USI

63 FBC
64 HBC
64 HBC
65 HBC
69 HBC
72 HBC
72 HL BC
74 HBC

REP BY PJERROU 65

11/67
6/68

1 ~ 75 GE V/C K- P 1/73
2. 1 GEV/C K- 1/74
1 e 75 GEV/C K 3/74

1/74
3/74

( ERROR INCL ~ SCALE FACTOR. OF 1~ 0)
NG STUDENT10 (H/1» 11} -- S EE TEXT

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT 10 (H/1 11} -- SEE TEXT

FROM F IT ( ERROR I NCLUDES SCALE FACTOR OF 1 «0) 2/76&

~ . COOL
~ . BALTAY

BIN GHAM
~ . DAUBER

LONDON
.BERGE
CARMONY

-100 -50 0 50 100 150
PHI. ANGLE FOR XI.— (IN DEGREES)

74 OSPK
74 HBC
70 OSPK
69 HBC
66 HBC
66 HBC
64 HBC

CHISQ
0.0
1.0
0 ~ 9
2.1
0.0
0.0
3.0
7.1

( CONLEV
=0 .315)

Pl
P2
P3
P4
P5
P6
P7
PB
P9
P10

R1.
Rl
Rl
Rl
Rl
Rj

R2
R2
R2
R2
R2
RZ

23 X IO PARTIAL DECAY MODES

X IO INTO
XI 0 I NTO
XIO INTO
X IO INTO
XI0 INTO
XIO INTO
Xro INTO
XI 0 I NTO
X IO INTO
XIO INTO

LAHBDA
PROTON
PROTON
S I GMA+
SI GMA-
S I GMA+
S IGMA-
P ROTON
L AM BDA
S IGM AO

P IO
PI-
E- NEU
E- NEU
E+ NEU
MU NEUTR I NO

MU+ NEUTR INO
MU- NEUTR I NQ

GAMMA

GAMMA

OE
1115+
9 38+
938+

1189+
1197+
1189+
1197+
938+

1115+
1192+

CAY MASSES
134
139.5+ 0.5+ 0.5+ 0
105+ 0
105+ 0
105+ 0

0
0

23 XI 0 BRANCHING RATIOS

XI 0 INTO ( PROTON PI-l / (LAMBDA
2700 ~ OR LE SS

500 ' OR LESS
90 ~ OR L ESS

0 180 ~ OR LE SS CL= ~ 90
3 ~ 6 OR L ESS CL= ~ 90

PIO I (UNITS 10++-5) (P 2)/(P ll
TI CHO 63 HBC
HUBBARD 66 HBC
DAUBER 69 HBC
YEH 74 HBC
GEWENI GER 75 SPEC

6/68
6/ 68
6/68

1300 EFF ~ DENGM e jj/75+
jj/75~

6/68
6 /68
6/68

670 EFF ~ DENGM ~ jj/75+

XIO INTO ( PROTON E NEU) /( LAMBDA PI 0) (UNITS 10++-3)
( P3) /{ Pl)

27 ~ 0 OR L ESS T I CHO 63 HBC
6 ~ 0 OR LESS HUBBARD 66 HBC
1 3 GR I ESS DAUBER 69 HBC

0 3«4 OR LESS CL= ~ 90 YEH 74 HBC

FQWLER
WANG
BRG'WN

61 PRL 6 134
61 J ETP 13 512
62 PRL 8 255

REFERENCES FOR XI-

FOWLER r SIR GE«EBEF HARD r ELY rGOOD r PQWE LI+ ( Lf'L l
K WANG, T WANG, V IRYASOV T INGr SDLOVEV+ I JINR )
BROWNr CULWICKr FGWLER r GAILLGUD + ( BNL+YALE I

R3
R3
R3
R3
R3
R3

6/68
6/68
6/e8

2100 EFF DENCM jj/754'

13 ~ 0 OR LESS TICHO
7 ~ 0 OR LESS HUBBARD
1 ~ 5 OR LESS DAUBER

0 1 1 OR LESS CL= ~ 90 YEH

XIO INTO ( S IGMA+ E- NEU )/ ( LAMBDA P 10} (UNITS 10&+-3)
{P4I/(Pl }

63 HBC
66 HBC
69 HBC
74 HBC

CAR MGNY 63 P RL 1.0 381
FERRO-LU 63 PR 130 1568
JAUNEAU 63 S I ENA CONF 4

ALSO 63 P L 5 261
S C HNE IOE 63 PL 4 360

CARMQNY r P J ERROU {UCLA)
FERRO-LUZZ I r ALSTGNr RGSENF ELDr WGJCICKI (LRL )
JAUNEAU+ t EPOL+CERN+LOUC+RHEL+BERGEN)
JAUNEAUr+ (EPQLr CERNr LGUCr RHELr BERGEN )
H SCHNE IDE R (CERN)

R4
R4
R4
R4
R4

XIO INTO ( SIGMA- E+ NEU) /( LAMBDA PIO) (UNITS 10++-3)
(P5)/{Pl)

6 0 OR LESS HU BBARD 66 HBC
1 ~ 5 OR LESS DAUBER 69 HBC

0 0 ~ 9 OR LESS CL= ~ 90 YEH 74 HBC 2500 EFF»OENCM

6/68
6/68

l1/75+
CARHONY
BAD IER 1
HUBBARD
8 INGHAM
PJERRGU
P J ERRQU

BERGE
BERGE 2
I GNDQN
CHIEN
SHEN
TR IPP E

BURGUN
HU BBAR D
ME RRI LI

64 P RL 12 482
64 DUBNA CONF I 593
e4 pR 135 8 183
65 PRSL 285 202
65 PRL 14 275
65 THESI S

66 P R 147 945
66 BERKELEY CONF 46
66 PR 143 1034
66 PR 152 1171
67 PL 25 8 443
67 PRIV ~ COMM

68 NP 88 447
68 P RL 20 465
68 PR 167 1202

CARMGNYrPJcRRQUr SCHLFIN« SLATERr STORK+( UCLA) J
BAD IER rDE MOULI Nr BARLQUTAUD+ I EPQLr SACI-r Z EEM)
HUBBARGr BERGEr KALBFI EISCHr SHAFER + {LRL)
H H BI NGHAM I CERN)
+ SCHL E IN SLATER, SMITH STORK, TI CHG (UCLA)
G H PJERRGU {UCI A I

BERCEr EBER HARDr HUBBARD rHERRILL + (LRL I

BERG E CAB'I BB0 (LRI r CERN(RVUE) )
LONDON r RAUr GOLDBERGr LICH&MAN+( BNL+SYRACUSE I
+LACHr SANDWEISSr TAFT r YEHrGREN + (YALE+BNL)
8 ~ C»SHENr A ~ FIRESTONE rG ~ GOLDHABER (UCB+LRL )
T ~ TR IPPE (UCLA)

+MEYERr PAULIr TALL INI r + (SACL+CDEF+RHEL )
HUBBARD rBERGE r DAUBER {LRL)
HERR Il L r SHAFER (LRL) J

R5
R5
R5
R5

R6
R6
R6
R6

R7
R7
R7
R7

R8
RB

XIO INTO ( SIGMA+ MU- NEU) /TOTAL t UNITS 10++-3 }
7 ~ 0 OR LESS HUBBARD 66 HBC
1 ~ 5 OR LESS DAUBER 69 HBC

0 1 ~ 1 OR LESS CL= 90 YEH 74 HBC

(P6)
6/68
6/e8

2100 EFF ~ DENOM ~ 11 /75+

XI 0 I NTO {SIGMA- MU+ NEU) /TOTAL (UNITS 10&+-3)
6 ~ 0 OR I ESS HUBBARD 66 HBC
1 5 OR LESS 0AU 8 ER 69 HBC

0 Oe9 OR LESS CL= 90 ' YEH 74 HBC

X I 0 INTO ( PROTON MU- NEU )/TOT AL t UNITS 10&&-3)
6 ~ 0 OR LESS HUBBARD 66 HBC
1 ~ 3 OR LESS DA UBER 69 HBC

0 3 5 OR LESS CL=»90 YEH 74 HBC

(P7 )

(P 8)

6/68
6/68

2500 EFF »DENOM e jj/75+

6/68
6/68

664 EFF DENGM jj/75+

XIO INTO (I AMBOA GAMMA)/( LAM PI 0) (UNI TS 10++-3) (P9l /(Pl l

1 5 ~ 5 ~ YEH 74 HBC 200 EFF DENOM ~ j j/754
DAUBER 69 PR 179 1272
BI NGHAH 70 P R Dl 3010
GOLDWASS 70 PR Dl 1960
STONE 70 PL 328 515

+BERGE r HUBBARD r HE RRI LL r Mj LLER (I RL) J
+COOK r HUMP HREYr SANDER r WILL I AMS+ ( UC SD r WA SH )
GGLDWASSERr SCHULTZ ( ILL )
+BERL INGHIERIrBRGHBEPGrCOHENrFERBEL +(ROCH)

I

R9
R9

X ID INTO {SIGMAO GAMMA I/(LAM P I0) (UNI TS 10+-2) (P 10) /( Pj)
0-1 6 ~ 5 OR LESS CL= 90 Y EH 74 HBC 60 EFF ~ DE NOM e I j /75+
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Particle Data Group: Review of particle properties S97

Data Card Listings
For notation, see key at front of Listings.

Stable Particles

23 XI 0 DECAY PARAME TER

RELATED TEXT SECTION VI D AND APPENDIX I II
A

A

A

A

A M

A A

A. 8
A

A 8
A A

A D
A D
A L
A M

A 8
A 8
A

A A

A

hlEIGHTED A VERAGE = -0 .441 + 0 .078
ERROR SCALED BY 1.3

ALPHA X I 0
Oe 09 0 ~ 46 PJERRQU 65 HBC SEE NOTE D

146 -0 ~ 13 Oe 17 BERGE 66 HBC SEE NOTE 0
46 -Oe 2 0e4 LONDON 66 HBC SEE NOTE D

490 (-0~ 33) ( 0 ~ 11 ) MERRILL 66 HBC S EE NOTE 0
739 -0 e43 0 ~ 09 DAUBER 69 SEE NOTE A

440 (-Oe52) (0e09) BR IOGEWAT 72 HBC 1 75 GEV/C.
130 -0 ~ 84 0 ~ 27 MAYFUR 72 HLBC 2 1 GEV/C K
652 0 ~ 54 0 ~ 10 BALTAY 74 HBC '1 ~ 75 GEV/C

USED ALPHA LAMBDA = 0 e647 +- 0 ~ 020 ~

ERRORS MULTI PL I EO BY le 1 DUE TQ APPRQXI MAT I ONS . USED FOR X I
POLARIZAT ION ~ (SEE DAUBER 69 FOR DETAILED DISCUSSION)
LONDON 66 USES ALPHA~LAMBDA = 0 62
MERRILL 66 REPLACED BY DAUBER 69
BRIOGEWAT ER 72 ERROR PURELY STATISTICAL
BALTAY 74 INCLUDES BRIDGEWATER 72 ~

~ ~ ~ ~ ~ ~ ~ ~ ~

VG -0 ~ 441 0 ~ 078 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF
STUDENT -0 445 0' 069 AVERAGE USING STUDENT 10 ( H/1 11) -- SEE

( SEE IDEOGRAM BE LOW )

BELOW 6/68
BELOW 6/68
BE LOW 6/68
BELOW 6/68
BE LOW
K- P 1/73

1/73
K- 3/74

1/73
3/74

1 ~ 3)
TEXT

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

24 OMEGA-{1675gJP= 3/2+) I=O
QUANTUM NUMBERS ASS IGNED FROM SU3

24 OMEGA MASS (ME V)

1( 1615 E I SENBERG 54 EMUL
1 1672 1 1 ~ F& Yj 55 EMUL
1 1670~ 6 (le } F RY2 55 EMUL
1 1673 ~ 0 8 ~ 0 ABRAMS 64 HBC I NTO X I- P IO
3 1673' 3 1 ~ 0 PAI MER 68 HBC K-P 4 by 5 ~ GE V/C
3 1671~ 8 Oe8 SCHULTZ 68 HBC K-P 5 ~ 5 GEV/C
5 1674 2 1 ~ 6 SC OTTER, 68 HBC K-P 6 GEV/C

B 6 (1671~ 9) (1 2) SPETH 69 HBC K-P 10~ GEV/C
8 13 1671~ 43 0 78 ABCLV 73 HBC K-P 10e GEV/C

E EISENBERG 54 MASS CALCULATED FOR DECAY IN FLIGHT ~ ALVAREZ 73 HAS
E SHOWN THAT THE OMEGA INTERACTED WITH AG NUCLEUS TO GI VF K- XI AG ~

F BOTH FRY EVENTS IDENT IVIED AS OMEGA- BY ALVAREZ 73 ~

F FRY MASSES ASSUME DECAY TO LAMBDA K- AT REST ~ DECAY FROM ATOMIC
F ORBIT COULD DQPPL ER SHIFT THE K- ENFRGY AND RESULTING OMEGA- MA SS
F BY SE VERAL MEV FOR FRY 2 THIS SHIFT IS NEGLIGIBLE FOP FRY 1
F BECAUSE THE OMEGA DECAY IS APPROXIMATELY PERPENDICULAR TQ ITS
F ORBITAL VELOCITY~ AS IS KNOWN BECAUSE THE LAMBDA STR IKES THE
F NUCLEUS (L ALVAREZ PRIVATE CCMM 1973) ~ WE HAVE CALCULATED THE
F ERROR ASSUMING THAT ORBITAL N I S 4 OR LARGER ~

8 ABCLV VALUE INCLUDES Tl. E 5 PET H 69 VENTS,
~ ~ e ~ ~ ~ ~ ~ ~

AVG 1672e18 Oe42 AVERAGE ( ERROR INCLUDES SCALE FACTOR QF 1 e0)
STUOENT1672 16 0 48 AVERAGE US ING STUDENT 10 (H/1 11) -- SEE TE XT

9/73
9/73
9/73

11/69
11/69
11/69
11/69
12/73
9/73
9/73
9/73
3/74
3 /74
3/74
3/74
3/ 74
3/74
3/74

12/73

24 ANTI-OMEGA+ MA SS {ME V)

1 1673~ 1 1 ~ 0 FIRESTONE 71 HBC 12 GEV/C K+D 3/71

~ .BALTAY
~ .l1AYEUR
~ .DAUBER
~ LONDON
~ BERSE

PJERROU

74 HBC
?2 HLBC
69
66 HBC
66 HBC
65 HBC

CHISQ
1.0
2.2
0.0
0.4
3 ~ 4

-1.5 -1.0 —0 ~ 5 0.0 0.5 1.0
ALPHA FOR XZO

6.9
(CONLEV
~0 .1.42)

AL VAREZ 59 PRL 2 215
JAUNEAU 63 SIENA CONF 1 1

ALSO 63 PL 4 49
T I CHO 63 8 NL C ONF 410

CARMONY 64 PRL 12 482
HUBBARD 64 PR 135 8 183
PJ ERR QU 65 PRL 14 275
P JERROU 65 THE SI S

SERGE 66 P R 147 945
HUBBARD 66 UCRL 11510
LONDON 66 PR 143 1034
MERRILL 66 BERKELEY CONF

ALSO 66 UCRL 16455

ALVAREZ p EBERHARDyGOODp GRA Z IANOp TICHQ+ (LPL )
JAUNEAU+ (EPQL+CERN+LOUC+RHEL+BERGEN}
JAUNEAU+ (EPQL+CERN+LOUC+RHEL+BERGEN )
HAROLD K T ICHO (UCLA }

CARMONY g P J ERROU p SCHL E IN g SL ATER s STOR K+( UCLA )
HUBBARD'

BERGEN'

KALBFLEI SCHWA SHAFER + (LRL )
+ SCHLE IN ~ SLATER y SMITHgSTORK g T ICHQ (UCLA)
G M PJERRQU {UCLA )

BERGEN' EBER HARDe HUBBARD yMERR ILL + (LRL}
J RICHARD HUBBARD (THES IS g BERKELEY) (LRL )
LONDON sRAU y GOLDBERGv L ICHT MAN+ ( BNL+SYRACUS E )
MERR ILL y SHAF ER g BER GE (LIBEL )
DEANE MERR Il L (THES IS e BERKELEY) (LPL )

F PHI ANGLE (S I N( PHI ) /COS (P HI ) =BETA/GAMMA) ( DEG'R EES )
F 146 -8 ~ 30 ~ BERGE 66 HBC SEE NOTE D BELOW 6/68
F M 490 (107~ 0) (46 e0 ) MERRILL 66 HBC SEE NOTE D BELOW 6/68
F A 739 38e 19 DAUBER 69 HBC S EE NOTE A BELOW
F 8 440 (11 2) (14 4) BRIDGEWAT 72 HBC 1 ~ 75 GEV/C K-P 1/73
F 8 652 lbe0 17 ~ 0 BALTAY 74 HBC 1 75 GEV/C K- 3/74
F A USED ALPHA LAMBDA = 0 ' 647 + 0 ' 020 '
F D ERRORS MULTIPL IED BY 1 ~ 2 DUE TO APPROXI MATI QNS USED FOR XI
F D POLAR I ZAT ION ~ (S E E DAUBER 69 FOR DET A IL ED DI SCUSS ION )
F M MERR ILL 66 REPLACED BY DAUBER 69
F 8 BRIDGEWAT ER 72 ERROR PURELY STATISTICAL ~

F 8 BALTAY 74 INCLUDES BRIDGE'WAT ER T2 ~

F ~ ~ ~ ~ ~ ~ e ~ ~

F AVG
' 20 ~ 7 11~ 7 AVERAGE ( ERROR INCLUDES SCALE FACTOR QF 1 0)

F STUDENT 20 6 13~ 2 AVERAGE USING STUDENT10(H/1 ll) -- SEE TEXT

¹¹¹¹¹¹¹¹¹

REFERENCES FOR XIO

T
T
T
T
T
T
T
T
T'

T
T
T
T
T
T
T
T
T
T
T
T
T
T
T

Pl
P2
P3

Rj
Rl
Rl
Rl
Rl
Rl
Rl
Rl

R2.
R2
R2
R2

R3
R3
R3
R3
R3

24 OMEGA- MEAN L IFE (UNITS 10¹¹-10SEC )

(1~ 63)
(Oe7)
( }..41
(1.85)
(1 5)
( 0 ~ 93)
(2eb}
(1 ~ 6)
(0 ~ 21)
(1~ 20)
(Oe06 )
( 0 ~ 63)
{Oe25)
(Oe 30)
(Oe71)
(Oe08 }
{1~ 04}
(2 ' 38)
ON INCLUD

1~ 31
1~ 39

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

ALLIS
21
16

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

AVG
STUDENT

ES Al L ABOVE +
0 ~ 3T 0 24
0 ~ 45 0 ~ 31
~ ~ ~

Oe 28
0 ' 30

~ ~ e ~ ~

1 ~ 34
le 34

0 ~ 20
0 21

ABRAMS
BARNES 1
BARNES 2
CQLLE Y
R1CHARDSO
ABCLV CQL
ABCLV COL
ABCLV COL
ABCLV CQL
SC HULTZ
SCHULTZ
SCHULTZ
SCOTT ER
SCOTTER
SC OTTER
SCOTTER
SC OTT ER
SC OTTER

3 MORE BNL
ALLISON
ABCLV

64 HBC
64 HBC
64 HBC
65 HBC
65 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
EVENTS'
68 RVUE
73 HBC

UNP UBL I SHED ~

K-P 10 ~ GEV/C

7/66
7/66
7/66
7/66
7/66

11/67
11/67
11/67
11/67
11/67
11/67
11/67
6/68
6/68
6/68
6/68
6/68
6/68
6/68
6/68

12/73

24 OMEGA- PART IAL DECAY MODES

OMEGA- I NTO L AM BOA K-
OMEGA- INTO XI 0 PI-
OMEGA- INTO X I - P IO

DECAY MASSES
1115+ 493
1314+ 139
1321+ 134

24 OMEGA- BRANCHING RAT I OS

OMEGA- INTO LAMBDA K-
F 1 EVENT F RY1
F 1 EVENT FRY2
F BOTH FRY EVENTS IDENT IFIED BY ALVARE Z

2 E VENTS PAL ME R

3 EVENTS SCHULTZ
5 EVENTS 1 X I P I DECAY AM 8 ~ SCOTT ER

13 EVENTS +2 AMBIG ~ WITH XI-ABCLV

55
55

7 3 ~

68
68
68
73

(P 1)
EiMUL

E MUL
11/73
11/7 3
11 /73
11/69
11/69
11/69

K-P 10 ~ GEV/C 12/73

HBC
HBC
HBC
HBC

OMEGA- I NTO X IO P I»
5 E VENTS PA LME R

3 EVENTS SCQTTER
3 EVFNTS +1 AMBIG ~ WITH S IG-ABCLV

68 HBC
68 HBC
73, HBC

(P 2)

K-P 10 GEV/C

11/69
11/69
12/73

OMEGA- INTO X I- P IO
1 E VENT
1 E VENT
1 EVENT
1 E VENT

ABRAMS
PA LME R
SC OTTER
ABCLV

64 HBC
68 HBC
68 HBC
73 HBC

(P3)

K -P 10 ~ G EV/C

11/69
11/69
j1 /69
12/73

AVERAGE (ERROR INCL ~ SCALE FACTOR QF 1 ~ 0)
A VG ~ USING STUDENT10 (H/1 ~ 11) -- SEE TEXT

PALMER
DAUBER

BR IDGE WA

MAYE UR
ALSO

WI LQUET
BALTAY
YEH
GEWENIGE

68 PL 26 8 323
69 PR 179 1262

72 NEV IS 195(THES
72 NP 847 333
73 NP 853 268
72 PL 42 8 372
74 PR D9 49
74 PR 010 3545
75 PL 57 8 193

PALMER RADOJ IC I C RAU R IC HARD SGN+ ( BNL SYRA)
+BERGE e HUBBARD' MERRI LLr MILLER {LRL )

IS ) ALBERT BRIDGEWATER (COL UMB I A )
+VAN 8 INST g W ILQUET+ ( BRUX+CER N+TUFT+LOUC )
ERRATUM TO MAYEUR 72
+FL IAG INES GUYS KNIGHT+ ( BR UX+CERN+ TUFT+ LOUC )
+BRI DGEWATERwCOOPERp GERS HW IN+ {COLU+BING ) J
+GA IGA LAS SMI TH ZE NDLE BALTAY + {BI NG+COLU )
GEWENIGERg GJESDALg PRESSER + (CERN+HEID)

AL

AL

24 OMEGA~ DECA Y PARAME TE RS

RELATED SECTION VI D IN TEXT

ALPHA FOR OMEGA- TQ K- LAMBDA
15 -0.66 Oe 36 Oe30 KQCHER 74

REF ERE NC ES FQR QM EGA-

10/74¹

E IS ENBER
FRY1
FR Y2
ABRAMS
BARNES 1
BARN ES 2
COLL EY
R I CHAR DS
SAM IOS

54 PR 96 541
55 PR 97 1189
55 NC 2 346
64 PRL 13 670
64 PRL 12 204
64 PL 12 134
65 PL 19 152
65 BAPS 10 115
65 ARGONNE CO'i)F

Y E ISENBERG ( CORNELL)
FRY g S CHNEPS y SWAMI {WISC )
FRYgSCHNEPSgSWAMI {WISC)
+ BURN STEIN t GLA SSER + ( UMD+NP L )
V E BA'RNES q CONNOLLY' CRENNELL e CULW ICK+ ( BNL )
V 8 BARNES, CONNOLLY~ C RENNELL eCULWI CK+ ( BNL )
COLLE Y )DODD +( 8 IRM+GLAS+LOIC+i4IP I M+OXF+ RHEL )
RICHARDSON' BARNES e CR EN%EL+ (BNL~SYRACUSE }

189 N P SAMI QS ( (RVUE} BNL )
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Stable Particles
0, PARTICLE SEARCHES

Data Card Listings
For notation, see key at front of Listings.

ABC LV CO
ALL I SON
PALMER
SCHULT Z
SCOTT E R
SPETH
F I RE ST ON

ABCLV
AL YARE Z

KOCHER

68 NUC PHYS B4 326
68 PRIV ~ COMM ~

68 PL 26 8 323
68 PR 168 1509
68 PL 26 8 474
69 PL 298 252
71 PRL 26 410
73 NP 86 1 102
73 PR 08 702
74 PL 518 193

AACHEN+BE RL IN+C ERN+LONDON IMP ~ COLL +V I ENNA

JOHN A LL I SON (LANCASTER )

PALMER p RADOJ IC ICg

RAVED

RICHARDSON+ ( BNL g SYRA )
SCHULTZ+ ( ILL~ ARGONNEr NORTHWESTERN~ W ISC )
SCOTTER+ ( 8!RM eG1 ASGOW vLOI C e MUNICH ~ OXF )
SPETH+ (AACHEN t BERL INrCE& NtLOIC e VIEN)
+GOLDHABERpLISSAUERgSHELDON~TRILLING (LRL )
AACHEN+BERLI N+CERN+LONDON+ VIENNA COLLABOR
LUIS W ~ ALVAREZ (LBL )
KOCHERp WERNHARD ( INNS+V I EN )

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

very long-lived neutral heavy lepton which is a

decay product of a charged heavy lepton, itself
pair-produced by cosmic rays in the upper atmosphere.

An FNAL neutrino experiment (BENVZNUTI 75)

roughly simulated the Kolar Gold Nines experiment

for the mo st l ikely cas e that the new particle is
PARTICLE SEARCHES

Heavy Leptons

Two types of searches for heavy leptons have

been made. The first type uses the fact, that we

can calculate the transition rate for the decay of
a heavy lepton to states involving other leptons,
with or without pions. Production mechanisms are
also considered to be well known, proceeding via
the electromagnetic interaction. BERNARDINI 73 and

BARISH 73 are of this type. The second method

(BUSHNIN 73) is to look for charged, weakly inter-
acting, long-lived particles.

Several experiments have observed events which

could arise from the decay of a heavy lepton. PERL

75 in a SLAC-LBL experiment have observed 64 events

of the form

neutral. Their result appears to contradict (at
least fails to conf irm) the KRISHNASWANY 75 result.

Intermediate Bosons (W and C) )
0 0

Experimentally, W bosons could be produced by

hadrons, muons, or neutrinos. They can decay into
leptons or into hadrons. At present, there is no

positive evidence for the existence of W bosons,

although there have been several searches. Ne list
upper limits on the mass and on production cross
section.

All gauge theories postulate, in addition to
the vector boson W, at least one scalar boson

(Higgs' scalar), 4 . The couplings of the Higgs'

scalar are model-dependent, and limits on its mass

depend on N„. We list these limits and add in

comment cards the assumptions made.

Quarks

+ + +
e + e ~ e + p + &~2 undetected particles

at or above 4 GeV c.m. energy. Such events have no

conventional explanation, but could arise from the
production and decay of heavy lepton pairs or charmed

boson pairs.
Dimuon events such as those of the Harvard,

Pennsylvania, Wisconsin, Fermilab experiment (see
BENVENUTI1-5 75 entries in the charmed hadron

searches section) could involve heavy lepton produc-

tion and decay. However, the characteristics of
their events do not favor the heavy lepton inter-
pretation.

The Kolar Gold Nines cosmic ray experiment

(KRISHNASNANY 75) reported 5 events which typically
have three observed tracks emerging from a common

origin about 70 cm from the rock walls of the mine.

The authors suggest that these may be massive, long-

lived particles, possibly heavy leptons produced by

neutrino interactions in the rock walls. Another

hypothesis {see DE RUJULA 75) which was put forth
to account for their apparent copious production

but slow decay is that the observed particle is a

Three main techniques have been used in the

expe riment al search for quarks: accelerators,
cosmic rays, and searches in stable matter. The

most recent, limits using each of these techniques

are given in the Data Card Listings. Accelerator
experiments generally measure quark production

cross sections (we quote these in Section C) and

differential cross sections (D). Cosmic ray exper-

iments measure quark flux (F), and searches in

stable matter measure quark concentration (RHO) .
Some of the accelerator and cosmic ray experiments

have looked for fractionally charged particles, and

some have looked for high-mass, low-velocity parti-
cles. We give the fractional charge, mass ranges,
velocity ranges, and other information in the notes
on the right. -hand side of the card and below the

data cards.

Nagnetic Nonopoles

Searches have been made for magnetic monopoles

using accelerators, cosmic rays, and searches in
matter.

In accelerator searches strong .magnetic fields

Rev. Mod. Phys. , Vol. 48, No. 2, Part II, April 1976
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Data Card Listings
For notation, see key at front of Listings.

Stable Particles
PARTICLE SEARCHES

are used to extract magnetic monopoles trapped in
beam dumps. Cross-section limits are calculated
using the reaction pp ~ pp MN.

Searches in matter have been made on sediments

at the bottom of the Atlantic Ocean (FLEISCHER 69)
and at the bottom of the Pacific Ocean (KOLN 71).
Both experiments used high magnetic fields in
attempting to extract monopoles from the matter.
ROSS 73 searched a lunar rock sample using an

electromagnetic detector which measures a current
change induced in a superconducting circuit when

traversed by a magnetically charged object.
PRICE 75, a cosmic ray experiment, reported the

observation of a magnetic monopole track in a stack
of Lexan sheets and emulsion. They report its mass

as m & 200 m and strength g = 137e. However, a more
p

conventional interpretation of this event exists.
According to ALVAREZ 75, the data can be well fit
by the assumption of a fragmenting heavy nucleus.

See also EBERHARD 75 for a discussion of the con-

flict with other experiments.

Charmed Hadrons

The interpretation that the J//Q and Q mesons

(see the New Heavy Mesons section of the Meson Data

Card Listings) are charm-anticharm bound states has

encouraged experimenters to search directly for
charmed hadrons. Several experiments have obtained
results which strongly support the charm hypothesis.

BZNVENUTI 75 (see Charmed Particle re ferences)
in a Harvard, Pennsylvania, Wiscons in, Fermilab

experiment have observed 70 events of the form

+V(or V) + N ~ p + p + anything .

+-+ p + e + V + anything

where the V is a K or A. The appearance of a0 ~ 0

+strange particle with an e is an expected signature
1of a charmed hadron. The CERN Gargamelle experi-

ment {DEDEN 75 and BLIETSCHAU 75) sees two events

in which the V could be K or A. An additional
+ ~ 0four p e events without a V were observed. The

FNAL 15' chamber experiment (VON KROGH 76) sees four
+ 0 + 0e K events and no p e event s without a K . This

is a preliminary result. Their full exposure may

yield as many as 50 such events.
A BNL neutrino experiment (CAZZOLI 75) ob-

serve@ a three- constraint event
I

V+g ~ p +A+ 3Tr + vr

which they interpret either as a large violation of
the AS = AQ rule or as a charmed baryon decaying to

+A+ 37r + Tr

1See the review of Gaillard et al. for a

discussion of charmed particle phenomenology with

an eye toward searches for these states.

Other Stable Particle Searches

Searches for stable particles (i.e. , particles
immune to decay via the strong interaction) which

do not fit clearly into the above categories are
collected here. They are described in the data
cards .

Reference

1. N. K. Gaillard, B. J. Lee, and J. L. Rosner,
Rev. Mod. Phys. 47, 277 (1975).

The authors state that. these events involve the
production and decay of one or more new particles.
The observed properties of these events indicate
that the new particle could be a charmed hadron but
it is not likely to be a heavy lepton or intermed-

iate vector boson.
The 64 events of the form

+ + +
e + e ~ e + p + ~&2 undetected particles

reported by PERL 75 (see note on Heavy Leptons

above) could arise from the pair production of
charmed bosons or heavy leptons.

Two heavy liquid bubble chamber neutrino exper-
iments have found events of the form

M

M

M

M

M

M

M

M

M

M

H

M

M

M

'M

M

M

M

:M
'

N

M

-M

M

M

M

M

M

M

M

HEAVY LEPTON SEARCHES

HEAVY LEPTON MASS LIMITS (GEV)
, B 0 0 ~ 6 OR MORE BACCI 73 ELEC E+E- TO E+E-GAM

B 0 2 ~ 2 OR NORE BACCI 73 El EC E+E- TO E+E-GAM
C 0 2 ~ 0 OR MORE CL= 90 BARISH 73 ASPK + 50 g145GEV NEVE NAL
D 0 1 4 OR NORE CL=+95 BERNARDIN 73 ASPK E+E-y FRASCATI
0 0 1 ~ 0 OR MORE CL= ~ 95 BERNARD IN 73 ASPK E+E-g FRASCAT I
N NONE BETWEEN 0 ~ 55 AND 4 ~ 5 BU SHNIN 73 CNTR 70GEV P y S ERPUKOV
E 0 2 ~ 4 OR MORE CL= ~ 90 E ICHTEN 73 HLBC + 1-10 GEV NEU
A 1 ~ 8 OR NORE CL= ~ 90 ASRATYAN 74 HLBC +- CERN NEU EXPT
C 8 ~ 4 OR MORE CL= ~ 90 BARISH 74 SPEC + 50e135GEV NEU
0 0 I ~ 15 OR MORE CL= ~ 95 OR ITO 74 ASPK +- E+E- FRASCATI
P 64 BTWN 1 ~ 6 AND 2+0 PERL 75 S PEC
8 BACC I 73 LOOKS FOR E GAMMA DECAY MODE OF HEAVY ELECTRON ~ MASS LIMIT
8 DE PENDS CN CDU PL ING CONSTANT L AM BOA FOR THI S DECAY ~ F I R ST VALUE
B ABOVE I S FOR L AMBCA++2 LT 9+10++-5 g 2ND IS FOR LAMBDA++2 LT 10+&-3 ~

C BARISH LOOKED FOR DECAY TO ( MU+ 2NEUTRINOS)e ASSUHES BR ~ FRACAS=+3
D BERNARDINI 73 FIRST VALUE ASSUMES UNIVERSAL COUPLING TO ORDINARY
0 LEPTONS ~ SECOND VALUE ALSO ASSUMES COUPLI NG TO HADRONS ~

N BUSHNIN 73 MASSES ASSUME MEAN l IFE ABOVE 7E-10 AND 3E-8 RESPECTVLY ~

N CALCULAT'ED FROM CROSS S EC(C BELOW ) AND 30 GEV MUON PAIR PROD ~ DATA
E E I CHTEN 73 LIMIT I S FOR GEORGI-GLASHOW TYPE HVY ~ LEP H+ PRODUCED IN
E NEU NUCL --& M+ HADRONS ASSUMING 15 PERCENT DECAY TO E+ NEU NEU ~

A ASRATYAN 74 LIMIT IS FOR HEAVY LEPTON L+ PRODUCED IN THE REACTION
A ANT INE U NUCL --& L+ HADRCNS I

0 ORI TO 74 LOOK ED FOR H+H- PA I RS GI VING MU-E PAIR S ~ MASS ( I MIT REF ERS
0 TO HEAVY ELECTRONS HEAVY MUON OR HEAVY LEPTON W ITH OWN L NUMBER ~

0 COUPLING TO HADRON ASSUMED FROM THEORETICAL HODELS ~
P PERL 75 EVENTS AR E E+ E- TO E+- NU-+ AND TWO OR MORE MISSING
P PARTI CLES g DONF AT S LAC (S PEAR) ~ AUTHORS CL AIM NO CONVENTIONAL
P EXPLANATION FOR THESE EVENTS ~ TOTAL CH ENERGY 3-7 ~ 5 GEV ~

I/76+
1 /764'
2/74
2/74
2/74
2/74
3 /74

11/75+
7/74+

11/75+
I/764
I /764
1 / 764'
I/764

11/75+
2/74
2/74
2/74
2/74
2/76+
2 /764'
2/76+
2/764
3/74
3 /74
3/74
1/ 764
I /764
I/764
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Stable Particles
PARTICLE SEARCHES

Data Card Listings
For notation, see key at front of Listings.

CE
CE
CE
CE
CE
CE
CE

HEAVY LEPTCN PRODUCTION CROSS SECTION f E+ E-) f UNITS 10¹¹-35CM¹¹2)
P 64 1»9 0 ~ 5 PERL 75 SPEC M=1 ~ 6-2 ~ 0 GEV
P PERL 75 IS SLACf SPEAR) EXPT ~ EVENTS ARE E+E- TO E+-MU-+ AND 2 OR
P MORE MI SSING PARTICLES ~ CS IS FOR ECM=4 8 GEV ANQ THETA=50-130DEG,
P CROSS SECTION RISES FROM 5X10¹¹-36AT E=4 TO ABOVE MAX ~ THEN DROPS
P TO 6 E-36 AT E=7 e 5 ~ AUTHORS SAY THE SE EVENTS HA VE NO CGhlVENTI GNAL
P EXPLANATION ~ SUGGEST HEAVY LEPTON OR CHARhlED HADRONt M= 1 »6-2 ~ OGEV ~

2/76¹
2/76¹
2 /76¹
2176¹
2/76¹
2/76¹

QUARK SEARCHES

IC
IC
IC
IC
IC
IC
IC
IC
IC

CN
CN
CN
CN
CN
CN
CN
CN
CN
CN

INVARIANT HEA VY LE PTON PRODUCT ICN CROSS SECT IOhl (CM¹¹2/GEV¹¹2)
S 0 5 ~ 4E 39 OR LESS CL ~ 90 CRONIN 74 SPEC M —1 6 ~ 8 GEV
8 0 6»4E-35 OR LESS CL= ~ 90 BINT INGER 75 SPEC +- M=1-5 GEV
S CRONIN 74 IS AN FNAL 300 GEV P CU EXPT ~ LOOKED FOR LONG LIVED
S PENETRATING PARTICLES» ABOVE LIMIT ASSUMES STABLE ~ MULTiPLY IT BY
S EXP(1 ~ 22E-8¹M/TAU) FQR MASS M(GEV) AND L IFETIME TAU(SEC) ~

8 8INTINGER 75 I 5 A 30 300 GEV P C EXPT LOOKED FOR LONG LIVED
8 PENETRATING PARTICLES ~ ABOVE LIMIT ASSUMES STABLE ~ MULTIPLY IT BY
8 EXP (3 ~ 5E-8¹M/TAU/Pl FOR MASS M( GEV l t LIFETIME T AU (SEC ) t MOM ~ P( GEV) ~

HEAVY LEPTON PRODUCTION CROSS SECTION (NEUTRINO NUCLEON) (CM¹¹2)
K 5 1 ~ E-37 OR MO RE KR ISHNASH 75 CNTR +0- M=2-5 GEV
8 0 BENVENUTI 75 SPEC 0
K KRISHNASH AMY 75 IS KOLAR GOL D M INE COSMIC RAY E XPT ~ TYP I CAL EVENT
K HAS VERTEX IN AIR 70 CM FROM HALL WITH THREE OBSERVED CHARGED
K TRAC'KS ~ AUTHORS SUGGEST NEU+ROC K GI VES NEW PARTI CLE WITH MEAN L IFE
K 10E-9 S EC OR LONGER ~ DE RUJULA 75 GIVES ANOTHER IhlTERPRETATION ~

8 BENVENUTI 75 I S AN FNAL NEUTRINO EXPERIMENT WHICH ROUGHLY SIMULATES
8 THE KR ISHNASWAMY 75 EXPTe BUT APPARENTLY CONTRADICTS ITt FINDING
8 NO EVENTS ~

C HEAVY LEPTON PRODUCT ION DIFFERENT IAL CROSS SECTION f CM¹¹2/SR-GEV)
C G 0 1 ~ 6E-37 OR LESS CL= ~ 90 GOLOVK I N 72 CNT R 70GEV P t S ERPUK HOV

C 8 0 4 E-38 OR LESS CL= 90 BUSHNI N 73 CNTR 70GEV P SERPUKHGV
C G MASS RANGE 1 TQ 4 ~ 5 GEV t T HET A=Ot P= 25 GEV/C ~

C 8 BUSHNI N 73 HEA VY LEPTON PATH TRA VERSES 400 GM/CM¹¹2 ABSORBER e
C 8 DIFFERENTIAL CROSS-SECTION MEASURED AT P=30 GEV/C THETA= 2 MRAD ~

1/76¹
2/74
1/76¹
2/74
3 /74

1/76¹
2/76¹
2/76¹
2/76¹
2/76¹
2/76¹
2/76¹
2/76¹

2/76¹
2/76¹
2/76¹
2/76¹
2/76¹
2/76¹
2/76¹
2/76¹
2/76¹

C

C
C

C

C

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

C
C
C

C

QUARK PRODUCTION CROSS SECT ~ FROM ACCELERATOR EXPTS (CM¹¹2)
Y 0 3.2E-39 OR LESS CL=. 90 ALLABY e9 CNTR Q= -1/3 M=2GEV
Y 0 5 5E-38 OR l ESS CL= 90 ALLABY 69 CNTR Q= -2/3 M=ZGEV
Y 0 1 ~ BE-35 OR LESS CL=»90 ALLABY 69 CNTR Q= +1/3 M=2GEV
Y 0 1 ~ OE-35 OR LESS C L = ~ 90 At. LA BY 69 CNT R Q= +2/3 M=2GEV
A 0 4 ~ E-37 OR LESS CL= ~ 90 ANTI PQV1 69 CNTR Q= -213 M=O-5GEV
A 0 3 ~ E 39 OR LESS CL= ~ 90 ANT IPOV2 69 CNTR Q= —1/3 M=4 ~ 5-5GE V
A 0 3 E-37 OR LESS CL= ~ 90 ANTIPOV2 69 CNTR Q= -2/3 M=2-5GEV
V 0 ' 1 ~ E-36 OR LESS CL= ~ 90 ANTIPOV 71 CNTR Q= -4/3 M=4GEV
8 0 3 e E-34 OR LESS BOTT-BODE 72 CNTR Q=+- I/3 M=O-22GEV
8 0 6 ~ E-34 OR LESS BOTT-BODE 72 CNTR Q=+-2/3 M=O-13GEV
P 0 1 ~ E-32 OR LESS CL=«90 ALPER 73 SPEC Q= 2/3 M=4-24 GEV
P 0 1 ~ E-32 OR LESS CL= 90 ALP ER 73 SPEC Q= 4/3 M=4 24 GEV
L 0 1 ~ E-35 OR LESS LEIPUNER 73 CNTR Q= 1/3 M 0-12GEV
L 0 1 ~ E-35 QR LESS L E IPUNER 73 CNTR Q= 2/3 M=O-12GEV
L 0 5 ~ E-31 QR LESS LE IPUNER 73 CNTR Q= 4/3 M=O-12GEV
Y ALLABY 69 I S A CERN 27 GEV P+BE EXPT ~ STUDYS MASSES 0 2 ~ 7GEV
Y ASSUMING NN='NNQQ ~ CROSS SECT ION S ASSUME ISOTROPIC PROD IN CM ~
Y CROSS SECTIONS AT 2GEV ARE GIVEN HERE ~ SEE FIG»9 FOR MASS DEPEN
A ANT IPOV1 69 I S A SERP UKHOV 70 GE V P E XPT» MASS LI Mj T FROM NN=hINQQ»
A ANT IPOV1 69 AND ANT IPOV2 69 ARE SERPUKHOV 70GEV P EXPTS ~ ANTIPQV2
A Gj VES RESULTS FOR M=2-5GEV ASSUMING NN--&NNQQt HADRON IC OR LEPTONIC
A QUARK S HE QUOTE TYP ICAL VALUE S ~

V AhlT IPOV 71 IS A S ERPUKHOV 70 GEV P+AL EXP T ~ STUDIES DIQ UARK MA S SE S
V 1 ~ 9 4 ~ 4GEV ~ WE SHOW 4GEV VAl-UE ~ SEE THEIR FIG 2 FOR MASS DEPEN ~
8 BOTT-BQDENHAUSEhl 72 IS A CERN I SR 26+26 GEV P+P EXPERIMENT ~
P ALPER 73 IS CERN ISR 26+26 GEV P+P EXPT ~ ASSUMES ISOTROP IC C ~ M ~

P PRODUCTI ON ~ SEN SI TI VE TO ANY Q&2/3 ~

L LE IPUNER 73 IS AN NAL 300 GE V P EXPERIMENT ~

1/76¹
1/76¹
1/76¹
1/76¹
2/74
1 /76¹
1/76¹
1/76¹
2/74
2/74
1/76¹
1/76¹
2/74
2 /74
2/74
1/76¹
1 /76¹
1/76¹
2/74
1/76¹
1/76¹
1/76¹
1/76¹
1/76¹
2174
1/76¹
1/76¹
2/74'

GOLD VK IN
BACC I
SARI SH
8 ERNAR 01

ALSO
BUSHNIN

ALSO
E ICHTE N

ASRATYAN
BAR ISH
CRONIN
OR I TO
BENVENUT
BINT INGE
KRI SHNAS

ALSO
PERL

72 PL 428 136
73 PL 448 530
73 PRt. 31 410
73 NC 17A 383
70 LNC 4 1156
73 NP 858 476
72 PL 428 136
73 PL 468 281
74 PL 498 488
74 PRL 32 1387
74 PR D10 3093
74 PL 488 165
75 PRL 35 1486
75 PRL 34 982
75 PL 578 105
75 PRL 35 628
75 PRL 35 1489

REFERENCES FOR HEA VY LEPTON SEARCHES

+GRACHEV KHODYREV KUBARGVSKY+ (SERP)
+PARIS I t PENSOt SAL VIhl I t STELLA+ (ROMA+FRAS)
+ BARTL ETT BUC HHOL Z HUMPHREY+ (C IT+FNAL )
+BOLL I NI t BRUNINI+ (CERN+BGNA+FRAS l
ALL ES-BGRELL I t BERNARD INI t 8 Ql t. I NI+ ( CERN 1

+DUNAYTZEVtGOLOVKIN t KUBAROVSKY + ( SERP )
GOLOVKINtGRACHEVt SHODYREV + (SERP)
+DEDEN+( AACH+BELG+CEP, hl+EPOL+MI LA+LALO+LOUC )
+GERSHTEINtKAFTANOVt KUBANTZEVt LAPIN+ ( SERP )
+BARTLETTt BUCHHOLZ tMERRITT + (CIT+FNAL l
+FR ISCHt S HOCHETt BOYMONDt MERMOD + (EF I+PRI N)
+VISENTINtCERADINI tCQNVERS I + (FRAS+RGMA)
BENVENUTI tCLINE tFORD+ (HARV+PENN+WISC+FNAL)
8 INT IN GER t CURR Y+ ( EF I+HARV+PENN+ WI SC )
KR I SHNASHA MY t ME NON+ ( BOl", BAY+0 SAK A )
DE RUJULA tGEQRGI tGLASHGW (HARV)
+ABRAMSt BOYARSK jt BREIDENBACH + (LBL+SLAC)

D

0
D
D

D
0
D

D

D

D

D

0
0
0
0
D
D

D

0
0
D

0

D

0
Y
Y
Y
Y
A

A

V
V

J
J
J
J
D

Y
A

V

V
J
J

QUARK PROD ~ DIF
0 1 5E-36 OR
0 3 E-36 OR
0 7 2E-39 OR
0 5 2E-38 OR
0 2 ~ 6E-35 OR
0 1 ~ 3E-35 OR
0 7 E-38 OR

0 4 E-38 QR
0 1 ~ 6E-36'OR
0 3 BE-36 OR
0 5 ~ E-34 OR
0 2 ~ E-34 OR
0 1 ~ 3E-34 OR
0 8. E-35 OR

DORFAN 65 IS A

S EE F OOThlOT E Y
SEE F OOTNOTE A

F IRST ANTI POV 7
M=2 ~ 3-Z ~ 7GEV ~

J OVANOVI CH 75
THIS I S A CERN

FERENTIAL CROSS SECt ACCELERATOR EXPTS (CM¹¹2/SR-GEV)
LESS DQRFAN 65 CNTR BE TARG M3-7GEV
LESS DORFAN 65 CNTR FE TAP G M=3-7GE V
LESS CL= ~ 90 ALLABY 69 CNTR Q=-1/3 THETA= 0 hlR
L ESS CL= ~ 90 AL LAB Y 69 CNTR Q=-2/3 THETA=6 ~ 5MR
LESS CL= ~ 90 Al LABY 69 CNTR Q=+1/3 THETA=44 MR
LESS CL= 90 ALLABY 69 CNTR Q=+2/3 THETA=44 MR
LES'S CL= ~ 90 ANTIPOV2 69 CNTR Q= -1/3 M=O-5GEV
LESS CL ~ 90 ANT I POV2 69 CNTR Q — 2/3 M —0 2 ~ 5GE V
LE SS CL= ~ 90 ANTIPQV 71 CNTR Q=-4/3 THETA=47 MR
LESS CL= «90 ANTIPOV 71 CNTR Q=-4/3 THETA=47 MR
LESS CL= ~ 90 JOVANOVIC 75 CNTR Q=l/3t M=7 15 GEV
L ESS CL= ~ 90 JOVANOVIC 75 CNTR Q=l/3 t M=1 5-26 GEV
LESS CL= «90 JOVANOVIC 75 CNTR Q=2/3t M=10-26 GEV
L ESS CL= ~ 90 JOVANGVI C 75 CNT R Q=4/ 3t M= 10-26 GEV
30 GEV/C P EXPERIMENT AT BNL ~

IN SOBS ECT ION C ABOVE ~

IN SUBSECTION C ABOVE ~

1 VALUE IS FOR M=1 » 9 2 ~ 3t 2 ~ 7-4 ~ 4GEVt SECOND IS FOR
S EE ALSO NOT E V IN SECTION C ABOVE ~

IG ~ 4 COVERS RANGES Q=l/3 TO 2 AND M=3 TQ 26 GEV ~

I SR 26+26t 22t 22 GE V P+P EX PERI MENT ~

2/74
2/74
2 /74
1/76¹
1/76¹
1/76¹
1/76¹
1/76¹
1 /76¹
1/76¹
1/76¹
2 /76¹

11/75¹
11/75¹
11/75¹
2/74
2 /76¹
2/76¹
1/76¹
1/76¹

ll/75¹
2/76¹

M

M

M

M

M

M

M

M

M

M

M

M

INTERMEDIATE BOSON SEARCHES

NEU Nt CERN
NEU Nt BNL
W+ TQ LEP+NEU= ~ 2
H+ TO L EP+NEU= 5
H+ TO LEP+NEU= ~ 8

BOSON MASS L IMITS (GEV)
8 0 1 7 OR MORE CL= 99 BERNARD IN 65 HYBR +
8 0 2eO OR MORE CL= ~ 90 BURNS 65 OSPK +
C 0 3 ~ 8 OR MORE CL 90 BARISH 73 ASPK +
C 0 4 ~ 5 OR MORE CL= ~ 90 BARISH 73 ASPK +
C 0 4 7 OR MORE CL= ~ 90 SARI SH 73 ASPK +
E 0 5 ~ 0 OR MORE CL= ~ 95 BERGESON 73 ELEC
8 LOOKED FOR (NEU N) TO ( W+ MU N) t W+ TO (MU+ NEUt E+ NEUt OR HORNS]
C SARI SH 73 LOOKED FOR ( NEU N l TO (W+ MU- Nl t W+ TO (MU+ NEU) AT hlAt e

C RESULT GIVEN FOR THREE ASSUMED BR» FRACS e 'H+ TO ( L EP TON NE U) /ALL
E BERGE SON 73 LOOKED AT ENERGY DISTR OF NEU-INDUCED MUON FLUX UNDER-
E GROUND ~ S CAL E INVAR I ANCE OF THE INELA STI C STRUC T FN ASSUMED ~

2174
2/74
2/74
2/74
2174
1/76¹
2/74
2 /74
2/74
1/76¹
1/76¹

F
F C
F
F
F
F
F M

F 8
F 8
F H

F H

F C
F M

F 8
F H

F H

F H

RHO
RHO
RHO
RHO
RHO
RHO
RHO

QUARK
0
0
0
0
0
0

CONC ENTRAT ION IN
3 E-29 GR L ESS
1 E-16 OR L ESS
4 E-19 OR LESS
1 E-20 OR LESS
1 E-24 OR LESS
1 E-23 QR t ESS

MATTER ( QUARKS PE R NUCLEON)
CHUPKA 66 CNTR
GALLINARO 66 CNTR
STOVE R 67 CNTR
RANK 68. CNTR
COOK 69 Ch)T R
COOK 69 CNTR

SEAWATER
GRAPHITE
IRON
OIL
S EAWAT ER
ROCK SAMPLES

QUARK FLUX FROM COSMIC RAY EXPERIMENTS (NUMB'EP/CM¹¹2-SR-SEC)
0 3 ~ E-10 OR LESS BJORNBOE 68 CNTR h(=5GEV GR MORE
0 2 »2E-8 OR L ESS. FRANZI N I 68 ChlTR V= ~ 5- ~ 9C M=2GE V UP
0 2.48-8 OR LESS CL= ~ 95 KASHA 68 OSPK V= 5- ~ 75C M=5-15GEV
0 5 ~ E-ll OR LESS CL= ~ 90 FUKUSHI MA 69 CNTR Q=l/3 SEA LEVEL
0 7»5E-10 OR LESS CL= 90 FUKUSHIMA 69 CNTR Q=2/3 SEA LEVEL

E VENT CLAIMED MCCUSKER 69 CC Q=2/3
0 1 ~ E-10 OR LESS CL= ~ 90 BOHM 72 CNTR. Q=l /3
0 1 e E-10 OR LESS CL=»90 BOHM 72 CNTR Q=2/3
0 1 «7E-8 OR LESS CL=. 90 HICKS 73 CNTR Q= 1/3
0 1 ~ 7E 8 OR L ESS CL= ~ 90 HI CKS 73 CNTR Q= 2/3

BJORNBOE 68 I OGKED FOR DELAYED PART IC! ES AFTER AIR SHGHER S ~

MC CUSKER 69 CLAIMS 1 CANDIDATE ~ LATER SIMII AR EXPTS ~ SEE NONE ~

BOHM 72 IS FLUX IN 10¹¹14TQ 10¹¹15EV AIR SHOWERS
HI CKS 73 LOCKED AT LARGE ZENITH ANGL ESt THUS US ING THE ATMOSPHERE
AS AN EXTENDED FILTER FOR HADRQNIC QUARKS. THEIR SEARCH PUTS AN
UPPER LIMIT QN LEPTGNIC QUARK FLUX IN COSMIC RAYS ~

2/74
2/74
2/74
2/74
2/74
2/74
2174
2174
2/74
1/76¹
1/76¹
2/74
2/74
2/74
1/76¹
I /76¹
1 /76¹

2/74
2/74
2/74
2/74
2/74
2/74

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFERENCES FOR INTERMEDIATE BOSON SEARCHE S

8ERNARDI
BURNS
ANK ENBRA
BAR ISH
BERGESON
CONVERSI

65 NC 38 608
65 PRL 15 42
71 PR D3 2582
73 PRL 31 180
73 PRL 31 66
73 PL 468 269

+8 I E NL E IN t BOHM t DAR DEL t FA I SSNE R+
+GOUL I ANDS t HYMANt L EDERMAN t L EE +
ANKENBRANDTtLARSENtLEIPUNER+
+BARTLETTtBUCHHOLZtHUMPHREY+
+CASS IDAYt HENDRICKS
+O'ANGELQtGATTOtPACLUZI

(CERhl)
(COLU+BNL )
( BNL+YALE )
( C I T+F NAL )

( UTAH )
(RCMA)

W BOSON PRODUCTION CROSS SECTION (10¹¹-36CM¹¹2)
A 0 6»0 OR LESS ANKENBRAN 71 CNTR +- H TQ( MU NEU) =1~ 0
A ANKEhlBRANDT 71 LQQKED FOR (P N) TO (W HADRONS ) t H TO ( MU NEU) AT BNL ~

A THIS ASSUMES BR OF W TO MU hlEU I S 1 ~ I N GENERAL THIS VAl UE IS
A 6 ~ 0/BRt WHERE BR= (W TO MU hlEU) /( H TO ALL) .

S SCALAR BOSON MASS LIMITS (GEV)
S C 0 10 ~ 0 OR MORE CL= ~ 90 CONVERSI 73 ASPK 0 E+E— FRASCATI
S C CONVERSI 73 LOOKED FOR QED VIOLATION IN E+E- SCATTERING AT 2 ~ 8 GEV
S C AND ASSUMED H BOSON MASS=10 GEV FQR MW=15 GEVt MS LIMIT= 6 5 GEV

2174 .
2/74
2/74
2/74

3/74
3/74
3/74

DORFAN
CHUPKA
GALL INAR
STOVER
BJORNBOE
FRANZ INI
KASHA
RA NK

AL LABY
ANTIPQV1
ANTIPOV2
COOK
FUKUSHIM
MCCUSKER
ANT I PGV
BGHM
BOTT-BOD
Al PER
HICKS
LE I PUNE R
JOVANOV I

65 P RL 14 999
66 PRL 17 60
66 PL 23 609
67 PR 164 1599
68 NC 853 241
68 PRL 21 1013
68 PR 172 1297
68 PR 176 1635
69 NC 64A 75
69 Pt 298 245
69 PL 308 576
69 P R 188 2092
69 PR 178 2058
69 PRL 23 658
71 NP 827 374
72 PRL 28 326
72 PL 408 693
73 PL 468 2e5
73 NC 14 A 65
73 PRL 31 1226
75 PL 568 105

REFERENCES FOR QUARK SEARCHES

+EADE S t LEDE RMAN t LEE t TING (COLU)
+SCHIFFERtSTEVENS (ANL )
GALLINAROtMGRPURGO (GENG)
+ MORAN t TR I SCHKA ( SYRA)
+DAMGARDt HANS ENt CHATTERJ E E+ ( BOHR+BERhl)
FRANZINItSHULMAN (COLU )
+STEFAN SKI ( BNL+ YALE)
D ~ M ~ RA NK f MICH)
+8 IANCHINI DI DDENS DGB INSON HARTUNG+ ( CERN)
+KARPOVt KHROMOVtLANDSBERG t LAPSHIN+ f SERP)
+BGLOTQVt DEVISHEV, DEV ISHEVAt ISAKQV+ f SERP )
+DEPASQUAL I t FRAUENFELDERt PEACOCK + ( It.L )
FUKUSHIMA t K IFUhlE t KONDO tKOSHI BA+ ( TOKY)
MCCUSK F R t C A I RNS (SYDNEY)
+KACHANOVt KUTJI Nt LANDSBERG t LEBEDEV t- (SERP )
+DIEMONTt FAISSNER t FASOLD, KRISOR+ (AACH)
+CALDHELL t FAB JANt GRUHhlt PEAK+ (CERN+MP IM )
BR!~ISH-SCANDI NAVI AN CQLLABORAT ION
+Fl INT t STAND IL ( MAhli )
+LARSENt SE SSOMS t SMITHt WILL IAMS+ (BNt. +YALE )
JOVANQVICHt- ( MANI t AACH+CE RN+GENG+HARV+TOR I )

ZAITSEV 72 S JNP 15 656

PAPERS NQT REFERRED TO IN DATA CARDS

+LANDS BERG -REVIEW PAPER-
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Particle Data Group: Review of particle properties S'1 0't

Data Card Listings
For notation, see key at front of Listings.

Stable Particles
PARTICLE SEARCHES

MAGNETIC MONOPOLE SEARCHES CHARMED HADRON SEARCHES

C
C

C

C
C
C
C
C
C
C

C
C
C

C

C
C
C
C
C

C
C
C

MONOPOLE PROD ~ CROSS SECTION — ACCELERATOR EXP» {CM¹¹2)/NUCLECN
A 0 1 E-40 OR l ESS CL= ~ 95 AHALDI 63 EMUL M=O TQ " GEV
A .0 5 E-41 OR I ESS CL= ~ 95 AMALDI 63 EMUL M=O TQ 3 ~ 4 GEV
P 0 2 E-40 OR LESS PURCELL 63 CNTR M=O TQ 3 GEV
G 0 4 E-43 OR LESS CL= 95 GUREVICH 72 EMUL M=O-5 G" V

C 0 6 E-42 OR LESS CL= ~ 95 CARRIGAN 73 CNTR Q=l/6-24 DIRAC CHAR
M 0 5 E-42 OR LESS CL= ~ 95 CARRIGAN 74 CNTR Q=l/30 TQ 24
N 0 1 E-39 OR L ESS CL= 95 CARRIGAN 75 HL BC NEU ENERGY= 1 ~ 0
N 0 4 F-38 OR LESS CL= ~ 95 CARRIGAN 75 HLBC NEU ENERGY=5 ~ 0
N 0 1 E-37 O~ I ESS CL=»95 CARRIGAN 75 HLBC NEU ENERGY=8 ~ 0
E 0 5 E-44 OR LESS CL=»95 EBERHARD 75 CNTR M=O TO 12 GEV
I 0 2 E-36 QR. LESS Cl= ~ 95 GI ACQMELL 75 EMUL M=O TQ 20 GEV
A AMAL DI 63 US ES 28 GEV PROT BEA!0 AT CERN P S ~ F IR ST RE SUL& I S FOR.
A PROTON TARGET g SECOND IS FOR NUCLEON TARGFT INSI DE NUCLEUS ~

P PURCEl L 63 LOOKS FOR MQNOPQLES PRODUCED BY 30 GEV PROT AT THE AGS ~

G GVREV ICH 72 IS A SERPUKHQV 70 GE V/C P EXP ~ MASS MIMI T FROM PP PPHhI
C CARR IGAN 7 IS NAL 300 GEV P EXP ~ MASS L IM IT 0 12 GEV FROM PP=PPMM
M CARR I GAN 74 I 5 NAl 400 GEV EXP ~ MASS L IHI T 0-13 7 GEV/MONOPOLE ~

N CARR I GAN 75 REEXAMINES OLD CERN NEVTR INQ E XPTS Ihf HLBC ~ NEV ENERGY
N GI VEN AT RIGHT REPRESENTS NEUTRINO THRESHOL D ENERGY
N THESE VALUES ARE IN UNITS CM¹¹2/NUCLEUS
E FBERHARD 75 US ED NAl TARGETS — 300 GE V AND 400 GE V P ON Al. UMI NUM ~

E Q=l-7 DI RAC CHGS ~ USED SAME TYPE OF DETECTOR AS ROSS 73 ~

GIACOMELL I 75 I S CERN I SR EXP ~ » M=O-30 GEVg Q=O ~ 4-2 ~ 5 DIRAC CHGS ~

12/75¹
12/75¹
12/75¹
3/74
3/74

12/75¹
1/76¹
1/76¹
1/76¹

11/75¹
2/76¹

12/75¹
12/75¹
12/75¹
3/74
3/74

12/75¹
1/76¹
1/76¹
1/76¹
2/76¹
2/76¹
2/76 ¹

CE
CE
CE
CE
CE
CE
CE
CE
CE
CE
CE
CE
CE
CE
CE
CE
CE
CE
CE
CE
CE
CE
Cc

CHARMED HADRON PRODUCT ION CROSS S ECT ION{ E+ E- ) ( UNITS 10¹¹-35CM¹¹2)
8 0 18 ~ OR LESS CL= ~ 90 BQYARSK I 75 SPEC K- P I+g K+ P I-
8 0 40 OR LESS CL= 90 BGYARSKI 75 SPEC KOS PI+ PI-
8 0 13 ~ OR L ESS CL= ~ 90 BOYARSK I 75 SPEC P I+ P I-
R 0 l2 ~ OR LESS Cl= 90 BQYARSKI 75 SPEC K+ K-
8 0 49 ~ OR LESS CL= ~ 90 BO YAR SK I 75 SPEC K-P I+PI+ g K+ PI-PI—
8 0 27 OR LESS Cl= 90 BOYARSK I 75 SP EC KOS P I+ KOS P I-
8 0 33 ~ OR LESS CL=. 90 BQYARSK I 75 SPEC KOS K+g KOS K-
B 0 38» OR f ESS CL= ~ 90 BOYARSK I 75 SPEC PI+PI-PI+ qPI+Pj-PI-
B 0 90 OR L ESS CL= ~ 90 BQYARSK'I 75 SPEC K+P I-e KOP I+PI- + CC
B 0 16» OR LESS CL= ~ 90 BQYARSKI 75 SPEC K+ K g PI+ P I-
8 0 51 ~ OR LESS Cl= 90 BOYARSKI 75 SPEC K+PI-Pj-pKOPI+ + CC
8 0 76 ~ OR LESS CL= ~ 90 BOYARSK I 75 SPEC KOK+t P I+P I+P I + CC
P 64 1 ~ 9 0 ~ 5 PERL 75 SPEC E{OR HU) NEUTRI ~

8 BOYARSKI 75 IS SLAC(SPEAR) EXPT ~ LOOKED FQR E+E- --& 0 ANYTHING
8 AT ECH=4» 8 GEV 'WHERE CHARMED MESON D DECAY ED VI A CHANNELS SHOWN»
8 ABOVE VALUES ARE FOR 0 MASS= 1 85-2 ~ 40 GE V. SIMILAR LI MI TS ARE
8 GIVEN FOR MASS=1 ~ 50-1»85m 2»40-4»00 GEV IN THEIR TABLE 1 ~

P PERL 75 I S SLAC(SPEAR) EXPT EVENTS ARE E+E- TQ E+-MU-+ AND 2 OR
P MORE MISSING PARTICLES ~ CS IS FOR ECM=4 ~ 8 GEV AND THETA=50-1300EG»
P CROSS SECT IGN RIS ES FROM 5X10¹¹-36AT E=4 TO ABOVE MAX ~ THEN DROPS
P TO 6E-36 AT E=7 ~ 5» AUTHORS SAY THESE EVENTS HAVE NQ CQhfVENT IONAL
P EXPLANATION ~ SUGGEST HEAVY LEPTON OR CHARMED HADRON ~ M=1 ~ 6-2 ~ OGEV ~

2/76¹
2/76¹
2/76¹
2/76¹
2/76¹
2/76¹
2/76¹
2/76¹
2 /76¹
2/76¹
2 /76¹
2 /76¹
2/76¹
2/76¹
2/76¹
2/76 ¹

2 /76¹
2/76¹
2/76¹
2 /76¹
2/76¹
2/76 ¹

CS
CS G

CS G
CS G

CS
CS C

CS C
CS C
CS- F
CS F
CS F
CS F
CS F
CS K

CS K

CS K

CS K

CS K

CS R
CS R

CS R

CS G
CS C
CS C

CS F
CS F
CS K

CS R
CS R
CS R

F
F
F
F F
F
F R
F P
F F
F F
F R

F P
F P
F P

MONOPOLE FLUX IN COSMIC RAYS (NUMBER/CH¹¹2-S
0 1 E-13 OR LESS GOTO 63
0 5 E-15 OR LESS Cl= ~ 90 CARITHERS 66
0 3 E-19 OR LESS CL= 90 FLEISCH2 69
0 2 E-18 OR LE SS KGLH 71
0 5 E-19 OR LESS CL= ~ 95 ROSS 73
1 1 E-13 PR ICE 75

FLEISCHER 2 69 LOOKED FQR MONOPOLE TRACK S
OVER GEOLOGICAL T IMES
ROSS 73 INCLUDES DATA OF EBERHARD 71 PAPER ~

SEE ALVAREZ 75 FOR ALTERNATIVE EXPLANATION
SEE EBERHARD 75 FOR DISCUSS IOh! OF COhfFL ICT
NOT CGNSIDEREO CONVINCING EVIDENCF FOR THE

EC-SR )
EMUL
ELEC
SCAN
CNTR
ELEC
EMUL
EFT IN

K E TG 10¹¹4GEV

K E TO 10¹¹10GE V

KE TO 10¹¹5GEV
KF TO 10¹¹4GEV
M GT 200 GEV

OBS I DIAN AND MICA

OF PRICE 75 EVENT ~

WITH OTHER E XP ER I MENT S»
EX IST ENCE OF MONQPOLES ~

REFERENCES FOR MAGNETIC MONOPOLE SEARCf'ES

MONOPOLE PROD. CROSS SECTION — SEARCH IN MATTER (CM¹¹2)/NUCLEGN
0 5 r 38 OR LESS GOTO 63 EMUL M=1 GEV
0 5 E-36 OR L ESS GOTO 63 EHUL M=10 GEV

5 E-33 OR LESS GOTO 63 EHUL M= 100 GEV
0 3 E-40 OR LESS CL= ~ 95 PETVKHQV 63 CNTR METEORITE
0 1 E-38 OR lESS Cl=»90 CAR ITHERS 66 ELEC M=2 GEV
0 7 E-37 OR LESS CL= 90 CAR1THERS 66 ELEC M= j0 GEV
0 1 E 35 OR L ESS . CL= ~ 90 CAR I THE R S 66 ELEC M=25 GEV
0 5 F-43 OR LESS CL= 90 Fl EISCH1 69 CNTR M= 1 GEV
0 2 E 40 OR LESS CL= 90 FLEISCH1 69 CNTR M=10 GEV
0 3 E-37 OR LESS CL= ~ 90 FLEI SCH1 69 CNTR M=100 GEV
0 5 E-34 OR LESS CL= ~ 90 FLEISCHl 69 CNTR M=1000 GE V

0 1 E-29 OR LESS CL= 90 FLEISCH1 69 CNTR M=10000 GEV
0 1 E-42 OR L ESS CL= ~ 95 KClM 71 C!TR H=l 5 GEV
0 1 E 42 OR l FSS CL= ~ 95 KCLH 71 CNTR M= 10 GEV
0 1 E-37 OR LESS CL= ~ 95 KOLM 71 CNT'R M=100 GEV
0 1 E-34 OR LESS CL= ~ 95 KQLM 71 CNTR M= 1000 GE V

0 1 E-31 QR L ESS CL= ~ 95 KOLM 71 CNTR M= 1500 GE V

0 1 E-43 OR LE SS CL= 95 ROSS 73 ELEC M=2 GEV
0 5 E-41. OR L ESS Cl= ~ 95 ROSS 73 ElEC M=10 GEV
0 5 E-38 OR LESS CL= 95 ROSS 73 ELEC M= 100 GEV

GOTO 63 EXAMINES MAGNETITE ROCK IN THE ADI RQhfDACK HQUNTAINS»
CARITHERS 66 f IMITS ABOVE ARE FOR NUCLEON-NUCLEON INTERACTIONS ~

LI MI TS FOR PHOTQNUCLEGN PRODUCT I ON ARE 10¹¹3T IMES LARGER
FL EISCHER 69 LOOKED FGR MONOPOLE S IN SEDIMENTS AT BOTTOM OF OCEAN
DE POS IT ED DVR ING T l". E LAST 16 HI L L ION YEARS ~ 9= 60 DIRAC CHAR ~ OR LESS
KOLM 71 TRIED TO DETECT MONOP ~ IN DEEP SEAWATER Q= ~ 2-27 DIRAC CHAR ~

ROS'S 73 TR I ED TO DETEC T MQNOP ~ 1 N LUNAR DUST Q= ~ 4 36 DI RAC CHAR
OR LARGER CHARGES EXCEPT FOR G= N¹36¹GO» HI TH hl INTEGER ~ THEY ALSO
REPORT I IMIT OF DENSITY IN LUNAR MATERIAL AS 1 ~ 7¹10¹¹-4MGNQP ~ /GM ~

12/75¹
12 /75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
2/76¹
2/76¹
2/76¹
2/76¹
2/76¹
3/74
3/74
3/74
3 /74
3 /74
3/74
3/74
3/74

12/75¹
12/75¹
12/75¹
3/74
3/74
2/76¹
2/76¹
3/74
2/76¹

12/75¹
12/75¹
12/75¹
).2/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹

CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP
CP

CHARMED HADRON PRODUCTION CROSS SECTION (P NUCLEON) (CM¹¹2)
A 0 1 ~ E-33 OR L ESS AUBERT 75 SPEC P I+ K-
A 0 4 ~ E-33 QR L ES5 AUBERT 75 .S PEC K+ P I-
A 0 1 ~ E-33 OR L ES5 AUBERT 75 SPEC K+ K

A 0 8 ~ E 33 OR LESS AU BERT 75 SPEC P I+ P I-
A 0 7 ~ E-33 OR LESS AUBERT 75 SPEC P K-
A 0 2» E-33 OR LESS AUBERT 75 SPEC K+ PBAR
A 0 4 ~ E-32 OR L ESS AV BERT 75 SPEC P P I-
A 0 2, E-33 OR LESS AUBERT 75 SPEC PI+ PBAR
A AUBERT 75 IS A BNL 30 GEV EXPT» LOOKS FOR P BE --& JPRIME ANYTHING
A WHERE JPRI ME DECAYED VI A THE CHANNEL SHOWN ~ ABOVE VALUES ARE
A FOR M=2 ~ 25GEV AND ASSUME A WIDTH SMALL CCHPARED TO THE RESGLUT IQN»
A UPPER l. IMITS ARE ALSO GIVEN FOR THE ABOVE CHANNELS AND P PBAR FOR
A H=3 ~ 1 AND 3»7 GEV» THOSE f IMITS RANGE FROM 7E-36 TQ 4E-33 ~

VO
VO
VO
VO
VO
VO
VO
VO
VO
VO

CHARMED HADRON (Y) EVIDENCE IN NEUTRINO NUCLEON --& 2 MUONS ANYTHING
B 14MU+HU OHU HU 0MU+HU+ 8 E NVE NUl 75 SPEC P R EDOM ~ NEU BEAM
8 51MU+MU- 7MU-HU- 3MU+MU+ BENVENU3 75 SPEC 6/7 NEU BEAM
8 5 MU+ MU- 0MU-MU 2 MU+ MU+ BENVE NU5 75 S PE C 9/ 10ANT INEU 8 EAM

8 BENVENUTI 75 ARE FNAL NEUTRINO NUCLEON EXPERIHENTS HHICH LOOKED FOR
8 TWO QR MORE HUONS Ihf THE FINAL STATE» hlO TRIMUQN EVENTS HERE SEEN ~

8 AUTHORS STATE THAT THESE DIMUON EVENTS REQUIRE THE CXISTENCE OF ONE
8 OR MORE iNEW PART ICL ES H 1TH M=2-4GEV AND TAU=10¹¹-10SEC~ OR LESS ~

8 BENVENUTI4 75 SHOW THAT THE OBSERVED PROPERTIES OF THESE EVENTS
8 DQ NOT AGREE WITH HYPOTHESES OF HEAVY LEPTON OR INT ERHEDI ATE VECTOR
8 BOSON ~ THEY SUGGEST A HADRON ( Yl WI TH A NE W QUANTUM NUMBER»

CHARHED HADRON EVIDENCE IN NEUTRINO NUCLEON --& MU- E+ VO ANYTHIh!G
WHERE THE VO IS A KOS OR A LAMBDA

8 1 EVENT DEDEN 75 HL BC
8 1 E VEhlT BL I ETSCHA 75 HLBC
V 4 E VENTS VQNKROGH 76 HLBC
8 THE DEDEN 75 AND BL I ETSCHAU 75 EVENTS ARE FROM CERN
8 GARGAMELLE NEUTRINO EXPOSURES THE MASSES OF THE E+ VO SYSTEM FOR
8 THE TWO EVENTS ARE 1 ~ 24~ 1~ 91 GEV FOR LAMBDA OR 0 65' 1»57 FOR KO ~

V THE VON KRGGH 76 EVENTS ARE FROM AN FNAL 15 FT NEON BUBBLE CHAMBER
V EXPOSURE ~ ALL FOUR E+ EVENTS FOUND HAVE ASSOCIATED KOS ~

CPI CHARMED HADRON PRODUCTION CROSS SECTION (PI NUCLEON) (CM¹¹2l
CP I H 0 4 ~ E 30 OR LESS CL= ~ 95 HAGQP I AN 76 DBC SHORT LI VED 2 5GEV
CP I H 1 7 ~ E-31 OR LESS. CL= ~ 95 HAGQPIAN 76 DBC LONG LIVCD 1 9-2GEV
CP I H 0 3 ~ E-31 OR LE SS CL= ~ 95 HAGGPI AN 76 DBC LQNG LIVEDl 1»9y 2-5
CPI H HAGOPI AN 76 IS A SLAC 15GEV PI+ 0 EXP T ~ ALL POSSIBLE THO AND THREE
CPI H BODY MASS CCHBINATIONS HERE STUDIED FOR NARROW RESONANCES WITH MASS
CP I H 1 5-5GEV FOR MESONS AND 2-5GEV FOR BA RYONS ~ I NOI VI DUAL LIMITS FOR
CP I H TWO AND THREE BODY DECAY FROM MAh)Y REACTIONS ARE GIVEN
C Pj H VE E 5 WERE STUDI EQ FOR THE POSSIBILITY OF A NEW LONG L IVE0 (MEAiN
CP I H L IFE 1E 1 1 SEC ~ OR MORE ) NEUTRAL PARTI ClE ~ ONE CANDIDATE WITH MASS
C P I H 1 9-2 GEV WAS FOUND ~ S ECOhf 0 LONG L I V ED L I M IT FOR M~ 1-1~ 9q 2-5 GE V»

2/76¹
2 /76¹
2 /76¹
2/76¹
2/76¹
2 /76¹
2/76¹
2/76¹
2/76¹
2/76 ¹

2/76¹

2/76¹
2/76¹
2/76 ¹

2/76¹
2/76¹
2/76¹
2 /76¹
2/76¹
2/76¹
2/76¹
2/76¹
2/76¹
2/76¹

2/76¹
2/76¹
2/76¹
2/76¹
2/76¹
2/76¹
2/76¹
2/76¹
2/76¹
2/76¹

2/76¹
2/76¹
2/76¹
2/76¹
2/76¹
2/76¹
2/76¹
2/76¹

AMALDI 63
GOTO 63
PETUKHOV 63
PURC ELL 63
CAR ITHER 66
FL E I SCH1 69

AL SO 70
FL E ISCH2 69

ALSO 70
KOLN 71
GUR EVICH 72

ALSO 70
ALSG 72

CARR IGAN 73
ROSS 73

ALSO 71
CARR IGAN 74
CARR IGAN 75

ALSO 71
EBERHARD 75
G I AC OHE L 75
PR ICE 75

ALSO 75
ALSO 75

NC 28 773
PR 132 387
NP 49 87
P R 129 2326
P R 149 1070
PR 184 1393
JAP 41 958
P R 184 1398
JAP 41 958
PR D4 1285
PL 38 8 549
PL 318 394
JETP 34 917
P R D8 3717
PR DB 698
PR 04 3260
PR 010 3867
NP 891 279
PR 03 56
PR Dl 1 3099
NC 28A 21
P'RL 35 487
L BL-4260
L BL-4289

+BARQNI g MANF RED I NI g BRADNER+ (ROMA+VCS 0+CERN )
+KGLHyFORD {TQKY+M IT+BRAN )
+YAK IHENKQ ( LEBD )
+COLLINS FUJII HQRNBQSTEL TURKQT (HARV+BNL )
CAR ITHERS j STEFAN SKI g ADAI R ( YALE)
FLEISCHERp HART' JACOBS+ (GESC+UNCS+GSCO)
FLEISCHERyHARTq JACOBS pPRICEySCHHARTZ+{ GESC )
FlE ISCHER ~ PR ICE CWOODS (GESC)
FLEISCHERg HART' JACOBS gPR ICEySCHWARTZ+(GESC )
+ VILLA yODI AN (MIT+S LAC }
eKHAKIHQV, HARTEMIANOV+ (KIAE+NOVG+SERP)
GUR E V I CH qK HAK IMOV + ( K I A E+NOVO+ S ERP )
BARKQVg GUREVICHy {KI A E+NOVO+5 E RP )
+NE ZR ICK y STRAUSS (FNAL }
+EBERHARDp ALVAREZ» WATT (L BL+SL AC )
EBERHARD p ROSS t ALVAREZ g WATT (UCB+SLAC)
+NE ZR I CK y S TR A US S (FNAL)
+NEZRI CK ( FNAL )
CARR IGAN yNEZRI CK {FNAL )
+ROSS' TAYLOR' ALVAREZeOBERLACK {LBL+HPI M }
GIACQHEL( I g ROSS I+ ( BGNA+CERN+SACL+RGMA)
+SHIRK gQSBQRNE t PI NSKY (UCB+HGVSTON l

LUIS ALVAR EZ (LBL )
PHILIPPE EBERHARD (LBL )

Rl
Rl
Rl
Rl
Rl

CHARMED HADRON (Y) BRAh!CHING RAT IO INTO ( HU NEU ANYTHING) /HADRGNS
8 8 A F EW PERCENT BENVENU2 75 SPEC FNAL NEUTRINO NU

8 BENVENUT12 75 LOOKS AT ANT INEVTRINO NUCLEON --& HUGER( HADRONS ~ SEES
8 EXCESS EVENTS ABOVE INCIDENT ENERGY 30 GEV ~ COMPARES BENVENUTIl 75
8 0 I MUON EVENTS W I TH EXCE SS EVENTS TQ GET BRAhlCHI NG RAT I 0»

R2 CHARMEQ HADRON (ASSOC ~ VO) BRANCHING RATIO INTO SEHILEPTQNICS/ALL
R2 8 2 0 ~ 1 OR MORE BLIETSCHA 75 HLBC H=2 ~ 5-4 GEV
R2 8 THIS BR ~ RATIO AND MASS ARE REQD ~ BY OBSERVED RATE AND CHARH SCHEHE»

REFERENCES FOR CHARMEC HACRQN S EARCHES

AUBERT 75 PRL 35 416
BENVENUl 75 PRL 34 419
BEh!VENU2 75 P R l 34 597

ALSO 74 PRL 33 984
BENVENU3 75 PRL 35 1199
BENVENU4 75 PRL 35 1203
BENVENU5 75 PRL 35 1249
BOYARSK I 75 PRL 35 196
CAZZQL I 75 PRL 34 1125
OEDEN 75 PL 588 361
PERL 75 PRL 35 1489
BLI ETSCH 75 CERN/0 ~ PH ~ I
HAGQPI AN 76 PRL 36 296
VONKRQGH 76 {TQ BE PUBL

+BECKER~ B IGGSg BURGER g CHEN+ ( HI T+8 NL )
BENVENUTI CLI NE FORD+ (HARV PENN WISC FNAL )
BENVENUT I CLINE FORD+ (HARV PENNyWI SC Fh!AL)
AUBERT g BENVENUT I+ (HARV' P ENNY WI SCg FNAL )
BENVENUTI p C! INES FORD+ (HARV' PENNpWISCg FNAL}
BENVENUT I p Cl INE g FORD+ ( HARV g PENN g WI SC g FNAL )
BENVENUT I v CL INE t FORD+ (HARV' PENNv W I SCe FNAL )
+BREIDENBACkg BULOSgDAKIN gF ELDHAN+ (S LAC+LBL 1

+CNOP S y CONNOLLY p LOUTT IT y MURTAGH+ (BNL l
(AACH+BRUX+CERN+EPOL+HILA+GRSA+LOUC }

+ABRAMS, BOYARSKI BREIOENBACH + ( SLAC}
I/ PHYS 75-49 ( AACH+BRUX+C E RN+EPOL+MI LA+OR SA+LOUC )

+HILKINS yHINDpHAGQPIANp ALBRIGHT+ (FSU+BRAN )
~ l +FRY~CAMERINI DECLINE+ ( WI SC+LBL+CERN+HAHA l

BAR CHARMED BARYON EVI DENCE IN NEUTRINO P --& HU- LAMBDA 3P I+ PI-
BAR C 1 EVENT (3 CONSTRAINT FIT) CAZZOLI 75 HBC M=2 ~ 426+- ~ 012GEV
BAR C CAZZQL I 75 IS A BNL NEUTRINO EXP T ~ AUTHORS INTERPRET THI S ONE
BAR C EVENT AS EITHER A LARGE VIOLATION OF THE DS=DQ RULE OR AS A CHARHED
BAR C BARYON DECAYING TO LAHBDA 3P I+ PI —~

2/76¹
2/76¹
2/76¹
2/76¹

2/7'6¹
2/76¹
2/76¹
2/76¹

2/76¹
2 /76¹
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S1Q2 Particle Data Group: Review of particle properties

Stable Particles
PARTICLE SEARCHES

Data Card Listings
For notation, see key at front of Listings.

OTHER STABLE PARTICLE SEARCHES
SEARCHES FOR STABLE PARTICLES ( I ~ E ~ PART ICLES IMMUNE TO DECAY VIA
THE STRONG INTERACTION) NOT AMONG ABOVE SEARCHES ARE LISTED HERE

HEAVY PART ICLE PRODUCT ION DIFFERENT IAL CROSS SECTION (CM¹¹2/SR-GEV)
A 0 1 ~ E-31 OR LESS CL= ~ 90 APPEL 74 CNTR +- M=3 ~ 2-7 2 GEV
J 0 8 E-35 OR LESS CL= 90 JOVANOVIC 75 CNTR +- M=15-26 GEV
J 0 1 e5E-34 OR LESS CL=o90 JOVANOV IC 75 CNTR .Q=+-2 ~ M=3-10 GE V
J 0 6 ~ E-35 OR LESS CL= ~ 90 JOVANOVIC 75 CNTR Q=+-2g M= 10-26 GEV
A APPEL 74 I S NAL 300 GEV P+W EXPERIMENT STUDIES FORWARD PRODUCTION
A OF HEAVY (UP TO 24 GEV ) CHARGED PART ICL ES WITH MOMENTA 24-200GE V(-)
A AND 40-150GE V (+CHG) ~ ABOVE TYPICAL VALUE IS FOR 75 GEV ~

J JOVANOVICH 75 IS A CERN ISR 26+26 AND 15+15 GEV P+P EXPERI MENT ~

J FIG ~ 4 COVERS RANGES Q=113 TO 2 AND M=3 TO 26 GEV ~

F HEAVY PARTICLE FLUX IN COSMIC RAYS (NUMBER/CM¹¹2-SEC-SR)
F Y 5 6 E-9 OR MORE YOCK 74 CNTR M GT 6 GEV
F Y YOCK 74 EVENTS COULD BE TRITONSo

C LIGHT (BETWEEN MU AND E MASSES) PARTICLE MASS(UNITS-ELECTRON MASSES)
C 0 NONE BETWEEN 2 AND 13 BLAGOV 75 CNTR SPINORvTAU=2E-105 EC
C 0 NONE BETWEEN 2 ANO 10 ~ 6 BLAGOV 75 CNTR SCAI ARg TAU=2E-10SEC

2/76¹
2/76¹
2/76¹
2/76¹
2/76¹
2/76¹
2/76¹
2/76¹
2/76¹
1/76¹
1/76¹
1/76¹

2/76¹
2/76¹

APPEL 74 PRL 32 428
YOC K 74 NP 876 175
BLAGOV 75 YAD ~ FIZ ~ 21' 300
JOVANOVI 75 PL 56 8 105

REFERENCES FOR OTHER STABI E PART ICL E SEARCHES

+BOURQU INy GAIN ES y L ED ERMAN g PAAR+ ( COL URINAL )
P ~ C ~ M YOCK (UNIV OF AUCKLAND )
+KOMAR gMURASHOVA q SYR EI SHCHIKOVA+ ( LEBD 'I

JOVANOV ICH+ ( MANI+AACH+CERN+ GENO+HAR V+TORI )
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Particle Data Group: Review of particle properties S103

Data Card Listings
For notation, see key at front of Listings.

Me sons
7r+, 7r0, q, p(VV0)

S=0 ME SON STATES
WEIGHTED AUERAGE = 770 .23 + 0 .BB

ERROR SCALED BY 1.3

p(770)

8 CHARCED PION(140' JPG=O--) I=1

SEE STABLE PART(CLE CATA CARD l ISTINGS

9 NEUTRAL PION(135' JPG=O--I I=1

SEE STABLE PARTICLE CATA CARC LISTINGS

14 ETA( 549' JPG=O-+) I =0

SEE STABLE PARTICLE CATA CARD L ISTINCS

9 RHQ(770g JPG = 1-+) I =1

750 760 770 7BO

RHO 0 PASS (NEV) NEUTRAL

-. GRAYER
.ENGLER
PROTOPOPE

.RATCLIFF

. JACOBS
~ BENAKSAS
.BALLAN
~ BALLAf1
.BAILLON
-BIGGS
.SCHAREN
~ REYNOLDS
PISUT
HYAMS

790

74 ASPK
74 DBC
73 HBC
72 ASPK
72 HBC

72 RVUE
72 HBC
72 HBC
72 ASPK
70 CNTR
69 HBC
69 HBC

6B RVUE

6B OSPK

CHISQ
0.6
0 ~ 7
1 ~ 4
4.3
3.7
0.1
0 ~ 0
0.7
3.4

1.B
2.6
0 ~ 1
1.6
2.5

23.5
[CONLEU
=0.037)

9 (RHGOI — (RHQ+ I MASS DIFFERENCE (MEVI

9 RHG MASS (HEV)

WE NQ LONGER I. IST S-WAVE BRE IT-WIGNER F ITS y PBAR P DATA WITH HIGH
CGHBINATGRIAL BACKGROUND, ANG INSIGNIFICANT OR DOUBTFUL DATA ~

2 ~ 4 2 1 PI SUT 68 RVUE P I N TQ RHQ N 6/68

M MIXED CHARGES
M 240 ( 752 ~ 0)
M 290 (755«0)

AL ITTI 63 HBC -0 1 6 P I-P
CHADWICK 63 HBC +-0 0«0 PBAR P

9 RHG W I DTH ( ME V )

SEE NOTE ON RHQ MASS ABOVE

M CHARGED ONL
M ( 748 ~ 0)
M 130 (775 ~ 0)
M R ( 760 ~ 0)
M R (768 ' Ol
M R {765~ 0)
M R ( 760 ~ 0)
M R (765 ' 0)
M R 2775 (753 ' 5)
H R {758 0)
M R (749 ' 0)

z 900 ?e?.
R {768 0}

M R ( 773«0}
M 1700 (782 ~ I
M 9650 764 ~ 3
M A 9650 (764 ~ 3}
H A ERRORS AR E
H X 1300 777 ~ 0
M x 6500 766 ~

M X SYSTEMATIC
H ~ ~ ~ ~

M AVG 765
M STUDENT 765 ' 6

Y
KENNEY 62 HBC — 1 «2 PI-P
GU IRAGGSS 63 HBC — 3 ~ 3 P I-P

(9 ~ 0) CARHCNY 64 HBC + 3 «5 P I+P q TCUT 4
(5 ~ Ol BLIEDEN 65 MHSP ~ 3-5 PI- P
(5.0) ALFF-STEI 66 HBC + 2-3 PI+ P
(5 ~ 0) HAGGPI AN1 66 HBC 3 ~ 0 P I P
(5 ' 0) HAGQPI AN2 66 HBC — 2 ~ 14 P I- y TCUT12

{10' 5) JACOBS 66 HBC — 2-3PI-pT CUT 20
( 10 ~ 0) JAMES 66 HBC + 2 1 Pl+g TCUT2 ~ 5
(3 ~ 0) WEST 66 HBC - 2 1 P I- Pe. EI SNER 67 HSC — 4 ~ 2 P I-w T CUT10
(5.0l MILLER 67 HBC — 2 ~ 7 P I i T CUT20
(2 0) BATCN 68 HBC - 2 ~ 8 P I»q T CUT13
(5 ' ) FOSTER 68 HBC +-' PBAR P AT REST

1 ~ 9 1 ~ 8 PI SUT 68 RVUE — I ~ 7-3 ~ 2P I- gCT10
(19 '2) (3 3) PI SUT . 68 RVUE - 1 ~ 7 3 2P I-~CT10

2 STD ANG INCLUDE SYSTEMATIC UNCERTAINTIES FRCH Tl-EQRY
5 ~ 0 REYNOLDS 69 HBC — 2 ~ 26 PI- P
7. BYERLY 73 GSPK — 5 ~ P I- P

ERRORS ADDED CGRRESP ~ TG SPREAD OF DIFFERENT FITS ~

~ ~ ~ ~ ~

2 ~ 2 AVERAGE (ERRCR INCLUDES SCALE FACTGR OF 1 «4)
le9 AVERAGE USING STUDENT10(H/lelll SEE TEXT

HO NE UTRAL GNL Y

MO 190 ( 750 0)
MO R 300 (760 ~ 0)
MO 160 ( 775 Ol
MO R 500 {770 ~ 0)
MO R (750 ' 0)
MO R ( 775 ~ 0)
MO R (770« I
MO R 4207 (758 ~ 0)
MO R ( 765 ~ 0)
MO R (760 ' 0)
MO P 4000 (765 ' I
MO R (768enl
MO R (761 ' )
MO R (770 ~ 0)
MO R ( 775 ~ Ol
MO 1900 ( 776 ~ )
HO 22 50 7?5 ~ 0
MO 13300 766 ~ 7
MO 8 (754 ' 0)
MO R (768 ' 4)
MO X 1700 772 ~ G

MO X SYSTEHATI C
MO C 759 ' 0
MO P ( 765 ~ 0)
MO C12630 (760 ~ Ol
MO 140K 767» 7
Mn C 761 ~ 0
MO 1930 767 ~ 0
MO 2430 770 ~ 0
MO B ( 775 ~ 4)
MO 772 ~ 3
MO 2 11200 773 ~ 5
MO 6800 764 ~ 0
MO P (775. I

MO H (778 ~ I
MO C 32000 775 ' 0
MO 4100 767 '
MO H (770 }
HO 771 ~

MO H FRCH PHASE
MP 0 (776 ' 3)
HO 0 INCLUDES 8
MO ~ ~ ~ ~

Mn A VG 770 ~ 23
MO STUDENT 770 25

(20 0)
( 10 ~ 0)

HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
CNTR
HBC
HBC
HBC
DBC
HBC
QSPK
RVUE
QSPK
RVUE
HBC
OF DI
HBC
CNTR
HBC
CNTR
ASPK
HBC
HBC
GSPK
RVUE
HBC
ASPK
CNTR
ASPK
HBC
QBC
RVUE
ASPK

RVUE

SAMIGS 62
ABOL INS 63
GU IRAGGSS 63
GQLDHABER 64
ALFF-STEI 66
HAGGPIANl 66
HAGGP IAN2 66
JACOBS 66
JAHES 66
WEST 66
AS BURY 2 67
BACON 67
HUWE 67
MILLER, 67
AR HENI SE 68
F GSTER

' 68

HYADES

68
PI SUT 68
AU SLENDER 69
MALAMUD 69
REYNGLDS 69

GDEO CGRRESP ~ TQ SPREAD
SC HAREN 69
ALVENSLEB 70
BATON 70
8 I GGS 70
BA ILLCN 72
BAL{.AH 72
BALLAH 72
BENAKSAS 72
BENAKSAS 72
JACOBS 72
RATCLIFF 72
GLADDING 73
HYAHS 73
PRGTGPGPE 73
ENGLER 74
ESTABRGGK 74
GRAYER 74

ALYS IS OF GRAYER 74 DATA
RGGS 75

Y*MS 73, PRCTGPQPESCU 73

AVERAGE {ERRGR I NCLU
A VERAGE U SI NG STUDE N

IDEQCRAM BEI QW )

0 4 ~ 7 PI-P
0 3 ~ 5 P I+P
0 3 ~ 3 PI-P
0 3 ~ 7 P I+P
0 2-3 P I+ P
0 3 ~ 0 P I- P
0 2 1 PI-v TCUT 12
0 2-3P I-g T CUT 20
0 2 1 PI+ P
0 2 ' 1 PI- P
0 GAMMA + PB
0 1 ~ 7 PI-P
0 2 ' 4 PI- P
0 2 ~ ? PI t T CUT20
0 5 1 PI+0
0 PBAR P AT RE ST
011~ 2 PI P
0 1 7-3 2P I- y CT10
0 E+E- CQL L ~ BEAMS
0 2-4 P I-P
0 2 ~ 26 P I- P

FFERENT F ITS ~

0 2-4 P I- P
0 GAMMA Ag TCUT Ol
0 2 ' 8 P!- P
OPHQTGPRGDtjCTICN
0 15« P I- P
0 2 ' 8 GAMMA P
0 4 ' 7 GAMMA P
0 E+E- COLL ~ BEAMS

0 E+E- CGLL ~ BEAMS
0 2 ~ 8 PI- P
0 15 ~ PI-P ~ TCUT ~ 3 ~

0 2 ~ 9-4 7 GAMMA P
0 17 Pl-PpN PI+PI-

0 7 ~ 1 PI+PyTCUT ~ 4
0 6 ~ PI+N~ PI+PI-P
0 17 PI-Py P I+P I-N

0 17 PI-PgN PI+PI-

( 10 ~ 0)
(5«0}
(5 ~ 0)

. (5 I

(7 ~ 5)
(8 0)
(3 ~ 0)
(5 ~ 0}
(2 ~ 0)
(3 ~ )
(4 ~ 0)
(2.0I
(5 )
3 ' 0
2 ~ 8

(9 ~ 0)
(2 4)

5 ' 0
ERRORS A

7»0
(10 0}

1«9
5 ' 0
4 ~ 0
4 ~ 0

(7 3)
5 9
1 7
3 ~ 0

{5 I
(2 }

4 0
4 ~

(9 }
1 ~

SHIFT AN

(0 ~ 4I
ATGN 70gH

~ ~ ~ ~

0 «88
0 ~ 82
(SEE

OP HASE SHIFTS

DES SCALE FACTOR OF 1 «3)
T10(H/1 11) -- SEE TEXT

--—------NOT ES-----—---

6/66
6/66
6/66
9/67
6/68
8/66

10/66
1/73
9/66
7/69
1/73
6/68
6/68

1/73
2/74

6/ee
6/ee
2/67
6/68
6/66

10/66
1/73
9/67
7/67
9/66
6/e8
1/73
9/68
1/73
2/74
1/73
1/73

1/73
1/? 3
1/71
1/73
1/73
1/73
1/73
2/74
2/74
1/?3
2/74
2/74
1/74
2/74

12/75+
12/754
2/74

12/754
12/754'

W

W

W

W

WO

WO

WO

WO

WO

WO
WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO
'WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

WO

wn
WO

WO

WO

WO

MIXED CHARGES
290 ( 110 Ol CHADWICK 63 HBC +-0 0 ' 0 PBAR P

CHARGED QNL
130 ( 125~ 0)

(90 ' 0)
98 (180 0)

R (77 ' OI
R ( 100~ 0)
R ( 127 ~ 0)
R ( 150 ~ 0 I
R {135' 0)
R 2775 (137 1)
R ( 147.0)
R (149~ 0 I

900 146 ~

R (153~ Ol
R {150 ~ 0)

1700 ( 145 ~ 0 I
9650 14?~ 3

X 1300 154 ~ 0
X 65 00 146 ~

X SYSTE MAT I C
~ ~ ~ ~

AVG 14? ~ 6
STUDENT 147 6

(10«0)

{20~ 0)

(5 0)
(20 0)
(20 Ol
(20.0)
(19.0)
(13' 0
]3~

( 13' 0)
{5 0)

(10' 0)
4 ' 0

13 ~ 0
12 ~

ERRORS A

~ ~ ~ ~

3 ' 5
3 e 7

CD

GUIRAGGSS 63
SACL AY 63
BGNDAR 64
CARMCNY 64
ALFF-STEI 66
BLI EDEN 66
HAGQP I ANl 66
HAGGPI AN2 66
JACOBS 66
JAME S 66
WEST 66
E I SNER 67
MILLER 67
BATON 68
FOSTER 68

3 ~ 9 PI SUT 68
REYNOLDS 69
BYERLY 73

ED CGRRESP ~ TG SPREAD

HBC
HBC
HBC
HBC
HBC
HHSP

+

t
+

HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
RVUE
HBC
QSPK

+

+

OF DIFF

3 ~ 3 P I-P
2 ~ 8 P I+P
4«l P I-P
3 ~ 5 P I+& ~ TCUT
2-3 P I+ P
3 5 P I- P
3 ~ 0 PI- P
2 ~ 14 P I- iTCUT12
2-3P I- y T CUT 20
2 1 P I+g TCUT2 ~ 5
2 1 PI — P
4 ~ 2 PI-e T CUT10
2 ~ 7 PI-e T CUT20
2 ~ 8 PI- P
PBAR P AT REST
1 7-3 ' 2PI-eCT10
2 ~ 26 P I- P
5 ~ PI- P

ER ENT F ITS

AVERAGE ( ERRCR INCLUDES SCALE FACTOR OF 1 0)
AVERAGE USING STUDENT10(H/1 ~ 11} —SEE TEXT

NEUTRAL ONLY
190 (150~ Ol

R 300 (90 ' 0)
160 (175' 0)

R 500 (130' 0)
R (100~ 0)
R ( 120 ~ Ol
R (135' 0)
R 4207 (122 ' 2)
R ( 103~ 0)
R (173 ' 0)
P 4000 (130« I
R ( I, 48» Ol
R (152 ~ )
R (160,0)
R ( 167enl

1900 {132' )
Z 2250 145 0

P (160~ 0)
B (105 0)
R (132 ~ 0)

X 1700 135~ 0
X SYSTEHATI C
C 119~ 0

P (140 ' 0)
C1 2630 {131e 0)

140K ).46 ~ 1
C 108 ' 0
Z 2430 155 ' 0
2 1930 145 ~ 0

8 (149 6 I

135 ' 8
11200 ( 178 ~ 35
6800 157« 0

P (147~ )
H (152 I

C 32000 160~ 0
4100 146 '

H (143 ' )
161~

H F ROM PHAS E
( I. 54 ~ 5)

0 INCLUDES 8
~ r ~ ~

A VG 150~ 3
STUDENT 149 ~ 4

(20 0)
(10.0)

62 HBC
63 HBC
63 HBC
64 HBC
66 HBC
66 HBC
66 HBC
66 HBC
66 HBC
66 HBC
67 CNTR
67 HBC
67 HBC
67 HBC
68 DBC
68 HBC
68 GSPK
68 CNTR
69 GSPK
69 RVUE
69 HBC

EAD OF 0
69 HBC
70 CNTR
70 HBC
70 CNTR
72 ASPK
72 HBC
72 HBC
72 QSPK
72 RVUE
72 HBC
72 ASPK
73 CNTR
73 ASPK
73 HBC
74 DBC
74 RVUE
74 ASPK

DATA ~

75 RVUE
73

0 4«7 PI P
0 3.5 Pl+P
0 3 ~ 3 PI P
0 3 ~ 7 P I+P
0 2-3 PI+ P
0 3«0 PI- P
0 2 14 PI-P yLQW T
0 2-3P I- g T CUi 20
0 2«1 PI+ P
0 2 1 P I» P
0 GAMMA + PB
0 1 7 P I-P
0 2 ' 4 PI- P
0 2«7 PI-p T CUT20
0 5 1 Pl+D
0 P BAR P AT RE ST
011~ 2 PI- P
0 GAMMA P
0 E+E- COLL»BEAHS
0 2-4 P I-P
0 2 ~ 26 P I- P

I F FER ENT FITS ~

0 2-4 P I- P
0 GAMMA AgTCUT F 01
0 2 ~ 8 PI- P
OPHQTQPRQDUCT ION
0 15~ PI- P
0 4 ~ 7 GAMMA P
0 2 ~ 8 GAMMA P
0 E+E- CGLL ~ BEAMS

0 E+E- COLL ~ BEAMS
0 2«8 PI» P
0 15 ~ P I-P y TCUT ~ 3 ~

0 2 ~ 9-4 ~ 7 GA MMA P
0 17 PI-PgN PI+PI-

0 7 ~ 1 PI+PgTCUT ~ 4
0 6 ~ PI+Ny PI+PI-P
0 17 PI-P e PI+PI-N

0 17 PI-P pN P I+PI-

SAMIGS
ABQL INS
GUI RAGOSS
GQLDHA B ER
ALFF-ST EI
HAGQPIAN1
HAGGP I A N2
JACOBS
JAMES
WEST
AS BURY 2
BACON
HUWE
HILLER
ARHENI SE
FQSTER
HYADES
LANZERGTT
AUSL ENDER
HALAMUD
REYNOLDS

C CQRRESP ~ TG SPR
SCHAREN
ALVENSLEB
BATON
BIGGS
BA ILLQN
BALLAH
BALLAH
BENAKSAS
BENAKSAS
JACOBS
RATCLIFF
GLADDING
HYAMS
PRQTQPGPE
ENGLER
ESTABRQGK
GRAYER

S IS OF GRAYER 14
R GOS

S ?3y PRCTQPGPESCU

(10 0)
(20 ' 0)
(15 ' 0)
(13 0)
(13 ~ 0)
{5' I
(8 ' 0)

(15 ' )
(15 0)
(6 ~ 0)

(10 )
12 0

(10~ Ol
(20 ~ 0)
(13.01

16 ~ 0
ERRORS ACDE

20 0
(5.a)

2 ~ 9
20 ~ 0
12 ' 0
13 ~ 0

(23 2l
15 1

) (2 5)
8 ' 0

(11 ' )
(2 )
10~ 0
14«

(13 I
4«

SHIFT ANAl Y
(1 ~ 0)

ATCN 70gHYAM
e ~ ~ ~ ~

2 ~ 7
2 ' 8
(S EE ID

OPHASE SHIFTS

AVERAGE ( ERROR INCLUDES SCAL E FACTOR OF' 1 «4]
AVERAGE USING STUDENT10(H/1 ill -- SEE TEXT

ECGRAM BEI OW I

6/66
6/66
6/66
9/67
6/68
8/66

10/66
9 /67
9/66
7/69
1/73
6 /68
1/73
2/74

6/66
6 /66
9/67
6 /68
6/66

10/66
1/73
9/67
7/67
9/66
6/68
1/73
1/73
1173
2/74
1/73
1/73

1/73
1/73
1/71
1/73
1/73
1/73
1/73
2/74
2/74
1/73
2/74
2174
1/74
2/74

12 /754
12/754
2/74

12/75~'
12/754'

M C
M R

M 8
M P
H Z

FRQH POLE EXTRAPGLATICN
INCLUDED IN .PISUT 68 RVUE
INCLUDEC IN BENAKSAS ?2 REVUE VALUE
FROM PHQTQPRDDUCTIQNg WGDEL DEPENDENT
MASS ERRORS ENLARGEC BY US TQ WIDTH/SQRT(NI

C
R
B
P

2

—--—-NQT ES----——
FROM PQL'E E XTR APQLAT IC N

INCLUDEO IN PISUT 68 RVUE
INCLUDED IN BENAKSAS ?2 REVUE VALUE
FROM PHCTD PRODUCT ION y MODEL DEPENDENT ~

WIDTH ERRORS ENLARGED BY US TQ 4+WIDTH/SQRT(N)

Rev. Mod. Phys. , Vol. 48, No. 2, Part il, April 1976



S't 04 Particle Data Group: Review of particle properties

Me sons
{vvo)

Data Card Listings
I'«notation, see key at front of I.~zt&ngz.

LIEIGHTED RUERAGE = 150 .3 + 2 .7
ERROR SCALED BY

R4 RHQ INTO ( Pl ETA) / (2P I ) (P5)/(Pl)
R4 (0 ~ 03) QR LESS DEUTSCHMA 66 HBC + 8 ~ 0 PI+ P e/66
R4 (0 ~ 008)OR LESS FERBEL 66 HBC +- PI+- P ABOVE 2 ' 5 ll/66

BO 120 160

~ GRAYER
~ ENGLER
. PRDTDPDP
RATCLIFF
BENAKSAS

.BALLAN
BALLAD

.BAILLDN

.HIGGS
-SCHAREN
~ REYNOLDS
.HYADES

200

74
74

E 73
72
72
72
72
72
70
69
69
6B

ASPK
DBC
HBC

ASPK
RVUE
HBC
HBC
ASPK
CNTR
HSC
HBC

DSPK

CHISQ
?.1
0.1
0.9
0.7
0.9
0.2
0.2
4. 5
2.1
2.5
0.9
0.2

20. 3
( f:DNLEV
=0.042)

PI-) (LiNI TS 10++-4} (P6) / (Pl )R5 RHO INTO (MU+ MU-) /I P I+
R5
R5
R5
R5 H

R5 H

R5 R
R5 R
R5 R

R5
R5 W

R5 W

R5 W

R5 W

R5
R5 AVG
R5 STUDENT

SEE NOTE UNDER RHC INTO E+E- ABCVE

0 ~ 97 0 ~ 31 0 ~ 33 HYAMS 67 OSPK 11 PI- LI H

HYAMS MASS RESQL ~ IS 20 MEV ~ THE OMEGA REGION WAS EXCLUDED
0 ~ 82 oole 0 ~ 36 RQTHWELL 69 CNTR PHQTOPRODUCTICN ~ 4/70
POSSIBLY LARGE RHC-CMEGA INTERFERENCE LEACS US TO INCREASE
THE MINUS ERROR
0 ~ 56 0 ~ 15 WEHMANN 69 QSPK 12 PI- CN C, FE 7/69
RESULT CONT A lhtS (11 +- 11 ) PER CENT CORRECTION USING SU( 3)
FOR CENTRAL VALUE THE ERROR CN THE CORRECTION TAKES ACCOUNT
OF POSSIBLE RVO-OMEGA INTERFERENCE AND THE UPPER LIMIT AGREES
WITH THE UPPER LIMIT QF (CMEGA INTO MU+ MU-) FROM THIS EXP T

~ 0 ~ ~ ~ ~ l ~ ~

0 ~ 67 Oo12
0 ~ 67 ool4

6/67

AVERAGE f ERROR INCLUDES SCALE FACTOR CF 1 ~ 0)
AVERAGE USING STUDENT 10( H/1 ~ 11) --' SEE TEXT

11/71
11/71

12/754

REFERENCES FQR RHO

Rb RHO INTO (PI+ PI- PIO)/(PI+ PI —) (P7)/(P1)
R6 G (0 ~ 01) OR LESS CL~ ~ 84 ABRAMS 71 HBC 0 3+7 PI+ P
R6 G MODEL DEPENDENTS ASSUMES I = le2~OR 3 FOR THE 3PI SYSTEM

R7 RHO INTO ( ETA

GAMMA�)

/TOTAL (PB)
R7 ( ~ 00 1) QR LESS CL= 90 NORDBERG 74 ASPK 7-9 GAPMAtCU

RHD 0 WIDTH f MEV) NEUTRAL

9 RHO PARTI AL DECAY MODES

ANDERSCN 61,PAL 6 365
ER WIN 61 PRL 6 628
KENNEY 62 PR 126 736
SAMIOS 62 PRL 9 139
XUONG 62 PR 12 8 1849

ANDERSONpBANGpBURKErCARMGhYySCHMITZ (LRL)
A ~ R ~ ~R ~ MARCHgW ~ C ~ WALKERgEoWEST (WISC)
V P KENNEY~W D SHEPHARDwC 0 GALL (KENTUCKY)
SAM IOS y BACHMAN y LEA+ ( BNL+CUNY+COLU+KNTY)
NGUYEN HUU XUQNGgGERALD R LYNCH (lRL )

Pl
P2
P3
P4
P5
P6
P7
PB

RHO INTO 2P I
RHO INTO 4P I
RHO INTO P I GAMMA

RHO INTO E+ E-
RHO INTO PI ETA (VIOLATES G)
RHO INTO MU+ MU-
RHO INTO PI+ Pl» Plo (VICLATES
RHO INTO ETA GAMMA

G)

DECAY MASSE S
139+ 139
139+ 139+ 139+ 139
139+ 0.5+ .5
139+ 548
105+ 105
139+ 139+ 134
548+ 0

ABQLIhiS 63 PRL 11 381
ALITTI 63 NC 29 515
CHADWICK 63 PRL 10 62
GUI RAGQS 63 PRL 11 85
SAC LAY 63 S IENA CONF 1 239

BONDAR 64 NC 31 729
CARMQNY 64 DUBNA CONF 1 486
GOLDHABE 64 PRL 12 336

ABOL INS LANDER MEHLHQP NGliYEN YAGER ( UCSD )
AL ITTI BATGN ARMENI 5 E+(SACL+ORSA+BARI+BGNA )
CHADWICK gDAVI E S &DERRICK ~CRESTI + ( QXF+ PADO)
ZAVEN GUIRAGQSS IAN (LRL)
SACLAY+GRSAY+BARI + BOLCGN&- CPLLABPRATIPN

BC NDAR+ ( AAC HEN+8 IR M+BphlN+DES Y+L 0 I C+MP IM )
CARMQNYe HOA ~ LANDER yNG ~ H ~ XUCNG g Y AGER (UCSD }
GOLDHABER g BROWN p KADYK y SHE h+ ( LR L+UCB )

.9 RHO BRANCHING RATIOS

Rl RHP INTO 4P I/2P I (P2)/(Pl )

Rl
Rl
Rl
Rl
Rl

RHO+- INTO ( P I+- P I+ P I- P IO )
(0 ' 026)OR LESS
(0 F 01) OR LESS
(0 ~ 002)OR LESS
0 0035 0 ' 004

/ (PI+- Pl 0)
BL IEDEN 66 hIMSP - 3-5 P I- P
DEUTSCHMA 66 HBC + 8 ~ 0 Pl+ P
FERBEL 66 HBC +- P I+- P ABOVE 2 ~ 5
JAMES 66 HBC + 2 1 PI+P

e/ee
6/66

10/6e
11/66

Rl
R).
Rl
Rl
Rl

RHQO INTO (P I+ PI- P I+ PI-) /
(0 ~ 008) OR LESS
(0 ~ 002)OR lESS
(Oe002)OR LESS CL= ~ 90
(0 0015)OR LESS CL= ~ 90

(PI+ PI-)
JAMES 66 HBC
CHUNG 68 HBC
HUSCN 68 HLBC
GERMAN CQ 69 HBC

0 2 ~ 1 P I+P e/66
0 3 ~ 2y4e 2 PI-P 7/67
0 16 ~ 0 P I- P 1/7 1
0 2 ~ 5-5 ~ 8 GAMMA P 10/67

R2 RHO INTO PI GAMBIA/2PI (UNITS
R2 M (20 ' ) OR LESS
R2 (5 ~ I OR LESS CL~ ~ 97
R2 (7 ~ ) OR LESS
R2 M (2 ~ I OR LESS CL= ~ 90
R2 C 0 ' 24 0 ~ 07
R2 C GOBBI 74 QUOTES TVE PARTIAL
R2 C AS (35 + 10) KEV
R2 M CNE PION EX CHANC E MODEL

10++-3 I
LANZEROTT 65
'F I DEC ARO eb
HUSON 66
GERMAN Cp 69
GOBBI 74

IDTH FOR RHO-

(P3)/(Pl)
CNTR GAMMA P(BREMS)
OSPK
HLBC — 15 P I-PB
HBC
OSPK — 23 ~ PI-Ag PI-P IOA
INTO P I- GAMMA

USED IN THIS ESTIMATION

11/66
10/66
6/ee

12/754'

+
Note on p ~e e

0 +Extraction of a ratio for p ~ e e is
complicated by inter ference with u) decay. In

+photoproduction, gA ~ e e A, there is substantial
interference between the allowed (p, u)) ~ e e

ALYEA
AR MEN I S E
BLIEDE h
CLARK
GUTAY
LANZEROT
ZDANI S

65 Pl 15 82
65 Nc 37 361
65 PL 19
65 P R 139 8 1556
65 NC 39 381
65 PRL 15 210
65 PRL 14 721

ACCENSI 66
ALFF-STE 66
BA LTAY 66
BL I EDE N 66
CAMBR IDG 66
CASDN 66
DEUTSCHM 66
FERBEL 66
F IDECARO 66
HAGPP I AN 166
HAGOPIAN266
HUSON 66
JACOBS 66
JAMES 66
wEST ee

PL 20 557
P R 145 1072
PR 145 l. 103
NC 43 71
P R 146 994
PR 148 1282
PL 20 82
PL 21 111
PL 23 163
PR 145 1128
PR 152 1183
PL 20 91
UCRL-16877
PR 142 896
PR 149 1089

ALL ES-BO
ASBURY 1
ASBURY 2
BACON
BANNER
BARLOW
BATON

ALSO
CLEAR
DANYS Z

E ISNE R
FRENCH
HERTZBAC

AL SO
HUWE
HYAMS
MILLER
POIRI ER

67 Nc 50 A 776
67 PRL 19 869
67 PRL 19 865
67 PR 157 1263
67 PL 25 B 300
67 NC 50 A 701
67 Pl 25 8 419
67 NP 8 3 349
67 NC 49A 399
67 NC 51 A 801
67 PR 164 1699
67 NC 52 A 442
67 pR 155 146 1
e5 ZDANI S
67 PL 24B 252
67 PL 248 634
67 PR 153 1423
67 ~R 163 1462

ALYEAgCRITTENDENgMARTINgRHCDE + f INDIANA)
SACLAY+QRS AY+BAR I+BOLOGNA CplLABORATIQN
CERN MISSING MASS SPECTROMETER GROUP (CERN)
A' CLARKE CHR I ST ENSON1 CRONIN y TURLAY( PRINCE TO)
GUTAY p LANNUTT I g TUL I (FSU)
LANZEROTTIpBlUMENTHALgEHNqFAISSLER + (HARV)
ZDANIS y MADAhlSKYq KRAEMER + ( JHU+BNL )

ACCENSI eALLES-BORELLI iFRENCH~FRISK+ (CERN)
AL FF-ST E IN BERGER' BERL EY y BRUGGER+(CQLU+RUTG )
+FRANZINI q LUT JENSEN SEVERINS gTYCKO+(COLUMBIA )
CERN MISSING MASS SPECTROMETER GROUP (CERN)
CAMBRIDGE BUBBI E CHAMBER CROUP (MIT+HARV+)
N M CASON f W I S CQ NS IN')
DEUTSCHMANNp STEINBERG + (AACH+BCRLIN+ CERN)
FERBEL (ROCHESTER )
G+M FIDECARP q J PQ IRI ER eP SCHIAVQN (CERN)
I.AGOP IAN s SELOVC eAL I TT I e BATON+ ( PENN+ SACLAY )
HAGQPIANy PAN (PENNSYLVANIAN LRL-BERKELEY)
HUSONtALLARDtDRIJARDsHENNESSY+ (QRSAY+EPOL )
L D ~ JACQBS (LRL I
F E JAMES' KRAYB ILL (YALE+BROQKHAVEN)
WESTvBOYDeERWINyWALKER (W IS CCNS IN )

DLLES-BPRELL Ig FRENCHY FRISKY+ (CERhl+BCNN)
+BECKER+BERTRAM+JOOS+ JORDAN+ (DESY+COLU ).
+BECKER+BERTRAM+JQOS+JORDAh+ (DESY+CGLU)
+F ICK INGER gHILL g HPPK INS gROBINSQN+ ( BNL )
+FAYGU Xg HAMEl y Z SEMBERY ~CHE ZE+ ( SACLAY+CAEN )
+L ILLESTOL+MONTANCT+ (CERN+CDEF+IRAD+LIVP)
J ~BATCNgG ~ LAUREh!S p J ~ REIGN IER f SACLAY)
J ~ BATONS G LAURENSe J ~ REIGNIER (SACLAY)
+JQHNSTCN+CGOPER+MANNER+ (TNTO+ANL+WI SC )
DANYSZ+FRENCH+S IMAK (CERN)
+JQHNSON+KLEIN+PETERS+SAHNI+YEN+ (PURDUE)
+K INSQN+MC DQNAL 0+RIDDIFOR 0+ (CERN+BI RM )
HERTZBACH 1 KRAEMER r MADANSK I s ZQAN IS+( JHU+BNL )

+MARQU IT+OPPENHEIMER+SCHULTZ+WILSON f COLU)
+KQCH+PELLETT+PGTTER+VONL IhDERN+(CERN+MP IM )
MILLER qGUTAY g JQHNSCN p LOEFF LER + 'f PURDUE)
+8 I SWASH CASON p DERADOg KENNEY+ (NDAM+PENN )

decays. The inter ference in the colliding —beam
+ +reaction e e -+ TI Tt is due to G-parity-violating

mixing of the overlapping p and L0 resonances;
it alters the results for the rate 1"(p -+ e e }

only by a sma11 amount. Therefore at present we
+ +average only the values from the e e ~ Tt Tt'

experiments.

ABC ~ COLL
AR MENI SE
ASTVACAT
BATCN
BL ECHSCH

ALSO
CHUNG
DONALD
FOSTER
HUSON
HY AMS

JONES
JOHNSON
KEY
LAMSA
LANZERPT
MARATECK
P I SUT

68 NP 84 50),
68 NC 54A 999
68 PL 27 8 45
68 PR 176 1574
68 NC 53 A 1045
67 NC 52 A 1348
68 PR 165 1491
68 Np Be 174
68 NP 8 6 107
68 Pl 28 8 208
68 NP 8 7 1
68 PR 166 1405
68 PR 176 1651
68 PR 166 1430
68 PR 166 1395
68 PR 166 1365
68 PRL 2 1 1613
68 hlP 8 6 325

AACHEN+BERL IN+CERN CQLLABQRATIGN+
+CHID INI, FORINO+ (BAR I+BGNA+FIRZ+ORSAY)
ASTVACATUROV~AZ IMOVeBALDIhi+ ( JINR+MOSCQW)
J ~ P ~ BATON q G ~ LAURENS (SACLAY)
BLECHSCHMIDTgDQWDpELSNERq+ (QESY+MCHS)

S oU ~ CHUNGy 0 ~ I ~

DAHLIA

J ~ KIRZ yD H ~ MILLER 'f LRL )
+EDWARDS g FRODES ENg BETT INI+ I L I VP+PSLO+PADO)
tGAVILLETt. LABRQSSE+MCNTANET+ (CEAN+CDEF )
+LUBATTIt SIX' UEI1 LET q+ (QRSA+MILA+UCLA)
+KOCHyPOTTERyWILSQNyVQN LlhDERN+(CERN+MPIM)
+BLEUlERpCALDWELLe ELSNERg FARTING+ (CERN)
+PQIRI ER FBI SWASgGUTAY+ f NDAM+PURD+SLAC)
+PRENT ICE+COOPER+MANNER+ f TNTO+ANL+W I SC)
+CASCN+B ISWAS+QERACG+GRQVES+ (NOTREGAME)
LANZERPTTI BLUMENTHAL, EHN, FAISSLER + f HARV}
+HAGQP IANNA+ (PENN+I RL+COLQ+PURD+TNTO+WI SC)
J ~ PISUTgM RQQS (CERN)

R3 RHO
R3 P 94
R3 P
R3 H

R3 H

R3 A 33
R3 A

R3
R3 F
R3 F
R3
R3
R3 AVG
R3 STUDENT

INTO(E+ E )/(PI+PI-) (UNITS 10++-4) (P4)/(Pl)
(0 ' 65) (0 ~ 14) ASBURY 1 67 CNTR PHOTPPRQDUCT ION

POSS I BLY LARGE R VO-OMEGA INTERFERENCE
(0 ~ 65) (1 ~ 1) (0 ~ 5) HERTZBACH 67 OSPK ASSUME SU(3}+MIXING

NOT SE P PRAT ED FRC M CM EGA DECAY ~

(0 ~ 53 I (0 11) ASTVAC ATU 68 OSPK ASSUME SU (3 ) +MI X I hG
NOT SEPARATED FRCM CMEGA DECAY ~ ERROR STATISTICAL ONLY ~

0+50 0 ~ 10 AUSLENDER 69 OSPK E+E- CGLL ID ~ BEAM
I 0+49) (0 ~ 12) (0 ~ 15 ) BIGGS 70 CNTR PHQTOPRODUCTI CN

ASSUMING RHO WIDTH 140 MEV ~ ERROR STATISTICAL QNlY
0 41 0+05 BENAKSAS 72 OSPK E+E- COLL. BEAMS

~ ~ ~ ~ ~ ~ ~ 0 ~

0.428 0.045 AVERAGE (ERROR INCLUDES SCALE FACTOR QF 1.0)
0 428 0+049 AVERAGE USING STUDENT10(H/l~ ll) —SEE TEXT

9/67

10/66

6/68

9/68
6/70

12/72

AUGUST I 1
AUGUST IZ
AUSL ENDE
GERMAN C
HA I SS I NS
JUHALA
MALAMUD
MILLER
MOTT
REYNOLDS
RQOS
ROTHWELL
SC HAR EN
WE HMA NN

69 PL 28 8 508
69 LNC 2 214
69 SJNP 9 69
69 PR 188 2060
69 ARGONNE CONF ~ 373
69 PR 184 1461
69 ARGONNE CONF PE 93
69 PR 178 2061
69 P R 177 1966
69 P R 184 1424
69 NP 8 10 563
69 PRl 23 1521
69 ARGONNC CONF' 306
69 PR 178 2095

+eIZQT+BUON+HAISSINSKI+LALANNE+ I QRSAY)
+LEFRANCQI SpLEHMANN~ MARIN~+ (PRSAY}
AUSL ENDER e BUDKER y PANTUSCVA y PESTPV+ ( NOVO)
G ERMAN BUBBLE CHAMBER COLL . ( DESY)
J ~ HAI SSINSKI (QRSAY}
+LEACQCKeRHODEyKOPELMAN&LIBBY, + ( ISU+CQLQI
E ~ MALAMUD g P .SCHL E IN ( UCLA, )
R MILLER L ICHTMAN Wl LLMANN (PURDUE)
+AMMA'R ~DA V IS eKROPACe SlATE e CAGAN+ I N'WES+ANL )
+ALBRIGHTgBRAD(. EYpBRUCKERgHARMS+ (FSU)
MD RQQSgJoPISUT (CERN+BRATI SLA VA)
+CHASE gEARLESgGETTNERwGLASSpWE INST EI+( NEAS }
SCHARENGUI UEL fPURDUE)
+ ENGELS g Wll SCNp + (HARV+CAS E+SLAC+CQRN+MCGI )
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Particle Data Group: Review of particle properties S't 05

Data Card Listings
For notation, see key at front of Listings.

Me sons
p( /70), ~(783)

ALVEhlSLE 70 PRL 24 786
BATON 70 PL 33 8 528
'8 IGGS 70 PRL 24 1197
BINGHAM 70 PRL 24 955
GALLOWAY 70 PR D 1 3077

ABRAMS 71 PR 0 4 653
BLQGDWQR 71 NP 8 35 133
DEERY 71 PR D 3 635

BAILLC'N
BALLAN
BASDEVAN
BEhIAKSAS
DRIVER
EISENBER
GRAY ER
GRAYER
JACOBS
RATCL IFF
TAKAHASH

72 PL 38 8 555
72 PR D 5 545
72 PL 41 8 178
72 PL 39 8 289
72 NP B 38 1
72 PR D 5 15
72 PHIL C CNF ~ PIIQC
72 NP 8 50 29
72 PR D 6 1291
72 PL 38 8 345
72 PR D 6 1266

BYERLY 73 PR D 7 637
CHARI ESW 73 NP 8 65 253
GLADDiNG 73 PR D 8 3721
HYAMS 73 NP 8 64 134
PROTOPOP 73 PR D 7 1280

ALVENSLEBENtBECKEPtBERTRAh'tCHENtCQHEN(DESYI
+LAURENSt REIGNI ER (SACLAY)
+BRABENtCLIFFTtGABATHULERtK ITCHING+ (CARE)
+FRETTER t MOFF EI T t BALLAM+ ( LRL+SL AC+TUFT)
+ MOTT t ALYA t L EE t MARTIN t PR I CK ETT {IND)

+BARNHAM t BUTLER tCOYNE t GQLDHABER t HALL t+ {LBL I
BLCQDWQRTHt JACKSONtPRENTICEt YQQN (TORONTO)
+BISWAStCASCNt GROVES t JQHNSCNt t (hIQTRE CANE I

+CARNEGI Et KLUCE tLE ITHtLYNCHt RATCLIFF+( SLAC I
+CHADWICKt BINGHAMt MILBURN t+ (SLAC+LBL+TUFT I
BASDEVANTtFRQGGATTtPETERSEN (CERhll
+CQSME JEAN-MAR IEt JULL IAN LAPLANCHE +(QRSA)
+HEINLQTHt HQHNE tHQFMANNt RATHJEt+(DESY+HAHB)
EISENBERGtBALLAMtDAGANt+ (REHC+SLAC+TELA)

5 +HYAMS JONES SCHL Elhi BLUM CIETL+(CERN+HP IM)
+HYAMS t JONES t WE ILHAMMER t BLUM t+ (CERN+MP IM)
L ~ D JACOBS ( SACLAY )
+BULOS CARNEGIE KLUGE LEITH LYNCH + (SLAC)
TAKAHASHI BAR ISH + (TCI-:0+PENN+NCAM+ANL)

+ANTHQNYt COFFIN ~ MEANLEYtMEYERt RICEt+ (MICH)
CHARLESWQRTHtEN&StBELLt+ (RHEL+BIRM+DURHI
+RUSSEL t TANNENBAUHt WE I SSt THOMSON (HARV)
+JONES WEILHAMMER BLUM DI ETL + (CERN+MPIM)
PRQTOPQPESCU ~ GARNJQST t GALTI ERI ~ FLATTEt (LBl 1

1 QMECA FULL WIDTH (NEVI

ARPENTERG 63 HBC 0 o0 PBAR P
MILLER D 65 HBC SEEN 'WITH K+ K-
BARASH 67 HBC SEEN WITH Kl Kl ~

BARASH 67 HBC 0 ~ 0 PBAR PtKl Kl

3 ~ 9 PI- P
3 6 PBAR Pt 7 PI

0 ~ 0 P PBAR KlK1
0 ~ 0 P P BAR K+K-

3 7 PI+ P
3 ' 9t4 ~ 6 K- P
E+E- CCLL ~ BEAMS
2 5 PI — PtN HMS

AVERAGE (ERRCR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USIhIG STUDENT10(H/1 ~ 11) -- SEE TEXT

1 CMEGA PARTI AL DECAY MODES

W 34 9 0' 3 AC

W 13~ 4 2 ~ 0
W 155 (12 3) (2 0)
W 8 171 (F 81 (2«8)
W 8 UNFOLDED BY CGYNE Tl
W 750 8 ' 8 3 ' 0 ABRAMOV IC 70 HBC
W llo2 2 ~ 7 ATHERTGN 70 HBC
W 510 10~ 3 1'4 8 IZZARRI 71 HBC
W 248 12 ~ 8 3 ~ 0 8 IZZARR I 71 HBC
W 4270 9 ~ 5 1 ~ 0 C DYNE 71 HBC
W 418 13~ 3 2 ~ AGUI LAR 72 HBC

9 ~ 1 008 BENAKSA 51 72 QSPK
W E 940 7 ' 70 1 ~ 65 BROWN 72 MHS
W E ERPOR TAKES ACCCUh'T OF SYSTEMATICS ADDED LINEARLY
W BN10000 (10~ 2) (0 ~ 61 BINNIE 73 CNTR PI-Pt OMEGA N

W N BINNIE 73 SUP ERSEDEC BY KEYNE 76
W 8 10000 10~ 22 0 ~ 43 KEYNE 76 CNTR PI-Pt OMECA N

W 8 OBSERVED BY THRESHQLD-CROSS ING TECHNIQUES MASS RESOW =4«8 MEV FWHM

W ~ ~ ~ ~ ~ o ~ ~ ~

W AVG 10 ' 05 0 ' 33
W STUDENT 10«05 0 ' 36

6 /66
11/71
11/71
6170
5/70

11/71
ll /7 1
11/71
12/72
2/73

12/72

1/74

12/75¹

CARROLL
ENGLER
ESTABRQQ
GOBB I
GRAYER
HABER
NGRDBERG
SPITAL

74 PR C 10 1430
74 PR D 10 20TO
74 NP 8 79 301
74 PRL 33 1450
74 NP 8 75 189
74 PR D10 1387
74 PL 51 8 106
74 PR D 9 126

+MPTTI.. EhS t WALKER+ (SLAC+DUKE+WI SC+ThlTQ )
+KRAENERt TQAFFt WEISSER tDIRZ+ (CARN+CASE)
P ~ ESTABRGCKS t A ~ 0 ~ HART IN (DURH)
+ROSEN t SCOTTt SHAPIRO+ {NWES+RQCH+CARN)
G «GRAYERt HYAMS t BLUMt DI ETL t+ (CERN+HPIM)
+HODQUS t HULS I ZE Rt KI STI AKCWSKYt L EVY+ ( MIT I
+ABRAHSQNt ANDREWSt HAR VEYt+ (CORN+RQCH)
R«SPITALt D ~ R «YENNI E (CORN )

RQOS 75 NP 8 97 165 M ~ RQQS (HELS)

»»»»¹»¹»¹¹¹¹¹»¹»¹¹»¹»¹»¹¹»»¹»¹¹»»¹¹»»¹¹¹»¹¹»¹¹¹¹¹¹¹¹»»¹¹¹¹»¹¹»¹¹¹»¹»»»¹¹¹»»¹»»»»»¹»»¹¹»¹»¹¹»»»»¹»¹¹¹¹¹»¹¹¹»¹»¹»¹¹¹¹¹¹¹¹¹»
Pl
P2
P3
P4
P5
P6
P7
PB
P9
P10
P). ],

OMEGA INTO
OMEGA INTO
OMEGA INTO
CMEGA INTO
OMEGA INTO
OMEGA INTO
OMEGA INTO
OMEGA INTO
OMEGA INTO
CMEGA INTO
OMEGA INTO

PI+ Pl- P IO
Pj+ PI- (VICLATES G)
PIO GAMMA

PI+ Pl- GAHMA
2PIO GAMMA

ETA GAMHA
E+ E-
MU+ MU-
ETA PIG ( VIOLATES C I

3 GAMMA
P I 0 Mlj+ ML-

DECAY HASSES
139+ 139+ 134
139+ 139
134+ 0
139+ 139+ 0
134+ 134+ 0
548+ 0

~ 5+ ~ 5
105+ 105
548+ 134

0+ 0+ 0
134+ 105+ 105

u)(783)
1 CMEGA (783 t JPG=1-- ) I=O

M

M

M

M

M

M

M

M

M

M

H

M F
M F
N F
M

M

M

M

M

M

M

M

M

M C
M C
M C
M D

M D

M

M

M BN
M N

M S
M S
M

H 8
M

M

M A

M S

1 OMEGA MASS (MEV)

64 ( 779.4) (1 4) ARMENTERO 62 HBC 0 0 PBAR P K lK1 ~

800 (782 ~ 01 (1 ~ 01 ALFF 62 HBC 2 ~ 3-2 ~ 9 P I+P o

34 (784 ~ 0) (1 0) ARMENTERQ 63 HBC 0 ~ 0 P BAR P ~

220 ( 781 ~ 01 ( 2 ~ 01 KR AETER 64 GBC 1 ~ 2 PI+D ~

170 {785 6) (1 21 MI Ll ER D 65 HBC SEEhl WITH K+K- ~

666 (786 ~ 01 (1 ~ 0 ) JAMES 66 HBC 2 1 P I+P
2198 783 ~ 4 0 ~ 7 BALTAY 67 HBC 0«0 PBAR P

155 ( 779« 5) ( 1 ~ 51 BA RA SH 67 HBC 0 ~ 0 PBAR P KlKl ~

(784 8) (F 1) KEY 68 HBC 3 Pf P
2400 782 ~ 4 0 ~ 5 BI ZZARR I 69 HBC 0 PBAR P

750 784 ' 1 1 2 AB RAMOV IC 70 HBC 3«9 Pl- P
784 ~ 0 0 ~ 7 AT I'. ERTON 70 HBC 3 «6 P BAR Pt 7 P I ~

(783 ~ 2) ( 1 6) BIGGS 70 CNTR PHOTQPRQDUCTIChl
FRQH CMEGA-RHQ INTERFERENCE IN TI E PI+PI- HASS SPECTRUM
ASSUMING OMEGA WIOTI 12 «6 MEV ~

260 (781 ~ 0) {2%0) CASCN 70 HBC 8 ~ 0 P I-Pt4PI ~

250 (T84 ~ ) ( 1 ~ ) DANBURG TO DBC l«2 PI+ D
500 (786. ) (1.) DANBURG 70 CBC 1 ~ 4 P I+ 0
600 (784 ~ I ( i. e I DANBURG 70 DBC 1 ~ 7 Pj+ D

500 {786.) (1.) DANBURG 70 DBC 1 9 PI+ D e
400 (785 ' I (1~ ) 0 A hlBURG 70 C BC 2 ~ 1 PI+ 0
200 (785 ' ) (2 ' ) DANBURG 70 DBC 2 3 P I+ D ~

248 7 83 ~ 4 1 0 8 I ZZARRI 71 HBC 0 ~ 0 P PBAR K+K-
510 781 0 0 ' 6 8 I ZZARRI 71 HBC 0 ~ 0 P PBAR K1K1

4270 (784 ~ 1 ) (0 ~ 3 ) CQYNE 71 HBC 3 ~ 7 PI+ P
FROM TOTAL SAMPLE OF CQYNE 71 THEY CBSERVE AN IMPORTANT
CGRRELATICN BETWEEN SIGMA GF EXP ~ RESOLUTION AND THE MEAS' MASS

783 ' 7 1 ~ 0 CQYNE 71 HBC 3«7 PI+ P
FROM BEST-RESGLUTICh SAMPLE QF COYNE 71

369 (784 ' 0) (1 ~ 4) MATTHEWS Tl DBC 6 ~ 95 P I+ D ~

418 782 ~ 5 0 8 AGUILAR 72 HBC 3 ~ 9 4 6 K- P
10000 (T82«4) ' (0 ' 5) BINNIE 73 CNTR PI-Pt CMEGA N

BINNI E 73, SUP ERSEDED BY KEYhIE 76
4800 782 ~ 0 0 8 OR EN 74 HBC 2 ~ 3 P BAR Pt 5P I

ERROR INCLUDES Oe 5 MEV MASS SCALE ERROR
29200 (782«9) (Oe3) RQGS 74 RVUE 0-3 ~ 6 PBAR P
10000 782 ' 4 G 5 KEYNE 76 CNTR PI-Pt OMEGA N

OBSERVED BY THRESHOLD-CROSS ING T ECHNI CUE ~ I'ASS RE SQL e =4 ~ 8 MEV FWHM

~ ~ ~ ~ ~ ~ ~ ~ ~

VG 782 ~ 6 1 0 ~ 30 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 «4)
TUDENT 782e66 0 ~ 27 AVERACE USING STUDENT10{H/loll) —SEE TEXT

lSEE IDEQGRAH BELOW

LJEIGHTEO AVERAGE = ?82.61 + 0.30
ERROR SCALEO BY 1.4

2174
2 /74
2/74
2/74
2/74
2/74
2/74
2/74
2/74
9/69
2/74
2/74
2/74

2/74
2/74
2 /74
2/74
2174
2/74
2/74

11/71
11/71
11/71

11/Tl
11/71
2 /74

12/72
12/75¹
12/75¹
12/75»
12/75»

1 OHEGA BRANCHING RATIOS

Rl QMEG
Rl
Rl 20
Rl 35
RI. 65
Rl 850
R 1 348
'R 1
RI. 19
Rl 46
Rl
Rl AVG
Rl STUDENT
Rl FIT

TRAl /(P I+ P I- P IO)
0 04 ARMENTERO 63
0 ' 02 BU SCHBECK 63
0 ' 03 KRAEHER 64
0 F 04 Al. FF-STEI 66
0 ~ 026 DIGIUGNQ 66
0 016 FLATTE 66
0 ' 05 0 02 JAMES 66
0 ' 03 BARASH 67
0 ' 04 AGUI LAR 72

~ ~ ~ ~

0«0088 AVCRAGE ( ERROR INCL
0 ~ 010 AVERAGE USING STUDE
0 ~ 0057 FIIGM F IT ( ERROR INCL

A INTO NEU
0 ~ 17
0.11
0 F 08
0 10
0«134
0 ~ 097
0.06
0 10
0 15

~ ~ ~ ~ ~

0 F 1065
0 ' 106
0 ' 0983

(P3+ ~ ~ )/{Pl)
HBC 0 ' 0 PBAR P
HBC 1 ~ 5 K-P
DBC 1 2 Pl+D
HBC CGRR ~ BY SCHULTZ (COL )
CNTR 1e4 PI-P
HBC l«8 K P
HBC 2 1 P I+P
HBC 0 ' 0 PBAR P
HBC 3e9t4e6 K- P

UDES SCALE FACTOR OF 1 ~ 0)
NT10( H/1 ~ 1 1 ) SEE TE XT
UDES SCALE FACTOR OF 1 «0)

CHEGAR2
R2 R
R2 R
R2
R2 F
R2 F
R2
R2
R2 R
R2 R
R2
R2 S
R2 S SIGNIF
R2 S COMES
R2
R2
R2 AVG
R2 STUDENT
R2 F IT

INTO (PI+ PI )/ {PI+ Pl PIG) ~ SEE ALSO R15 (P2) l(Pl)
(0 ~ 011 )OR MCRE CI.= ~ 95 ABRAMOVIC 70 HBC 3 ~ 9 PI- P
(0 ~ 035)OR LESS CL= ~ 95 BIZZARRI 70 DBC PBAP, N AT REST
(0 019)OR NORE CL= 95 CHAFHAN 70 HBC 1 6-2 ~ 2 P PBAR

( ~ 002)OR MORC CL~«90 FLATTE TO HBC 1 5 K- P
FLATTE 70 SEES NQ SIGNAL AT 1«7t 2 lt 2 ~ 6 GEV/C

(0 ~ 0026)OR HORE CL= ~ 84 HAGOPIAN 70 HBC 2 ~ 3 PI P
(0 ~ 040)QR LESS CL~ ~ 84 HAGOPIAN 70 HBC 2 ~ 3 P I- P

0 ' 022 0 ' 009 0 F 01 RODS 70 RVUE
RODS 70 COMBINES ABRAMOVICH 70 AND BIZZARRI 70
0 ' 028 0 F 006 BEHREND Tl ASPK PHOTOPRODUCTI CN
0 ~ 021 0 ~ 028 0«009 RATCLIFF 72 ASPK 15 ~ PI- P t N 2P I

ICANT INTERFERENCE EFFECT OBSERVED«NB OF OHEGA INTO 3PI
FRQN AN EXTRAPQLAT ICN o

(0 ~ 0115)OR MORE BURNS 73 HBC .6-1 1 PBAR P
~ ~ ~ ~ ~ ~ ~ ~

0 0259 0 ~ 0049 AVERACE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
0 ~ 0259 0 ~ 0053 A VERAGE USING STUDENT10(H/1 11) -- SEE TEXT
0 ~ 0144 0 003 1 FROM F IT ( ERROR INCLUDES SCALE FACTOR OF 1 5)

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode

branching fractions, P., as follows: The diagonal elements are P. + 6P. , where

6P. = ~l (6P.6P.), while the off-diagonal elements are the normalized correlation coeffi-
I t 1 1

cients (6P.6P. ) ((6P. ~ 6P.). For the definitions of the individual P. , see the listings
3 i 3 1

above only those P. appearing in the matrix are assumed in the fit to be nonzero and
o 1

are thus constrained to add to 1.
P 3P 1 2

P 1 898T+- ~ .0056
P 2 —~ 5582 ~ 0130+-~ OC27
P 3 —~ 8728 ~ 0824 ~ 0884+- 0046

9/66
9/66
9/66
6/66
7167

12/72

6170
ll/71
6/70
8/69

1/71
l. /71
6/70

11/71
12172
12/72
12/72
12/75¹

?79
OMEGA MASS (MEV)

785

-KEYNE
~ OREN
.AGUILAR
. COY NE
.BIZZARRI
.BIZZARRI
ATHERTON

.ABRAMOVIC
ZARRI
TAY

787

76 CNTR
74 HBC
72 HBC
71 HBC
71 HBC
71 HBC
70 HBC
70 HBC
69 HBC
67 HBC

I

789

CHISQ
0.2
0.6
0.0
1.2
7.2
0 ~ 6
3 ~ 9
1 '. 5
'0 .2
1.3

16.7
(CONLEV
=0 .053)

GAMMA) / (PI+ PI- PI 0) . {P3)/(Pl)
(0 ~ 025)OR. GRTR ~ BARNIN 64 PXBC 2 ~ 8 PI-P

0 04 JACQUE T 69 HLBC
0 ~ 020 BALDIN 71 HLBC 2 ~ 9 PI+ P
0 ~ 025 BENAKSAS2 72 GSPK E+E- COLL ~ BEAHS

(0 ' 012) BINNIE 73 CNTR PI-Pt CMEGA N

RSECEC BY KEYNE 76
0 ' 013 KE YNE 76 CNTR P I-P ~ GHEGA N

~ ~ ~

0 ~ 0097 A VERAGE {ERROR I hICLUDES SCALE F ACTOR OF 1 o 01
0 ~ 011 AVERAGE USING STUDENT10{H/loll) -- SEE TEXT
0 0057 FROM FIT (ERRCR INCLUDES SCAI E FACTOR OF 1 01

A INTO (PIG
(0 ~ 125)
0 ' 13
0 F 081
0 ~ 109

( 0 079)
NI E 73 SUPE

0 ~ 084
~ e ~ e ~ ~

0 0898
Oe 090
0 ~ 0983

R3 QNEG
R3
R3
R3
R3
R3 N

R3 N BIN
R3
R3
R3 AVG
R3 STUDENT
R3 F IT

10/67
11/71
2/73
1/74

12/75¹

R4
R4
R4

CMEGA INTO (PI+ PI- GAMMA )/( P I+ P I- P IO )
(0 05) OR LESS CL= ~ 90 FLATTE 66 HBC

( ~ 066)OR LESS CL=«90 KALBFLEI 75 HBC

( P4) / (P 1 I
1 ~ 8 K-P ' 9/66

2«2 K- PtGAMMA + 12/75¹
R6
R6
R6
R6

9/66
9/69

OMEGA INTO (MU+ HU-I/(P I+ 'PI- PIO) (UNITS 10¹¹-31(P8) /(Pll
{1~ 2) OR LESS GALT I ER I 65 HBC 2 «7 K-P
( 1 ~ 7) OR LESS CL= ~ 74 FLATTE 66 HBC 1 ~ 8 K-P
(0 2) OR LESS WILSON 69 OSPK 12 PI- ON C FE
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Particle Data Group: Review of particle properties

Me sons
~(V83}, M(94e}

Data Card Listings
For notation, see key at front of Listings.

R7
R7
R7
R7
R7

OMEGA INTO (2PI 0 GAMM) /( P I 0 GAMMA )
{0 ~ 1) OR LESS BARMIN
(0 45) (0 33) STRUGAL SK
(0 ~ 14) OR LESS BALD IN
(0 ~ 15) OR LESS CL= ~ 90 BENAKSAS2

(p5l/{P3)
64 PXBC 1 ~ 3-2 ~ 8 PI-P
69 HLBC 2 ~ 34 P I+ N

71 HLBC 2 ~ 9 P I+ P
72 QSPK E+E- COLL ~ BEAMS

Rll
Rl 1
Rll
Rll
Rll

OMEGA INTO (ETA GAMMA)/(Pjo GAMMA)
(0 58) (0 30) STRUGALSK 69 HLBC
(0 40) OR LESS BALD I H 71 HL BC
0 ~ 010 0 ~ 045 APEL 72 OSPK

(0»27} OR LESS CL= ~ 90 BENAKSAS2 72 OSPK

R12 OMEGA INTO tPIO MU+ MU-} / TOTAL (UNITS 10++-3)
R12 (2 ) OR LESS WEHMANN 68 OSPK

(P6)/(P3)
2 34 P I+ N

2 ~ 9 P I+ P
4-8 P I- P g N 3GAM
E+ E- COLL ~ BEAM S

(P1 1)
12 P I- FE

R13 OMEGA INTO (E+ E-l/TOTAL (UNITS 10+~ 4) (P7)
R13 3 2. 1 2 BI NNI E 65 OSPK P I P HEAR THLD»
R13 8 MASS RESO( UTIGN OF BINHIE 65 IS 'ABOUT 15 MEV ~

R13 H ( 1» 0 l ( 1 7 ) ( 0»75 } HERTZBACH 67 QSPK ASSUME SU (3)+MIX IhiG
R13 H NOT RESOL VED F RC P RHO DEC AY»
R13 A 33 (0 ~ 65) (0»13) ASTVACATU 68 OSPK ASSUME SU(3) +MIXING
R13 A NOT RESOLVED FROM RHQ DECAY ERROR STATISTICAL ONLY ~

R13 0 ~ 40 0 ~ 21 BGLLINI1 68 CNTR 1»7PI Py NOTE Z

R13 Z MASS RESOLUTIGN OF BOLLINI 1 IS +-10 NEV ~ HIS ERROR IS +- ~ 15
R13 Z WITHOUT RI.O OMEGA INTERFEREhlCE ~ COMPLETE INTERFERENCE WOUI D

R13 Z CHANGE VALUE BY +-35 PER CENT ~ THEREFORE hE INCREASEO ERRORS
R13 E (0»76) t0 ~ 14) AUGUSTI 1 69 OSPK SEE NOTE E
R13 E FROM E+ E- COLLIDING BEAMSy ASSUMING OMEGA WIDTH 12 ~ 2+-1.3 ME V

R13 0 ' 83 0»10 BENAKSA Sl 72 OSPK E+E- COLL ~ BEAMS
R13 ~ ~ ~ » ~ ~ ~ ~ ~

R13 AVG 0 ~ 76 0 ~ 17 AVERACE f ERROR INCLUDES SCALE FACTOR OF 1.9}
R13 STUDENT. 0 ~ 77 0 ~ 11 AVERAGE USING STUDENT10t H/1 11) -- SEE TEXT

R14 G MEGA
R14
R14
R14
R14 42
R14
R14 AVG
R14 STUDENT
R14 FIT

I NTO NE
0 ~ 084
0 ~ 079
0 ~ 075
0 ~ 073

~ ~ ~ ~

0 ' 0788
0 ' 0788
0 ~ 0884

UTRALS / TCTAL (P3+ ~ ~ » }
0' ~ 0 15 BOLLINI 68 CNTR 2 1 PI- P
0 ~ 019 DE lhlET 69 OSPK 1 5 P I- P
0 ' 025 8 I ZZARRI 71 HBC 0 ~ 0 P P BAR

0 ' 018 BASILE 72 CNTR 1 67 P I- P
~ » ~ ~

0 ~ 0092 AVERAGE ( ERROR I NCI UQES SCALE FACTCR QF 1 ~ 0 l
0 ~ 0098 AVERAGE USING STUDENT10(H/1 ~ 11) SEE TEXT
0 ~ 0046 FROM FIT (ERROR INCLUDES SCALE FACTOR QF 1.0)

R15 OMEGA
R15
R15
R15
R15
R15
R15
R15
R15
R15
R15 AVG
R15 STUDENT
R15 F IT

INTO (P I
0 ~ 032

( 0 ~ 003) OR
(0»014)OR

0 ~ 0080
0 ~ 0122
0»013
0»036
(»01)

» ~ ~ ~ ~

0 F 0102
0 ~ 0102
0 ' 0130

PI )/(TOTAI. ) ~ SEE ALSO Rz
0 ~ 028 0 019 AUGUSTI2 69
NORE CL-" ~ 95 GOLDHABER 69
MGR E CL~ 95 ALLISON 70
0 ~ 0028 0 ~ 0022 BI GGS 70
0 ~ 0030 AL VENSLEB 71
0 ~ 012 0»009 MOFFE IT 71
0 ~ 024 0 ~ 0 1, 8 BE NAKSAS 72

KRAMER 74

(P2}
OS PK E+E- COL L ~ 8 EAM S
HBC 3»7-4 ~ 0 PI+P
HBC 1 3-1 7 P BAR P
CNTR PHCTQPRODUCT ICN
CNTR PHOTOPRODUCT ICN
HBC 2 ~ 8g4»7 GAMMA P
OSPK E+E- COLL ~ BEAMS
ASPK 3 s4r6 PI+-Pt N2PI

0 ~ 00 19 AVERAGE ( ERRCR IhlCLUDES SCALE FACT OR OF 1 ~ 0 )
0 ~ 0022 AVERACE USING STUDENT10t H/1 ~ 11) —SEE TEXT
0 ~ 0027 FROM F IT {Ef(ROR INCLUDES SCALE FACTOR OF 1 ~ 5)

R16 CMEGA INTO (ETA GAMMA) / (ALI NEUTRALS) (P6)/{P3+ }
R16 (0 ~ 24l OR LESS CL= ~ 90 DEINET 69 QSPK
R16 (0»36) QR L'ESS CL= ~ 90 DAKIN 72 OSPK 1 ~ 4 PI- P ~N MMO

R8 OMEGA INTO (ETA PIO + ETA CAMMA)/(PI+ PI- PIG) (P9+P6)/(P1)
RB (0 ~ 017)QR LESS CL= ~ 90 FLATTE 66 HBC 1» 8 K-P
RB (0»045)GR LESS CL= ~ 95 JACQUET 69 HLBC

R9 OMEGA INTO (NEUTRALS) / tCHARGED) ( P3+ ~ ~ ) / (P1+P2 ~ )

R9 0»124 0 ' 021 FELDMAN 67 DSPK 1 2 P I
R9 ~ ~ ~ ~ » ~ ~ ~ ~

R9 F IT 0 ~ 0969 0 ~ 0056 FROM FIT ( ERROR INCLUDES SCALE FACTOR CF 1 ~ 0)

R10 CMEGA INTO (2P IO GAMMA)/(P I+P I-P I 0) (P5}/(P1)
R10 (0 ~ 08) OR LCSS Cl =»95 JACQUET 69 HLBC

8 /69
11/71
2/73

9/66
4/70

3/67

4/70

8/69
ll/71
2/73
2 /73

6/68

6/ee

~ 10/66

6/68

9/68

2/72
4/69
2/73

else
9/69

ll/71
2/73

8/69
11/69

» 6/70
6/70

11/71
11/T1
12/72
12/75~

9/69
12/72

ASTVACAT
BOLLINI
BOLL INI 1
KEY
PI SUT
WE HMANN

68
68
68
68
68
68

PL 27 B 45
NC 56 A 531
NC 57 A 404
P R 166 1.430
NP 8 6 325
P RL 20 748

AUGUST I 1
AUGUST 12
BI ZZARRI
DANBURG

ALSO
DE INET
ERWIN
GOLDHABE
JACQUET
MILLER
STRUGALS
'WILSON

ABRAMOV I
BIZZARRI
ALL I SOhl
ATHERTGN
BI GGS
CASON
CHAPMAN
DANBURG
FLATT E
GOL DHA BE
HAGQP I AN
RODS

70
70
TO
70
70
70
70
70
70
70
70
70

NP 8 20 209
PRL 25 1385
PRL 24 618
NP 8 18 221
PRl 24. 1201
PR D 1 851
NP 8 24 445
PR D 2 2564
PR D 1 1
PHIL A»CONF ~ P 59
PRL 25 1050
DNPL /R7 P ~ 173

ABRAMS 71
ALVEhlSLE 71
ANGELOW 71
BALD IN 71
BAR CAD IN 71
BEHREND 71
BI ZZARRI 71
BLGODW GR 71
CHAPMAN 71
COYNE 71
FIELDS 71
MATT HE WS 71
MOFFE IT 71

AGU ILAR 72
APEL 72
BASIL E 72
8ENAKS AS 72
BENAKS AS 172
BENAKSAS272
BROWN 72
DAKIN 72
EISENBER 72
RATCL IFF 72

8 INN I E 73
BURNS 73

ESTABROO 74
GREGCRIO 74
KRAMER 74
GREN 74
RGOS 74.

EMMS 75
KALBFLE I 75
RODS 75

PR 0 4 653
PRL 27 888
SJNP 12 427
SJNP 13 758
PR D4 2711
1RL 27 61
NP 8 27 140
NP 8 35 133
PR D 3 38
NP 8 32 333
PRL 27 1749
PRL 26 400
NP 8 29 349

PR D 6 29
8 234

8 HI L» CCh,'F ~ P ROC 1
PL 39 8 289
PL 42 8 507
PL 42 8 511
Pl. 42 8 117
PR D 6 2321
PR D 5 15
PL 38 8 345

PR 0 8 2789
PR D 7 1310

NP B 81 70
NC 20 A 437
PRL 33 505
NP B 71 189

PREPR INT 72

NP B98 1
PR D 11 987
NP B 97 165

KEY NE 76
AL SO 73

PR D

BINNIE

69 PL 28 8 513
69 LNC 2 214
69 hlP 8 j4 169
69 UCRL-19275
DAHBURG 70
69 PL 30 B 426
69 NP 8 9 364
69 PRL 23' 1351
69 hlC 63 A T43
69 PR 178 2061
69 PL 29 8 532
69 PRIVATE COMM ~

ASTVACATUROV}AZIMOVyBALDIN+ f JINR+MQSCOW}
+BUhl ER DAL. PIAZ MASS AM+ (CERN+BGNA+ST'RB )
+BUhLER, DALP I AZ, MASSAM+ (CERN+BGNA+STRB )
+PRENTICE+COOPER+MANNER (TNTO+ANL+W ISC l
J PISUTpM RODS !CERNl
+ENGELS+ (HARVARD+CASE+SLAC+CORNELL+MCGILL )

+BENAKSAS, BUCN&GRACCO~HAISS INSKI~+ (ORSAY)
+L EFRANCO I S ~ L EHMANN ~ MARI N i+ (QRS AY)
+FOSTER gGA VILLET g MCNTANET y+ (CERN+CDEF )
JERCME S ~ CANBURGg THESIS {LRL)

+MENZ IONE ~ MULLER e BUN I ATOV+ (KARL+CERN)
+WALKERgGOSHAWybEINBFRG (W ISC+PRIN+VAND)
+8 UTLER eCQYNE SHALL g MAC NAUGI- TON g TRI L I NG (LRL )
+N GUY EN-KHACi HAATUFT p HALSTE INSL I ( EPOL+BERG )
R» MILLER v L ICHT MAN y WI LLMANN (PURDUE )
+CHUV I LQ p F ENY VE S g+ ('WARS+JIKR+BUDA)
RICHARD W ILSCN (SEE ALSO PR 178 2095)(HARV)

ABRAMQV I CH ~ BLUMENFELD g BRUYANT g+ ( CERN)
+C IAPETT I e OGRE) GASPEROpGUIOONI y+(ROMA+SYRA )
+CCQPER g FIELDS g RHI NES (ANL )
+BLAIR r CELNIKER v DOMINGOs FRENCH+ (CERN+IPN }
+CLIFFT g GABATHULERgK ITCHING' RAND ( DARE l
+ANDREbS& 8ISWASr GPOVESthARR INGTQhlo+ ( NOAM)
+CAVIDSCNyGREENeLYSpRGEpVAhlDER VCLDE (MICH)
+ABOL IHS tDAHL v DAVI ES ~ HOCHeKIRZ~ MILLER+(LRL )
STANLEY MD FLATTE (LRL I

C ERSON GOL DHABERg REV IEW (LRL)
S ~ AND V HAGQPIAN BOGART SELQVE (FSU+PENN}
PROC' DARESBURY STUDY WEEKEND NQ 1 (CERN)

+BARNHAM 1 BUTLER t CQYhiF g GOLDHABER y hALL~ + ( LBL )
AI VENSLEBEN~BECKERiBUSZAqCHENyCQHENq+(DESY}
+ CRAMEhl ITS KY t KANASI R SKY 1 K ERAT SCHEW t+ f JI NR )
+YERGAKCVg TREBUKHQVSKY gSHISHCV ( ITEP)
8 ARDAD kN-OTWINOh SKA g HOFMCKL

HAMI

CHE JDA+ ( WARS)
+L EE p NORDBERGg WEHMAN y+ {ROCH+CORN+FNAL )
+}IOHTANET e NI LSSCN y C-ANDLAU p+ (CERN+CQEF I

Bl GCOWORTHyJACKSONyPRENTICEyYQGN (TQRCNTQ)
+FGRTNEYyFQWLER ( DUKE)
+BUTLER'S FANG-l AhlDAU MACNAUGHTON (LRl. )
+COOP ERg RHINES g ALL I SOhl (ANL+OXF )
+PRENTICE' YOONy CARRCL( e WALKERS+ (TNTO+WISC )
+B INGHAM ~ FRETTER ~ BAL LAN+ ( LRL+UC B+S

LAC+TUFT�

)

AGUILAR-BENI TEZ pCHUNG HEI SNERgSAI~IOS ( BNL )
+AUSLANDERyMULLER, BERTOLUCC Ig+ (KARL+PISA)

53 +BOLL INI t BRCGL jhow DALPIAZt FRABETTIw+ (CERN)
+COSME p JEAN-MAR IE q JULL I AN gLAPLANCHE p + ( CRSA)
+COSME v JEAN-MARIE' JULI IAN ~LAPl ANCHE+(ORSAY)
+COSME s JEAN-MARIE s JULLIANe LAPLANCHE+(ORSAY)
+DOWNING vHQLLOWAY ~HULD, BERh'ST E IN+ ( ILL+ II l C I
+HAUS ER v KRE I SL ER s MI S CHKE f PRINCETON )
EISENBERGy BALl AMq DAGANp+ (REHO+SLAC+TELA )
+BULOSqCARNEGIE~Kl UGE tLEITHtLYNCH&+ ( SLAC)

+CARRgDEBEHHAMgDUANEgGARBUTTg+ (LOIC+SHMP)
+CQNDQNiKIMeMANDELKERNvPRICEeSCHULTZ (UCI)

ESTABRQOKS, HYAMS, JCNES BLUM (CERN+MP IM )
M ~ A ~ GREGQRIO ( ICTP~ TRIESTE}
+AYRES DIEBQLDe GREENE y PAWL ICKI+ (ANL )
+CCQPERg F IELOSg RHINES pALLISCN+ (ANL+OXF )
M ~ RQOS t J ~ ROUSKU f HELS INKI )

+K INSCNe STACEY e BELL y DALE+ ( B IRht+DURH+RHEL )
KALBFL E I

SCHWA

STRAND y CHAPMAN ( BhiL+Mj CH)
M ~ RCOS (HELS}

+8INNIE CARR DEBENHAM GARBUTT + (LOIC+SHMP)

R17
R17
R17 D
R17 D

R18
R18
R18 D

R18 0
R18 D

OMEGA INTO (2 PIO GAMMA) / (ALL NEUTRALS) (P5)/(P3+ l
(0 ~ 19) OR LESS CL» ~ 90 DEIhlET 69 OSPK
(0 22) (0 07) CAKIN 72 OSPK

SEE 'R18

OMEGA INTO (PIO GAMMA) / (ALL NEUTRALS ) t P 3 ) / {P 3+ ~ )
{0 ~ 81) OR MORE CL= ~ 90 DE INET 69 OSPK
{0~ TB) (0 ~ 07) DAKIN 72 OSPK 1»4 PI- PgN MMO

ERROR STATISTICAL ChlLY ~ AUTHORS OBTAIN GOOD FIT ALSO ASSUMING
P I 0 GAMMA AS THE ONLY NEUTRAl- O'ECAY ~

444444404

'RCFERENCES FOR CMEGA

9/69
12/72

9/69
12/72
11/7 I.
ll/71

v(94e}
66 M(940}

EV IDENCE NOT COMP ELL ING ~ OMITTED FROM TABLE

MAGLIC 61 PRL 7 178
PEVSNER 61 PRL 7 421
XUONG 61 PRL 7 327

ALFF 62 PRL 9 325
ARMENTER 62 CERN CONF 90
STEVENSO 62 PR 125 687

8 MAGL ICtALVAREZeROSENFELDtSTEVENSOhi fLRI l
P EVSNERr KRAEMERtNUSSBAUMt R ICHARD+f JHU+NWES)
NGUYEN HUU XUCNGe GERALD R LYNCH (LRL )

AL FF t 8 ERL EY y CCl l. EY y G ELF AND + (CCLU+RUTGERS )
R ARMENTERQS R BUDDE + ( CERN+COEF+ EPOL l
STEVENSON p ALVAREZ p MAGLIC g RCSENFELD (LRL )

M N

M N

M N

M N

55
NOT
NCT
NQT

66 M(940) MASS {MEV)

940 ~ 5 1 ~ 7 CHESHIRE
SEEN BY BINNIE 72 AT THRESHOLD ~

SEEN BY BINNIE 74 AT 2 GEV/C
SEEN BY BUTTRAM 75 AT 2 4 GEV/C

72 MMS 0 2 ~ 4 PI P tN MM 12/72

2/74
12/75+

ARMEHTER 63 SIENA CONF 1 296
BARMIN 63 SIENA CONF 1 207
BUS CHBEC 63 S IENA CONF 1 166
GELFAND 63 PRL 11 436
MURRAY 63 PL 7 358

BARMIN 64 J ETP 18 1289
KRAEMER 64 PR 136 8 496

ARMENTERQS y EDWARDS g J ACOBS EN+ (CERN+CDEF l

BARMINg OOLGOLENKQgKRESTNIKGV+ ( ITEP )
BUSCHBECKgCZAPP+

(VIENNA+CERN+AMSTERDAM�)

GELFANDg MI LLER p NUSSBAUM gRATAU+ (CQLU+RUTG)
MURRAY p FERROLUZZI g HUWE ~ SHAFER g SQLMI TZ+ ( LR L )

BARMINgDOLGCLENKOpKRESTNIKCV + ( ITEP)
KRAEMERq MACANSKYy NEER+ ( J HU+N WE 5+ WOOD }

W N 55

66 M( 940 ) hl DTH (MEV }

(10~ 4) OR LESS CL= ~ 90 CHESHIRE 72 MMS 0 2 4 PI- P~N MM 12/72

66 M(940) BRANCHING RAT I CS

8 INNIE 65 PL 18 348
GALTIERI 65 PRL 14 279
MIL. LER 0 65 CU-237(NEVIS 131

I HCLUDES CATA 0 F GEL FANG
ALFF-STE 66 PR 145 1072
ZDANIS 65 PRL 14 721

8 INN I E g DUANE g J ANE g 'W JONES+ (LOIC+ MCHS )
A BARBARO GALTIER1 R D TRIPP (LRL )

) CAVID C MILLER (THE SI S) (CCLUMBIA}
63 ABOVE

ALFF-STEINBERGER ~ BERl EYr BRUGGER+(CQLU+RUTG)
ZDANI S g MADAN SKY gKRAEMER qHERTZBACH+( JHU+BNL )

R1 M(940) INTO (NEUTRAL) / t ThQ-CHARGE}/(FCCR-CHARGE)
R1 0 12 0 ~ 86 0 02 CHESHIRE 72 MMS 0 2 ~ 4 PI- Pe N MM 12/72

REF ERENCES FQR M (940 )

DIGIUGNO 66 NC 44A 1272
FLATTE 66 PR 145 1050
JAMES 66 PR 142 896

DI 6 IUGhiOe PERUZZI s TROIS E+ ( NAPL+FRAS+TRST )
+HUWEgMURRAYq BUTTON-SHAFER gSQLMITZ+ (LRL)
F E JANE S g KR*Y BILL (YALE+BROOKHAVEN)

CHESHIRE 72 PRL 28 520
BINNIE 72 PL 39 8 275
BlhlNIE 74 PRL 32 392

+HQFFMAN y GARF INKEL g+ (IOWA+AhL+PURO}
+CAM ILL ER I s DUANEe GAR BUTT v BURTON+(LOIC+SHMP l
+CAMII LERI iCARR ~DEBENl-'AM~+ (LOIC+SHMP }

BALTAY 67 PRL 18 93
BARASH 67 PR 156 1399
FELDMAH 67 PR 159 1219
HERTZBAC 67 PR 155' 1461

AL SG 65 ZCANI S

+FRANZ INI g SEVER IENSg YEHg ZAh ELI C (CCLUMBI A}.
BARAS Hv K IRSCHr MILLER+ TAN f CQI UMBI A )
+FRATI pGLEESCN CHAL PERH' NUSSBAUM+ f PEhlN )
I'ERTZBACH y KRAEMER v MADAN SKI ~ ZDANI S+ ( JHU+BNL )

BUTTRAM 75 PRL 35 970 +CRAWLEY' DUKEvLAMBeLEEPERIPETERSQN ( I SU)
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Data Card Listings
For notation, see key at front of Listings.

Mesons
M(953), g'(958)

v(9a3)
59 M(953yJPG= +)

WHILE HASS AND W ICTH ARE CONSISTENT 4ITH
ETA PRIME(958) g THE PI+ PI- GAMMA DECAY
SHOWS NQ RHQ SIGNAL
POSSIBLY SEEN IN HMS.
OMITTED FRCH TABLE.

957 ~

0 (956 ' 0)
3415 956 ~ 1

535 957.4
1414 958 ' 2
400 958 '

957 ' 46
~ ~ ~ ~

AVG 957 ~ 57
STUDENT 957 57

(2~0)1.1
1 4
0 ' 5
}o
0 ' 33

0 ~ 25
0 ' 28

RITTENBER
AGUILAR
BAS ILE 1
BA SILE1
DANBURG
JACOBS
DUANE

69 HBC
70 MBC
71 CNTR
71 CNTR
73 HBC
73 HBC
74 MHS

1,I-2 7 K- P
3 ~ 9-4 ~ 6K-P
1,6 PI- P, N XO
1o6 PI- PtN XO

K-PE LAM XO
2 ' 9 K-PeLAM XO
PI- PgN MH

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1~0)
AVERAGE USING STUDENT10(H/1 ll) -- SEE TEXT

9/69
12/75¹.
11/71
11/71
2/74
1/74
1/74

M

M M

H

M M

M H

M M

H M

59 M MASS {ME V)

68 953» 0 2 &0 AGUILAR 70 HBC 3 ~ 9-4 ~ 6K-Pp P K-M
(953~ 4) (1~ 5) {3 8] MAGLICH 71 MHS 3 ~ 8 P DgHE3 XO

MI SSING MASS SPECTRUM SI-OWED THIS PEAK AT 953 ~ 4 INSTEAD OF
ETA PRIME (958) PEAK LISTED UMDER M BECAUSE QF MASS
COINCIDENCE ~ 7) E 1 5 MEV ERROR H'AY BE UNDERESTIMATED BY
A FACTOR OF 2 {SEE BRQDY 72' TABLE I I I) ~ OBSERVED PEAK COULD
THEN WELL CORRESPOND TQ ETA PRIHE ~

1/71
2/72

2 ETA PRIME WIDTH (MEV)

W 85 (4 ~ 0) QR LESS DAUBER
W 3415 (8 ) OR LESS CL= 90 BASILE1
W 514 (4 7) OR LESS CL= ~ 95 DANBURG
W (0 8) OR LESS CL= ~ 95 DUANE

64 HBC
71 CNTR
73 HBC
74 MHS

li95 K-P
1 e6 P I - P y N XO 11/71
2 ~ 2 K-PsLAM XO 2/74
PI- PgN HM 1/74

59 H W IDTH (HEV )

W 68 ( 10e0) OR LESS CL= ~ 95 AGUILAR 70 HBC 3a9-4 ~ 6K-P ~ P K~M
W M (15 ~ ) OR LESS HAGLICH 71 MHS 3 ~ 8 P DyHE3 XQ

59 M PARTIAL DECAY MCDES

Pl
P2
P3
P4
P5

H INTO PI+ PI- GAMMA
M INTO RHOO GAMMA
H INTO PI+ PI — ET k
H INTO P IO ETA
H INTO PI+ PI- PI 0

DECAY HASSE S
139+ 1,39+ 0
773+ 0
139+ 139+ 548
134+ 548
139+ 139+ 134

AGUILAR 70 PRL 25 1635

MAGL ICH 71 PRL 27 1479
ROSNE8 71 P RL 26 933

REFERENCES FOR M

AGUII AR-BENI TEZ w BASSANO y SAHIQS y BARNES+ ( BNL)

+GCSTE NS g BliODYgC VI JANCVICI-' ( RUTG+P ENN+UPNJ )
J «L ~ ROSNER y Ea W ~ CQLGLAZ IER (HINN+CIT )

AGUILAR 72 PR 0 6 29 AGUILAR BENITEZi CHUNGw EISNER e SAMIQS (BNL )
BRODY 72 UPR 3E ~ SUBM ~ TO PR +GROVESfNOREMyCVIJANQVICHy+(PENN+RUTG+UPNJ)

59 M BR k NCHI NG RAT I QS

Rl M INTO (RHGO GAMMA)/(ALL P I+ PI- GAMMA) (P2) /(P 1)
Rl 58 0 ~ 05 0 ~ 1 AGUILAR 70 HBC 3 ~ 9-4 ~ 6K-P P K-M

R2 M INTO (PI+ PI- GAMMA� )/( P I+ PI- ETA NEUTR ) {Pl }/(P3N)
R2 58 '1 ~ 2 0 ~ 3 AGUI LAR 70 HBC 3 o9 4 ~ 6K P ~ P K M

R3 M INTO {PI+ PI- PIO )/TOTAL (P5)
R3 58 NOT OBSERVED AGUILAR 70 HBC 3 ~ 9-4~6K-Py P K-M

R4 N INTO (PIO ETA NEUTR }/TCTAL (P4N)
R4 58 NOT OBSERVED AGUILAR 70 HBC 3 ~ 9-4 ~ 6K-Py P K-M

¹¹¹¹¹¹¹¹¹

1/71
2/72

1/71

1/71 I

1/71

1/71

E'TA PR IHE

P2 ETA PRIME

P3 ETA PR I ME

P4
P6
P10
Pll
P12
P13
P14
P15
P16

ETA PRIME
ETA PRIME
ETA PRIME
ETA PR IME
ETA PRIHE
ETA PR IME
ETA PRIME
ETA PRIME
ETA PRIME

P17 ETA PRI ME

P18 ETA PRIME
P19 ETA PRIME
P20 ETA P R IME

2 ETA PRIME PARTIAL DECAY MODES

INTO PI+ PI- ETA
Pl(N} ETAS DECAY INTO ALL NEUTRALS
P 1{C) ETAS DECAY CHARGED
INTO P I 0 P IO ETA
P2(N) ETAS CECAY INTO ALL NEUTRALS
P2{C) ETAS DECAY CHARGED
INTO P I+ P I C AMMA

(INCLUDINC RHG GAMMA)
INTO GAMMA GAMMA

INTO RHQO GAMMA

INTO P I+ P I E+ E-
INTO 2 P I
I NTO 3 P I
INTO 4 PI
INTO 5 P I
INTO 6 PI
INTO PIO E+ E- (VIOLATES C IN

BORN APPROX' )
INTO ETk E+' E- (VIOLATES C IN

BORN

APPROX'�

)
INTO PIO RI-G 0 ( VIOLATES C)
INTO PIO CMEGA (VIOLATES C } '

INTO GAMHA GHEGA

DECAY HASSES
139+ 139+ 548

l 3 4+ 134+ 54 8

139+ 139+ 0

0+
0+

139+
139+
139+
139+

0
773
139+ .5+ .5
139
139+ 134
139+ 139+ 139

134+ ~ 5+ ~ 5

548+ .5+ .5

134+ 7 73
134+ 783

0+ 783

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode

branching fractions, P. , as follows: The diagonal elements are P. + 6P. , where
1 1 i

6P, = Q(6P. 6P.), while the off-diagonal elements are the normalized correlation coeffi-
1 1 1

cients (6P.6P. ) j(6P. ~ 6P.). For the definitions of the individual P., see the listings
1 1 1

above; only those P. appearing in the matrix are assumed in the fit to be nonzero and

are thus constrained to add to i.
P 4P 1 P

P 1 4352+- ~ 0174
P 2 —~ 5783 ~ 2407+- ~ 0198
P 3 - ~ 3541 - ~ 5478 ~ 3039+- ~ 0171
P 4 ~ 0314 — 1430 - ~ 02 18 0202+- o 0027

GR IGQR I A 75 NP B91 232 GR IGQR IANNA LADAGE t MELLEMA ~ RUDNI CKy+ ( UCLA )

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹ 2 ETA PRIME BRANCHING RATICS

~ (958)
2 ET A PRI ME {958~ J P G=O-+ ) I =0 Note on rt' (95S) Branching Fractions

PNote on the J Assignment of g' (958)

From the Dalitz plot analyses of the q' ~ vrTrq

+
and p' ~ 7t 7T "I/ decays, and from the observation of
a g' ~ "("( decay mode, all assignments except

PC -+ -+
0 and 2 are exc1uded. The Dalitz plot

analyses favor spin 0, but cannot rule out spin 2.
The indication of anisotropy in the decay of very

forward produced q' (KALBFLEISCH 73) has not been

confirmed by BALTAY 74, thus favoring strongly

spin 0.

2 ETA PRISE MASS (HEV I

In our calculation of the branching

frac tions of the g ' (958), we use the decay mode s

qTrm (including pter 1T ), p &, and pp. It is
assumed that the rate q ~ neutrals is 71.1%.

In the fit we do not use the constraint

R = I'(q' q7t ~ )/T'(q' @vs'vr') = 2

Rl ETA PR I ME INTO
Rl K 68 (Oa36)
Rl K KALBFLE2
Rl 281 0 ~ 314
Rl ~ ~ ~ 0 ~ ~

Rl FIT 0 ~ 309

(PI+ PI ETA (NEUTRAL DEC ~ ) )/TQTA
(0 ~05 ) KALBFLE 2 64 HBC
64 SUP ER8 E CE 0 BY R ITT ENBERG 69
0 ~ 026 RITTENBER 69 HBC
0 ~ ~

0 ~ 012 FACY FIT (ERROR INCLUDES

L (PIN)
2 ' 7 K-P

1 ~ 7 2 7 K-P

SCALE FACTOR OF 1 0)

from I-spin conservation. The result of the fit
is in agreement with it: R = 1.8 + 0.2.

10/66

9/69

M 0
M

M K

M K

H 0
H 0
M 0
M 0
M 0

ONLY EXPER
85 (957' 0)

(9580 0)
KALBFL

(957 ' 0)
8 (960~ 0)
7 (955 ' 0)

(959e0')
(960 ' 0}

I MENTS GI

(1 0)
E ISCH 64

(3+0)
(2 ' 0)

(1:0' 0)
(3 ' 0)
(5 ~ 0)

VING ERROR LESS THAN 2 HEV KEPT
DAUBER 64 HBC
KALBFLE 1 64 HBC

SUPER SEDED BY RITTENBERG 69
BADI ER 65 HBC
TRILLING 65 HBC
CQ HN 66 0 BC
LQNDGN 66 HBC
MOTT 69 HBC

FOR AVERAGING
1 ~ 95 K-P
2 ' 7 K P

3 ~ 0 K-P
3 ~ 65 P I+ P
3.3 PI+0
2 ~ 2 K-P
4+i-5 ~ 5 K- P

12/75¹
6 /66

12/75¹
6/66
6/66
7/69

R2
R2
R2
R2
R2 AVG
R2 STUDENT
R2 F IT

0 ~ 363
0 ~ 363
0 ~ 379

ETA PR IME INTO
33 0 ~ 35
39 0 ' 4

( P 1N+ P 2C )
3 ~ 0 K-P
2 ~ 2 K-P

10/66
10/66

SCAL E FACTOR OF 1 ~ 0)
(H/1 11) —SEE TEXT

SCALE FACTOR OF 1 ~ 0)

AVERAGE (ERROR INCLUDES
AVERAGE USING STUDENT10

FRCH FIT (ERROR INCLUDES

(PI+ P I- NEUTRALS } / TOTAL
0 ~ 06 BAOIER 65 HBC
0 ' 1 LONDON 66 HBC
~ ~ ~

0 ~ 051
0 ~ 056
0 F 010
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Me sons
q'(958}, d(970}

Data Card Listings
For notation, see key at front of Listings.

R3
R3
R3
R3
R3
R3
R3
R3
R3
R3

K 44

7
10

107

AVG
STUDENT
FIT

ETA PR I ME INTO
(0 ~ 12) f

KALBFL E2
0 ' 07
0 ~ 1
0 ~ 123

~ ~ ~ ~ ~ ~

F 116
0 ~ 116
0 ~ 1258

PI+ PI- ETA I CHRCD ~ DECAY) ) /TOTAL

{PIC�)

0.02) KAI BFLE2 64 HBC 2 7 K-P
64 SUPERSEDED BY RITTENBERG 69
0«04 BAOI ER 65 HBC 3 0 K-P
0 04 LCNOCN 66 HBC 2 2 K-P
0 014 RI TTENBER 69 HBC 1 7 2 ~ 7 K P
~ ~ ~

0 ~ 013 AVERAGE (ERROR INCLUDES SCALE FACTCR OF 1 0)
0 ~ 014 AVERAGE USING STUDEh!T10(H/1 11) -- SEE TEXT
0 ~ 0050 FROM FIT I ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

10 /66

10/66
10/66
9/69

ETA PRR27
R27
R27 K
R27 K NQT A

R27 473
R27 192
R27
R27 AVG
R27 STUDENT
R27 FIT

I ME I NTQ ( P I+ P I-
(0 54) (0 10)
VERAGED CUE TG CQM

0 ~ 92 0 ~ 14
1 ~ 1 1 0 18

CAMMA}/(PI+ PI- ETA{hEUTRAL CFC l )
(P3I/(P1N)

AGUILAR 72 HBC 3«9g4 ~ 6 K- P
PLICATIQN WITH M(953) «SEE KALBFLE I 74

DAhlBURG 73 HBC 2. 2 K-P p LAM XO
JACOBS 73 HBC 2.9 K-PgLAM XC

~ ~ ~ ~ ~

0 ' 99
0 ' 99
0«982

~ ~ ~

0 ~ 11 AVERAGE (ERROR IhlCLUDES SCALE FACTOR CF 1 ~ 0)
0 ~ 12 AVERAGE USING STUDENT10(H/1 11) -- SEE TEXT
0 078 FRCM FIT (ERROR INCLUDES SCALE FACTOR OF 1.1)

12/72

2/74
1/74

R4
R4
R4
R4
R4
R4
R4

(P2C)ETA PRIME INTO (PI+ PI- NEUTRALS (EXCLUDING
PI+ Pj- ETA (NEUTR ~ DEC ~ ) ) ) / TOTAL

K 10 ( 0 e05 } ( (}e04) KALBFLE2 64 HBC 2 7 K-P
K KALBFLE2 64 SUPERSEDED BY RITTENBERG 69

42 0« 045 0 029 RITTENBER 69 HBC 1 «7-2 7 K-P
~ ~ ~ ~ ~ ~ ~ ' o ~

F IT 0 ~ 0696 0 « 0057 FROM F IT ( ERROR IhICLUDES SCALE FACTCR OF 1 ~ 0}

10/66

R28
R28
R28
R28
R28 F IT

~ ~ ~ ~ o ~ ~ ~ ~

0 118 0 019 FRCt F IT ( ERROR INClUDES CALE FACTOR CF 1 oC)

ETA PR [ME INTO (2 GAMMA)/(PIO PIO ETA(NEUTRAL DEC ~ ) )
(P4)/(P2(NI )

APEL 72 CSPK 3 ~ 8 PI — PiN XO 1/7316 0 ~ 188

ETA PR
K 54
K

1.6
32

123
535

AVG
STUDEh}T

R5
R5
R5
R5
R5
R5
R5
R5
R5
R5
R5 F IT

I ME INTO
(0 ' 25)

KALBFLE2
0 ~ 24
0 ~ 3
0 ~ 189
0 ~ 185

~ ~ ~ e ~

0.190
0 190
0 ~ 191

(NEUTRALS) / TOTAL
t0 ~ 05) KALBFLE2 64
64 SUPERSEDED BY RITTENBERG
0 17 BADI ER 65
0 1 LONDON 66
0 ~ 026 RITTENBER 69
0 ' 022 BASI LE1 71
~ ~ ~

0 ~ 016 AVERAGE ( ERROR INCL
0 ~ 018 AVERAGE USING STUDE
0« 0 1.4 F RCM F IT ( ERROR I NCL

( P2N+P4}
HBC 2« 7 K-P
69
HBC
HBC
HBC
CNTR

3 ' 0 K-P
2 ~ 2 K'-P
1 ~ 7-2 ~ 7 K-P

1e6 PI- PyN XO

UOES SCALE FACTOR CF 1 0)
NT I.O(H/1 11) -- SEE TEXT
UCES SCALE FACTOR OF. 1 ~ 0}

10/66

10/66
10 /66
9/69

11/71
DECAY ASYMMETRY PARAMETER FQR PI+ PI- GAMMA

152 ~ 07 08 R ITTENBE 65 HBC
103 ~ 00 ~ 10 KALBFLE I 75 HBC
295 - ~ 069 ~ 078 GR IGQR I A 75 STRC

2 ~ 1 2 ~ 7 K-P
2 2 K-P
2 ~ 1 P I-P

~ ~ ~ ~ ~ ~ ~ ~ ~

AVG -0«001 0 049
STUDENT -0 001 0 056

AVERAGE tERRCR INCLUDES SCALE FACTOR QF 1 C}
AVERAGE I-'SING STUDENT10 IH/le 11} -- SEE TEXT

2 ETA PRIME C NCNCCNSERVING CECAY PARAMETER

RELATED TEXT SECT ICN VI C

12/75~
12/75~
12/754

R6
R6
R6
R6
R6
R6
R6
R6
R6
R,6
R6

CAMMA ( INCLUDING RHQ GAMMA))/TOTAL
(P3)

KALBFLE2 64 HBC 2 ~ 7 K-P
SEQEO BY R ITTENBERG 69

BAQI ER 65 HBC
LONDON 66 H BC
RI TTENBER 69 HBC

ETA PRIME INTO (P I+ P I-
K 42 (0 22) (
K KALBFL E2

3'5 f 0 34)
20 0 ~ 2

298 0 «329
~ ~ o ~ ~ ~

AVG 0 ~ 316
STUDENT 0 ~ 317
FIT 0 ~ 304

0 ' 04)
64 SUPER
0 09)
Oel,
0 ~ 033

3 ~ 0 K-P
2 2 K-P
1 e7-2 ~ 7 K-P

e ~ e
0 ~ 038 AVERAGE (ERROR INCLUDES SCALE FACTOR GF 1 2)
0 035 AVERAGE USING STUDENT10{H/1 11) -- SEE TEXT
0 ~ 017 FRCM F IT ( ERROR INCLUDES SCALE FACTOR OF 1 e 1 I

10/66

10/66
10/66
9/69 DAUBER

ALSO
GOLDBERG
GOLDBERG
KALBFLE1
KALBFLE2

64 PRL 13- 449
64 DUBNA CONF 1
64 PRL 12 546
64 PRL 13 249
64 PRL 12 527
64 PRL 13 349

REFERENCES FOR ETA PRIME

CAUBER y SLATERy

SMITHS'

STORK q T ICHQ (UCLA ) JP
18 CAUBER e SLATER v L T SMITHr STCRKe T ICHQ (UCLA )

&GUNDZ IK i L ICHTMANyCQNNQLLY ~HART e+ ( SYRA+BNL)
+GUNCZIK L EITNER CCNNOLLY FART + f SYRA+BNL )
KALBFI EI

SCHWA

ALVAREZp BARBARC-GALT IER Ip+ (LRL }J P
G ~ R ~ KALBFLEISCHyQ«DAHLIA ~ RITTENBERG I LRL) JP

R7
R7
R7
R7
R7 F IT

ETA PR IME INTO {PI+ PI- GAMMA ( INCLUDING RHQ GAMMA) l/f PI PI ETA)
(P3)/(Pl+P2)

0425 0 ~ 14 DAUBER 64 HBC 1 «95 K-P 10 /66
~ ~ ~ ~ ~ ~ ~ e ~

0 450 0 ~ 037 FRCM F IT t ERRCR INCLUCES SCALE FACTOR OF 1 1)

BA 0 IER 65 PL 17 337
KIENZLE 65 PL 19 438
RI TTENBE 65 PRL 15 556
TRILL I NG 65 PL 19 427

BAD IER gDEMQULI N g BAPLCUTAUD+ 1 EPGL+SACL+ZEEM)
KIENZLEgMAGLICg LEVRAT vLEFEBVRES + (CERN)
R ITTENBERG g KALBF LE ISCH ( lRL+BNL }
+BROWN pGQLDHABERS, KADYKgSCANIO (LRL }

RB
RB

ETA PRIME INTO (PIO E+ E-)/TOTAL (P16)
(0 ~ 013)OR LESS RITTENBER 65 HBC 2 ~ 7 K- P 10/66

CGHN
LONDON
MARTIN

66 PL 21 347
66 P R 143 1034
66 PL 22' 352

CQHh, MCCULLGCH BUGG CONDO (QRNL+T ENN+UCND )
LQNDQNv RAU v SAMICS eGQLDBERG + I BNL+SYRACUSE ) I JP
MARTINgCRITTENCENgSCHRQEDER (INDIANA U) I

R9
R9

R10
R10

Rll
Rll
Rll
Rll

R12
R12

R13
R13

R14
R14

R15
R15

R16
R16

ETA PRIME IhlTO I ETA E+ E-)/TOTAL
(0 011)OR LESS R ITTENBER 65 HBC

( P17)
2 ~ 7 K- P 10/66

10/66

ETA PRIME INTO(GAMMA CMEGA) /TOTAL (P20)
R (0 F 08) OR LESS RITTENBER 65 HBC
R INCLUDES PIO OMEGA

( ~ 05l OR LESS CL= ~ 90 KALBFLEI 75 HBC

2 ~ 7 K- P 10/66

2 2 K- P y GAMMA + 12/75+

ETA PR I ME INTO (P I+ P I- E+ E- l /T OTAL
(0 ' 006)OR LESS RITTENBER 65 HBC

(P 10)
2 7 K- P 10/66

ETA PRIME INTO (2 PI ) /TOTAL (Pill
f0 F 07) OR LESS LCNDCN 66 HBC COMP ILATI CN

ETA PRIME INTO (3 Pj)/TOTAL (P 12)
(0 07l OR LESS LCNDCN 66 HBC COMP ILATICN

ETA PR I ME INTO (4 PI ) /TOTAL (P13)
(0«01) OR LESS LONDON 66 HBC COMP ILATI CN

ETA PRIME INTO (6 PI )/TCTAL (P15)
(0«01) OR LESS LQ NDG N 66 H BC CQ MP ILAT I C N

10/66

10/66

10 /66

(P 18)ETA PRIME INTO t P 10 RHQO)/TOTAL
f0«04) OR LESS RITTENBER 65 HBC 2 ' 7 K-P

BARBARQ 68 PRL 20 349
BARLQUTA 68 PL 26 B 674
BOLL INI 68 NC 58 A 289
DAVIS 68 PL 27 8 532

DUFEY 69 PL 29 B 605
MOTT 69 P R 177 1966
RI TTENBE 69 UCRL-18863

AGUIlAR
APEL
8 I NNIE
Bl QGDWQR
DALPIAZ
RADE'R

72 PR 0 6 29
.72 PL 40 8 680
72 PL 39 B 275
72 NP B 39 525
72 PL 42 B 377
72 PR 0 6 3059

AGU ILAR 70 PRL 25 1635
BENSINGE 70 PL 33 B 505

BARDAC IhI 71 PR D4 2711
BASILE 1 71 NC 3 A 371
BASILE2 71 NP B 33 29
HARVEY 71 PRL 27 885
QGIEVETS 71 PL 25 8 69

BARBARO-GALTIER I o MAT I SGN g RITTENBERG+ ( LRL) 1=0
BARLCUTAUD+ (SACLAY+AMST+BGNA+REHQ+EPGL )1=0
+BUHLERqDALPIAZyMASSAM+ tCERN+BGNA+STRB)
+AMMARgMGTTgDAGANpDERRICKgFIELDS (NWES+ANL)

+COBB I v PQUCHCN e CNQPS v+ ( ET I'Z+CERN+SACL l I J P
+AMMAR eDAVIStKRQPACv SlATE w DAGAN+ f NWES+ANL)
ALAh RITTENBERG (TEES IS) (LRL) 1=0

AGU ILAR-BEN ITEZ BASSANC SAMIOS BARNES+ ( Bh, L)
BENSINGER SHERWIN v THQMPSQhIy W ~ D ~ WALKER I WI SC)

BARDAD IN-GTWINOHS KAg HOFMQKL p MICHEJDA+ ( WARS }
+BQLLINI CALPIAZ FRABETTI +tCERN+BGNA+STRB)
+BQLLINI yDAl PI AZyFRABETTI g+t CERN+BGNA+STRB}
+MARQUITv PETERSON' RHGADES q+ (MINN+MICH)
QGIEVETSKY q TY BORD ZASLAVSKY (DUBNA)

AGUILAR-BENITEZsCHUNGgEISNERv SAMIGS (BNL)
+AUSLANDER s MULLER ~ BERTGLUCCI~+ t KARL+PISA)
+CAMILLERIpDUANEgGARBUTTgBURTCN+fLQIC+SHMP)
BLOOD WORTH JACKS C hi P RENT I C E YGC N (TORONTO )
+FRABETT I ~ MASSAh' ~ NAVARRI A e 1 I CHICHI ( CERh) )
+ABGL INS tDAHL t DANBURG tDAV I ES tHQCHe+ ( LBL )

R18
R18
R18
R18

R19
R19
R19
R19
R19
R19
R19
R19
R19
R19

R20
R20
R20

ETA PR I ME I NTO
5 0« 055
7 0 126

31 0 ~ 020
68 0 ~ 0171

~ 025

AVG
STUDENT
FIT

0 ~ 0192
0 ' 0191
0 ' 0202

(2 GAMMA) /TCTAL {P4)
Oe 036 0 ~ 030 BGLLINI 68 CNTR 1 ~ 9 PI- P
0 ~ 075 BENSINGER 70 DBC 2 ~ 2 PI+ 0
0 008 0 ~ 006 HARVEY 71 GSPK 3 ~ 65 PI- P~N X0
0 0033 OALPIAZ 72 CNTR 1 6 PI- PgN XO

~ 007 DUANE 74 MMS PI-P N MM

~ ~ ~

0 ~ 0027 AVERAGE ( ERROR INCLUDES SCAlE FACTOR OF 1 0)
0 0031 AVERAGE USING STUDENT10(H/loll) —SEE TEXT
Oe 0027 F RCM F IT ( ERROR INCl UDES SCALE F'ACTOR QF 1 ~ 0)

ET A P R I ME INTO (P I+P I- ) /TQ TAL
{0 02) OR LESS RITTENBER 69
(0 ~ 08l OR LESS CL= ~ 95 DANBURG 73

f Pll)
HBC 1 ~ 7-2 ~ 7 K-P
HBC 2 2 K-P p1 AM XQ

ETA PRIME INTO (RHQO GAMNA) /( P I PI ETA) {P6) / (P 1+P2 }
0«31 0 15 DAVI S 68 HBC 5 ~ 5 K- P

~ ~ ~ ~ o ~ e ~ ~

F IT 0 ~ 450 . 0 ~ 037 FROM F IT ( ERROR INCLUDES SCALE FACTGR GF 1 ~ 1 )

9/68

12/72
12/72
11/71
12/72
12/75+

9/69
2/74

DANBURG 73 PR 0 8 3744
JACOBS 73 PR 0 8 18
KALBFLEI 73 PRL 31 333

BA L TAY 74 P R 09 2999
DUANE 74 PRL 32 425
GAULT 74 NC 24 A 259
KAlBFLEI 74 PR 010 916

GR I GGR I A 75 NP B9 1 232
KAL BFL EI 75 PR 011 987

a{9V0)
~ ~ ~

+KALBFLE I SCH g BQRENSTEIN gCHAP MAN g+t BNL+ MICH) J P
+CHANG g GAUT HI E R s+ ( BR AN+UMD+SYRA+TUFT ) J P
KALBFI EISCH CHAPMAN, + I BNL+MICH+LBL } JP

+CQI-ENg CSQRNAg HAB I 8 I g KALELKAR p+ (COLU+BING ) J P
+B INNIE gCAMI LLERI ~ CARRY DEBENHAM+ {LGIC+SHMP )
+JONES' SCADRQN g THEWS (DURH+LQIC+ARI Z)
G ~ R.KALBFL EISCH (BNL )

GR IGGR I ANq LADAGE y MELLEMA ~ RUDNI CK ~+ ( UCLA )
KALBFL EI SC H STRAND CHAPMAN {BNL+MI CH )

36 DELTA ( 970 J PG=O+- l I =1

R21
R21
R21

ETA PRIME INTO (PI+PI-PI0) /TOTAL
(0 ~ 05 l OR LESS RITTENBER 69
(0 ' 09) OR LESS CL= ~ 95 DANBURG 73

-( P12 l
HBC 1 ~ 7-2 7 K-P
HBC 2 2 K-P g LAM XO

9/69
2/74 Under this entry, we list three types of I=1

R22
R22
R22

R23
R23

R24
R24

R25
R25
R25
R25
R25
R25
R25
R25
R25

R26
R26
R26
R26

(P13)
HBC 1 ~ 7-2 ~ 7 K-P
HBC 2 ~ 2 K-P g LbM XO

ETA PR IME INTO (P I+P I+P I-Pj-) /TOTAL
{0~ 01) OR LESS RITTENBER 69
(0 Oll OR LESS CL= 95 DANBURG 73

ETA PRIME INTO (PI+PI+PI~PI-P IO) /TOTAL
(0 ~ 01 l GR LESS RI TTENBER 69

(P14)
HBC 1 ~ 7-2 .7 K-P

ETA PRIME INTO (PI+PI+PI-PI- NEUTRALS) /TDTA
(0 01) GR LESS R I TTENBER 69

L {P16+ ~ ~ )
HBC 1.7-2 ~ 7 K-P

ETA PR I ME I NTQ (
0 ' 94

E 473 1«15
E 473 (0«95) OR
E EQUI VAL ENT STAT

137 1 ~ 01
~ ~ ~ ~ ~ «

AVG 1 ~ 082
STUDENT 1 ~ 082

RHOP GAMMA) /( ALI PI+ P I- GA
0 ~ 20 AGUI LAR 70
0 10 DANBURG 73
MORE CL= ~ 95 DANBURG 73
EMENTS
0 ~ 15 JACCBS 73

h'MA) (P6 l/ (P3)
HBC 3 ~ 9-4 6 K- P
HBC 2 ~ 2 K—P v t. AM XC
HBC 2 ~ 2 K-Pg lAM XO

HBC 2 9 K-P pLAM XO

ETA PRIME INTO (PI 0 PIC ETA INTO 3 PIG) /TCT
4 0«ll 0 ' 06 BE NS ING ER 70

~ o ~ ~ ~ ~ e ~ ~

0 0722 0«0060 FRGM FIT (ERROR INCL

AL (P2N (3PIO) )
DBC 2 ~ 2 PI+ D

UDES SCALE FACTOR QF 1 0}

e ~ ~

0 ~ 077 AVERAGE (ERROR INCLUDES SCAlE FACTOR OF 1 0)
0 086 AVERAGE USING STUDENT10(H/1 ~ ill -- SEE TEXT

9/69
2/74

9/69

1/71
2/74
2 /74

}./74

1/71

peaks near KK threshold:
j) Missing-mass peaks, mostly controversial.
2) ga decays, peaking slightly below KK

Gthreshold. This def ines I = j and
P Normal.

3) Threshold enhancements in the {KK) system
Pwith I=1. The Q value is low and J there fore

+probably
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Particle Data Grou p: Review of particle properties

Data Card Listings
For notation, see key at front of Listings.

Mesons
h(970), H(990), S (993)

In listing these types of peaks together
under a common entry we do not imply that. they

are necessarily all related. However, the KK

threshold enhancement may be due to a virtual
bound state that could also be responsible for

REF ER ENCES FOR DELTA (970)

"AR MENTER 65 PL 17 344
BARASH 65 PR 139 8 1659
KIENZLE 65 PL 19 438
RQSENFEL 65 OXFORD CONF 58

ALLEN 0 66 PL 22 543
BALTAY 66 PR 142 8 932
FQCACC I 66 PRL 17 890
OOSTEN5 66 PL 22 708

ARHENTERO5 tEDWAADS r JACOBS Ehf + (CERN+CDEF I
+FRANZINIt KIRSCHt HILLERtSTEINBERGER+ (COLU)
+ HAGLIC r LEVRAT r LEFEBVRES + ( CERN )
A H RQSENFELD {LRL--RVUE)

t6P F I 5HiER ~ G GGODENt L MARS I ALL t S EARS ( COLO ) G=+
+LACHr SANDWEI SS r TAFT t YEH rSTONEHILL+ ( YALE)
+ KIENZLEt LEVRATr MAGLICtHAATIN (CERN)
+CHAVANONtCAQZChtTGCQUEVILLE (SACLAYtCOEF II=1

TURKOT 63 S IENNA CONF 1 661 +CCLL INSt FUJI lr KEHP+ {BNL+PITTSBURGH)

the pe peaks (ASTIER 67). In a coupled-channel

analysis of the most significant qvT and KK data,
NORGAN 75 shows that the 6 (970) probably is

ALL I SChf
ASTIER

ASTI ER
BAI LLOhf
BANNER 1
BANNER 2
BARLGW
CQhfFOATO

67 PL 258 619
67 PL 25 8 294
67 I NCLUDE5 DATA OF
67 NC 50 A 393
67 PI 25 B 300
67 PL 25 8 569
67 NC 50 A 701
67 NP 83 469

+ CRUZ+ (OXF+HP IM+BI AH+RHEL+GLAS+LOIC )
+MQNTANETr BAUBILLIER r DUBOC+(CDEF+CEAN+ IRAQ)

BARLOW 67r CONFORTO 67 r ARHENTERQS 65«
+EDWAR05+0 ~ Ah}0LDU+AST IEA+ (CERN+C0EF+ IRA0)
+FAYQUX r HAMELt ZSEHBERY r CHEZE+ ( SACLAY+CAEN I
+CHEZEt HAMELr MARELtTEIGER+ (CDEF+SACI )
+PONTANET r Dt ANDLAU+ (CEAN+CDEF+IRAD+L IVP )
CON~ORTO t MARECHAL+ (CE Rh+COEF+IPNP+L I VP)

strongly coupled to both channels. It then
+constitutes the isovector member of the 0 nonet.

MORGAN 75 gets a width much larger than what is
observed in the qTI decays because of the strong

KK coupling.

AHMAR 68
CHUNG S 68
DEFOIX 68
GALT IER I 68
JUHALA 68
SABRE CQ 68

BARNES 69
CAHPBELL 69
CRENNELL 69
JUHALA 69
KAUSE 69
MILLER 69

ALSO .69
SC HROEDE 69

PAL 2 1 1832
PR 165 1491
PL 28 B 253
PRL 20 349
PL 27 8 257
PL 26 8 674

PRL 23 610
P RL 22 1204
PRL 22 1398
P A 184 1461
PR 177 1951
PL 29 B. 255
PR 188 2011
PR 188 2081

+CAVISrKRQPACrDERRICKr FIELCS r+ (NWES+ANL)
+0 ~ DAHLt J ~ KIRZ t 0 ~ H ~ HILLER (LRL }

+R I VETt S IAUOt CGNFOATG+ (CDEF+IPNP+CERN)
BARBARO-GALTIEAI t MATI SON t A ITTENBERG+ (LAL )
+PEACOCK t RHODE r KQPELMAN ~ L I BBY+ ( IOWA+ COLO)
BAR} QUTAUD+ (SACL+AMST+BGNA+REHG+EPOL)

+CHUNGr EISNERt BASSANOt GQLCBERG+ (BNL+SYRA)
J H CAMPBELL t LI CHTMAhf tLOEFFLERr + (PURDUE)
+KARSHQNr K WAN WU LAI r+ t BNL+NYU)
+L EA COCK t R HOD E r KOP EL HAN r L I 88 Y r + ( I SU+COLO )
KRUSErLGGSrGQLDIrASSER ( ILLINOIS )
D ~ H MILLER t S ~ L ~ KRAMEA tD«D ~ CARMQhfYr+ (PURDUE)
YENrAMMANNrCARMQNYrELSNERr+ (ItURDUE)
SCHRQEDEAt KERNAht FISI-ER t LI BBY t+ ( ISU+COLO)

36 DELTA(970) MASS (HEV)

M PEAKS IN MISS IN
M K 262 ( 962 ~ 0)
M K NOT SEEN BY
M K NARROW PEAK
M 0 {966' Ol
M 0 NOT SEEN BY
M 975«0
H N 215 ( 962 ~ 9l
M N NOT SEEN BY
M N NCT SEEN BY
M N NQT SEEN BY 12/75¹

Ch'LY «

10 '0
70 '

APPROX'

M ETA PI FINAL STATE
M S 30 980«0
M 5 SEE ALSO AMMAR

M 10 (960~ I
M 80 (975 ~ 0)
H 20 970~ 0
M 980 ~

M 15 (980 ~ 0)
H 21 948 ~ 0
M 150 972 ~

H 47 (980~ )
H ~ ~ ~ ~ ~ ~

M AVG 976 ~ 4
H STUDENT 976 ' 4

15 0
10 ~

10' 0)
(7 0)
10~

5 ' 4
5 ~ 8

AMMAR 68 HBC + r 5 ~ 5K t ETA P I 2/73

C HUNG 5
DEFOIX
BAANES
CAHPBELL
HILLER
BARDADIhi
DEFQIX
CONFQRTO

68 HBC
68 HBC
69 HBC
69 CBC
69 HBC
71 HBC
72 HBC
73 OSPK

3 ~ 2 P I-P
1 ~ 2 PB Pr ETA Pl
4-5 K-P r P I-ETA

2 ~ 7 P I+ D

4«5 K-N ~ ETA PI
8 P I+Pr P DO P I
0 ~ 7 PBAR Pr 7 PI
4 ~ 5 PI-Pt P X-

5/70
3/69
9/69
1/73
7/69
2/72
1/73
1/74

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 Ol
AV EA AG E U S Ih}G STUDENT 10{H/1 ~ 1 1) —SE E TE XT

H K KBAR CNLYt SEE THE TYPED NOTE ABOVF
M 143 (1003 ~ 3 ) 7 ~ 0+SYSTEMAT IC 'ROSEhfF ELD
H SCAT ~ LENGTH 2 TO 6 FERMIS ~ BALTAY 66
M A 100(1016~ I ( 10 ~ I AS TIER 67
H A SCATT ~ LENGTH ALSO FITSr SEE BELOWM, SCATT LENGTH +2 ~ 5 +-1 ~ FERMI ASTIER
H OR CHPLX ~ RE P ART =-2 ~ 3 F «« ~ ~ ~ ~ ~ «

H IH PART ~ 5F OR LESS ~ « ~ ~ ~ ~ ~ «

M 8 (1~ 8) (0 ~ r) (0 ~ 3) DUBQC 72
M B ABSOLUTE VALUE QF SCAT ~ LENGTH

67

RVUE
HBC
HBC

HBC

~ « ~

HBC

3 ' 7 PBAR P
0 PBAR P

0-1«2 PBAR P
~ ~ « ~ ~ ~ ~ ~ « ~

~ ~ « ~ ~ « ~ « ~ ~

1 «2 PBAR P t 3P I 2K

8/66
8/66
7/67

7/67
7/67
7/67

12/72
12/72

36 DELTA(910) WIDTH t HEV)

W PEAKS SEEN IN MISS IhlG MASS EXPERIMENTS
W S 262 (5 ~ 0) OR LESS KIENZLE
W S {10.0) QR LESS DOST ENS
W 6 0 ~ 0 16 ~ 0 10 ~ 0 ABOL I hf S
W S 215 ( 5 ~ 9) OR LESS CL~ «90 CI-'ESHIRE
W S SEE NOTES ON DELTA PASS ABOVE

65 HMS — 3-5 P I- 9/66
66 HHS + 3 8 PP TO 0 + HM 9/66
70 HMS + 3 ~ 8 6«3 PP D+HH 1/71
72 MMS 0 2 ~ 4 PI- PtN MP 12/72

6 MASS EXP ER IMENTS
(5 0) Kj ENZLE 65 MMS — 3-5 P I- P 9/66

BANNER1 67 (1 ~ 8 PI- PI
NGT S EEN BY KALBFLEI 74 (1~ 3-1 ~ 6 Pi-P )

(8 0) GOSTENS 66 MMS + 3 8 PP TO D + HH 9/66
BANNER2 67 AND ANDERSON 71

6 ' 0 ABQLINS 10 MMS + 3 8-6 ~ 3 PP--0+MH 1/ ll
(1 7) CHESHIRE 72 HMS 0 2 ~ 4 PI- P t N HH 12/72

BINNIE 72 AT THRESHOLD'
BINNIE 74 AT 2 GEV/C
BUTTRAM 75 AT 2 ' 4 GEV/C

ABQLINS 70 PRL 25 469 +GRAVEN t MCCARTHYt G«SHITHt L ~ SMITH+ ( LRL+UCD I
AHHAR 70 PR 0 2 430 +KRQPAC t DA V I S r DERR I C K+ ( KANS+NWES+ANL+ W I 5 C )
COOPER 70 NP 8 23 605 +I-.ANNER t HUSGRA VE ~ PQLLARDt VQYVODIC (ANL l
YIOU 70 THES IS t A 646 TCHIU-PUNG YIOU (ORSAY)

ANDERSON 71 PRL 26 108
BAROAOIN 71 PR 04 2711

+0 IX IT r + (CHIC+ANL+CARL+I AS{ +CNAC+NAGOYA)
BAROAD IN-OTW INOWSKDt HOFMOKI t HICHEJ DA+( WARS )

ATHEATCN 73 PL 43 8 249
CONFORTG 73 A IX CONF ~

8 INN I E 74 P RL 3 2 392
KALBFLE I 74 NP 869 279
HORGAN 74 PL 518 71

+FRANEK t FRENCHr GHIDINI tHILPERT, + (CERN)
BUTTER WORTH RAPPORTEUR TALK Cl-195 t FI G 39

+CAMILLERItCARRrOEBENHAMt+ (LQIC+SHMP I
KALBFLEISCHtVANOERBURGt+ (BNL+RUTG+INO)
0 ~ HCRGAN (RHEL I

BUTTRAM 75 PRL 35 970 +CRA'WLEY t DUKE t LAHBt L EEPER t PETERSON ( I SU)
MORGAhf 75 PRE PRINT RL75133 D ~ MORGAN (RHEL )

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

H(9 90) 35 H('990 t JPG=A I I =0

THE EVIDENCE OF BENSCN 66 HAS DISAPPEARED AFTER
RE-ANALYSIS (CHAUOHARY 70) ~ NQ SIGNIFICANT
OTHER EVIDENCE HAS BEEN PUBLI5HED ~

OHITTED FRCP TABLE ~

BART SCI" 64
GOLDHABE 65
BENSON 66
C QH'N 67
ROS ENF EL 67
ARMENI SE 68
BARBARQ- 68
FUNG 68
GOLDHABE 69
CHAUDI'AR 70
GORDON 70
MICHAEL 72

PL 11 167
CORAL GABL ES P ~ 76
PRL 17 1234
NP Bl 57
RHP .39 lt APPENDIX
PL 268 336
PH. ILAD ~ CONF ~ P 137
PRL 21 47
LUND CONF ~ P ~ 27 1
PR D 2 2110

COO 1195 179
PRL 28 1475

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

REFERENCES FOR H

AACHEN-ZEUTHEN-8 IRM-BONN-HAMB HUNCHEN COLL
G ~ GOLDHABER (I.RL )
+MARQUITtROEt SINCLAIRtVANDER VELDE (MICH)IJP
+MC CULLOCH t BUGG r CONDO (ORNL+UNI V ~ TEh}N)

AOS Eh}FELDr BARBARO-GALT IER I+(LRL+CEAN+YALE )
+GHID I NI tF ORI NO+ (BARI+BGNA+F IRZ+ORSAY )
A ~ BARBARQ-GALT I ER I t P ~ SGOI hG (LRL)
+JACKS CN+PU+BRQWN+Gl GAL ( U ~ C ~ R I VER S+LRL I
G«GGLDHABER QUOTEO BY 8 ~ MDGLIC (LRL l
8 «CHAUDHARY t E ~ MAR Q UI T tHINiNESOTA)
TI-, ES IS t I LL I NQI S t ILL)

HICHAEL r G ~ Gl DAL ({BL)

BINNIE 72 PL 39 8 275 +CAM ILLERI t DUANEt GAABUTTt BURTON+ (LGIC+ SHMP )
CHESHIRE 72 PRL 28 520 +HOFFMANr GARF Ih KELt+ ( IOWA+ANL+PURD )
DEFOIX 72 NP 8 44 125 +hfASC I MEhfTQr Bl ZZARR I t+ (COEF+CERN l
OUBQC 72 NP 8 46 429 +GOLDBERG MAKGWSKI DCNALD + (LPNP+LIVP I
HQLLOWAY 72 PHIL ~ CONF ~ PROC 133+I-ULD KGETZ KRUSE BERNSTE IN + t ILL+ I{.LC )

W ETA PI F
30

W 80
'W 20
W

W 15
W 21
W 150
W 47

W AVG
W STUDENT

INAL STATE CNI. Y'

80 0 30 ' 0
( 25 ~ 0 l
(50 ~ 0) OR I ESS
40 ~ 15 '
60«0 30 ~ 0
31 ~ 0 28 ~ 0

(30 ) {5~ )
(60 ~ ) (50

~ ~ ~ ~ ~ ~ ~ ~

46 «9 11~ 2
46 F 6 12«5

(30 ~ I

AMHAR
DEFOIX
BAANES
CAMPBELL
Ml LLCR
BARDAD IN
DEFQIX
CQNFGRTO

68 HBC +-
68 HBC +-
69 MBC
69 DBC +-
69 HBC
71 HBC +-
72 HBC +-
73 GSPK

t5«5K-tFTA PI
1 ~ 2 PB PtETA PI
4-5 K-PtPI-ETA

2 7 PI+ 0
4 ' 5 K-NtETA PI

8 PI+PrP DO PI
0 ~ 7 PBAR Pt 7 PI
4 ~ 5 PI-Pr P X-

AVERAGE (ERROR INCLUDES SCALE FACTQR QF 1 Ol
AVERAGE USING STUOENT10(H/1 11) -- SEE TEXT

2/73
3/69
9/69
I/73
2/74
2/74
2/74
1/74

s*(993)
3 S¹(993t JPG=O++) I =0

UNDER THIS ENTRY WE LIST PARAMETERS OF THE POLE IN THE
ISOSCALAR S-WAVE ~ FOR A MINI-REVIEW 5EE UNDER EPSILON ~

POSSIBLE EVIDENCE OF 0-WAVE PI PI INTERACTIONS IN THIS
REGION IS L ISTEO SEPARATELY. UNDER ETA h}(1080)~

FOR EARLY WORK US ING BRE IT-'WIGNER OR SCATTERING
LENGTH PARAHETRI ZATICN IN FITS TO TI-E (K KBAR) MASS
SPECTRUM SEE REFERENCE SECTION AND-OUR 1972 EDITION ~

8/66
9/67

12/75¹

Pl
P2

DELTA( 970)
DELTA(9701

36 DELTA(S70) PARTIAL DECAY MCGES

INTO ETA P I
INTO RI G P I

DECAY HA55ES
548+ 134
773+ 134

36 DELTA(S70) BRANCHING RATIOS

Rl
Rl

DELTA(970) INTO {AHO PI ) /( ETA P I l
(0~ 25) QR LESS CL= ~ 70 AMhIAR

(P2) /(Pl)
70 HBC +- 4«1t5 ~ 5K-t ETA PI ~ 5/70

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

W K KBAR ONLY t SEE THE TYPED NCTE ABOVE
'W 143 't 57 ~ 0 I 13~ 0+SYSTEHAT IC ROSE NF E LD 65 RVUE +
'W A 100 (25«) APPROX' ASTI ER 67 HBC +- SEE NOTE A ABOVE
W H (120~ ) APPROX MORGAN 75 RVUE 1 ~ 2 PBAR P

H FACM COUPLED CHANNEL FIT TO DUBGC 72 DA~A

3 REAL PART OF THE 5¹POLE POSITION (HEVI

970« 30 130 ~ HQANG 69 OSPK 4 ~ PI-P t KS KS h
920 ~ 80 ' 90 ' HQANG 69 QSPK 5 ~ PI-PtKS KS N

CALCULATED FROH SCATTERING LENGTH FI T OF HQANG 69 ~ .

(965 ' ) BEUSCH 70 OSPK 4 r 6 P I-P
CALCULATED FROH SCATTERING LENGTH FIT OF BEUSCH 70 ~

997« 6« PRGTOPOPE 73 HBC SI.EET 2 7 ~ PI+ P
H S 987 ' 7 8 INNIE 73 CNTR P I- P r S¹N
M S OBSERVED BY THRESHOLD-CROSSING TECHNIQUE ~ POSSIBLY IMPORTANT

S-CHANNEL EFFECTS «

(997«) ESTABROOK 73 ASPK 17 PI-Pt PI+PI-N
(1012 ' ) (6 ' I GRAYER 73 ASPK 17 PI-Pt PI+PI-N
1007 ~ 20 ~ HYAMS 73 ASPK 0 17 PI-Pr N PI+PI-

A (986 } {5«) FU JI I 75 RVUE 17 PI-Pt P I+Pi-N
A 5¹AMPLITUDES PARAMETRIZED IN TEAMS OF POLE POSITIONS USING
A HYAHS 73 PHASE SHIFTS

~ ~ « ~ ~ ~ ~ « . ~

AVG 993' 2 4 ' 4 AVERAGE (ERROR INCLUDES SCALE FACTOR GF 1«0)
STl}DENT 993 ' 3 5 ~ 1 AVERAGE USING STUDENT10(H/1 ~ 1 1) — SEE TEXT

1/73
1/73

~ 1/73

1/74
1/74

12/75¹
12/75¹

1/74
12/75¹
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Sl 'IO Particle Data Group: Review of particle properties

Me sons
S'(993), $(1020)

Data Card Listings
For notation, see key at front of Listings.

3 NEGATIVE IMAG ~ PART QF THE S¹PCLE PQSITICN (MEV)
CQRRESPONCS TO HALF WIDTH t NGT FULL bI 0TH ~

WEIGHTED AVERAGE = 1019.70 + 0 .24
ERROR SCALED BY 1 ' 6

HOANG 69 OSPK
HOANG 69 OSPK
BEUSCH 70 GSPK
PROTOPQPE 73 HBC

MEV AhID NG EPSILGN POLE
8 INNIE 73 CNTR

60 '
70

40 '
30

4 PI —PtKS KS N

5. P I-P r KS KS N

4t6 Pl-P
7. PI+ P

W H

W H

W 8
W P
W P
W S
W S
W

W

W

W A

W A

W A

W

W A

W S

40 ~

30 ~

( 13 ' )
2 7 ~ 8»

ANOTHER SOLUT ION HAS 52
24 ~ 7 ~

SEE NOTE S ABOVE
(5 ~ l

(16~ ) (5 ~ )
15' 5 ~

(19 ) (3 ~ )5¹AMPLITUDES PARAHETRIZ
HYAH S 73 P HASE SHIFTS

~ ~ » ~ ~ ~ ~ ~ ~

VG 20»0 3»7
TUDENT 20 ~ 1 4 ~ 2

PrS¹ NP I-
ESTABROOK 73 ASPK 17
GRAYER 73 ASPK 17
HYAMS 73 ASPK 0 17
FUJII 75 RVUE 17

ED IN TERMS OF POLE POSITIONS

PI-Pr PI+PI-N
P I-P r P I+P I-N
P I-Pt N P I+PI-
P I-P r PI+PI N

US ING

AVERACE {ERROR INCLUDES SCALE FACTOR OF 1 Ol
AVERAGE U Sl hlG STUDENT10 {H/1 1 1 l —SEE TEXT

3 S¹9 IDTH (HEV)

( 180» ) APPROX ~ HORGAN 75 RVUE

WAh)G 61 J ET P 13 323
8 I G I 62 C ERN CONF 247
BI NGHAM 62 C ERN CONF 240
ERWIN 62 PRL 9 34
BALTAY, 64 DUBNA CONF 1 409
BARMIN 64 DUBNA CONF 1 433
CRENNELL 66 PRL 16 1025
HESS 66 PRL 17 1109

WANC TSU-TSENGt VEKSLERt VRANAt+ ( JINR)
A BIGI ~ S BRANDTr R CARRARA + (CERN)
H H 8INGHAHt H BLOCH + ( EPOL+CERN}
ERWINt HQYERr MARCH t bALKER tWAhIGLER (WISC+BNt. I

BALTAYr LACH, CRENNELL r OREN, STUMP ~{YALE+BNL }
BARMINt DOLGCLENKOt YEROFEEV rKRESTNI+ ( ITEP )
CRENNEt Lt KALBFLEI SCH t LAI r SCARR tSCHU+ (BNL )
+ C AHL+ HARDY+K I R 2+M IL L ER (LRL }

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

REFERENCES FOR S¹

1/73
1/73
1/73
1/74

1/74

12/75¹
12/75¹
1/74

12/75¹

12/75¹

DE GROOT
.BIZZARRI
-BIZZARRI
BESCH
AYRES

.BALLAM

.COLLEY
BAL AKIN

.AGUII AR

AGUILAR
DIBIANCA
ALUENSLE
HYAMS

MOSTEK

1016 101E) 1020 1022 1024 1026
PHI MASS (MEU)

4 PHI WICTH (HEV)

74 HBC
74 DBC
74 DBC
74 CNTR
74 ASPK
73 HBC

?2 HBC

72 OSPK
72 HBC.

72 HBC
71 DBC
71 OSPK
70 OSPK
6B OSPK

CHISQ
2.2
2.5
1.6
0.1
0.1
2. 2
1.9
1.9
0.2
0.0
0.1
0.7

16.1
2 ~ 3

32.0
(CONLEU
=0.002)

BARLOW
BEUSCH
DA HL
ALITTI
LAI
PHELAN

ALSO
AGUILAR-

ALSO
ALSO

HOANG
HGANG

BADI ER
BATON
BEUSCM
HYAMS

At. SO
OH

ALST Ghi-G

BASDEVAN
DAHERI
DUBOC
FLATTE
GRAYER
WILLIAMS

67 NC 50A 701
67 PL 25 8 357
67 PR 163 1377
68 P RL 21 1705
68 PHILAD ~ CONF ~ P ~ 303
68 THESIS
68 PRL 21 316
69 PL 29 8 241
67 BARLOW
69 NP 8 14 195
69 NC 61 A 325
69 PR 184 1363

70 NP 8 22 512
70 PL 33 8 528
70 PHI LA ~ CONF ~ P ~ 185
70 PHILA ~ CONF ~ P ~ 41
70 NP 8 22 189
70 PR D 1 2494
71 PL 36 8 152

+LILLESTOL+MONTANET+ (CERhi+COEF+IRAD+L I VP l
+F ISCI. ER t GOBBI t ASTBURY+ (ETHZ+CERN)
+ HARDY+HE SS+K I R 2+M ILL ER {LRL )
+BARNES tCRENNELL t F LAMINI Gr GQLDBERGt+ {BNL )
KWAhi WU LA I (BNL)
JA HE 5 J ~ PHEL AN I Ah, L+ST ~ LOUIS UNI V l

HOAhlGt EARTLY t PHELANt ROBERTS+( ANI +CHI C+ NDAM)
M ~ AGUILAR-BENITEZ r J BARLGW t+ (CERN+CDEF )

M ~ AGUILAR BENITEZt J ~ BARLGWt+
T ~ F ~ HOANG
+EARTLY t PHELAN t ROBERTS t+

(CE Rhl+CDEF l
(ANL l

( ANL+ ILL C )

+BGNhIET DREVILLOhl BAUBILLIER + {EPOL+IPhIP)
+LAURENSt REIGNI ER (SACLAY)
W ~ 8 EUSCH ( ET HZ+ CEP N )
+KOCHt BEUSCHt+ (CEP N+MP IM+ETHZ+I OIC+HAWA)
HYAMS KOCH POTTER VGN LINDERN + (CERN+MP IM )
+GARF INKEL tMGRSEt WALKERt PRENTICE(WI SC+TNTO)
ALSTON-GARNJQST t BARB

ARO-GUILTIER

I t+ . ( LBL )

72 PL 41 8 178
72 NC 9 A 1
72 NP 8 46 429
72 PL 38 8 232
72 PHIL ~ CONF ~ PROC ~

72 PR D 6 3178

BASDEVANT r FROGGATT t P ETERS Eh (CERN)
+BORZATTArGOUSSUt+ ( GENG+MILA+ SAC L I
+GOLOBERGtHAKOWSKI rOCNALOr+ (LPNP+LIVP)
+ALSTON GARN JQST r BARB ARO-GALTI ERI t+ (LBL)

5 +HYAHS t JONES t SCHLE IN r BLUH t C IETL+(CERN+HP I M)
P ~ K ~ WILLI AMS (FSU)

W S 20
S 41

W S 46
W 165
W 150
W

W 136
W D 87
'W D 70
W 110
W D 120
W D 100
W D 131
W D 100

W D 500
W D 984
W S 54

S 71
W D 170
W

W AVG
W STUDENT

(3 ~ 5l
(6 ~ 0)
(1 ~ 8)
(4 ' 5)
4»2
4 ' 09
3 ~ 3
4 ~ 67
5 5

t4 ~ 5)
4»6
4t7
5 0
3 ~ 8
3 ~ Sl
4 ~ 5
4r4

(eeS)
(4.1)
4 ~ 2

~ ~ ~ ~

4 ' 09
4 ~ 09

(l»0)
{4~ 0)
{3~ 0)
(3 0)

0 ~ 9
0 ~ 29
l»5
2 ' 02
2 ~ 6

(3 ~ 0)
1 »7
1 ~ 9
1 8
1 5
0 ~ 37
0 ~ 8
o.e

(3 1)
(3 ~ 8)

1 3

0 19
0» 21

tlr5)
{2 01

0 ~ 9

(4 ' 0)

(205)
(3 ~ 6)

HILLER D

LONDON
ABRAMS
MQSTEK
AUGUST IN
B I ZOT
HYAMS
BALAKIN
DI 8 I ANCA
STOTTLEMY
AGUILAR
AGUI L AR

CGLLEY
BALLAM
COSME 2
AYRES
BESCH
BIZZARRI
BI ZZARRI
DE GRQOT

65 HBC
66 HBC
67 HBC
68 OSPK
69 GSPK
70 OSPK
70 OSPK
71 OSPK
71 OBC
71 HBC
72 HBC
72 HBC
72 HBC
73 HBC
74 GSPK
74 ASPK
74 CNTR
74 CBC
74 CBC
74 HBC

0 ~ 0 PSAR P
2 ~ 2 K-P

4 ~ 2 K- P
1 8 GAHMA + C
E+ E- COLL ~ BEAHS
E+ E- COLL BEAHS
11» PI- P

E+ E- COLL ~ BEAM
4 ~ 93 K- N

2 ~ 9 K-P Y K K BAR
3 ~ 9r4. 6 K- P
3 ~ 9r4 ~ 6 K- P
10 ~ K+ P ~ K+ P PHI
2. 8 — 9»3 G P
E+E- COLt. ~ BEAMS
3-6PI/K-PtK+K-
2 GAMMA PtPK+K-
0 PBAR Nt K+K- PI
0 P BAR N t KLKS P I
4 2 K-PtL K+K-

AVERAGE (ERROR INCI UDES SCALE FACTOR OF 1 ~ 0)
AVERAGE U SI NG STUDEhiT10 (H/1 1 1) — SEE TEXT

W S Ih SIGNIFICANT DATA W ITH SMALL STATISTICS NO LOhIGER AVERAGED
W D WIDTH ERRORS ENLARGED BY US TG 4¹WIDTH/SQRT(N)

12/75¹
12/75¹
12/75¹
6/68

12/72
12/72
6/70

12/75¹
12/75¹
ll/71
12/75¹
12/75¹
12 /75¹
12/75¹
2/74

12/75¹
12/75¹
12/75¹
12 /75¹
12/75¹

8 INN IE
DIAMOND
ESTABROG
FUJI I
GRAYER
HY AMS
OCHS
PRGTOPOP

GRAYER
GRAYER
HORGAN

73 PRL 31 1534
73 PR 0 7 1977
73 TALLAHASS'EE
73 NC 13 A 311
73 TALLAHASSEE
73 NP 8 64 134
73 THESIS
73 PR D 7 1280

74 NP 8 76 375
74 NP 875 189
74 Pl 518 71

+CARRrOEBENHAMtDUANEtGARBUTTt+ (LQIC+SHMP)
+BINKLEYt+ ( WI SC+DUKE+COLG+TNTQ+OHI Q l
ESTABROOKSr MART Ihlt GRAYERr HYAMS+ (CERN+HPIM)
Y»FUJI I r M ~ KATO (TOKYO )
+HYAHSr JONES tBLUM t DIETLr KOCH+ (CERN+HPIM}
+JONESt WEILHAMMERt SLUM tOIETLt+ (CERN+HPIM }
W ~ QCHS ( MP I M )
PROTQPGPESCUt GARNJGST tGAt T IERI r FLATTE+ {LBL j

+KYAMStJONEStBLUHtGIETL (CERN+MP IM )
+HYAHS r JONES t BLUM t DI ETLr KOCH+ (CERN+MPIH )
D ~ MORGAN ( RHEL )

FUJI I 75 NP 885 179 Y ~ FUJI Ir M ~ FUK(IGITA ( TOKY )
HORGAN 75 PREPRINT RL75133 D ~ MORGAN ( RHEL)
PAWLICKI 75 PR D12 631 +AYRES rDIEBCLDt GREENE rKRAMERt WICKLUND (ANL )

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

Pl
P2
P3
P4.
P5
P6
P7
PS
P9
P10
Pll
P12
P13
P14

4 PHI PART IAL DECAY MODES

P HI INTO K+ K-
PHI IhITO KL KS
PHI INTO PI+ P! P Io ( INCLUDIh!G RHO Pl )
PHI INTO ETA GAMMA

PHI INTO E+ E-
P HI I NTO HU+ MU-
PHI INTO P I 0 GAMMA

PHI INTO PI+ PI- (VICLATES G)
PHI INTO PI+PI GAHHA
PHI INTO OMEGA GAHHA ( VICI ATES C)
PHI INTO ETA PIO {VICt ATES Cl
PHI INTO RHO GAMMA (VIOLATES C)
PHI INTO ETA NEUTRALS
PHI INTO 5P I

DECAY MASSES
493+ 493
497+ 497
139+ 139+ 134
548 t. 0

~ 5+ .5
105+ 105
134+ 0
139+ 139
139+ 139+ 0
783+ 0
548+ 134
773+ 0

$(1020) FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

4 PHI MASS (HE V)

M S
M S
M S
H S
M

M S
H

M

M

M

M

M

M

H

M

M

M

M

M

H

M

M A

M S

18(1019F 0)
20(1018 6)
41{1020' 0)
46 ( 1021 51
15(1019~ )
32 t 1021» 0)

165 1022 '
136 1018
107 1021»0

D 70 1019~ 9
410{1019~ 9)

D 120 1019~ 6
D 100 1019' 9

87 102O. S
131 1020 ' 4
100 1020 ~ 3
500 1019' 5
984 1019' 4

54 101' 7
71 1018»6

170 1020 ~ 3
~ ~ ~ ~

VG 1019 70
TUDENT1019 ~ 84

{2 0)
{0~ 5 l

(2 0)
(0.8)
(3
(4 0)

1 5
0 5
1 ~ 5
0 ~ 7

(0 3)
0 ~ 5
0 5
0 ' 8
0 5
0»4
o.e
0 ~ 8
0 ~ S

» 7
0 ' 4

~ » ~ ~

0 ' 24
0 ' 20
(SEE

SCHLE IN
HILLER 0
LONDON
ABRAHS
BARLGW
DAHL
HQSTEK

0 ~ 35 HYAMS
At-VENSLE
DI BI ANCA
STOTTLEHY
AGUI LAR
AGUII AR
BALAKIN
CGLLEY
BALLAM
AYRES
BESCH
BI ZZARR I
BIZZARRI
DE GRGQT

63 HBC
65 HBC
66 HBC
67 I'.BC
67 HBC
67 HBC
68 GSPK
70 QSPK
71 QSPK
71 CBC
71 HBC
72 HBC
72 HBC
72 GSPK
72 HBC
73 HBC
74 ASPK
74 CNTR
74 GBC
74 DBC
74 HBC

2 ~ 0 K- P
0»0 PBAR P
2» 2 K-P

4 ~ 2 K- P
1 ~ 2 PEAR P
1-4 P I- P

1 8 GAMMA + C
11 PI- P
GAHHA+C
4»93 K- N

2 ~ 9 K-P Y K K BAR

3 9t4 6 K- P
3 ' 9t4 F 6 K- P
E+ E- CQLL ~ BEAMS
10 K+ Pr K+ P PHI
2»8 - 9.3 G P
3-6PI /K-P tK+K-
2 GAMMA P t PK+K-
0 PBAR Nr K+K- PI ~

0 PBAR NtKLKS PI
4 ~ 2 K-P r I K+K-

AVERAGE {ERROR INCLUDES SCAI E FACTOR QF 1 ~ 6)
AVERAGE USING STUDENT10(H/1 1 1) — SEE TEXT

IDEOGRAM BELOW l

M S INSIGNIFICANT DATA bITH SMALL STATISTICS NC LONGER AVERACED
M D HASS ERRORS ENLARGED BY US TO WIDTH/SQRTtN)

12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
6/e8
6/70
1/72

12/75¹
11/71
12/75¹
12/75¹
12 /72
12/72
1/74

12/75¹
12/75¹
12/75¹
12 /7 5¹
12/75¹

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P. , as follows: The diagonal elements are P. + 6P. , where

1 1 1
6P. = Q(6P. 6P.), while the off-diagonal elements are the normalized correlation coeffi-1 1 1
cients (6P.6P. ) /(6P. ~ 6P.). For the definitions of the individual P., see the listings1 J 1 j. 1'
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and1
are thus constrained to add to i.

P 1 P 4
P 1 ~ 4661+-e 0232
P 2 —~ 7766 ~ 3503+- 0203

3 - ~ 4924 —~ 1451 1642+- 0145
P 4 — 0748 - ~ 059 8 —~ 0399 ~ 0195+-~ 0035

P 3

4 PHI BRANCI- ING RATIOS

Rl PHI
Rl 8 27
Rl 252
Rl C

R 1 C SUPER
Rl
Rl
R 1 270
Rl
Rl AVG
Rl STUDENT
Rl F IT

INTO (K+ K-}/{KKBAR + P I+ PI- PIO)
(0 ' 26) (0 ' 06) BAD IER

0»48 0 ' 04 LI NOSEY{0.493) (Oo044) BI ZGT
SEDED BY CHATELLS 71

0.540 0.034
0.486 0.044
C»49 0.0e

~ ~ ~ ~ ~ ~ ~ ~

0 ~ 505 0.021
0.504 0.024
0 ' 475 0.024

( P 1 ) / ( P1+ P2+ P3 )
65 HBC
ee HBc 2 ' 7 K-P
70 QSPK E+ E- CQI L BEAMS

BALAKIN 71
CHATELUS 71
DE GROQT 74

OSPK E+ E- COlL BEAM
OSPK E+ E- COLL ~ BEAMS
HBC 4 2 K-PtL PHI

UDES SCALE FACTOR QF l»0)
NT10(H/1 ~ 1 1) -- SEE TEXT
UDES SCAI E FACTOR OF 1 6)

AVERACE ( ERROR INCL
A VER AGE U SING STUDE

FROM FIT {ERROR INCL

10/66
10/66
11/71
11/7 1
11/71
11/71
12/75¹
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ParticIe Data GroUp: Review of particle properties

Data Card Listings
For notation, see key at front of Listings.

Me sons
$(1020), M(1033), BI (1040)

PHI INTO (KL
25 (0 ' 23)

167 0»40
0.257

270 0.37
«« ~ ~

0 ' 335
0 ' 342
0 ~ 357

RZ
R2 8
R2
R2
R2
RZ
RZ
R2
R2

AVG
STUDENT
F IT.

KS) /(
{0~

0 ~

0 ~

0»

0 ~

0 ~

0 ~

KKPAR + PI+ FI- PIO}
06} BA DI ER 65 HBC 10/66
04 LINDSEY 66 HBC 2 «7 K-P 1.0/66
038 BALAKIN 71 QSPK E+ E COLL ~ BEAMS ~ 1/73
05 DE GRQOT 74 HBC 4» 2 K-P s L PHI 12/75¹
~ ~

046 AVERACE {ERROR INCLUDES SCALE FACTOR OF 1»9)
034 AVERAGE USING STUOENT10(h/1. 11 j -- SEE TEXT
021 FROM F IT ( ERROR INCLUDES SCALE FACTOR OF 1 61

( P 2 ) / ( P 1+P 2+ P 3 )

(P2}/( Pl+P2)
63 HBC 2»0 K-P
65 HBC 3 ~ 0 K-P
eb HBc 2 ~ 2 K-P

PHI INTO t KL KS) I (K KBAR)
10 0»40 0 ~ 10
52 0 ' 48 0 ' 07

0 ' 44 0»07

R5
R5
R5
R5
R5
R5 AVG
R5 STUDENT
R5 F IT

SCHLE IN
BADI ER
LONDCN

0»044
0 ' 048
0 025

0 ~ 448
0 ~ 448
0 ~ 429

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 01
AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE TEXT

FROM F IT ( ERROR INCLUDES SCALE FACTCR GF 1 7)

10/66
11/67

~ 10/66

PHI INTO (PI+ P I- PIG
(0 ~ 3) OR LESS

0 ~ 69 0 ~ 14
0 ~ 47 0 ~ 06

R7
R7
R7
R7
R7
R7 AVG
R7 STUDENT
R7 F IT

0 ~ 504
0 ~ 501
0 469

0 ~ 080
0 ' 063
0 ~ 053

{IhCL»RHC Pj 1) I (KL KS) (P31/(P21
8ERI.EY 65 HBC 2 ~ 9 P I+P 1, 0/66
8 I ZQT1 70 QSPK E+ E- COLL ~ BEAM 1/71
CGSME 1 74 GSPK E+E- COLL ~ BEAMS 2/74

AVERACE (ERROR INCLUDES SCALF FACTOR QF 1 ~ 4)
AVERAGE USING STUDENT10(H/1 11) -- SEE TEXT

FROM F IT ( ERROR I NCL UDES SCAL E FACTOR OF 1 1 1

RB
RB

PH I INTO (PI+ PI-1/(K KBAR) (SEE ALSO R18) (PB}/(Pl+PZ)
(0 ' 2) OR LESS LONDON 66 HBC 2 ~ 2 K-P 10/66

R9 PH I INTO ( E+ E-1/( K+ K- } ( UNITS 10¹¹-4} (P5) /(Pl)
R9 {SEE ALSO R16 }
R9 40 6«1 l«7 BECKER 68 CNTR GAMMA C

PHI INTO {)U+
3 ' 5
2 ~ 34
F 17
2 69

R10
R10
R10
R10
R10
R10
R10 AVG
R10 STUDENT

~ ~ ~ ~ ~

2 50
2 ~ 50

Rll PHI INTO (ETA
Rll 27 0 ' 073
Rll 25 0 026
Rll 54 0 ' 015
Rll « ~ ~ ~ ~

Rll AVG . 0 ~ 0195
Rl 1 STUDENT 0 ~ 0189
Rll F IT 0 ~ 0195

MU-) /TCTAL (UNITS 1.0¹¹-4) (P61
3 ' 5 1 ~ 8 WEHHANN 68 GSPK 12 K C

1 01 MQY 69 CNTR PHOTOPROD ~

0 ~ 60 EARLES 70 CNTP. 6»0 BREMSSTR«
0 ~ 46 HAYES 71 CNTR PHQTGPRQD«

~ ~ ~ ~

0 ~ 34 AVERAGE ( ERROR I NCL UDES SCALE FACTCR OF 1 ~ 0)
0 ~ 37 AVERAGE USING STUDENT10(H/1» ll} —SEE TEXT

(P4)
BASILE 72 CNTR 1 8 PI- P
BENAKSAS 72 QSPK E+E- COLL BEAMS
CQSME 75 GSPK E+E- CGLL ~ BEAHS

GAHMA)/TOTAL
0 ~ 019
0 ~ 007
0 F 004

~ ~ ~ ~

C ~ 0050 AVERAGE (ERROR INCLUDES SCALE FACTOR GF 1 5)
0 ~ 0042 AVERAGE USING STUDENT10 (H/l«11 } —SEE TEXT
0 ~ 0035 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 0}

6/68
11/70
11/70
11/71

12!72
2/73

12/75¹

R12
R12
R 1.2
R12

PHI INTO (P I+ Pl ' GAMMA)/TOTAL
(0 ~ 04) OR L ESS L I NOSEY
(0 ~ 007)OR LESS CL=»90 CQSME 1

( F 06} OR LESS CL=»90 KALBFLEI

(P9)
65 HBC 2 ~ 7 K-P 2 /74
74 QSPK E+E- COLL ~ BEAMS 2/74
75 HBC 2 ~ 2 K- P t GAMHA + 12/75¹

R6 PHI INTO {PI+ PI- PIG (INCL ~ RHO PI ) ) /(K KBAR). (P3)/(Pl+P2)
R6 0»30 0 ~ 15 LONDON 66 HBC 2 ' 2 K-P 10/66
R6 ~ ~ ~ ~ ~ ~ ~ ~ ~

Rb F IT 0 ~ 201 0 ~ 021 FROM FIT (ERROR INCLUDES SCALE FACTOR QF 1 ~ 1)

ABRAMS
BARLQW
C I-'A 5E
DAH(.
HERTZBAC
KHAC HATU

ABRAMS
ASTVACAT

ALSO
BECKER
8 I NNI E
BQLLI hj
HOSTEK
WEHMANN

AUGUST IN
BALAK! h

ALSO
HOY

SCOTTER
5 I DORQV

67 MD TECH REP 720
67 NC 50A 701
67 PRL 18 710
67 PR 163 1377
67 PR 155 1.461
67 PL 248 349

68 l R 175 1697
68 PL 27 8 45
67 PRL 19 869
68 PRL 21 1504
68 PL 278 106
68 NC 56 A 1171
68 PRL 20 1057
68 PRL 20 748

69 PL 28 B 517
69 I YAF 327 TRANS
69 S IDORCV
69 THESIS
69. Nc 62 A 1057
69 LI VER POOL SYMP ~ ON

GERALD ABRAHS s THESIS {MARYLAND)
+LILLESTOL+MGNTANET+ (CERN+CDEF+IRAD+Lj VP)
R «C ~ CHASEs P ~ RCTHWELL sR ~ WE INSTEI N (CEA+NEAS )
+HARDY+HE SS+K IRZ+HIL LER (LRL)
hERTZBACHsKRAEMERs YACANSKI s ZDANIS+( JHU+BNL )
KHACHATURYAN+AZIMOV+BALD'IN+BELOUSOV+(DUBNA)

+GLASSERsKEHQEsSECHI-ZQRNtWGLSKY (HARYLAND)
ASTVACATURGV AZIMQV BALDIN+ {JINR+MOSCQW)
ASBURY t BECKER ~ BERTRAM s TING+ ( DESY+COLUHBIA )
+BERTRAMt BINKLEYt JORCANsKNASEL+ (OESY+MIT)
+DUANE+FARUQI+HGRSEY+ (LGIC+RHEL )
+BUHLERsDALPIAZsMASSAH+ (CERN+BGNA+STRB}
+E ISENHANDLERt HCCLELLANt MISTRY+ (CORNELL)
+ENGELS+ {HARVAROt CASE+SLAC+CQRNELL+HCGILL )

+BIZQTt BUCNsDELCOURTt HAISS INSKIs+ tORSAY)
+BUOKERs KORSHUNOVt HI SHNEVsSIDQRQV+ ( NQVQ )

KEN MI N HOY (NORTHEASTERN UNIVERSITY)
s ER SKI hlE s PALER s + ( 8 IR M+GLAS+LOI C+MPIM+QXF )
ELECTRCNS+PHOTGNS r P ~ 227s S IDOROV (NOVO)

BALAK IN
BI ZOT

ALSO
8 I ZOT1
BI ZOT2
EARLES
HYAMS

70 PREP R INT
70 PL 32 416
69 PEREZ-Y- JORBAs
70 PRIV «COMH ~

70 LNC 4 1273
70 PRL 25 1312
70 NP 8 22 189

+BUTLER t PAKHTU SCVA s S IDOROV sSKR I NSKY s+( hlGVO)
+BUGNt CHATELUSt JEANJEANsLALANNEs+ (QRSA)

LIVERPOOL 5YMP 69
P EREZ- Y- JORBA (GRSA}
+DELCOURTtJEANJEANtLALANNEt + (ORSAY)
+FAISSLER GETTNERsLUTZ MQY TANG + (NEAS)
+KQCHsPGTTERtV ~ LINDERNtLGRENZsLUTJENS(CERN)

ALVENSLE 71
BA LAK I)f 71
DI 8 I ANCA 7 j.
CHATELUS 71
HAYES 71
STOTTLEM 71

PRL 27 441
PL 34 8 328
NP 8 35 13

LAL 1247( ThES I 5 )
PR D 4 899

QRO 2504 170

ALVENSLE BENs BECKER BU SZA CHEN + ( MIT+ DESY 1
+BUOKER s PAKHTUSOVA t 5 IOOROV s SKR INSKYs+( NOVO}
&E INSCHLAG s ENDO RF s ENGLER t F ISKr + (CORN)
Y ~ CHATELUS (STRASBOURG)
+IMLAY s JOSEPHs KEI ZER s STEIN -(CORN)
A ~ R ~ STOTTLEMYERt THESIS (HARYLAND)

AGUILAR
AL VENSLE
BALAK IN
BAS ILE
BENAKSAS
COLLEY

72 PR 0 6 29
72 PRL 28 66
72 PL 40 8 431
72 NP B 44 605
72 PL 42 8 511
72 NP 8 50 1

AGU ILAR-BENITEZ sCHUNGt EI SNER s SAHIOS (BNL )
ALVENSI. EBEN BEG KER BI GGS 8 INKLEY+ (HIT+DESY )
+BQKIN PAKHTUSOVAs SIDORGV + (NOVOSIBIRSK)
+DALPIAZ FRABETTI ZICHICHI+(CERN+BGNA+STRB)
+CQSME s JEAN-MARIEs JULLIANs LAPLANCHE+(ORSAY)
+JOBE S s R I DDI FORDs GR I FF ITHS s+ ( 8 I RH+GLAS )

BALLAM 73 PR D 7 3150 +CHADWICK s EISENBERGt 8 INGHAM t+ (SLAC+LBL 1

AYR ES
BESCH
8 I ZZARR I
COSHE 1
CQSME 2
DE GROOT

74 PRL 32 1463
74 NP 870 257
74 N C 20 A 393
74 PL 48 8 155
74 PL 48 8 159
74 NP 874 77

+OI EBGLDs GREENE tKRAHERsL EVINEs+ (ANL )
+HART MANN t KOSE s KRAL'TS CHNE IDERs PAULt + (BONN )
+C IAP ETT I s D IGNI SI s DOR E s GA 5P ERG+ ( ROMA )
+JEAN-MAR I Es JULLIANs LAPLANCHEs+ (ORSAY)
+JEAN MARIE t JUL LI AN s LAPLANCHEt+ (ORSAY )
+HOOGLANDs JGNGE JANSs METZGER+ (AHST+NI JH)

COSME 75 PREPRINT LAL 1279 +CQURAU DUDELZAK GRELAUD JEAN-MARIE+(ORSAY)
KALBFLE I 75 PR Dl 1 987 KAL BFL E IS CHs STRAND s CHAPMAN ( BNL+ MICH }

GRAYt L 66 PRL 17 501 +f.AGERTYs 8 IZZARRI t CI APETT I + (SYRA+RGMA) J PG
L INDSEY 66 PR 147 913 JAMES S L INDSEYt GERALD A SMITH (LRL)
L INDSEY1 66 PL 20 93 J ~ S ~ LINDSEYs G» A ~ SHITH (LRL )

LINQSEY 1 66 DATA INCLUDED IN LINOSEY 66 ABOVE
LG hlDCN 66 P R 143 1034 LCNDONsRAUsSAMICSsGQLDBERG + (BNL+SYRACUSE)

R13 PHI INTO ( ETA NEUTRALS)/(K KBAR} {P13}/ {Pl+P21
R13 t 0 ~ 15) OR LESS L I NOSEY 66 HBC 2 ~ 7 K-P

R14 PHI INTO (OMEGA GAHHA) / TOTAL (P10)
R14 (0 ' 05) OR LESS LI NOSEY 66 HBC 2 ~ 7 K-P

R15 PHI INTO (RHQ GAHMA) / TOTAL (P121
R15 (0«02) OR LESS L INDSEY 66 HBC 2 ~ 7 K-P

10/66

10/66

1,0/66

M(1033)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹

67 M( 1033 )

(P5)

4 Pj- P
PHI ) - UNCERTAINTY ~

1 ~ 6 PI- P
1 »9 PI- P
E+ E- COLL ~ BEAMS

BALAKIN 71 OSPK E+ E- CCLL ~ BEAH
CHATEI US 71 OSPK E+ E- COLL ~ BEAMS
COSME 1 74 OSPK E+E- COLL ~ BEAMS

Rle PHI INTO (E+ E-)/TOTAL (UNITS 10¹¹-4)
R16 {SEE AI. SO R9)
R16 A 5 (6 ~ 6) (4«41 (2 ~ 8). ASTVACATU 68 GSPK
R16 A ERROR OF ASTVACATUROV 68 DOES NGT INCLUDE SIGMA(
R16 27 7 ' 2 3 9 BI Nhlf E 68 QSPK
R16 9 6 ~ 1 2 ~ 6 BQLLINI 68. CNTR
Rle C (3 45) (0»27) 8 I ZGT 70 OSPK
R16 C SUPERSEDED BY,CHATEl US 71
R16 2 ~ 81 0 ~ 25
R16 3 ' 50 0 ' 27
Rlb 3 ' 3 0 ' 3
R16 ~ ~ ~ ~ ~ ~ ~ ~ ~

R)6 AVG 3»19 0 ~ 21 AVERACE {ERROR INCLUDES SCALE FACTOR OF 1 ~ 4)
R16 STUDENT 3 ~ 21 0 ~ 19 A VERAGE USING STUDENT10 ( I-'/1 11) -- SEE TEXT

6/68
6/68
6/68
9/68

11/71
11/7 1
ll/71
ll/7)
2/74

EVIDENCE NOT COMPELLING ~ QM!TTED FROM TABLE ~

67 M(1033) MASS (MEV)

0 2 ~ 4 PI- P sN MM 1/74

12/75¹

67 M(1033 } WIDTH {MEV)

W 240 16 2 4 ~ 8 7 ~ 5 GARF INKEL 72 MMS 0 2 ~ 4 PI- P s N MY 12/72

M N 240 1032«6 2 ' 3 GARF INKEL 72 HMS
H N NOT SEEN BY BINNIE 74 AT 2 GEV/C ~

H N NQT SE'EN BY BUTTRAM 75 AT 2»4 GEV/C

R17 P Hl IhfTQ ( P IO GAMMA )/ (TOTAL) (P7}
R17 7 (0 0025) {0~ 0012) BENAKSAS 72 OSPK E+E- COLL' BEAMS 2/73
R17 32 0 ' 0014 0 0005 COSME 75 OSPK E+E- COLL ~ BEAMS 12/75¹

REf ERENCES FQR M(1033 }

R18
R18
R)8
R18
R18

(PB)PHI INTO (PI+ PI-}/(TOTAL) (UNITS 10¹¹4)
{SEE ALSO RB }

(50 ~ 1 OR LESS
( 80 ) OR LESS

(2«7) OR L ESS

CL «95 BI ZQT2 70 OSPK E+ E COL L» BEAMS
CL ~ 95 BALAKIN 71 OSPK E+ E COLL ~ BEAM
CL=.95 ALVENSLE 72 OSPK GAMMA+C

11/7 1
1/71
1/72

GARF INKE 72 PRL 29 1477
8 I NNIE 74 PRL 32 392

BUTT RAM 75 PRI 35 970

GARF INKEL t.HQFF MAN s JACOBEL s+ ( PURO+AhL+ IOWA }
+CAHILL ERI sCARR s DE BEhlHAMs+ (LQI C+ SHMP )

+CRAWLEYtDUKEtLAMBtLEEPERt PETERSON (ISU)

(P2)/(Pl}
3»9s4 ~ 6 K- P 12/72
10 .K+ P t K+ P PHI 12/72

PHI INTO (KL KS) /( K+ K- )
144 0 ~ 89 0 ~ 10
125 1» 15 0 ~ 15

R19
R19
R19
R19
R19 AVG
R19 5TUDENT
R19 F IT

72 HBC
72 HBC

AGUI LAR
COLLEY

AVERAGE .{ERROR INCLUDES SCALE FACTOR OF 1.4}
AVERAGE USING STUDENT10(k/1» 11) -- SEE TEXT

FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 7}
0 12
0 ~ 099
o.a 76

0.97
0 ~ 966
0«752

R20 PHI IhlTQ I P I+ PI- P I 0(!NCL ~ RHG PI 1/(K+ K-) (P3)/(Pl)
R20 34 0» 28 0 ~ 09 AGUILAR 7Z HBC 3 ~ 9t4«6 K- P 12/72
R20 ~ ~ « ~ ~ ~ ~ « ~

R20 FIT 0»352 0 ~ 043 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 2)

R21 PHI INTO {2PI+ 2PI — PIO)/(K+ K-)
R21 (0 ' 02) OR LES5 CL=O ~ 95 AGUILAR 72 HBC 3 ' 9t s 6 K- P 12/72

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFERENCES FOR PHI

¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

B,(1o4o)
48 Bl(1040) IG=l+

EVIDENCE NGT CQ MPELL ING ~ OMITTED FROM TABLE ~

48 81(1040) MASS (HEV)

H 5 (1040 ~ ) DEFO IX 73 HBC +- 0 ~ 7 PBAR P t 7 PI 1/74
H 5 SEEN IN DECAY OF A2 INTO Bl PI ~ NOT SEEN BY DIAZ 74«

48 Bl( 1040) WIDTH (MEV)

8ERTAN ZA 62 PRL 9 180 BERTANZAsBRISSGhsCCNNOLLYsHART + (BNL+SYRA)
GELFAND 63 PRL 11 438 GELFANDs HILLER s NUSSBAUHsK IRSCH+ (COLU+RUTG}

GELFAND 63 CATA INCLUDED IN fsILLER 65 BELD)t
SC HLE IN 63 PRL 10 368 SCHLE IN s SLATERt SHITH s STORK sTICHO (UCLA )

(55. } DEFOIX 73 HBC + 0 ~ 7 PBAR Ps7 PI 1/74

BAD IER 65 PL 17 337
BERLEY 65 PR 139 8 1097
GALTIERI 65 PRL 14 279
LI NDSEY 65 PRL 15 221

L INDSEY 65 CATA INCLUDED
MILLER D 65 CU-237 (NEVIS 131

BADIER sDEHQULI Ns BARLOUTAUC+ {SACI +ZEEM )
D BERLEYs N GELFAND ( BNL+COLUMB IA )
A BARBARQ GALT IER I s R 0 TRIPP (LRL 1

JAMES S LINOSEYsGERALD A SMITH (LRL }
IN LINOSEY 66 BELOW
) CAV ID C HILLER {THESIS) (COLUMBIA )

Pl

48 8 1( 1040 ) PART IAL DECAY MODES

81 ( 1040) I NTO CMEGA P I
DECAY MASSES

139+ 783

Rev. Mod. Phys. , Vol. 48, No. 2, Part I I, April 1976



S'112 Particle Data Group: Review of particle properties

Meson s
B (1040), qN(1080), Ag(1100)

Data Card Listings
For notation, see key at front of Listings.

DEFOI X

DIAZ
73 PL 43 8 141
74 PRL 32 260

REFERENCES FOR 81(1040)

+QQBRZYNSK It ESP IGATt NASCIMENTOt+ ( CDEF )
+DI 8IANCA~ FICK I NGER s ANDERSCNv+ ( CAS E+CARN )

I

There is a special category of "diffract. ive

mesons" consisting of statistically signif icant

N(1080)
30 ETA N(1080~ JPG=N +) I=O J GREATER THAN 1

SOME EXPERIMENTS SUGGEST J=2 ~

OMITTED FROM TABLE

peaks like A , A , Q, and L (see the corresponding
1 3'

mini-reviews), which are not far above the

respective pvT, fvT, K (892) r, and K (1420) vt

Note on vt vT Peaks Called q (1080)
N

+
The g (1080) is seen in vT p ~ vt vT n

N

predominantly at backward decay angles,
cose & -0.75. OH 70. state that this "bump is
almost certainly the result of P-D interference. "

Note that, the selection made in some bubble

30 ETA N MASS (MEVl

1060 0
70 1085+0

1120 0
1112 0

(1080 ~ 01
. 1070 ~ 0

~ ~ ~ ~ ~

AVG 1083+3
STUDENT1083 ~ 0

15 0
10+0

100 ' 0
16 0

20 ' 0
~ ~ ~ ~

9 ~ 8
8 ~ 3

40 o0

MILLER
WHITEHEAD
OH

CLAYTON
DIAZ
REYNOLDS

68 HBC
68 ASPK
69 HBC
70 HBC
70 HBC
70 HBC

4 ~ 0 PI- P
3 ~ 1-3~ 6 P I-P

7 PI- Pr PI+ D

2 ~ 5 PBAR Pg4 PI
0 ~ PBAR Pq 4 PI

2 ~ 26-2 36 P I - P

AVERACE (ERROR INCLUDES SCALE FACTOR QF 1 ~ 4)
AVERAGE USING STUDENT10(H/1 11) -- SEE TEXT

chamber experiments to reduce the background
+under the q (1080) in the reaction vr p ~ vr vt n

N

may lead to a sample of events ambiguous with

vl p ~ pvr vt vT (BATON 70 and private communications

from G. Laurens).

9/68
10/67
9/69
1/71
5/70
1/7 1

thresholds. Because the behavior near threshold

in these channels may be described by the Deck

effect, a resonance interpretation is questionable.

These peaks are included in the Meson Table, but

we do not mean to imply that they are necessarily
genuine resonances.

Other meson systems such as Kd, K$, K K also
exhibit low mass peaks when produced in reactions
which may proceed without quantum number exchange

(see for example DAVIS 72, CHUNG 74,
THEOCHAROPOULOS 74, CARNEY 75, OTTER 75).

Partial-wave analyses of multi-meson systems

in reactions like &N ~ (vtvTvT) N are becoming

available (ASCOLI 70). Several important

assumptions are made in such analyses (see

HANSEN 74, HERNDON 75 for detailed discussions),
amongst which:

(a) for a given t, the 3vT vertex is independent

of the NN ver tex;
30 ETA N WIDTH (MEV)

W

W

W

W AVG
W STUDENT

(70 0)
{25m 0)
150' 0
( 80 ~ 0)
(80 ~ 0)

85 ' 0

98 ~ 0
97 ~ 7

OR LESS
OR I ESS

100 0

35 ' 0

31 ~ 3
34 ~ 5

40 e0

PILLER
WHITEHEAD
OH

CLAYTON
DIAZ
REYNOLDS

68 HBC
68 ASPK
69 HBC
70 HBC
70 HBC
70 HBC

4e0 PI- P
3 1-3' 6 PI-P

7 ~ PI- PgPI+ D

2 ~ 5 PBAR Pp4 PI
0 ~ PBAR P y 4 PI

2 26-2 ~ 36 P I — P

AVERACE (ERROR INCLUDES SCALE FACTOR QF 1 0)
AVERAGE USING STUDENT10(H/ jo 1 ll -- SEE TEXT

MILLER
WHITEHEA
QH
BATON
CLAYTON
DIAZ
REY NOL DS
WHI TEHEA
DIAMOND

68 PRL 21 1489
68 NC 53 A 817
69 PRL 23 331
70 PL 33 8 528
70 NP 8 22 85
70 NP 8 16 239
70 NP 8 21 77
72 NP B 48 365
73 PR 0 7 1977

+GUTAY g JOHNSON yKENNEY+ (PURDUE+NDAM+ Si AC)
C WHITEHEAD + (AERE+SHMP+LQI C )
+WALKER~CARROLL yFI REBAUGH y+ {WISC+TNTO)
+LAURENSy ZE IGNI ER ( SACL AY)
+MASDNyMUIRHEAOy RICOPOULOS g+ {LIVP+ATEN )
+GAVILLETgLABROSSEpMGNTANETp+ (CERN+CDEF l
+ALBR I GHT g BRADLEY e+ {OHIO+F SU+MINN+COLO)
Wl ITEHEAD yAULOI+ ( AERE+RHEL+SHMP+LOUC )
+BINKLEYg+ ( WI SC+DUKE+COLQ+TNTO+OHIO)

$44444444 4y4444444 444444444 444444444 4W4444444 444A44444 44444444

REF ERENCES FOR ETA N

9/68
10/67
9/69
1/7 1
5/70
1/71

(b) the 3vT decay proceeds through quasi-two-body

states (pvT, FvT, ... ) in the spirit of the
isobar model (a partial-wave analysis with

unitarity corrections to the isobar model

is applied to the 3vr system in ASCOLI 75;
see also AARON 75, AITCHISON 75, and

references therein).
The dominant. e ffect in the Al mass region

P +is a broad J =1 pvt S-wave enhancement, with a

maximum intensity at &1100 MeV and a width

~300 MeV (ANTIPOVl 73, KRUSE 74, OTTER 74,
TABAK 74, THOMPSON 74, EMMSl 75) . The phase of

p +the J =1 wave shows little variation relative to

The A ~ pvt bump has been mainly observed in1
the dif fraction-like process vtN ~ (vTvTvT) N without

quantum number exchange and at small momentum

transfer. There are also observations of
structure in the A mass region in reactions where

additional mesons are produced, in backward

production (see however ABASHIAN 75), and in pp

annihilations (see the Dat a Card Listings).

various other "background" waves (see however the
A and Q mini-reviews) . In contrast the A peak

3 2
has been confirmed as a resonance with a Breit-

p +Wigner-like phase change o f the J =2 partial
wave (ASCOLI 70, ANTIPOV1 73, OTTER 74, TABAK 74,
THOMPSON 74).

These results suggest that at most a small

part of the A enhancement, corresponds to a
p +J =1 resonance. Indeed ASCOLI1 73 and ASCOLI 74

show that the partial-wave structure of the 3vt

Rev. Mod. Phys. , Vol. 48, No. 2, Part II, April 1976



Particle Data Group: Review of particle properties S) 13

Data Card Listings
For notation, see key at front of Listings.

Mesons
X,(~ boa)

system is qualitatively reproduced by a Reggeized

pion exchange model.

BOWLER 75 attempt to explain the lack o f
+variation of the 1 phase by allowing for a phase

di fference between the Deck amplitude and a

direct, "A resonance" production amplitude. Good

fits to the data are obtained, but the A is
predicted to have M & 1300 MeV, I' & 250 MeV.

Recent analyses of the (3Tt) system producedp

69 MHS — 16 PI- P r SA'CKh9 8/69

PRODUCED BY PBARS SEE TYPED NOTE ~

(1054 ~ ) {7 ~ ) DANYSZ 67
{1042 ) {21' ) F R I OMAN 68

A {1076»} {5' } ATHERTQN 73
A JP ANALYSIS GIVES SOME EVICENCE FOR RHO PI

HBC +- 3r3 ~ 6 PBAR. P
HBC +- 5 7 PBAR P
HBC +- 5 ' 7 PBAR P
D-WAVE

~ 7/67
6/68
1/74
1/73

ALLISON 67 HBC + 6 K-P r LAM +5 PI 1/68
ALLISCN 67 HBC + 6 K PrLAM t4 Pl 1/68
JUHALA 67 HBC 0 4 ~ 6-5 K-P r 5BCDY 1/68

PRODUCED BY K+r SEE TYPED NCTE ~

K+ t 1060 ~ 0} ( 20 ~ 0) ALEXANDER 69
K+ t 1030~ 0 } ( 20 ~ 0) BE RL INGHI 69
K+ FOR CONTRADICTORY EVIDENCE SEE RABIN 70 ~

HBC + 9 K+P
HBC + 0 12 ~ 7 K+ P

9/69
9/69

M PRODUCED BY PIQNSr BACKhARQS SCATT ~

M {11150) (20 ~ 0) ANDERSON
H

H

M

M

M

M PRODUCED BY K-r SEE TYPED NOTE
M (11 11 ) ( 10 )
M ( 1117 ' ) (3C ~ )
M (1060 ) ( 15 }
M

M

M

M

M

M

M F FRCM A FIT TQ JP=1+ RHQ PI PARTI AL WAV E
M

M AVERAGING NOT MEANINGFUL

by charge exchange find no evidence for A

production. WAGNER 75 study the reaction
+ + p ++

71 p ~ ~ Yt 'tT 6, at 7 GeV/c and are able to set an

upper limit of 2 pb on the A production cross
+ + psection if I' & 150 MeV. Analyzing 7t n + Tt vr Yt p

at 4 GeV/c, EMMS2 75 observe no A with

M & 1100 MeV, but cannot rule out resonance

production above 1300 MeV.

References Not Included in the Data Card Listings

~ R. Aaron et, al. , Phys. Rev. D12, 1984. (1975).
~ I. J. R. Aitchison and R. J. A. Golding,

Phys. Lett. 59B, 288 (1975).
~ G. Ascoli and H. W. Wyld, Phys. Rev. D12g

43 (1975).
J. N. Carney et al. , Phys. Lett. 55B, 117

(l975) .
S. U. Chung et al. , Phys. Lett. 51B, 412

(1974).

10 A 1 bICTk (MEV }

PRODUCED BY Pl +
(80»0)

(130 ' )
t50.0)

(300~ )
(367 ~ }

}r
W

W APPROX ~

W OR LESS
W F APPROX»
W F (30 ~ )
W

W

'W

W

W

W

W

W

W F
W

W

W PRODUCED BY PIONSr BACKWARDS SCATT ~

W (98 ' 0} (45 0) {20F 01 ANDERSON 69
W

W

W

W

W

W

W

W PRODUCED BY K-r SEE TYPED NOTE ~

W (50~ 1 (50 )
W (50 ' ) (25 ' )
W (120 } {15 )
W

W

W

W

W

W

W

W F FROM A FIT TO JP=1+ RHQ PI PARTIAL WAVE
W

W A VER AG I NG NOT ME AN I NGFUL

ADERHQL Z 64 HBC
BQESEBECK 68 HBC
ARMENI SE 70 HBC
R I NAUOQ 71 HBC
THQMP S01 74 HBC

Pl+P
+ 8 PI+ P 6/68

0 9 P I+ N -- A 1 P 1/71
+ 5 ~ PI+P ~ P (3PI )+ 11/71
+ 13 P I+P ~ P (3 P I )+ 12/75+

PRODUCED BY PI
(140 ' 0) (31 ' 0)
{125 } APPROX ~

( 77 ~ 0) (17 ~ 0)
K (76» ) (46 ~ )

SHOULDER GN A2 ONLY
{99 0} (15 0)

T (300» }
T MASS AND 'WIDTH SEEN TG

16~ 0 P I- P
3 ~ 2r 4 ~ 2 PI-P
16 ~ P I- Pr 5P I

3 ' 0 PI- P

SALLAH 68 HBC
C HUNG 68 HBC
JUhKMANh 68 HBC
KEY 68 HBC

9/68
2/67
9/69

ll/67

5/70
1/74
1/74

CASO 70 HBC - 11 2P I-P
ANTI PQV1 73 CNTR — 25 r 40 ~ P I~ P

DEPEND ON T r UNIQUE OET ~ IMPOSSIBLE

MHS — 16 P I P SAC KW9 8/69

PRODUCED BY PBARS SEE TYPED NOTE ~

(33 ) (19~ ) DANYSZ 67
( 130» ) APPROX ~ FR IDMAN 68

A (36 ~ } (20 ~ } ( 15 ~ ) ATHERTGN 73
A JP ANALYSIS GIVES SOME EVIDENCE FOR RHO PI

HBC +- 3r 3 ~ 6 PBAR P
HBC +- 5 ~ 7 PBAR P
HBC +- 5 ~ 7 P BAR P
Q-WAV E

7/67
6/68
1/74
1/73

ALLISON 67 HBC + 6 K-P } AH +4 PI 1/68
ALLI SON 67 HBC + 6 K P LAM +5 PI 1/68
JUHALA 67 HBC 0 4 ~ 6-5 K-Pr 58CDY 1/68

PRODUCED BY K+r SEE TYPED NOTE»
{160 0) (20 ~ 0) ALEXANDER 69

B {120~ 0 } (30 ~ 0) 8ERL I NGHI 69
K+ FOR CONTRADICTORY EVIDENCE SEE RABIN 70 ~

(130~ Ol (20»0) BE RL INGHI 69

9/69
8/69

HBC + 9 K+P
HSC 12.7 K+ P

HBC + 0 12 ~ 7 K+ P 9/69

10 A 1 PAR T IAL DECAY MaDES

W PRODUCED BY PIGNS r RESONANCE INT ERP ~ CGNFUSEQ SY DECK EFFECT

e P. J. Davis et al. , Nucl. Phys. B44, 344

(1972) .
Pl
P2

Al INTO RHO PI
Al I NTQ KBAR K

DECAY MASSES
773+ 139
493+ 497

~ J. D. Hansen et al. , Nucl. Phys. B81, 403 10 Al BRANCHING RATIOS

(1974) . Rl
Rl

Al INTO (KBAR K) /(RkG PI )
(0~ 0025) QR LESS OA HL

(P2)/(Pl)
67 HBC — 4 ~ 0 P I- P ~ 10/66

e D. J. Herndon et al. , Phys. Rev. Dll, 3165

(l975) .
~ G. Otter et al. , Nucl. Phys. B87, 189 (1975).
~ G. Otter et al. , Nucl. Phys. B89, 201 (1975).
o G. Otter et al. , Nucl. Phys. B96, 365 (1975).
~ P. Theocharopoulos et al. , Nucl. Phys. B83,

1 (1974).

BELL INI 63 NC 29 896

ADERHOLZ 64 PL 10 226
GOLDHABE 64 PRL 12 336
LANDER 64 PRL 13 346 A

444 444444 444404444 4484 8444

REFERENCES FOR Al

BELLINIr FIGRINIrHERZrNEGRIrRATTI (MILAN)

AACH+8 ERL+8 IRM+BONN+DESY+HAMSURG+LOIC+ MPI M

GQLDHABERr BRQWNr KADYKr SHEN+ (LRL+UCB )
LANDERrABQLINSrCARMQNY, HENQRICKS + (UCSDI JP

ABGL INS
ALITTI

(LA JOLLA ) 1=1
(SACL+BGNA)

AL LARD 66 NC 46A 737
DEUTSCHM 66 PL 20 82
HESS 66 OCRL 16832

+DRI JARD+HENNESSY+ (ORSAY+MILAN+SACL+UCB)
DEUTSCHMANNr STEINBERG + (AACH+SERL IN+CERN)
R I }.ESS (THES ISr BERKELEY) (LRL )

65 ATHENS(CHIC)CCNF ~ +CARMONYr LANDER ~ XUONGr YAGER
65 PL 15 69 AL ITT I r BATQNr DELE R rC RUSS ARO+

10 Al MASS (NEV)

PRODUCED BY PI
M {1080 0)
M (1080~ }
M ( 1040»0)
M F (1128~ }
M

M PRODUCED BY PI
H {1060 ~ )
M (1089' 0)
M (1090»l
M t 1055.0)
M S {1119.}
H S SHQULDE
M {1069 0)
M (1120' 0)
M F T (1150~ )
M T MASS AND W

APPROX

(12 ~ 0)
APPROX ~

(6 0)
(30 ' )

R ON A2 GhLY
{7' 0)

IDTH SEEN TQ DEPEND

ADERHQL Z 64 HBC
BQESEBECK 68 HBC
ARMENI S E 70 HBC
THGMP 501 74 HBC

4 ~ 0 P I+P
+ 8 P I+ P 6/68

0 9 PI+ N -- A 1 P 1/71
+ 13 P I+P P{3PI )+ 12/75+

ASCQLI 68 HBC
BALLAM 68 HBC
CHUNG 68 HBC
JUNKMANh 68 HBC
KEY 68 HBC

-0 5 PI-P
16~ 0 P I- P

3 ~ 2r4 ~ 2 P I-P
16 Pl- Pr 5 PI
3 PI P

6/68
9/68
2/67
9/69
9/68

5/70
5/70
1/74
1/74

CASQ 70 HBC — 11~ 2P I-P
CRENNELL 70 HBC — 6 ~ PI- P rF PI
ANTI PCV1 73 CNTR - 25 ~ r40 ~ PI- P
ON T r UNI QUE DET ~ IMPOSSIBLE

ALL I SCN 67 PL 258 619
DAHL 67 PR 163 1377
DANYSZ 67 NC 51 A 801
JUHALA 67 PRL 19 1355
SLATTERY 67 NC 50A 377

ARMENISE
ASCOL I
BALLAM
BQ ES EBEC
CASO
CHUNG
CNQPS
FR IDMAN
JUNKMAhN
KEY

68 PL 26 B 336
68 PRL 21 113
68 PRL 21 934
68 NP 8 4 501
68 NC 54 A 983
68 PR 165 1491
68 PRL 21 1609
68 PR 167 1268
68 NP 88 471
68 PR 166 1430

AL E XANDE 69 P R 183 1 168
ALLABY 69 PL 298 198
ANDERSCN 69 PRL 22 1390
BERLINGH 69 PRL 23 42
DONALD 69 NP 8 ll 551

+CRUZ+ ( OX F+MP IM+ 8 I R H+R HE L+GL A S+ I 01C )
+HARDY+HE SS+K I RZ+MIL L ER (LRL )
OANYSZ+FRENCH+SIMAK ( CERN)
+L EAC OCK+RHODE+KOP EL MAN+ (IOWA+COLO)
+ K RAYS I LL+F GR M Ah+F ER 8 EL (YAL E+ROCH ) J P

+ FOR I NG+CARTACC I+ ( BAR I+BGNA+FI RZ+OR SAY )
+CRAWLEY r KRUSE r MORTAR Ar SCHAFER r+ ( ILLINOIS )
+BRODY r CHAD'WICK r FRIES r GUIRAGOSS IAN+ ( SLAG) JP
BQESEBECK DEUTSCHMANN +(AACHEN+BERL IN+CERN)
+CCNTE+CQRDS+OI AZ+ t GENOV A+HAHB+HILA+SACL )
S ~ U ~ CHUNG r 0»OAHLr J ~ KIRZr D ~ H ~ MILLER (LRL )
+HQUGHr CQHNr BUGG+ (BNL+ORNL+UCND+TENN+PENN )
+MAURERr MI CHALONE'r OUDET+ (HE ID+STRASBOURG)
+CQCCCNI+ (AACH+BERL+BGNN+CERN+WARS}
+PRENTICE+COQPER+MANNERr. (TNTG+ANL+W ISC)

G»ALEXANDERr A FIRESTCNErG ~ GOLDHABER {LRL )
+8INONr DIODENS+DUTEIL+KLQVNING+ . {CERN )
+COLL INS r+ (BNL+CARN)
BERL INGHIERI r FARBERr+ (RQCH)
+EDWARDS BURAN BETTINI + t LIVP+QSLG+PADO)
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Particle Data Group: Review of particle properties

Me sons
Ag(1100), M(1150), AI 5(1170), E(1800)

Data Card Listings
For notation, see key at front of Listings.

FAYQLLE 69 NP 8 13 40
JUHALA 69 PR 184 1461
KE NYON 69 PRL 23 146

+DE MONT AI GNAC t MORAND t STR ACHMAN+ ( PARI S )
+LEACQCK r RHODE r KOPELMANr L IBBY t + ( I SU+COLO )

+KINSQN SCARR + {8 hlL+UC h D+ QRNL )

14 PI PI S WAVE CALLED EPSILCN

e 1200
ARMENI SE
ASCOLI
BRANDEhlB
CASO

ALSO
CRENNELL
CHIENl
CHI EN2
GAREL ICK
RABIN
SHI H

70 LNC 4 199
70 PRL 25 962
70 NP 816 369
70 LNC 3 707
68 CASO
70 PRL 24 781
70 TORONTO PREPRINT
70 J HU 7011
70 PHILAD tCQNF ~ P ~ 205
70 PRL 24 925
70 BNL 14059-REV

+GHIDINI FQRING CARTACCI + (BARI+BGNA+F IRZ )
+BROCK WAY t CRAWLEY r EI SENSTE IN t HANFTr + ( ILL } J P
+BRENNER I OFFRECO JOHNSON K IM+ ( HARVARD )
+CORDS COSTA~ (GENO+DESY+HAMB+MILA+SACl )

+KARSHCNrLAI t SCARR t S IMS (BNL )
+CHAQ, JOHNSTON PRENT ICE WALKER (TNTO+ WI SC )
C ~ Y CHIEN (JOHNS HOPKINS)
C ~ AtGARELICKr REVIEW {NCRTHEASTERN }
+GALT IERI t DERENZOr FLATTE t FR I EDMAN+ (LRL )
+YOUNG (BNL )

ASCQLI 71 PRL 26 929 ILL INO IS+CENO+ HAMB+M IL+SACL+HAR V+TNTQ+ W I SC
BEMPQRAD 71 NP 8 33 397 +BEUSCHt MEL ISS INOS t+ {CE&h+ETHZ+LQ IC+MILA)
BERGER 71 PHENGMENQLOGY IN PARTICLE PHYSIC Sr CALTECH 1971 {IRL)
RINAUDO 71 NC 5 A 239 +BOCCKMANNrMAJOR+(TORI+BONN+DURH+NIJM+EPQL) JP

S-Nave AT| Interactions in the Region 280-1800 MeV

In this note, we d, iscuss information on the

i soscalar Ttvt S-wave in terms of its phase shift
0 from threshold to 1800 NeV.

The threshold behavior of elastic TIYt

BOWLER
ASCOI I
KRUSC
L I CHTM AN

OTTER
TABAK
THOMPSO 1
THCMPS02

ABASHI AN

BEUSCH
BO'WL ER
DIAZ
EMMS 1
EMMS 2
HORNE
KANE
WAGNER

74 NP 874 493
74 P R D9 1963
74 PRL 32 1328
74 NP 88 I 31
74 NP 880 1
74 BOSTON
74 PR D9 560
74 NP 869 38 1

75 PRL 34 691
75 PL 558 97
75 NP 897 227
75 PR 12 0 1272
75 NP 893 1
75 PL 60 B 109
75 PR Dll 996
75 TENTH RENCONTRE
75 PL 588 201

hl(1150)

BERENYI 72 NP 8 37 621
BLOQDWOR 72 NP 8 46 402
DI EBOI D 72 BATA V CONF
LAMSA 72 NP 8 41 388
MORSE 72 NP 8 43 77

AhlT IPOV1 73 NP 8 63 153
ANTIPOV2 73 NP 8 63 141
ARNOI. D 73 NC 17 A 393
ASCOLI 1 73 PR 0 8 3894
ASCOLI 2 73 PRL 31 795
ATHERTON 73 PL 43 8 249
READ 73 NP 8 64 511

+PRENTICEtSTEENBERGrYQCNrWALKER (TNTQ+WISCl
BLOQDWQRTHtJACKSQNrPRENTICErYQQN (TORCNTO)
R ~ 0IEBQLD RAPPORTEUR TALK (ANL )
+EZELL r GAIDOS t W ILLMANN (PURDUE)
+OHrWALKERrJOHNSTQNrYQON (W I SC+TNTO )

+ASCOL Ir BUSNELLOt FOCQCCI r+ {CERN+ SER P )
+ASCOL I t BUSNCLLO tFOC ACC I t + (CE RN+SERP )
+ENGEL rE SCQUBEStGEME SY r JAhCSSY r+ {STR8+BUCA)
+JONE S t WE INST E I N r WYLD {ILL )
+CHAP IN CUTLER l.OLLOWAY KQESTER KRUSE+( ILL )
+FRANEKr FRENCHt GHIDINI tHILPERT r'+ (CERN )
8 ~ J aREAD ( DESY)

+DA IN TON KADDQURA A I TCHI 5 C N {OXF)
+CUTLERt JONESt KRUSEr ROBERTS tHE INSTEI N+( ILL )
+ROBERTS t EDELSTE IN+ ( ILL+CA RN+hlWES+ROCH )
+BISWASrCASQNrKENNEY r MCGAHANf+ ( NDAM )
+RUCOLPHt (AACH+BERl +BONN+CERN+HE ID )
+RQNAT tROSENFELDt LAS INSKI+ {L BL+SLAC )
THOMPSON t GAI DOS t MC IL'WA IN t W I LLMANN ( PURD )
THOMPSON ~ BADE'W ITZ r GAICOS r MC ILWAIN+ ( PURD )

+BEAMER t BROSS r E IS ENSTEIN t+ ( 1 LL+ANL+ISU )
+PQLGARr FREUDENREICH+ (CERN+ET HZ+I 0 IC+MILA )
+GAME r A I TC HI SON r DA I N TON (QXF+CARE)
+DIBIANCAr FICKINGER r DADQt ENGLER+(CASE+CARN )
+JONES t KINSCNt BELLy DALE+ ( BIRM+DURH+RHEL )
+JONE S t KI NSON t BELL r DALE+ ( BI RM+DURH+RHEL )
+S t HAGOP I ANr V ~ HAGQP I A Nt BEN S ING ER+ ( F SU+BRAN )

DE MORI QND (MICH)
+TABAKrCHEW (LBl }

JF
JP

JP
JP
JP
JP
JP
JP

JP
JP
JP

scattering involves S and P waves which can be

sufficiently well described by the scattering
0 1 2lengths a, a, and a . In spite of many attempts

(see PILKUHN 73, BONNIER 74, PASCUAL 74,
RIESTER 75, SRINIVASAN 75), the determination of
these parameters still meets with great
difficulties (BASDEVANT 73, 75). The parameters

0 2a and a are strongly correlated and must lie in
0 2a narrow band in the (a, a ) -plane (MORGAN2 70) .

0 . ~ 2 1
Thus if a is fixed, a and a are determined

within small uncertainties (BASDEVANT 72, 75).
However, all one knocks is a region of finite
extent within which a must lie. It is therefore
not established whether, e.g. , the Neinberg

68 M(1150}

EVIDENCE NOT COMPELLING. OMITTED FROM TABLE.

predictions are supported by experiment.
Near threshold the S wave shows no resonant

68 M( 1150} It I 0TH ( ME V )

W 65 15 ~ 0 9t0 1 1 ~ 7 JACCBEL 72 MMS 0 2 ~ t P I P t N MM 12/72

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFERENCES FOR M(1150)

JACOBE L 72 PRL 29 671

BUTTRAM 75 PRL 35 970

+GARF INKELr HQFF MAN t+ ( IQWA+PURD+ANL )

+CRAWLEY r DUKE r LAMBr LEEPERt PETERSON (I SU)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

68 M{ 1150 ) MASS (MEV)

M N 65 1148~ 3 3 ~ 3 JACOBEL 72 }rMS 0 2 ~ 4 PI- P r N MM 12/72
M hl NOT SEEN BY BUTTRAM 75 AT 2 4 GEV/C 12/75¹

behavior. The so-called ABC and DEF effects
(BOOTH 63 g HALL 69 g BRODY 70 ~ 72 g BANAIGS 71 g 73)
occur only on nuclear targets (d, H, He ) and3

move when kinematical conditions change. Thus

they must be kinematical effects (DUBAL 71,
BRODY2 72 g RISSER 73 g BAR NIR 75 g BARRY 75)

The region of elastic KTI scattering is known

to extend from threshold to about 990 NeV, near
the KK threshold (BATON 70, CARROLL 72,

Ag 5( 1 170) g+ A x.r(z&7o, Jrt=

'1T THIS ENTRY LISTS REFERENCES TO PEAKS OF LOW STATISTI-
CAL SIGNIFICANCE IN THE 3 PI SYSTEM BETWEEN THE Al AND

THE A2 ~ C MITTED F RCM TABLE ~

J

PROTOPOPESCU 7 3 HYAMS 73 g OCHS 73 )
0

Up to the p meson mass region, 5 is0
(qualitatively) uniquely determined; it rises

BUTT ER WO

CASQN
ASCOLI
DONALD
VCN KRQG
JUNK MA NN

ARMEN IS E
GAL( OWAY

MORS E

67 HE IDE L B ~ CONF ~ P
67 PRL 18 880
68 PRL 21 113
68 PL 26 8 327
68 PL 278 253
68 NP 88 471
69 LNC 2 501
70 PR D 1 3077
72 NP 8 43 77

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

REFERENCES FQR A 1 5

28 REVIEW TALK CN MESCNS AT I. EIDELBERG CONF ~

t.LAMSArBISWASrDERADOrGROVESr+ {NQTRECAME)
+CRAWLEYrKRUSEr MORTARAr SC}'AFER ~ + {ILLINOIS)
+FRODESENrBETTINIr+ (LIVERPQQLrOSLQrPADUA}
+MIYASHI TA rKOPELMANt MARSHALL L IBBY (COLO)
+CQCCONI+ (AACH+BERL+BQNN+CERN+WARS }
+GHIDINI FOR INC CARTACCI+ (BARIt. BGhlA+FIRZ)
+MOTT r ALYEAr LEE r MART I Nr PR ICKETT ( IND)
+OH ~ WALKERr JQHNSTONr YQQN (W I SC+TNTO )

monotonically and reaches a value of 60 to 70

near 700 NeV (SONDEREGGER 69, BATON 70,
BAILLON 72 ~ CARROLL 72 g FRENKIEL 7 2 g GA IDOS 7 2 g

PROTOPOPESCU 7 3, HYAMS 7 3, OCHS 73, ENGLER 74,
ESTABROOKS 74, 75, GRAYER 74); see Fig. l.

In the mass region of 700 to 900 MeV, all
energy-independent phase-shi ft analyses using

0the constraint g = 1 find two solutions ("up-down0
ambiguity") . This ambiguity was resolved in
favor of the "down, " solution by the observation of
a very rapid decrease in the S-wave amplitude
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Particle Data Group: Review of particle properties

Data Card Listings
For notation, see key at front of Listings.

Mesons
~(&2oo)

200

Q&

l50oo
GO

I 00

50

I I I I I I I I I

500 400 500 600 700 800 900 l000 II00
M (Mev) XBL 745-2666

between 950 and 980 MeV (FLATTE 72, GAIDOS 72,
HYAMS 73, BINNIE 73, ENGLER 74). The -size of the
observed drop corresponds to a change from nearly
the unitarity limit to zero; see Fig. 2.

Independent evidence for the correctness of
this "down" solution comes from studies of the
7T Tr system (APEL 72, BRAUN 73, SKUJA 73,
RIESTER 75) . They observe a wide TI 7T enhancement0 0

of &800 MeV which is much better described by

the "down" solut. ion than the "up" solution.
Furthermore, indirect information from elastic
TrTr scattering in the crossed channel (ELUEKJAER 72,

NIELSEN 70, 72) is compatible with the "down",

but not with the "up", solution.
The ambiguities of the phase-shift solutions

stem from the fact that there are more helicity
amplitudes than observables. Thus in the absence

of polarization measurements one is obliged to
make some supplementary assumptions (see, e.g. ,

DONOHUE 75). Analyzing the same data (GRAYER 74)

by dif ferent methods, HYAMS 75 find four solut. ions

in the region 1.0-1.8 GeV, ESTABROOKS 74 find

Fig. l. The S-wave, I=O AT% phase shift, as deter-
mined by several experiments. The curves are from
BASDEVANT 73; solutions (1 —3) were obtained by
fitting the data of BATON 70, while (4 —6) are from
fits to the data of PROTOPOPESCU 73.

eight solutions above 1.2 GeV and four solutions
below, whereas FROGGATT 75 find arguments to
favor one of these solutions [solution t't of
ESTABROOKS 74 (see Fig. 3), essentially the same

as HYAMS 75 solution +--] .

315—

270

o A

il. This experiment
o g

Q (di f ferent analyses)
o E

Protopope scu

t

o

) y ) y Ot

225—

OO

135—

90—

0

o~gyf

45 —o g && Q oo

I

600
I r t I t I I

700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800

M&& NleV/c2

t.a of GRAYER 74,Fi . 2. The S-wave, I=O )ted phase s i , as eh ft determined by various analyses of the data o
z.g ult of PROTOPOPESCU 73. (Figure from GRAYER 74. )compared with the previous res s o
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Me sons
~(~zoo)

Data Card Listings
For notation, see key at front of Listings.

SOLUTiON A SOLUTION B SOLUT IQ N C SOI UT ION 0

S

15

P P

17 17 1.7

Fig. 3. Argand plots for W'tl S, P, D, and F partial-wave amplitudes. Shown are solutions A-D of ESTABROOKS 75,
obtained with the data of GRAYER 74. The points on the curves are at 50 MeV intervals. The diameters of the
S-, P-, D-, and F-wave unitarity circles shown are given by 2/3, V3, (2/3) v5, and V7, respectively. An
elastic I = 2 S-wave phase shift of 25 independent of M has been assumed. (Figure from ESTABROOKS 75. )

Tr'tT

0Near l. 2 GeV all 5 solutions based on the
0

GRAYER 74 data, as well as independent analyses
of other experiments (CARROLL 72, 74, ENGLER 75),
exhibit 5 = 2700

It has now been made plausible (MORGAN 75)
that all available data are compatible with the
existence of just two poles: the S (993) con-

0nected with the rapid variation o f h near the
0*

KK threshold, and the F (1200) . The S (993) is
also responsible for the large KK I=O S-wave

scattering length.
The c(1200) "replaces" the pole previously

listed below 600 MeV. Note that although many

analyses in the past found solutions with an

F (600) pole, they also found solutions without

such a pole (PROTOPOPESCU 73, HYAMS 73) .
Thus we have just the right number of

isoscalar S-wave resonances to make up an SU (3)
nonet, presumably together with the 5 (970) and

the K. (1250) mesons (MORGAN 75) .
Note that, although there is general

consensus about the position of the S pole on

the second sheet, it is not clear whether it is
accompanied by a companion pole on the third
sheet or not (FUJII 75, MORGAN 75). The contrast
between the width of 180 MeV of MORGAN 75,
the value of 40 MeV obtained as twice the
imaginary part, reflects just this uncertainty.
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Particle Data Group: Review of particle properties

Data Card Listings
For notation, see key at front of Listings.

Mesons
~(12OO), a(IPW)

14 EPS ILQhi MASS (MEV)

1100 TO 1300 MORGAN 75 RVUE

(640 ~ )

REF ER ENCES FOR EPS ILCN

14 EPSILCN WIDTH (MEVI

MORGAN 75 RVUE

12/754

12/75~

ANJOS 73 NP 8 67 37
BANAIGS1 73 PL 43 8 535
BANAIGS2 73 NP 8 67 1
BASDEVAN 73 AIX CONF PE 220
BEIER 73 PRL 30 399
B INN IE 73 PRL 31 1534
BRAUN 73 P R 0 8 3794
HYAHS 73 NP 8 64 134

FOR OTHER RESULTS QN SAHE
QCHS 73 THES IS
PIl KUHh 73 NP 8 65 460
PRQTQPOP 73 PR 0 7 1280
RISSER 73 PL 43 8 68
SKU JA 73 PRL 31 653
VIl LET 73 PREPRINT

+0 eLE VY t A. SANTORO (SACL AY)
+COTTEREAUt FABBRIr+ ( S ACl +C A EN+ FR AS )
+BERGERr GQLDZAHL t CCTTEREAU t+ ( SACLt. CAEN I

J ~ L ~ BASDEVANT RAP PQR TC UR TALK ( PARI S VI I
+BUCHHQl Zr MANNr PARKER r ROBERTS {PENN )
+CARRtDEBENHAMtDUANEtGARBUTTr+ (LOIC+SHHPI
+D.CL INE ( W I SC I
+JQhES thEILHAMPER t FLUM ~ 0IETLt+ (CERN+MP IH)
EXPERIHENT SEE GRAYER 74
Tl"'ES IS' ( MPIM)
+SCHMIDT r MART IN r+ (KARL+CEP. NV'I. QUC+NI JH)
PROTOPQPESCUt GARNJOST r GALT IER I t F LATTE+ (L BL )
T RISSERt HeD ~ SHUSTER ( SACL I
+IrAHL IG t RI SSER t PRI PSTE IN r NELSON t+ (LBL I
+OAVIDr AYEDt BAR EYREt BORGEEAUDt+ ( SACL I

SA MIGS

BLOKHI NT
BOOTH
KIRZ

BARISH
CRAWFORD
DEL FABR
KAL HU5

62

63
63
63

64
64
64
64

PRL 9 139

JETP 17 80
PR 132 2314
PR 130 2481

PR 135 8 416
PRL 13 421
PRL 12 674
PRL 13 99

+BACHHANtLEA+ ( BhL+CUNY+CQLU+KhTY I

BLCKHIiNTSEVAt GREI 8 INNIKr Zl-UKOV + t DUBNA I
+ ABASHIAN (LRL )
+SCHWARTZ + TRIPP (LRL )

BAR I SH rKURZ t PEREZ-PENDEZ t SCLGMGN (LRL )
+GROSS MANt LLQYDr PRICE r FOWL ER (LRL )
DEL FABROtDE PRETIStJCNES+ (FRASCATI )
+KERNANr PU r POWE LL t DOWD (LRL+WI SCONSIN I

BASDEVAN
BONNIER
CARROLL
FNGLER
ESTABROO
GRAYER
JONES
MORGAN
OR I TO
PASCUAL

74 hlP 8
74 NP 8
74 PR 0
74 PR D
74 NP 8
74 NP 8
74 NP 8
74 PL 51
74 PL 48
74 NP 8

72 413
83 440
10 1430
10 20 70
79 301
76 375
83 93

8 71
8 380

83 362

BASOEVAhiT FRQGGATT PETERS EN (LPTP+NQRD)
8 ' BONNIERtN ~ JOHANNESSON (CERN)
+MATTHEWStWALKER+ (SLAC+DUKE+WISC+TNTG I
+KRAEHERrTOAFFrleE ISSERtDIAZ+ (CARN+CASE)
P ~ ESTABROOKS r A e 0 ~ MART IN ( DURH )
+HYAMS t JONES r BLUMt DI ETL (CERN+I{P IM )
+ALLISONrSAXQN (QXF)
D ~ MORGAN ( RHEL I
+FERRERt PAQLUZI r SANTONICQ ( FRAS+ ROHA I
P ~ PASCUAL F J ~ YNrDURAIN (8 A RC+ MA DU )

BATON
8IRGE
BROWN
DURAND

JACOBS
KOPELMAN
LOVE LACE

ANDERSON
CLEGG
CORBETT
GUTAY
JOHNS Chl
HALAMUO
WALKER
WALKER

65
65
65
65

66
66
66

67
67
67
67
67
67
67
67

NC 36 1149
P R 139 8 1600
CORAL GABL ES 2)9
PRL 14 329

PRL 16 669
PL 22 118
PL 22 332

PRL 18 89
P R 163 1664
PR 156 1451
PRL 18 142
PR 163 1497
PRL 19 1056
RMP 39 695
PRL 18 630

JeP ~ BATCNr J ~ REGNI ER (SACLAY)
+ELY+G IDAl. +KALMUS+CAMER IN I+ ( LRL+ WI SC )
BROWN+FA IER tNORTHWESTERN)
L ~ OURAN0 AND Y ~ T ~ CHIU (YALEI

+S ELOV E
+ALLENtGODDENrHARSHALL +
LQVELACEtHEINZtDONNACHIE

(LRL )
( COLORADO+ IOWA I

{CERN)

+FUKUI+KESSLER+ (CHI C+ANL+CNRC+HCGI Ll +LGQM )
A ~ 8 eCLEGG (LANCA STER )
+DAMERELL+HIDDLEMAS+NEWTGN (QXF+RHEL I
+JOHNSQN+LQEFFLER+MCILWAIh+ (PURDUE+LRL I
+GUTAY r EISNERt KLE INt PETERS ~ SAHNI r YEN+{ PURD I
E ~ PALAHUD + P ~ E ~ SCHLEIN (UCLA)
WeD ~ WALKER (W I SCONS IN )
+CARROLL t GARFINKELtOH ( WI SCGNS

IN�

)

BAR-NI R

BARRY
BASDEVAN
DQNOHUE
ESTABRGO
FROGGATT
FUJ I I
HYAMS
MORGAN
RI ESTER
SHI MAOA

SRINI VAS

(CERhl+UCSB+TELAI
(PURD)

ELLE (LPTP),
t BQIlQ I
'{ DURH)

t Gl AS+NORD )
(TQKY)

+ (CERN+HPIH)
(RHEL)
( STRB)
( TQKY)

EM+ ( NCAM+ANL I

75 NP 8 87 109
75 NP 8 85 239
75 NP 8 98 285
75 NC 25 A 409
75 NP 8 95 322
75 NP 8 91 454
75 NP 8 85 179
75 NP 8 100 205
75 PREPRINT RL75
75 NP 8 96 407
75 NP 8 100 225
75 PR 0 12 681

+RISSERt SHUSTER
G ~ W. BARRY
EASGEVANTtCHAPELLEtLQPEZtSIG
J AT. DONOHUEtY LEROYER
PE ESTABROOKSrAeO ~ MARTIN
C ~ D ~ FROGGATTrJ ~ L ~ PETERSEN
Y ~ FUJI I t M ~ FUKUGITA
+JONE $ t W E I LHA MHiER t BL Ul4l t DI E TL

133 C e MORGAN
+ARNOLDtENGELtPATY
T ~ S HIMADA
SRI NI VASANr HELL AND r L ENNGXt KL

BANDER
BISWAS
BRAUN
DUTTA-RO
E IS ENHAN

FOSTER
HY AMS
JONES
JOHNSON
LOVELACE
MARATECK

BI ZZARR I
DA VI SQN
OE INET
ELY
FELDHAN
GUTAY
HALL
HQPKINSQ
HALAMUD
MGRGAhl
ROB ERT S
SCHAR EN1
SCHAREN2
SH 1TH
SONDER EG
STRUGALS

ALSO
WAGNER

BARTSCH
BATON
BRODY
DIAZ
HYAMS
MAUNG
HORGANl
MORGAN 2
N! ELSEN
SCHARENG
OH
SHI BATA

68
68
68
68
68
68
68
68
68
68
68

PR 168 1679
PL 27 8 513
PRL 21 1275
P R 169 1.357
PRL 20 758
NP 8 6 107
N'P 87 1
PR 166 1405
PR 176 1651
PL 28 8 264
PRL 2 1 1613

+SHAWtFULCO f UC IRVINE+S ~ BARBARA)
+CASON t JOHNSONr KENNEY t POIR I ER+ ( NOAH I
BRAUNtCLINEt SCHERER (WISCONSIN)
8 ~ DUTTA~ROY ~ I ~ R ~ LA P IOUS (STEV)
E IS ENHANOLERt HI STRYt MOSTEK + ( COR N'EL L )
+GAVILLET+LABRQSSE+MCNTANET+ (CERN+CDEF I
+KOCHt POTTER t e ~ VON L INDERN tLOREN ( CERN+)4PIM)
+CALDWELL+ZACHAROV+HARTING+BLEULER+ (CERN)
+PO IR I ER 8 I SWA S GUTAY+ ( ND AP+ PURD+ SLAC I
C ~ LOVELACE (CERN)
+IiAGOP I AN r+ {P ENN+LRI +CQLC+PURD+TNTO+W I SC I

69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
70
69

PR 180 1333
PL 30 8 359
PR 180 1319
PRL 22 316
NP 8 12 31.
NP B 12 573
NC 59 A 181
ARGQNNE CONF ~ P ~ 93
NP 8 10 261
PL 29 8 368
ARGONNE CONF e 306
PR 186 1387
P RL 2'3 335

SEE BASDEVANT 72
PL 29 8 518
NP 8 24 358
NC 64 A 189

+BACASTGW BARKAS + (UCR+UCB)
+HEhlZ I ONE t MULLE R t STA UDENMA I ER t + (KARL+CERN I
+C IDAL t HAGOP I ANr+ {UC 8+LOUC+ W I SC )
+FRAT I t GLEESCN t HALPERN t NUSS BAUMr+ ( PENN )
+CARMONYtCSQNKA tLQEFFLERt ME I ERE (PURDUE I
+blURRAY t R IDD IFORD ( 8 IRP INGHAM )
J HGPKINSON R G ~ ROBERTS ( CiERN I
E ~ MALAMUD r P ~ SCHLEIN ( UC L'A 'I

0 MORGANt G ~ SHAW {RHEL).
R ~ Ge RQBERTS r F ~ WAGNER Il CERN )
SCHARENGUI VE L (PURDUE)
SCHARENGUIVEL{PURD+LRL+CERN+COLO+PENN+TNTO)
6 ~ A ~ SMITH t R ~ J ~ MANNING {HSU+LRL I
SONDEREGGERr BONAMY ( SACL)
+CHUVILQt FENYVESt+ ( WARS+ J I NR+ BUDA I
STRUGALSKI tCHUVILOrFENYVEStGEMESYt+ (DUBNA)
F ~ WAGNER (CERN)

70
70
70
70
70
70
70
70
70
70
70
70

NP 8 22 1
PL 33 8 528
PRL 24 948
NP 8 16 239
PHILAD ~ CONF ~ P e41
PL 33 8 521

+KEPPEL t GENSCHt PQRRI SCNt+ t AACH+BERL+CERN)
+LAURENSt REIGNI ER ( SACLAY)
+GROVES, VANBERGtMAGLIC+(PENN+RUTG+UPNJ+ANL)
+GAVILLETr LABRQSSE rMQNTANET+ (CERN+CDEF )
+SCI'.L E IN t 8EUSCH t+( CER N+MP IP+ETHZ+LQ IC+HA WA)
+PASEK r HILLERt RUDERMANrVERNDNt + (UCSD+LRL I

SPRINGER TRACTS MQD ~ PHYS ~ t VQL ~ 55 t P ~ 1 ~ MQRGAh t PISUT (RHEL+CERN I
PR D 2 520
hlP B 22 525
NP 8 22 16
PR 0 1 2494
PRL 25 1227

DE MORGANtG PSHAW (RHEL )
+LYNG- PET E RS EN t PI ETA R I NEN ( NORD ITA )
SCHARENGUI VEL t GUTAYr MILLER t+ (PURD+ PENN)
+GARF INKEl MORS E WALK ER PRENTICE ('WI SC+TNTG )
+FRISCHr WAHLIG (MIT )

NP 814 169 ( SEE P ~ 190 ) +FOSTER t GAY I LLETt GHESQUI ERE+ (CERN+CDEF )

11 Bt1235rJPG=l++) I=1

11 B PASS fHEV)

M 60( 1220 ~ 0 ) ABOL INS 63 HBC + 3 ~ 5 P I+P'

M ( 1220 0) GOLDHABER 65 HBC 3 ~ 7 P I+r PI-P
M 376 1200 ' 20 ' BALTAY 67 HBC +- 0 0 PBAR P

H 1259 0 27.0 BQESEBECK 68 HBC + 8 0 PI+ P
M 1220 ' 20 ' CHUNG 68 HBC ~ 3 ~ 2t4e 2 P I P
M 1240e 0 20 ~ 0 ANDERSON 70 CNTR 0 5-18 GAHMA P

(1272 0) (15 0) CASQN 70 HBC — 8 ~ 0 PI-P t 4P I
M 1200~ 0 ( 10 0) ERQFEEV 70 HBC — 3 e 25 PI- P

M 1225 ' 0 22 ' 0 HGNES 70 HBC + 18 ' 5 PI+ P
H 1236 0 15 0 HOOGLAND 70 CBC ~ 3 ~ 0 K- 0
M 1200 ~ 0 15 0 MI YASHI TA 70 HBC - 6 ~ 7 PI-P t4P I
M P (1230~ ) (10 ) PQI S 70 HBC + 5 ~ P I+ P
M P HANDDRAWN BACKGROUND ~ ERRORS STAT I STI CAL OhlLY ~

M W (1228 I (5 ~ ) FRENKIEL 72 HBC +- 0 PBAR Pl t5
M W FIT REQUIRES AN ADDITIONAL JP=1- RESQNANCC
M W AT 1256 HEVt WICTH 129 MEV ~

M 0 1163 1243 6 QTT 72 HBC + 7 ~ 1 PI+ PtP I+
H 0 FROM FIT OF THE MASS SPECTRUM
M A (1252 ~ I (6 ~ ) OTT 72 HBC + 7 1 PI+ P tP 8+
M A FROM FIT GF MASS SPECTRUM AND MOMENTS DISTRIBUTION WITH A STRQN{i)
M A INTERFERENCE WITH TI.. E BACKGROUND ~

M 1235 ~ 15 ' AF ZAL 73 HBC + 11 7 PI+ P

H 1268 ~ 16 ~ AFZAL 73 HBC — 11~ 2 PI- P
M 1400 1222 ~ 4 ~ CHALQUPKA 74 HBC — 3 ~ 9 PI —Pt P 8-
M 600 1220 ~ 7 ~ KARSHON 74 HBC + 4 ~ 9 P I+A P 8+
M ~ ~ e ~ ~ e ~ . e ~

M AVG 1227 ~ 7 4 ~ 0 AVERAGE ( ERROR INCLUDES SCALE FACTDR OF 1 S)
M STUDENT1226. 4 3.6 AVERAGE USING STUDENT10(H/1 11) -- SEE TI){V

( SEE IDEQGRAH BELGW )

WEIGHTED AUERAGE = 1227 ~ 7 + 4.0
ERROR SCALED BY 1e5

2/67
/67

{)/67
11/70

AL STON -G
BANA IGS
BEAUPRE
BENS INGE
DUBAL
GUILLGU
GUTAY
HAMILTON
KI M

(.YNG PET

APEL
BA ILL GN

BASOEVAN
BRODY 1
BRODY 2
CARROLL
ELVEKJAE
FLATTE
FRENKIEL
GA I DOS
PRA SAD
NIELSEN
WHITEHEA
'WILLIAMS
ZYLBERS Z

71
71
71
71
71
71
71
71
71
71

72
72
72
72
72
72
72
72
72
72
72
72
72
72
72

PL 36 8 152
NP 8 28 509
NP 8 28 77
PL 36 8 134
NP 8 32 535
NC 5 A 659
NP 8 27 486

ALSTQN-GARNJOST r BARBARO-GALTIER I t+ (LBL I
+BERGER DUFLO GCLOZAHL, CQTT ERE A+(SACL+CAEN )
tDEUTSCHMANNr GRAESSLER r+ (AACH+BERL+CERN)
BENS INGERt ERWINr THOMPSON t W ~ 0 ~ WALKER ( WISC)
LE DUBALtO EMBROWN {CNRC+CARL I
I E GUI LLOU r MORE L r NAVE LET f CERN )
+SCHARENGUIVELt FUCHSt GAIDGStMILLERt+ {PURD)

PL 41 8 542
PL 38 8 555
PL 41 8 178
PRL 28 1215
P Rl. 28 12 17
PRL 28 318
NP 8 43 445
PL 38 8 232
NP 8 47 61
NP B 46 449
PR 0 6 3216
NP 8 49 586
NP 8 48 365
PR 0 6 3178
PL 38 8 457

+AUSLANDER r HULLERt BERTOI UCC Ir+ (KARL+PISA)
+CARNEGIEtKLUCE t LE ITHtLYNCHt RATCLIFF+( SLAC)
BASDEVANTtFROGGATTtPETERSEN (CERN)
+GROVE Sr MAGL ICH tNORE M t+ ( PENN+RUTG+UPNJ )
H ~ BRODY (

PENNSYLVANIA�),

+DIAMOND, F IREBAUGH, MATTHEWS + (WI SC+TNTQ)
F,ELVEK JAE R (AARHUS I
t.ALSTON-GARNJQSTrBARBARO-GALTIERIt (LBL)
+GI'ESQUIEREt L ILLESTGL tCHUNGt+ (CDEF+CERN I
+MC ILWA IN THOMPSON WILLMAhh (PURDUE)
+BREHM ( UNIV QF MASSACHUSETTS)
H ~ NIELSENr G ~ GAGES {NORD+AARHUS)
WHITEHEAD t AULD t+ (AERE+RHEL+SHPP+LQUC I
P K ~ WILLIAMS (FSU)
ZYL BERSZT E JNr BAS ILEt BQURQUINt+ (GEVA+SACL )

SPRINGER TRACTS MOD ~ PHYS ~ t VOL ~ 57 r P 41 J ~ HAHILTCiN {NQRDITA )
PR 0 4 265 t-BANDER (UCI )
PHYSeREPRTS 2 155 J ~ LYNG PETERSEN (REVIEW) (CERN)

B PASS (MEU)

1250

KARSHON 74
CHALOUPKA 74
AFZAL 73
AFZAL 73
OTT 72
f1IYASHITA 70
HOOGLAND 70
HONES 70
ANDERSON 70
CHUNG 68
BOESEBECK 68

ALTAY 67

1300

HBC
HBC

HBC
HBC
HBC

HBC
DBC
HBC
CNTR
HBC
HBC
HBC

CHJQI
1 ~ 2
2.Q

6.4
0.2
6.5
3.4
0.3
Q. I
0.4
0.1
1.3

23.Q

(CONLE(tl
=0 .013)
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S118 Particle Data Group: Review of particle properties

Me sons
B(1835), p'(1250), f(1870)

Data Card Listings
For notation, see key at front of Listings.

11 8 'WIDTH f ME VI

63 HBC
e5 HBC
67 HBC
67 HBC
68 HBC
68 HBC
69 HBC

3 5 PI+P
3 ~ 7 P I+r PI-P

0 ~ 0 PBAR P
3 ~ 6 P I- P
8 ~ PI+ P

3 ~ 2r4 ~ 2 P I- P
0 PBAR P

ANDERSON 70 CNTR 0 5-18+GAMMA P
CA SO 70 HBC — 1 1 ~ 2P I -P

8~0 PI-Pr4PI
3 25 PI- P

'

18 e5 PI+ P
3 ~ 0 K- 0
6 ~ 7 PI-P r4PI

5 Pj+ P

70 HBC
70 HBC
70 HBC
70 OBC
70 HBC
70 HBC
ChlLY ~

72 HBC +- 0 PBAR PI r5 PI

72 HBC + 7 ~ 1 PI+ Pr P 8+

72 HBC + 7 ~ 1 PI+ P, P 8+

11 ~ 7 P I+ P
1 1r2 P I- P
3 ~ 9 PI-Pr P 8-
4.9 1f+P, P 8+

73 HBC
73 HBC
74 HBC
74 HBC

AVERAGE ( ERROR IhlCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT10 f H/1 11) -- SEE TEXT

W 60 100 0 200 ABGL IN S
W ( 80 ~ 01 GOLDHABER

376 100~ 30 ~ 8ALTAY
W 25 (100~ ) ESTIMATED LEE

203 ' 75 ' BQ ES E BECK
W 150r 20 ' C HUNG
W 8 300 {83rI ( 12r I BI ZZARRI
W 8 SUPERSEDED BY FREhKIE{. 72
'W ( 1.00 F 01 APPROX'
W C (150~ 0)
W C SUPERSEDED BY AFZAL 73
W (122 ~ 0) (38 0) ( 28 ~ 0) CASON
W 100 ' 0 20 ' 0, ERQFEEV
W 78+0 14~0 46~0 HCNES
W 132~ 0 20 ~ 0 HOGGLAND
W 113m 0 44 ~ 0 HI YASHI TA
W P (120 ) (20 ) POLS
W P HANDDRAWN BACKGROUND ~ ERRORS STATISTICAL
'W W t 126~ I (10 ) FR ENK I E L
W W SEE NOTE UNDER THE MASS ABOVE~
W 0 1163 134 23 ' 26 ' OTT
W 0 FRGM FIT OF THE HASS SPECTRUM
W A {156~ ) {21~ ) (18~ ) OTT
W A SEE NOTE UNDER Tl'E MASS ABOVE ~

W 120 ' 50 ' AF ZAL
W 130' 50 ' AF ZAL
W 1400 135~ 20 ~ CHALQUPKA
W 600 156 22 % KARSHON
W ~ ~ ~ ~ ~ ~ ~ ~ ~
'W AVG 124r 3 7 ~ 1

STUOEhIT 124 ~ 6 8 ~ 4

2/67
1/68

11/67
9/67

12/72

11/70
2/73

1/71
11/70
2/71

11/71
11/71
12/72

2/73

2/73

2/73
2/73

12/75¹
12/75¹

PQLS 70 NP 8 25 109
WERBRCUC 70 LNC 4 1267
DEVONS 71 PRL 27 1614

FREhKIEL 72 NP 8 47 61
OTT 72 L BL-1547
SI STERSO 72 NP 8 48 493

+BGECKMANNr CI RBA r r- (BQNhl+DURH+EPGL+TORI I
WERBRQUCK R INAUDQ + ( TOR I+NI JH+BQNN+LBL I JP
+KCZLOWSKI rHORWITZr+ (CQLU+SYRA I

+G&'ESQUIEREr L ILLESTOL rcHUNG r+ (CDEF+CERN )JP
R. L ~ OTT THESIS (LBL )JP
S ISTERSON r HARRI SON r HEYDA r JCHNSCNr+(HARVARD)

AFZAL
ARMENI SE
ARHENI S E
ARNO{ D

CASCN
CASON 1
COHEN

73 NCL 15 A 61
73 NC 17 A 707
73 LNC S 425
73 LNC 6 707
73 PR D 7 1971
73 NP 8 64 14
73 PR 0 8 23

+BASSLERr+ ( CUR H+GENC+DESY+MILA+SACL I J P
+FQRINQr CARTACC I r+ ( BAR I+8GNA+F I RZ I
+FCR!NQr CARTACCIr+ ( BAR I+BGNA+F I R Z )
+ENGEL r ESCOUBESrKURTZ rLLORET rPATYr+ t STRB)
+BI SWA S KENNEY MADDEN SANDER SHE PHARD ( hDAM)
+MADDENr BISHQPr BISWAS rKENNEYr+ {NDAM )
+FERBELrSLATTERY (ROCHESTER I

BAk LAM 74 NP 876 375
CHALQUPK 74 PL 518 407
KARSHCN 74 PR 010 3608

CHUNG 75 PR 011 2Ir26
ALSO 73 PL 47 B 526

DUBOVI KO 75 S JNP 20 229

+CHACW ICK 8 INGHAMr FRETTER+ {SLAC+LBL+HPIH I
CHAl OUPKA, FERRA hlDQ r L Q STY, MONT ANET ( CEF N ) J P
+HIKENBERG r EISENBERGr PITLUCKr RCNAT+ (REHOI JP

+PROTOPQPESCUrLYNCHr FLATTE r+ I Bh L+LBL+UCSCI JF
+PRQTOPOP E SCUr LYNCHr FLATT E r+ t BNL+LBL+ UC5(; ) J P
M ~ S ~ GUBQVIKQV, I ~ A ERGFEEV {ITEP ) JP

EV I CENCE NQT CGMPELL ING ~ OMITTED FROM TABLE ~

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹'¹¹¹¹¹¹
¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

Pl
P2
P3
P4
P5
P6
P7

11 8 PARTIAL DECAY HGDES

8 INTO OHEGA+P I
8 INTO 2PI+ 2PI-
8 INTO K KSAR
8 ENTO PI Pj
8 I NTO P I PHI
8 INTO ETA PI (FORBIDDEN BY G I
8 INTO K KSAR P I

DECAY MASSES
7S3+ 139
139+ 139+ 139+ 139
49 3+ 493
139+ 139
134+1020
548+ 139
493+ 493+ 139

69 RHO PRIME(1250) MASS (MEV I

1256 ~ 10 ~

69 RHO PRIME {1250) WIDTH {ME V)

130~ 20 FREhlKIEL 72 HBC +- 0 ~ PBARPrCHEGA2PI 1/74

FREhKIEL 72 HBC +- 0 ~ PBARPrCMEGA2PI 1/74

11 8 SRAhC&IhG RATIOS

8 I 1235) INTO QHEGA PIR10 D/S RAT IO FOR
RIO
R10 0 ~ 3
R10 600 0 ~ 35
Rlo 0 ~ 21
R10
RIO AVG
R10 STUDENT

0 ~ 1
0 ' 25
0 08

0 0 r r ~ r 4 0 0
0 251 0 ~ 061
0 ~ 251 0 ~ 067

8 INTO (4PI )/ {OMEGA PI)
(0 ~ 5'I OR LESS

Rl
Rl

CHALQUPKA 74 HBC — 3 ~ 9-7 ~ 5 PI-P
KARSHON 74 HBC + 4 9 P I+P r P 8+
CHUNG 75 HBC + 7 1 PI+P

AVCRAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
AVERAGE USING STUDENT10(H/1 el I) -- SEE TEXT

(P2) /(P 1)
ABOLINS 63 HBC + 3.5 PI+P

1/74
12/75¹
12/75¹

REFERENCES FOR RHO PRIME(12501

CHUNG 73 PL 47 8 526
BRAMChl 73 LNC 8 659

BA LLAH 74 NP 876 375
CHALOUPK 74 PL 51 8 407
CONVERS I 74 P L 5 2B 493
ESTABROO 74 NP 879 301
KARSHCN 74 PR 010 3608

+PROTQPOPESCUrLYNCHrFLATTEr+ {BNL+LBL+UCSC I
AeBRAHON {FRASCATI)

+CHADWICK r 8 INGHAM r FRETTER+ (SLAC+LB L+ MP IM )
CHALQUPKArFERRANOO ~ LGSTYrMQNTANET {CERN I
+PACLUZI r CERADI)rjr GR ILLI+ (ROMA+FRAS )
P ~ ESTABROQ KS r A ~ 0 ~ MART IN (DURH)
+MIKENB ERG r EI SENBERG r P ITLUCK r RGNAT+ ( REHO) J P

ANDERSGN 70 PR 0 1 27 &GLSTAVSONr JOHN SQNr+ (SLAC+CIT+UCSB+hlEAS)
PODOLSKY 71 UCRL 20128 W ~ J PODOLSKY PH ~ 0 ~ THESIS (LBL )
FRENKIEL 72 NP 8 47 61 +G&ESQUI ERE r LILLESTQL r CHUNC r + (CDEF+CERN )J P
WOLF 72 ITHACA N r Y ~ CONF ~ G +WOLF r P e 213 f SLAG)

R2
R2
R2
R2

R3
R3
R3

8 INTO (K KBAR) / (OMEGA P I )
(0 02) OR (ESS
I 0 ~ 101 OR LESS CL= ~ 90
(0 F 08) OR LESS CL~ ~ 95

(P3)/{Pl)
DAHL 67 HBC — 1 6-4 2 PI- P
BALTAY 67 HBC +- 0 ~ 0 PBAR P
8 I ZZARRI 69 HBC +- 0 PBAR P

8 INTO fPI PI)/(PI CMECA) {P4) /(Pl)
(0 ' 3) OR {.ESS ADERHQl Z 64 HBC 0 P I+P
(0 15) OR LESS CL=~90 CTT 72 HSC + 7.1 PI+ P

10/66
2 /67
9/69

7/66
12/72

ALLES 75 NC 30A 136
CHUNG 75 PR Dl 1 2426
ESTASROO 75 hlP B95 322
FRGGGATT 75 hlP 89 1 454
HY AMS 75 NP 8100 205

ALLES-BQRELLI r BERNARD INI+ {CE RN+BGNA+FRAS )
+PRQTOPQPESCU LYNCH FLATTE + t BNL+LBL+UCSC )
PE ESTABRQCKSrA ~ CD MARTIN I DURH I
C 0 FROGGATT J.{. PETERSEN (GLAS+NQRD)
+JONES' WEILHAMMERrBLUMrDIETL+ {CERN+MPIM)

R4
R4
R4

R5
R5

R6
R6

R6
R6

8 INTO (ETA Pj I / ( P I OMEGA)
(0 ' 25) OR LESS CL~ 90

(P6) /(Pl)
SALTAY 67 HBC +- 0 ~ 0 P BAR P

8+- INTO ( (K KBAR)+- PIG) / (PI OMEGA)
(0 ~ 08) OR LESS CL= ~ 90 BALTAY 67 HBC +- 0 0 PBAR P

B+- INTO (KS KS PI+-) / (PI OMEGAI
(0~02 1 OR LESS CL= ~ 90 BALTAY 67 HBC +- 0 0 PBA- P

8 INTO (PI PHII / (PI CMEGA) (P5)/ {P1)
(0 ~ 015)OR LESS DAHL 67 HBC 1 6-4 2 PI- P
f 0+04) OR {.ESS CL= ~ 95 BI ZZARR I 69 HBC +- 0 PBAR P

10/66
9/69

2/67

2/67

2/67

f(1aVO)
5 F(1270r JPG=2++I I=O

WE NO LCNCER LI ST EVERY PlJBL ISHED VALUE ~

WE AVERAGE ONLY THE MOST SIGNIF ICANT
GET ERMINATICNS OF HASS Ahlc WIDTH

5 F MASS (HEV)

1/73
1/73
1/73

R6
R6 2/67

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFERENCE S,FOR 8 ( 12351

ABOL INS 63 PRL 11 381
BQNDAR 63 PL 5 209
ADERHOLZ 64 PL 10 240
CARMONY 64 PRL 12 254
GOLDHABE 65 PRI 15 118

BAL TAY 6 7 PRL 18 93
QAHL 67 PR 163 1377
LEE 67 PR 159 1156
SLATTERY 67 NC 50A 377

ASCOL I 68 PRL 20 1411
BOES EBEC 68 NP 8 4 501
CASO 68 NC 54 A 983
CHUNG 68 P R 165 1491
BIZZARRI 69 NP 8 14 169

ABOI INS r LANDER r MEHLHCP rXUCh'Gr YACER (UCSD)
BQNDAR r DODD+ (AACHEN+BI RM+HAHB+LGIC+HP I M I
AACl EN+BERLIh+BIRH + BGNN+HAMBUR+LQ IC+MPIH
CARMONYr LAND'ERr RINDFLEISCI. rXUQNGr YAGER (UCB ) JP
G GOLDHABER, S GQLDHABERr KACYK r Sl" EN (LRL )

+SE VER IENS+YEH+ ZANEL{. 0 (CQLU+BNL )
+HARDY+HE S S+K I RZ+ HI L L ER (LPL )
+HOESS ROE SINCLAIR ~ VANDERVELDE t MICH I
+KRAY8 I L L+F CRH AN+ F ER B EL (YALE+RQCH)

+CRAWLEY r MQRTARAr SHAPIRO (ILL) JP
BOESEBECK r DEUT SCHM ANN r+(AACHEN+BERL IN+CERN I
+CONTE+CORDS+DIAZ+ (GENQVA+HAMB+HI I A+SACL)
5 ~ UecHUNGr 0 DAHLr J KIRZr 0 ~ H MILLER {LRL I
+FOSTERrGAVILLETrMCNTANETr+ (CERN+CDEF I

70 PR D 1 27
70 LNC 3 707
70 PR D 1 851
70 SJNP 11 450
70 PR 0 2 827
70 PL 33 8 631
70 PR 0 1 771

ANDERSON
CASO
CASQN
EROFEEV
HONE S
HOOGLAND
HI YASHIT

+GUSTAVSONr JQHNSQNr+ (SLAC+CIT+UCSB+NEAS)
+CONTE TOMASINI CORDS+(GENG+HAHB+HILA+SACL I
+ANDRE)rSrBISWASrGRQVESrHARRINGTCNr+ {NOAH)
+VETL ITSKY r WLADIMIRSKY r GRIGQREVr + ( ITEP )
+CA SON r 8 I S)rAS r HE LLANO r KENNEY r HCGAHAhr+ ( NDAM )
SABRE COLLABOR ~ ( ZEEH+SACL+BGNA+REHO+ EPQL )
MIYASHITA, VON KRCGH KOPELMAN L I BBY ( COLO)

8+- INTO (KS KL P I+-) / I P I OMEGA)
(0 06) OR LESS CL ~ 90 BALTAY 67 HBC +- 0 ~ 0 PBAR P

(25 0)
( 10.01

11 '
5 ~

10
Si
6 0

68 INCLUDES
13 ~ 0
7i0

10 0
(6 ~ 0)
4 0

(1250 ' 0)
1416( 1267 ~ 0)

1276 ~

1960 126 1 ~

360 1270
1265

J 1268 ~ 0
J JOHNSON

1275 ' 0
1273 ~ 0

600 1275~ 0
E (1273 ~ 0)

5300 1277 ~ 0
300( 1272 ~ I

2000 1261 ~ 0
600 1258+ 0

1200 1274
4600 1272m

IH ( 1269~ I
I 1275~

I ERROR TAK E

HBC 3 ' 0 PI- P
HBC 2-3 P I-Pr T CUT20
HSC 8 5 P I+ P
GBC 5 ~ 1 PI+N P PI+
DBC 5 ~ 1 PI+Nr P PIO 0
HBC 8 P I+ P
HBC 3 ~ 7-4 2 P I- P

DERADO 65r EISNER 67 ~

HBC 9 PI+ N -- F P
HBC 9 P I+ N -- MM P
HBC I~26 PI- Pr P F
HBC 8 ~ PI-P r 5 ~ 4 PI+D
HBC 7 ~ 0 PI+ P
DBC 11 7 PI+ N

HBC 2 ~ 8 PI — P
HBC 8 ~ PI — PrN 2PI
ASPK 3 ~ 1-3~ 6 P I P
CBC 0 6 PI+Nr PI~PI-P
RVUE 17 PI-Pr PI+PI-N
ASPK 17 PT-Pr PI+PI-N
P HAS E-' S HI FT SQL UT I ON 5

SELQVE 62
JAcoes ee
RABIhl 67
ARHENISE 68
AR MENI SE 68
BOESE BECK 68
JCHNSCN 68

BGNDAR 63r LEE 64r
AR MEN I SE 70
ARHENISE 70
QH 70
STUNT EBEC 70
F LATTE 71
KEHP 72
JACOBS 72
TAKAHASHI 72
WHITEHEAD 72
ENGLER 74
ESTABROCK 75
HYAMS 75

SPREAD OF DIFFERENT

H

M

H

M T
H T
M

H

M

M

M

M

H

M

M

M

M

H

M

H

M

M

M

M T
M

M

10.0
la. 0
12
4 ~

(4 I
4 ~

S ACCOUNT OF

EVIDENCE fOR A S'TRUCTURE CLAIMED
MASS ERRORS ENLARGEG BY US TQ WIDTH/SQRT (N)

H USES SAME DATA AS HYAHS 75
~ ~ ~ ~ ~ ~ ~ ~ ~

AVG 1271 1 1 7 AVERAGE (ERROR INCLUDES SCALE FACTOR OF I 0)
STUDENT 1271 ~ 3 2+0 AVERAGE USING STUDENT10(H/l. 111 -- SEE TEXT

1/73
10/67
9/67
I/73
1/73
6/68
7/69

1/71
1/71
1/71

11/71
6/7 1

12/72
1/73
1/73
2/73

12/75¹
12/75¹
j2/75¹

12 /72
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Particle Data Group: Review of particle properties S119

Data Card Listings
For notation, see key at front of Listings.

Mesons
f(java)

5 F WIDTH {MEV I

(100F 01 (25»0) SELOVE 62 HBC 3 0 P I-P
1416 (99 ' 0) (10 ' 0) JACOBS 66 HRC 2-3 PI-P r T CUT20

W 155» 17 ~ RABIN 67 HBC 8 ~ 5 PI+ P
W T 1960 216» 20» ARMENISE 68 DBC 5 ~ 1 PI+Nr P PI+
W T 360 (188« 1 (40 ~ I ARMENISE 68 GBC 5 ~ 1 PI+Nt P PIO 0
W 128 23 ~ BGESEBECK 68 HBC 8 PI+ P

176 ' 0 13»0 JOHNSGN 68 HBC 3 ~ 7-4 ~ 2 P I — P

W J JQHNSCN 68 ENCLUCES BCNDAR 63 LEE 64r QERADQ 65 EISNER 67 ~

131~ 0 25 ~ 0 ARMENI SE 70 HBC 9 PI+ N -- MM P
W T 173~ 0 25.0 ARMENI SE 70 HBC 9 P I+ N -- F P
W T 600 120 ~ 0 20»0 QH 70 HBC 1 26 PI- Pr P F
W E (196~ 0) ( 18 ~ 0} STUNT EBEC 70 HBC 8» P I-P t 5 ~ 4 P I +0
W 5300 183~ 0 15 ~ 0 F LATTE 71 HBC 7 P I+P t DELTA++F
W E 300 {143» ) KE HP 72 CBC 11 7 PI+ N

W 2000 130~ 0 25 0 JACOBS 72 HBC 2 ~ 8 PI- P
T 600 166 ~ 0 28 ~ 0 TAKAHASHI 72 HBC 8 ~ PI- P t N 2P I

W 1200 (21 / ) ( 24 ~ ) WHITEHEAD 72 ASPK 3 ~ 1-3~ 6 PI- P
W 4600 192 ~ le. ENGLER 74 DBC 0 6 PI+Nt PI+PI-P
W IH (209»1 (10 ' ) ESTABRQGK 75 RVUE 17 PI-Pr PI+PI-N
W I 188 ~ 4 HYAMS 75 ASPK 17 PI-Pr PI+PI-N
W I ERROR TAKES ACCOUNT OF SPREAD OF DIFFERENT PHASE-SHIFT SOLUTIONS
W

W E EVIDENCE FGR A STRUCTURE CLAIMED
W T WI DTH ERRORS ENL ARCE C BY IjS TO 4¹WIDTH/SQRT (N)
W H USES SAME DATA AS I"YAMS 75
W ~ ~ « ~ ~ ~ ~ ~ ~

W AVG 181» 1 5.6 AVERAGE (ERROR INCI UDES SCALE FACTGR OF 1 ~ 7)
W STUDENT 182 ' 0 4 ~ 5 AVERAGE USING STUDENT10(h/1 11} -- SEE TEXT

(SEE IDEOGRAM BELOW )

WEIGHTED AVERAGE = 181 .1 + 5 ~ 6
ERROR SCALED BY 1.7

10/67
9/67
1/73
1/73
6/68
7/69

1/71
2/74
2/74

11/71
1/71

12/7 2
1/73
I/73
2/73

12/75¹
12/75¹
12/75¹

12/72

R3 F I
R3
R3
R3
R3
R3 0
R3 0
R3 20
R3 L
R3 L LI
R3 L
R3
R3
R3
R3
R3
R3
R3 AVG
R3 STUDENT

NTQ (K KBARl/(PE PI} (P4)/(Pll
WE CNLY AVERAGE EXPERIMENTS WHICH EITHER TAKE INTO ACCOUNT F-A2
INTERFERENCE EXPLICITLY OR DEHCNSTRATE THAT A2 PRODUCTION I S
NEGLIGIBLE

{0~ 047) (0 ~ 012)+ SYST ~ BEUSCH 67 OSPK 5t7t12 PI P
0» 05 0 ~ 05 DAHL 67 HBC 1 6-4 ~ 2 PI- P

CORRECTED BY 0 ~ DAHL
0 ' 031 0 ' 012 AD ERHOL Z 69 HBC

{0~ 071 OR LESS CL= ~ 95 AGUILAR 72 HBC
MIT ABOVE RESTATED FOR AVERAGING BELOW ~

0 0 0 F 04 AGUILAR 72 HBC 3 ' 9»4 ' 6 K- P

0 ' 13 0 ' C5 BISWAS 72 HBC 18 5 PI+- P

( 0 ~ 021 OR LE SS CL=» 85 WHITEHEAD 72 ASPK 3 ~ 1-3 6 P I- P
0 03 0 ' 02 TQET 73 HBC 5 P I+P r P PI+ FO

~ 025 ~ 015 EMMS 75 OBC 4 PI+Nt P FO
~ 037 «012 PAWI ICKI 75 ASPK 6 ~ PI-PtN FO

~ ~ ~ ~ ~ « ~ ~ ~

0 0328 0 ~ 0067 AVERAGE (ERROR INCLUGES SCALE FACTOR OF ]»01
0 ~ 0325 0 ~ 0073 AVERAGE USING STUDENT10(H/1 ~ 11) —SEE TEXT

8 P I+ P r K+K-P I—
3.9r4 ~ 6 K- P

9/67
10/66
ll/71
12/75¹
12/72
12/72
12/72
1/73

12/72
1/74

11/75¹
11/75¹

12/7 2ll/75¹

12/72
11/75¹

R6
R6
R6

F INTO (ETA ETA) /(P I P I )

( ~ 091 OR LESS CL= ~ 95
( ~ 016)OR LESS CL= ~ 95

( P7)/( Pl 1

EISENBERG 7 t HBC 4 ~ 9 PI+Pi DEL++FO 11/75¹
EMMS 75 OBC 4» PI+Nt P FO 11/75¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFERENCES FOR F

R4 F INTO {KO K- PI+ AND C ~ C»)/(PI PI)
R4 (0 ~ 07) OR LESS CL= ~ 95 AGUILAR 72 HBC 3 ~ 9 4 6 K- P
R4 ( ~ 004) OR LESS CL= ~ 95 EMMS 75 CBC 4 PI+N, P Fo

R5 F INTO (ETA PI PI )/ {PI PI) (P61/(Pl)
R5 {0 ~ 19) QR LESS CL —~ 95 AGUILAR 72 HBC 3 ~ 9t4 ~ 6 K P
R5 ( ~ 010}QR LESS CL= ~ 95 EHHS 75 GBC 4 ~ PI+Nt P F0

50 150

~ HYA!1S
~ ENGLER
~ TAKAHASHI
JACOBS

.FLATTE
OH

ARl1ENISE
ARHENISE

.JOHNSON

.BOESEBECK
AR BENI S E

RABIN

75 ASPK
74 DBC
72 HBC

72 HBC
71 HBC

70 HBC

70 HBC
70 HBC
68 HBC
68 HBC
68 DBC
67 HBC

350

CHISQ
3.0
0.5
0.3
4.2
0.0
9.3
0.1
4.0
0.2
5.3
3.0
2.4

32.3
(CONLEV
=0.001)

SELOVE 62 PRL 9 272
BQNDAR 63 PL 5 153
GUIRAGOS 63 PRL 11 85
HAGOPIAN 63 PRL 10 533
VE ILL ET 63 PRL 10 29

ADER HOLZ 64 PL 10 240
BRUYANT 64 PL 10 232
LE E 64 PRL 12 342
SODICKSQ 64 PRL 12 485

8ARMIN 65
BARMI N 65
CHUNG 65
DERADO 65
GUIRAGOS 65
WANGLER 65

SJNP 1 230
S JNP 1 623
PRL 15 325
PRL 14 872
PRL 11 85
PR 137 8 414

BARLGW
BEUSCH
DA HL
EI SNER
PGI RIER
RABIN

b7 NC 50A 701
67 PL 25 8 357
67 PR 163 1377
67 PR 164 1699
67 PR 163 1462
67 THESIS

ACCENS I 66 PL 20 557
JACOBS 6b UCRL-16877
WAHLIG 66 PR 147 94 1

SELQVEtHAGOPIANtBRCDYrBAKER ~ LEBCY (PENN )
BONDAR+ (AACHEN+BI RM+BGNN+DESY+LOIC+MP IM)
Z ~ G ~ T ~ GU I RAGOSS I AN (LRL }
V I"AGOPIANt W SELOVE ( PENN )
V E ILL ETt HENNE SSYt 8 INGHAMr 8 LOCH+( EPOL+MILAN)

AACHEN~BERL IN~ BERL IN~BCNN~VAMBURG~LQIC~HPI
BRUYANTt GOLDBERGt HGLDERt FLEURY+ (CERN+EPGL)
LEE r RQE t SINCLAIR t VANDERVELDE ( HICH1
SODICKSQNr WAHLIGt MANNELLIt FRISCV+ (MIT)

+QQLGOLENKG EL ENSKY ERQFEEV+ {ITEP MOSCOW }
+DOLGQLE NKQ+ERQFEEV+KRESTNIKOV+ ( IT EP }tGSC 1

CHUNG t DAHL t HARDY t HESS t JACC'BS t K I R 2 ( LP L 1

DERADOt KENNEYt POIRIER r'SHEPHARD (NOTRE DAME )
Z G T GU IRAGOSS I AN (LRL )
T P WANGLERrA R ERWINtW WALKER (WISCONSIN)

ACCENS I t ALLES~ BQRELL I t FRENCH t FRISK+ {CERN)
L ~ 0 ~ JACOBS r THESIS ( LRL1
+SHIBATAr GORDCNr FRISCHr MANNELLI (

HIT+PISA�)

+L ILLE STGL+MONTANET+ (CERK+CDEF+IRAD+L IVP )
+FESCHER t GQBBI r ASTBURY+ ( ET HZ+C ERN )
+HARDY+HE SS+KIRZ+MILLER {LRL )
+JOHNSON+KLE IN+PETER S+SAHN I+YEN+ ( PURDUE )
+BISWAStCASQNtDERAGQrKENNEY+ {NGAM+PENN)
M» RABIN (RUTGERS)

JP

F {WIDTH {MEV)

5 F PARTIAL DECAY MODES

ARMENI SE
ASCOLI
BQESEBEC
FOSTER
J CHNS CN
LAMSA
WHI7EI- EA

68 NC 54 A 999
68 PRL 21 1712
68 NP 8 4 501
68 NP 8 6 107
68 PR 176 1651
68 PR 166 1395
68 NC 53 A 817

&FORE NG+CARTACC I+ (BARI+BGh A+F IRENZE+ORSAY 1

G ~ ASCOLIr H ~ 8 ~ CRAWL EY t D ~ W ~ MORTARAt+ ( ILL 1

BOE SE BECK r DEUTSCHMANN t+ (AACHENt 8ERL IN+CERN )
+GAVILLETt. LABRQSSE+HONTANET+ {CERN+CDEF )
+PO I R [ ER t 8 I SWAS t GUTAY+ ( NDA M+PURD+ SLAG )
+CASQN+BISWAS+DERACG+GRQVES+ {NGTREOAME}
+MCEWEN tOTTt AI TKEN+ (AERE+SHHP+LOUC )

Pl
P2
P3
P4
P5
P6
P7

F INTO PI P I
F INTO 2PI+ 2PI-
F INTO PI+ PI- 2PIO
F I NTO K K BAR
F INTO K KBAR P I
F INTO ETA PI PI
F INTO ET A ET A

5 F BRANCI-ING RATIOS

DECAY MASSES
139+ 139
139+ 139+ 139+ 139
139+ 139+ 134+ 134
497+ 497
497+ 49 7+ 139
548+ 139+ 139
548+ 548

ADERHOLZ 69 NP 8 11 259
AGUI LAR- 69 PL 29 8 241-
ARMENI SC 69 LNC 2 501
CASO 69 NC 62 A 755
DGNALC 69 NP 8 ll 551

AGUILAR 70 PRL 25 58
ARHENISE 70 LNC 4 199
BADIER 70 NP 8 22 512
OH 70 PR 0 1 2494
STUNTEBE 70 PL .32 8 391

+BARTSCHt+ (AACH+BERL+CERN+JAGL+WARS )
M ~ AGUILAR-BENI TEZ J ~ BAR LOW ~ + {CERN+CDEF )
+GH ID I NI, F OR I NO, C ART ACCI+ ( BAR I+BGNA+F IRZ )
+CONTE t BENZ t+ ( GENQ+DESY+HAHB+MILA+SACL 1

+EDWARDS t BURAN t BETTINI r+ (LI VP+QSLO+PADQ)

AGUILAR-BENI TEZ t BARNES tBASSANO t+ (BNL+SYRA)
tGV ID INI, FORING tCARTACCI r+ (BARI+BGNA+F ERZ 1

+BCNNET DREVILLQN BAUBILLIER + (EPGL+IPNP)
+GARF I NKEL r MORSE r 'WALK ERt PRENTICE(W ISC+TNTOJ I

STUNTEBECK tKENNEYt DEERYt BISWAStCASQN+( NDAH)

R10 I=0» JP=2+ PI PI PARTIAL hAVE AYPL ITUDE AT F RESONANCE MASS

Rlo WE TABULATE X = 1/2 ( 1 + 'ETA)» THIS SHOULD BE PI PI FRACTION
R10 FOR PURE BW 'WITI- NQ BACKGROUNDS
R10 600 0 ~ 8 0.04- OH 70 HBC 01»26 PI- Pr P F
R10 250 0 ~ 85 0» 05 BEAUPRE 71 HBC 08 PI+ Pr DELTA++F
R10IH ( ~ 821 ( ~ 01) ESTABROQK 75 RVUE 17 PI-Pr PI+PI-N
R10 H USES SAHE DATA AS HYADES 75
R101 » 803 003 HYAMS 75 ASPK 17 PI-Pt PI+P I-N
R10I ERROR TAKES ACCOUNT OF SPREAD QF DIFFERENT PHASE-SHIFT SOLUTIONS
R 10 ~ ~ ~ ~ ~ ~ ~ ~ ~

R10 AVG 0 ~ 8032 0 ~ C030 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0}
R10 STUDENT 0 8031 0 ~ 0032 AVERAGE USING STUDENT10(H/1 ~ ill —SEE TEXT

1/71
1/71

12/75¹
12/75¹

R1 F ENTO (2P I+ 2P I-) /( P I P I I

Rl ASCOL I 68 SUGCEST CECAY IS MAINLY RHG-RHQt 1/3 OF
Rl 0 F 08 0 F 06 BQNDAR 63 HBC

Rl 0 0 04 0 ~ 05 CHUNG 65 HBC

Rl D CORRECTED BY 0 ~ DAHL
Rl 50 0 07 0 ' 04 A SCOLI 68 HBC

Rl 0 ~ 022 0«045 0 022 BARDADIN 71 HBC

Rl 0 047 0 ~ 013 QH 70 HBC

R 1 154 0«037 0 ~ 007 ANGER SQN 73 DBC

Rl (0.033)OR L ESS C ~ L ~ = ~ 90 BUGG 73 DBC

Rj 70 ~ 05 1 ~ 025 E I SE NBE RG 74 HBC

Rl 285 ~ 043 ~ 007 ~ 011 LOUIE 74 HBC

Rl 160 ~ 024 ~ 006 E HMS 75 CBC
Rl ~ ~ ~ ~ « ~ ~ ~ ~

Rl AVG 0 ~ 0344 0 ~ 0040 AVERAGE ( ERROR INCLUDES
Rl STUDENT 0 ~ 0351 0 ~ 0047 AVERAGE USING STUDENT10(

(P2) /(Pll
WHlCH YIELD 2PI+ 2PI

4 ~ 0 P I-P
3 ' 2 PI-P 11/7 1

11/71
6/68
2/72
2/73
1/74
1/74

11/75¹
~ 11/75¹
11/75¹

5 P I- P
8 ~ P I+ P
1 ~ 26 PI- P»P F
6 ~ PI+Nr P FO
8 ~ PI+NtP FO
4 ~ 9 PI+Pi DELI+F0
3 ' 9 PI- PtN FO
4«PI+Nt P FO

SCALE FACTOR OF 1 «1)
H/1 1 i ) -- SEE TE XT

R2 F INTO (PI+ PI- 2PI01/(PI PI I (P31/(Pl}
R2 SHOULD BE TWICE Rl IF CECAY IS RHO-RHO (SEE ASCOL I 68)
R2 600 ~ 15 ~ 06 EISENBERG 7i HBC 4 9 PI+Pi DEL++FO ll/75¹
R2 {~ 07) EMMS 75 DBC 4 PI+Nr P FO 11/75¹

BAR DAO IN 71 P R D4 2711
BEAUPRE 71 NP 8 28 77
FARBER 71 NP 8 29 237
FLATTE 71 PL 34 8 551

BARDANIN-QTWINOhSKAr HOFMCKL r+ ( WARS )
+OEUTSCHMANNr GRAESSL ER t+ (AACH+BERL+CERN)
+DE PINTO t BI SWASt CASCNt DEERYr KENNEYt+(NOAH)
+ALSTGN GARN JOSTr BARB ARO GALTIERI ~ t {LBL l

AGUILAR 72
8 I SWAS 72
FOGL I 72
GRAYER 72
JACOBS 72
KEMP 72
SCARROTT 72
TAKAHASH 72
WHITEHEA 72

PR D 6 29
PR 0 5 1564
NC 8 /r 670
P H I L ~ C 0NF ~ P R 0 C ~

PR 0 6 1291
NC8 Aeil
LNC 3 271
PR D 6 1266
NP 8 48 365

AGUILAR-BENITEZtCHUNG EISNER SAHIOS (BNL )
+CASQN, HARRINGTON t KENNEY t SHEPHARO ( NDAM)
FQGL I-MUC I ACC IA t P ICC EAR ELL I (BARI )

5 +HYAMS t JONES t SCHLEINt BLUMt DIETL+(CERN+MP IH)
L ~ D ~ JACOBS ( SACLAY l
+NAJORr CGNTRI t+ (DURH+GENQ+MILA+EPOL+LPNP 1

SCARRQTT»KEMP (DURHAM
TAKAHASHI BQR'ISH + (TOHO+PENN+NDAM+ANL)
WHITEI. EADt AULDt + ( A E R E+RHEL+SHHP+LQUC )

ANOERSCN 73 P RL 31 562
BUGG 73 PR D 7 3264
CHARLESW 73 NP 8 65 253
HYAMS 73 NP 8 64 134
TQET 73 NP 8 63 248

EISENBER 74 PL 528 239
ENGLER 74 PR D10 2070
GRAYER 74 NP 8 75 189
HOLLGWAY 74 PR 09 1161
LOUI E 74 PL 488 385

+ENGI ERr KRAEMER t TOAF t DIAZ t+ {CARN+CASE)
+CGNQOtHARTtCQHNtENDORFr+ (TENN+QRNL+CINC}
CHARLE SWQRTHtEHHS r BELL t+ ( RHEL+BIRH+DURH)
+JONES t WE ELHAHMER r BLUM t Dl ETL t+ (CERN+HP IM)
+7 H UAN r' MA J OR t R I N AUDO t + ( NI JM+ BCNN+DURH+TOR I )

EISENBERGt ENGLERr HABERtKARSHON+ (REHQ)
+KRAEHER»TOAFFrWEISSERrDIAZ+ (CARN+CASE 1

G«GRAYERt HYAMSr BLUM»DIETL t+ (CERN+MPIM}
+HULDt JORDANt KQET Zt BERNST E IN+ ( ILL+ ILLC )
+AL ITT I t GANDOI S t CHALCUPKA+ (SACL+CERN )

EHMS 75 NP 896 155
ESTABRQO 75 NP 895 322
HYAMS 75 NP 8100 205
PAWL ICKI 75 PR D12 631

+K INSONt STACEY r VOTRUBA+ (8IP H+DURH+RHEL )
P ~ ESTABRGOKStA ~ C«HARTIN ( DURH)
+ JONES t WE ILHAMHER t BLUH t0 I ETL+ ( CERN+ MPIM}
+AYR ES t DI EBOL Dt GREENEt KRAMERt WICKLUND (ANL )

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹
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Particle Data Group: Review of particle properties

Me sons
D(1285), AR(1310)

Data Card Listings
For notation, see key at front of Listings.

8 C(1285t JPG= +) 1=0

( JP=O-t 1+t2- WITH 1+ FAVORED

8 0 ttASS ()tEV I

12 A2(1310t JPG=2+-} I=1

A, (1310)
WE LIST TVE A2 AS AN ORDINARY BREIT-hIGNER RESONANCE ~

FOR DISCUSS ION OF TI'. E REPORTED SPLITTING SEE GUR
APRIL 72 ANC APRIL 73 EDITIGN.

( 1290~ I
1283 ~ 0.
1290e

( 1310'0)
1270~ 0
1285~

130'3 ' 0
1283e0

}.50 1292 '
180 1286 ~

500( 1280~ )
SEEN IN Tt

M

M

M

M

M

M

M

M

M

M

M S
M S
M

M

M

~ e ~ ~

AVG 1286 ~ 1
STUDENT1285 ~ 9

APPROX
5 ' 0
Te

BARLOW
DA HL
D. ANCLAI.
DEFOI X

CAMPBELL
LQRSTAD

'

BARDAOIN
BOESEBECK
DEFOI X

DUBGC
THUN

G MASS SPECTRUM

10 ' 0
7 ~

8.0
6 0

1, 0 ~

3 ~

(3 I
E MISS IN

67 HBC
67 HBC
68 HBC
68 HBC
69 CBC
69 HBC
71 HBC
71 HBC
72 HBC
72 HBC
72 MMS

2 PBAR Pt 4PFS
1 ~ 6-4 ~ 2 P I — P

1 2 PBAR Pt 5-6 PFS
1 ~ 2 PB Pt7 PI
2 7 P I+ D

0 7 PB Pt 4t 5-BOGY
8 PI+ Pt P+6P I
]6 0 PI Pt5 PI
0 ~ 7 PBAR Pt 7 PI
1 e2 PBAR Pt 2K4PI
13e4 PI- P

2 e 2
2 ~ 2

5/67
10/66
6/68
3 /69
8/69
9/69
9/69
6/71
1/73

12/72
12/72
12/72

'W R
W U
W U UNF
W R
W

W R
W R
W

R 150
W R 180
'W 5 500
W 5 SEE
W R RESO

W AVG
W STUDENT

8 0 W I 0TH ( ME V)

1 64 2 PI- P 11/71
le2 PBAR Pt 5-6 PFS 2/72

(35 0) ( 10 0) DAHl. 67 HBC
46 ~ 20 ~ D ~ ANDLAU 68 HBC

OLOED BY CQBRZYNSK I 71
(40e 0} DEFGI X 68 HBC
30 ' 0 15e0 CAMPBELL 69 CBC

(60 I (15 ~ ) LQRSTAD 69 HBC
(44 ~ 0) ( 24 ~ 0} BARDAO IN 71 HBC100100 80 ES E BEG K 71 HBC
(28 ) (5 ) DEFCIX 72 HBC
(46el (9e) DUBOC 72 HBC
(37 ' ) (5e) THUN 72 MMS

N IN THE MISSING MASS SPECTRUM
LUTION NOT UNFOLDED
~ ~ ~ e ~ ~ ~ ~ ~

20 ~ 6 9~ 6 A VERAGE ( ERROR INCLUDES
20 ~ 6 9 ~ 2 AVERAGE USING STUDENT10

1 2 PB Pt7 PI
2 7 P I+ 0

0 ~ 7 PB P t 4t 5-BOGY
8 P I+ P P+6P I
16 0 PI Pt5 PI
0 ' 7 PBAR Pt7 P9
1 2 PBAR P 2K4PI
13~ 4 PI-. P

11/7 1
8/69

11/7 1
11/7 1
6/71
1/73

12/72
12/72
'12/72
11/71

SCALE FACTOR OF 1 3 }
(H/1 11) -- SEE TEXT'

8 D PARTIAL -CECAY MODES

Pl
P2
P3
P4
P5

0 INTO K KBAR PI
D INTO PI P I RHO
0 Ih}TO ET A P I P I
0 INTO DE LTA Pl
D INTO 2P I+ 2P I-

DECAY MASSES
497+ 497+ 134
134+ 134+ 773
548+ 134+ 134
976+ 134
139+ 139+ 139+ )39

AVERAGE (ERROR INCLUDES SCALE FACTOR CF 1 ~ 1)
AVERAGE USING STUDENT10(H/le ill -- SEE TEXT

( 1320e 0 I

( 1335 0 I

1425 1290.0
( 1290~ 0)
(1310e0)

106J 1286 '
0 4000(1307~ )

260 1311~ 0
120 1320

( 1310~ )
(1301e0)

A ( 1300 0)
A (1299 )
0 (1295 0)
A 24}.(1299' 0)

1310e0
1305~

941 1306~ 0
280 1313' 0

A 581( 1288 ' 0)
0 (1335~ 0)
0 (1330' 0)

( 1274 ~ 0}
360 1304 ' 0

10000 1307.
5000 1309'

28000 1299 ' 0
24000 1300e
17000 1309' 0

160 1307'
1315e

1580 1306'
1600 1318'
1200 1298 '

M

M

M

M

M

M

M

M

M 0

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M P
M

M P
M P
M

M

M A

M P
M

M

M

0 ChLY EXPER
ANALYSIS C
F ROM A F IT

~ ~ ~ ~

AVG 1307 7
STUDENT 1307 ~ 7

12 A2 PASS (MEV)t 3PI MODE

ADERHOLZ
GOI. DHABER
LEFEBVRES
BARNES
BE NSOhl
LEVRAT
CHIKQVANI
ARMEh! I SE
BQESEBECK
C HUNG
VGN KRQGH
JUtKMANh
LAMSA
ANDERSON
AR MENI SE
E I SENBERG
ASCOLI
ALSTCN-GA
BQCKMANN
CASG
DIAZ
GARF INK EL
GORDCN
BARNHAM
8!NNIE1
8 I NNI El
BQWEN
BGWEN
BQWEN
BLOQDWORT
ANTI POV 1
CHALGUPKA
EMMS
WAGNER

4.0 PI+P
+- 3 7 P I+- P

5 ~ bt 6e0 PI-P
6 ~ 0 PI-P

0 3 ~ 65 P I+0
6-7 PI- P

7 PI- P
0 5.1 Pi+0
0 8 PI+ P

2 ' 7-4 ' 5 PI-
6e7 PI- P
16 P I- Pt 5PI
8 PI- P
16 PI- P tBACKW9

+ 5 ~ 1 P I+0 t 3P I++-
+ 4 3t5e3 GAMMA P

5 — 7 ~ 5 PI — P
+ 7 ~ 0 PI+Pt3PI P

05 ' PI+P
11 2P I-Pt PI RHO

+- 0 ~ PBAR P t 4 PI
4 ~ 5 K-Dt LAMBDA

0 4 ~ 2 PI+ D
+ 3 7 PI+ P t (3PI)+

P I-P NEAR A2 THR
PI-P NEAR A2 THR
5 ~ PI= P

+ 5. PI+ P
7 ~ PI- P

+ 5e45 PI+ PtP 3PI
25 ~ t40 ~ P I- P
3 9 PI- PtP A2

04e PI+Nt P A20
07. P I+P, DEL++A2

64 HBC
64 HBC
65 MMSP
66 HBC
66 CBC
66 MMS

67 MMS

68 DBC
68 HBC
68 HBC
68' HBC
68 HBC
68 HBC
69 MM5
69 CBC
69 HBC
70 HBC
70 HBC
70 HBC
70 HBC
70 HBC
70 DBC
70 DBC
71 HBC
71 MMS

71 MMS

71 MM5
71 MMS

71 MMS

72 HBC
73 CNTR
73 HBC
75 CBC
75 HBC

( 10 ~ 0)
(5 0)

( 10 ~ 0)
( 10 ~ 0).
(8 ~ )

( 16 ~ )6.0 ..
10 ~

(20. )
(8 ~ 0)
(4 0)

(14 )
(20 0)
(12 ~ 0)

14 ~ 0
(3 ~ )
4e0
7 ~ 0

(10' Ol
( 15 ~ 0)
( 15e0)
(22 0)

4 ' 5
5
5 ~

6 ~ 0
6 ' 0
4 0
7 ~

5
9 ~

7
8 ~

15 MEV KEPT FOR AVERAGING
~ 5) AND/OR A 1,

IMENTS GIV INC ERROR LE 55 THAN
GMPL I C AT EC BY NEARBY PEAK ( Al

TO JP=2+ RHQ PI PARTIAL WAVE
~ ~ ~ ~ ~

1 ~ 4 AVERAGE ( ERROR I
1 ~ 7 AVERAGE USING ST

NCLUCES SCALE FACTOR OF 1 ~ 0)
UDENT10(H/le ll) ~- SEE TEXT

12/75¹
1/73
2/73

12/75¹
1/73

12/75¹
9/67
6/68
5/68
9/68
1/73
1/71
8/69
5/70

12/69
1/71
1/71
5/70
1/T3

12/75¹
12/75¹
1/71

11/71
11/71
ll/71
ll/71
11/7 1
ll/7 1
1/73
1/74
2/73

1}./75¹
11/75¹
12/75¹

8 C BRANCHING RATIOS

Rl 0 INTO (PI PI RHQ) / (K KBAR PI)
Rl (2e0) OR LESS DA HL 67 HBC
Rl D (4 ~ 0) OR LESS DGhALD 69 HBC
Rl 0 THIS IS FOR (RHQO PI+ PI-) /(K KBAR PIOI

(P2)/(Pl)
CHARGED PI Oh'LY 10/66
1 ~ 2 PBAR Pt5P+ ~

(Pl ) / (P3)
1 ~ 2 P BAR P 1/73

2e7 Pl+ 0 1/73
0 ~ 7 PBAR Pt 7 PI 1/73

R2 . 0 INTO (K KBAR PI) /(ETA PI PI )
R2 K R 0.166 0.055 DEFOI X 68 HBC
R2 R REVISEC BY DEFCIX 72
R2 0 16 0 ~ 08 CAMPBELL 69 OBC
R2 K 0 ' 20 0 F 08 OEFQ I X 72 HBC
R2 K K KBAR SYSTEM CHARACTER I ZEC BY TI-E 1=1 THRESHQI C

R2 K ENHANCEMENT (SEE UNDER DELTA(970)) e

R2 ~ ~ ~ ~ ~ ~ ~ ~ ~

R2 AVG 0 ' 173 0 ' 039 AVERAGE (ERROR INCLUDES SCALE FACTOR QF je0)
R2 STUDENT 0 ~ 173 0 ~ 042 AVERAGE USING STUDENT10(H/1. 11) -- SEE TEXT

12 A2 t" ASS (MEV ) t K KBAR MODE

MK 80(1317~ 0) (3 ~ 0) BARLOW 67 HBC +- 1 2 PBAR P t KK 2/72
MK 60 1333~ 0 13 0 BARLOW 67 HBC +- 1 2 PBAR PE KK 9/67
MK N (1344~ 0) ( 7 } ( 6 ~ ) B EU SCH 67 GSPK 0 5-12 PI- P t K1K1 ll/71
MK 130 1280 ~ 0 12 0 CONFQRTO 67 HBC + 0 ~ PBAR P IN KK ~ 9/67
MK 1317 2 4e0 CAHL 67 HBC - 2 ~ 7-4 ~ 5 PI- P 8/67
MK N (1315~ 7) ( 10 ~ 8) OAHL 67 HBC 0 2 ~ 7-4 ~ 5 PI- P ll/71
MK N (1311~ Ol (5 ~ 0) CRENNELL 68 HBC 0 6 ~ 0 PI-P tKlKl ll/71
MK 132 1301 ~ 0 7 ' 0 ALSTGN-GA 70 HBC + 7 ~ 0 P I+P K+KS P 1/71
MK 190 1313 0 7 ~ 0 CRENNEL 71 HBC — 4 ~ 5 PI- PtKSK-P ll/71
MK 5 1500 1319.0 3e0 GRAYER 71 ASPK — 17 ~ 2 PI-P t K-KS P 2/72
NK 730 1313e 0 4 ~ 0 FOLEY 72 CNTR — 20e3 PI- PtK- KS 12/72
MK

MK N THE NEUTRAL MODE CAN INTERFERE WITH THE F MESON
MK 5 SYSTEMATIC ERROR Ih! MASS SCALE SUBTRACTEC
MK ~ ~ ~ ~ e ~ ~ ~ ~

MK AVG 1315 0 3 1 AVERAGE ( ERROR INCI UDES SCALE FACTOR QF 1 ~ 7)
MK STUDENT1315 4 2 ~ 2 AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE TEXT

(SEE IDEOGRAM BELOW I

R3
R3
R3
R3

0 INTO (DELTA PI)/(ETA PI PI ) (P4) / (P3)
POSSIBLY SEEN AMMAR 70 HBC 4 ~ 1t5e5K-t ETA 5/70
POSSI BLY SEEN OT WI NOW SK 70 HBC 8 P I+ P t P+6P I 9/69

(0 ' 8} (0 ' 2) DEFCIX 72 HBC 0 ~ 7 PBAR P, 7 PI ~ 1/T3

R4 D INTO (2PI+ 2PI- ( INCL ~ RHG PI PI }) /(ETA PI+ P I-)
R4 (P5) / (2/3P3 )
R4 50 ( 0 ~ 55} OR MORF BOESEBECK 71 HBC 16 ~ PI+- Pt P 5PI 11/71

¹¹¹¹¹ ¹¹¹¹¹¹ ¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹ ¹¹¹¹¹ ¹¹

REFERENCES FOR C

IJEIGHTED A VERAGE = 1315 .0 + 3 .1
ERROR SCALED BY 1 ' 7

0 AND LAU
MILLER
BARLOW
DAHL
0 ANDLAU
DEFOIX

65 PL 17 347
65 PRL 14 1074
67 NC 50 A 701
67 P R 163 1377
68 NP 8 5 693
68 PL 28 8 353

+BARLOWtACAMSON t+ (COEF+CERN+IRAD+LI VP)
+CHUNGtOAHLtHESSt HARDY tKIRZt+ (LRL+UCB )
+MONTANET, C-ANDLAU+ (CERN+CDEF+IRAD+LIVP )
+ t.ARGY+HE 5 5+5 IR Z+MI L L E R (LRL) I JP
+ASTIFR tBARLQW+ (CDEF+CERN+IRAC+LIVP) I JP
tRIVETtSIAUDtCONFORTG+ (CDEF+IPNP+CERN)

CAMPBELL 69 PRL 22 1204
DONALD 69 NP 8 11 551
( QRSTAD 69 NP 8 14 63
OTWINOWS 69 PL 29 8 529

AMMAR 70 PR D2 430

BARDAD IN 71 PR D4 2711
BQESEBEC 71 PL 34 8 659
GOLDBERG 71 LNC 1 627

BERENYI 72 NP 8 37 621
CHAPMAN T2 NP 8 42 1
DEFQIX 72 NP 8 44 125
OUBOC 72 NP 8 46 429
THUN 72 PRL 28 1733

+L ICHTMAN t+ (PURO}
+EDWARDSt BURANt BETTINI t+ (LI VPtOSLQ+PAOOI
8 ~ LORSTADt DeANDLAUt ASTIER t+ (CDEF+CERN) JP
5 ~ GTWINOWSKI (WARSAW )

+KRCP ACt DAVIS t DERRICK+ ( KANS+NWE 5+ANL+ WI SC )

8ARDADIN-QTWINOWSKAt HOFMGKL t MICHE JDA+ ( WARS)
( AACH+BERL+BQNN+CERN+CRAC+HE ID+WARS )

+MAKOWSK I t TOUCH ARD t DONALD t+ ( IPN+LI VP) JP

+PRENTICE STEENBERG YCCN WALKER (TNTG+WISC }
+CHURCHtLYStMURPHY ~ RINGtVANDER VELDE (MICH)
+NASCIMENTGt BI ZZARR I t+ (COEF+CERN }
+GOLDBERG ~ MAKOWSKI t DONALD t+ (LPNP+LIVP }
+BLIEDENtFINQCCHIAROtBOWENt+ (STCN+NEAS) 1240 1280 1320 1360 1400

FOLEY 72
.GRAYER 71

~ CRENNEL 71
ALSTON-GA 70
DAHL 67

~ CONFORTO 67
.BARLOW 67

CNTR
ASPK
HBC
HBC
HBC
HBC
HBC

CHISQ
0.2
1 ~ 8
0.1
4.0
0.3
8.5
1.9

16.8
fCONLEV
=0.010)

VVII. LE MI 75 LNC 14 165

HANDLER 76 NP

VUII I EMINt+

+PLANGt BRUCKERtKOLLER+ (RUTC+STEV+SETO )

(LALS+NEUC+LPNP+LIVP+GLAS I J P A2 PASS (f1EV)t K KBAR f1ODE
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Particie Data Group: Review of particle properties S't 2'I

Data Card Listings
For notation, see key at front of Listings.

Me sons
A, (iB~O)

M 189 1312~ 0
H 1300+0
M 32 1300~ 0
M 30 1288 '
M 1320 ~

M E 1000 1323
M EH 6200(1324~ )
M E ERROR INCLUD
M H MISSING MASS
M 0 ~ 0 ~

M AVG 1305 3
M STUDENT1306 ~ 0

12 A2 HASS (MEVI e ETA PI MODE

7.O ALSTON-GA 70 HBC + 7 ~ 0 Pj+Py P I ETA
20 ~ 0 CASO 70 HBC ll 2PI Pt PI ETA

8 ~ DZ IERBA 70 HBC - 8 ~ PI P r PI ETA
7 ~ JOHNSTON 70 HBC - 7 ~ PI-P y P I-ETA P

20 ' ESPIGAT 72 HBC +- 0 ~ PBAR

PESETA

2PI
8 KEY 73 OSPK - 6 ~ P I-P y P P I-ETA

(8 ~ ) CONFORTO 73 OSPK 6 ~ P I P y P MHS
ES 5 MEV SYSTEMATIC MASS-SCALE ERROR

WITH ENRICHED MMS=ETA PI-g ETA = 2 CAMMA

0 ~ 0 ~

5 ~ 8 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 6)
5.0 AVERAGE USING STUDENT10(H/1 ~ 11) —SEE TEXT
( SEE IDEOGRAM BELOW I

1/71
5/70
1/73
1/71

11/7 1
1/74
1/74

WEIGHTED AVERAGE = 104 ~ 2 + 12.1
ERROR SCALED BY 2.3

WEIGHTED AVERAGE = 1305.3 + 5.8
ERROR SCALED BY 1.6

-FOLEY ?2
~ GRAYER 71
~ CRENNEL 71
ALSTON-GA 70
DAHL 67

~ BARLOW 67
~ BARLOW 67

0 50' 100 150 200
A2 WIDTH (MEV) s K KBAR MODE

CNTR
AS P.K

HBC
HBC
HBC
HBC
HBC

CHISQ
0.2
7.2
1 ~ 4
0.3

10.1
10.3
3.0

32.6
(CONLEV
=0 ~ 000)

.KEY
ESP

1240 12EIO 1320 1360
A2 MASS (MEV) ~ ETA PI MODE

73
GAT 72
STON 70
RBA ?0

70
ON-GA 70

1400

OSPK
HBC
HBC
HBC
HBC
HBC

CHISQ
4.9
0.5
6.1
0.4
0.1
0.9

13.0
(CONLEV
=0 ~ 024)

W

W

M T
W

W

W M

M
'W T

A

W 5

12 A2 WIDTH (MEVI y ETA PI MODE

189 103~ 0
(12000)

32 f 41 ~ 0)
30 (38 ~ 0)

120 '
1000 108'
6200 ( 1 04 ~ )

MISSING MASS
WIDTH ERRCRS

~ ~ ~ ~ ~

VG 108 ~ 1
TUDENT 108' 0

20+ 0

(20 ' 0)
(30 ' 0)
30~

9 ~

{9~ )
WITH ENR
ENLARGED
~ ~ ~ ~

7 ~ 9
8 ~ 5

ALSTCN-GA
CA SO

( 16~ 0) OZ IERBA
JOHNSTON
ESP IGAT
KEY
CONFORTC

I CI. ED MMS~ETA Pl -e
BY US TO 4+WIDTH/

70 HBC
70 HBC
70 HBC
70 HBC
72 HBC
73 OSPK
73 OSPK
ETA = 2

SQRT (N )

+ 7 ~ 0 PI+P ~ PI ETA
11 2PI-Pi Pj ETA

8 ~ PI- P gPI ETA
7 ~ PI-P~ PI-ETA P

+- 0 ~ PBAR P y ETA 2P I
6 ~ P I-P ~ P P I-E TA
6 ~ P I-P y P PMS-

GAMHA

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUCENT10(H/ lail) -- SEE TEXT

1/71
5/70

11/70
l/73

ll/71
1/74
1/74

12 A2 WIDTH (HEV) y 3PI MODE

HBC 4 ~ 0 P I+P
HBC +- 3 ~ 7 P I+- P
HMSP — 6 ~ 0 PI-P
HBC — 6 ~ 0 Pj-P
OBC 0 3 65 P I+0
MMS — 6p7 PI- P
HMS - 7 P I- P
DBC 0 5 ~ 1 P I+9
HBC 0 8 P I+ P
HBC 2 ~ 7-4i5 PI- P
HSC - 6 ~ 7 PI- P
HBC - 16~ P I Py 5 PI
MMS - 16 P I P q 8 ACKW9
DBC + 5 1 PI+0 3PI++-
HBC + 4 ~ 3y 5 ~ 3 GAMMA P
HBC + 7 ~ 0 PI+Pg3PI P
HBC 05 ~ PI+P
HBC — 11.2P I-PiPI RHO
HBC +- 0 ~ PBAR P g 4 PI
DBC — 4 ~ 5 K-Dg LAMBDA
OBC 0 4 ~ 2 PI+ D

HBC + 3 ~ 7 Pj+ Pg f 3P I)+
MMS — P I-P NEAR A2 THR
MMS - P I-P NEAR A2 THR
HMS — 5 ~ P I- P
MHS + 5 ~ PI+ P
MMS — 7 ~ P I- P
HBC + 5 ~ 45 PI+ Pq P 3PI
CNTR — 25 ~ g40 ~ PI- P
HBC — 3 9 PI- Py P A2
OBC 04 ~ PI+Np P A20
HBC 07 ~ P I+P f DEL++A2

W

W

M 1425
W

W

W 1060
W 0 4000
W 26O
W 0 120
W 0
M

W

W

M

W

M

W

W

M

W

W 360
10000

W 5000
'W 28000
W 24000

17000
W 0 160
M P
W 1580

P 16OO
W P 51200
W

W

W

W

W

W

ADERHQL Z 64
GOLOHABER 64
LEFEBVRES 65
BARNES 66
BE NSON 66
LEVRAT 66
CH IKOVANI 67
AR HE NI SE 68
BOESEBECK 68
C HUNG 68
VON KROGH 68
JU II K MANN 68
A NDE R SON 69
AR MENI SE 69
E ISENBERG 69
ALSTCN-GA 70
BOCKMANN 70
CASO 70
DIAZ 70
GARFINKEL 70
GORDON 70
SARNHAH 71
BINNIE1 71
BINNIE1 71
SOWEN 71
BO MEN 71
BOMEN 71
BLOODWORT 72
ANTI POV1 73
CHALOUPKA 73
EMMS 75
WAGNER 75

(100~ 0 )
(90eo)

99m 0
{70eo)

f 100~ I
98~

(90 )
96 ~ 0

{56m)
{80' )
(40 ol
(52 ~ 0 I
(90~ Ol

(164 0)
(80 0)
79 ~ 0

f70 ol
(135~ 0)
(90 ~ Ol
(35~ ol

(215~ 0)
ill ~ 4

(100~ )
72 ~

105~ 0
99 0

103~ 0
(72 ~ )
115~

99+
1)2~

122~

( 10~ 0]
{15 OI
(10~ 0)
{15~ )
{5~ )

(15~ I
16~ 0

(21 ' )
(20
{25' 0)
{16' 0)
(10' 0)
(20 ' ol
{30' 0)

12 0
( 29 ~ 0 I
{26~ 0)
(20 ~ 0 I
(35 ~ 0)
(22 ~ 0 )

18 0

A

O
AE 241
O

941
0 280
A 581
0
0

(50 0)

16 ~

5 ~ 0
5eo
5 ' 0

(25 )
15 ~

15 ~

18 '
14 '

AVERAGE (ERROR INCLUDES 5CALE FACTOR OF 1 ~ ll
AVERAGE USING STUOENT10(i"/1 ~ 11) -- SEE TEXT

12/75'
1/73
2/73

12/754
1/73

12/754'
9/67
1/73
5 /68
9 /68
1/73

12/754'
5/70

12/69
1/71
5 /70
1/73
5/70
1/71
1/71

11/71
11/71
1 1 /71
11/71
11/71
ll/71
12/72
1/74
2/73

11/754'
11 /75'

12/754
5/70

12 A2 WIDTH (HEV) v K KBAR MODE

67 HBC
67 HBC
67 OSPK
67 HSC
67 HBC
67 HBC
68 HBC
70 HBC
71 HBC
71 ASPK
72 CNTR
F MESON

BARLOW
BARI OW

(22 ~ ) BEUSCH
CONFQRTO
DAHL
DA HL

(ego) CRENNELL
ALSTON-GA

16 ' 0 CRENNEL
GRAYER
FOLEY

INTERFERE WITH THE

28 ~ 0
15

(23 ~ )

WK 60 56 0
MK 80 56m 0
WK N (88m)
'WK 130 {90' 0)
WK 47 ~

MK N

(BOER

5)
WK N (21~ 0)
WK 132 90~ 0
WK 190 125 ~ 0
WK 1500 1 23 ~ 0
MK 730 1 13~ 0
WK N THE NEUTR AL
MK ~ ~ ~ ~

WK A VG 104 ~ 2
WK STUDENT 107 ' 4

+- 1 ~ 2 P BAR P ~ KK
+- 1 2 PBAR Py KK

0 5-12 PI-PpKlK1
+- 0 PBAR P IN KK

2 ~ 7 4 ~ 5 PI P

0 .2 ~ 7-4 ~ 5 PI — P
0 6eo PI-P gKlK1

+ 7 ~ 0 P I+P y K+KS P
4 ~ 5 PI- P yKSK-P
17 ~ 2 PI P tK-KS
20 ~ 3 PI- Pq K- KS

9/67
9/67

11/71
9/67
8/67

11/71
11/71
1/71

11/71
11/71
12/72

18.
(36 ' 5)
(10' 0)
24 ' 0
19' 0
7 ' 0

19~ 0
MODE CAN

~ ~ 0 0 ~

12 ~ 1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 2~3)
9.1 AVERAGE USING STUDENT10(H/1 il) -- SEE TEXT
(S EE IOECGRAM BELOW )

0 ONLY EXPERIMENTS G IV ING MASS ERROR LT 15 HEV KEPT FOR AVERAGING
E BACKGROUND SUBTRACTION MODEL-DEPENDENT ~

0 MAY BE DIFFERENT OBJECT ~ ALTI''OUGH JPC~2++ ~ COMPARE CRENNELL 69~
A ANALYSIS COHPLICATED BY NEARBY PEAK (Al ~ 5) AND/OR Al

S 'WIDTH ERRORS ENLARGEC BY US TO 4sMIDTH/SQRT(N)
P FROM A FIT TO JP=2+ RHO PI PARTIAL WAVE

~ ~ ~ ~ ~ ~ 0 ~ ~

AVG 1ol ~ 7 2 ~ 7
STUDiENT 101 e 9 2 ~ 9

12 A2 PART IAL DECAY MODES

Pl
P2
P3
P4
P5 S
P6 5
P7 5
PB 5
P 5

A2 INTO
A2 I NTO
A2 INTO
A2 I iNTO

A2 INTO
A2 INTO
A2 INTO
A2 INTO

SMALL y

RHO PI
K KBAR
ET A Pj
OMEGA PI PI
Pj+ PI- PIO EXCL RhO PI
PI+ PI- PI- EXCL ~ Rl 0 PI
PI GAMHA
ETA PRIME PI
NOT USED IN TI E F IT

DECAY MASSES
773+ 139
493+ 497
548+ 139
139+ 139+ 783
139+ 139+ 134
139+ 139+ 139
139+ 0
958+ 139

12 A2 BRANCHING RATIOS

Rl A2
Rl N

Rl N THE
Rl 11
Rl
Rl
Rl
Rl
Rl 113
Rl 50
Rl
Rl AVG
Rl STUDCNT
Rl FIT

{P2)/(Pl)
0 5p 7g 12 Pj-+ 9/67

CHARGED ONlY) INTO (K KBAR) /{ RHO PI)
(0 ~ 13) (0 ~ 03) BEUSCH 67 OSPK

NEUTRAL MODE CAN INTERFERE WITH F ~

0 ~ 09 0 ~ 06 0 ~ 09 A SCOL I 68 HBC
0 ~ 054 0+022 CHUNG 68 HBC

(0 ' 03) (0 ~ 012) DONALD 68 HBC
0 ~ 06 0 ~ 03 ABRAMOV IC 70 HBC
0 ~ 07 0 ~ 03 NEF 70 HMS

0 ~ 097 0 ~ 018 AL STON-GA 71 HBC
0 ~ 056 0 ~ 014 CHAL OUPKA 73 HBC

~ ~ ~ 0 ~ ~ ~ ~ ~

0 ~ 06 77 0~0089 A VERAGE ( ERROR INCLUDES
0 ~ 067 oeolo AVERAGE USING STUDENT 10(
0 ~ 0665 0 ~ C078 FRCH FIT (ERROR INCLUDES

5 PI-P
3 ~ 2 P I-P
1 a2 PBAR P
3 ~ 93 Pj- P .

7 ~ 0 PI- P
7.0 P!+ P

3 ' 9 PI- PwP A2

6/68
1/67
2/72
1/71
6/70
2/71
2/73

SCALE FACTOR OF 1 ~ 0)
H/1 11 ) -- SEE TE XT
SCAl E FACTOR OF 1 ~ 0)

R2
R2
R2
R2
R2 AVG
R2 STUDENT
R2 F IT

A2 INTO {ETA
34 Oe 15

0 13

0 ~ 140
0 ~ 140
0 ~ 166

P I I/(RHO
0 ~ 04
0 ~ 04

~ ~ ~ ~

0 ~ 028
0 ~ 030
0 012

PI + K KBAR + ETA PI)
BARNHAH 71 HBC
ESP I GAT 72 HBC

( P3 ) /( P 1+P2+P3)
+ 37 PI+ P
+- 0 ~ PBAR PE

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE US ING STUDENT10(H/1 ~ 11) -- SEE TEXT

FROM FIT (EPROR INCLUDES SCALE FACTOR OF 1 ~ 0)

11/71
1)./71

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P., as follows: The diagonal elements are P. + 6P., where

1 1 i
6P. = Q(6P. 6P.), while the off-diagonal elements are the normalized correlation coeffi-

1 1 i
cients (6P.6P. ) /(6P. ~ 6P.). For the definitions of the individual P. , see the listingsi j 1 3 1
above only those P. appearing in the matrix are assumed in the fit to be nonzero andJ 1
are thus constrained to add to i.

P 4P 3P 21
P 1 ~ 7094+-» 0179
P 2 o 0332 ~ 0 t71+ ~ 005 t
P 3 —.3024 —.0893 .1504+-.0119
P 4 —~ 7620 - ~ 2008 - ~ 3224 0930+- ~ 0186

Rev. Mod. Phys. , Vol. 48, No. 2, Part Il, April 1976



Particle Data Group: Review of particle properties

Me sons
AB(1310)

Data Card Listings
For notation, see k, ey at front of Listings.

A2 INTO {ETA
0 ' 3
0 ' 22

22 0 ' 23
0 ' 12
0. 16

(0 18)
0 ~ 3

15 0 ~ 25
0

(0 18)
0 ~ 246
0 ~ 211
0 22

R3
R3
R3
R3
R3
Rj
R3 D

R3
R3
R3
R3 D

R3
R3
R3
R3
R3
Rj
R3

39
167
149

52
~ ~ ~ ~

AVG 0 ' 221
STUDEhIT 0 ' 222
F IT 0 ' 212

P I ) / (R
0 2
0 ~ 09
0 ~08
0 ~ CB
0 10

(o.oe)
0 13
0 ~ 09
0 ~ l7

(0 ~ C7)
0 042
0 ' 044
0 05

HO Pj)

O.s 34

ADERHOLZ
CONTE
ASCOLI
CHUNG
KEY
VETL IT SKY
ABRAMQVIC
BOCKMANN
BOCKMANN
OZIERBA
A L STON-GA
CHALGUPKA
ANTIPGV

64 HBC
67 HBC
68 HBC
68 HBC
68 HBC
69 HBC
70 HBC
70 HBC
70 HBC
70 HBC
71 HBC
73 HBC
73 CNTR

{P3) /(Pl}
4 0 Pj+P
11 ' 0 PI-P
5 PI-P
3 ~ 2 P I-P
3 PI-P
3ej Pj- P
3.93 P I- P

+ 5.0 PI+P
0 5 0 Pj+ P

8 ~ Pj- P
+ 7 ~ 0 PI+ P

3 ~ 9 PI- PsP A2
40 ~ P I-P s P A2-

0 ' 021
0 ' 023
0 019

AVERACE {ERROR INCLUDES SCALE FACTOR OF l ~ 0)
AVERAGE USING STUDENT10(H/I 11} —SEE TEXT

FRCM FIT (ERROR INCLUDES SCALE FACTOR QF 1 ~ 0}

8/67
6/68

12/66
ll/67
9/68
1/71
9/69
9/69

ll/7 1
2/71
2/73
1/74

R5 A2 INTO (ETA PRIME PI )/(RHC PI }
R5 0 04 0 ~ 03 0 ~ 04 BQCKMANN 70 HBC
R5 D 8 (0 ~ ).5 l {0 09) DZI ERBA 70 HBC
R5 D STRONGLY DEPENDENT QN BACKGROUND SUBTRACTION
R5 {0 ~ 04) OR LESS ALSTCN-GA 71 HBC
R5 (Oe0jj)OR l ESS CL= 90 E ISENSTEI 73 HBC

{P8)/(Pl }
0 5.0 PI+ P

8 PI — P

+ 7.0 Pj+ P
5 P I- PsP 6P I

9/69
11/7 1
I 1/71
2/71
1/74

Re
R6

A2 Ih}TO (PI+ PI- P 10 ) / (Rf-G P I ){0.17) OR LESS BE NSQN
(P5) /(P 1)

66 DBC 0 3~7 P I+0

R7 A2 INTO (ETA PI)/(K KBAR}
R7 E (3 ' 0) OR LESS FOSTER 68 HBC
R7 E SUPERSEDED BY ESPIGAT 72 (SEE UNDER R2 AND RB)
R7 4 s 4 ~ ~ 0 ~ 4 ~

R7 F IT 3o 19 0 ~ 46 FROM FIT

(P3) /(PZ} i

PBAR PsPBA REST. 11/71
11/71

R8 A2
R8 17
RB A

R8 A NQT
RB A FRO
RB 8
RB
RB
RB
R8 A VG
R8 STUDENT
RB F IT

INTO ( K KBAR) /(RHO P I + K KBAR + ETA PI ) ( P2
0 06 0 ' 03 BARNHAM 71 HBC +

(0 ' 020) (0 ' 004) ESP IGAT 72 HBC +-
AVERAGCD BECAUSE OF DISCREPANCY BETWEEN MASSES

M (K K BAR) AND (R I.Q P I ) MODES
0 ~ 03 0 ~ 02 GAMER I 72 HBC
0 05 0 02 TQET 73 HBC +
0 ' 09 0.04. TOET 73 HBC 0

~ ~ ~ ~ ~ ~ ~ ~ ~

Oa048 0 ~ 012 AVERACE (ERRGR INCLUDES SCAl
0 ~ 048 0 ~ 01 s AVERAGE USING STUDENT 10 {H/1 o

0 0520 0 0058 FRCM FIT (ERRGR INCLUDES SCAl

l/ {Pl+P2+P3l
3 7 PI+ P s KSK+P
0 PBAR Ps

11/71
2/72

il. Pj- P 12/72
5a PI+ Ps P K+ KO j2/75+
5 P I+P sP I+P K KB 12/75+

E FACTCR GF 1 ~ 0}
11) -- SEE TE XT
E FACTOR QF 1 ~ 0)

R9 AZ INTO (Pj+ PI Pj-l/(RHOO P I-) {P6C}/{P1C}
R9 (0 ~ 23) OR LESS CL- ~ 90 AB'RAMGVIC 70 HBC 3 ~ 93 P! P 1/71

Rll A2 INTO (PI GAMfsA}/TCTAL
Rll R {0 005} {0 005} (0 ~ 003) EISENBERG 72 HBC
Rll R PION EXCHANGE MODEL USEC IN Tf IS ESTIMATION

(P7)
PHOTOPRODUCTI CN 11/71

11/71

R12 A2 INTO (OMEGA P I Pj l /(Rf-0 P I ) (P4}/{ Pl l
R12 D 0 19 0 F 08 DEFOIX 73 HBC 0 0+7 PBAR Ps7 PI
R12 D DECAYS TO Bl(1040) P I s 8 1 I NTC Ch}EGA PI ~

R12 D ERROR INCREASED TO ACCOUNT FOR POSSIBLE SYST ERRORS
R12 0 QF COMPLICATED ANALYS IS
R12 0.08 0.05 GARNJQST 72 HBC 0 7 1 PI+ P
R12 Z79 0 ' 10 0 ' 05 . CHALOUPKA 73 HBC — 3 ' 9 PI- PsP A2
R12 60 0 ' 28 0 ' 09 DIAZ 74 DBC 0 6 PI+NsP{5PI) 0
R12 K 140 0 ~ 29 0 08 KARSHCN 74 HBC 0 4.9 PI+P, CEL++A2
R12 K 60 a 10 ~ 04 KARSHON 74 HBC + 4.9 PI+Ps P AZ+
R12 K KARSHGN 74 SUGGEST AN ACDITIQNAL 1=0 STATEs STRONGLY COUPLED
R12 K TO OMEGA PI PI COULD EXPLAIN DISCREPANCIES IN BRANCHING RATIOS
R12 K ANO MASSES
R12 ~ s ~ ~ ~ ~ ~ ~ 1
R12 AVG 0 ~ 131 0 ~ 032 AVERAGE (ERROR INCLUDES SCALE FACTCR QF 1 s4)
R12 STUDENT 0 ~ 127 0 ~ 027 AVERAGE USING STUDENT10(H/le 11} -- SEE TEXT
R12 FIT 0+ jjl 0 ~ 029 FRCM FIT (ERROR INCLUDES SCALE FACTOR OF 1 2)

(SEE IDEOGRAM BELOW l

1/74

2/73
2/73
1/74

12/75+
12/75+

}JEISHTED AVERAGE = 0.131 + 0.032
ERROR SCALED BY 1.4

Values above of weighted average,
error, and scale factor are for the
reader' s convenience only. The
data were actually processed by a
constrained fit program, which
calculates its own values of x, 5~,
and scale factor, which are differ-
ent from the values shown here.

—0.1 0.1 0.3

74 HBC
74 HBC
74 DBC

OUPKA 73 HBC
JOST 72 HBC

I&& 73 HBC

.KARSHOh{
KARSHOH

O. S

CHISQ
0.6
3.9
2.7
0.4
1 ~ 0
0.5
9 ~ 3

(CDHLEV
=0.099)

A2 INTO (OMEGA PI PI) & (RHO PI)

R4 A2 INTO {ETA PRIME P I l / TOTAL {P8)
R4 (Oe1) QR LESS CHUNG 65 HBC - 3 ~ 2 P I-P
R4 (0 ~ 02) OR lESS CL= ~ 97 BARNHAM 71 HBC + 3 ~ 7 P I+ P e 2/72

ADERHCLZ
C HUNG
GOLDHABE

ANDER

64
64
64
64

ABQL I NS
ADERHQL Z

Al ITTI
CHUNG
FOR I NQ

LEFEBVRE
SEIDLITZ

65
65
65
65
65
65
65

ATHEhS{ CHIO) CONF ~

PR 138 8 897
PL 15 69
PRL 15 325
PL 19 68
PL 19 434
PRL 15 217

+CAR}IONYs LANDER s XUONG s YAG ER (LA JOLLA)1=1
{A ACH EN+ 8 ERL+8 I R M+BONN+HA MB+ LO I C+ MP I M I

AL ITT I BATON s DE lER sCRUSS ARO+ ( SACLAY+BGNA l
+CAHLs HARDYsHESSs JACOBSsKIRZsMIlLER (LRL)
& CE SSAROLI+ ( BGN A+BAR I+F I RZ+ORS A+SACL I
CERN MISSING MASS SPECTROMETER GROUP (CERN}
L SEIDLITZ Q I CAHL 0 H MILLER (LRL l

BARNES
BENSON

ALSO
EHRLICH
FERBEL
LEVRAT

66
66
66
66
66
66

PRL 16 41
MICH CQO-1112 4
PRL 16 1177
P R 152 1194
PL 21 111
PL 22 714

8 ARNE S s FQWLER s LA I s OR ENSTE IN +
G C ~ BENSON s Tf-ES IS
G BENSON sLOVELL s MARQUIT s ROE +
R ~ EHRL ICHsW ~ SELOVE s H YUTA
F ERBEL
CERN MISSING MASS SPECTROMETER

(BNf +CUNY)
{MICH)
{MI CH )
( PEhiN)

( ROCHE STER )
GROUP ( CERN)

ARMENISE
8ALTAY
BARLQW
BARTSCH
BEUSCH
CASON
CHIKOVAN
CHUNG

ALSO
COHN
CQNFORTO
CONTE
DA HL
DANYS Z.

SL ATT ERY

ARMENI SE
ASCQLI
BALLAM
BENZ
BOESEBEC
CASQ
CHUNG
CRENNELL
DONALD
FOSTER
FRIDMAN
JUhIKMA NN

KEY
LAMSA
VGN KRGG

67
67
67
67
67
67
67
67
ee
67
67
67
67
67
67

68
68
68
68
68
68
68
68
68
68
68
68
68
68
68

PL 258 53
PL 258 160
NC 50A 701
Pl 258 48
PL 25 8 357
PRL 18 880
PL 258 44
PRL 18 100
UCRL-16832
NP 81 57
NP 83 469
NC 51 A 175
pR 163 1377
NC 51 A 801
NC 50 A 377

PL 268 336
PRL 20 1321
PRL 21 934
PL 28 8 233
NP 8 4 501
NC 54 A 983
PR 165 1491
PRL 20 13 18
PL 26 8 327
NP .8 8 174
PR l67 1268
NP 88 471
P R 166 1430
PR 166 1395
PL 27 B 253

ARISEN I SE sF ORINQs 4 (BAR I+BGN A+F IRZ+QRSAY )
+K I RSCH+KUNG+YEH+RAB I N (CQLU+BNL+RUTGERS )
+L ILLESTOL+MCNTANET+ (CERN+CDEF+IRAD+L I VP )
+ D EUT SCHMA NN+GRQT E+C QCCGN I+ {AAC H+8 ER L+C ERN l
+F ISC HER s GOBB I s A STBURY+ ( ET HZ+CERN )
+LAMSAs BISWASs DERADOs GROVES s+ (NOTREDAME )
CERh MISSING MASS SPECTROMETER GROUP (CERN)
+DAHL s HARDY s HE SS sKIRZ s MILLER (LRL )
RICHARD I HESS—THES I S BERKELEY {LRL)
+MCCULLGCH+BUGG+CQNDQ (ORNL+UNI V T ENN
+MARECHALsMCNTANET+ {CERN+CDEF+IPN+I. IVP)
+TOMAS INI s CORDS+ (GENQVA+HAMB+MI lANQ+SACLAY )
+HARDY+HESS+KIRZ+MILLER (LRL )
CAhlYSZ+FRENCH+SIMAK {CERN)
+KRAYBILL+FGRMAN+FERBEL {YALE+ROCH)

AR MEN I SE,F ORINO, + ( BAR I+BGNA+F I R Z+ORS AY)
+CRAWLEY s MORTAR As SHAPIROs BRIDGES+( IlL INOIS )
+BRODYs CHADWICK s FRIES sGUI RAGOSS IAN+ ( SLAG )
CERN MISSING MASS SPECTROMETER GROUP (CERN)
BOES EBECK s DEUT SCHMANNs+(AACHEN+BERL IN+CERN )
+CONTE+CORDS+DIAZ+ (GENOVA+HAMB+MILAN+SACL )

S ~ U.CHUNGsO ~ DAHLs J KIRZsD ~ H ~ MIL{ ER (LRL)
+KARSHQN+KWAN LAI s SCARRsSK ILL ICORN (BNL l
+FRODE SEN+BETTINI s (LIVERPOOL+OSLQ+PADUA)
+GAVILLET s LABROSSE sMGNTANET s+ {CERN+CDFF l
+MAURERs MICHALQNs OUDET+(HEID +STRASBOURG l
+COCCONIs+ (AACH+BERL+BONNsCERN+WARS}
+PRENTICE+COOPER+MANNER+ (TNTO+ANL+WI SC}
+CASON+BISWAS+DERADQ+GROVES+ {NOTRECAME)
+MIYASHITAsKOPELMANsMARSHALL LIBBY (COLO)

JP

JP

ADERHOLZ 69
AGU ILAR 169
AGUILAR 269
ANDERSON
ARMENISE
CHI KOVAN
CRENNELL
DONALD
EISENBER
VETL IT SK

69
69
69
69
69
69
69

NP 8 11 259
PL 29 8 62
PL Z9 8 241
P RL 22 1390
LNC 2 501
PL 28 8 526
PRL 22 1327
NP 8 12 325
P RL 23 1322
SJNP 9 596

+BARTSCH s+ (AACH+BERL+CERhfs. JAGL+'WARS)
+BARLQWsJACOBSsDELlA NEGRA+(CERN+CDEF+LIVP )
M ~ AGUILAR-BENIT EZ s J ~ 8 ARLOW s+ (CERN+CDEF }
+COLLINSs+ ( BNL+CARN)
+Cf ID INI s F OR I NOs CART ACCI+ ( BAR I+BGNA+F IRZ )
CERN MISSING MASS SPECTROMETER GROUP (CERN) JP
s KARSHQN sK'WAN W U LAI s+ (BNL} I JP
+EC'WARDSsFOSTERsMQORE ( L I VE'R POOL )
E I SENB ERG s HABER s 8Al LA Ms CHACW ICK+ {REHO+SLAC )
VETLITSKYsGRIGQ'REYEVsGRISHINs+ ( ITEP)

ABRAMOV I 70
ALSTON-GA70
ASCOL I
BASIi E
BAUD1
BAUD2
BAUD3
BOCKMANN
BUTLER
CAROLL
CASO
DIAZ
DZIERBA

ALSO
GARFIh KE
GORDON
JOHNSTON
KRUSE
NEF
SUTHERLA

70
70
70
70
70
70
70
70
70
70
70
68
70
70
70
70
70
70

JP

JP

ABRAMOVICH sBLUMENF ELDs BRUYANT s+ (CERN)
+BARBAROsBUHLsDEREh}ZQsEPPERSONsFLATTE+{LRL }
+BRQCKWAY CRAWLEY FISENSTEIN ~ HANFT + (ILL )
+CALPIAZsFRABETTI sMASSAMs+ (CERN+BGNA+STRB}
CERN BOSON SPECTROMETER GRCUP (CERN)
CERN BOSON SPECTROMETER GROUP (CERN)
CERN BOSON SPECTROMETER GROUP (CERN)
+MA JQR s POLSs+ ( BONN+DURH+NI JM+EPGL+TORI )
THES IS (LRL )
+FIREBAUGHsGARFINKELsMORSEsQHs+ (WISC+TNTO)
+COh}TE s TOMAS INI s CORDS+( GENQ+HAMB+MI LA+ SACL )

Np B 29 466,
PL 33 8 607
pRL 25 9e2
LNC 4 838
PL 318 397
PHILAD CONF P ~ 311
P{ 31 8 401
NP 8 16 221

UCRL 19845
PRL 25 1393
LNC 3 707
hlP 8 16 239
PR D 2 2544
L AMSA

PL 33 8 536
COO 1 195 179

NP 8 24 253
PHILAD CONF ~ P 359

THES I S+P R T. V ~ COMM

PHI LAD ~ CCNF ~ P .369

+GAVILLET s LABfiOSSE sMCNTANET+ (CERN+CDEF }JP
+SHEPHARD BISWASsCASCNs JQHh SON KENNEY(NDAM)

GAR F I NKE L s AMMANNs CAR hfC h!Y s Y EN {PURD }JPC
THE SI S sj! LINOI S ( ILL )
+KEY s PREhfT ICEs YOQNsGARFINKEI s+ (TNTO+WISC)
U ~ KRUSE s P ART I AL WAVE ANALYSI S ( ILL )

~ CERN BOSON SPECTROMETER GROUP (CERN}
G ~ SUT HERL AND s INT ER FER ING RESONANCE( GLASGOW )

JP

AGUILAR 71
AL STON-GA7 1
BARNHAM
BEKETOV
BI NNIE1
8 INN IE2
BOW EN
CRENNEL
FARBER
FOLEY
GRAYER
LYNCH
R I NAUDQ

71
71
71
11
71
71
71
71
71
71
71

PR D 4 2583
PL 34 8 156
PRL 26 1494
SJNP 4 765
PL 36 8 257
PL 36 8 537
P Rl 26 1663
PL 35 8 185
NP 8 29 237
PRL 26 413
PL 34 8 333
UCRL 20022 AND 71
NC 5 A 239

AGU ILAR-8Ehl IT EZ s E I SNER s K I NSQN {BNL)
+BARBAROs BUHL s DER ENZOs EPPERSONs FLATTE+ (LPL l
+ABRAMSsBUTLERsCOYhIEsGQLDHABERsHALLs+ (LBL)
+SOMBKOWSKYs KONQWALOV s KRUTSCHI NINs+ ( ITEP )
+CAMILLERI s DUANEs FARUQI s BURTON s+(LQ IC+SHMP l

+CAMI LLER I s OUANE s F ARUQI s BURTON s+ (LQ IC+ SHMP l

+FARLESs FA ISSLERs BLI EDEN s+ (NEAS+STCN)
+GQRDONsKWAN-WU LAIsSCARR {BNL )
+DE PINTOsBISWASsCASGNsDEERYsKEhINEYs+(NCAM)
+LOVE s OZAKjs PLATNER s L INDENBAUM s+ (BNL+CUNY)
+HYAMS s JONES s SCHLEINs BLUM s DIETL+(CERN+MP IM )
AMSTERDAM CONF ~ G a LYNCH (LBL )
+BOECKMANNs

MAJOR+�(TORI+BQNN+DURH+Nj

JM+EPQL )

JP

JP

ANKENBRA
BE RENYI
BLOODWOR
DA MERI
DAMGAARD
DIEBQLD
EISENBER
ESP IGAT
FOLEY
GARNJOST
GETTNER
KI ENZLE
LASSILA
MORS E

72
72
72
72
72
72
72
72
7Z
72
72
72
72
72

PRL 29 1688
NP 8 37 621
NP 8 37 203
NC 9 A 1

UNPUBLISHED MEMO
BATA V ~ CONF ~

PR 0 5 15
NP 8 36 93
PR D 6 747

PRIV ~ COMMUNIC
PREP RINT NUB2145
UNPUBL I SHED MEMO

PR L 28 1491
NP 8 43 77

ANKENBRANDTs BRAB SON s CR ITTENDEN s HE INZ s+ ( I ND )
+PRENT I CEs ST EEN BERGs YOQN s WALKER (TNTO+WI SC l
BLQCDWORTH s JACKSCNs PRENTICE s YOON (TNTO)
+BORZATTAsGQUSSUs+ ( GE NO+MI LA+ 5ACL )
+LECHANOINEs MARTIN (BOHR+GEVA )
R ~ OIEBCLD RAPPCRTEUR TALK (ANL l
E ISENBERGsBAll AMsOAGANs+ (REHO+SLAC+TELA)
4GHESQU I ER Es L IL LESTOL s MONTANET {CERN+CDEF l
+LOVE sOZAKlsPLATNERsLINDENBAUMs+ (BNL+CUNY}
M RALSTON-GARN JOST (LBL)

G ETT NER {NEAS)
W «KIENZLE ( CERN )
LASSILAs YOUNG ( IOWA )
+OH s'WALKER s JOHNSTON, YGON {W I SC+TNTO }

REFERENCES &OR A2

PL 10 248 {AACHEN+B ERL IN+ 8 I RM+BCNN+FAMBURC+LOIC+MP IM )
PRL 12 621 +DAHL s HARDYsHESS s KALBFLEI SCHs KI RZ (LRL )
OUBNA CONF 1 480 C CDLDHABER S GOLDHABERsOI-ALLORAN SHEN(LRL)
PRL 13 346 + ABQL I NS sC AR MONY s HEhlDR I KS s XUON G+ (LA JOLLA )
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Data Card Listings Me sons
For notation, see key at front of Listings. Az(1310), E(1480), X0(1430), X&(1440), f'(1514)

AMMANN

ANKEBRAN
ANTIPOV
ANT IPOV1
ANT IPG V2
BLOODWOR
CASON
CHALQUPK
CGNFORTO
DEFOIX
E ISENSTE
KEY
TOET

73 PR
73 PR
73 NP
73 NP
73 NP
73 AI
73 NP
73 PL
73 PL
73 PL
73 PR
73 PRL
73 NP

0 7 1345
0 8 2785
8 63 175
8 63 153
8 63 141
X CONF ~ PAP ER
8 64 14
44 8 211
45 8 154
43 8 141
D 7 278
30 503

8 63 248

DIAZ
KARSHGN
OTTE R
TABAK
THQMPSO1
THQMPS02

74 PRL 32 260
74 PRL 32 852
74 NP 880 1
74 BOSTON
74 PR 09 560
74 NP 869 381

ABASHIAN 75 PRL 34 691
EMMS 75 PL 588 117
LOSTY- 75 PL 568 96
UNDERWOO 75 PR 011 2345

ALSO 73 CONFORTOt 73 KEY
WAGNER 75 PL 58 8 201

+CARMQNYt GARF INKEL t GUTAY t MILLER+(PURO+ IUPU )
ANKEBRANDT t BRAS SON t CR ITTENCENt HEINZ ~ + ( INO)
+ASCOL I t BUSNELLG tFQCACCI t+ f CERN+SERP )
+ASCGL I t BUSNELLOt FQCACCI t+ (CERN+SERP)
+ASCOL I t BU SNELL C t FGCACCI t + (CERN+SERP 1

BLOODWORTHt FR I OMAN t JACKSON t PATEL t+ ( IPPC )
+MA COEN t B I SHOP t 8 I S WAS t KENNEY t + ( NDAM )
CHALOUPKAt DQBRZYNSKI t FERRANDOt LGSTYt+(CERN)
+MOBLEYtKEYt PERPQSTt+ (EF I+FNAL+TiNTO+Hl SC)
+DQBRZYNSKI t ESP I GATv NASCIMENTOt + ( CDEF )
E I SENSTE IN t SCHULTZ tASCOLI t I OFF REDOt + ( ILL 1

+CQNFORTQt MOBLEYt+ (TNTQ+EF I+FNAL+HI SC )
+THUAN t MA JOR t RI NAUDO t+ ( NI J)t+BGNN+DURH+TORI 1

+DIBIANCAt FICKINGER, ANDERSQNt+ (CASE+CARN)
+MIKENBERG tPITLUCKt EISENBERGt RONAT+ (REHQ)
+RUDOL PH+ ( AACHt. 8ERL+BCNN+CERN+HEI D)
+RCNAT t RGS Eh)F ELDt L AS INSK I+ (LBL+SLAC )
T H G M P S0hl t G A I 00S t M C I L W A I N t 'W ILL M A N N ( P U R 0 )
THOMPSON, BADEWI TZ, GAI DOS, NC ILWAIN+ ( PURD)

JF
JP
JP

JP
JP
JP
JP

+TABAK. CHEW (LBL ) JP

+BEAMERt BROSSt EI SENSTEIN t+ ( ILL+AN{-+I SU )
+JONES KINSON STACEY BELL+ (BIRM+DURH+RHEL ) JP
+CHALOUPKAt MQNTANETt GANDO IS+ (CERN+SACL ) J P

UNDERWOODt CONFORTOt KEY+( EF I+FNAL+TNTO+HISC)

XQ(1430)
~KSKs,P P

29 X{1430tJPG= ) I=O

EVIDENCE NOT COMPELL ING ~ O&I TTED FROM TABLE ~

PEAKS SEEN IN (KS KS) SPECTRA QUOTED UNDER
Xf 1440) ( l=l) AS WELL ~

29 X(14301 MASS (ME V)

M --- ---RHQO RHOO MODE- —~---
M f 1410«0) BETTINI 66 DBC 0 0 ~ PBAR N 5 Pl 2/74

5/67

5/67
9/67

29 X( 1430) WIDTH ( MEV)

--—---KS KS MODE

8 POSSIBLY SEEN ABRAMS 67 HBC 4 ' 25 K- P
8 THE AUTHORS ASSOCIATE THE PEAK 'WITH THE F PRIMEt BUT BACKGROUND

. 8 ESTIMATION IS 0 IFF ICULT
1412~ 2 3 ~ SARI QH 67 HBC 1 ~ 2 PBAR P
1439' 0 5«0 6.0 BEUSCH 67 GSPK 5 t 7t 12 PI-P
~ e ~ ~ ~ ~ ~ e ~

AVG 1437 ~ 5 5 ~ 3 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 Ol
STUDENT 1437 » 7 5 ~ 9 AVERAGE USING STUDENT 10 I H/ le 1 1) -- SEE TEXT

W ----- RHGO RHOO MODE-
W (90 ' 0) BETT INI 66 DB(' 0 0 ~ PBAR Nt5 PI 2/7 t

E(14@0) 6 E(1420, JPG=A +) I=O

BAILLON 67 FAVOR JP=O- ~ DAHL 67 FAVOR 1+ BUT 00 NOT
EXCLUDE 2-t 0- ~ LORSTAD 69 FIND 0- GR 1+ ~

VUILLEMI 75 FAVOUR 1+~

6 E MASS (ME V)

-------KS KS MODE
100 ' 70 '

43 ' 0 17 ' 0 1

, W

W

8 ~ 0
W

W AVG
W STUDENT

67 HBC
67 QSPK

1 2 PBAR P
5t7t 12 P!-P

BARLO'W
BEUSCH

~ ~ ~

46 ~ 4
46 ' 2

~ ~ e ~ ~

17 ' 0
18 ' 5

¹¹¹¹¹¹¹¹¹

REFERENCES FOR X( 1430)

AVERACE (ERROR INCLUDES SCALE FACTOR GF 1 0)
AVERAGE USING STUDENT10 ( H/1 11) —SEE TE XT

5/67
9/67

1425 ~

14 20«
1423«0

310 142 D ~

170 ),398~

280 1406 '
~ ~ ~

AVG 1415~ 5
STUDENT1416 ~ 0

7 ~

20 ~

10 ~ 0
7«

10«
7 ~

~ ~ ~ ~ e ~

4«3
4»3

BA ILLQN
DAHL
FR ENCH
LQRST AD
DEFOIX
DUBOC

67 HBC
67 HBC
67 HBC
69 HBC
72 HBC
72 HBC

0 ~ PBAR P
1 6-4 2 P I- P
3-4 PBAR P

0«7 'PB Pt 4t5-BODY
0 ' 7 PBAR Pt7 PI
1 ~ 2 PBAR Pt2K4PI

AVERAGE f ERROR INCLUDES SCALE FACTOR OF 1 »2)
AVERAGE USING STUDENT10(H/1« 11) SEE TEXT

11/66
9/66
6/67
9/69
1/73

12/72

BETT IN I 66 NC 42 A 695
ABRAMS 67 PRL 18 620
BARLOW 67 NC 50 A 701
BEUSCH 67 PL 25 8 357
DONALD 69 NP 8 11 551

+CRESTI LIMENTANI LDRIA PERUZZO+(PACQ+PISA)
+KEHGE t GLASSER t SECHI-ZQRNt HQLSKY ( MARYLAND)
+)tGNTANETt C-ANDLAU+ (CERN+CDEF+IRAD+L I VP)
+F I SCI'ER t GQBBI t ASTBU+ (ET HZ+CERN )
+EDWARDS t BURANt BETTINI t+ {LI VP+OSLQ+ PAGO)

80 ~

60 0
45 ~

310 60 ~

170 50~

280 50 ~

~ ~ ~

59 ~ 8
58 ' 3

W

W

W

W

W

W

W AVG
W STUDENT

6 E WIDTH ( ME V)

10 ~

20« 0
20 '
20«
10«
12 '
6 ' 0
6 ' 7

67 HBC
67 HBC
67 HBC
69 HBC
72 HBC
72 HBC

0« PBAR P
1 «6-4 ~ 2 PI- P
3-4 PBAR P

0 ' 7 PB Pt 4t5-BODY
0 ~ 7 PBAR Pt 7 PI
1 ~ 2 PBAR Pt2K4PI

BA ILL QN

DAHL
FRENCH
LORSTAD
DEFOI X
DUBOC

AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)
AVERAGE USING STUDENT10(H/1 ~ 11) —SEE TEXT

11/66
10/66
6/67
9/69
1/73

12/72

Xg(1440) 38 Xf1«»0 JPG & 1=1

~KB S
EVIDENCE NQT COMPELLING OMITTED FROM TABLE»
PEAKS SEEN IN (KS KS) SPECTRA QUOTED UNDER
X{1430) (l=o) AS HELL e

38 X ( 1440) MA SS ( ME V)

Pl
P2
P3
P4
P5

6 E PARTIAL DECAY MODES

E INTO K K¹(892)
E INTO K KBAR PI
E INTO Pl PI RHO
E Ih)TO DEL TA P I
E INTO ETA PI PI

DECAY MASSES
49 7+ 892
497+ 497+ 139
134+ 134+ 773
976+ 139
548+ 139+ 139

M 8
M 8
M B
M

M

M

M

M

M A

M S

5/67

67 HBC 1 2 PBAR P 5/67
67 QSPK 5 t 7 t12 PI-P 9/67
71 CNTR — 20 ~ 3 PI- PtK- KS 2/71
73 HBC 0 0 ~ 7 PBAR Pt 7 PI 1/74

6 ~ 0

POSSIBLY SEEN ABRAMS 67 HBC 4 25 K-
THE AUTHORS ASSOC IATE THE PEAK WITH THE F PRI&E t BUT BACKGROUND
ESTIMATION IS C IFF ICULT
1412~ 23 ' BARLCW
)439« 0 ' 5 ~ 0 BEUSCH

{1425' 0) FOLEY
( 1405. ) DEFOIX

~ ~ ~ ~ ~ ~ ~ ~ ~

VG 1437 ' 5 5 ~ 3 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
TUDENT 1437~ 7 5 ~ 9 AVERAGE USING STUDENT10(H/1 ~ 1 1) -- SEE TEXT

38 X ( 1440) ItIDTH (MEV)
6 E BRAhCHING RATIOS

Rl E INTO (KBAR K¹(892) + C ~ C ~ 1/(K KBAR P I) ( Pl) /(P2)
Rl ~ 50 ~ 10 BAILLCN 67 HBC 0 ' 0 PBAR P 11/66

R2 E INTO (PI PI RHG) / (K KBAR PI ) (P3) / {P2)
R2 (2 ~ 0) OR LESS DAHL 67 HBC 0 1 ~ 6-4 ~ 2 PI- P o 10/66

R3 E INTO (ETA 2 Pl)/(K KBAR Pl ) (P5)/(P2)'
R3 fl ~ 51 OR LESS CL «95 FOSTER 68 HBC 0 0 PBAR P 9/69
R3 1 ~ 5 Oe8 DEFOIX 72 HBC 0 ~ 7 PBAR P 1/73

100~

43» 0
(20 0)
(40 ~ )

70 '
17 0

OR LESS

AVG 46 ~ 4 17 ~ 0
STUDENT 46 ~ 2 18~ 5

BARLOW 67 HBC 1 2 PBAR P 5/67
18 ~ 0 BEUSCH 67 OSPK 5t 7t 12 PI-P 9/67

FOLEY 71 CNTR — 20 ~ 3 Pl- PtK- KS 2/71
DEFOI X . 73 HBC 0 0 7 PBAR Pt 7 PI 1/74

AVERAGE f ERROR INCLUDES SCAt E FACTOR OF 1 ~ 0)
A VERAGE USING STUDE NT10(H/1 11) —SEE TEXT

REFERENCES FOR X(1440)
E INTO (DELTA Pl)/(ETA PI Pl) (P4)/(P5)

0 ~ 4 0 ~ 2 DEFCIX 72 HBC 0 «7 PBAR Pt 7 PI 1/73

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFERENCES FOR E

ABRAMS
BARLGW
BEUSCH
FOL EY
DEFQIX

67 PRI 18 620
67 NC 50 A 701
67 PL 25 8 357
71 PRL 26 413
73 PL 43 8 141

+KEHQE tGLASSER t SECHI-ZQRNt bOLSKY (MARYLAND)
+MQNTANET t D 'ANDLAU+ (CERN+CDEF+IRAD+L I VP )
+F IS C I-:ER t GGBB I t A STBURY+ (ETHZ+CERN)
+LOVEtGZAKltPLATNERtLINDENBAUMt+ (BNL+CUNY)
+DOBRZYNSKI t ESP IGATt NASCIMENTQt+ (COEF )

BAILLGN 67 NC 50A 393
BARASH 67 P R 156 1399
DAHL 67 P R 163 1377

ALSO 65 PRL 14 1074
FRENCH 67 NC 52A 438

+EDWARDS+0 ~ ANGL AU+AST I ER+ (CERN+CDEF+ IRAQI
BARASH tK IR SCH t MILLER t TAN (COLUMBIA )
+HAR GY+ I- E S S+K I R Z+M ILL ER (LRL) I JP
MILLER tCHUNG t DAHLt HES S t HARDY t K IRZt ( LRL+UCB)
+K INSON+MCDQNALO+RIDDIFORD+ {CERN+BIRM)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

13 F PR I ljtE {1514 t JPG=2++) I=0

FOSTER 68 NP 8 8 174
BETTINI 69 NC 62 A &038
LORSTAD 69 NP 8 14 63
DEVOhtS 7 1 P RL 27 1614

l
CHAP MAN 72 NP 8 42 1
DEFOIX 72 NP 8 44 125
DUBOC 72 NP 8 46 429

VVI LLEMI 75 LNC 14 165

HANDLER 76 NP

+GAVI LLETt LABRCSSE tMCNTANETt t (CEItN+CDEF )
+CREST I tL IMENTANI t BERTAUZA t BIG I+ {PADQ+P ISA) IC
8 ~ LCRSTAD t 0 ~ ANDLAUt ASTIER t + (CDEF+CERN ) JP
+KOZLQW SKI t HORWI TZ t t. (CQLU+SYRA )

+CHURCH tLYSt MURPHY t RI NGt VANDER VELDE ( MICH )
+NA SC I MENTQ 8 I ZZARRI + ( C DE F t.c ERN 1

+GOLDBERGtMAKGWSKItDCNALG ~ + (LPNP+LIVP)

VUILLEMINt t ( LABS t NEUC+LPNP+L IVP+GLAS 1 J P

+PL ANO t BRUCKER t K OLL E R+ ( RUTGt'ST EV+ SETO )

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

13 F PR IM E MASS (MEV1

M

M . 8
M 8
M

M S
M S
M

M

M

M

M A

M S

14 (1480 0)
5 ( 1460 ~ )

BACKGROUND
1515' 0

70( 1513~ 0)
SUPERSEDED

100 1519'
46 1514'
47 1521'

~ ~ ~ ~

VG 1516«l
TUDENT1516e 1

CRENNELL
ABRANS

D IFF IC ULT ~

AMMAR

BA RNES
72

66 HBC 6 ~ 0 P I- P
67 HBC 4 ~ 25 K- P( 10 ~ )

ESTIMATION
7 ~ 0

(7 ' 0)
BY AGUILAR

7 ~

4«
7 ~

67 HBC
67 HBC

5 «5 K-P
4 ~ 6t 5 K- P

AGUILAR 72 HBC 3 ~ 9t 4 ~ 6 K- P
COLLEY 72 HBC 10 ~ K+ P
VIDEAU 72 HBC 4 K PtL FPRINE

AVERAGE ( ERROR INCLUDES SCALE FACTOR CIF 1 ~ 0)
AVERAGE USING STUDENT10{H/1, 11) -- SEE TEXT

2 8
3 ~ 1

8/66
5/67
5/67
9/67

12/72

12/72
12/72
12/72
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Particle Data G roup: Review of particle properties

Mt IDIls
f'(1514), Fg(1540), p'(1600)

Data Card Listings
For notation, see key at front of Listings.

13 F PRIME hICTH (MEV)

W 8
W 8

W S
W S

W

W F
W E.

W

W AVC
S~$NT

5 (53. )
BACKGROUND

35.0
70 {87 0)
SUPERSEDED

190 69 '
46 28 '
47 40 ~

ERROR INCR
4 ~ P ~

39.9
39.3

(18 ~ )
ESTI MAT I CN

25 ' 0
(15 ~ 0)

BY AGU I LAR
224
15 '
20 '

EASED BY LS
~ 4 ~ ~ ~

9.7
11~ 0

67 HBC

67 HBC
67 HBC

ABRAMS
DIFFICULT ~

A MMAR

BARNES
72

AGUILA
CQLLEY
VIDEAU

CSEE TYPED NOTE

R 72 HBC,
72 HBC
72 HBC

QN K+ MASS ~

4 ~ 25 K- P

5 ~ 5 K-P
4. 65 5 ~ K- P

3.954 ' 6 K- P
10 ~ K+ P
4 ~ K- PPL FPRIMiE

AVERAGE ( ERROR IN CL UDES SCALE FACT OR QF 1 ~ 0 }
AVERAGE USING STUDENT10(H/1 11) —SEE TEXT

5/67
5/67
9/67

12/72

12/72
12/72
12/72
12/72

13 F PRIME PARTIAL DECAY MOCES

Pl
PZ
P3

P5
P'6
P7

P %$t IMiE IN TO
INTO

F PRIME INTO
F PR I ME INTO

PRIME INTO
P PRI l5{E I NTC
P PR IME I NTQ

P I+ Pj-
K KBAR
K K+(892)
ET A ET A

PI P I ETA
Pj K KBAR
PI+ PI+ P I- PI-

DEC AY MASSE S
139+ 139
497+ 497
493+ 892
548+ 548
139+ 139+ 54 8
139+ 49 7+ 49 7
139+ 139+ 139' 139

Rl
Rl
Rl M

Rl

13 F PRISE BRANCHING RATIOS

F' PRIME INTO (Pj+ PI~)/(K KBAR)
(042) OR LESS CL=. 67 AMMAR
(0 ' 361 OR LESS CL= ~ 95 AGUILAR

( ~ 01) QR LESS BEUSCH
{NM:DEL DEPENDENT

(P 1) /(P2)
67 HBC 5 45 K-P 9/67
72 HBC 3 4954 6 K- P 12/72
75 QSPK 849 PI-PFKO KO N l2/75&

R3 F PRIME INTO (ETA ETA)/t K KBAR) {P4)/(P2)
R3 (0 ' 50) OR LESS BARNES 67 HBC 4 ~ 6F 5 ~ 0 K- P 10/67
R4
R4
R4 A

R4 A

R4

F PRIME INTO (PI PI ETA) /(K KBAR)
(0 3) OR LESS CL= 467 AMMAR
( 0425) ( 0 13) BAR'NES

SUPERSEDED BY ACUILAR 72
(0441) OR LESS CL=495 AGUI A

(P5)/(P2)
67 HBC
67 HBC 4 ~ 65 5 ~ 0 K- P

72 HBC 3 ~ 954 ~ 6 K- P

10/67
10/67

12/72

10/67
12/72

12/72

BA%tfES
C& ENROLL
AIR AH~ 5

8 Alt{{(5(+S
At. ITT I

65 PRL
66 PRL
67 PRL
67 PRL
67 PRL
6-8 PRL

15 322
16 1025

18 620
19 1071
19 964

21 1705

REF ERENCES FOR F PR I ME

+CUL WICK 5 GUI DON I 5 KALB FLE I SCH5 GQZ+( BNL+SYRA )
+ KALBFLE I SCH

PL�/5

I 5 SCi{lRR5SCI UMANN + \ BNL ) I
+KEl'QE F GLASS ER5 SECHI-ZORN 5 hQLSKY ( MARYLAND )
+DAVIS HWANG DAGAN DERRICK + (NWES+ANL ) JP
+DQRNAN5 GQLDBERGr LEITNER + ( BN) +SYRACUSE ) IC JP
+EARNES 5 CRENNELL5 Fl AMINIQ5 GQLDBERG5 t (BNL )

LORST*8 69 NP B 14 63
SCSTTER 69 NC 62 A 1057

A~ILAR 72 PR D 6 29
Cot. LEV 72 NP 8 50 1
V IDEA19 72 PL 41 8 213

8 LCRSTAD 5 0 ~ ANDLAUF ASTIER 5+ (CDEF+CERN )
+ERSKINE PAL R + (BIRM+Gl AS+LQIC+MPIM+QXF }

AGUILAR-BEN ITEZ PCHUNG eEIS{A,ER 5 SAM IQS (BNL )
+ JQBES P RIDDIFORD 5 GRIFF ITHS g+ {8 IRM+GLAS )
+VIDEAU5ROUGE 5 BARRE( ET 5DEBR ICN 5 t (EPCL+SACL )

SE()S&P) 75 PL 60 8 101 t B IRMAN5 W EBSDAL Et WET ZEL (CERN+ ETl"Z )

$(15~0) 47 Fl(154ii JPG=

PKK7{ JP = 2-, 1+ FAVCR ED

M 8
B

47 Fl MASS t ME V)

10(149040) (20.0) ADERHOLZ
14Z 1540 ~ 0 5 ~ 0 AGU ILAR
25(1543.0) (3.0) DUBQC
70(1557 1 (10 ' ) BAKKEN
DUBIOUS BACKGROUND SUBTRACTION

69 HBC + 8 PI+ P5 KKBARPI 4 ll/69
69 HBC 0 7PBARPPKKBARP I 11/69
71 HBC 0 141 142 PBAR. P ~ 2/72
75 HBC + 19 PPPPN3PI 12/75+

47 Fl W IDTl. (l"EV)

10 t 8'540) (39 ~ 0) ADERHOLZ
142 40 0 1540 A GU I LA R

25 ( 16 ~ 0) (10 ~ 0) DUBQC
78 (40 ~ ) (10 ) BAKKEN
DUBIOUS BACKGROUh'0 SUBTRACT IGN

69 HBC t 8 Plt P PKKBARPI 11/69
69 HBC 0.7PBAP P, KKE AR PI 11/69
71 HBC 0 1 ~ 1 1 ~ 2 PPAR P 2/72
75 HBC + 19 PP 5 PNBP I 12/754

47 F 1 PARTIAL DECAY MODES

CECAY MASSES
P 1 F 1 I NTCI K KBAR P I 134+ 497+ 497
PZ Fl INTO K+(892) KBAR 892+ 49 7
P3 'F 1 INTO 3 PI 139+ 139+ 139

A(PERHGLZ 69 NP 8 11 259
AGNI LAR 69 PL 29 8 379
ASSI L Att 69 NP 8 14 195

DUBOC 71 PL 34 B 343

ChAP&AN 72 NP 8 42 1
I')(J 8 QC 72 iV P 8 46 429

8'A'KK E N 75 NP 89 0 2 27

REFERENCES FOR Fl

tBARTSCH5+ (AACH+BERL+CERN+CRAC+WARS)
+BARLOW ~ JACOBS5 D ANDLAUPASTIER+ (CERN+CDEF )
+BARLOW5 JACOBS 5 C ANDI AU PAST IER+ (CERN+CDEF )

+COLDBERGPMAKQWSKI FTQUCHAROP+ (IPNP+LIVP)

+CHURCH5LYSPMURPHY5RI NG+VA)4DER VELDE ( MICH l
tGQLDBERGPMAKQWSKI PDQNALD 5+ (LPNP+L I VP)

+JACOB SEN5 QL5SQ)5 5 SK JE VL I NG ( OSLO) G=-

44444%eilAA 44844444A 88ey~4444 45"-4445{:445."- 4e044C4&8 4 44C~44A
Q Q gC Q &. At: Q Q Q

R5 F PR IME INTO (P I K KE AR t K K+(892) }/ {K KBAR) (P6+P3) /( P2)
R5 (0 ~ 4) OR LESS CL= 67 AMMAR 67 HBC
R5 (0 35) OR LESS CL= ~ S5 AGUILAR 72 HBC 3 954.6 K- P

R6 F PRIME I NTC ( PI+ P I+ P I- PI- )/( K KBAR ) (P7)/(P2)
R6 (0 ~ 32) OR LESS CL= ~ 95 AGUILAR 72 HBC 3 954 ~ 6 K- P

p'(1600)
~4m

65 RHC PRIME(16005 JPG=1-t) I=i

The p' was first seen in

(real or virtual) ~ p' ~ p T{ 7t
Q Q +

with the Tt vt pair apparently in an S wave

(BINGHAM 72, DAVIER 73, SCHACHT 74, ALEXANDER 75)

A peak seen in the cross section of the reaction
+ + — +

e e ~ Tt T{ Tt Tt has also been claimed as evidence

for the p' (BARBARINO 72, CONVERSI 74); however,

exchange mechanisms can be invoked that reproduce

these results without any p' (HIRSCHFELD 74).
Evidence for a 271' decay has been looked for

in several phase-shift analyses of one
+

Tt p ~ 7T 7l n experiment (GRAYER 74) . The first
phase-shift solution found yielded clear

+evidence for p
' ~ T{ & (HYAjvtS 73 „OCHS 73) . Since

then, however, it has been recognized that at
least four distinct solutions fit. the data, and.

at most two of these exhibit any p' effect
(ESTABROOKS 74, HYANS 75). In an attempt to
constrain the solutions further (by requiring
them to be compatible with fixed-t. and fixed-u
analyticity for negative values of t and u),
FROGGATT 75 conclude that only one solution is
favored: essentially solution 8 of ESTABROOKS 74

or solution +-- of HYAMS 75. This solution
shows considerable evidence for the p'

signal.
Note that none of the solutions has any

evidence for a p'(1250). Finally, there is
indirect evidence for the p' from a model-

independent. analysis of the pion form factor data
in the space-like and time-like regions (LANG 75).

The mass and width values listed below are
only indicative, because for such a broad peak

they are extremely dependent on the parametrization

chosen (SNADJA 72). Note also that the mass

dependence of the width will be strongly
affected by the inelastic channels with their
rather high thresholds. For the photoproduction

data, possibly diffractive background could

explain the observed energy dependence of the
width (SCHACHT 74).
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Particle Data Group: Review of particle properties S 'I 25

Data Card Listings
For notation, see key at front of Listings.

Me sons
p'(160O), A3(1640)

M C
M C
M

M

M

M

M

M

M P
M P
M

M A

65 RHO PRIME MASS (MEV)

(1600~ ) APPROX+
SUPERSEDED BY CCNVERSI

400 1430' 50 ~

1590 20 ~

1550~ 60 ~

160 1550~ 50t
340 1450 ' 100 '

65 1570' 60 ~

( 1600 l (50 )
FROM PHASE SHIFT ANALYS

~ ' 0 ~ ~ ~ ~ ~ ~ ~

VERAGE MEANINGLESS (SCALE

8 I OGHAM 72 HBC
HYAMS 73 ASPK
CQNVERS I 74 OSPK
SCHACHT 74 STRC
SCHACHT 74 STRC
AL EXANDER 75 HBC
F R QGG ATT 75 RVUE

IS OF HYAMS 73 DATA

FACTOR = 1 ~ 4)

0 9 3 GAM PrP 4PI
0 17 PI-PrN PI+PI-

0 E+ E- TO 4P I
05 ~ 5«9 6 PtP 4PI
09~18 G P r P 4P I
07 ~ 5 GAM PrP 4PI

17 PI-Pr PI+PI-N

BARBARINQ 72 OSPK 0 E+ E- TQ 4 PI 1/73

12/72
1/74

12/75¹
12/75¹
12/75¹
12/75¹
12/75¹

X,(I.64O) 34 A3(1640t JPG=2--l I = 1

The A (1640) is seen as a bump in the

dif fractive-like process T|N ~ (TlTlvt ) N. The

dominant ef feet. is a &300 MeV wide enhancement.
Pin the J = 2 for S-wave system, starting from fvt

65 R)..C PRIME WIDTH (MEV)

W 400 650 100 BI NGHAM 72 HBC
W 180 50 ' HYAMS 73 ASPK
W 360 100 ~ CCNVERS I 74 QSPK
W E 160 400 ~ 120 ~ SCHACHT 74 STR C
W E 340 850 200 SCHACHT 74 STRC
W E 65 340 ~ 160 ~ ALEXANDER 75 HBC
W P (220 ' ) (70 ' ) FRQGGATT 75 RVUE
W P FROM PHASE SHIFT ANALYS IS OF HYAMS 73 DATA
W E WIDTH ERRORS EhlLARGED BY US TO 4¹WIDTH/SQRT (N)
W ~ ~ ~ ~ ~ ~ ~ ~ ~

W AVERAGE MEANINGLESS (SCALE FACTOR = 2 ~ 3l

0 9 ~ 3 GAP Pr P 4PI
0 17 PI-PrN PI+PI-

0 E+ E- TO 4P I
05 ~ 5 9 G PtP 4PI
09-18 G Pr P 4PI
07 ~ 5 GAM P tP 4P I

17 PI-Pr PI+PI-N

12/72
12 /75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹

threshold. Neither additional (narrower)

structure in the 3Tr mass distribution, nor other
decay modes, have been clearly established. The

situation would appear to be similar to that
of the Al, but there are certain additional
complications:

Pl
PZ
P3
P4

'P5
P6
P7

65 RHO PRIME PARTIAL DECAY MODES

RHQ PRIME INTO RHO PI Pl
NEUTRAL RHO PRIME INTO ALL 4 CHARGED P I MODES
RHO PRIME ENTO RHQ R)rO
RHO PRIME INTO PI PI
RHO P R IME INTO KBAR K

RHQ PR I ME INTO P I OMEGA
RHQ PRIME INTO PI+ P I- P IO PIO

DECAY MASSES
139+ 139+ 773
139+ 139+ 139+ 139
773+ 773
139+ 139
493+ 493
139+ 783
139+ 139+ 134+ 134

a) Experiments with

variation of the

region (ANTIPOVl

experiments with

incident Tt observe little
PJ = 2 fv phase in the A mass3

73, ASCOLIl 73), whereas
+incident Tl show evidence

Rl
Rl S
R). S
Rl
Rl S

R2
R2

R3
R3
R3

R4
R4

65 R HC PR I ME BRANCHING RAT IQS

RHO PRIME INTO (RHO P I+ PI-)/(4 P I ALL CHARGED) {P1l /(PZ)
DOMINANT BARBARINO 72 OSPK 0 E+E- TQ 4 PI

( ~ 80) BINGHAM 72 HBC 0 9 ~ 3 GAM PtP 4PI
500 0 ' 7 0 ~ 1 SCHACHT 74 STRC 05 ~ 5-18 G P t P 4PI

THE PI PI SYSTEM IS IN S WAVE

RHO PRIME INTO (Rl0 0 RHO 0)/(RHO 0 PI+ PI-) (P3) /{Pl)
NCNE (FORB IDCEN BY 1=1 ) 8 INGHAM 72 HBC 0 9 ~ 3 GAM P, P API

RHO PRIME INTO (PI+ PI-)/(4 PI, ALL CHARGED) (P4) /(P2)
( ~ 2) OR LESS 2 SIGMA BINGHAM 72 HBC 0 9 ~ 3 GAM PtP 2PI

(0 ~ 14) OR LESS ESTIMATE DAVIER 73 STRC 0 6-18 G PtP 4P I

RHO PRIME INTO (KBAR K)/(4 PI t ALL CHARGEC) (P5) / (P2)
( ~ 04) OR LESS 2 SIGMA BINGHAM 72 HBC 0 9 ~ 3 GAM P

1/73
1/73

12/75¹
1/73

1/73

1/73
1/74

1/73

for variations consistent with a resonance

interpretation (OTTER 74, THOMPSON 74) .
b) The A region is not well described by the

3
Deck-like model of Ascoli et al. , although

the agreement. could probably be improved by a

series of more or less well motivated

adjustments to the model (ASCOLI2 73,
ASCOLI 74). Nevertheless, relative phase

R5
R5 E
R5 E
R5
R5 P
R5 P

RHO PRIME INTO ( P I+P I-) /TQTAL
(0 ~ 15) OR LESS

ESTIMATED US ING OP E MODEL ~

0 ' 25 0 ' 05
( ~ 35) ( F 10)

FROM PHASE SHIFT ANAi YSIS OF

(P4)
EISENBERG 73 HBC 0 5 PI+ PrDEL++2PI 1/74

HYAMS 73 ASPK 0 17 PI-PrN PI+PI- I/74
FROGGATT 75 .RVUE 17 PI-PtPI+Pl-N 12/75¹

HY AMS 73 CATA

variations of &40 through the A mass region3
are predicted for the 2 f~ wave.

R6
R6
R6

R7
R7
R7 U

R7 U

RHQ PRIME INTO (PI+ PI- P IO P IO)/(4PI r ALL CHARGED)
(P7l/(PZ)

(1~ l QR LESS ESTIMATE OA VIER 73 STRC 0 6-18 G Pr P 4PI

RHQ PRIME INTO {PI+ P I- + NEUTRALS)/(4PIr ALL CHARGED)
( P7+ ~ ~ ~ ~ ) /( P2 l

(2 6) {0~ 4) BALLAM 74 HBC 0 9 ' 3 GAMMA P
UPPER LIMITS BACKGRCUND NCT SUBTRACTEC

1/74

12/75¹

c) Other partial waves contribute strongly in the
region. The 2 pTr P wave may exhibit a

broad enhancement; no phase variation relative
to 2 ftT is observed (ANTIPOVl 73, ASCOLIl 73,

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

REFERENCES FOR RHQ .PRIME
OTTER 74, THOMPSON 74) . ANTIPOUl 73 show

+
some evidence for an enhancement in the 2 f71'

BACC I'

BARBAR IN
BARTOL I
8 INGHAM
BRAMON
OIEBOLD
EI SENBER
LAYSSAC
SMADJA

72 PL 388 551
72 LNC 3 689
72 PR D 6 2374
72 PL 41 8 635
72 LNC 3 693
72 BATAV ~ CQNF ~

72 PR D 5 15
72 NC IOA 407
72 PHIL. CONF. PRQC349

CERADI NI
DA VIER
EISENBER
HYA MS

KREUZER
OC HS
PARK

73 PL 43 8 341
73 NP 8 58. 31
73 PL 43 B 149
73 NP 8 64 134
73 PR D 8 1431
73 THESIS
73 NP 8 58 45

BALLAM
BERNABEI
CQNVERS I
ESTABRQO
FERBEL
GRAYER
HIRSHF EL
SCHACHT

74 NP 876 375
74 LNC 11 261
74 PL 528 493
74 NP 879 301
74 PR D9 824
74 NP 8 75 189
74 NP 874 211
74 NP 88 1 205

ALEXAhCE
ALLES
ESTABROQ
FRQGGATT
HYAMS
LANG
LANGACKE
ROOS

75 PL 57B 487
75 NC 30A 136
75 NP 895 322
75 NP 891 454
75 NP 8100 205
75 PL 588 450
75 PREPR INT UPR0049T
75 NP 8 97 165

ALVENSLE 71 PRL 26 273
BRAUN 71 NP 830 213
BULOS 71 PRL 26 149

ALVENSLEBENt BECKERtBERTPAMtCHENr+(DESY+MIT) G
+FR IDMANt GERBER r GI VERNAUDr+ (STRASBQURB ) G

+BUSZA rKEHQE rBENISTON r+ (SLAC+UMD+IBM+LBL l G

+PENSOt SALVINIr STELLAr BALDINI CE(ROMA+FRAS) JPC
BARBAR INOr CERA0 INI t+ (F RASt RQMA+PACQ+UMD ) IGJ P
+ FEL ICETT I t QGRENr+ (FRAS+RQblA+NAPL)IGJP
+RAB IN ~ RQS ENFELDr SMADJAt YCST+(L BLr UCBr SLAC ) IGJ P
+GRECO ( THEORET ICAL PAPER I (FRASCATI)
RaDIEBOLD RAPPORTEUR TALK (ANL )
EISENBERGr BALLAMr DAGANr+ (REhO+SLAC+TELA l
J ~ LAYSSAC rF ~ M ~ RENARD ( MONT )
+8INGHAMr FRETTER r BALLAMtChADWI CK+(LBL+SLAC )

+CCNVE RSI r EK STRAND t GR ILL I t+(RQMA+FRAS+ PADO) IGJP
+DERADO, FRIES L IU, MOZLEY, ODI AN, PARK +( St AC l
EISENBERGtKARSHCN ~ MIKENBERCrPITLUCKt+( REHO l
+'JONES tWEILHAMMER r BLUMrDIETLt+ (CERN+MP IM)
H ~ J ~ KREUZERt A ~ N ~ KAMAL (UNIV ~ OF ALBERTA )
THE S I S ( MP IM)J.C ~ H~ PARK ( &PIM) JP

+CHADWICK r 8 INGHAM t FRETTER+ .(5 LAC+LB L+MPIM )
+D ~ ANGELQr SP ILLANT INI t VALENTE (RQMA+FRAS)
+PACLUZ I r CERADI hI r GR ILL I+ (RQMA+FRAS l
P.ESTABRPOKS. A-C. MARTIN ( DURH)
T FERBEL AND P ~ SLATTERY ( ROCH )
G ~ GRAYER t HYAM5 t BLUM t 0 I ETL t + (CERN+MP IM )
A ~ C ~HIR SHFEI 0 r G ~ KRAMER ( HAM 8)
+DERADQt FRIES r PARK r YOUNT (MPIM l

ALEXANDER r BENARYr GANDSMANrLISSAUER+ (TELA)
ALL ES-BORELL It BERNAROINI+ (CERN+BGNA+FRAS )
P « ESTABRQOKS r A ~C MARTIN (DURH)
C ~ D ~ FROGGATTrJ ~ L ~ PETERSEN (GLAS+NORD)
+ JONES t WE ILHAMMER r BLUMr DIETL+ (CERN+MP IM )
C ~ 8 ~ LANG t I ~ S ~ STEFANES CU (KARL )
P ~ LANGACKER ~ G ~ SEGRE (PENN)
M~RODS (IELS)

34 A3 MASS (MEV)

10/66
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
5/70

12/75¹
12/75¹
1/7 1

04t5 P I+ D

4 ~ 7 P I-
+ 7t 8 ~ 5 P
+ 8 ~ PI+ P

8 0
+ 5 1 P I+0

ll PI-
11 PI-P,
6 ~ P I- P
6 ~ 7 P I-P

30( 1600 0) FQRINQ 65 Dec
20 ( 1630 0 l ( 30 0 l VETL I T SKY 66 HBC

(1630 l (10~ ) BALTAY 68 HBC
( 1660 0) ( 16 ~ Ol BA RTSCH 68 HBC
{1610~ ) ( 19 ~ l LAMSA 68 HBC

297(1673~ 0) (40.0) ARMENISE 69 0 BC
( 1680~ ) ( 20 ~ 0) CA SO 69 HBC
(1660~ 0) (20 ~ 0 l CASQ 69 HBC
{1645 ~ 0) (10 ~ 0) CR ENNELL 70 HBC

M ( 1633~ 0) ( 12 ~ 0 l MI YASHI TA 70 HBC
M BACKGROUND SUBTRACT IQN D IFF ICULT

(1672s0) BEKETQV 71 HBC

{1600~ ) ( 50s l PALER 71 DBC
260(1660 ' ) (25t) CASQ 72 HBC

F ()658 ~ ) (Bt) HARR I 5CK 72 HBC
F FIT ASSUMES AN ADDIT IONAL PEAK AT 1830 MEV ~

F EVIDENCE FOR A SUBSTANTIAL DECAY INTO 3PI CLAIME
P ( 1650 l (30 ~ ) ANTI PCV 1 73 CNTR
P ( 1660 ~ l ( 10m ) A SCQLI 1 73 HBC
P E (1600~ l (10 l THOMPSON 74 HBC

E EVIDENCE FOR A ROTATION OF THE PHASE CLAIMEC
575 ( 1640. ) ( 10 ~ l KALELKAR 75 HBC

P FROM A F IT TQ JP=2- F PI PARTIAL WAVE

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M AVERAGING NOT MEANINGFUL

P
I+ P
t3PI P

PI -F
r 3P I ++-

PI-F
PI

r PI-F

4 ~ 45 P I- P 11/71
+ 13~ PI+ Dr D(3PI)+ 12/75¹
+ 11~ 7 PI+ P 12/75¹

13 ~ t 20 ~ P I P 12/72
12/72

D
25 r r40 ~ P I~ P 12/75¹
5.-25 ~ PI- P r P A3 12/75¹

+ 13 PI+ P P A3+ 12/75¹
+ 15 PI+PrP PI+F 12/75¹

P wave with M ~ 1750 MeV, I" & 200 MeV. The

relative phases are not inconsistent with a

resonance interpretation.

¹ ¹¹¹¹ ¹*¹
¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹
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S126 Particle Data Group: Review of particle properties

Mesons
AB(1640), ~(1675)

Data Card Listings
For notation, see key at front of Listings.

34 A3 W ICTI- (MEV )

'W 20 & 100~ VE TLI TSKY 66 HBC
W M (70. 1 (40. } BALTAY 68 HBC
W tll5 F 01 &45 ' 0) BA R7 SCH 68 HBC
W M (100 ~ ) (50 ) (30 ~ ) LAMSA 68 HBC
W A 297 &240 0) (50 ~ 0) ARMENISE 69 CBC
W A BACKGROUND SUBTRACT ION MODEL-DEPENDENT ~

W (130 ) CA SO 69 HBC
'W (150.0) CASO 69 HBC

( 130~ 01 ( 30 ~ 0 1 CRENNELL 70 HBC
W M (37 ~ 0) t 24 ~ 0) MIYASHI TA 70 HBC
W M BACKGROUND SUBTRACT ICN 0 IFF ICUL 7
W (128~ 0) BEKETQV 71 HBC
W (220 ' ) (80 ) PALER 71 CBC
W P 200» TQ 400 CA SO 72 HBC
W 260 (190 ) & 100 ) CASQ 72 HBC
W F ( 53 ~ ) ( 20» 1 ( 16 ~ ) HARRI SGN 72 HBC
W F F IT ASSUMES AN ACD IT IQNAL PEAK AT i 830 MEV.
W F EVIDENCE FOR A SUBSTANTIAL DECAY INTO 3PI CLAIM
W P (300~ ) ( 50 ~ ) ANTI PQVl 73 CNTR
'W P (270 ~ ) t60 ~ ) ASCQL I 1 73 HBC

P E (310~ ) (40 ~ ) THCMFSON 74 HBC
W E EVIDENCE FOR A ROTATION OF Tf E PHASE CLAIMED ~

W 575 (240 ) (30 ) KALELKAR 75 HBC
P FROM A FIT TO JP=2- F PI PARTIAL WAVE

W

W AVERAGING NGT ME ANINGFUL

4.7 PI-P
7t 8 ~ 5 PI+ P
8 ~ PI+ Pr3PI P
8.0 Pl-P
5 1 PI+Dr3PI++-

ll PI- P
11 ~ 0 PI-PtPI- F
6. PI — PrF PI
6 7 P I-PtPI-F

6 /66
6/68

12/75¹
11/67

5/70
5/70
6/68
6/68

~ 5/70
1/71

4 45 P I- P
13 PI+ D, D(3P I )+.
11 7 PI+ P
11 7 PI+ P
13 ~ r 20. P I- P

jl /71
12/75¹
1/72

12/75¹
12/72
12 /72

25»r40 ~ PI- P 12/75¹
5 ~ -25 PI- P r P A3 12/75¹
13 PI+ P t P A3+ 12/75¹

+ 1 5 P I+P r P P I+F 12/75¹

Af EXAhDE 72 NP 8 45 29
ARMENI SE 72 LNC 4 201
CASO 72 NP 8 36 349
HARRISON 72 PRL 28 775
SALZBERG 72 NP B 41 397

AL EXANDERt BAR-NIRr BENARY r CAGANr+ & TELA )
+FQRINQtCARTACCI t+ (BAR I+BGNA+F IRZ 1

+MADDQCK r BASSLER+ & DURH+CENC+DE SY+MILA+SACL )
+hEYDAtJQHNSONrKIMrLAWtMUE&LERr+ (HARV)
+HARRISGNtHEYDAr JOHNSQNrKIMtLAWr+ (HARV)

ANT IPOV1 73 NP B 63 153
ANTIPQV2 73 NP B 63 141
ASCOL I 1 73 PR D 7 669
ASCOLI 2 73 PR D 8 3894

+ASCQL I BUSNELLG FGCACCI +
+ASCQLI r BU SNELLG r FGCACCI r+
INTERNAT. COLLABORATICN
+JOhES r WE! NSTE INt WYLD

(CERN+SERP ) J P
&CERN+SERP) JP

( ILL+) JP
( ILL ) JP

AS CGL I
L ICHT MAN

OTTE R

TABAK
THCMPSGN

ALSO

74 P R D9 1963
74 NP 881 31
74 NP 880 1
74 BOSTCN
74 PRL 32 331
74 NP 869 381

+CUTLER r JGNE 5 t KRUSE r ROBERTS r WE! NSTE IN+ & ILt )
+BISWAS CASON KENNEY MCGAHAN + (NDAM)
+RUDOLPH+ ( AACH+BER L+ BQNN+C ER N+}- E I D 1 J P
+RCNAT, ROS ENF ELDr LAS INSKI+ ( LBL+ SLAC} J P
+BACEWITZrGAIDQS t MCILWAINr PALE Rt+ ( PURD} JP
THOMPSON r BADE WITZ r GA I DOSt MC ILWAIN+ ( PURD) J P

JP

JP

BEKETGV 75 S JNP 20 379 +ZCMBKGVSK I It KAIDALGhtKGNGVALOV+ ( ITEP )
EMMS 75 PL 60 8 109 +JONES KI N SON BELL DALE+ ( BI RM+DURH+RHEL 1

HORNE 75 P R Dl 1 996 +S HAGQP I ANy V HAGOP I AN r BENS INGER+( F SU+BRAN )
KALELKAR 75 THESIS(NEVIS 207) M ~ S KALELKAR ( COLU )
WAGNER 75 PL 588 201 +TABAKrCHEW (LBL )

P 1.

P2
P3
P4
P5
P6
P7
PB
P9

34 A3 PARTIAL DECAY MODES

A3 INTO 3 P I
A3 INTO RHO P I
A3 INTO ETA PI
A3 INTO 5 P I
A3 I NTO K K¹&892)
A3 INTO K K BAR PI
A3 INTO K KBAR
A3 INTO F P I
A3 I NTQ OMEGA Pi Pl

DECAY MASSES
134+ 134+ 134
134+ 773
134+ 548

497+ 892
49 7+ 49 7+ 134
497+ 497

1271+ 134
783+ 134+ 134

GPSS&

/ g 45 OMEGA(1675, JPG=3--) I=O ~

-'PO-'
THI S RESONANCE OVERLAPS I h ITS 3PI MCDE WITH THE A3t
BUT IN SOME EXPERIMENTS ONE CAN ESTABLISH THE DECAY
MODE RHGO P IOr THUS I=0 ~ WAGNER 74 FINCS JP=3- UNIQUELY ~

THE DECAYS INTO 5PI AND OMEGA PI+Pi- NEED FURTHER
CONFIRMATION(SEE ALSO X(1690) ) ~

45 C MEGA( 1675) MASS (ME V 1

34 A 3 BRANCHING RATIOS

R2
R2
R2
R2

A3+- INTO (PI+- RHOO) /t ALL PI+- PI+ PI-) ( P 2C 1/( P1C}
t 0»3) QR LESS BARTSCH 68 HBC + 8 PI+ P r3PI P 8/69
(0 ' 4) OR LESS FERBEL 68 RVUE +- ~ 9/6 8

181 OR LESS CL= ~ 95 PALER 71 DBC + 13 ~ P++ Dt D&3P+)+ 11/71

R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3

A3+ INTO (Pl+- F } /(ALL $'I+- Pl+ PI-)
( WITH F INTO PI+ PI-1

IND ICAT IQN 5 EEN LUBATT I
(0 ' 59}FQR JP=2- BA RTSCH
t 0 ~ 51 ) FOR JP= 1+ BA RT SCH
(0.20)FQR JP=O- BA RTS CH
( 0 ~ 35) (0 ~ 20) BALTAY

CONS ISTENT W IT H 1 ~ 0 CASQ
(0 ~ 76) (0 ~ 24) (0 ~ 34) ARMENISE

CONSISTENT WITH 1 ~ 0 CRENNELf
( ~ 85 ) OR MQR E CL= .95 PALER
CONSI STENT WITH 1 ~ 0 LICHTMAN
CQN SI STENT W ITH 1 0 KALELKAR

66 HL BC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
69 CBC
70 HBC
71 DBC
74 HBC
75 HBC

(PB}/ (Plc )

16 P I-
+ 8 ~ PI+ P t3PI P
+ 8» PI+ Pr3PI P
+ 8 PI+ Pr3PI P
+ 7-8.5 P I+P

11 PI- P
+ 5 1 PI+Dr3PI++-

6 ~ PI- Pr F PI
+ 13.P++ D, D(3P+)+
+ 18 ' 5 PI+ PrP 3PI
+ 15 PI+Pr P 3PI

11/66
8/69
8/69
8/69
5/68
6/68
5/70
5/70

11/71
12/75¹
12 /75¹

R5 A3+- INTO (PI+- ETA ) /(ALL PI+- PI+ PI-1 (P3)/(PIC}
R5 ( ALL ETA DECAYS }
R5 ( 0»09 1 OR LESS BALTAY 68 HBC + 7-8 5 P I+P 5/68
R5 & 0 ~ 10) OR ( ESS CRENNELL 70 HBC - 6 PI- Pr F PI 5/70

R6 A3+- IhTQ I PI+- 2PI+ 2P I-1/(ALL PI+- Pl+ PI-) (P4C) / & P 1C)
R6 (0»1 1 OR LESS BALTAY 68 HBC + 7 r8 5 PI+ P 6/68
R6 (0 ~ 10) QR LESS CRENNELL 70 HBC — 6 P+- PrF P+ 5/70

1636. 20 '
1670~ 20 ~

200 1679» 17 ~

500 1678~ 14 '
Q 200 1660» 13 ~

Q F ROM ( OMEGA P I P 1 1

P 600 1669~ 11 '
P F ROM A FIT TQ I~Or

» ~ ~ ~ ~ ~ ~ ~

AVG 1667»l 6 ~ 0
STUDENT1667 ~ 5 6.7

MGCE

ARMENI SE 68 CBC
KE NYGN 69 DBC
MATTHEWS 71, CBC
DIAZ 74 DBC
DIAZ 74 DBC

5» I PI+Nt P(3P I )0 9/68
8 PI+Nr P(3P I) 0 8/69
7 0 PI+Nr P(3PI )0» 1/71
6 ~ PI+Nr P(3PI) 0 1/74
6 ~ PI+Nr P(5P I) 0 1/74

45 OMEGA& 16751 WIDTH (MEV}

112 ' 60.
100» 40 ~

S 200 155 ' 40 '
500 167 ' 40 '

Q 200 122 39»
Q FROM t CMEGA P I PI }

P S 600 173 ~ 28 '
P FROM A F IT TQ !=Or

S WIDTH ERRORS ENLAR

ARMENI SE
KE NYCN
MATTHE'WS
DIAZ
D!AZ

68 CBC
69 CBC
71 DBC
74 CBC
74 CBC

MODE
WAGiNER 75 HBC

JP=3- RHQ PI PARTIAL WAVE
GEE BY US TO 4¹WIOTH/SQRT & N)

5 1 PI+Nt P(3PI ) 0
8 ~ P I+Nr P(3P I)0
7 ~ 0 PI+Nr Pt3P I) 0
6 ~ PI+Nr P(3PI) 0
6 ~ PI+M P(5PI 10

9/68
8 /69

11/75¹
1/74
1/74

7 ~ P I+P r DE( ++ 3P I 11 /75'«

~ ~ ~ ~ ~ ~ ~ ~

AVG 145 ~ 8 15 ~ 6
STUDENT 146 ~ 0 17 ~ 9

AVERAGE t ERROR INCLUDES SCA& E FACTCR CF 1 ~ 0)
AVERAGE USING STUDENT10(H/1 11) -- SEE TEXT

45 OMEGA (16751 PARTIAL DECAY MODES

WAGNER 75 HBC 7 PI+Pr DEL++3PI 11/75¹
JP=3- RHQ PI PARTI AL LAVE

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 01
AVERAGE USING STUDENT 10(H/1» 1I) —SEE TEXT

RB A3+- INTO (RHO PI)/(F PI) (P2)/(P8}
RB &0 ~ 03) &0 ~ 37) (0 ~ 03) CASQ 69 HBC — 11 P!- P 12/75¹
R9 A3+- INTO ( PI+- P I+ PI ) /(F P I } (P1C-P8) /(PB)
R9 (0 ' 06) t0 ~ 47) (0 06) CASO 69 HBC — ll. PI- P 12/75¹
R9 POSSIBLY SEEN HARRISON 72 HBC 13 ~ »20 ~ PI P

' 12/72

R 10 A3+- INTO & UNCORREL P I+- P I+ P I- ) /( ALL P I+- PI+ P I-1
R10 ( ~ 05) OR LESS Ct = ~ 95 PALER 71 CBC + 13 ~ PI+Dr D(3P I I+ 11/71
RID M MODEL DEPENDENT FIT 11/71

Pl
P2
P3
P4
P5

OMEGA& 1675) INTO 3 PI ( INCL RHO PI )
OMEGA( 16751 INTO 5 P I ( INCL ~ OMEGA PI+PI-)
OMEGA t 1675 ) INTO R}'Q P I
OMEGA( 1675} INTO OMEGA PI+ PI-
QMEGA ( 1675 1 INTO 8 ( 12351 PI

45 OMEGA (16751 BRANCHING RATIOS

DECAY MASSE S
134+ 134+ 134
134+ 134+ 134+ 134
773+ 134
783+ 134+ 134

1228+ 134

FOR INQ
FQCACC I
LF. VRAT
LUBATT I
VETL IT SK
DANYSZ
DUBAL

ALSO

65 PL 19 68
66 PRL 17 890
66 PL 22 714
66 THES IS BERKELEY
66 PL 21 579
67 NC 51 A 801
67 NP B3 435
68 THESIS 1456

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

REF EREiNCES FOR A3

+GE SSARQL I+ t BGNA+BAR I+F I RZ+ORSA+SACL )

CERN MISS ING MASS SPECTROMETER GROUP 't CERN)
CERN MISSING MASS SPECTRGMETER GROUP (CERN)
H ~ J ~ LUBATT I (LRL ) 1-2-
VETLITSKYrGUSZAVINtKI IGERt ZOi GANGV+ ( ITEP )
DANYSZ+FR ENCH+S IMAK ( CERN)
CERN MISSING MASS SPECTROMETER GROUP (CERN)
L ~ DUBAL (GENEVE)

R2
R2

OMEGA(1675) I NTG ( RHQ P I ) / (3 P I 1 (P31/ (P1)
200 ( 0»70) OR MORE MATTHEWS 71 CBC 7 0 PI+Nr P(3PI)0 11/71

R3 OMEGA(1675) INTO (GMCCA P I+ PI-1/(RHQ PI ) &P4)/(P3)
R3 100 0 ~ 47 0 ~ 18 DIAZ 74 DBC 6 ~ P I+Nt P(5P I ) 0 1/74

R4
R4

OMEGA(16751 INTO (B& 1235) PI)/(RHQ PI) (P5)/(P3)
POSSIBLY SEEN DIAZ 74 CBC 6 ~ PI+N P(5PI ) 0 1/74

Rl OMEGA(1675) INTO & 5 PI }/(3 PI ) (P2) /(Pl)
Rl (0.10) (F 10) KE NYQN 69 DBC 8 ~ P I+Nr P(3PI ) 0 8/69
Rl 200 0 ~ 97 0.28 DI AZ 74 DBC 6 ~ P I+Nt P(5PI ) 0 1/74

BA& TAY
BARTSCH
CASQ
FERBEL
IOFFREDQ
LAMSA

68 PRL 20 887
68 NP 8 7 345
68 NC 54 A 983
68 P HI L A ~ CONF ~ 335
68 PRL 21 1212
68 PR 166 1395

ARMENISE 69 LNC 2 501
BARNES 69 PRL 23 142
CASO 69 L NC 2 437

ALSO 68 CASG

+KUNC+YEH+FERBE& + (COLU+ROCH+RUTG+YALE }I=1
+KEPPELtKRAUSt+ (AACH+BERL+CERN) JP
+CONTE+CORDS+DIAZ+ (GENOVA+HAMB+MILA+SACL 1

T ~ F ERBEL (ROCHESTER)
+BRANDENBURGrBRENNERr EISENSTEIN+ (HARVARD 1

+CASGNt. BI. SWAS+DERADG+GRGVES+ (NOTREDAME 1

+GHlDINI r FGRINQr CARTACCI+ (BAR I+BGNA+F IRZ )
+CHUNGt E ISNERr FLAMINIQt+ (BNL)
+C C hT E,TOM AS INI, C ANT ORE+ ( GENO+MI L A+ SACL )

ARMENI SE 68 PL 26B 336

KENYON 69 PRL 23 146

AR MENI SE 70 L NC 4 199

MATTHEWS 71 PR D 3 2561
MATTHE Wl 71 LNC 1 361

REFERENCES FOR OMEGA& 16751

+GHIDINItFQRINQ+ t BARI+BGNA +FIRZ +ORSAY)

+K INSGN r SCARR r+ (BNL+UCND+GRNL}

+P RENT IC E r YOGN r CARROLL t+
+PRENTICE t YGON t CARROLL t+

(TNTG+WISC)
(TNTO+WI SC}

+GHIDINIr FCRINQt CARTACCIt+ (BARI+BGNA+FIRZ)

BRA NDEhB 70 NP 816 369 +BRENNER IOFFREOG JOHNSGN K IM+ (HARVARD)
CRENNELL 70 PRL 24 781 t.KARSHQNrLAIrSCARRtSIMS (BNL )
CHIEN 70 PHILAD ~ CONF ~ P ~ 275 C.Y»CHIENr REVI EW (JOHNS HOPKINS)
MI YASHIT 70 PR 0 1 771 MIYASHITA rVCN KROGHt KGPELMANr L IBBY ( COLO I

DIAZ 74 PRL 32 260

WAGNER 75 PL 588 201 +TABAKrCHEW (I.BL) JP

+G!8 I ANCA FICK IhGER ANDERSON + (CASE+CARN)

BEKETCV
PALER

71 S JNP 4 765
71 PRL 26 1675

+SCMBKGWS KYr KGNGWALGVtKRUTSCH! NINr+ ( ITEP ) J P
+BADEW ITZ t BARTONr MILLERr PALFREYr TEBES( PURD )
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Particle Data Group: Review of particle properties S't 27

Data Card Listings
For notation, see key at front of Listings.

Me sons
(168O)

g(1680) 15 G(1680» JPG = 3 +) I=1 LlEIGHTED AVERAGE = 1687 .8 + 6 . 4
ERROR SCALED BY 1.5

This entry conta ins the 27r, 4Tf, (j)7t', KK, and

KKTf peaks in the region of 1700 Me|v'. The spin-

parity determination and the mass and width in
the Meson Table come from the 2fT mode. An

elasticity of 24% is found at resonance in the TfTf

elastic partial-wave analysis (HYAMS 75); this is
consistent with the assumption that at least
some of the effects listed are due to g decay into
various channels. On the other- hand, some dis-
crepancies in masses, widths, and branching ratios
reported indicate that there may be more than one

g =1 meson in this region (BARNHAM 70, HOLMES 72,

GRAYER 74
ENGLER 74
MATTHEWS 71
MAT T HEIJS 71

~ STUNTEBEC 70
ARMENISE 70
CRENNELL 68
GOLDBERG 65

1600 1650 1700 1750 1800 1850
G MASS {MEV)» PI+ PI- MODE

ASPK
DBC
HBC
DBC
HDBC
OBC
HBC
HBC

CHISQ
0.4
0.1
7.6
0.7
0.0
4.6
2. 6
0.4

16.3
(CONLEV
=0 .023)

THOMPSON 74) . Although we have collected all the
data here under a common entry, we do not imply

that they are necessarily all related.

IJEIGHTED A VERAGE = 1677 .1 + 13 ~ 0
ERROR SCALED BY 2. ,0

15 G MASS {MEV)

H PI+ PI- MODE
M

H ( 1700~ Ol ( 100+0)
M (1640 ~ 0)
M 1670 ~ 0
M ( 1683r I

M 1720+0
H ( 1655 ~ 0)
M 1737~ 0
M 1687m
M 1678 ~

1652 ~

M E e00 1690.
M G 1693~

M GI (1692~ )
H I (1722 ~ )
M

M E
M

M

M G
H

M

'M

BELLI NI 65
FORI NQ 65
GOLDBERG 65
AR MENI SE 68
CRENNELL 68
JOHNSTON 68
AR HENI SE 70
STUNTEBEC 70
MA TTHE WS 71
MATTHEWS 71
ENGLER 74
GRAYER 74
ESTABRQOK 75
HYAHS 75

30 ~ 0
( 13o)

20 ~ 0
(10 ' 0)
23e0
21 ~

12
13 '

7 ~

8 ~

(12 ~ )
(3 ~ )

MASS ERRORS ENLARGEC BY US TQ WIDTH/SQRT(N
I FROM PHASE-SHIFT AhALYS IS

ERROR TAK ES ACCOUNT OF SPREAD OF DIFFERENT
USES SAME DATA AS HYA)S 75

~ ~ ~ ~ ~ ~ ~ ~ ~

AVG 1687 ' 8 6 ~ 4 A VERAGE ( ERROR INCL
STUOENT1688 7 4 ~ 9 AVERAGE US lNG STUDE

(SEE IDEOGRAM BELOW I

0 6o I PI-P
0 4a5 P I+D
0 6 PI+0» 8 PI-P
0 5. 1 PI+ D

0 6 ~ 0 PI- P
0 7 ~ 0 PI- P
0 9 PI+

0 8 ~ PI-P» 5 a4 P I+0
0 7 ~ PI+ N

0 7 ~ PI — P
0 6 ~ P I tN» P I+P I-P
0 17 PI-P» PI+PI-N
17 PI-P» PI+PI-N

0 17 PI-P» PI+PI-N

HLBC
CBC
HBC
DBC
HBC
HBC
DBC
HCBC
DBC
HBC
CBC
ASPK
RVUE
ASPK

PHASE-SHIfT SOLUT ICNS

UDES SCALE FACTOR OF 1,5)
NTl0(H/1 ~ 1 1) —SEE TEXT

12/754'
6/66

6/68
12/68
6/68
1/71
2/72
2/72
2/72

12/75~
2/74

12/75+
12/75+ 1550 1650

G MASS f 4PI) + — MODE

RHC0 RHQO HQDE

( 1700 ~ 0 I
(1700' 0)

1750

MAUR ER
BRAUhl

HOMPSON

ASON

OLMES
ASO
ARTSCH
ALTAY

74 HBC
73 HBC

-72 HBC
70 HBC
70 HBC
68 HBC

1850

CHISQ
0 ~ 5
0.2
9.9
1.8
0.0
8.2

20. 6
(CONLEV
=0 ~ 001)

70 HBC
71 HBC

05 ~ 7 PBAR P»7 PI ~ 2/71
PBAR P» 7 P I 11/71

(2PI)+- MODE

1640 ~ 0'
122 le 50.0

{1632' )
~ ~ ~ ~

A VG 1643 ~ 4.
STUDENT 1643 ~ 4

(1675~ I
K {1700m)
K OBSERVED IN N

F (17400)
F SEE FIG ~ 9

1640' 0
1690~ 0
1692 ~

~ 0 ~ ~ ~

A V 6 1688 ~ 7
STUDENT1689~5

K K BAR + K KBAR
M

M

M

H

M

M

M

M

M

M

25 0
35 ' 0
{5
20 ~ 3
2ja9

P I MQCE

12/68
5/70

12/754

EHRLICH 66 HBC +- 7 ~ 9 PI-P»K KBAR
FR ENCH 67 HBC 0 3»3 ~ 6 PBAR. P

KBARI YQDE (G-PARITY UNKhOWN)
FR ENCH 67 HBC ( KO K+-) 3-4 PBAR P

EUTR AL ( K4'

2/72
7/67

7/67
CF FREhCH 67
20 ~ 0 25 ~ 0
16 0

6 ~

CRENNELL 68 HBC +- 6.0 PI-P ~ KBAR K 12/68
ADERHOLZ 69 HBC + . 8 PI+ P KKBARP I 8/69
BLUM 75 ASPK 018 ~ 4 P I P»N K+K I I/75+

806
ee 1

AVERAGE ( ERROR INCL UOES SCALE FACTOR OF 1 ~ 6)
AVERAGE USING STUDENT 10 ( H/1 ~ 11) -- SEE TEXT

CRENNEL L 68 HBC — 6~ 0 PI- P

BARTSCH 70 HBC + 8 PI+ P» 2 PI
THCMPSQN 74 HBC + 13 PI+ P

AVERACE ( ERROR INCLUDES SCALE FACTOR DF 1 ~ 0)
AVERAGE USING STUDENT10(H/i+1 1) -- SEE TEXT

M

H

M

M

M

H

H

M

CMEGA PI MQOE

1654 ~

1630 0
( 1666 )
1686 ~

~ ~ ~

A VG 1662 ~ 8
STUDENT1665 ~ 4

R PEAK S FRC MM

M

H

H NR1 ( 1632~ )
M NR2 {1700 )
M NR3 ( 1748' I
H N NCT SCEN BY
M R {1700~ 0)

24 ~

11~ 0
f50

9 ~

18 ' 7
14 0

MMS e {FQR DIFF ICULT IES WITH &MS EXPTS ~ SEE
Tl'E A2 MINI-REVI E'W IN THE 1973 EDITION)

(15~ )
(15.)
(15~ )

BO'W EN 72
(47 ~ 0)

FOCACCI
FOCACC I
FQCACC I

66 MMS

66 MHS

66 MMS

7-12 PI-P»P MHS 12/7$
7-12 P I-P» P HHS 12/72
7-12 PI-P» P HMS 12/72

ANDERSON 69 MMS - 16 PI- P» BACKH 8/69

15 G WIDTH (MEV)

BARNHAM 70 HBC + 10 K+ P» OMEGA PI 6/70
CA SQ 70 HBC — ll ~ 2PI-P» PI QMEG 5/70
CASQN 73 HBC - 8 ~ » 18~ 5 PI- P 1/74
THCMPSCh 74 HBC + 13 PI+ P 12/75+

AVERACE f ERROR INCLUDES SCALE FACTOR QF 2 e8)
AVERAGE USING STUDENT10 (H/1 1 1 I -- SEE TEXT

F FROM ( RHQ+-
~ ~ ~ ~

AVG 1677~ l.
STUDENT 1677~ 9

(4PI I+- MQOE
M

M

M J

M

F
M

M

M

M

M F
M F

H

M

M

M

15 ~

( 10 ~ 0)
40 ~ 0

(20 ~ 0 )
(20 ' 0)

21 ' 0

15~

20 ~

{1.4
(9 ~ I
10 '

BALTAY
JQHNSTCh;
BART SCH
BARTSCH
BARTSCH
CASO
A R MEN IS E
HOLMES
CASON
CASCN
Kl IGER
THCMP SON

68 HBC
68 HBC
70 HBC
70 HBC
70 HBC
70 HBC
72 HBC
72 HBC
73 HBC
73 HBC
74 HBC
74 HBC

+ 7» 8 ~ 5 PI+ P
7+0 PI P

+ 8 PI+ P4 PI
+ 8 PI+ P»A2 PI
+ 8 PI+ P»2 RHQ

11 2P I-P» RHO 2P I
9o I PI- P»P 4PI

+ 10 -12 K+ P
8 ~ »j8 ~ 5 PI — P
8»18 ~ 5 PI- P
4 ~ 5 PI-P» P 4PI

+ 13 PI+ P

RHOO) HQDE

13 0 AVERAGE (ERRQ& INCLUDES SCALE FACTOR OF 2 ~ Ol
9 0 AVERAGE USING STUDENT10(H/1 ~ 11) — SEE TEXT
{SEE IOEOGRAH BELOW )

6/68
6/68
4/71
4/71
4/71
5/70

12/72
1/73
1/74
1/74

12/754'
12/75~

W P I+ P I- MODE
W

W

W

'W

W

W

H

H

W

H 600
W G
W GI
H I
H

H

W G

H

W

0 4.5 PIeD
0 6 P I+0» 8 P I-P
0 5+j Pl+ D

0 6 ~ 0 PI- P
0 7i0 PI- P
0 9 PI+ D

0 8 ~ PI-P»5 ~ 4 P I+0
0 7. PI+ N

0 7 ~ PI- P
0 6 ~ P I +I» P I+P I-P
0 17 PI-P» PI+PI-N

17 P I-'P» P I+PI-N
0 17 PI-P» PI+PI-N

FORINO
GQLDBE RG
ARMENISE
CRENNELL
JOHNSTON
ARHENI SE
STUNTEBEC
MATTHEW S
MATTHEWS
ENGLER
GRAYER
ESTABROQK
HYAMS

65 OBC
65 HBC
68 DBC
68 HBC
68 HBC
70 DBC
70 HOBC
71 CBC
71 HBC
74 CBC
74 ASPK
75 RVUE
75 ASPK

40 ~ 0
49 '

100 ~ 0
f 20 ~ Ol
65 ' 0
72 ~

36
36 ~

40 ~

18 ~

(30 )
(30. I

4e.

AVERAGE (ERROR INCLUDES SCALE FACTOR CF 1 ~ 3)
AVERAGE USING STUDENT 10(H/1 1 1) -- SEE TEXT

I FROM PHASE-SHIFT ANAI YS IS
ERROR TAKES ACCOUNT QF SPREAD OF DIFFERENT PHASE-SHIFT SOLUTICNS
USES SAME CATA AS HYAMS 75

~ ~ ~ ~ ~ l ~ ~ ~

AVG 177 ' 2 15 ' 2
STUDENT 181 2 14 ~ 6

6 /66

6 /68
12/68
6/68
1/71
2/72
2/72
2/72

12/75~
2/74

j2/75+
12/75+
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Particle Data Group: Review of particle properties

Me sons
(1680)

Data Card Listings
For notation, see key at front of Listings.

(2PI}+- MODE

200» 0
122 180 ' 0

(42 ' )
~ ~ ~ ~

AVG 181~ 7
STUDENT 181»6

100 ~ 0
30 ' 0

{20.1
28 ~ 7
31 ' 0

CRENhIE LL 68 HBC — 6 0 P I- P
BARTSCH 70 HBC + 8 PI+ Pt2 PI
THCHPSON 74 HBC + 13 PI+ P

AVERAGE ( ERROR INCLUDES SCALE FACTCR GF 1 »01
AVERAGE USING STUDENT10(H/1 ~ 1 1) -- SEE TE XT

12/68
5/70

12 /754

R7
R7
R7
R7 A

R7 A

R7
R7 T
R7 T

G+- INTO {ZRHG}/(ALL 4PI}
0 ' 7 0»15 BARTSCH 70 HSC

{0~ 921 ARMFNI SE 72 HBC
(0 78) (0 ~ 33) CASCN 73 HBC

ASSUMING (ALL 4PI) =(RHC RHGl + (CMEGA PI )
ee (.56} KL IGER 74 HBC

(0 ' 13) (0 ' 09) THCMPSGN 74 HBC
RHO RHO AND A2 PI MODES ARE IND I ST IhlGUI SHABLE

(P31/(P2)
+ 8. Pj+ P

9 1 PI — PtP 4PI
8 t 18~ 5 P I- P

4. 5 PI-Pt P 4PI
+ 13 P I+ P

2/72
12/72
1/74

12/754
12/7 54

K KBAR + K KBAR PI MODE

(KO K+-) 3-4 PBAR P
67
+- 6 ~ 0 P.I-P tKBAR K

+ 8 PI+ Pr KKBARP I
018.4 PI-P t N K+K-

F ( 120 ~ 1 APPROX ~ FRENCH 67 HBC
F ABOVE VALUE EST IMATED FROM F IG ~ 9 OF FRENCH

79 ~ 0 70 ~ 0 25.0 CRENNELL 68 HBC
112~ 0 60 0 ADERHCI Z 69 HBC
205 ~ 20 ' BL UM 75 ASPK

~ ~ ~ ~ ~ ~ ~ ~ ~

AVG 179»6 33» 8 AVERAGE ( ERROR INCLUCES SCALE FACTOR OF 1 e9}
STUDENT 182 ~ 6 23 ~,I AVERAGE USING STUDENT10(H/ I 11) -- SEE TEXT

11/69

12/6 8
8 /69

lj/75+
R9
R9
R9
R9
R9
R9

G+- INTO ( P I+- AZO ) / ( AL L 4P I )
{WITH A20

0 ~ 40 0 20
NOT S EEN

{0 6) (0»15)
NOT SEEN

INTC (PI+ PI- PIG) )
BALTAY 68 HBC + 7t8»5 PI+P
JOHNSTON 68 HSC — 7 PI — P
BARTSCH 70 HBC + 8 P I+ P
CASGN 73 HBC — 8 ~ t 18 ~ 5 P I- P

R8 G+ INTO (2 RHG)/{ALL RHG 2PI I {P3)/{P4)
R8 0 ~ 4S 0 ~ 16 CASQ es HBC — 11 PI- P
RS (0 ' 75) OR MORE BISWAS 68 HBC - 8 PI- P

6/68
2/72

6/68
6/68
2/72
1/74

(4PI )+- MODE

F FROM ( RHO+- RHOO) MCDE
~ ~ ~ ~ ~ ~ »» ~

AVG 120 »6 14 ~ 2
STUDENT 120.6 15 ~ 7

100 ' 35»
J (90 ' 0) (20 ' 0)
J - NOT SEPARATED FRCM 2

144 135» 0 30»0
90 (180' 0) (30 ' Ol

F 102 ( 160~ 01 (30 0 )
(160 ~ Ol

300 (200 ~ )
130» 30 '
169~ 70 '

F (125 ~ ) (83 ~ 1

F - 66 ( 150~ )
106~ 25»

BALTAY
JOHNSTON

PI DECAY
BARTSCH
BARTSCH
BARTSCH
CA SO
ARMENI SE
HC LMES
CA SON
CASON
KLIGER
THCMPSGN

48 ~

35 ~ )

68 HBC
68 HBC

70 HBC
70 HBC
70 HBC
70 HBC
72 HBC
72 HBC
73 HBC
73 HBC
74 HBC
74 H BC

7t 8 ~ 5 PI+ P
7 0 PI- P

8 PI+ Pt4 PI
8 PI+ PtA2 PI
8 P I+ Pt 2 RHOjl 2PI-Pt RHO ZPI
9 ~ 1 PI- P tP 4PI
10 12 K+ P
8» t18 ~ 5 PI- P
8 ~ t18 ~ 5 PI- P
4.5 PI-Pt P 4PI
13 P I+ P

AVERAGE ( ERROR jhlCLUDES SCALE FACTOR GF 1 ~ 0)
AVERAGE USING STUDENT10{ I-/1 ~ 11) — SEE TEXT

6/68
6/68

4/71
4/71

5/70
12/72
1/73
1/74
1/74

12/754
j2/75+

G+- I'NTG (PI OHEGA} /(ALL 4PI )
( WITH OMEGA INTO( PI+ P

0 25 0.10 BALTAY 68
25 0 10 JGHNSTCh; 68

0 ' 12 0 07 BALLAM 71
(0 ~ 22) (0 08) CASCN 73

ASSUMING (ALL 4PI )=(RHG RHCl + (OMEGA PI )
(e09) GR LESS KL I GER 74
0 ' 33 0 ' 07 THOMPSON 74

R10
R10
R10
R10
Rlo
R10 A

R10 A

R10
R10
R10
RI. O AVG
R10 STUDENT

(P7 }/ (P2)I- PIG) I

HBC +
HBC
HBC
HBC

7-8 ~ 5 P I +P
7 ~ 0 P I- P
16 ~ P I- P

8 ~ t 18 5 PI- P

HBC — 4 ~ 5 PI-Pt P 4PI
HBC + 13 P I+ P

~ ~ ~ ~

0 ' 050
0.051

~ ~ ~ e ~

0 ~ 233
0 ~ 236

AVERAGE {ERROR INCI UDES SCALE FACTOR OF 1 »Z)
AVERAGE USING STUDENT10( H/1 111 -- SEE TEXT

Rll G+- INTO (P I PHI ) / t ALL 4PI ) (P9)/(P2)
Rll ( 0 11) CR LESS SALTAY 68 HSC + 7t S 5 P I+P

R12 G+- INTO ( PI+- 2P I+ ZPI- P IO)/(ALL PI+- PI+ PI- PIO)
R12 (0» 15}.OR LESS BALTAY 68 HBC + 7t 8 5 P I+ P

R13 G+- INTO (P I ETA) / t ALL 4P I ) (P10}/(PZ)
R13 (0 02) OR L ESS THCMPSGN 74 HBC + 13 PI+ P

5/68
6/68
2/72
1/74

12/754
12/754

6/68

12/754
CHEGA PI MODE

130'
(60 ' 0)

(194»)
89 '

~ ~ e ~ ~

AVG 95.4
STUDENT 95 ~ 3

73 ~

(94 )
25

~ ~ ~ ~

23 ~ 0
25 ' 0

43 ~ BARNHAM 70 HBC + 10 K+ P t C}tEGA P I 6/70
CASG 70 HBC — 11 2PI-PtPI OMEG 5/70

{60 ~ ) CASCh! 73 HBC — 8 ~ t 18 5 P I P 1/74
THOMPSON 74 HBC + 13 PI+ P 12/754

AVERAGE ( ERROR INCLUDES SCALE FACTOR CF 1 ~ 0)
AVERAGE U5ING STUDENT10(H/1 11) -- SEE TEXT

R14 GO INTO {2PI+ 2P I-)/ (2P I ) (P2C ) /(P 1),
R14 GO INTO (2PI+ 2PI-) FORBIDDEN IF 4PI MODE IS (RHC RHO)
R14 0 ~ 44 0 20 KALELKAR 75 HBC 015 PI+P

REFERENCES FOR G

12/754

NRl t 21» ) QR LESS
NR2 (30 ' ) OR LESS
NR3 (38 A } OR LESS
N NQT SEEN BY BOWEN 72

R (195~ 0)

FOCACC I 66 MMS

FOCACC I 66 HMS
FOCACC I 66 HMS

7-12 P I —P t P VMS 12/72
7-12 PI-P tP MMS 12/72
7-12 P I-P t P MMS 12/72

ANDERSON 69 MMS — le PI- P tBACKh 8/69

R PEAKS 'FROM HMS» t FOR DIFFICULTIES WI TH HMS EXPT5 ~ SEE
TFE AZ MINI-REVIEW IN THE 1973

EDUCTION)

~ BELLINI 65 NC 40 A 948
DEUTSCHH 65 PL 18 351
FQRING 65 PL 19 65
GOLDBERG 65 PL 17 354

EHRL ICH 66 PR 152 1194
FOCACC I 66 PRL 17 890
LEVRAT 66 PL 22 714
SEGU I NOT 66 P L 19 7 12

BELLINI DI CQRATQ DUIMIQ F IORINI (MILANO)
M»DEUTSCHMANN ET AL (AACHEN+BERLIN+CEPN)
FCRINQtGESSARCLI + (BGLGCNA+ORSAY+SACLAY)
GOL GBERG+ ( CERN+E PGL+CRSAY+M I L ANG+CEA-SAC L )

R ~ EHRLICHtW ~ SELOVEtH ~ YUTA (PENNSYLVANIA)
CERN MISSING MA SS SPECTROMETER GROUP ( CERN )
CERN MISSING MASS SPECTRCMETER GROUP t CERN)
CERN MISS IhlG MASS SPECTROMETER GROUP (CERN I

Pl
P2
P3
P4
P5
P6
P7
PS
P9
P10

15 G PART IAL DECAY MODES

G INTO PI P I
G INTO 4P I
G INTO 2 RHO
G INTO PI P I RHO
G INTO A2 P I
G INTO K KBAR
G INTO OMEGA PI
G INTO K KBAR P I
G INTO PHI P I
G INTO ETA PI

15 G BRANCH ING RATIOS

DECAY MASSES
139+ 139
139+ 139+ 139+ 139
773+ 773
139+ 139+ 773

1310+ 139
49 7+ 497
139+ 783
497+ 49 7+ 139

1020+ 139
548+ 139

ABRAMS 67 PRL 18 620
DAh}YSZ 67 PL 248 309
DUBAL 67 NP 83 435

ALSO 68 THESIS 1456
FRENCH 67 NC 52A 442

ARHENISE
BALTAY
BISWAS
BOES EBEC
CASQ
CRENNE LL
JOHNSTON

68 NC 54 A 999
68 PRL 20 887
68 PRL 21 50
68 NP 8 4 501
e8 Nc 54 A 983
68 PL 28 8 136
68 PRL 20 1414

ADERHGLZ 69 NP B ll 259
ANDERSON 69 PRL 22 1390
BAa ISH 69 PR 184 1375
CASO 69 NC 62 A 755
VETL ITSK 69 5 JNP 9 461

+KEI-GE+GLASSER+SCCHI —ZGRN+WQLSKY {MARYLAND)
+FRENC H+K I NSGN+ SI MAK+ t CER N+L I V'ER POOL )
+FQCACC I+K I ENZLE+LECHANG INE+L E VRAT+ (

CERN�)

L.CUBAL (GENEVE)
+KINSON+MCDCNALD+RIDDIFGRD+ (CERN+BI&M}

+FCRINC+CARTACCI+(SAR I+BGNA +F IREhIZE+GRSAY ) I
+KUNG+YEH+FERBEL+ (CQLU+ROCH+RUTG+YALE) I=1
+CASQNt DZIERBAt GROVES tKENNEYt+ ( NDAM }
BOESCBEC K t DEUT SCHMANN t+(AACHEN+BERL IN+CERN}
+CONTE+CGRDS+D I AZ+ ( GENGV A+HAMS+HI LA+ SACL I

+KARSHCNt LAIt SCARRt SKILL ICORN (BNL )
+PREhlT ICE, STEENBERG, YCCN (TORONTG+WISC }I JP

+BARTSCHt+ (AACH+BERL+CERhl+JAGL+WARS )
+COLI I NSt BLI EDEN+ {BNL+CARN)
+SEI-QVE t BI SWAS t CA SON t + ( PE NN+hlD AM+ ROCHE
+CCNTE t BEN 2t+ ( CENQ+DESY+HAMS+MILA+SACL I

+GUZHA VIN t KLI GER t KCLGANOV t LESEDEV+ {ITEP I
Rl
RI.
Rj
Rl
Rl
Rl
Rl
Rj

P
P
P
G
G

S
5

G INTO t2PI) /TOTAL (Pj)
(0 41 BARTSCH 70 HBC + 8 ~ PI+ P
(0 ' 22) (OS 04) MATTHEWS 71 HCBC 0 7 ~ PI+Nt PI-P

QPE HODEL USED IN THIS ESTIMATION
( ~ 245) ( ~ 006) ESTABRGGK 75 RVUE 17 P I-Pt PI+PI-N

FRQH PHASE-SHIFT ANALYSIS GF HYAMS 75 CATA
~ 24 »01 HYAHS 75 ASPK 0 17 PI Pt PI+PI N

ERROR TAKES ACCOUNT OF SPREAD OF 4 DIFFERENT PHASE-SHIFT SOLUTIONS

2/72
2/72

j2/754

12/75+

ARMENIS E
BARNHAM
BARTSCH
CASO
KRAMER
HAURER
STUNTEBE

70 L}tC 4 199
70 PRL 24 1083
70 NP B 2Z 109
70 LNC 3 707
70 P RL 25 396
70 TI-ES IS NQ 588
70 PL 32 8 39j

@GH IDINI, &CRINGtCARTACCI + (BAR I+BGNA+FIRZ }
+CGLLEY t JOBE St KENYCIN t PATHAK t R I GDIC'II}RD(8 IRM )
+KRAUS t T SANDS t GROT E t KGTZAN+ (AACH+BERL+CERN )
+CONTE t TOMAS INI t CORDS+ (CENC+HAMB+MIL A+SACL }
+BARTON t GUTAY t LICHTMA h t MILI ERt + (PURDUE 1

G»MAURER ( STRASBOURG }
STUNTEBECK tKENNEY t DEERYt BI SWAS t CASGN+( NDAM 1

R2
R2
R2
RZ
R2
R2
RZ
R2
RZ
R2
R2

G INTO
D

D

AVG
STUDENT

(P I+-
({}»08)

USING
0»8
0 ' 8

(0 ~ 12)
tO ~ 2}
0 ' 35

0 ~ 56
0 ~ 57

PIO) / (
OR LESS
CAT A OF

O»2
0 ~ 15

OR LESS
OR LESS

0»11

(Pl) /(P2C)
+ 7-8 5 P I+ P

Pj+ PIO
7» PI — P

+ 8. PI+ P
16. P I- P

+ 10 -12 ~ K+ P
8 t18 ~ 5 PI- P

ALL P I+- P I+ PI- P I 0)
BALTAY 68 HBC

DEUTSCHMANN 65 QN PI+P TC
J OHNS TON 68 H BC
BARTSCH 70 HBC
BAI LAM 71 HBC
HCILME 5 72 HBC
CASON 73 HBC

Oe 16
0 ' 12

AVERAGE ( ERROR INCLUDES SCALE FACTCR GF 2 ~ 0)
AVERAGE USING STUDENT10(H/i»i 1) -- SEE TEXT

6/68
6/68
2/72
2/72

~ 2/72
1/73
1/74

AR MEN I S E 72
ALSO 75

BOW EN 72
CLAYTCN 72
GRAYER 72
HOLMES 72

LNC 4 205
LNC 14 177
PRL 29 890
NP B 47 81
PHIL CCNF PROC
PR D 6 3336

BALLAI4 71 PR 0 3 2606
BRAUN 71 NP B 30 213
GRAYER 71 PL 35 8 610
MATTHEWS 71 NP 8 331

+CFADW ICK t GUIRAGOSSI AN t JOHNSON t+ ( SLAC )
+FR IDHANt GERBER tGI VERNAUDt KAHN t+ ( STRB)
tHYAMS t JONES t SCHLE INt BLUM t+ (CERN+MPIM) JP3-
+PRENT ICEt YOCNt CARROLL t+ (TNTG+WISC)JP3-

+'FOR INC t CARTACC I t+ (BAR I+SGhlA+F! RZ )
+FOGLI-MUCIACCIA, FGRING+ (BAR I+BGNA+F IRZ) J P
+EARLEStFAISSLERt BLIECENt+ (NEAS+STCNI
+MASON tMUIRhEAD tRI GGPOULQS t+ t LIVP+PATR)

5 +HYAHS t JONES t SCHI. E IN t BLUM t DI ETL+(CERN+MPIM 1

+FERBELt SI ATTERYt WERNER ( RGCH I

R3
R3
R3

R4
R4
R4
R4
R4
R4

R5
R5

(Pl) /(P3)
Se PI- P

{pe)�/I

pl)
6 0 PI- P

+ 8 ~ P I+ P

AVG
STUDENT

~ ~ » ~ ~

0 ~ 080
0»080

0 026
0 ~ 028

AVERAGE (ERROR INCLUDES SCALE FACTOR CF 1 0}
AVERAGE USING STUDENT10(H/le 11) -- SEE TEXT

BAR P I)/(2PI )
0 ~ 03 BARTSCH 70 HBC

G+- INTO (K K

0» 10
(PB) /(Pl }
+ 8 P I+ P

G+- INTO (2PI }/(2RHO}
5 (0 ~ 48) OR LESS BI SWAS 68 HBC
S SUPERSEDED BY CASON 73

G+ INTO (K K BAR )/ (2P I }
0 ~ 08 0 ~ 08 0 ~ 03 CRENNELL 68 HBC
0»08 0 ' 03 BARTSCH 70 HBC

2/72
1/74

12/68
1/71

2/72

DUBQVIKQ 74
ENGLER 74
GPAYER 74
KL I GER 74
QREN 74
THCMPSQN 74

SJNP 19 568
PR Djo 2070
NP B 75 189
5 JNP 19 428
NP B71 189
hIP B69 220

ARNOLD 73 L NC 6 707
CASGN 73 PR D 7 1971
CASCN 1 73 NP B 64 14
HYAHS 73 NP 8 64 134
RGBERTSO 73 PR 0 7 2554

+ E h! G E L t E S C OU 8 E S t KURT Z t L I.OR E T t P AT Y t + ( STR B )
+BI SWASt KENNEYt MADDEN t SANDERt SHEPHARD( NDAM)
+HADDENt BI SHOP t BI SWAS tKENNEYt+ (NDAM}
+ JCNES tWEILHAMMERt BLUMtDIETLt+ (CERN+MPIM )
ROBERTSON t WALKER t DAVI 5 (DUKE+WISC I

DUBCVIKGV t MAT SYUK t Nj L CV t SCKQLGV ( ITEP }
+KRAEi4IER t TOAFF t WE I SSER t DI AZ+ (CARN+ CASE )
G ~ GRAYER HYAMS SLUM DIETL + I CERN+MP IM )
+BEKETGV t GRECHKC t GUZHAVI N t CUBOVI KGV+ I ITEP )
+COOPER t F IELDS t RHINE St WHI TMQRE t+ t ANL+GXF )
+CAIDGSt MC ILWAjhlt MILLERt MULERAt+ {PURD)

R6
R6
R6
R6
R6
R6
R6

G+- INTO {RHO 2PI )/(ALL 4PI)
CONSISTENT WITH 1 ~

le 0 ~ 15
0 ~ 88 0 15

CA SO
BARTSCH
BALL'AH

68 HBC
70 HBC
71 HBC

(P4)/(P2)
11 PI- P

+ 8 ~ PI+ P
16 ~ P I- P

AVG
STUDENT

~ ~ e» ~

0 ~ 94
0 94

~ e ~ ~

0 11
Oe 1Z

AVERAGE ( ERROR INCLUDES SCALE FACTOR CF 1 Ol
AVERAGE USING STUGENT10( H/1 111 -- SEE TE XT

6/68
2/72
2/72

SLUM 75 PL 57B 403 +C}'ABAUDt D IETL t GAREL ICKt GRAYER+ (CERN+MPIH ) JP
ESTABROQ 75 NP 895 322 P ESTABRGQKS tA ~ D ~ MART Ih ( CURH)
HYAMS }5 NP B100 205 +JCNEStWEILHAMMER, BLUMtDIETL+ (CERN+MPIM l
KALE LKAR 75 THE S I 5 (NEV IS 207 ) h 5 ~ KALELK AR (COLU) I=1
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Particle l3ata Group: Review of particle properties

Data Card Listings
For notation, see key at front of Listings.

Mesons
X(1690), X (1795), A4(1900), S(1930)

X(1690)
64 X(1690)

Rj
Rl

43 A4 BRANCV}NG RAT IOS

A4 INTO (6 PI }/(ALL PI )
DOM IN ANT

(P4}/(Pl)
KALELKAR 75 HBC + 15 Pj+PrP 3PI 12/75¹

THIS ENTRY CONTAINS (OMEGA PI PI) PEAKS ARCUND
1690 MEV ~ EVI DENCE NQT COMPELL ING ~ OMITTED FRGM TABLE ~

, 64 X( 1690) MASS ( ME V}

DANYSZ
FR ENCH

67 NC 51 A 801
67 NC 52A 442

REFERENCES FOR A4

DANYS Z+FR ENCH+S IMAK
+K I NSON+MCDONALD+R I OD I FOR 0+

{CERN}
(CERN+BI} M)

M

M

M

M

M

M

M

N (1689~ ) ( 10 ) DANYSZ 67 HBC
N NOT SEEN IN HIGH STATIST ICS EXP ~ QF QREN 74

1670 ~ 0 18 0 YQST 68 HBC
1695 ' 0 20 ' 0 BAR NE S 69 HBC
~ ~ ~ ~ ~ ~ ~ ~ ~

AVG 1681I2 13 ~ 4 AVERAGE (ERROR INCLUDES
STUDENT 1681~ 1 15m 1 AVERAGE USING STUDENT10

0 3r3s6 PBAR P 2/74

04 ~ 3 K-P r LMBD ~ 5P I 2/74
0 4r 6 K-Pr C MEG2PI 2/74

SCALE FACTOR OF 1 ~ 0)
(H/1 ~ 1 1 ) SEE TEXT

HUSON 68 PL 28 8 208 +LUBATTIr BELLINIr BINGHAMr+ (ORSA+MILA+LBL)

BEMPORAD 71 NP 8 33 3'97 +OUFEY r CODL INGr + (CE RN+ETHZ+LOIC+ MILA )

CLAYTON 72 NP B 47 81
HARRISON 72 PRL 28 775
SALZBERG 72 NP 8 41 397

+MASONr MUIRHEAD, RIGGPQULQS, + ( L IVP+PATR }
+HEYDAr JOHNSONrKIMrLAWrMUELLERr+ (HARV)
+HARRISQNr } EYCAr JOHNSON, K IMrLAWr+ (HARVl

BAST I EN 73 UPP SALA CONF 73 +DUNN r HARR I Sr L UBATT I t' B INGHAM r+ ( SEAT+UC8 )

64 X(16901 W IOTH (MEV) OR EN 74 NP B7 1 189 +COOP ERr F I ELDS r RHI NES r WHITI4'ORE r r. ( ANL+QXF )

{38~ } (18 ~ ) DANYSZ 67 HBC
NOT SEEN IN HIGH STATISTICS EXP QF OREN 74

50 0 15 ~ 0 YOST 68 HBC
90~ 20 ' BARNES 69 HBC

~ ~ ~ ~ ~ ~ ~ 0 ~

64 ~ 4 19 ~ 2 A VERAGE ( ERROR I NCL UDES
ENT 63 ~ 8 14 ~ 7 AVERAGE USING STUDENT10

¹¹¹¹¹¹¹¹¹

REFERENCES FOR X( 1690)

W N 0 3 3 ~ 6 PBAR P 1/73
W

W 04 ~ 3 K PrLMBD ~ 5PI ~ 1/73
W 0 4 ~ 6 K P r C MEG2PI 1/73
W

W AVG SCALE FACTOR DF 1 ~6)
W STUD (H/le il) —SEE TFXT

DEUTSCHM 75 NP B99 397 DEUTSCHMANNr+
KALELKAR 75 THESI S(NEVIS 207) M S.KALELKAR

( ABBCC VW COLLABC RAT ION 1

( CQLU )

¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹

S(1930)
31 S(1930r JPG= l

DANYSZ
YOST
BARN ES
QREN

67 NC 51 A 801 CANYSZ+FRENCH+S IMAK (CERN)
68 UMD T.REPGRT849 +YODH EINSCHLAG DAY GLASSER (UMD)
69 PRL 23 142 +CHUNGr EISNERr FLAMINIOr+ (BNL)
74 NP 8 71 189 +COQPERrFIELDSrRHjh, 'ESrWHITMOREr+ (ANL+QXF. )

63 X-f 17'55 r JPG= } I =1
/

SECN AS A (PBAR Nl BOUND STATE IN PBAR D ANNIHILATIONS
AT REST ~ NEEDS FURTHER CONF IPMATIQN CMI TTED FROM TABLE

This entry contains the structure observed

in s-channel NN annihilations, as well as various
peaks claimed in this region by production
experiments. The resonant interpretation of the
broad structure observed in pp backward elastic

63 X-(1?95) }'.ASS {MEV)

M D

M D

1794 ~ 5 1 4 GRAY
DECAYS TC FOUR CR MORE PIGNS

71 DBC — 0+ PBAR D

63 X ( 1795) WIDTH( MEV)

W D (8 ~ ) OR LESS CL .95 GRAY
W D DECAYS TO FOUR OR MORE PIQNS»

71 CBC - 0 PBAR D

GRAY 71 PRL 26 1491
BQGOANOV 72 PRL 28 1418
GRAY 73 PRL 30 1091

+HAGERTr KALOGERQPQULOS (SYRA)
' BCGDANOVAr DALKAROVr SHAPIRO ( ITEP )

+PAPADOPOULOUr KARAGEROPOULCSr+ (ATEN+SYRA l

f 43 A4(1900r JPG= -l I=1
4g

OMITTED FRCN TABLE ~

THI S ENTRY CCNTAINS T}-E DIFFRACTIVE-L IKE 3PI AND 5PI
BUMPS IN T} E REG ION OF 1900 ME V AS }rELL AS VARIOUS
PEAKS NEARBY ~ NOTE THAT THE EXISTENCE OF AN S-WAVE
GPI THRESHOLD BUMP ( AS A CONTI NUATI Ch TO Al ANO A3}
IS NOT UNEXPECTED. OMITTED FROM TABLE ~

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

V

REFERENCES FQR X-{1795}

1/72

1/72

scattering (CLINE 70, D'ANDLAU 75) has been

criticized (PINSKY 71, BIZZARRI 72) . Although

accurate measurements of both total and elastic
scattering have produced evidence for a narrow

bump in this region (CARROLL 74, NARZANO 76),
the charge-exchange reaction shows no such

structure (GARNJOST 75, MARZANO 76}. Measurements

of exclusive channel cross sections and of the
spectator momentum distribution in pd annihil-
ations have suggested more-complicated structure
(DEFOIX 75, KALOGEROPOULOS 75). Ne prefer to
wait for further clarification before entering
the S meson into the table of established
resonances.

43 A4 MASS (ME V)

( 1900~ )
M ( 1830~ )
M 8 40(1960 ~ ) (30 )

8 MARGINAL STATI ST I C
M ( 1800 ~ }
M 208 (2080 ~ ) (40 r }

HU SON
SALZBE RG
BASTIEN
NCE ~

DE UT SCHM
KALELKAR

AL S I GNIF ICA

68 HLBC
72 HBC
73 CBC

75 HBC +
75 HBC +

16 ~ PI-Ar A 5PI
13r20 .PI-Pr P 3PI
15 ~ PI-Dr 0 3PI

16 PI+Pr P 3PI
15 P I+A ~ P PI+G

2/74
2/74
2/74

12/75¹
12/75¹

M VARIOUS PEAKS
M K {1820~ ) (12e }
M K OBSERVED IN (KS K0 P IO e e l

FRENCH 67 HBC 0 3r3 F 6 PBAR P
MODE {G-PARITY UNKNOWN)

7/67

43 A4 hIDTH (MEV)

W (130 }
W 8 40 (200 }
W 208 {340 ~ } (80 )

VARIOUS PEAKS
W K (50 ' ) (20 ' ) FRENCH 67 HBC 0 3-4 PBAR P 7/67

Pl
P2
P3
P4

43 A4 PARTIAl DECAY MODES

A4 INTO 3P I
A4 INTO RHQ P I
A4 INTO F PI
A4 INTO G PI

DECAY MASSES
139+ 139+ 139
773+ i39

1271+ 139
1690+ 139

SALZBERG 72 HBC — 13 20 PI-P P 3PI 2/74
BASTIEN 73 CBC — 15 ~ Pj-Dr D 3PI 2/74
KALELKAR 75 HBC + 15 PI+P P PI+G 12/75¹

M C
8

M S
M C
M

M

M A

M S

M

M

M

N N

M

M

M K

M

M

M

M

M A

M B
M

M

M

M K
M N

M S
M

31 S MASS (MEV)

S CHANNEL NB AR N

(1940.) (8. )
(1968 ' )
(1932 ' ) (2
(1942 A } (5 )
(1897 ' ) {le)
{1934r4} (2 ' 6)
( 1940 ~ )
{1935' 9l ( I ~ 0)

(1 ~ 4)

CL INE 70
BENVENUTI 71
CARROLL 74
D. ANDLAU 75
KALQGERQ 75
KAL QGE RO 75
DEFOIX 75
MARZANO 76

HBC
HBC
CNTR
HBC
DBC
DBC
HBC
HBC

0 ~ 25- o 74 PBAR P
0 ~ 1 — ~ 8 P BAR P

S CHAN~PBAR P rD
0 ~ 175- ~ 750 PBA R P

P BAR N ANNI H

PBAR N ANNIH
OPBAR P r 5P I
OPBAR P TQTrELAS

PEAKS FRCF
226(1929 0)
100 (1900 )
30(1973' 0}
40(1975~0)

100(1898 ' )
50( 1895~ )

P RO0UCT ION
( 14 ~ 0)
(40 )
( 15.0)
( 12 ~ 0)
(18 )
(19~ )

EXP ER I MENTS
C HI KOVA NI 66
BQESEBECK 68
CASQ 70
KRAMER 70
THCMPSON 74
ABASH!AN 75

MMSP — 12 0 PI-P
HBC + 8 PI+ Pr PI+ PI 0
HBC - li 2P I-Pr RHO 2PI
HBC + 13 ~ 1 PI+ Pr2PI
HBC + . 13 PI+ P ~ 2RHO
STRC - 8 PI-Pr P 3PI

FROM ENERGY DEPENDENCE OF 5PI CROSS-SECTION ~

SEEN AS A BUMP IN T}E PBAR P — KS KL CROSS SECTION WITH JPC=l-
NOT SEEN BY CARSON 72 WITH EQUAL STATISTICS ~

FROM ENERGY DEPENDENCE OF FAR BACKWARD ELASTIC SCATTERING ~

S CME INDIC AT ION OF ADDIT ICNAL STRUCTURE ~

2PI PEAK OF KRAMER NOT SEEN IN SAME EXP WITH MORE DATA(THOMPSON 74)
SEEN IN 3 CHARGED MODE ~ NOT SEEN BY BOWEN 73 WITH 6X STATISTICS ~

NARROW BUR'P SEEN IN TOTAL PBAR P D CROSS-SECTIONS ~ ISOSP IN UNCERTAIN
NQT SEEN IN PBAR P CEX BY GARNJOST 75rMARZANO 76

2/72
2/72

12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹

12/75¹
12/75¹
12/75¹
ll/70
12/75¹
12/75¹
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S130 Particle Data Group: Review of particle properties

Mesons
S(1930), h(2040), p( 2100), T(2200)

Data Card Listirjgs
+«nota&ion, see key at front of Listings.

W

W C
W 8
W S
W C
W

W

W A

W S
W

W

W

W

W N

W

W

W

W

W

W

W A

W 8
W

C
W

W K

W N

W 5
W

31 S WIDTH {ME V)

S CHANNEL
(49 ' )
(35 )

(9 ' )
(57 ' 5)
t25 ~ )
{ll )
(60 )
(8 ~ 8)

NBAR N

(9»)

(4 ~ 3)

(3 )

{4~ )

(3 2

CL INE
BENVENUT I
CARROLi.
0 ANDLAU
KALOGERG
KALQGERO
DEFOIX
MARZANG

70 HBC
71 HBC
74 CNTR
75 HBC
75 CBC
75 DBC
75 HBC
76 HBC

0 ~ 25- 14 PBAR P
0 1 — .8 PBAR P

S CHAN ~ PBAR PED
0 17 5- ~ 750 P BAR P

PBAR N ANNIH
PB AR N ANNI H

OPBAR P p5P I
OPBAR P TOTE ELAS

PEAKS FROM
226 (35»0)
100 (216~ I
30 (80 0)
40 {52' 0)

100 ( 108~ )
50 (123~ )

PRODUCT ION EXP ER
QR (.ESS
(105 )

QR LESS CL= ~ 90
(41 ' ) {27»)
(66. )

I MENT 5
CHIKQVANI
BQESEBECK
CASQ
KRAMER
THCMPSQN
AB ASHI AN

66 MMSP
68 HBC
70 HBC
70 HBC
74 HBC
75 STRC

12 ' 0 PI-P
+ 8 PI t- P, PI+ PIO

11 ZPI-PT RHO 2PI
+ 13 1 PI+ PE2P I
+ 13 PI+ P TZRHO

8 PI-P TP 3PI

FRCM ENERGY DEPENCENCE OF 5PI CROSS-SECTION ~

SEEN AS A BUMP IN THE PBAR P — KS KL CROSS SECTION WITH JPC=l-- ~

NOT SEEN BY CARSON 72 WITH EQUAL STATISTICS
FROM ENERGY DEPENDENCE OF FAR BACKWARD ELASTIC SCATTERING ~

SOME INDICATION OF ADDITIONAL STRUCTURE
2PI PEAK OF KRANER NQT SEEN IN SAME EXP WITH MORE DATA(THOMPSON 741
SEEN IN 3 CHARGED MODE ~ NOT SEEN BY BOWEN 73 WITH 6X STATISTICS ~

NARROW BUMP SEEN IN TOTAL PBAR P ED CROSS-SECTIONS ISOSPIN UNCERTAIN
NQT SEEN IN PBAR P CEX BY GARNJGST 75 MARZANO 76

2/72
2/72

12/75~
12/75&
12/754
12/754
12/754
12/75 ~

12/75&
j2/75+
12 /75&
12/75+
12 /754
12/75+

NI C HOL SQ
EHRLICH
DG NNACHI
EISENHAN
NICHCLSG
HYA MS

DQNNACHI
E ISFNHAN

69 P RL 23 603
72 PRL 28 1147
73 LNC 7 285
73 PL 47 8 536
73 PR 0 7 2572
74 NP 8 73 202
75 NC 26 A 317
75 NP 8 96 109

REFERENCES FOR RHO(21001

NICHQLSON T BARI SHE DELQRMET+ ( CIT+RCCH+BNL I

+ETK IN E GLQ DISE HUGHES t KQNDQ TLU T MORI E+ ( YALE )
A»DCNNACHIEEP R.THOMAS (MANCHESTER I
E I SENHANDLER g + ( LOQM+L I VP+DARE+RHEL )

NICHQLSQNT DElQRME T CARROLL E+ ( C IT+RQCH+BNL I

+JQNF 5 T W! E I LHAM MER T BLUM g+ ( CERN+MP IM I

A DGNNACHIE PE R. THCMAS (MANCHESTER I
E ISENHANDLERT G I BSQNE+ (LQQM+LI VP+DARE+RHEL I

32 T(2200EJPG=

THIS ENTRY CONTAINS Tl'E BUMP OBSERVED IN S CHANNEL
NBAR N T AND VARIOUS PEAKS NEAR 2200 MEV.
QM ITTED FRGM TABLE
FOR A REVIEW SEE ASTBURY 74 ~

51 RHO(2100T JPG= +I

( ) THIS ENTRY CONTIIINE REfERENCES TO PARTIAL »AYE ANALYSES OF

R THE REACTION PBAR P TG PI+ PI- OYER THE MASS RANCE 2-2 ~ 5 CEV.
WITHOUT PQLARISATIGN CATA IT SEEMS UNLIKELY THAT SUCH ANALYSES
CAN PRQVI DE UNIQUE SGLUTIGNS ~ WE PREFER NCT TG LIST RESONANCE
PAR ANE: ERS YET, OMITTED FRGN TABLE ~

CHI KOVAN 66 P L 22 233
FOCACC I 66 P RL 17 890
BOES EBEC 68 NP 8 4 501
CLINE 68 PRL 21 1268

CASO 70 LNC 3 707
CL INE 70 PREPRINT

ALSO 70 KIEV CONF ~

KRAMER 70 PRL 25 396

BQWEN 73 PRL 30 332
BURNS 73 PR 0 8 1286
KIENZLE 73 PR 0 7 3520

ASTBURY 74 CERN 74-18
BURN 5 74 N C 20A 463
CARROLL 74 PRL 32 247
KALQGERO 74 BOSTON 74
THQM P SON 74 NP 86 9 220

ABAS H IAN 75
D ~ ANDLAU 75
DEFQIX 75
GARNJQST 75
KALGGERO 75
WE INGART 75

P RL 34 691
PI 588 223

PALERMQ CONF'
PRL 35 1685
PRL 34 1047
PRL 34 1201

BENVENUT 71 PRL 27 283
CL INE 71 REVIEW
PINSKI 71 PRL 27 1548

BIZZARRI 72 PR 0 6 160
BOWEN 1 72 PRL 29 890
DIEBQLD 72 BATAV»CONF»

REFERENCES FGR 5

CERN MISSING MASS SPECTROMETER GROUP (CERN)
CERN MISSING MASS SPECTROMETER GROUP (CERN)
BQ ES EBECK g DE UT SCHMANN g+(AACHEN+ 8ER L I N+ CERN)
+EhfGLISH, REEDER, TERRELL~TWITTY (W I SCQNS IN)

+CORDS ECOSTAE+ (GENQTDESY PHAMBgMILAE SACL )
D»CLINETJ ENGLI SHED ~ D REEDER t WISC) J
AST IER RAPPORTEUR TALK
+BARTON' GUTAY~LICHTMANTMILLERE+ (PURDUE)

BENVENUTI g CL INE E RUTZ EREEDERg SCHERER ( )EI SC )
D ~ CLINEE TALK AT ANL WORKSHOP JULY 71 (WISC)
STEP I EN S ~ P IN SKY (UTAH+ARGCNNE)

+GUIDQNI & MAR Z AND& CASTELl. I y+
+EARLESE FA ISSLERT BLI EDENE+
R»GIEBOLD RAPPORTEUR TALK

(RCMA+TRST)
(NEAS+STON)

t ANL)

+EARLESEFAISSLERTBLIEDENE+ t NEAS+STCN)
+CONDONE DONAHUE e MANDELKERNP PRI CEP+ (UCI )
W ~ KIEh)ZLE (CERN)

A» AST BURY REV IEW AT PRAGUE 74
+CQNDON g MANDE L KERN g P R I CE g SC HULT Z

+CHIANGEKYCIAE LIE MAZURgMICHAEL g+
T ~ E ~ KA LOGE RGPQUlQS (R EVI EW ) PG ~ 97
+ 6 A I DQ S P NC I LWA I hE g MI LLE R T MULE RAT +

t RHEL I
(UCI I
(BNL )

(PURD)

+BEANERY BRGSST E I SENSTEIN P+ ( ILL+ANL+ISU I
+COHEN-GANOUNAT LALQUME LUTZ T PETRI (CDEF+PISA) J
8 FR ENCHT RAPPORTEURS TALK (CDEF )
+KENNEYyPOLLARD ROSS TRIPPY+ (LBL+MHCO)
KAL QGE ROPOULQ ST TZANAKQS ( SYRA)
W E INGARTENEOKUBG ( ROCH )

32 T MASS (MEV)

1/73

7/69

1/74
1/74

M

M N

M N

M

M A

M

M T
M T
M T

M

M

M

M

M A

PEAKS FROM PRODUCT IQN EXPERIMENTS
(2195.0) (15 0) CHIKGVANI 66

NOT SEEN BY BOWEN 73»
2207 ' 13 ' ALLE S-BGR 67
AlLES-BORELL I 67 SEE NEUTRAL MODE ONLY
2190' 0 10 ' 0 CLAYTCN 67

(2086 ) ( 38 ~ I ANDERSON 69
(22b0 ~ I (18 ~ ) ANDERSON 69

TWO SEPARATE PEAKS
2207 0 22 ~ 0 CASQ 70
SEEN IN RHO- PI+ PI (OMEGA AND ETA ANT
2157 0 10 ~ 0 KRAMER 70

50(2070 ' I TAKAHASHI 72
~ ~ » ~ ~ ~ ~ ~ »

VERACE MEANINGLESS (SCAlE FACTOR = 2 ~ 01

MMSP — 12 ~ 0 P I-P

HBC 0 5 7 PBAR P
(PI+PI-PIOI

HBC + 2 ~ 5PBAR E A 2+OMEGA
MMS — 16 PI-Pp EACKW
MMS — 16 PI-P EBACKW

12/72

12/66

10/67
12/754
12/75~

HBC — jl»2PI- P DENOTE C ~ 5/70
ISELECTED IN 4 PI SYSTEM) 5/70

HBC + 13»1 P I+ PT2PI 11/70
HBC 8 ~ PI-P T N 2PI 12/75+

32 T WICTH (MEV)

M S CHANNEL NBAR h!

N B 2190 10 ' ABRAMS 70 CNTR S CHANNEL PBAR 'N

N 8 SEEN AS BUMP IN I~j STATE» SEE ALSO COOPER 68
M 8 BRICMAN (691 SEES NQ BUMP T SPIN 'LESS THAN 5 IS SG EXCLUDED
M 8 PEASi. EE 75 CONF IRM P BAR P RESULTS OF ABRAMS 70 T NC NARROW STRUCTURE
M K (2190 ~ 0) KALBFLE IS 69 HBC 0 S-CHANNEL PBARP
M K SEEN IN PBAR P TQ RHCD RHQO PIG» I 6=1-.
M K NOT SEEN BY BACON 73 ~

M 2193 ~ 2 ~ ALSPECTQR 73 CNTR S CHANNEL PBAR P»
M 5 (2141» I DONALD 73 HBC 0 5 CHAN) EL PBAR P
M S SEEN IN FINAL STATE (OMEGA PI+ PI-I
M ~ ~ ~ ~ ~ ~ ~ ~ ~

M A VG 2192 ~ 9 2 0 AVERAGE f ERROR INCLUDES SCALE FACTOR QF 1 ~ 01
M STUDENT2192 9 2 1 AVERAGE USING STUDENT10f H/1 jl) -- SEE TEXT

MARZANO 76 PL PRIVATE COMMUNICATION FROM F MARZANO (CERN+MONS+PADQ+)

16 H(2040eJPG=4++1 1=0

W

W 8
W 8
W K
W

W 5
W S

S CHANNEL NBAR N

(85 ' ) ABRAMS 67 CNT'R
SEE NOTE 8 UNDER T ( 2200 I MIASS ABOVE ~

BETWEEN 20 AND 80 MEV KALBFLE IS 69 HBC
98 8 ~ ALSPECTGR' 73 CNTR

f 14») DONALD 73 HBC
SEEN IN F I NAl STATE (OMEGA P I+ PI- I

0 S-CHANNEL PBARP
S CHANNEL PBAR P

0 S CHANNEL PBAR P

7/69
1/74
1/74

5 CHANNEL PBAR N 7/67

700 2030.
2050

16 H MASS (NEVI

30
25 '

APEL
BL UM

75 CNTR
75 ASPK

40 ' PI-PEN 2PI0 jj/75&
18»4 PI-P gN K+K- jI/75&

APEL 75 AND Bl UM 75 ESTABLISH JP AS 4+ ~

SINCE BOTH 2P IO AND K KBAR DECAY MODES ARE SEEN' I=O ~

ADDITIONAL EVIDENCE FOR THE H MESON IS REPORTED
IN WAGNER 74»

W

W N

W

W T
W T
W

W C
W

W

W

W A

PEAKS FROM PRODLCT ION EXPERIMENTS
(13 0) CR LESS CHI KQ VA NI
62 ' 52 ~ ALLES-BQR

(150 I ANDERSCN
(25 ) QR LESS ANDERSOh!

TWO SEPARATE PEAKS
(130.0) CA SQ
SEEN IN RHO PI+ PI- (OMEGA AND ETA

68 0 22 0 KRAMER
50 (160. 1 TAKAHASHI

~ ~ ~ » ~ ~ ~ ~ ~

VERACE MEANINGLESS (SCALE FACTOR = 1 ~ 01

66 MMSP — 12 0 PI-P
67 HBC 0 5»7 PBAR P
69 MM S — 16 P I-P E BACKW
69 MMS — 16 PI-PT BACKW

8/66
12/66
12/754
jZ/75+

70 HBC — 11 2PI- PTNCTE C 5/70
ANTISELECTED IN 4 PI SYSTEM) 5/70
70 HBC + ).3»). PI+ PT2P I lj/70
72 HBC 8 ~ PI-PT N ZPI IZ/75+

AVG 2041 ' 8
STUDENT204 1 ~ 8

19 2
20 9

AVERACE t ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT10(H/1 ~ 1 11 -- SEE TEXT

32 SIGMA t NB ) FOR FORMATION BY NUCLEON ANT INUCLECN

700 180 '
225

60 ~

120 ~ 70 ~

16 H (FT IDTH (MEV)

APEL 75 CNTR 40 PI-P T N 2 FIG 1 j/75&
BLUM 75 ASPK 18 4 PI-PEN K+K- jj/75&

CS A (5 ~ 51 ABRAMS 70 CNTR 5 CHANNEL PBAR N 1/71
CS A FCR I=1 REAR N

CS 2 ' 3 0 13 0»08 AL SPFCTQR 73 C ITR S CHAh!NEL PBAR P 1/74

~ »» ~ »

AVG 192 8
STUDENT 192 8

» ~ » ~

50 7
5'4 ~ 8

AVERAGE ( ERROR I hICLUQES SCALE FACTOR. OF 1 ~ 01
AVERAGE USI h!G STUDEhl~ 10(H/1 ~ 111 ~- SEE TEXT REFERENCE S FOR T

Pl
P2

16 H P ARTI Al DECAY MCDES

H INTO PI Pl
H INTO K KBAR

REFERENCES FQR

DECAY MASSES
139+ 139
497+ 497

CHI KGVAN
FOC ACC I
ABRAMS
ALL ES-BQ
CLAYTON
COOPER

be PL 22 233
66 PRL 17 890
67 PRL 18 1209
67 NC 50 A 776
67 HEIDBG CQNF ~ P ~ 57
68 PRL 20 1059

Ah!DERSQN 69 PRL 22 1390
BRICMAN 69 Pl Z9 8 451
CASQ 69 NC 62 A 755
KALPFl EI 69 PL 29 8 259
MQNTAh ET 69 LUND CONF. P 189

CERh! MISSING MASS SPECTRGtIEETER GROUP (CERN
CERN MISSING MASS SPECTROMETER GROUP ( CERN
+CGGLy GIACCMElLIT KYCIATLECNTIC T LIT+ (BNL
ALLES-BORELLI T FRENCHY FRISKY+ (CERN+BONIN
+MA SON E MUIPHEAD T F I LI PPAS+ f L I VEP POOL+AT!-ENS
+I-YMAN MANNER MUSGRAVE VOYVDDIC t ANL

+COLL INS» BLI EDEN+ {BNL+CARN
+FERRO-LUZZ I T BI ZARDT+ f CE RN+CA EN+ SAC L
+CCNTF. EBENZE+ (GENO+DESY+HANB+MILA+SACL
G ~ KALBFLEI SCHT R ~ STRAND EV VANDFRBURG (BNL
L ~ MQNTANET T RAPPORTEUR (CERN

1

I

I

) G=-
I

)

WAGNER
APEL
BLUM

74 l GNDCN CONF ~

75 PL 578 398
75 PL 578 403

F. WAGNER' RAPPGRTEURS TALK (MPIM)
+AUGENSTE I N+ (KARL+P I SA+SERP+W I EN+CERN) J P
+CHABAUD ED {ETL T GAREL ICKY GRAYER+ (CERN+MP IM I J P

I!.g I!Ig g +*»:
Egg

BACCN
FIEt 05
& 3H

71 NP 8 32 66
7 1 PRL 27 1749
71 PRl. ?o 97?

+BLTTER'CORTI T MI lLERP PHFLAh! E+ t RH EL+ LI VP I

+COOPER RHINES ALLISON (ANL+GXF )
+BAR I SH CARCLL LGBKCV IC Z+ (. jT+F!N! +RQCH I

ABRAMS 70 PR D 1 1917 &COOL, GIACGNELLI T KYC I A TLECNTIC T I I T+ f BNL )
CASG 70 LNC 3 707 +CONTE, TOMAS INI T CQRL'S+ t CENQ+HAMB+MILA+SACL I
KALBFL E I 70 PHILAD ~ CONF ~ P ~ 409 G ~ KAL BFL E I SCH AND 0» MILLFR REVUES (BNL I

KRAMER 70 PRL 25 396 +BARTON GUTAY LICHTMAN MILLER + (PURDUEI
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Particle Data Group: Review of particle properties

Data Card Listings Me sons
For notation, see key at front of Listings. T(2200), U(2360), NNI p(2375), X(2500—3600)

ALEXAhDE
BERTANZA
BUGG
CLAYTCN
DIEBOLD
DCNALD
MI NG MA

TAKAHASH

72 NP S 45 29
72 CHEXBRES (CERN
72 PR D 6 3047
72 NP 8 47 81
72 BATAV+CONF ~

72 PL 40 8 586
72 NP 8 51 77
72 PR D 6 1266

AL EXANDFR BAR-"i IR BE VAPY C AGAN + ( TE I. 4 )
72-10) LrBERTANZAr REVI EW TALK ( PI SA )

+CONDO r HART r CQHNr EhlDCRF r+ (TENNt ORNL+CINC )
+MASONr MUIRHEACt R I GOPQULQS + f L I VP+PA TR )
R ~ OIEBOLD RAPPCRTEUR TALK {ANL )
+GALLETLYt EDWARDS r DE BILLY t+ (I I VPt-LPNP)
+ EAST MANr QHt PARKER- r SMITH t SP'RAFKA (MSU)
TAKAHASHI r SARI SHr+ I TQI. Q+PENN+NCAM+ANL )

NNI P(2375) 41 N NBAR{ 2375 JPG= ) I=O

EVIDENCE FCR RESCNANCE PRELIMINARY ~

OMITTED FROM TABLE
c CIR A REV IL'W SEE AST BURY 74

ALSPECTQ
BACON
BETT INI
BOWEN
DONALD
K IENZLE

73 P RL 30 511
73 PR D 7 577
73 NC 15 A 563
73 PRL 30 332
73 NP 8 61 333
73 PR 0 7 3520

ALSPECTOR t COI-ENr CV IJANOVICI-; t+ (RUTGt UPNJ )
+ BIJTTE R WQR TH t {RHEL+L I VP )
+GARNJOSTr BIGI r+ f PADQ+LBL+P I SA+TORI )
+EARLESr FAISSLERt SLIiEDENr+ (NEAS+STON)
+EDWARDS GIBBINSr BR I AND DUBOC + t LIVP+LPNP)

KIENZLE (CERN)

41 N NBAR(2375) MASS

M 2375 ~ 10 ~ ABRAMS 70 CNTR S CHAhlNEL NBAR N 1/71
M I {2359~ ) t 2 ~ ) AL SPECTQR 73 CNTR S CHANNEL P81R P 1/74
M I I SOSP INS 0 AND 1 NOT SEPARATED

ASTBURY 74 CERN 74-18
BERTAhIZA 74 NC 23A 209

HANDLER 75 NP 8 101 35
HUESMAN 75 NC '25A 91
PEASL EE 75 PL 578 189

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

A ~ ASTBURY REV IE W AT PRAGUE 74 ( RHEL )
+8 I G I r CASAL I r LAR I CC I A r+ ( PI SA+ PADQ+TORI )

+JACQUES t JONE S r PANDQULAS t + ( RUTG+STEV+ALBA )
tGARNJOSTtRQSSr+ {LBL+PADO+Pl SA+TORI )
+CEMAR ZQ, CUERR IERO, + t C Ah;8+FAR I+BRQW+MIT )

41 N NBAR{ 2375) WIDTH

W ( 190~ ) ABRAMS 70 CNTR S CHANhEL NBAR N 1/71
W I f 165~ )

'

t 18 o ) ( 8 ~ ) ALSPECTQR 73 CNTR S CHANNEL PBAR P 1/7
W I I SOSP INS 0 AND 1 NOT SEPARATED

V(2360)
THIS ENTRY CCNTAINS THE BRQAL BUMP CBSERVED
IN TI".E S CHANNEL NBAR Nr AND VARIOUS OTHER PEAKS r
Ir!QST LY CONT ROVERS I AL QM ITT ED FROM TABLE ~

FOR A PE VI Eh SEE ASTBURY 74

41 N NBiIR(2375) SIGMA (MB) FOR FQR)rATIOh! BN

CS (2.5) ABRAMS 70 CNTR 1/71
CS I (2 ~ 1) (0 ~ 2) (0 1). ALSPECTOR 73 CNTR S CHANNEL PBAR P 1/74
CS I ISOSPINS 0 AND 1 NOT SEPARATED

REF ER ENCES FOR N NBAR ('2375)

M

A

M A

M hl

M N

M

M I
M I

33 U(2360} MASS f MEV)

S CHAhlNEL NBAR N

2350 ~ 10 ~ ABRAMS 70 CNTR
FOR I =1 NBAR N

(2360 ~ 0) t 25 ~ 0 ) QH 70 HDBC -OP

BAR�

( P, N), K¹K2PI
NO EVIDENCE FOR THIS BUMP SEEN IN THE PBAR P CATA QF CHAPMAN 71
hlARROW STATE NOT CONF IRMED BY QH 73 WI TH MOR E DATA.

(2359 ~ ) t 2 ) ALSPECTQR 73 CNTR S CHANNEL PBAR P
ISQSPINS 0 AND 1 NQT SEPARATED

1/73

1/73
1/73

12/75¹
1 /74

BRICI AN 69 PL 29 8 451
ABRAMS 70 PR D 1 1917
EASTMAN 72 NP 8 51 29
MING MA 72 NP 8 51 77
ALSPECTO 73 PRL 30 511

ASTBURY 74 CERN 74-18
MING MA 74 NP 868 214

A ~ AST BURY REV I EW AT PRAGUE 74
+MOUNTZr ZEMANYr SMITH

( RHEL)
(MICH)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

+FERRO-LUZZ It BI ZARDt+ {C E RN+CA EN+ SAC L }
+COQL r GI ACQME Lf. I r KYCI Arl EQNT ICr L Ir+ (BNL )
+MING MAtOHrPARKER rSMITHr SPRAFKA (MSU)
+EASTMANr OHr PARKER rSMITHt SPRAFKA (MSU)
ALSPECTQR r COHEN tCVI JANOVICI'r+ (RUTG+UPNJ )

M

M M

M N

M

M 8
M 8
M

M A

PEAKS FRCM PROCUCTIChl EXPER IMENTS
(2382 ' 0) (24 ' 0) CHIKQVAh'I 66 MMS - 12 ~ 0 PI P

NOT SEEN BY 80'WEN 73 ~

2370 ' 17 ~ ANDERSON 69 ASPK - 16 PI- SKSCAT
126 2340 ~ 20 ' BALTAY 75 HBC + 15 PI+Pr P5PI
DCMINAhIT DECAY INTO RHQ RHQ PI

~ ~ ~ ~ 0 0 ~ ~ ~

VERAGE MEANINGLESS ( SCALE FACTOR = 1 1)

12/72

11/69
12/75¹ X 2500-3600

THIS ENTRY CQNTA IhlS VARIOUS HIGH MASS NON STRANGE
PEAKS ~ OMITTED FRCM TABLE

W

W

W N

W N

W hl

W I
W I

W M

W N

W

W 8
W 8

33 Ut2360) WIDTH (MEV)

S CHANNEI. NBAR hl

(140r) ABRAMS 67 CNTR S CHANNEL PBAR N

(60 ~ 0) OR LESS OH 70 HDBC -OPBAR(PtN)tK¹K2PI
NO EVIDENCE FOR THIS BUMP SEEN IN THE PBAR P DATA OF CHAPMAN 71
NARROW STATE NOT CCNFIRMEG BY QH 73 WITH .MORE DATA ~

(165~ ) ( 18 ~ ) ( 8 ~ I AL SPEC TQR 73 CNTR S CHANNEL PSAR P
ISOSP INS 0 AND 1 NOT SEPARATED

PEAKS FROM PRQOUCT ION EXPERIMENTS
(30 ~ 0) QR L ESS CHIKQVANI 66 MMS — 12 ~ 0 PI-P

NQT SEEN BY BOItEN 73 o

(57 ~ ) ANDERSON 69 ASPK — 16 PI- SKSCAT
126 180 ' 60 ~ BALTAY 75 HBC + 15 PI+PrP5PI
DOMIhlANT DcCAY IhlTO RHO RHQ PI

33 SIGMA f MB) FOR FORMATION BY hlUCLECN ANTIh'UCLECN

1/73
11/71
11/71
12/75¹

1 /74

8 /66

ll/69
12/75¹

The high mass region is covered nearly
continuously by evidence for peaks of various
widths and decay modes (see figure).
satisfactory grouping into particles is not yet.

possible, we list all the Y=O bumps with

M & 2400 MeV together, ordered by increasing
mass. Note t.hat ANTlPOV 72 (1T p ~ pMN at 25

and 40 GeV//c) see no narrow bumps.

CHIKOVAN 66 PL 22 233
FOCACC I 66 P RL 17 890

ABRAMS 67 PRL 18 1209

ANDERSON 69 PRL 22 139()
BRICMAN 69 PL 29 8 451
CASO 69 LNC 3 707

ABRAhIS 70 PR 0 1 1917
OH 70 PRL 24 1257

CHAPMAhi 7l PR 04 1275
FIELDS 71 PRL 27 1749
YQH 71 P RL 26 922

CERN MISSIhlG MASS SPECTROMETER GROUP (CERN)
CERN MISSING MASS SPECTROMETER GROUP (CERN)

+COOL tGI ACO IELL I r KYC I A rLEChT IC t LI r + ( BNL )

+BLESERrBIRNBAU)rrEDELSTE Iht+ (BNL+CARhl)
tFERRQ-LUZZI, BIZARD + (CERN+CAEN+SACL)
+CONTErBENZr + (CENQ+DESY+HAMB+MILA+SACL )

+CQQLtGIACCMELLI, KYCIA, LEONTIC, LI + (BNL)
+PARKERt EASTMAN rSMITHrSPRAFKAt MA (MSU)

+GREENrLYSrMURPHY r RINGt+ (MICH)
+COOPER RHINESt ALL ISON ( ANL+QXF )
+SARI SHr CARQLL r LOBKQVICZ+ ( CIT+BhlL+ROCH)

A S TBUR Y 72 C ERN 72-10
0 I EBQLD 72 BATA V ~ CONF
EASTMAN 72 NP 8 51 29
MING MA 72 NP 8 51 77

AL5PECTO 73 PIIL 30 511
BOWEN 73 PRL 30 332
DONNACHI 73 LNC 7 285
KIENZLE 73 PR 0 7 3520
OH 73 NP 8 51 57

A ~ ASTBURY REVIEW AT CHEXBRES 72
R ~ DIEBOLD RAPPORTEUR TALK
+MING MArOHr PARKER r SMITHt SPRAFKA
+EASTMANr QHr PbRKERrSMITHt SPRAFKA

ALSPECTOR r COHENrCVI JANOVICHr+
+EARLES t FA I SSLE Rt BLI EDENr +
A ~ DQNNACHIE r P ~ R THOMAS
W ~ KIENZLE
+EASTMAh, r MIhlG MAr PbRK ERr SM ITHr +

(RHEL )
(ANL I

(MSU)
(MSU)

(RUTG+UPNJ )
(NEAS+STCN )

(MANCHESTER )
(CERN)

(MSU)

ASTBUR Y 74 CE'Rhl 74-18
MING MA 74 h)P 868 214

BALTAY 75 PRL 35 891
KEMP 75 NC 27 A 155

A. ASTSURY REVIEW AT PRAGUE 74
+)rOUNTZr ZE MANY r SMITH

( RHEL )
(MICH)

+CAUT IS, COHEN, KAL ELK AR P IS ELLO + (CQLU+BING )
+(.OTTS r CONTR I r TEODORC+( DURHt. GENO+MI LA+ LPNP )

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

CS A (3 ' 2) ABRAMS 70 CNTR S CHANNEL NSAR N 1/71
CS A FOR I=1 NSAR N

CS I (2 1 ) (0 ~ 2) (0 ~ 1 ) AL SPECTQR 73 CNTR S CHANhlEL PBAR P 1/74
CS I I SOSPI NS 0 AND 1 NQT SEPARATED

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

REFERENCES FOR U(2360)

I i

ALEXANDER 72 (47r 477 )

BAUD 70 (M M )

BAuD 70 (MM) KH

ALEXANDER 72 (377+37) )

ALEXANDER 72 (477 47T')
BAuD 70 (M M )

ALEXANDER 72(37T 371 )'
BAUD 70 (MM )

BAUD 70 (M M )

YOST 71 (7 7T )

BAUD 69 (MM )

SABAU 71 (~K~~)+
BAUD 6e (MM )

CASO 70 (P 77+77 )

BAUD 69 (M M )

ATHERTON 71 (K K 77 7T )

ANDERSON 69 ( M M )

25
I I r 1 I I I

3,0 3r5
M+ rV2 (GeV)

Masses and widths of reported enhancements with
Y = 0, N & 2400 NeV. (-cr- indicates that upper
limit. only was reported for the width. )
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S132 Particle Data Group: Review of particle properties

Mesons
X(2500—3600), K+, K, K (892)

Data Card Listings
For notation, see key at front of Listings.

46 X(2500-3600) MASSES AND WIDTHS (MEVI

2500» 0
(87 0)

32 ' 0 ANDERSCN 69 MMS - 16 PI- P BACKW9 8/69
ANDERSGN 69 MMS — 16 PI- P i BACKW9 8/69

18 K¹(892&JP=I-} I=1/2

550 2620 ~

550 85 '
Zoe
30 '

BA UD

BAUD
69 MMS — 8 ~ -10 ~ P I- P

69 MMS — 8 «jo ~ P I- P
9/69
9/69

M 26T6e 0 27 ~ 0 CASQ 70 HBC — 11 2PI- P g NOTE C

W (150.0) CASQ 70 HBC - 11~ 2PI- PgNQTE C

W C SEEN IN RHQ- PI+ Pj- (OMEGA AND ETA ANTI SELECTED IN 4 PI SYSTEM)

5/70
5/70
5/70

640 2800.
640 4e.

20e
10 '

BAUD
BAUD

69 MMS
69 MMS

8 ~ -10 PI- P
Be-10e PI- P

9/69
9/69

M C 15 2820 ~ 10 ' SABAU 71 HBC + 8 ~ PI+ P

W C 15 50e 10 ~ SABAU 71 HBC + 8 ~ PI+ P

W C SEEN IN (K KBAR PI PI )+ MASS DISTRIBUTION

M D 90 2850 ~ 5 BRAUN 75 CBC 05 5 PBAR N

'W D 90 (39~ ) OR LESS BRAUN 75 CBC 05 ~ 5 PBAR N

D DECAYS TO NBAR N AND NBAR N PI

230 2880 ' 20 ' BAUD 69 MMS - 8e-10 P I- P

230 ( 15~ } OR LESS BAUD 69 MMS — 8 ~ -10 PI — P

11/7 1
11/71
11/71

12/75¹
12/75¹

9/69
9/69

M Y 43 3013 5 ~ YOST 71 HBC
Y 43 (40 ~ ) OR LESS YOST 71 HBC

W Y 4 ~ 3 S ~ 0 EFFECT ~ DECAY TQ 7 PIQNS
Y NOT SEEN BY KALELKAR 75 WITH 5 TIMES MORE DATA

+ 11 PI+ Pe P(BPI I+ ll/71
+ jl ePI+ Pi P(BGI) 5/71

11/71

3025 ' 0 20 ' 0 BAUD 70 MMS — }0 ~ 5-13 P I- P

(25 ' 0) APPROX' BAUD 70 MMS — 10~ 5-13 P I- 7

3075 0 20 ' 0 BAUD 70 MMS — 10 ~ 5- jp P I- P
(25 ' Ol APPROX' BAUD 70 MMS — 10~ 5-13 P I- P

M D 3080 ~ 20 ~ ALEXANDER 72 HBC 0 6.94 PBAR P
W 0 220 ~ 70 ' ALEXANDER 72 HBC 0 6 ' 94 PBAR P

D DECAYS TQ 3P I+ 3P I-
D NOT SCEN BY KALELKAR 75 WITH 1 5 TIMES MORE DATA

5/70

5/70
5/70

1/73
1/73

3145 ' 0 20 ' 0 BAUD 70 MMS — 10e 5-15 P I- P
( 10~ 0) QR LESS BAUD 70 liilMS - 10 ~ 5-1 5 P I- P

M D 3370 10 ' ALEXANDER 72 HBC 0 6 94 PBAR P
W D 150~ 40 ~ ALEXANDER 72 HBC 0 6 94 PBAR P

D DECAYS TO 4P I+ 4P I-

5/70
5/70

1/73
1/73

M 0 3390~ ZG ALEXANDER 72 HBC 0 6 94 PEAR P
W D 220 ~ 100 ~ ALEXANDER 72 HBC 0 6 94 PBAR P

D DECAYS TO 3 PI+ 3 P I-
0 NOT SEEN BY KALELKAR 75 WITH 1 ~ 5 TINES MORE DATA

1/73
1/73

3475 0
( 30 ~ 01

20 ~ 0
APPROX

BAUD 70 MMS — 14-15 5 PI- P
BA UD 70 MMS — 14-15~ 5 P I P

5/70
5/70

5/70
5/70

1/73
1/73

REFERCNCES FQR X(2500-3600)

69 P RL 22 1390
69 PL 30B 129
70 PRL 25 63
70 PL 31 8 549
70 LNC 3 707
71 LNC 1 514
71 PR 0 3 642
72 NP 8 45 29
72 PL 40B 147
75 PREPRINT CRN 24
75 THESIS(NEVIS 207}

ANDERSON
BAUD
ALEXANDE
BAUD
CASQ
SABAU
YOST
ALEXANDE
ANT IPOY
BRAUN
KALELKAR

+COLL INS, + (BNL+CARN)
CERN BOSON SPECTROMETER GROUP (CCRN}
+BAR-N IRiDAGAN~ GIDAL t GRUNHAUS+ (TEL-AVIV)
CERN BOSON SPECTROMETER GROUP (CERN)
+CGNTE TQMASINIyCQRDS+(GENO+HAMB+MILA+SACl )
+URETSKY (BUCH+ANL)
+MORRI S y AL BR IGHT t BRUCKER t LANNUTT I (FSU )
ALEXANDER~ BAR-NIRi BE VARY ~DAGAN, + (TELA }
+BAUD' BUSNELLQ g DAMGAARD~+ ( IHEP+CERN)
+BRICK FR IDMAN GER PER JUI{.LQT, + ( STRB I

Mes ~ KALELKAR (CQLU}

3535 0 20 ' 0 BAUD 70 MMS - 14-15~ 5 P I- P

( 30e 0) APPROX ~ BAUD 70 MMS 14 15 ~ 5 PI P

M D 3600 ~ 20 ALEXANDER 72 HBC 0 6 94 PBAR P
W D 140e 20 ' ALExANDER 72 HBc 0 e.94 pBAR p

D DECAYS TO 4P I+ 4PI-

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

18 K¹(8921 MASS (MEV}

M CHARGED
M S 100
M W 1700
M SD 200
M S 300
M S 300
M SD 190
M D 620
M SD 260
M SD 70
M SD 50
M 720

600
M S 300

S 430
0 540

M S
M S
M S
M S
M S 115
M D 341
M S 175
M 1000
M 2886
M 728
M 3229
M 01027
M SD 127
M 4404
M D 765
M W 01150
M I 9000
M

M AVG
M STUDENT

ONLY ~ THI
( 898 ~ 0)
891 0

(889 ' 5)
(891~ 0)
(895 0)
(895 ' )
891

(892 ' 5)
(898 ' )
(883 )
890e
889 ~

(896.0)
(893 I

888 '
(891 )
{887 )
(890 0)
(89Z ~ 0)
( 896 0)
892 ~ 0

(884.O}
891 ' 0
894
892.
892 '
892

(895 ~ )
892 ~ 2
894e2
894 ' 3

(891' 9)
e ~ ~ ~ ~

892 ' 24
892» 19

S I S WHAT

{5eol
1 ~ 2

(3 ~ 61
{3 0)
(3.0)
(3 6)

2 3
(3 3)
(9.01
(7 ~ 0)
3eo
~eo

(5 0)
(3 0)

2 5
(4 ~ 0)
(3 0)
(5 ol
(3.0)
(4 0)

2 ' 6
(5 ' 0)

2 ' 0
1 ~ 0
2 ~

1 0
1 ~ 6

{4 5)
1 5
2 ' 0
1 e5

(0 7)
~ ~ ~ ~

0 43
0 ~ 51

TABLE
63 HBC
64 HBC
65 HBc
65 HBC
65 HBC
67 HBC
67 HBC
67 HBC
67 HBC
67 HBC
67 HBC
67 HBC
67 HBC
68 CBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
69 CBC
69 HBC
69 HBC
69 M BC
69 HBC
69 HBC
71 HBC
73 HBC
73 HBC
75 HBC

APPEARS CN MESON
CHADWICK
WQJCICKI
ADELMAN
FERRO-LUZ
GELSEMA
BOMSE
OE BAERE
OE BAERE
SALi STRCM
SALLSTRCM
BARLCW
BARLQW
CONF QRT Q

DE WIT
DE WIT
F ICENEC1
F ICENEC1
F ICENEC2
F ICENEC 2
SCHWE I NGR
SCHWE INGR
KA NG

CRENNELL
FR IEDMAN
FR IEDMAN

' FRIEDMAN
FR IEDMAN
L I ND

AGUI LAR 1
C LARK
CLARK
PALER

1 5 K+P{ K PI )
1 e7 K-P ( Ko PI-)
1 ~ 5 K-P

K+P
1 ~ 5 K-P ( Ko PI -)

2 ~ 3 K+P ( Ko P I+)
3 5 K+P ( Ko P I+)
3 ~ 5 K+P ( K+ PI 0)
3. K+ P {Ko

PI+�)

3e K+ P (K+ P Io)
1 e2 PBARP (KO PI )
le 2 PBARP(K PI)
0 ~ PBARP(KO P I )
3 ~ 0 K-P (KOP I- I
3 ~ 0 K-P

1 ~ 3 K-P (K-PIO)
1 e3 K-P (KOP I-I
2 ~ 7 K- P (K-P IO)
2 7 K- P (KOPI-)
4 ~ 1 K-P(KO PI-)
5 5 K-P( Ko P I-)

6 K-P{K PI )
3 e9 K-N (KOP I-)
2e 1 K-P( KO P I-)

2e45 K-P(KO PI-)
2 ~ 6 K P(KO PI )

2 ~ 7 K-P( KO PI-)
9 ~ K+ P
3 ~ 9)4 ~ 6 K- P

3 ~ 13 K-P (Ko P I-)
3 ~ 3 K-Pg P PI- KO
14e3 K-Py K¹- X+

AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0 )
AVERAGE USING STUD= NT10(H/1 1 1 } -- SEE TEXT

M NEUTRAL GNLYe
M S 70 (897 0)
M S 120 (899~ }
M S 310 (897 ~ I

M S (889 0)
M 01040 894 ~ T
M AS 490 (892 ' 0)
M SD (895 ~ )
M SD (901~ }
M SD 150 (896 ~ 0}
M SD 120 (903 ~ 0)
M S 200 ( 899 ~ 0)
M 10700 893e7
M WAD2200 (890 ' 0)
M W 4300 895 0
M D~934 897e9
M 05362 898 ' 0
M D 1700 898 ' 4
M 3186 896 ~ 0
M C 894 0

joeoo 896.o
M 896 0
M C 896 ~

M 3600 895 5
M I 22K (897 ~ 1)
M ~ ~ ~ ~ ~

M AVG 896 23
M STUDENT 896 ~ 12

(10 ~ 0)
(4 0)
(4 01
(5 ' 0)
1.4

{4~ 01
{4~ 0)
(4 ol
(4 5)
(5 0)
(5 ~ ol

2 0
(1 3)

1 ~ 0
1 1
0 ~ 7
1 3
1 0
1 3
o.e
0 6
2 ~

1 0
(0 ~ 7)

COLL EY
BARLQW
BARLQW
CC NFGRT Q

DAUBER
GEORGE
F ICENEC1
F I CENEC 2
SCHWE INGR.
SCHWE I NGR
KANG
DAVIS
DE BAERE
HABER
AGUIL AR1
AGUI LAR1
8UCHNER
LEWIS
L I NGLI N

FQX
FOX
MATISON
MCCUBBIN
PALER

62 HBC
67 HBC
67 HBC
67 HBC
67 HBC
67 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
69 HBC
69 HBC
70 OBC
71 HBC
71 HBC
72 DBC
73 HBC
73 HBC
74 RVUE
74 RVUE
74 HBC
75 HBC
75 HBC

0 2 eo PI-P
0 1 2 P BAR P
0 1e2 PBAR P
0 0 ~ PBAR P
02 ' 0 K-P(K-PI+)
0 5 ' 0 K+ P
0 1.3 K-P (K-P I+)
0 2e7 K-P (K-PI+)
0 4 1 K-P (

K-PI+�)

0 5 ~ 5 K-P(K-PI+)
0 4 ~ 6 K-P(K-PI+}
0 12e K+P{ K+PI —)
0 5 0 K+P(K+PI-)
0 3 ~ K N ( K-PI+)
0 3 ~ 9p4 6 K- P
0 3.9g4 6 K- P
04 6 K+ Np K+ P I-
02 ~ 1-2 ~ 7 K+P
02-13 K+Pq K+P I-
0 2 K-P K- PI+I
'3 2 K+NgK+PI —P
012 K+P~ K+PI—
0 3 ~ 6 K-Pg K-PI+I
0 14 ~ 3 K-Pg K¹0 XO

~ ~ ~ ~

0 ~ 36 A V ERACE ( ERROR INCL {IDES SCALE FACTOR CF 1 .3 }
0 ~ 33 AVERAGE USING STUDENT10{ H/1 ~ 11) -- SEE TEXT
(SEE IDEOGRAM BELOW )

A INCLUDED IN LING{ IN 73 WORLD K+P DST
C FROM POLE EXTRAPQLAT ICN

D ERRORS ENLARCED BY US TQ GAMMA/SQRT(NI SEE TYPED NOTE ~

INCLUSIVE REACT ION e COMPLICATED BACKGROUND AND PHASE-SPACE EFFECTS
S DATA WITH MASS ERROR QF 3 MEV OR MORE NQT AVERAGED

W NUMBER OF EVENTS IN PEAK REEVAl UATEC BY US

12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75»
12/75¹
12/75¹
12/75&
12/75¹-
12/75&
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
jZ /75¹
12/75¹
12/75¹
12/75¹
12/75¹
11/71
12/75¹
)2/75¹
12/75¹

12/75¹
12/75¹
}.2/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/72
2/74

12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹

S=y1 MESON STATES

LiEIGHTED AVERAGE = 896.23 + 0 ~ 36
ERROR SCALED BY 1.3

10 CHARGED K(494' JP=O-) I=1/2

SEE STABLE PARTICLE CATA CARC L ISTINGS

11 NEUTRAL K{498~JP=O-I I=1/2

SEE STABLE PARTICLE CATA CARD LISTINGS

¹¹ ¹.( .',:¹¹¹

MCCUBBIN
MATISON
FOX
FO&&

LING LIN
LE}JIS
BUCHNER
AbUILAR1
AGUILAR1
HABER
DAVIS

AUBER

890 H94 898 902
NEUTRAL K+(H92) MASS (MEV)

75 HBC
74 HBC
74 RVUE
74 RVUE
73 HBC
73 HBC
72 DBC
71 HBC
71 HBC
70 DBC
69 HBC
67 HBC

I

906

CHISQ
0 ~ 5
0.0
0.1
0.1
2.9
0.1
2 ~ 8
6.4
2 ~ 3
1 ~ 5
1 ~ 6
1.2

19 ~ 6
CONLEV
=0.051)
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Particle Data Group: Review of particle properties S'133

Data Card Listings
For notation, see It', ey at front of Listings.

Me sons
K"(89@)

Note on K (892) Masses and Mass Dif ferences

Unrealistically small errors are reported

by some experiments. Ne use simple "realistic"
tests for the minimum errors on the determination

of mass and width from a sample of N events:

(m) = , 6 . (j. ) = 4
I"

min ' min

(For det:ailed discussion see the April 1971
edition of this note. ) Ne consistently increase
unrealistic errors before averaging.

Although in the past we have argued against.
*O *+

taking the mass difference m(K ) — m(K ) from

the separate averages of m(K ) and m(K ), we

no longer see any reason for such caution. In

W NFUT RAL CNLY ~

W 5D 70 (60«0)
W 5 310 (53 ~ I

W 50 120 (34 I
W D 1040 44e
W (52 ~ )
W S (50 ~ 0)

SD' 200 (48 ~ 0)
W SD 120 (51 ' 0)
W SD 150 ( 53 ' 0)
W D 10700 53 ' 2
W DAW2200 (58 ' 0)
W W 04300 54 0
W 2934 55 ' 8
W 05362 48 ' 5
W D 1700 51 4
W D3186 46 ~ 0
W C (46 ~ 5 )
W 1 0600 47
W 51 ~

C (47» I
W 3600 48 ~

W I 22K (50e6)
W ~ ~ ~ ~

W AVG 50 0
W STUDENT 49 ' 9

{29' 0)
(13' 0)
(12 ' 5)

5 5
(12 ' 0)

(8 ~ 0)
(16' 0)
(19~ 0)
(17 5)

2 ~ 1
(5 Ol
3 3
4 ~ 2
2 ~ 7
5 0
3 ' 3(1.5)
2 ~

2 ~

(3 )
3 ~

(2 ' 5I
~ ~ ~ ~ «

1 0
1 1

3 4

2 ~

CQLLEY
BARLQW
BARLOW
DAUBER
F ICENEC 1
FICENEC2
KA NG

SC HWE I NGR
SCHWE ING R

DAVIS
DE BAERE
HABER
AGUILAR1
AGUILAR1
BUCHNER
LE WI S
L I NGLI N

FOX
FOX
MATISON
MCCUBBI N

PALER

62 HBC
67 HBC
67 HBC
67 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
69 HBC
69 HBC
70 DBC
71 HBC
71 HBC
72 CBC
73 HBC
73 HBC
74 RVU
74 RVU
74 HBC
75 HBC
75 HBC

0 2e 0 P I-P
0 1 ~ 2 PBAR P
0 1 ~ 2 P BAR P
0 2 ' 0 K- P
0 1 ~ 3 K-P (K-PI+)
0 2 ~ 7 K- P (K-P I+ )
0 4 ~ 6 K P(K PI+I
0 5» 5 K-P ( K-PI+ I
0 4 1 K-P (K-PI+)
0 12 ~ K+P( K+PI I

0 5 ~ 0 K+P(K+PI-)
0 3 ~ K-N (K-PI+)
0 3 9t4«6 K- P
0 3 ~ 9t4 ~ 6 K- P

0 4 ~ 6 K+ NtKt PI-P
0 2 1-2 ' 7 K+P
0 2- 13 K+P, K+PI

0 2 K PtK-PI+N
E 0 2 K+N t K+ P I-P

012 K+P t K+P I-
0 3 «6 K- P, K-PI+N
014«3 K-P t K¹0 XO

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 ~ 2l
AVERAGE USING STUDENTlO(H/le ill -- SEE TEXT

Pl
P2
P3

18 K ¹ ( 892 I P ART I AL DECAY MODE S

K¹(892 ) INTO K P I
K¹(892) INTO K PI PI
K¹(892) INTO K GAMMA

DECAY MASSES
493+ 139
49 3+ 139+ 139
493+ 0

A INCLUDED IN LINCLIN 73 WORLD K+P OST
C FRCM POLE EXTRAPCLAT ICN ~

0 ERRORS ENLARGED BY US TO 4¹GAMMA/SQRT(NI SEE TYPED NOTE
I INCLUSIVE REACTION ~ COMPLICATED BACKGROUND AND PHASE SPACE EFFECTS
S DATA WITH MASS ERRCR OF 3 MEV OR MORE NOT AVERAGED

NUMBER OF EVENTS IN PEAK REEVALUATED BY US

12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12 /75¹
12/75¹
12/75¹
12/75¹
12/75¹
11/71
12/75¹
12/72
12/75¹
1/74

12/75¹'
12/75¹
12/75¹
12/75¹
12/75¹

fact, the difference between the separate
averages agrees with direct measurements of the
mass difference, and it has a smaller statistical
error.

18 K¹(892) BRANCHING RAT IQS

Rl K¹(892) INTO (K PI P I)l (K PI I (P2) 1{Pl)
Rl 0 (0 ' 002)OR LESS WOJCICK12 64 HBC - 1 ~ 7 K-P

R2 K¹(892) INTO (K GAMMA)/TCTAL (UNITS 10¹¹-3) {P3)
R2 ( 1 6) QR LESS CL 95 BEMPORAD 72 CNTR + 10 ~ 16 ~ K+A t COUL 1/73
R2 1 5 0 ' 7 CARITHERS 75 CNTR 0 8-16KOBAR AtCCUL 12/75¹

18 K¹(0) — K& (+-) MASS DIFF ~ (MEV)

D W 283
D 501400
D SD 1600
D 7338
D
D AVG
D STUDENT

6 3
(6 ~ 5)
(9~ 5&

5 ~ 7

5 ' 8
5 ' 8

4 ~ ).
(5.0)
t 5 ~ 0)

1 7
~ ~ ~ ~ ~

1 ~ 6
1 7

BARASH 67 HBC 0 PBAR P 12/75¹
F ICFNEC1 68 HBC 1 ~ 3 K- P 12/75¹
F ICENEC2, 68 HBC 2»7 K- P 12/75¹
AGUILAR1 71 HBC -0 3 ~ 9t4 ~ 6 K- P ll/71

AVERAGE (ERROR INC{ UDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT10(H/1 ~ 11) SEE TEXT

18 K¹t892) WIDTH (MEV)

D ERRORS ENLARCEC BY US TO GAMMA/SQRTtN) ~ SEE TYPED NOTE ~

5 DATA WITH MASS ERROR OF 3 MEV OR MORE NOT AVERAGED
W NUMBER OF EVENTS IN PEAK REEVALUATED BY US

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFERENCES FOR K¹(892)
ALSTCN 61 PRL 6 300
ALEXANDE 62 PRL 8 447
CCLLEY 62 CCRN CONF 315

ALSTQN t ALVAREZr EBERHARD ~ GOQOt GRAZ IANO+(LRL )
ALEXANDER KALBFLEISCH MILL ERt G SMITH (LRL I
D COLLEYtN GELFAND'+ (COLUMBIA+RUTGERS I

CHADWI CK 63 PL 6 3C9
GQLDHABE 63 ATHENS CONF 92

WGJCICKI 64 PR 135 8 484

ADELMAN 65 ATHEN S 527
FERRO-LU 65 NC 36 1101
FERRO LU 65 NC 39 417
GELSEMA 65 THESIS
WANGLER 65 PR 137 8 414

STANLEY G WQ JCI CKI (LRL )

STUART LEE ADELMAN (CAVENDISH)
FERRO LUZZI t GEORGE t HENRI t JQNGE JANS ( CERN I
F ERRG-LU ZZ I GEORGE GOLDSCHMI OT-CLER+ ( CERN )
E ~ S GELSEMA (SEE ALSO PL 10 341)(AMSTERDAM)
WANGL ER t ER'WI N t WALKER (WISCGNS IN I

CHADWI CK t CRENNE LLt CA V IES t BETT INI+ (OX F+PAOO)
SULAM 1TH GGLDHABER (LRL I

W CHARGED ONLY ~ TH
W 5 100 (46 ~ 0)
W W D1700 46 ~ 0
W SD 200 ( 51 ~ .0 I

W SD 300 (47 ~ 0)
W 50 300 ( 50 ~ 0)
W SD 190 ( 50 ~ )
W D 620 56 0
W SD 260 {53 )
W SO 70 (68 ~ I
W SD 50 (47 ' )
W SO 210 (44 ' )
W 720 43 ~

W D 600 53»
W 50, 430 (58~ )
W D 540 44 ' 0
W S (58 ~ )
W S (44 ~ I
W SD 115 ( 41 ~ 0)
W SD 341 (47 ~ 0)
W S ( 57 ~ 0)
W S (48 ~ 0)
W SD 175 (52 ~ 0)
W D2886 53~

W 0 728 49 ~

D3229 46 '
W D 1027 49
W SD 127 (50 ~ )
W D 4404 54 ~ 3
W D 765 46 ' 3
W W D1150 48»2
W I 9000 ( 52 ~ 1)

~ ~ e
W AVG 49»5
W STUDENT 49»4

15 15 WHAT
(8 ~ 0)
5 ~ 0

(15 Ol
(ll 0)
( 12 ~ 0 I
( 15 ~ 0)

9»0
( 13~ 0)
(33 ' 0)
(27 ' 0)
( 12.0)9.0

9 0
(12~ 0)

8.0
(16 ~ 0)
( 13.0)
(16»0)
(10 ' 0)
( 13.0)

(9 ~ 0)
( 16 ~ 0 I

4»0
7 ~ 3
3 ~ 2
6 ~ 1

(18 0)
3 ~ 3
6 ~ 7
5 ~ 7

(2.2)
~ ~ ~ ~ ~

1 ~ 5
1 ~ 8

ABLE
63 HBC
64 HBC
65 HBC
65 HBC
65 HBC
67 HBC
67 HBC
67 HBC
67 HBC
67 HBC
67 HBC
67 HBC
67 HBC
68 DBC
68 DBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
69 HBC
69 HBC
69 HBC
69 HBC
69 HBC
71 HBC
73 HBC
73 HBC
75 HBC

APPEARS QN MESON T
CHADWICK
WQ JCICKI
ADELMAN
FERRO-LUZ
GE LSEMA
BQMSE
OE BAERE
DE BAERE
SALLSTRCM
SALLSTRCM
BA RLOW
BARLQW
BA RLQW
DE WIT
DE WIT
FI CENEC1
F I CENEC 1
SC HWE I NGR
SCHWE INGR
FI CENEC2
F I CENE C2
KA NG

FRIEDMAN
FRIEDMAN
FR IEDMAN
FRIEDMAN
L I ND

AGUILAR1
CLARK
CLARK
PALER

1 ~ 5 K+P{K PI )
1 ~ 7 K-P(KO PI-)
1 ~ 5 K-P
3 ' 0 K+P
1 5 K-P{KO P I-)
2 ~ 3 K+P t KO PI+)
3 5 K+P{ KO PI+)

3 ~ 5 K+P (K+ P IO)
K+ P t KO PI+I

3 ~ K+ P (K+ P IO)
1 ~ 2 P BAR P

1«2 PBARP (KO PI)
1 ~ 2 PBARP (K PI I

3« K- D

3 ~ K- D

1 e 3 K-P (K-P IO I

1 ~ 3 K-P .( K OP I )

4 1 K-P(KO PI-)
5 ~ 5 K-P(KO PI )
2 ' 7 K- P(K-PIO)
2 ~ 7 K- P(KOPI-)
4 ~ 6 K- P
2 ~ 1 K-P(KO PI-I
2 ~ 45K-P( KO PI-)
2 »6 K-P(KO P I-)
2 7 K-P( KO PI-)
9. K+ P
3 ~ 9t4 6 K- P

3 ~ 13K-P t P PI- KO
3 3 K-P t P PI- KO
14 ~ 3 K-Pt K¹- X+

AVERACE (ERROR INCLUDES SCA' E FACTOR OF le0)
A VCRAGE USING STUCENT10 ( H/1» 1 1 I —— SFE TEXT

12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75 ¹

12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹

BARASH
BARLQW
BQMSE
CGNFQRTQ
DAUBER
DE BAERE
FRENCH
GEORGE
SA LLSTRG

67 PR 156 1399
67 NC 50 A 701
67 P R 158 1298
67 NP B3 469
67 PR 153 1403
67 NC 51 A 401
67 NC 42A 442
67 NC 49A 9
67 NC 49A 348

68 THESIS
F I CENECl 68 PR 169 1034
F ICENEC2 68 PR 175 1725
KANG 68 PR 176 1587
SCHWEING 68 PR 166 1317

CRENNELI
DAVIS
DE BAERE
FR IEDMAN
JUHA LA
LING

69 P RL 22 487
69 P'RL 23 107 1
69 NC 61 A 397
69 UCRL-18860
69 PR 184 1461
69 NP 8 14 1

AGUILAR
AGUILA Rl
BARNHAM
BUCHNF R
CORDS
MFRCER
YUTA

71 PRL 26 466
71 PR 0 4 2583
71 NP 8 28 171
71 NP 8 29 381
71 PR 0 4 1974
71 NP 832 381
71 PRL 26 1502

ABRAMQV I
B INGHAM
BEMPQRAD
BRUNET
BUCHNER
CHARRI ER
CRENNELl
DEUTSCHM
ENGELMAN
ROUGE
T I ECKF

72 NP 8
72 NP 8
72 NP 8
72 NP 8
72 NP 8
73 NP 8
72 PR D

72 NP 8
72 PR D

72 NP 8
72 NP 8

39 189
41 1
51 1
37 114
45 333
51 317
6 1220
36 373
5 2162
46 29
39 596

ATHERTCN 70 NP 8 16 416
DE BAERE 70 CERN PHYS 70 41
HABER YO NP 8 17 289

EARASHtKIRSCHt MILLERt TAN (COLUMB IA )
+MQNTANETt 0 ~ ANDLAU+ (CERN+CDEF+IRAD+L IVP I
+BORENSTE IN+COLE+GILLESPIE+ ( JOHN HOPKINS)
+MAREC HA L t MG NTA NET+C E RN+COEF+ IPN+L I V ER POOL
+SCHLE INt SLATER t TI CHC (UCLAI
+COLDSCHMIDT-CLERMCNTt HENRI+ {BRUX+CERNI
+KINSON+MCDGNALD+RIDDIFORD+ (CERN+BIPM )
+GQLDSCHMIDT-CLERMCNT+HENRI+ (CERN+BRUX I
SALLSTROM+OTTER+EKSPCNG (STOCKHOLM)

5 DE WIT
+HULS IZER+SWANSQN+TROWER
F ICENEC t GQRDGN t TRQWER
Y ~ W ~ KANG
SCHWEINGRUBERt DERRICK t FIELDS+

(AMSTERDAM)
{ILL)

( I LLI NOIS I
( IOWA )

(ANL+NWESI

+KARSHQN t LAI t ONEALL t SCAR R (BNL)
+DERENZGt FLATTEtALSTONtLYNCHtSG{ MITZ (LRL)
+GOLOSCHMIDT-CL ERMCNT t HENR I t+ ( B ELG+CERN I
J ~ FR IEDMAN t PH ~ D ~ THE 5 IS (LRL)
+I EACQCKt RHODEt KOPELMANtL IBBYt+ ( I SU+COLO)
+ALEXANDER r FIRESTONE t FUt GOLDHABER (LRL I

+FRANEK t FRENCHt FRISKt BEDNAR+ (CERN+PRAG)
+DEBAISIEUXt DE WOLF tDUFOUR t+ (BELG+CERN)
+SHAP IRAt ALEXANDER+ (REHQ+SACL+BGNA+EPOL )

+BARNESt BASSANQt EISNER tKINSONt SAMIGS (BNL )
+EISNERt KINSON (BNL )
+CGLLEY t JQBES t GRIFFITHS t HUCHES t+(BIRM+Gl AS)
+DEHM GOEBEL GQl DSCHMIDT + I MPI M+CERN+BELG I
+CARMONY t ERWIN t ME I ERE t+ (PURD+UCD+IUPU)
+ANTIC H t C ALLAHA N t CHI EN t CGX t + ( JOHN HOPK INS I

DERRICKt ENGELMANNt MUSGRAV {ANL+EFII

ABRAMQVICH tCHALOUPKA t CHUNGt HILPERT t+ t CERN )
+ {INTERNATIONAL K+ COLLABORATION)
+BEUSCHt FREUQENREICHt+ (CERN+ETHZ+LOIC)
+DANYSZ t GOLD SACK t+ (C DEF+SAC L+LQ IC+LGWC )
+DEHM CHARRIERE CORNET + (MPI M+CERN+BRUX)
CHARRICREt DRI JARDt OE BAER Et+ (CERN+BELG I
+GCRDQN t KWAN-WU LA I t SCARR (BNL I
DEUTSCHMANNt+ f ABCLV COLLABCRATIGN)
ENGELMANNt MUSGRAVEt FORMANt+ ( ANL+EF I )
+VIDEAU VOLTE DE BRICN + (EPCL+SACL )
+GR IJNSt HEINENt DE GROOTt+ (NI JM+ZEEM)
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Particle Data Group: Review of particle properties

Me sons
K'(89'), ~(C25o)

Data Card Listings
For notation, see key at front of Listings.

BERTHCN 73 NP B 63 54
CLARK 73 NP 8 54 432
LEWIS 73 NP 8 60 283
LINGL I N 73 NP 8 55 408
WALUCH 73 PR D 8 2837

FOX 74 NP B80 403
MAT ISCN 74 PR 09 1872

BRANDENB 75 PL 59 8 405
CAR IT HER 75 PRL 35 349
MCCUBRIN 15 NP B86 13
PALER 75 NP 896 1

+MONTANETpPAULgBERTRANETg+ (CERN+SACL)
+LYONS y RADOJ I C I C (OXFORD)
+ALLEN~JACOBSyDANYSZsBORGy+(I O'WC+LO IC+CDEF)
D ~ l INGLIN (CERN )

+Ft ATT E FP. IEDMAN (LBL)

G+C «FOXY M ~ L ~ GRI SS (CIT)
+GALT IER I v GARNJOST NFL ATTE v FR I EDMANv + (LBL )

BRANDENBURG gCARNEGIE y CASHINCRE e DA V I ER+( St AC )
CARITHERS MUHLEMANN UNDERWOOD + (ROCH+MCGI )
N ~ A ~ MCCUBB IN p L ~ LYOHS (OXF )
+TOVEYg SHAH' SPI ROyCHAURAND+(RHEL+SACL+EPCL )

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

p +
KTl interactions in the I (J ) =1/2 ( o ) wave

1can be described by the elastic phase shi ft
from the Kvt threshold {&630 NeV) up to at least

19 K PI S 'kAUEs CALLED KAPPA

S-Nave Kv Interactions in the Region 750-1700 MeV

give support to the resonant S-wave interpretation

of FIRESTONE 71. The other groups (AGUILAR 72,

BUCHNER 7 2 r CRENNELL 7 2 r ENGELNANN 7 2 r BAKER 73 )

agree that the S wave is important but not

nece s sar ily resonant. .
+

In a review of the status of the 0 nonet,

MORGAN 75 shows that the resonant interpretation,
K'(1250), is consistent with the information on

the other S-wave systems, TiTi, KK, and &Tl (see the

corresponding mini-reviews), suggesting a non-

ideally mixed nonet.
I I

I

1100 MeV (BINGHAN 72). The first inelastic S-wave

thresholds are KT)Tlvt and Kg, neither of which is
known to be important below 1400 NeV. Apart from

the inelastic thresholds, the S-wave Tl7l and KTl

interactions are reminiscent of each other.
All phase-shift solutions (MERCER 71,

BINGHAM 72 y F IRESTONE 7 1 72 MATISON 72 74

BAKER 73, GALTIERI 73, YUTA 73, FOX 74,
LAUSCHER 75) share the following intrinsic
ambiguities:
1) The standard modulo-180 ambiguity.

560 —„
Up solution
ruled out by

MATISON 72
270—

$80—

B INGHAM 72
~ MERCER 7)
~ YUTA 71

~ and, FIRE
~ MATIS. BAKE

2) If one amplitude is dominant tthe p wave near

K (892) or the D wave near K (1420)], then

the observed S-P' or S-D inter ference can be

explained by two ambiguous S-wave solutions,
known as "up" and "down". For an illustration
see our 1972 edition.

The resulting "up-down" ambiguity of the
S-wave phase shi ft in the K (892) region

OB KWSeZ) 'O ).2
MK {GeV/c )

{I420)
I

1A ).6

XBL 745-26?8

Fig. 1. The S-wave KTi phase shift. An "up-down"
ambiguity occurs at the mass of K*(892), K*(1420),

which can be resolved by precise measurement
of a (K'tr) . At K" (892), the "up" solution was ruled
out by MATISON 72; earlier "up" solutions are
plotted only to show historical progress.

(BINGHAM 72) was restricted by an analysis of
+ + — ++12 GeV/c K p ~ K Ti 6 (NATISON 72, 74,

GALTIERI 73) to only two points at 890 and

900 NeV, where the P wave goes through 90 . The

"up" solution is therefore excluded, except for
a possibility of a very narrow (I' & 7 NeV) S-wave

resonance. Noreover, CHUNG 72 imposes positivity
on physical-region KTl moments, and finds a narrow

resonance most unlikely.
FIRESTONE 71 and 72 have continued KTI

80

70

0 0
xx

4l 40

—0
Thre
m(K~
12Ge

20—

S wave phase shift
2GeV/c K+p~K ~+n
2GeV/c K+n~K+~ p

partial-wave analysis up to 1700 MeV. They find
1 0that 0 crosses 90 near 1300 NeV, and indeed

shows the "up-down" ambiguity near the K (1420).

)0

0.
.6

I

.7
I

.8 .9 (.0

Meanwhile several groups have attempted,

to clarify the situation around 1300 MeV.

CORDS 72, FRATI 72, ROUGE 72, and LAUSCHER 75

(T)(Ke) GeV

Fig. 2. Summary of six different S-wave K7t phase-
shift analyses, including four solut, ions of FOX 74.
(Figure from FOX 74 .}
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Particle Data Group: Review of particle properties

Data Card. Listings
For notation, see key at front of Listings.

Me sons
~(1250), Q

1250

19 KAPPA MASS (MEV )

100 ~
'

MORGAN 75 RVUE

19 KAPPA WIDTH (MEV)

' energies by a superposition o f two Breit-Nigner
12/75¹ amplitudes (FIRESTONE 70, BARNHAtvL 71, BONLER 71,

BARLOUTAUD 73)-
(450 ' ) APPROX MORGAN 75 RVUE

REFERENCES FCR KAPPA

12 /75¹ Dalitz plot analyses o f the inter ference
between the K 7T and Kp modes show the relative

FIRESTON 71 PRL 26 1460
MERCER 71 NP 832 38.1
YUTA 71 PRL 26 1502

A ~ FIRESTQNEtG ~ GOLDHABERwD ~ LISSAUER (LRL)
+ANTICHeCALLAHANyCHIENyCOXy+ ( JOHN HOPKINS)
+DERRICK' ENGELMANNgMUSGRAVE (ANL+EFI)

TRIPPE 68 PL 28 8 203 +CHIENy I"ALAMUDv MEL LEMAN SCHL E IN t+ ( 4CLA )

CRENNELL 69 PRL 22 487 +KARSHQNg LAI pQ ~ NEALL eSCARR (BNL )
DODD 69 P R 177 1994 +JQLDERSMA p PALMER g SAM IOS (BNL )
GOLDBERG 69 PL 30 8 434 SABRE COLLABOR ~ (SACL+AMST+BGNA+REHO+EPQL )
SCHLE IN 69 ARGONNE CONF ~ 446 P ~ SCHLEIN (UCLA)

magnitude and relative phase of the two decay

amplitudes varying with K7T7T mass. The Kp mode

has a maximum intensity below that of K 7T. This
p +is suggestive of the presence of two J =1 states,

AGU ILAR
BI NGHAM

BUCHNER
CHUNG
CRENNELL
DIEBOLD
ENGELMAN
FIRESTQN
FRATI
ROUGE
MAT I SON

72 PR 0 6 11
72 NP 8 41 1
72 NP 8 45 333
72 P RL 29 1570
72 PR 0 6 1220
72 BAT A V ~ CONF
72 PR 0 5 2162
72 PR 0 5 2188
72 PR 0 6 2361
72 NP 8 46 29
72 LBL 1537 (THE SI S)

ACUILAR-BENITEZ yCHUNG tEIShiER (BNL)
+ ( INT ERNAT IQNAL K+ COLLABORAT ION )
+DEHM~ CHARRI ERE ~CORNET q+ (MPI M+CERN+ BRUX )
+E ISNER ~ AGUILAR-BENI 7 EZ (BNL )
+GQRDONy KHAN-WU LA I SCARR (BNL )
R ~ DIEBOLD RAPPORTEUR TALK (ANL )
ENGELMANNgMUSGRAVEgFORMANg+ '( ANL+EF I )
+GQLDHABER~ LI SSAUERv TRILLING (k BL )PHA
+HALPERN ~ HARG I S t S NAPE ~CARNAHAN s +( PENN+C INC )
+V IDEAUg VOLTE' DE BRIQNy+ (EPOL+SACL )
REVISED VERSION WILL GO TC PHYS ~ REV ~ LBL

possibly mixtures of the strange members of the
PC ++ +-J =1 ("A ") and 1 (B) nonets (GOLDHABER 67,1

BARNHAM 71, BOWLER 71, GARFINKEL 71, BINGHAM 72,
FIRESTONE 72, BOWLER 74) . In addition to the

dominant modes K 7T and Kp, there is some evidence
BAKER 73 IC/HEP/73/12
CORDS 73 NP 8 54 109
GAL TI ER I 73 PREP ~ L BL 1772
LINGLIN 73 NP 8 55 408
YUTA 73 NP 8 52 70

+BANNER J E E e C AMP 8 EL L ~ HA(. L ~ I SLAM t+ ( LOI C+LOWC )
+CARMQNYt LANDERyMEIEREy+ (PURD+UCD+IUPU )
+MAT ISON r GARN JO ST ~ FLATTE s FR IEDMANt+ (LBL )
0 aL INGL IN (CERN)
+ENGELMANN&MUSGRAVEiFCRMANr+ ( ANL+EFI )

Q REGION, K7r7I'(1240 —1400)
28 Q REGION (1200-1400) MEV I=1/2

The main effect. in the Q region is a broad

bump in the K7T7T spectrum between 1200 and 1400 MeV

(not far above the K (892) 7T threshold), produced

by K beams without. charge exchange. In particular,
+it has been observed in coherent K d interactions

(FIRESTONE 72) and in coherent interactions on

heavy nuclei (BINGHAM 73) . Throughout the entire
+region, J = 1 and I = 1/2.

Evidence for narrower states in the Q region
has been reported from reactions with incident
7T and p (ASTIER 69, CRENNELL 67, 72, DAVIDSON 74,
DORE 75). FIRESTONE1 72 observe a bump in the
backward direction with a shape similar to that
of the Q. NERNER 73 f ind no evidence for narrow

states in the charge-exchange reaction
K p ~ (K7%7T) n, but the data can accommodate some

broad Q production. The (K7T7t ) system appears0

p +to have. an important J =1 contribution
(OTTER1 75) .

The broad Q peak does not have a simple

Breit-Wigner shape. It can be fitted at all

FOX 74 NP 880 403 G ~ C FOXY M ~ L ~ GRI SS (CI T )
MAT ISON 74 PR 09 1872 +GALTIERI gGARNJCST rFLATTEgFRIEDMANN+ (LBl

ALSO 72 MATI SON g 73 GALT IER I
MORGAN 74 PL 518 71 D ~ MORGAN (RHEL )

BAKER 75 NP 899 211 +BANERJEEtCAMPBELL~ALLEN)MARCH+ (LOIC+LOHC)
LAUSCHCR 75 NP 886 189 +OTTERyHIECZQREK~+ (ABCLV COLLABORATION)
MORGAN 75 PREPRINT RL75133 D ~ MORGAN (RHEL)

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

for a K7T7T mode, with the 7T7T or the K7T system in an

S wave (ALEXANDER 69, BARNHAM 71, DAVIS 72,

BARLOUTAUD 73).
Recent partial-wave analyses have confirmed

the rather complex situation in the Q region

(DEUTSCHMANN 74 ~ ANTIPOV 7 5 ~ OTTER2 75 ~ OTTER3 7 5 f

p +
TOVEY 75, BRANDENBURG 76) . Although J =1 is
the dominant contribution, other spin-parity
states are necessary to describe the whole Q

enhancement. Moreover, the K 7T and Kp modes are

not produced coherently and have different
polarization properties (OTTER2 75, OTTER3 75,
TOVEY 75, BRANDENBURG 76) . Wher eas the Kp mode

approximately conserves s-channel helicity,
*

the K 7T mode is approximately t-channel helicity-
conserving.

ANTIPOV 75 do not require the Kp decay mode

to be present at 40 GeV/c.

ANTIPOV 75 and OTTER2 75 find no variation
+ *

in the phase of the 1 K 7T wave . On the other

hand BRANDENBURG 76, with high-statistics
spectrometer data, observe sufficient phase

+ *
variation of both the 1 Kp and K 7T waves to

+
warrant proposing the existence of two 1 mesons,

+ *
superposed on a large 1, mainly K 7T, Deck

background. The first state has M & 1300 MeV,

200 MeV and decays mainly to Kp; the second

has M ~ 1400 MeV, I" ~ 160 MeV and decays mainly

to K 7T.

Rev. IV!od. Phys. , Vol. 48, No. 2, Part ll, April 1976
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Me sons Data Card Listings
For notation, see key at front of Listings.

M

M

M

M

'M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

28 Q REGION HASS ( MEVI

PRODUCED BY BEAMS CT}"EF
A 1242 ~ 0 9 0
A THIS IS THE C MESCN»

45(1300»)
40(1300. )
40(1278 ' )
43( 1235» )

(5»)
(10»)

T}'.AN K MES CNS
10 ~ 0 ASTIER 69 HBC 0 PBAR P ~ 9/69

7/67
12/72
12/75¹
12/75¹

D BY K BE
1320 ~ 0)
1230 ~ 0)
1280 ~ 0 I
1320 0)
IT THE Q

12 7 0.')
1335~ 0)
1300»)
1301»0)
1300' QI
1281.)
1300 0)
1260 ' I
1325 ~ 0 )
1296 ' )
1283. )
).3 I. 5 ~ )
1260 ~ )
1260. I
M NON-PER

AMS
{25' 0)
(15 0)
(10 ~ 0 I
(15 0)

REGICN
APPROX

(6 ' 0)
APPROX ~

(10 ' 0)
(10 ~ 0)

(7 ~ )
( 10» 0)
(20 ~ )

PROD UC E
12(

C (
C 35(
C

C 5 PL
(
(
(

45{
21(

(
(

(

(

ALMEID A 65 HBC
BASSOMP I E 67 HBC
BASSGMP I E 67 HBC
BASSGMP I E 67 HBC

INTO 3 BUMP S
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
CBC
HBC
HBC
HL BC
HBC
HBC

DE BA ERE 67
BART SCH 68
BARBARG 69
8 ISHCP 69
ERWIN 69
FR IEDMAN e9
ABRAMS 70
FARBER 70
DENFGR I 71
BARLOUTAU 73
BARLOUTAU 73
BINGHAM 73
LEWIS 73
LEWIS 73
GT 0 ~ 8)

(5 ~ )
{6~ I
(7 ~ )

(10e)
(5 ' )

IPHERAL
F
F FRG

AVERAG ING NOT MEANINGFUL

EVENTS (T

3-5 K+ P
K+ P

5. K+ P
5 K+ P

3 ~ 5 K+ P
10. K-P g

12 K+ P
3 ~ 5 K+P(
3.5 K+P (
2 ~ be 2 7
2 5-3 .2
12.7 K+

12 ~ 6 K-0 g

14 ~ 3 K-Pq
14 3 K-Pp
5 ~ 5-12 »7
2 1-2 7 K

2» 1-2.7 K

K NPI
(K 2PI I
K¹ PI)
K¹ P I I
K- P
K+ P
P
K 2PI 0
P K-2P I
P K02P I
COH K-A
+ p
+ p

12/72
ll/67
11/67
11/67

7/67
12/75¹
9/69

12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
12/75¹

28 Q LCW ((A) PASS (MEV)

CRENNEl L 67 HBC 0 6 PI- PgLK2P I
CRENNELL 72 HBC 0 4 ~ 5PI-Pg LK2P I
DA VIDSCN 74 HBC +- 1 ~ 6-2 ~ 2 P BAR P
OGRE 75 OSPK 06 ~ 2 P I-Pq L MM

WH F
WH

WH

WH

WH

WH

WH

WH

WH

WH D
WH D

WH

WH AVER

SHEN 66
AL EXANDER 69
BARNIHAM 70
GARF I NKEL 71
ANDERSON 72
DAVIS 72
F I RE STONE 72
BRANDENB 76

HBC +
HBC
HBC +
DBC +
CBC
HBC +
DBC +
ASPK +-

70 (8Q 0} (20 0)
(120 ~ 0) (20 0)
( 120 ~ 0) ( 15 ~ 0)
(60. ) OR LESS
(89 ~ I (24 ~ )
(80. )

(241 I (30. )
{160. I APPPCX.

COUPLES MAINLY TG K¹ PI

AG I NG NGT MEANINGFUL

4 ' 6 K+P
9 ' 0 K+ P

10.0 K+P g K 2P I
9 ~ K+ D

7 ~ 3 K- D

12 ~ K+ P
12 ~ K+ D

13 K+-Pg {KP IP I)P

28 Q RFGIQN PARTIAL DECAY MODES

Pl
PZ
P3
P4
P5
P6

Q REGION INTO K¹(892) P I
Q R'EGIGN I NTG K R}-0
Q REGION INTO K PI
Q REGION I NTO K ET A

Q REGION !NTO K CHEGA
Q REGION INTO K P I PI

DECAY M ASS ES
892+ 139
497+ 773
497+ 139
497+ 548
497+ 783
497+ 139+ 139

&I
Rl
Rl

28 Q REGICN BRANCHING RATIOS

PRODUCED BY BEAMS QT }"ER THAN K ME SONS
Q REGION INTO (K RHO) /TOTAL (UNITS OF 10¹¹-2)

75 ~ 0 10» 0 ARME NTE$0 64 HBC
DOMINANT CRENNELL 72 HBC

(P 2)
0 0 PBAR P

0 4 5P I-P y LK2P I

28 Q HIGH (QB) WIDTH (MEV)

FRGH EXPERIMENTS SPLITTING Q RECICN INTO TWO PEAKS

12/75¹
12/75¹
12/75¹
12/72
12 /75¹
12/72
12/75¹
12/75¹

6/ee
12/72

ML

ML

ML

M

ML

HL
H}
HL
ML

ML

ML

HL
HL

FRCM EXPERIMENTS SPL ITT INCF

(1280 )
(1260.0) {10.0)
(1240 0) (5 0 I
(1243») {8.)
(1228 ) {14 )
(1260»)
(1234. ) (12. )

C (1300» l APPROX
C COUPLES MAINLY TG Rl Q K

A VERAG I NG NOT ME AN I NG F UL

R EG IGN I NT

SHEN
AL EXANDER
BARNHAM
GARF INKEL
ANDERSON
DAVIS
FIRESTONE
BR ANGE NB

Q TWG PEAKS

66 HBC
69 HBC
70 HBC
71 DBC
72 GBC
72 HBC
72 DBC
76 ASPK

+ 0 F 6 K+Pp5 BODY
9 ~ 0 K+ P

+ 10 0 K+P, K 2PI
+ 9. K+ D

7 ~ 3 K- 0
+ 12. K+ P
+ 12. K+ D
+- 13 K+-P (KP IP I )P

12/72
12/75¹
12/75¹
12/75¹
12/75¹
12/72
2/73

12/75¹

R2
RZ

R3
R3

R4
R4

Q REGICN INTO (K¹ PI ) /TOTAL (UNITS OF 10¹¹-2)
25» 0 10 ~ 0 ARMENTERO 64 HBC

Q REGI CN INTO (K+ P I-) / (K+0 P IQ+ PI- I
(0»2) OR LESS CL= ~ 90 CRENNELL 67 HBC

Q REGION INTO (KQ PI+ PI- PIG I 1 (K+0 P IQ+ P I-)
(0 ~ 1) OR LESS CL= ~ 90 CRENNELL 67 HBC

(P 1)
0 ' 0 PBAR P

Q 6 ~ 0 PI-P

0 6 ~ 0 PI-P

6/66

7/67

7/67

PRODUCED BY K BEAMS
R10 Q REGICN INTO (K PI ) / (K¹(892) P I ) (P3) /(Pl)
R10 (0 8) OR LESS SHEN 66 HBC 4 »6 K+Pe 5 BOGY 11/67
R10 Q REGION INTO K¹(892) P I AND K RHO {OVERLAPPING BANDS) (Pl+P
R10 70 ( 1 ~ 0) SHEN 66 HBC + 4 ~ 6 K+P 8/66

MH

HH

MH

MH

MH

MH

MH

HH

MH

MH

HH

MH

HH

28 Q HIGH (QB) MASS (MEVI

REGICN I hTG TWG PEAKS

70

D
D CO

AVERAG

(10 ~ 0)
(20 ~ 0 I
(5 ~ 01
{8~ )

(15 ~ )

(1320~ 0 )
{1380~ 0 I
(1420e0 )
( 1344 )
( 1414 )
( 1420 ~ )
1368» 18

( 1400 ~ I AP PROX ~

UPL ES MAINLY TG K¹ P I

ING NOT MEANINGFUL

SHEN 66
ALEXANDER 69
BARNHAM 70
GARFINKEL 71
ANDERSON 72
DAVIS 72
FIRESTCNE 72
BRANDENB 76

HBC +
HBC
HBC +
CBC +
DBC
HBC +
QBC +
ASPK +=

28 Q REGICN WIDTH (~EV I

FROM EXPERIMFNTS SPLITTING Q

4 ~ 6 K+ P
9 ~ 0 K+ P

10 ~ 0 K+P p K 2P I
9 K+ C

7»3 K- D

12 ~ K+ P
12 ~ K+ D

13 K+-Pp (KPIPI) P

12/7 5¹
12/75¹
12/75¹
12/75¹
12/75¹
12/72
12/75¹
12/75¹

Rll Q REGICN INTO (K OMECA)/(K¹(892) PI) (P5) I (Pl)
Rll (0 ~ 1) OR LESS SHEN 66 HBC + 4 6 K+P

R12 Q REGICN INTO (K PI I / (K¹{892)PI I (P3) I (Pl)
R12 (0 30) OR LESS SHEN 66 HBC + 4 6 K+P

R13
R13
R13

Q REGION INTO K¹(892) PI AND K RHO (OVERLAPPING BANDS)
(Pl+P2)

200 (1 0) BERL INGHI 67 HBC + 12.7 K+ P

R14 Q REGION INTO (K PI I / TOTAL (P3)
R14 (0 02) OR LESS HERL INGHI 67 HBC + 12 ~ 7 K+ P
R14 (0 02) GR LESS CL= ~ 95 BARTSCH 68 HBC - 10 ~ 0 K- P

R15 Q REGION INTO (K ETA I / TCTAL (P4)
R15 (0 02) OR LESS BERLINGHI 67 HBC + 12 ~ 7 K+ P

R16 Q REGION INTO (K CMEGA) 1 TCTAL {P5)
R16 (0 02) OR LESS BERL INGHI 67 HBC + 12»7 K+ P
R le 12 0.01 0.005 BARTSCH 68 HBC 10 0 K- P

10/66

10/66

7/67

11/67

11/67

11/67
9/68

127.0 7 ~ 0 25 0
45 (60 )
40 (60 )
40 (25. ) (15 )

ERROR INCREASED BY LS SEE K¹
43 (30 I {25.) (18 ~ )

ASTI ER 69
CRENNELL 67
CRENNELL 72

'
DA VI D SGN 74

TYPED NOTE.
DORE 75

PRODUCED BY K BEAMS
12 (60. Ql (20 0)

NTO 3 BUM

TRACT IQN e

EVENTS (T

ALMEIDA 65
BASSGMPI E 67
BASSOMP IE 67
BAssGMpIE e7

PS
DE BAERE 67
BARTSCH 68
BARBARG 69

C (60 ' Ql (20 QI
C 35 (80 0) (ZQ Ql
C (60 0) (20 0)
C SPLIT THE Q REGION I

(200» ) APPROX
{196.0) (16' 0)

B 250 APPROX»
B NO BACKGROUND SUB

45 {40~ 0) (10 0)
21 (40 0} (15 ~ 0)

(51 ) (22. )
(80 ' 0) (20 ' 0)

(180 I {28 )
(180 ' 0)
(326 ' ) ( 17 ' )
(266 ' I (21
(150 ' ) (70. )

F (47. I ( 18 ~ )
F FROM NGN-PER IphERAL

AVERAGING NQT MEANINGFUL

B I SHGP 69
ER WIN 69
FR I EDMAN 69
ABRAMS 70
FARBER 70
DENEGRI 71
BARLQUTAU 73
BARLOUTAU 73
LE W I S 73
LEWIS 73
GT 0 8}

PRODUCED BY BEAMS GTHER THAl K MESONS

OSPK 06 2 P I-P y L MM 12/75¹

HOC +
HBC +
HBC +
HBC +

3-5 K+P
5» K+ P
5e K+ P
5 ~ K+ P

12/72
11/67
11/67
11/67

HBC + 3.5 Ke P 7/67
HBC 10 ~ K- P p K NP I 12/75¹
HBC + 12 ~ K+ P {K 2PI I 9/69

HBC
HBC
HBC
HBC
HBC
CBC
HBC
HBC
HBC
HBC

3 5 K+P( K¹ P I )
3 ~ 5 K+P(K¹ Pj)
Z.be 2.7 K- P
2 5-3 ~ 2 K+ P
12 7 K+ P

12 ~ 6 K-DpK 2P I D

14 3 K-Pp P K-2PI
14 3 K-P p P K02P I
2»1-2 7 K+ P
2 ~ 1-2 ~ 7 K+ P

12/75 ¹

12/75¹
12/75¹
12/75¹
12/75¹
5/71

12/75¹
12/75¹
12/75¹
12/75¹

HBC 0 P BAR P 9/69
HBc Qe pI-p 7/67
HBC 0 4 5PI-P LK2P I 12/72
HBC +- 1 ~ 6-2»2 PBAR P 12/75¹

Rj, 7
R17
R17
R17
R17 A VG
R17 STUDENT

Q REGION INTO
0.91

701 0 ~ 4
~ ~ ~ e e

0 ' 47
0 46

(K RHO) / (K¹(892) PI I (P2) /(Pl I
0 ~ 25 BERLINGHI 67 HBC + 12 7 K+ P
0 ' 1 BART SCH 68 HBC — 10 eQ K- P

0 18
0 ~ 1. 1

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 9)
AVERAGE USING STUDENT1Q(H/l. ill -- SEE TEXT

11/67
9/68

11/66
R19 Q REGION INTO (K PI P I) / TOTAL
R19 201 0 ~ 22 0 ~ 08 BARTScH e8 HBc
R19 S PGSSI BLY SEEN ALEXANDER 69 HBC
R19 S POSSIBLY SEEN DA VI S 72 HBC
R19 S WITH THE (PI P I) SYSTEM IN S-WAVE

( P6)
I, Q»0- K- P

9 ~ 0 K+ P
+ 12 K+ P

9/68
2/73
1/73
1/73

REFERENCES FOR C REGICN

P RQOUCEG BY BEAMS OT } ER T}-AN K ME SCNS

ARHENTER
ALSO
ALSO

CRENNELL
AST IER
BETTINI
CRENNELL
DAVIDSON
OGRE

64 DUBNA CONF 1 577
64 DUBNA CONF 1 617
66 PR 145 1095
67 PRL 19 44
69 NP 8 10 65
69 NC 62 A 1038
72 P R D 6 1220
74 PR D9 77
75 LNC 13 265

PRODUCED BY K BEARS

ARMENT EROS g EDWARDS gO-ANDLAU + (CERN+CDEF I
R ARHENT EROS (RAPPORT EUR I
BARASH, KIR SCH, MILLER, TAN (COLUMB IA)
+KALBFLE I SCH LAI SCARR SCHUMANN (BNL ) I
+MAREC}''ALy MQNTANETq+ (CDEF+CERN+IPNP+LIVP)IJP
+CREST I g } I MENTANI y BERTAUZA g BI GI+(PADG+P ISA I I
+GORDON g KWAN-WU LA I g S CARR (BNL )
+CHAPMAN' GREENyLYSpROE ( MICH I
+CUIDONI v LAAKSOs MARI NI eCONFORTO+ (RG HA+ RHEL )

R18 Q REGION INTO (K PI) / (K¹(892) Pj) {P3) /(Pl I
R18 (0 21) OR LESS DE BAERE 67 HBC + 3.5 K+ P

WL

WL

WL
WL

WL

WL
'WL

'WL

WL

WL

WL

WL

WL

28 Q LCW ({:A) WIOT& (MEV)

FROM EXPERIHENTS SP(. ITT ING

(1 00 Ql (20 0)
(40 ~ 0) (10»0}

(110 0} (15 0)
(70 ~ ) (26 ~ ) ( 18 ~

(ill ~ I (33 )
(120 ' )
(188 ) (21 ' )
(200») APPROX

COUPLES MAINLY TC RHG K

C
C

AVERAGING NQT HEANINGFUI

REGION INTO TWO PEAKS

SHEN 66 HBC + 0 4 6 K+P g 5 BQCY
ALEXANDER 69 HBC 9 0 K+ P
BARNHAM 70 HBC + 10 ~ 0 K+P, K 2P I
GARFINKEL 71 DBC + 9 ~ K+ D
ANGER SGN 72 DBC - 7 3 K." D

CA VIS 72 HBC + 12 ~ K+ P
F IRF STONE 72 DBC + 12 ~ K+ 0
BR ANDENB 76 ASPK +- 13 K+-P ( KP I PI ) P

12/75¹
12/75¹
12/75¹
12/ 75¹
12/75¹
12/72
12/75¹
12 /75¹

BASSQMPI
BE RL INGH
DE BAERE

ALSO
GOLDHABE

e7 pL 268 30 BASSQMPIERRE~ GQLDSCHMIDT+ (CERN+BRUX+BIRM) I JP
67 PRL 18 1087 BERLINGHI ERI+FARBER+FERBEl +FORMAN {ROCH) I JP
e7 NC 49A 374 +DEBA IS I EU X+F A ST+F IL I P PAS+ (CERN+BRUX)
PRIVATE COHMUNICAT ION BY 8 ~ JONGEJANS
67 PRL 19 976 G. CQLDHABER (LBL)

BARTSCH 68 NP 88 9
BOMS E 68 P Rl 20 1 519
DENEGRI 68 PRL 20 1194

ALSG. 70 ANTICH

+CGCCQNI, + (AACH+BER} +CERN+LOIC+VI EN )
+BGRENST IN CALLAHAN COLE CQX + ( JQHNHOPK) 1+
+CALLAHAN+ETTLINGER+GILLESPIE+ ( JCHNHGPK ) 1+

ALMEIDA 65 PL 16 184 ALME IDAHO AT HERTQN, BYER g DORNAN g FOR SON+ {CA VE')

SHEN eb PRL 17 726 +BUTTERLQRTH FU GOLDHABERS TRILLING (LRL )
ALSO 66 (PRI VATE COHHUN ) GERS CN GGLDHABER (LRL)
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Data Card Listings
For notation, see key at front of Listings.

Me sons
q, K'(i4ao)

AL EX ANGE
ANDREWS
BARBARO
BISHOP
CHIEN
CHUNG
CQLLEY
ERWIN
FRIEDMAN
WERNER

ABRAMS
ANT I CH
BARNHAM
BOWLER
FARBER
F I RE STON

69 NP 8 13 503
69 P RL 22 731
69 PRL 22 1207
69 NP 8 9 403
69 PL 29 8 433
69 PR 18 2 1443
69 NC A 59 519
69 NP 8 9 364
69 UCRL-18860
69 PR 188 2023

G»ALEXANDER r F IRESTONE r GOLDHABER r e (LRL}
+LACH, LUDLAM SANDWE I SS BERCER + ( YALE+LRL )
BARBARO-GALT! ERI e DAVISeFLATTEr + {LPIL l
+GOSHAWrERWINrWALKER (WISC)
+MALAMUDe MELLEMAe RUDNICKe SCHLEIN+ ( UCLA )
+E I SNER+BAL I+L UERS {BNL )
+EASTWOQD r+ ( 8 IRM+GLAS+LCIC+MP IM+QXFe. RHEL )
+WALKER e GOSHAW r WE INB ERG {W I SC+PR IN+ VAND)
J ~ FRIEDMANe PH 0» THESIS (LRL l
+AMMAR r DAV I S r KROPAC e YARGER r CHO r + ( NWE S+AhIL ) 1+

1+
I+

]+

70 PR D 1 2433 +EISENSTEIN KIM MARSHALL C-HALLQRAN + (ILL}
70 NP 8 20 201 +CARSQNeCHIENrCOX r DENEGRI e ETTLINGERe+ (JHU)
70 NP 8 25 49 +COLL EYr GRIFF ITHS r ALP ERr+ {8IRM+GLAS+OXF )
70 PL 31 8 318 M ~ G ~ BQWLER {OXFORD )
70 PR D 1 78 +FERBELrSLATTERYeYUTA (ROCH)
70 PHILAD. CONF. P.229 A. FIRESTONE REVIEW (LRL )

22 K¹(1420) WIDTH ( MEV)

CHARGED QNLYe Wj
D 63 89 '

SD 136 (1 ).0 ~ 0)
SD 60 (96 ~ )

1400 94«7
W D 225 115'

S 130 (42 )
~ ~ ~ ~ ~

AVG 97.4
STUDENT 97 ~ 3

TH FINAL
45 ~

(42 ~ 0)
{50' 0}
15»l
31«0

(12 ' )
~ « ~ ~

12.1
13 2

STATE K Pj
SCHWF INGR
BISHOP
LIND

12 ' 5 AGUILARl
BARNHAM
CLARK

68 HBC
69 HBC
69 HBC
71 HBC
71 HBC
73 HBC

5 ~ 5 K-P ( KO P I -I
+ 3 ~ 5 K+ P
+ 9 K+

3 9r4 6 K- P
+ K+ PrKO PI+ P

3 3 K-PrP PI KO

AVERAGE { ERROR INCL UDES SCAL E FACTOR CF 1 ~ 0)
A ViERAGE USING STUDENT10 ( H/ I 1 1} —SEE TEXT

12/75¹
12/75¹
12/75¹
11/71
12/75¹
12/75¹

3 0 K-P 12/75¹
+ 5 K+P (K 2PI ) 12/75¹

2 7 K-P (K 2PI) 2/72

CHARGED QNLYr WITH CTHER FjhAL STATES
D 130 (105~ 0} (3?~ 0} BAD I ER 65 HBC
D 120 (110» ) (40 0 l BASSOMP IE 69 HBC

(43 ' ) (13 ' ) FRIEDMAN 69 HBC

BARiNHAM
BOWLER
DENEGRI
FOR MAN

GAR F INKE
SLATTERY

AhIDERSON 72
8 IhlGHAM 72
BRANDENB 72
BRANDENB 72
DAVIS 72
F IRESTON172
F IRESTON 72
FRAT I 72
HAATUFT 72

PR D 6 1823
NP B 48 589
NP 8 45 397
PRL 28 932
PR D 5 2688
NP 8 47 348
PR D 5 505
PR D 6 2361
NP 8 48 78

+FRANKLIN e GODDE Ne KCP ELMAN e LIBBY ~ TAN ( COLO )
+E ISENSTEIN eGRARDr HERQUET e+ (CERN+BRUX)
BRANDENBURGr BROOYr JOHNSON eL EITHeLOOS+( SLAC l
BRANDENBURGe JQHNSQNr LEITHr LQOS eLUST E+( SLAC l
+ALSTQN BARBARO FLATTE FRI EDMAN LYNCH+ (LBL )
A ~ F IR ESTONE (CIT)
FIRESTONEr GQLDHABERr L ISSAUERr TRILLING (LBL )
+ HALP ERN r HARG I S r SNAP E r CAR h AHA N e+ ( PE NN+C I NC )
+ARNQl De HACUENAUER r+ {BERG+STRB+EPOL+MADR l

71 NP 825 49 +COLLEYe GRIFF ITHSe AL PERe + (8IRM+GLAS+QXF )

71 BOLOGNA CONF ~ PROC M ~ G BOWLER INTRODUCTORY TALK (OXFORD )
71 hlP 8 28 13 +ANTICHeCALl AHAh eCARSQNe CHI ENr CGXr + ( JHU)
71 PR D 3 2610 +GELFAND eLEARY r MQSER e SE IDL r WOLF SON ( EF I )
71 PRL 26 1505 GARFINKELeHOLLANDrCARMQNYeLANDER+(PURD+UCD)
71 UR-875-332(PREP) PE SLATTERY A REVIEW OF STRANGE MESQNS(ROCH)

1+

NEUTRAL ONI Y

SD 46 (61 0}
SD 160 (116.0)

WAD 210 {110~ }
2200 101~

1800 116~ 6
0 600 144 ~

D1100 109»
C (61 ' 0)

800 116'
~ ~ ~ ~

AVG 110 9
STUDENT 1 10 8

(36 0)
{37»0)
(30» 0)

10 ~

10 ~ 3
24 ~ 0
14 0

(14 0)
18 ~

6 ' 2
7 ~ 0

CHARGED AND NEUTRAL
134 (92.Ol (32 0)

D 55 ( 175 ~ l {94~ 0}

0 3 ~ 8-4 ~ 2 P I- P
0 4 ' 6 K- P
0 5 K+P (K PI )
0 12 K+ P (K PI)
0 3 ~ 9e4 6 K- P

04 6 K+ N, K+ Pj-P
0 2-13 K+Pr K+PI—

3»6 K-Pe K-Pj+N

DAHL
KANG
BASSQMIPIE
DAVI S
AGUILARI
CORDS
BUCHNE R
LINGl IN
MCCUBBI N

67 HBC
68 HBC
69 HBC
69 HBC
71 HBC
71 CBC
?2 DBC
73 HBC
75 HBC

15 ' 5

AVERACE (ERROR INCLUDES SCALE FACTOR QF 1 0)
AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE TEXT

12 /75¹
12/75¹
12/75¹
9/69

11/71
12/75¹
12/75¹
1/74

12/75¹

FQCARDI 65 HBC -0 3 0 K- P' (K P I ) 12/75¹
ADERHQLZ 68 HBC -0 10 K- P (K PI) 12/75¹

BARLQUTA
SINGHAM
DE JQNGH
JONES
LEWIS
HERNER

73 NP
73 NP
73 NP
73 NP
73 NP
73 PR

8 59 374
8 52 31
8 58 110
8 52 383
8 60 283
0 7 1275

+DREVILLQNeSHAHe+ {SACL+EPOL+RHEL)
+FARWELr+

'
( LB{ +QRSAY+BNL+5 ACLAY+M ILAN )

4CORNETr CHARRI ERE e+ ( BRUX+MQNS+CE RN+MP IM )

G «T ~ JONES (CERN)
+ALLEN JACOBS DANYSZ BORG, + (LD'WC+LOIC+CDEF l
+SLATTERYrFERBEL (ROCHESTER )

JP
JP

JP

A

C
D

S

INCLUDED IN L I h GL Ihi 73 WORLD K+P DST
FROM POLE EXTRAPQLAT IQN, USING WORLD K+P DST
ERRORS ENLARGEC BY LS TO 4¹GAMMA/SQRT(N) ~ SEE K¹ TYPED NOTE.
DATA Wj TH MASS ERROR OF 15 MEV QR MORE NQT AVERACED
NUMBER OF EVENTS IN PEAK REEAVALUATED BY US

ANGELOPQ 74 NC 20A 49
BOWLER 74 NP 874 493
DEUTSCHM 74 PL 498 388

ANGELQPOULOS r FILI PPAS+ {AT}rU+ATEN+LIVP+V IEN ) JP
e.DA INTON eKADDOURA r AITCHISCN (OXF )
C EUTS CHMANNe+ ( AACH+BERL+CER N+LQ IC+ V IEN ) J P 22 K¹ ( 1420 } PARTIAL DECAY MODES

AhlTIPOV
BOWL ER
DREVILLO
DU N'WOOD I
QTT ER1
OTTER2
QTT E R3
TOVEY

75 NP 886 381
75 NP 897 227
75 PL 55 8 245
75 NP 89 1 189
75 NP B84 333
75 NP 893 36 5
75 NP 896 29
75 NP 895 109

+ASCOL I r BU SNELLQ r KIENZLE+ ( SERP+CEP N+ ILL ) JP
+GAME e A ITCHI SON e DA INTQN {QXF+DARE)
DREV ILLCNr BQRENSTEIN+ {EP 0 L+BOI-R+COEF l J P
DUNMOOD IE e GRANT+ {CERN+BE}G+MQNS+MPIM) JP
+ ( AACH+B ERL+CE RN+LQ I C+V I EN+AT HU+ATE N+L I VP l J P

+RUDOLPH e RUMPF+ ( AACH+r) ERL+CERN+LOIC+Vj EN ) JP
+RUCOLPHe SEYFERT+(AACH+BERL+CERN+LOIC+V IEN ) I e JP
+HANSEN BORENSTEIN BORG+ (RHEL+EPOL+SACL ) I e JP

Pl
P2
P3
P4
P5

K¹(1420) INTO K PI
K¹(1420) INTO K¹(892} PI
K¹(1420 ) IhjTO K RHQ
K¹(1420} INTO K CMEGA
K¹(1420) INTO K ETA

DECAY MASSE S
49 3+ 139
892+ 139
493+ 773
493+ 783
493+ 548

BRANDENB 76 PRl BRANDENBURGrCARNEGIErCASHMCREeDAVIER+{SLAC} JP

22 K¹(1420rJP=2+l I =1/2

FITTED PARTIAL DECAY MODE BRANCHING FRACTION$

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P. , as follows: The diagonal el'ements are P. + 5P. , where

1 1 i
6P. = Q(5P. &P.), while the off-diagonal elements are the normalized correlation coeffi-1 1 i
cients (~P.5P. ) /(&P. ~ 6P.). For the definitions of the individual P., see the listings

1 i 1'
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and

1
are thus constrained to add to i.

22 K¹{1420) MASS (MEV)

M CHARGED ONLYe
M D 39 1423 ~

M S 25(1440 )
M SD 13(1401»0)
M SD 63 (1427 0}
M S 136(1420~ 0}
M 220 14)6 0
M SD 60(1414 ' )
M 1400 1420 ' 0
M W D 225 1425 '
M S 130( 1418 )
M ~ ~ ~ »

M AVG 1420 ' 5
STUDE NT 1420 ~ 4

WITH FINAL
1100

(24 ' 0)
( 25 ~ 0)
(12 0)
(20 ~ 0)
10~ 0

(13 0}
3 1
8 ' 0

(6 ~ )

2 ~ 7
2 ~ 9

STATE K PI
BASSANQ

(40 ) DE BAERE
SCHWE I NGR
SC HWE INGR
BI SHOP
CRENNELL
L IND
AGUILAR1
BARNHAM
CLARK

67 HBC
67 HBC
68 HBC
68 HBC
69 HBC
69 DBC
69 HBC
71 HBC
71, HBC
73 HBC

4 ~ 6-5 ~ OK-P e KOPI-
3 5 K+P (K+ P IO)
4 ~ 1 K- P (K PI )
5 ~ 5 K- P (K PI )
3 5 K+P(KO P I+)
3.9 K-N {K0PI-l
9 ~ K+ P( KO PI+)
3 9e4 6 K- P

K+ PeKO Pj+ P
3 ~ 3 K-Pe P P I- KO

AVERAGE (ERROR jhlCLUDES SCALE FACTOR OF 1 0)
AVERAGE USING STUDEiNT10(H/ 1 11) -- SEE TEXT

12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
7/69

12/75¹
ll/71
12/75¹
12/75¹

Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl

R

R

p
R
R

FIT

22 K¹(1420) BRANCHING RATIOS

K¹(1420} INTO (K PI }/TQTAL
{0.37) {0 19} BADIER 65 HBC
( 0 ~ 39l (0 ~ 1 1l BASSANQ 67 HBC

WE CANNOT USE THIS STATISTICALLY REDUhlOANT

OBTAIN IT MERELY BY SUBTRACTING FROM UNITY
MEASUREMENTS CF OTHER RAT IOS

~ ~ ~ ~ ~ ~ ~ » ~

0 ~ 561 0 ~ 026 FRCM FIT

(Pl)
3 ~ 0 K-P
4 ~ 6r 5 0 K- P

RATIO ~ AUTHORS
THEIR

P 4P 2P 1 P P 5
1 5613+-» 0263
2 3003 «3087+- ~ 0214
3 — 3784 —«1481 C655+- 0167
4 -.2841 —.3029 —»1163 «0448+-. 0169
5 — 4371 - 2957 - ~ 0808 — 0499 ~ 0197+- 0200

6/66
10/67

M CHARCED ONLY r WIT}' OTHER
M 130( 1400~ 0) (20 ~ 0)
M 20(1440«0l (20»0)

W D 240 (1396» l {6«)
M (1411 } (7 ' )

FINAL STATES
BADI ER 65 HBC
DUBAL 68 MMS

BASSCMP IE 69 HBC +
FRIEDMAN 69 HBC

3 K- P (K¹PI) 12/75¹
1 1 ~ 5 K- P 12/75¹
5 K+P (K 2P I ) 12/75¹
2.7 K-P (K 2P I ) 2/72

R2
R2 Q
R2 Q
R2
R2 FIT

K¹(1420) INTO (K¹(892) P I) / TOTAL
( ~ 41) (0 ' 14) BADIER

( 0«47) (0 10) BASSANQ
» ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 3C9 0 ~ 021 FRCN F IT

(P2)
65 HBC 3 0 K-P
67 HBC — 4«6r 5 ~ 0 K- P

6/66
10 /67

M NE UTRAL ONLY
M SD 46 (1446 0)
M S 160( 1425 0)
M SD 81(1405» 0)
M S 97( 139?~ 0)
M WAD 210(1422 «)
M 2200 1421« 1
M 1800 1419 1
M 600 1416'
M 1100 1427»
M C 1420» 1
M 800 1421 ~ 6
M ~ « ~ «

M AVG 1421.8
M STUDENT 1421 6

(9 0)
(15 0)
{22 0)
( 19 ~ 0)
(8.0)

2 ~ 6
3 7
6»
3»
4«3
4«2

~ ~ » ~ ~

1 ~ 5
7

DA HL 67 HBC
KANG 68 HBC
SCHWE INGR 68 HBC
SCHWEINGR 68 HBC
BASSOMP I E 69 HBC
DAVIS 69 HBC
AGU I LAR 1 71 HBC
CORDS 71 DBC
BUCHNE R 72 QBC
L I NGL I N 73 HBC
MCCUBBIN 75 HBC

0 4 ~ PI- P (KPI )
0 4 ~ b K- P
0 4 ~ 1 K- P (K PI )
0 5 ~ 5 K- P (K Pj l

0 5 K+P (K Pj)
0 12 ~ K+ P (K+P I- l
0 3»9r4»6 K- P

0 9 ~ K+ NrK+ Pj- P
0 4 ~ 6 K+ NeK+ PI P

0 2-13 K+P e K+P I
0 3 ~ 6 K-Pe K-P I+N

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT10(H/1« 1 1) —.— SEE TEXT

12/75¹
12/75¹
12/75¹
12/75¹
12/75¹
9/69

11/71
2/72

12/7 2
12/75¹
12/75¹

M A

M C
M 0
M S
M W

INCLUDED IN L INGLIN 73 WORLD K+P DST
FROM POLE EXTRAPQLATICh US IhIG WORLD K+P DST
ERRORS ENLARGED BY LS TQ GAMMA/SQRT(Nl ~ SEE TYPED NCTE ~

DATA WITH MASS ERROR QF 15 MEV OR MORE NQT AVERAGED
NUMBER OF EVENTS IN PEAK REEAVALUATED BY US

M CHARGED AND NEUTRAL
M 134(1404~ 0) {15 ~ 0) FOCARD I 65 HBC -0 3 ~ K- P {K PI ) 12/75¹
M D 55 (1423» l ( 24 ~ 0) ADERHQLZ 68 HBC -0 10 K- P (K PI) 12/75¹

R3
R3
R3
P3
R3

R4
R4
R4
R4

P5
R5
R5
R5
R5

R6
R6
R6
R6
R6
R6
R6
Rb
R6
R6
R6
R6
R6
R6
Rb
R6
R6

Q

Q

FjT

K¹(1420) INTO (K RHQ)/TOTAL
(0 ~ 14) (0 05)
(0 ' 14) (0 ' 10}

» ~ ~ ~ » ~ « ~ «

0 065 0 ~ 017 FRCM FIT

(P3)
BADI ER 65 HBC 3 ~ 0 K-P e/eb
BASSANQ 67 HBC 0 4 ~ 6e 5»0 K- P 10/67

K¹(1420) I NTO (K CMEGA)/TCITAL
0 07 0 04

(P4)
BADI ER 65 HBC 3 ~ 0 K-P 6/66

FIT
~ \» ~ ~ » ~ » ~

0 045 F 017 F RC l4' & IT ( ERROR INCLUDES SC AL E FACTOR QF 1 0}

(P5)
BADI ER 65 HBC 3 ' 0 K-P
BASSCMP! E 69 HBC 5 0 Ke. P

FIT

6/66
9/68

K¹{1420l INTO {K¹(892)P I 1 / (K P I )
6 0 33 0 33 C HUh'G 65

0 65 0 ~ 20 SHEN 66
Q (0 63) (0 ~ 20 ) SHEN 66

0 52 0 12 SCHWE INGR 68
Q 84 (0 93} (0 ill B I SHOP 69

0»47 0»08 AGU ILAR1 71
G 0»91 0 20 CHARRI ERE 73
G REVISED BY GOLDSCHM IDT 75

AQ 150 (0»65) (0 ' 25) ANT IPQ V 75
A K¹ Pj SIGNAL FRCM PARTIAL WAVE ANALYSIS OF

0 ~ 54 0 ~ 16 DE HM 74
0 62 0»19 LAUSCHER 75

~ ~ ~ ~ ~ ~ » ~ ~

0 540 0 ' 053 AVERAGE {ERROR 'INCL
0 ~ 535 0, 060 A VERAGE USING STUDE
0 ~ 550 0 ~ 052 FROM F IT ( ERROR I NCl

HBC
HBC
HBC
HBC
HBC
HBC
HBC

(P2) /{Pll
+ 0 3 ~ 9-4 2 P I- P

0 N¹ PRQDUC ED
+ NQ N¹ PEQDUCED

0 4 ~ 1+5 5 K- P
3.5 K+ P
3 ' 9, F 6 K- P

0 5 K+ PrK P 3PI

ASPK — 40 K-P eK¹- P
(K-P I+PI —) SYSTEM
DBC 0 4 6 K+ N

HBC 010r 16 K-PrK-PI+N

UDES SCALE FACTOR OF 1 Ol
hT10(H/1 ll ) -- SEE TEXT
UDES SCALE FACTOR OF 1 ~ 0)

8/eb
10/66
10/66
10/67
9/69

11/71
1/73

~ 12/75¹
12/75¹
12/75¹

K¹(1420) INTO (K ETA) /TOTAL
0 ~ 02 0 02

(0 ' 025)OR LESS
~ » ~ ~ ~ ~ ~ ~ ~

0 ~ 020 0 020 FROM FIT (ERROR INCI UDES SCALE FACTOR OF 1.0)
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S138 Particle Data Group: Review of particle properties

Me sans
K (1420), KN(1700), L(1770)

Data Card Listings
For notation, see I{,ey at front of Listings.

R7 K¹(142
R7
R7
R7
R7
R7
R7
R7 AVG
R7 STUDENT
R7 FIT

0) INTO (K CMEG
(0«08) GR [ ESS
(0 ~ 2) OR L ESS
0 ~ 13 0007
0 05 0 ~ 04

(0.2) OR LESS
~ 0 0 ~ 0

0 ~ 070
0.069
0 ~ 080

~ ~ ~

0 035
0 039
0 031

A) / K PI
SHEN 66 HBC
BASSOMP I E 69 HBC
BASSCMPI E 69 HBC
AGUI LAR1 71 HBC

CL=.95 CHUNG 74 HBC

(P4)/ [Pl)
4.6 K+P

+ 5 K+ P
0 5 K+ P

3 ~ 9 4 6 K- P
7 ~ 3 K-P, K¹- P

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 01
AVERAGE USING STUDENT10(H/1«11) -- SEE TEXT

FROM FIT (ERRCR INCLUDES SCALE FACTCR CF 1 ~ 0)

8 /66
9/69
9/69

1)./71
12/75¹

27 KN(1700s JP= ) I = 1/2

N~ THIS ENTRY CONT*1 ~ S UAGEGUS PEAKS TN STRANGE NESGN
SY STE ITS REPORTED IN Tf'E 1700 MEV REC IQN ~

EVIDENCE NQT CQMPELL INGs OMITTED FRCIT TABLE»

27 KN& 1700) MASS (MEV)

R8
R8
RS
R8
RS
RS Q
RS
R8
R8
RS
RS A VG
RS STUDENT
R8 F IT

~ ~ ~ ~ ~ ~ ~ ~ 0
0 120 0 ~ 046
0 0126 0 ~ 045
00117 0 ' 032

K¹(1420) INTO (K RHQ)
[0' 09) OR LESS

0 26 0 16
(0 2) OR LESS
(0«3) OR LESS

15 (0 ll ) [0 Ob)
0«16 0 ' 05
0«02 0 ' 10
0 24 0.14

/ (K PI I
C HUNG
SCHWEINGR
BASSGYPIE
BASSCMP I E
BISHOP
AGUI LAR1

0«02 DEHM
L AUSCf'i ER

65 HBC
68 HBC
69 HBC
69 HBC
69 HBC
71 HBC
74 0 BC
75 HBC

(P3) / (Pl I

+ 0 309-4 ~ 2 PI- P
0 4.1+5 ~ 5 K-+5K+P
0 5 K+ P

3.5 K+ P
3 ~ 9s4 ~ 6 K- P

0 4 ~ 6 K+ N

010 s 16 K-P, K-P I+N

A VERAGE ( ERROR INCLUDES SCALE FACTGiR OF 1 ~ 3)
AVERAGE USING STUDENT10(H/1 1. 1) —SEE TEXT

FROM F IT (ERROR INCLUDES SCALE FACTGR CF 1 0)

8/bb
10/67
9/69
9/69
9 /69

ll/71
12/75¹
12/75¹

M

M J
M J
M J
M

( 1660~ 0)
(1660~ 0) (10 0)

CLAIMED BY JQBES
MODEST K PI BUMP

(1660 )
60(17100) ( 15

CARMONY 67 HBC — "~8 K-P sOMEGA K 11/67
JOBES 67 HBC + 5 K+ P 12/75¹

IN (K P I ), (K¹(892) PI I AND (K¹(1420) PI )
INT ERFERES MGSTI Y WITH DELTA( 1236) ~

CHARRI ERE 73 HBC 0 5 K+ PsK P 3 PI 1/73
CHUNG 74 HBC - 7«3K-Ps K-CMEGA P 12/75¹

27 KN(1700) WIDTH (MEV)

(60.0) [20 01 JOBES 67 HBC + 5 ~ K+ P 12/75¹
{60 ) CHARRIERE 73 HBC 0 5 ~ K+ Ps K P 3PI 1/73

60 (110 ) (50 ) CHUNG 74 HBC - 7 ~ 3K-PsK-OMEGA P 12/75¹
R9
R9
R9
R9 P
R9 P
R9 AN

R9 N

R9 A

R9
'R9 F I T

K¹(1420) jhTO (K RHC) / (K¹(892) PI) (P3) 1(P2)
(0 ' 39) OR LESS BASSOMPIE 67 HBC + 5 ~ K+ P 9/67
(0 40) OR LESS CL= ~ 90 FIELD 67 HBC — 3 ~ 8 K- P 6/67

130 ~ 13 09 OTTER 75 HBC OST 10s lb K-PTK¹ N 12/75¹
FROM PARTIAL WAVE ANALYSIS OF (KO PI+ PI-) SYSTEM

[0 ~ 03) (0 ~ 03) ANTIPGV 75 ASPK — 40 K-P sK¹— P 12/75¹
K RHO MODE NGT CBSERVED
FROM PARTIAL WAVE ANALYSIS OF (K-PI+PI-) SYSTEM

« ~ ~ » ~ ~ 0 ~ ~

0 ~ 2 12 0 ~ 058 FRCM F IT ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

Pl
P2
P3
P4
P5
P6

KN{ 1700)
KN( 1700)
KN(1700)
KN( 1700)
KN( 1700 I
KN( 1700)

27 KIU [1700) PARTIAL DECAY MODES

I iNTQ K PI
INTO K PI .PI
INTO K¹(892) P I
INTO K RHO
INTO K¹(1420) P I
I iNTO K GMEGA

DECAY MASSES
493+ 139
493s 139+ 139
892+ 139
493+ 773

1421+ 139
493+ 783R10 K¹(1420) INTO (K GMECb } / (K¹(892) PI ) &P4) /(P2)

R10 Q (0 ~ 10) (0 ~ 04) FIELD 67 HBC — 3 ~ 8 K- P
R10 ~ ~ ~ ~ ~ ~ 0 ~ ~

R10 F IT 0 ~ 145 0 059 FRCM F IT

6/67

27 KN[ 17CO) BRANCHING RATIOS

Rl1 K¹(1420) INTO (K ETA) / (K¹(892) PI I

Rl 1 Q (0 07) (0 04) FIELD
Rll 0 0 0 0 ~ ~ 0 0

Rl 1 F IT 0 ~ 064 0 ~ 066 FROM F I T

{P5)I {P2)
67 HBC — 3 8 K- P 6/67

'Rl KN( )700) INTO (K P I ) /( K OMEGA)
Rl N (0 5) {0 5) C HUNG
Rl N NG K P I S IGNAL S E EN IN Tf- IS EXPERIMENT

(Pl) /(P6)
74 HBC — 7 3 K-PsKN- P 12/75¹

R12
R12
R12
R12
R12 F IT

K¹(1420) INTO (K ETA) / (K PI )
(0 ~ 02 I OP. LESS BI SHOP
(0 04) O'R LESS CL= ~ 95 AGUILAR1

~ ~ ~ 0 0 ~ ~ ~ 0

0 035 0 ~ 036 FROM F IT

69 HBC
71 HBC

(P5)/ [Pl )
3 5 K+ P
3 9 406 K- P

R Q FOLLOWING SUGGESTION BY ACUILAR, 70s WE DO NOT MAKE USE OF MEASURE-
R Q MENTS WHERE THE (K P I P I ) BACKGROUND SUBTRACTION IS DIFF ICU[ T DUE
R Q TO THE NEARBY &l REGION.

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

R EFERENCES FOR K¹(1420)

9,/69
11/71

CARMONY 67 PRL 18 615
JOBES 67 PL 268 49
CHARRIER 73 NP 8 51 317
CHUNG 74 PL 518 412

REFERENCES FCR KN(1700)

G ~ CARMGNYs T ~ HENDRICKS sL«LANDER (LA JOLLA)
+BASSOMPIERREsDE BAERE + (BIRM+CERN+BRUX I
CHARRIERE s DRI JARDs DE BAERE s+ (CERN+BELG)
+E ISNERs PROTOPOPESCUs SAMIOS s STRAND (BNL )

BAD I ER 65 PL 19 612
CHUNG 65 PRL 15 = 25
FO CAR DI 65 PL 16 35 I,

BAD I ER DEMQULI Ns GOLD BERG+ ( EPQL+SACL+ZEEMAN )
+GAHLs hARDYs HESSs JACOBSTK IRZs MILLER (LRL )
FCCARDI s MINGUZZI RANZI sS ERMA+( BQ[ OGNA+SACL )

23 L(1770s JP= ) I = 1/2

BASSANO 67 PRL 19 968
BASSQMPI 67 PL 268 30
CRENNELL 67 PRL 19 44
DA HL 67 P R 163 1377

AL SG 65 PRL 14 401
DE BAERE 67 NC 51 A 401
FIELD 67 PL 248 638
GOLDHABE 67 P RL 19 972

tGQLCBERGs GGZs BARNESsLEITNER+(BNL+SYRACUSE I
BASSGMPIERRETGOLDSCHMIDT+ {CERN+BRUX+BIRM) IJP
+KALBFLE I SCHs LAI s SCARR s SCFUMANN (BNL)
+HARDY+HES S+K I RZ+MILL ER (LRL )
HAROYsCHUNGsDAHLsHESSTKIRZsMILLER [LRLI
+GQLDSCHilNIOT-CLERMCNTs HENR I+ {BRUX+CERN)
+h ENGR I C K S+ P I C C I QN I+Y AG ER (LAJQLLA I

G «GOLDHABER s F I RE STCNE s SHEN (LRL }

SHEN -66 PRL 17 726 +BUTTERWORTHTFUTGQLDHABERSTTRILLING (LRL)
ALSO 66 {PRIVATE COMMUN)GERSGN GOLDHABER [LRL ) The L(1770) is seen as a bump in the

diffractive-like process KN ~ (KTlT[) N. BARBARO 69

and FIRESTONE 72 find, the decay is consistent
with being entirely K (1420)T[, whereas AGUILAR 70,

ADERHOLZ
ALSO

ANT ICH
DUBAL
KA NG

SCHWEING
ALSO

BASSO)'P I
B I SHOP
CRENNELL
DAV!S
DE BAERE
FR IEDIAAN
L I ND

68 NP 8 5 567
66 PL 22 357
68 PRL 2 1 1842
68 THESIS 1456
68 PR 176 1587
68 PR 166 1317
67 THE SI S

69 NP 813 189
69 NP 8 9 403
69 PAL 22 487
69 PRL 23 1071
69 NC 61 A 397
69 UCRL-18860
69 NP 8 14 1

ABRAMS 70 PR D 1 2433
AGUI LAR 70 P RL 25 1362
BIRMINGH 70 ' KIEV CONF«

+DEUTSCHMANN+ (AACH+BERL+CERN+LOIC+V I ENNA )
BARTSCHsDEUTSCHMANNs MORRI SCN+ (ABCL( IC) V )

+CRLLAHANT CARSON s COXs GENEGR I s+ ( JHU)
L ~ DUBAL (GENEVE I
Y ~ W»KANG {IOWA I

SCHWEINGRUBERs DERRICK s FIELDS+ (ANL+NWES)
F ~ L ~ SCHWEI NGRUBER (NQRTI )UESTERNs EVANSTCN)

BASSQMPIERE, GGLDSCHMIDT-CLERM. + {CERN+BRUX) JP
+GOSHAWsERWINsWALKER (WISC)
+KARSHON s LA I s GNEALL s SCARR [BNL)
+ DER ENZG s FLATT E s A LSTC h s LY NCH s SGLMI 7 Z ( L RL )
+GOLDSCHMIDT-CLERMGNTTHENRIs+ (BELGsCERN I

J ~ FRIiEDMANPPH AD THESIS (LRL)
+ALEXANDERsFIRESTONETFUTGQ[ DHABER (LRL) JP

+E ISENSTEIN sKIM s MARSHALL s C ~ HALLORANs+ ( ILL)
AGUILAR-BENITEZs BASSANOs EISNERs+ (BNL+PURD)
ASTIER RAPPQRTEURS TALK (BIR&+GLAS+GXF I

BARTSCH 70, COLLEY 71, and. DENEGRI 71 present
evidence for alternate decay modes. For a review

see EISNER 74.
Recent partial-wave analyses (DEUTSCHNANN 74,

ANTIPOV 75, OTTER 75) have shown that the
situation in the L region is complicated, with

many waves contributing. The 2 K (1420)vt S wave

is important, but cannot explain the whole L

BUC HNF. R 72 NP
CRENNELL 72 PR
DEUTSCHM 72 NP
ENGELMAN 72 PR
FRATI 72 PR
ROUGE 72 NP
TI ECKE 72 NP

8 45 333
D 6 1220
8 36 373
D 5 2162
D 6 236'1
8 46 29
8 39 596

+DEf.MTCHARRIERE s CORNET s+ (MPIM+CERN+BRUX)
+GORDONTKWAN-WU LAIs SCARR' (BNL )
DEUTSCHMANNs+ (ABCLV COLLABORATION)
ENGEL MANNs MUSGRA VE s f=ORMAN s+ (ANL+EFI)
+HALPERN HARGIS SNAPE CARNAHAN +(PENN+CINC)
+V IDEAUs VOLTE s DE BRION s+ (EPOL+SACL )
+GR I JNS s HE 'INEN s OE GROOT s + (NI JM+ZEEM)

CHARRIER
ALSO

CLARK
DE JONGH
[.I NG[ I N

WALUCH

73 NP 8 51 317 CHARRI ERE OR! JARD DE BAERE +

(CERN+BELG�)
75 (PRIVATE COMMUNICATION) GOLDSCHMIDT-CLERMONT (CERN)
73 NP 8 54 432 +LYONS s RADG J I C I C ( OXFORD )
73 NP 8 58 110 +CQRNET CHARRIERE + & BRUX+MONS+CERN+MPIM)
73 NP 8 55 408 D ~ L INGL IN (CERN )
73 PR D 8 2837 +FLATTE sFR IEDMAN (LBL )

DEHM
CHUNG

74 NP 875 47
74 PL 518 413

+COEBELs W ITTEKs WCLFs+ (MPIM+BRUX+MGNS+CERN)
+EISNERs PRQTQPQPESCUs SAMIOS s STRAND (BNL I

ANTI POV 75 NP 886 381
LAUSCHER 75 NP B86 189
'MCCUBB IN 75 NP 886 13
GTT E R 75 NP 884 333

BRANDENB 76 PL

+ASCOL I BUSNELLG KIENZLE+ (SERP+CEPN+ILL )
+CTTERsWIECZOREKs+ (ABCLV COLLABORATION) J P
N A MCCUBB INs L LYONS (CXF )
+ ( AACH+8 EPL+CERN+LOI C+VI EN+ATHU+ATEN+LI VP )

BRANDENBURGs CARNEGIE s CASHMORE s DAY I ER+ ( SLAC ) J P

AGUILAR1 71 PR D 4 2583 t E ISNER s KI NSCN (BNL )
BARNHAM 71 NP 8 28 171 +CO[ LEYs JOBE S s GRI FF ITHS s HUGHES s+( 8 IRM+GLAS )
CORDS 71 PR D 4 1974 +CARMONY s ERWINT ME IEREs+ (PURD+UCD+IUPU)
SLATTERY 7). UR-875-332 (PREP ) P «SLATTERY s A REV IEW OF STRANGE MESGNS (BOCH )

enhancement (DEUTSCHNANN 74). The phase

variation of the 2 wave shows no evidence for
any significant resonance contribution with
I" & 300 NeV (OTTER 75) .

23 L MASS (MEVI

12 ~ 7 K+P
5 K+ P
4 ~ 6 K- P
10 ~ 1 K- P
12 ~ 6 K- P

10«K+P s K 2PI
RENT FITS ~

12 ~ 6 K-DsK 2PI D

11~ -16 ~ K- P
12» K+ D

BE RL I NGH I 67
JQBFS 67
AGUILAR 70
BARTSCH 70
LUDLAM 70
COLL EY 71

CQRRESP» TO SPREAD
DENEGRI 71
BL I EDEN 72
FIRESTONE 72

WITH D¹

M

M

M

M

M X
M X
M

M

M P
M P
M

M

M

20{1780
(1760 ~ 0)
1745 ~ 0
1780 ' 0

(1760' 0)
1765 ' 0

SYSTEMATIC
(1740 ' 0)
1767

306 1730~

PRODUCED I

HBC +
HBC +
HBC '

HBC
HBC
HBC +
OF OIFFE
DBC
MMS
DBC +

(15 0)
20 0
15 0

(15 0)
40 ' 0

ERRORS ADDED

6
20

N CON JUNCT ION
~ ~ 0 ~ ~ ~ ~ ~ «

AVG 1764 ' 6 6 ~ 7 AVERAGE & ERROR INCLUDES SCALE FACTOR OF 1»3)
STUDENT1765 ~ 0 5 8 AVERAGE USING STUDENT10(H/1 ll) —SEE TEXT

7/67
1/73
6/70
1/7 1
1 /73
1/73

5/71
12/72
1/73
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ParticIe Data Group: Review of particle properties S)3S

Data Card Listings
For notation, see A', ey at front of Listings.

Mesons
L(1770), KN(1800), K (8800)

23 L hjDTH (MEV) 60 KN( 1800) MASS (MEV}
W 20 (80 ~ )
'W (60~ 0)
W 100~ 0
W 138 ' 0

(50+0)
W X 90~

X SYSTEMATIC
f 13040)

W 100~

W P 306 210 ~

W P PRODUCED I
4 ~ 1 0

'W AVG 137 ~ 7
W STUDENT 130~ 7

8 ERL INGHI 67
JQRE S 67
AGUILAR 70
BARTSCH 70
LUDLAM 70
CQLLEY 71

ESP ~ TQ SPREAD
DENEGRI 71
BL I EDEN 72
F I RE STONE 72

W ITH D¹

(20 0)
50 ~ 0
40 ~ 0

(40 ' 0) (20 ' 0)
70 '

ERRORS 4CDEC CORR

26 ~

30 ~

N CON JUNCT IQN

HBC + 12 o7 K+P
HBC + 5 ~ K+ P
HBC — 4 ' 6 K- P
HBC — 10 1 K- P
HBC — 12 6 K- P
HBC + 10 ~ K+P y K 2P I
QF DIFFERENT FITS.
DBC — 12 ~ 6 K-Dg K 2PI D
MMS — 11~ -16~ K- P
DBC + 12. K+ D

24 ' 2
21 ' 5

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 5)
AVERAGE USING STUOENT10(H/i+ 1I } -- SEE TEXT '

7/67
1/73
6/70
1/71
1/73
1/73

5/71
12/72
12/72

M C 76(1753~ ) ( 12 ~ )
M C DI SAGREEMENT BEThEEN TI-E FIT
M I ( 1850 ) APPROX ~

I APPARENT INT ERF ER ENCE WIT
M I PRECISE DETERM INAT ION ~

65 ( 1760 ')
A (1776+} (26 ' 1

M A APPROXIMATE VALUE CNLY BUT
M A FROM BACKGROUND ETC ~

M 40 '( 1780 ~ ) ( 30 ~ )
80( 1840 ~ ) (30 e )

SPIRQ
SPI RQ

76 HBC — 14 ~ 3 K-Pg KOP I-P
76 HBC 014~3 K-Pp K-P I+N

CARMONY 71 DBC 09 K+NyK+PI —P
AhD CATA QN BOTH SIDES QF THE SIGNAL

FIRESTONE 71 DBC 0 12 ~ K+ NgK+ Pl-P
H OTHER AMPLITUDES PRECLUDES

AGUILAR 73 HBC 07 ~ 3 K-P K-PI+ N
BRANDENB 76 ASPK 013 K+-PgK+-PI-+

ERROR INCLUDES SOME UNCERTAINTIES

ll /71
11/71
ll /71
11/71
11/71
1/74

12/75¹

12/75¹
12/75¹

60 KN f 1800) WIDTH ( MEV)

Pl
P2
P3
P4
P5
P6
P7

23 L PART EAL DECAY MODES

L INTO K PI PI
L INTO K¹I 1420) PI
L INTO K PI PI PI
L INTO K¹f 8921 PI
L INTO K¹(892) RHQ
L INTO K¹{892}OMEGA
L INTO K¹(892}PI Pj

DECAY MASSES
497+ 134+,134
134+1421
497+ 134+ 134+ 134
89 2+ 134
892+ 773
892+ 783
892+ 134+ 134

C 76 (60» )
W C DISAGREEMENT
W t300 ~ )
W I S'EE NOTE I A

W 65 (80~ )
W A (270 )
W A SEE NOTE 4 A

W 40 (120~ )
W 80 (100~ )

(20
BET WEEN
APP RQX ~

BOVE
OR LESS

(70
BOVE

(40 ~ 1

(40. )

AGUILAR
BRANDENB

SP IRQ
SP I RQ

73 HBC 07 ~ 3 K-P K-PI+ h
76 ASPK . 013 K+-P, K+-PI-+

76 HBC — 14 3 K-Pg KOPI-P
76 HBC 014 ~ 3 K-Pg K-P I+N

1/74
12/75¹
12/75¹
12/75¹

CARMCNY 71 DBC 09 K+Ns K+PI P ll/71
TI E FIT AND DATA 'ON BOTH SIDES QF THE SIGNAL 11/71

F I RE STONE 71 DBC 0 12 oK+ Ng K+ P I-P 1 1/71

23 L BRANCHING RATIOS

Rl L INTO (K¹(1420) PI] / {K PI PI }
Rl LARGE DENEGRE 68 DBC
Rl (1 0) BARBARO 69 HBC
Rl 0 ' 2 0 ' 2 AGUILAR 70 HBC
Rl LESS THAN 1 ~0 BART SCH 70 HBC
Rl LESS THAN 1 0 COLL EY 71 HBC
Rl P CONSI STENT WITH 1 ~ F E RE STONE 72 DBC
Rl P PRODUCED IN CON JUNCT IQN W ITH D¹
R j. R LESS THAN I +0 SEEMS TQ BE ESTABLISHED ~
Rl R FOR DISCUSSIQN OF TI'.E EXPERIMENTAL EVIDENCE ON

(P2)/(Pl)
12~6 K- D

+ 12 ~ 0 K+ P
4 ~ 6 K P
10 1 K- P

10 K+ P
+ 12 ~ K+ D

CTHER DECAY

BERLI NGH 67 PRL 18 1087
JOBE S 67 PL 268 49

DENEGRI 68 PRL ?0 1194
BARTSCH 68 NP 88 9

ANDREWS 69 PRL 22 731
BARBARO 69 PRL 22 1207
CQI LEY 69 NC A 59 519

BERL INGHIERI+FARBER+FERBEI. +FQRMAN+ f ROCH) I
+BASSQMPIERREgDE BAERE + {BIRM+CERN+BRUX)

+CALLA HAN+CTTLINGER+GILLESP IE+ (JHU)
+CQCCQNI w + f AACH+BERL+CE RN+LO IC+V I EN )

+LACI yLUDLAMy SANDWEISSy BERGER'+ (YALE+LPL }
BARBARQ-GALT IERI g DAVE S s FLATTEy + tLRL )
+EASTWOQDp+ (BIRM+GLAS+LQIC+MPEM+QXF+RHEL )

Rl R MODES SEE HUGHCS 71 gSLATTERY 71~ EISNER 74 ~

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

REFERENCES FOR L(1770)
BARTSCH 66 PL 22 357 +DEUTSCHMANNg+ t AACH+BERL+CERN+LQIC+VI 'EN )

1/71
1/71
1/71
1/71

11/71
12/72
12/72

11/71

Pl
P2
P3
P4
P5

60 KN( 1 800) PARTIAL DECAY MQDES

KN( 1800) INTO K PI
KN(1800) ENTO K¹(892) P I
KN( 1800) I NTQ K RHQ
KN(1800) INTO K¹(14201 P I
KNf 18001 INTO K PI PI

DECAY MASSES
493+ 139
892+ 139
493+ 773

1421+ 139
493+ 139+ 139

60 KN( 1800) BRANCHI NG RATIOS

Rl KN(1800) INTO tK PI)/(K¹(892) PI + K RHO) t P 1) /(P2+P3)
Rl ES (0 ~ 40 ) ( 0 ~ 10) CARMQNY 71 CBC 0 9 K+ N
Rl S STATIST ~ CQMPAT IBLE WITH THE 'WEAK K PI PI SIGNAL OF AGUILAR 73 ~

R2 KN( 1800) IhITQ (K¹( 892) P I) /f K PI PI ) (P21/ fP51
R2 E (0 40) (0 ~ 15) CARMQhlY 71 D BC 0 9 ~ K+ hl

R3 KN(1800) INTO (K RHQ) /(K PI PI ) (P3)/(P5)
R3 E (0 ' 60) (0 ' 251 CARMQNY 71 DBC 0 9 K+ N

R4 Khl(1800} INTO (K¹{892) PI + K RHQ) /(K P I PI I (P2+P31/( P5)
R4 F. f 1 I (0 ~ 12) CARMQNY 71 DBC 0 9 ~ K+ N

R5 KN(18001 INTO tK¹{1420} Pl )/I K PI Pl ) (P4}/(P5)
R5 E f 0 ~ 061 OR LESS CARMCNY 71 DBC 0 9 K+ N
R5 E DIFFICULT BACKGRCUND SUBTRACT IQN ~ ERRORS STATISTICAL ONLY ~

11/71
1/74

ll/71

11/71

1 1 /71

11/71
11/71

AGUILAR 70 PRI 25 54
BARTSCH 70 PL 33 8 186
LUDLAM 70 PR D 2 1234

AGUILAR-BENI TE Z y BAR NE S g BASS AND g CHUN6g+ {BNL )
+OEUTSCHMANN + (AACH+BERL+CERN+LOIC+VIEN)
+SAhIDWE ISS, Sl AUGHT ER ( YALE)

COLLEY 71 NP 8 26 71 +JOBE S yKENYQN pP ATHAKy HUGHES' + t BIRM+GLAS )
DENEGRI 71 NP 8 28 13 +ANTICHgCALLAHANtCARSONeCHIENsCQXe+ f JHU) JP
HUGHES 71 BOLOGNA CONF PROC I S HUGHES TALK AT BQLOGNA CONF ~ (GLASGOW )
SLATTERV 71 UR-875-332 {PREP ) P i SLATTERY g A RE V I EW OF STRANGE MESQNS ( ROCH )

CARMQNY
F IRESTQN
AGUIL AR
WALUCH
BRA NDENB
SP I, RO

71 PRL 27 1160
71 PL 36 8 513
73 PRL 30 672
73 PR D 8 2837
76 PL
76 PL

REFERENCES FOR KN(18001

+CQRDSeCLQPPgERWENgMEIEREg+ (PURD+UCD+IUPU)
FIRESTQNEgGQLDHABER~LISSAUERgTRILLING (LBL)
+CHUNG q EI SNER s PRQTQPQPESCU ~ SAMIQS ~ + f BNL )
+FLATTE g FRIEDMANN (LBL )
BRANDENBURGeCARNEGIEeCASHMORE~DAVIER+(SLAG) JF
+BARLQUTAUDt PAL ERi CHAURAND+(SACL+RHEL+EPOL ) JP

ANDERSON 72 PR D 6 1823
BLIFDEN 72 PL 39 8 668
FIRESTQN 72 PR D 5 505

BARLQUTA 73 NP 8 59 374
BINGHAM 73 NP 8 52 31
CHARRIER 73 NP 8 51 317

DEUTSCHM 74 PL 498 388
EISNER 74 BOSTON

ANTI PQV 75 NP 886 381
OTTER 75 NP 893 365

+FRANKLE Nt GQDDEN t KOP ELMAhI 11 IBBYITAN ( CQLQ )
+F INQCCHEAROt BQ WEN g EARL ES g+ (STON+ NEAS )
FIR ESTQNEy GQLDHABERy L ISSAUERt TR ILL ING (LBL 1

+DREVELLQN g SHAH g+ t SAC L+E PQL+ RHEL 1

+FARWEL y+ {LBL+QRSAY+BNL+SACLAY+MILAN )
CHARRIEREs DRI

JARDIN

DE BAERE e+ (CERN+BELG )

DEUTSCHMANNi+ t AACH+8 ERL+CERN+LQIC+V IEN} J P
R ~ L E I SNER RE VIE W TALK (BNL 1

+ASCOLI~BUSNELLQiKIENZLE+ (SERP+CERN+ILL } JP
+RUDQLPHpRUMPF+ f AACH+BERL+CERN+LQIC+VIEN) JP

¹¹¹¹¹¹¹¹4
40 K¹(2200' JP= )

ENHANCEMENT SEEN IN (ANTI HYPERON-NUCLEON) MASS
NEAR TI"RESHQL 0~ INTERPRETATION UNCERTAIN ~

OMITTED FROM TABLE ~

40 K¹f2200) MASS tMEV)
¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

KN(1SOO) „„„„„,„,,

M 20 2240. 20m LI SSAUER 70 HBC 9 ~ K+ P
C (2200+} APPROX~ SLATTERY 71 RVUE 8-13 K+ P

M C COMPILATION OF (ANT IHYP ~ -NUCLEON) MASS I N K+ P 8 ~ -13 GEV/C

40 K¹f22001 WIDTH (MEV)

ll/71
11/71
11/71

This entry includes peaks of low statist. ical
significance seen in the KTt and IQT71 spectra in

the region of 1800 NeV (CARNONY 71, AGUILAR 73,
SPIRO 76}. FIRESTONE 71 and BRANDENBURG 76

I

observe structure in the Kvt angular distribution,

20 80m 20~ L I SSAUE& 70 HBC 9 ~ K+ P
W ( 200 e I APPROX ~ SLATTERY 71 RVUE 8-13 K+ P
'W C, CQMPILATI DN CF (ANT If YP ~ -NUCLECN} MASS IN K+ P 8 ~-13 GEV/C

REFERENCES FOR K¹f2200)

AL EXANDE 68 PRL 20 755
LISSAUER 70 hIP 8 18 491

ALEXANDER g F IRESTQNEy GQLDHAB ERy S I-Ehl (LRL )
+ALEXANDER g FIRESTQNE y GQLDHABER (LBL }

CARMQNY 71 PRL 27 1160 +CORDS eCLQPP g ERWINgME IERE w+ ( PURD+UCD+IhlD )
SLATTERY 71 UR-875-332(PREP ) P ~ SLATTERYyA REVIEh QF STRANGE MESQNS{ RGCH)

11/71
11/71
ll /71

the simplest explanation for which is a rapid
rise of the F-wave amplitude around l800 NeV,

interfering strongly with other waves.
p

BRANDENBURG 76 propose the existence of a J =3

resonance, but, we prefer to wait for further
confirmation before including this entry in the
&able.
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S)40 Particle Data Group: Review of particle properties

Mesons
EXOTICS, NEW HEAVY MESONS

Data Card Listings
For notation, see key at front of Listings.

EXOTIC S

EXOTIC MESONS

70 EXOTICS

y(440() )

y (4100)

THE PURPOSE OF THIS ENTRY IS TO PROVIDE A LIST OF
REFERENCES FOR EXOTIC MESON SEARCI ES (SEE MAIN TEXTS
SEC ~ III AND TABLE I ) g AS NELL AS ThEORETICALLY BASED
SUGGESTIONS FOR EXPERIMENTS ~ NOTE THAT LIPKIN 73
PROPOSES EXPERIMENTS WHICH ARE CONCLUSIVE EVEN IF
NEGAT I VE RESULTS ARE OBTAINED ~

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFERENCES FOR EXOTICS

REPORTS ON SEARCHES

ROSENF EL
DODD
CHO
G I ACOME L
LYS
ROSNER
BUHL
COHEN
ALAM
COHEN
OREN
BALTAY
DAVIS

68 PHILA ~CONF ~ P ~455 A a h e ROSENF EI D (LRL)
69 PR 177 1991 +JGLDERSMAp PALMER' SAMIOS (BNL )
70 PL 32 8 409 +DERR ICK v JOHNSON s MUSG RAVE i+ ( ANL+NW ES+KANS )
70 PL 33 8 373 G ~ G IACOMELLI + (BGNA+SACL+ZEEM+REHO+EPOL )
70 PR 0 2 2525 J ~ LYS+ (MICH)
70 EXP ~ MESON SPECTROSCOPY' ED+ C «BALTAY AND A ~ H ROSENFELDyP 499
72 NP 8 37 421 +CL INES TERRELL ( WI SC DNS IN )
73 NP 8 53 1 +FERBEL g SL ATTERY g WERNER (ROC)-. ESTER )
74 PL 53 8 207 +BRABSON v GALLOWAY v+ ( I ND+PURD+Sl AC+ VAND )
74 BOSTON DoCOHEN REVIEW TALK (COL U)
74 NP 87 1 189 +COOPERS FI ELDS sRHINES r WHITl ORE++ ( ANL+OXF )
75 PL 57 8 293 +C AUT IS y COHEN q KALELKAR p PI SELLO p+ (COLU+ BI NG )
75 NP 89 6 426 +AMMAR eKROPACy YARGER p+ (KANS+CCAC+ANL )

y (3700)

hadrons

(3530)
(3410)

ROSNER
ROSNER
FA I MAN

LIPKIN

SUGGESTIONS FOR SEARCHES

68 PRL 21 950~ 1468 J ~ L ~ ROSNER (T EI.-AV I V )
70 EXP ~ MESON SPECTROSCOPYyEDa C ~ BALTAY AND A ~ H ~ ROSENFELD yP ~ 499
73 PL 43 8 307 0 ~ FAI MAN t G ~ GOLDHABER y Y ~ ZARM I (CERH )
73 PR D 7 2262 H»J ~ L IPKIN ( ARGCNNE+FNAL l

X(2750)

pp xr

hadrons
&I IF

ee
~+

XBL 763 2361

The New Heavy Nesons

NEW HEAVY MESONS

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

The New Heavy Mesons

Since the discovery of the J/$(3100) particle
in p-Be collisions at the AGS (AUBERT 74), and in
+e e collisions at. SPEAR (AUGUSTIN 74), the size

of the family of "new particles" has increased to
at least 8 members, with a complex set of decay

modes and mutual transitions; the main features
the experimental situation are illustrated in

the figure below.

In the following entries we compile the ex-

perimental data as of January 1976, with only a

minimum of mani —reviews and footnotes. For de-

tailed discussions of the implications and possi-
ble interpretations of the properties of the new

particles, see, e.g. , the Proceedings of the 1975

International Symposium on Lepton and Photon Inter-
actions at High Energies, Stanford, 1975

[ W. T. Kirk (SLAC), editor] .

+Extracting Resonance Widths from e e Colliding
Beam Formation Experiments

+In an e e colliding beam formation experi-
ment, the true shape of an observed resonance is
distorted primarily by the effects of (1) soft-
photon processes, and (2) beam energy spread due

to processes such as guantum fluctuations in
emission of synchrotron radiation. The spread in
energy due to (2) may usually be approximated by

a Gaussian distribution, the effect of which

vanishes rapidly at energies sufficiently removed

from resonance. The major effect of (1) is a de-
crease in the effective c.m. energy for some

fraction of the collisions, because of the emiss-
ion of bremsstrahlung by the electron or positron
before annihilation. Hence, though the nominal

beam energy may be well above the resonance
region, a certain fraction of the collisions occur
at or near resonance. This gives rise to the well-
known high-mass radiative tails of the J/tj)(3100)
and Q(3700) resonances.
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Particle Data Group: Review of particle properties

Data Card Listings
For notation, see key at front of Listings.

Me sons
NEW HEAVY MESONS, J/+(3100)

Because of these effects, the most

reliable means for determining resonance widths is
to use a method based on the area under the line
shape f see, e.g. , "Notes from the SLAC Theory

Workshop on the Q", ed. R. Pearson, SLAC-PUB-1515

(1974)j . This method, familiar in nuclear physics,
minimizes the sensitivity to the details of the
beam energy spread. Corrections for the radiative
processes, which depend on the limits of inte-
gration of the areas, still need to be made. This

discussion assumes the resolution is adequate to
allow a reasonable separation of signal from

background (which itself is subject to radiative
processes).

For format:ion of a resonance of mass M in

e e collisions, with subsequent decay via chan-

nel i,
I' I'. /4

G. {W) = O

(M-w) + r /4

where W is the total center of mass energy; I', re'
and r. are the total width and partial widths for

+
coupling to e e and channel i, respectively; and

a Breit-Wigner line. shape with energy-independent

partial widths is assumed. The quantity

given by
4'(2J + 1)

O (W) 2
W

where J is the spin of the resonance. For a narrow

resonance, the area under the resonant line is
given by

r r.
Tt e iA. 2 r 00 (M),

independent of the energy resolution of the ap-

paratus. Determination of the mass, spin,

70 J/PSI(3}00' JPG=}—) I=0

The J/Q (3100) was disaovered in p-Be aollis-
+ions at the AGS (AUBERT 74), and in e e collisions

at SPEAR (AUGUSTIN 74), and sinae then has been ex-
tensively investigated in e e collisions at SPEAR,

DORIS, and ADONE, as well as at, conventional acael-
erators with photon and hadron beams.

Evidence bearing on the hadronic nature of
t;he J/Q(3100) comes from the observation of a

large forward photoproduction cross section. Using

vector dominanae arguments one derives a total
cross section for J/Q(3100) on nucleons over a

large energy range of the order of 1 mb (ANDREWS

75 g DAKIN 75 g KNAPP 1 75, MARTIN 75) . Al though this
aross seation is an order of magnitude smaller

than the corresponding cross sections of the well

known veator mesons, it is large enough to sug-

gest that the J/$(3100) is probably a hadron. The

hadronic interpret;ation of the J/$(3100) is also

supported by the apparent conservation of iso-
spin and G-parity in direct hadronic decays

(JEAN-MARIE 75) . For a detailed discussion of the

hadronic nature of J/Q (3100), see HARARI 75.
PCThe J = 1 assignment, suggested by pro-

duction in s-channel e e collisions, is confirmed

by the observation of an interference between the

resonant and QED amplitudes, and by the angular

distribution of the lepton pairs in the final state
G

(BOYARSKI 75) . The I = 0 assignment was det;er-

mined by a study of multipion decays (JEAN-MARIE

75) . These quantum numbers are compatible with all
the data on partial decay widths (non-observation

of t:he gg mode, observation of the AA mode, etc. ) .
70 J/PSI (3100) MASS (MEV)

and integrated channel cross sections, A. ,
allows, then, determination of the quantities
r I"./I", and, assuming there are no undetected de-c i
cay modes (i e. , in our case r = r + + r +e+e
+ I' ), determination of the total and par-

hadrons
tial widths.

In the Data Card Listings, we tabulate and

average the. quantity I' I . /I' only when it was note i
used to determine the partial widths and/or

branahing ratios.

M

M

M 0
M 5
M

M

M

M L
M

M

O
M O
M

M S
M S
M

M

M

(3100 ~ )
(3105 ' )
3095 '

( 3089 5)
3098 ~

3103»

(3
4«

6 ~

6 ~

AUBERT
AUGUST IN
BOYARSK I
CR IEGEE
PREPOST
BEMPQRAO

74 SPEC
74 SPEAR
75 SP EAR
75 OORI S
75 SPEC
75 AOONE

28 «PP(E+E-)
E+E-
E+E-
E+E-

13~ -21 ~ GAMMA 0
E+E-

BCYARSKI 75 IS A REEVALUATION QF AUGUSTIN 74 BASED
ON A RECALIBRATICN OF TEE SPEAR BEAM ENERGY ~

MASS WI 0TH PART IAL 'W IOTI-S ANO BRANCH I NG RAT IOS ALL OBTAI NEO

FROM ONE OVERALL FIT TO DATA OF THIS EXPERIMENT

ERROR OF ABOUT 1 PER CENT FROM Tl E UNCERTAINTY IN CALIBRATION OF

THE BEAM ENE RGY ~

«« ~ ~ ~ ~ \ ~ «

AVG 3397 ~ 6 F 9
STUOENT3097 F 6 3 ~ 3

AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUOENT10(I1/1 11) —SEE TEXT

70 J/PSI (3100) WIDTH (KEV)

SEE THE MINI-REVIEW ON EXTRACTING RESONANCE 'WIDTHS

69
68 ~

60 '
W 15 ~ BQYARSKI 75 SMAG E+E-
W 26 ' BALOINI 1 75 FRAG E+E-
W 25 ESPOSI TO 75 FRAM E+E-
W ~ « ~ ~ ~ ~ ~ ~ ~

W AVG 66 ~ 9 11~ 5 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
W STUDENT 66 9 12 ~ 4 AVERAGE USING STUOENT10(H/1 ~ 11) -- SEE TEXT

2/75+
2/754'
3/75+
2/75+
}/76%
}/76+

3/7 5+
3/75+

2/7 54'
2/75%

3/75+
}/76+
1 /76+

Rev. Mod. Phys. , Vol. 48, No. 2, Part II, April 1976



8142 Particle Data Group: Review of particle properties

Me sons
Jjg(3100)

Data Card Listings
For notation, see key at front of Listings.

Pj
P2
P3
P4

P
P
Pll
P12
PI3
P14
P15
P].6
P17
P18
P19
P20
P21
P22
P23
P24
P25
P26
P27
P28
P29
P30
P31
P32
P33
P34
P35
P36

P
P
P51
P52
P53
P54
P55

J/PSI (3100) INTO E+ E-
J/PSI t 3100) INTO MU+ NU-
J/PSI (3100) INTO HADRCNS
J/PS I {3100} INTO GAMMA INTO KADRONS

HADRQNIC DECAYS

J/P SI ( 3100 )
J/PS I ( 3100)
J/PS I (3100)
J/PSI {3100)
J/PS I ( 3 100)
J / PS l ( 3100)
J/PSI{3100)
J/PSI(3100)
J/ PS I (3100 )
J/PSI (3100)
J/PS I ( 3 100)
J/PSI(3100)
J/PS I f 3100 )
J/PSI (3100)
J/PSI (3100)
J/PSI t 3100)
J /P Sl ( 3100)
J/PSI {3100)
J/PS I (3100 )
J /P SI {3100)
J/PS I (3100)
J/PSI(3100)
J/PS I {3100)
J/PS'! (3100)
J /PS I (3100 )
J /PSI ( 3100 )

INTO
]NTQ
INTO
I NTQ
INTO
INTO
INTO
INTO
INTO
INTO
INTO
INTO
INTO
INTO
INTO
INTO
INTO
INTO
INTO
INTO
INTO
INTO
INTO
INTO
I NTO
INTO

Pl+ PI-
Pl+ Pl- PIO
2{PI+ Pl-)
2{PI+ PI ) PIC
3(P I+ PI-)
3(P I+ PI-) P IQ
4(PI+ PI-)
4{P I+ Pl-) PI 0
KOS KQL
K+ K-
Pj+ P I- K+ K-
2(PI+ PI-) K+ K-
RHG P I
RHO Pj PI PI
OMEGA PI PI
PHI PI FI
K K¹{892}
K K¹(1420)
K¹(892) K¹(892)
K¹( 1420) K¹( 1420 )
K¹(892) K¹(1420)
PBAR P
LAMBDA ANTILAMBDA
NUCLEON ANTINUCLEON PI
P PEAR PI+ P I-
P PBAR PI+ PI- NEUTRALS

R AD I AT I VE DECAYS

J/PSI {3100) I'NTO CANNA GAMMA

J/PSI (3100) INTO PIO CANNA
J/PSI (3100) INTO ETA CARTA
J/PSI t 3 100) INTO ETA PR IME GAMMA

J/PS I (3100) INTO X (2750) GAMMA

70 J/PS I {3100) PARTIAL DECAY MODES

CECAY MASSES.5+ .5
105+ 105

2750+ 0

R12
R12

R13
R13

R14
R14
R14

R15
R15

R16
R1&

R17
R17

R].8
R18

R19
R19

R2Q
R20
RZQ

R21
R21

R22
R22

R23
R23

R24
R24

R25
R25
R25

J/PS] (3100) INTO {3(P I+ Pl-) PIC} /TCTAL
181 ~ 029 ~ 007 JEAN-MARI 75 SMAG

J/PSI {3100) INTO (Z(PI+ Pl«) Ki K-}/TQTAI
~ 003 F 001 ABRANS4 75 SMAG

J/PS] (3100} INTO (RHQ Pl) /(PI+ PI- PIO)(.7) OR MORE JEAN-NA'RI 75

J/PSI ( 3100) 1NTO (RHCO PIQ) / f RHQ+- PI-+)
~ 59 ~ 17 JEAN-MARI 75

J/PSI (3100) INTO (RHC P I }/TOTAL
153 ~ 013 ~ 003 JEAN-MARI 75

SHAG

SMI AG

SMAG

J/PSI (3100) INTO (GMECA P I P I) l(2(PI+ Pl-) P
J t 2) JEAN-MARI 75

J/PSI (3100) INTO {RHC Pl Pl Pl )I (2 (PI+ PI-)
J ( ~ 31 JEAN-MARI 75
J FINAL STATE 2tP I+P I-)P IO

I 0}
SMAG

PIG )
SMAG

J/PSI(3100) INTO (PI. I PI+ Pl-)/(CMEGA PI+ Pl-)
2 1 AB RAM S4 75 SHAG

J/PS I t 3 100) INTO ( KQS KQL ) /TOTAL
( ~ 0002)QR LESS CL= 90 ABRANS4 75 SMAG

J/PS I (31QQ) INTO (K+ K-)/TOTAL
( ~ 0006)GR LESS CL= 90 W IIK 75 DASP

J/PSI (3100) INTO (KQ K¹(892)0) /TOTAL
57 0024 ~ 0005 ABRAMS4 75 SMAG

J/ PS I (3100 ) INTO (K+- K¹{892)-+ ) /TOTAL
87 ~ 0031 ~ 0007 ABRAMS4 75 SNAG

POSSIBLY SEEN Wl]K 75 GASP

J/PSI {3100) INTO {4{P I+ P 1-1 P j0)/TOTAL
13 ~ 009 ~ 003 JEAN-MARI 75 SNAG

J/PSI (3100) INTO (P I+ P I- K+ K-)/TOTAL
A 83 ~ 005 ~ 002 ABRAMS4 75 SNAG
A INCLUDING CONT'RIBUT ION FRCM K¹(892)K¹(],420)

E+E-

E+E-

E+E-

E+E-

E+E-

E+E-

E+E-

E+E-

E+E-

E+E-

E+E-

E+E-
E+E-

1/76¹

,
1/76¹

1/76¹

1/76¹

1/76¹

1/76¹

1/76¹

1/76¹

I/76¹

1/7&¹

1/76¹

j/76¹

1/76¹

1/76¹
1/76¹

Wl
Wl
Wl
Wl
Wl
Wl
Wl
Wl

J/PS I t31QQ) INTO E+ E-
4 ~ 8 F 6

B (4 ~ 6) ( ~ 8)
8 ASSUMING EQUAL PART IAL

4 ~ 6 '

1 ~ 0
~ S ~ ~ ~ ~ ~ 4 ~

AVG 4 75 0 51
STUDENT 4+75 0 ' 55

(Gj)
BGYARSK I 75 SMAG
BALDI NI 1 75 F RAG

W IDTHS FOR ( E+E-) AND ( MU+MU-)
ES PCS ITC 75 FRAM

E+E-
E+E-

E+E-

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT 10(H/1 ~ ll) -- SEE TEXT

70 J/PS I (310C } PART IAL WIDTHS ( KEV )

SEE THE MINI-RCVI EW CN EXTRACT ING RESONANCE WIDTHS ~

2/75¹
3/75¹
1/76¹
1/76¹

R26
R26

R27
R27

R28
R28

R29
R29

R30
R30

J/PSI (3100) INTC (KQ K¹(1420)0)/TCTAL
00]9)QR t ESS CL= ~ 90 ABRAMS4 75 SHAG

J I P SI {3 100) INTO {K+- K¹( 1420-+ ) /TOTAL
f o0019)OR LESS CL=~90 ABRAMS4 75 SMAG

J/PSI ( 3100) INTO (K¹t892) 0 K¹(892) 0 I /TOTAL
( ~ 0006)OR LESS CL= ~ 90 ABRAMS4 75 SNAG

J/PSI ( 3100) INTO ( K¹{1420) 0 K¹(142010) /TOTAL
( ~ 0018)GR LESS CL= 90 ABRAMS4 75 SMAG

J/PSI (3100) INTO t K¹(892)0 K¹(142010) /TOTAL
30 ~ 0037 ~ 0010 ABRAMS4 75 SMAG

E+E-

E+E-

E+E-

E+E-

E+E-

1/76¹

1/76¹

1/76¹

1/76¹
'W2

W2

W2
W2
W2
W2

W3
W3
W3
W3
W3
W3
'W3

AVG
STUDENT

4a85
4 ~ 85

0 51
0.55

J/PSI {3100) INTO HACRCNS
59 ' 14 '
59~ 24 ~

50 25 ~

AVG
STUDENT

0 S ~ 0
57 ' 3
57 ' 3

~ ~ 0 ~ ~

10 ' 9
11 7

J/PSI ( 3 100} INTO MU+ MU-
4a8 Qe&
5 0 1 ~ 0

BQYARSKI
ESPQSITO

{G2)
75 SNAG
75 ~RAM

E+E-
E+E-

'BOYARSKI
BALDINI 1
ESPOSITQ

(G3)
75 SMAG
75 FRAG
75 FRAN

E+E-
E+E-
E+E-

AVERAGE (ERROR INCLUDES SCALE FACTOR QF 1 ~ 0)
AVERAGE USING STUDENT 10(H/ 1 ~ 11) -- SEE TEXT

AVERACE (ERROR INCLUDES SCALE FACTOR QF 1 0)
AVERAGE USING STUDENT 10 fl-/ 1 1 1) —SEE TEXT

2/75¹
3/75¹
1/76¹

2/75¹
3/75¹
1/76¹
1/76¹

R31
R31
R31
R31
R31
R31
R31

R32
R32
R32

R33
R33

J /PS I (3100) INTO ( P BAR P l /( MU+ MU-)
A 20 ~ 05 1 +02 CR'f EGEE 75 PLUT
A ASSUMING ANGULAR DISTRIBUTION (1 +CQS (THETA) ¹¹2)

J/PS I (3100) INTO I LAMBCA ANT ILAMBCA) /TOTAL
19 ~ 00 16 ~ 0008 ABRAMS4 75 SNAG

E+ E-

E+ E-

J/PS I (3100 ) INTO (PEAR P ) /TOTAL
A 105 0021 e 3004 ABRAMS4 75 SHAG E+ E-
A 40 QQZ3 ~ OQC& Wl IK 75 GASP E+ E-
A ASSUMING ANGULAR DISTRIBUTION ( j.+CGS{THETA)¹¹2)

0 ~ ~ ~ ~ ~ ~ ~ ~

AVG 0 ~002 16 0 ~ Q0033 A VERAGE ( ERROR 'INCLUDES SCALE FACTCR QF 1 ~ 0)
STUDENT 0 00216 0 ~ 00036 AVERAGE USING STUDENT10(H/1 11) -- SEE TEXT

1/76¹
1/76¹

1/76¹

1/76 ¹

W4
H4

J/PSI(3].00) INTO GAMMA INTO HADRGNS
12 ' 2 ~ BOYARSK I 75 SHAG

70 J/PS I (3],00) BRANCHING RATIOS

fOR THE BRANCHING RAT ICS Rl — R4 SEE ALSO THE P ART IAL
WIDTHS ABOVE' AND (PART!AI WIDTHS)¹Rl BELCH ~

Et E- 1/76¹ R34
R34
R34

R35
R35
R35

J/PSI (3100) INTO (NUCLEON ANT INUCLEGN PI ) /TOTAL
A 87 QQ37 o 0019 ABRAMS4 75 SMAG
A INCLUDES P PBAR P IQg NBAR P P I- AND N PBAR P I+

J/PSI {3100) INTO ( P PBAR PI+PI-) /TCTAL
G 125 SEEN GGLDHABER 75 SMAG
G INCLUDES L AMBDA ANT ILAMBCA

F+ E-

E+E-

1/76¹

2/76¹

Rj
Rl

R2
R2

R3
R3

J/PS I(3100) INTO (E+ E-)/TOTAL
0 ' 069 0 ' 009 BOYARSK I 75 SMAG

J/PSI (3100) INTO (MU+ MU-) /TOTAL
0 069 0 ~ 009 BQYARSK I 75 SNAG

(Pl)

(P2)

E+E-

E+E-

J/PSI (3100) INTO (HADRGNS }/TOTAL ( P3)
0 ~ 86 0 ~ 02 BOYARSKI 75 SMAG E+E-

3/75¹
3/75¹
3/75¹
3/75¹
3/75¹
3/75¹

R36
R36
R36

R37
R37

J/PS I {3100) IJITQ (P PBAR P I+ P I- NEUTRALS) /TOTAL
I 91 SEEN GOLDHABER 75 SMAG
I INCLUDES SIGMA ANT I SIGMA E&C ~

J/PSI(3100) INTC {LAMBCA ANTIS ICMA)/(LAMBDA ANT]LAMBDA)
( ~ 22) OR LESS GOI DHABER 75 SNAG

RADI AT IVE DECAYS

E+E-

E+E-

2/76¹

2/76¹

R4
R4
R4
R4
R4
R4

R5
R5

AVG
STUDENT

J/PSI (3100) INTO I GAMMA ENTO HADRCNS) /TOTAL
~17 02 BQYARSKI 75 SMAG E+E-

J/PS I (3100) INTO ( E+ E-1/( MU+ MU-) ( Pj) l(P2)
ja00 0 ' 05 BOYARSKI 75 SHAG E+E-
0~93 0~10 FORD 75 SPEC E+F-

~ 91 15 E SPOSI TO 75 FRAM E+E-
~ ~ 0 ~ ~ ~ ~ ~ ~

0 ~ 980 0 ~ 043 AVERAGE (ERRCR INCLUDES SCALE FACTOR OF 1 ~ 0)
0 ~ 980 0 047 AVFRAGE USING STUDENT10(H/1 1 1) -- SEE TEXT

2/75¹
3/75¹
2/75¹
1/76¹

]./76¹

R51
R51

R52
R52
R52
R52

J/PSI f 3100) INTO tZ GAMMA)/(E+ E-)
{0 ~ 050) OR LESS CL —~ 90 BRAUNSCI 75 CASP

J/PS I {3100) INTO (P IQ CAMMA)l I E+ E-]
(0 13) OR LESS CL= 90 BRAUNSCH 75 DASP

8 ( ~ 06) OR LESS CL= ~ 90 BACCI 75 FRAG
B RE-S~ATEG BY US USING (E+E-)/HADRCNS = F 08

t P4) /(P 1)
E+E-

(P5) /(Pl)
E+E-
E+E-

2/75¹
2/75¹
2 /75¹
2/75¹
1/76¹

HADRON IC DECAYS

R53
R53
R53
R53

J/PSI ( 3100) INTO ( ETA GAMMA) /TOTAL
U ~ 0014 e 0005 W I IK
U USING TOTAL WIDTH ( 69+-15 } KE V

( ~ 0 16)GR . LESS CL=. 90 BACCI

75 GASP

75 FRAG

E+ E-

E+E-

1/76¹
j/76¹

RB
RB

Rlo
R10

Rl 1
Rll

J/PS I ( 3100) INTO (PI+ PI-) /TOTAL
( ~ 0003) OR LESS CL= ~ 90 WI IK 75 DASP

J/PSI (3100) INTO t 2(PI+ PI-) ) /TOTAI
76 004 ~ 001 JEAN-MARI 75 SHAG

J/PS I(3100) INTO (2(PI+ PI-) PIQ) /TOTAL
675 ~ 04 ~01 JEAN-MARI 75 SMAG

J/PS I (3100) INTO ( 3( P I+ P I-) /TOTAL
32 ~ 004 ~ 002 JEAN-MARI 75 SHAG

E+E-

E+E~

1/76¹

1/76¹

1/76¹

1/76¹

'R54
R54
R54
R54
R54

R56
R56

J/PSI(3100) INTO {ETA PRIME GAMMA)/(ETA GAMMA}
(5 ) OR LESS CL= ~ 90 WI IK 75 GASP
4.0 2 ' 5 HE INT ZE 75 DESY

8 I jQa) OR LESS CL=+90 BALDINIZ 75 FRAG
8 RE-STATED BY L'S USING {ETA GAMMA }/TOTAL = ~00 14

E+E-
E+E-
E+E-

J/PSI(3100 ) INTO (X (2750 ) CAMMA )/(ETA CAMMA ) FINAL STATE I 3 GAMMA)
16 (1~ ) HE INTZE 75 DESY E+E-

1/76¹
1/76¹
1/76¹

1/76¹
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Data Card Listings
For notation, see key at front of Listings.

Me sons
Jjg(3100), +(3700)

70 J/PS I (3100) G( I 1 ¹G(8+E-1/G(TOTAL) ( KEV)

E-1/ C ( TOTAL 1(.07)
~ 06

( 10)
, 14
09)

Gl
Gl S
Gl
Gl S
Gl
Gl S
Gl
Gl AVG
Gl STUDENT

G(E+E-}¹G(E+
321

«41
( ~ 361

«34
( 34)

~ ~ ~ «

0 «399
0 399

0 ' 055
0 ' 060

BALDIN I 1
DASP1
FORD
8 EMPQRA 0
ESPQSITC

75 FRAG
75 DASP
75 SPEC
75 FRAB
75 FRAM

E.+E-
EtE-
E+E-
EtE-
EtE-

AVERAGE (ERROR INCLUDES SCALE FACTOR QF 1 ~ 0)
AVERAGE USING STUDENT10(H/1 ~ 111 -- SEE TEXT

THIS COMBINATION QF A PARTIAL WIDTH W ITH Tt'E PARTIAL hIDTH
INTO E+E-' AND W ITH Tt. E TOTAL WIDTH IS OBTAINED FROM THE INTEGRATED
CROSS-SECTION INTO CHANKEL( I I IN THE E+E- ANNIHILATICN ~

SEE THE MINI-REVIEW GN EXTRACTING RESONANCE WIDTHS

1/76¹
1/76¹

nant and QED amplitudes, and by the angular distri-
bution of the lepton pairs in the final s tate
(LUTH 75) . These quantum numbers are compatible

with all the data on partial decay widths (the

multipion decays mentioned above, the non-observa-
1/76¹

tion of J/$(3100) Tt and pg modes, etc. ) .

/C(TOTAL )
~ 09
~ 09
~ 08
«05 )
«10)

G(MU+MU-1¹G(E+E-)
~ 51
~ 31
«32

( ~ 38) ((.461

G2
G2
G2
G2
G2 S
G2 S
G2
G2 A V 6
G2 STUDENT

DASP1 75 DASP
BEMPOAAD 75 FRAB
CR I EGEE 75 PLUT
ESPOSITO 75 FRAN
LIBERMAN 75 SPEC

EtE
E+E-
E+E-
EtE-
EtE-

~ ~

«063.059

~ ~ ~ ~ ~ ~ ~

0 ~ 375 0
0«369 0

AVERACE {ERROR INCl UDES SCALE FACTOR OF 1 ~ 3)
AVFRAGE USING STUDENT10(H/1 11) -- SEE TEXT

G3 G( HADRGNIC 1¹G(E+E~) /G (TOTAL)
G3 S (4. ) ( ~ 8} BALDINI 1 75 FRAG
G3 S (3 ~ 9) ( ~ 8) E SPOSI TO 75 FRAN

E+E-
E+E-

G S SEE THE BRANCHING RATIOS AND PARTIAL WIDTHS ABOVE

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

1/76¹
1/76¹
1/76¹
1 /76¹
1/76¹

1/76¹
1/76¹

71 PS I (37001 MASS (MEV)

M L (3695~ 1

M S (3680.3)
3684 ~

M 3684«
M

M

M

M S
N S
M

M

M

(4 ~ ) ABRAMS 74 SPEAR E+E-
CRIEGEE 75 DORIS E+E-
LUTH 75 SPEAR E+E-
PREPQST 75 SPEC 21 GAMMA D

5 ~

9

AVERAGE (ERRGR INCLUDES SCALE FACTGR CF 1 ~ 0)
AVERAGE USING STUDENT10(H/1 11) -- SEE TEXT

L LUTH 75 IS A R EEVALUAT ION OF ABRANS 74 BASED ON A RECAL I BRATION
L OF THE SPEAR BEAN ENERGY ~

ERROR OF ABOUT 1 PER CENT FROM THE UNCERTAINTY IN CALIBRATION OF
THE BEAM ENERGY

~ ~ ~ ~ ~ ~ ~ ~ ~

AVG 3684 ~ 0 4«4
STUDENT3684«O 4«7

2/75¹
2/75¹
1/76¹
1/76¹
2/75¹
2/75¹
2/75¹
2/75¹

CHP I STEN 70 PRL 25 1523

REFERENCES FOR J/PSI (3100)

CHR IST ENSQN t HICKS LEDERMAN+ (CGLU+BNL+CERN ) V70

DM

DM 588 ' 7 «8 LUTH 75 SHAG

PSI (3700) — J/PSI (3100) MASS CIFFERENCE (MEV)

ABRAMS
ASH
AUBERT

ALSO
AUGUST IN
BACCI

ALSO
BALD IN�-

IBARB�IE�L

BRAUNSCH

ABRAMS4
ANDREWS

ALSO
ANT IPOV
AUBERT
BACCI
BA LDI NI 1
BALD INI2
BEMPORAD
BLANAR
BOYARSKI
BRAUNSCH
GAMER INI
CRIEGEE
CR IEGEE
DAK IN
DASP1
DASP2
ESPOSITQ
FORD
GI TTE LMA

GQLDHABE
GP ECO
HE INTZ E
JAC KSON
JEAN-MAR
KNAPP 1
KNAPP2
LIBERMAN
MART IN
PRE POST
SIMPSCN
WIIK
YCNNI E

74 PRL 33 1453
74 NCL 11 705
74 PRL 33 1404
75 COO-3069-285
74 PRL 33 1406
74 PRL 33 1408
74 PRL 33 1649
74 NCL 11 711
74 NCL 11 718
74 PL 538 393

+BR ICCSt AUGUSTINt BOYARSKI+ (LBL+SLAC
+ZQRNtBARTOLI+ (FRAS+UMD+NAPL+PADQ+RCMA
+BECK ER t B I GG S t BURGER t CHEN t E VER HART ( NIT t BNL
AUBERT t BECK ERt 8 IGGSt BURCER t GLENN+ ( MITtBNL
+BQYARSKI ABRAMS BRIGGS+ ( S LAC+LBL
t.BARTQLI t BARBAR INOtBARBIELLINI+ (FRASCATI
FCR ERRATA
BALDINI-CELIQ t BACC I+ ( F RASCAT I+ RONA
BARB IELL INI t BEMPQRAO+ (FRAS+NAPO+PI SA+RGMA
8RAUNS CHW E IG+ ( AAC H'EN+I'AMB+MUN ICH+TOKYO

} V70
V70

) V70
) VYC
) V70
) V70

V 70
) V70
1 V70
) VYC

G ~ S ~ ABRAMS (LBL)
+HARVEYtLOBKQWICZtMAYtNORCBERG (ROCH+CORN}
ANDREWS ~ HARVEYt LOBKCWICZtMAY+ (ROCH+CORN 1

+BESSUBOVt BUDANQVt BUSHNINt DENISQVt+ ( IHEP }

75 STANFQ)tD SYMP ~

75 PRL 34 231
75 UR-5 18
75 I h EP PR E P 7 5-125
75 NP 8 89 1
75 NCL 12 269
75 PL 58 8 471
75 PL 588 475
75 STANFORD SYMP ~

75 PRL 35 346
75 PRL 34 1357
75 PL 53 8 491
75 PRL 35 483
75 PL 538 489
75 DESY PREP «75/32
75 PL 56 8 405
75 PL 568 491
75 PL 57B 297
75 NCL 14 73
75' PRL 34 604
75 PRL 35 1616
75 L BL-4224
75 PL 568 367
75 STANFORD SYMP
75 N I M 128 13
75 PR L ( SLAG-PUB-1681
75 PRL 34 1040
75 PRL 34 1044
75 STANFORD SYMP ~

75 PRL 34 288
75 STANFORD SYMP ~

75 PRL 35 699
75 STANFORD SYMP«
75 PRL 34 239

V70
V70
V70
V70
V70
V70
VYO
V lO
V70

PC V70
V70
V70
V70
V70
V70
V70
V70
V70
V70
V70
V70
V70
V70
V70

G V70
V70
V70
V70
V 70
V70
V70
V70
V70

+PENSQ ~ STELLA t BALDINI-CELICt+ (ROMA+FRAS)
BAI D IN I-C EL I 0, BQZZO, CAPON, BACC I+( FR AS+RONA )
BALDIN I-CELIOt CAPOh't DEL FABBRQt- (FRAS+RCNA)
C BENPORAD ( P I SA+F RASCAT I )
+BOYERt FAISSLERtGARELICKt CETTNERt +) 1

+BREIDENBACHt BULOSt FELDNAN t+ (SLAC+1 BL )J
BRAUNSCHWE IGt ( AAC HEN+1 AMB+MUN ICH+TOK YQ )
+L EARNEDt PREPOST t ASH ~ ANDERSONt+ (WI SC+SLAC 1

+DEt NE tFRANKEt HQRl ITZ tKRECHLOCK+
' (DESY)

+DE I NE t FGX ~ FRANKE t HQRL IT 2 t KNIES t + ( DESY 1

+KREI SLERt BOLONtHEILE+ ( M A SA+M I T+ SL AC 1

ERAUNSCHWE IGtKQNIGS ~ + (AACH+DESY+MPIM+TOKY}
BRAUNSCHWE IGtKQNIGSt+ (AACH+DESYtMP IM+TGKY )
+BARTOLI t 8ISELI Ct t (FRAStNAPO+PADO+RCNA)
+BERONtHILGERtHQFSTAGTER+ (SLAC+PENN)
G ITTELMAh+HANSON+ LARS CN+LCl-+ ( CORN)
GQLDHABER t JOHNSQNt KADYKt+ (LBL+SLAC}
+PANCHERI-SRIVASTAVA SRIVASTAVA (FRAS)
J HE INTZE {HE IDELBERG )
J «D ~ JACKSGNt D«SCHARRE (LBL 1

+ABRAMS, BQYARSK I t BREIDENBACH, + (SLAC+LBL ) I
+LEE t 8RONSTEIN+ (CGLU+HAWA+CORN+ILL+FNAL 1

+LEE t 8RONSTE IN+ (CGLU+HAhAtCORNti LL+FNAL 1

A ~ D«L I BERMAN ( STANFORD )
+ BQLGN t DAK IN t FELDMAN t HANS GN+(MI T+NASA+SLAC)
RE PREPGST ( WI SCON SIN )
+BERGNtFORDt HILGER tHGFSTADTERt + (STAN+PENN )
B ~ H ~ 'Wl IK ( DESY )
D ~ R «YENNIE (CORNELL}

Pl
P2
P3
P4

P

Pll
P12
P13
P14
P15
P54

P
P
P21
P22
P23
P24
P25
P26

P
P
P51
P52
P53
P55
P56
P57
P58
P59

71 PSI (3700) WIDTH (KEV)

228 56 ~ l UTH 75 SMAG

71 P SI {3700) PARTIAL DECAY }tOOES

PS I (3700)
PSI(3700)
P SI (3700)
PS I (3700)
PSI(3700}
PS I (37001

INTO J/PS I ( 3100) + ANYTHING
INTO J/PS I (3100} + NEUTRALS
INTO J/PSI(3100l Pl+ PI-
INTO J/PSI(31001 PIG PI 0
INTO J/PS I {31001 ETA
INTO J/P SI (3100) GAMMA GAMMA

HADRON IC DECAYS

PSI(3700) INTO P It PI
PSI (37001 INTO Rt GO PIO
PSI (3700) INTO K+ K-
PSI (3700) INTO 2 (P I+ P I-) P IO
PSI (37001 INTO PI+ PI- Kt K-
PS I (3700} INTO PBAR P

RADI AT I VE DECAYS

PSI(3700)
PSI (3700)
PS I (3700)
P Sl (3700}
PS I ( 3700)
PS I (3700)
PSI (3700)
PS I ( 37001

INTO GAMMA GAMMA

INTO PIO GAMMA

INTO ETA GAMMA

INTO ETA PRIME GAMMA

INTO CHI ( 3410) GAMMA

INTO CHI ( 3530) GAMMA

INTO PC GAMMA

INTO X( 2750) GAMMA

PS I ( 3700) I.NTO E+ E
PS I (3700) INTO MU+ MU-
P S I (3700 } INTO HADRCNS
P SI ( 3700) INTO GAMMA INTO HADRGNS

DECAYS INTO J/PSI (3100) t ANYTHING

DECAY MASSE S
~ 5t «5

105+ 105

3098+ 139+ 139
3098+ 134+ 134
3098+ 548

3410+ 0
3530+ 0

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹'¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

(

71 PSI (3700t JPG-1 ) I=O

+The Q (3700) was discovered in e e collisions
at SPEAR (ABRANS 74), and since then has been ex-
tensively investigated in e e collisions at. SPEAR

and DORIS, as well as at conventional accelerators.
The hadronic interpretation of the $(3700)

is closely related to that. of J/$(3100), due to
the decays Q (3700) ~ J/Q (3100) 7TTt and

Q (3700) ~ J/Q (3100) P. These decays also deter-
G

mine the I = 0 assignment. for the Q (3700)
(TANENBAUM 75).

PC
The J assignment, suggested by production

in s-channel e e collisions, is confirmed by the

observation of an interference between the reso-

P58P15P14P13
P 13 ~ 3307+- ~ 0266
P 14 ~ 5922 ~ 1724+- .024 2
P 15 ~ 0079 ~ 1453 ~ 04 16+ ~ 007 0
P58 ~ 0264 —~ 2301 - ~ 0065 ~ 0363+- ~ 0066
POTHER ~ 9108 ~ 8301 ~ 0727 ~ 0370 « tl90+ «0450

OTHER

71 PSI {3700) PARTIAL WIDTHS (KEV)

Kl
Wl

PS I (37001 INTO E+ E-
2 1 ~ w LUTH 75 SNAG

(Gl)
E+E-

W3
W3

PSI(3700) INTO HACRGNS
224» 56. LUTH

{G3}
75 SNAG E+ E-

71 PS I(37001 BRANCHING RATIOS

Rl PS I (3700) INTO ( E+ E- )/TOTAL
Rl L ~ 0093 «0016 LUTH 75 SMAG E+E-
Rl L FROM AN OVERALL FIT ASSUMING EQUAL PARTIAL WIDTHS FOR (E+E-)
Rl L AND ( MU+MU-) «FQR A MEASUREMENT OF THE RAT IO SEE THE ENTRY R4 BELOW

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode
branching fractions, P. , as follows: The diagonal elements are P. + 6P. , where1 1 1
6P. = Q(6P. 6P.), while the off-diagonal elements are the normalized correlation coeffi-r 1 1
cients (6P.6P. ) /(6P. - 6P.). For the definitions of the individual P. , see the listingsi j 1 j 1
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and1
are thus constrained to add to i.

2/75¹
1/76¹

1/76¹

1/76¹
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Me sons
y(37oo)

Data Card Listings
For notation, see k, ey at front of Listings.

R4
R4

PSI (3700) INTO (I-ACRCNS)/TOTAL
~ 981 003 LUTH

P SI t3700) INTO (MU+ MU-)/ ( E+ E-)
~ 89 ~ 16 LUTHl

75 SMAG

75 SMAG

R2 PSI (3700) INTO (MU+ MU-) /TOTAL
R2 H ~ 0084 »0018 HILGER 75 SPEC
R2 H RE-STATED BY US USING ( J/PSI {3100)+ANYTHING)/TOTAL 6

E+E-

E+E-

1/764

1/764

R54
R54
R54 F
R54 F
R54 F
R54 F
R54 F
R54 F
R54 F

FOR DECAY MODES OF TVE CHI INDICATCD
( ~ 131 ( ~ 05) FELDMAN
( ~ 071 FELDMAN1
t »141 ( 071 FELDMANl
( ~ 1) F ELDMAN1
(»5) OR LESS CL= ~ 90 FELDMAN1

FOR DECAY MODES OF TI. E CHI IND ICATED

75 CHI INTO (PI+PI —)OR{ K+K
75 CHI INTO (Pl+PI-K+K-)
75 CHI INTO (2{PI+PI-))
75 CHI INTO (3{PI+PI-))
75 CHI INTO t J/PS I GAMMA)

PSI(3700) INTO (CHI (3410) GAMMA)/TCTAL +10++2

R5
R5

PSI (3700) INTO (GAMMA INTO HADRGNS) /TOTAL
~ 029 ~ 004 LUTH 75 SMAG

DECAYS INTO J/PS I(3100) + ANYTHING

E+E- 1/76%
R55 PSI(3700) INTO (CHI(3530) GAMMA) /TOTAL
R55
R55 F FGR DECAY )rGDES QF TI E CHI INC ICATED
R55 F ( ~ 027)QR LESS CL= 90 FELDMAN
R55 F (.05) FELDMAN1
R55 F ( ~ 2) (.1) FELDMAN1
R55 F ( ~ 21 FELDMAN1
R55 F FOR DECAY MODES OF TI E CI-. I INDICATED

Q 10++2

75
75
75
75

CHI INTO (PI+PI-)GR(K+K
CHI INTO {PI+PI-K+K-1
CHI INTO (2(P I+PI-) )
CHI INTO {3(PI+PI-)1

R10
R10
R10
R10

PSI (3700) INTO (J/PSI(3100) + ANYTHING)/TOTAL
57 ~ 08 A BR AMS4 75 SNAG E+E-

~ ~ ~ ~ ~ ~ ~ ~ ~

FIT 0 ~ 581 0 ~ 045 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 01

I/76+ R56 PS I f 3700) INTO ( PC CAMMA) /TOTAL r PC ENTO ( PI+PI ) OR {K+K
R56 ( ~ 00027) OR L ESS CL= »90 FELDMAN 1 75 SMAG E+E- I/764

Rll
Rll
Rll
Rll
Rll
Rll
Rl1

R12
R12
R12
R12
R12
R12
R12

FIT

PSI (3700) INTO ( J/PS I (3100) PI+ PI-)/TGTAI
» 32 ~ 04 ABRAMS1 75 SMAG
36 06 WI IK 75 GASP

~ ~ e ~ e ~ ~ e ~

0 ' 332 0 ' 033
0 ' 332 0 ' 036
0 ' 331 0 ' 027

E+ E-
E+ E-

AVERAGE ( ERROR !NCLUDES SCALE FACTOR QF 1 0)
AVERAGE USING STUDENT10(H/1 11) —SEE TEXT

FROM F IT ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

AVG
STUDENT
FIT

PSI(3700) INTO (J/PSI(3100) + NEUTRALS)/f J/PSI f3100) + ANYTHING)
S ( ~ 441 ( ~ 03) ABRAMS1 75 SMAG E+E-
S SUPERSEDED BY TANENBAUM 76 (FOOTNOTE 13 OF TANENBA1 75rAND
S IRIV. COMMUNICATION).

~ 41 ~ 02 TANENBAUM 76 SHAG E+E-
e ~ ~ ~ ~ ~ e e ~

0 ~ 410 0 ~ 019 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 01

I/76+

2I 76+

1/ 764'
1/764

G3
G3

71. PS I (37001 G( I ) +G( E+E-) /GfTGTAL) fKEV I

G I HADRGNI C 1+G ( E+ E- ) /C (TOTAL )
2 ~ 2 ~ 4 ABRAMS4 75 SMAG

THIS COMBINATIGN QF A PARTIAL WIDTH WITH THE PARTIAL WIDTH
INTO E+E- AND WITH TVE TOTAL WIDTH IS QBTAINEG FROM THE INTEGRATED
CROSS-SECT ION INTO CHANNEL( I ) IN TI'E E+E- ANNIHILATION ~

SEE THE MINI-REVIEW CN EXTRACTING RESONANCE WIDTI-S ~

1/76+

R13
R13
R13
R13

R14
R14
R14

R15
RI5
R15
R15
'R1 5
R15
R15

R16
R16

R50
R50
R50
R50
R50
R50
R50
R50

F IT

PSI( 37001 INTO (S/PSI (3100) PIG PI 0) /TOTAL
~ 18 .06 WI IK 75 OASP E+E-

~ ~ ~ ~ ~ ~ ~ e ~

Oe 172 0» 024 FROM F IT ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0 1

PSI(3700) INTO ( J/PSI (3100) PIO PIO) I ( J/PSI (3100) PI+ P I-1
H ( ~ 64) ( ~ 15) HILGER 75 SPEC E+E-
H IGNORING THE t J/PS I ETA) AND ( J/PS I GAMMA GAMMA) DECAYS

AVG
STUDENT
F IT

PSI(3700) INTO (J/PSI{3100) GAMMA OR J/PSI(3
( ~ 0015) OR LESS CL= 90 TANENBA1 75

100) PIO) /TOTAL
SHAG E+E-

PSI (37001 INTO (J/PS I (31001 GAMMA GAMMA) /TOT
A 10 SEEN CASP3 75
8 5 SEEN DASP3 75
A 15 SEEN HE INTZE 75
B 150 SEEN TANENBAUM 75

AB DECAY PROCEEDS VIA INT ERMEDIATE STATE PC
A WITH J/PSI (3100) INTO (E+ E-1
8 WITH J/PSI t31001 INTO t MU+ MU-1

HADRON IC DECAYS

AL
GASP
DASP
SPEC
SMAG
SEE R51)

E+E-
E+E-
E+E-
E+E-

PSI (3700) INTO ( J/PSI (3100) ETA)/TOTAL
~ 043 F 008 TANENBAI. 75 SMAG E+E-
~ 037 »015 WIIK 75 GASP E+E-

~ ~ ~ e ~ e ~ ~ ~

0 ~ 0417 0 ~ 0071 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 »01
0 0417 0 0076 AVERAGE USING STUDENT10(H/1 11) —SEE TEXT
0 ~ 0416 0 0070 FRCM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

1 /764

1/764

I/76+
1/764

2/764

1/76+
I/76+
1/764
I/764

ABRAMSl
ABRAMS4
AU BERT
GAMER INI
CR IEGEE
DASP3
FELDMAN
FELDMAN1
GRECO
HEINT ZE
JACKSON
HILGER
HUGHES
LUTH
L UTHl
LIBERMAN
PREPGST
SIMPSCN
TANENBAU
TANENBA1
'W I IK

75 PRL 34 1181
75 STANFORD SYMP ~

75 PRL 33 1624
75 PRI 35 483
75 PI 53 8 489
75 PL 578 407
75 PRL 35 821
75 STANFORD SYMP»
75 PL 568 367
75 STANFORD SYMP ~

75 NI M 128 13 .

75 PRL 3 5 625
75 PREP ~ HEPL 765
75 PRL 35 1124
75 SI AC-PUB-1599
75 STANFORD SYMP ~

75 STANFORD SYMP ~

75 PRL 35 699
75 PRL 35 1323
75 PRL SLAG-PUB1696
75 STANFORD SYMP

ABRAMS 74 PRL 33 1453

V71
V71
V71
V 71
V71
V71
V71
V71
V71
V71
V71
V 7.1
V71

JPC V71
V71
V71
V71
V71
V71
V71
V71

+BRIGGSrCHINCWSKYr FRIECBERCr+ {LBL+SLAC)
G ~ S ~ ABRAMS (LBL )
+ CHECKER BI GGS BURGER GL ENN+ ( MI T+BNL )
+LEARNED r PREPQ STr ASH r ANDERSON r+ IW ISC+SLAC )
+DEHNE, FRANKE, HGRLITZ, KRECHLGCK+ (DESY)
BRAUNSCHWE IG KQNI G S + ( AAC I.+DESY+MP I M+7 GKY )
+JEAN-MAR IEr SADOULET r VANNUCCIr+ ( LBL+ SLAG)
G ~ J »FELDMAN ( SLAC )
+PANCHERI-SRI VASTAVA r SRIVASTAVA ( FRAS )
J ~ I-E INTZE (HEIDEI BERG)
J D»JACKSQNr D ~ SCHARRE (LBL )
+BERGNr FORD r HGF STADTER r HOW ELLr + {STAN+PENN )
+8 ERON'r CARR I NGTQN r FORD r HILGER r+ (STAN+PENN)
+ BOYARSK I LYNCH r BREI CENBACI- + ( SLAC+L BL )
V LUTH r PALERMC CCNF PROC ~ + t SLAC+LBL 1

D LI BERMAN (STANFORD)
R ~ PREPQST (WISCONSIN)
+BERGNrFORDrHILGERrHQFSTADTERr+ (STAN+PENN)
TANENBAUMr WHITAKER r ABRAMS r+ ( L BL+SLAC )
TANENBAUMr ABRAMS r BGYARSKI r+ (SLAC+LBL)
B ~ I. ~ W I IK ( DESY)

REFERENCES FOR PSI(3700)

+BR IGGS r AUGUST INr BOYARSKI+ {LBL+SLAC) V71

R20
R20
R20

R21
R21

R22
R22

R23
R23
R23

R24
R24

R25
R25
R25

PS I (3700) INTO ( PI+ P I-) /TOTAL
( F 0009)QR LESS CL= ~ 90 WIIK 75

( e00019)OR LESS CL=»90 FELDMAN 75

PSI(3700) INTO (RHQO PIG 1/TOTAL
( ~ 001)OR LESS CL= ~ 90 ABRAMS4 75

P SI (37001 INTO (2 (PI+ P I-) P I 0) /TCTAL
~ 0035 ~ 0015 ABRAMS4 75

PSI (3700) INTO (K+ K-) ITGTAL
( ~ 0016)QR LESS CL~ ~ 90 Wl IK 75

( ~ 00023)OR L ESS CL= ~ 90 FELDMAN 75

PSI (3700) INTO {PI+ P I- K+ K-1/TOTAL
( 0005) ABRAMS4 7 5

PS I (37001 INTO (PBAR P ) /TOTAL
{~ 001 ) OR LESS CL=»90 WI IK 75

~ 0004 ~ 0002 A 8 RA h' S4 75

RADIATIVE DECAYS

GASP
SMAG

SHAG

SMAG

GASP
SMAG

SHAG

GASP
SMAG

E+E-
E+E-

E+E-

E+E-

E+ E-
F+E-

E+E-
E+ E-

1/76+
1/76»'

I /764'

1/ 764'

I /76+
1 /764

1 /764'
1/760

+Additional States in S-channel e e Collisions

No evidence for narrow states has been

found in the mass intervals 1910-2545 NeV and

2970-3090 NeV (BACCI 75, ESPOSITO 75) . Except for
the $(3700}, no additional narrow states have been

found in the mass interval 3200-7600 NeV

(BOYARSKI 75, SCHNITTERS 75) .
+

The broad enhancement. observed in the e e
R41
R41
R41

R42
R42
R42

R43
R43
R43
R43

R44
R44

R51
R51
R51
R51
R51
R51
R51

R52
R52

R53
R53
R53

PSI (3700) INTO {GAI4FA GAMII(A) ITCTAL
( ~ 008)OR LESS CL= ~ 90 W I IK 75 GASP

U {»005) OR LESS CL= 95 HUGHES 75 SPEC

PS I (3700) INTO f P IO GAMMA ) /TOTAL
( 01) OR LESS CL=»90 WI IK 75 GASP

U ( ~ 007) QR L ESS CL= ~ 95 HUGHE S 75 SPEC

PSI (3700) IKTG ( ETA CA)r MA) /TOTAL
I 0013)QR L ESS CL-" 90 WI I K 75 GASP

U {~ 024) OR L ESS CL= ~ 95 HUGHES 75 SPEC
U RE-STATED BY US USING ( MU+MU-) /TCTAL = ~ 01

E+E-
E+E-

E+E-
E+E-

E+ E-
E+E-

P S I (37001 INTO ( ET A. PR I ME GAMMA ) /TGT AL
(»014)QR LESS CL= 90 WI IK 75 GASP E+E-

PS I (3700) INTO
04
036

AVG
STUDENT
FIT

~ » e e ~ ~

0 ' 0364
0 ' 0364
0 ' 0363

(PC GAMMA)/TGTALr PC INTO (J/PSI(3100) GAMMA1
~ 02 W I I.K 75 GASP E+E-

007 TANENBAUM 75 SHAG E+E-
~ ~ e
0 0066 AVERAGE f ERROR INCLUDES SCALE FACTOR OF 1 e0)
0 ~ 0071 AVERAGE USING STUDENT10{ H/1» ll) —SCE TEXT
0 ~ 0066 FRCM FIT (ERROR INCLUDES SCALE FACTOR OF 1 0)

PSI (3700) INTO (PC GAMMA) /TOTALr PC INTO (GAMMA GAMMA)
( ~ 000013)GR I ESS CL= ~ 90 WI IK 75 CASP E+E-

PS I {3700) INTO (X (27501 GAMMA ) /TOTAL r X( 2750) INTO ( GAMMA GAMMA)
( ~ 00037)QR LESS CL= 90 WI.'K 75 GASP E+E-

( D 003)GR LESS CL= ~ 95 HUGHES 75 SPEC E+E-

1/764
1 /76rl'

1/76&
1/76%

1 /764'
1 /764

I/764

1/76+
1/76+

I/76+

I /764'
1 /76+

total cross section at SPEAR (AUGUSTIN 75) is
now resolved into two dist. inct. objects at. 4100

and 4400 MeV (SIEGRIST 76), with indications of
even more detailed substructure especially at, 4l00
NeV (see figure). Due to there being very limited
information available on the properties of $(4100)
and $(4400), their resonant. interpretation is not

yet established. If in fact, they are resonances,

then their relatively large widths suggest that
PC

they are hadronic, with J
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I

Data Card Listings
For notation, see key at front of Listings.

Mesons
Q(4100). +(4400), X(8750)

REFERENCES FOR PSI (4400)

SCH}IITTE 75 STANFORD SYMP ~ R F ~ SCH}IITTER5 ( SLAC l V73
S IEGP I ST 76 SUBM, TO PRl +ABRA!4ISy BOYARSK I e BREI DENBACHi+ ( LBL+SLAC ) V73

54 X(2750' JPG= ) I=

I}
{} II}

Il

(I
I}

Il

OBSERVEC IN Tl. E SEQUENTIAL RADIATIVE LECAY OF THE
J/PSI (3100) INTO X(2750) GAMMA' X(2750) INTO GAMBIA GAMMA~AND POSSIBl Y
PBAR P {HEINTZE 75) THIS SUGGESTS QUANTUM NUMBER ASSICNMENTS
C=+t I G=O+ OR 1 ~

NEEDS CONF IRMAT ICN OMITTED FROM TABLE ~

54 X(2750) MASS (MEV)

(2750 1 HE INTZE 75 DESY E+E- I/76¹

R
IP

Pl
P2

54 X(2750} PARTIAL DECAY MODES

X(2750} INTO GAMMA GAMMA

X( 2750) INTO PBAR P

DECAY MASSES

54 X( 2750) BRANCHING RAT (OS

RI X(2750) INTO (P BAR P) /TOTAL
R1 2 POSSIBLY SEEN }II IK 75 DASP E+ E-

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

1 /76¹

HE INT ZE 75 STANFORD SYMP ~

MI IK 75 STANFORD SYMP

REFERENCES FOR X(2750)

J ~ I-EINTZE
B ~ H eN I IK

( HE IDELBERG ) V54
( DESY) V54

States Observed in Radiative Decays of $(3700)

0~: I

0 5.8 4.0 4.2
E, (GeV)

4 4
2893C1

The properties, and even the number, of
intermediate states in radiative decay of Q (3700)

are not well known. The main problems are:
l) small statistics in most experiments;

2) ambiguity in the determination of the mass «
The ratio of cross sections 0 ( e e ~ hadrons )

o(e e
in the Q (4100) -Q (4400) region (from SIZGRIST 76) .

p c
3) it is not known whether the X(3530) is a

(4150~ l
(4100 l

72 PSI(4100' JPG= ) I=

72 PSI {4100) MASS (MEV}

AUGUST I N 75 SPEAR 2 ~ 4-5 0 E+E-
SCH}IITTER 75 SMAG E+E-

2/75¹
1/76¹

single state, or whether the relatively large
observed width is due to a superposition of
several narrow states.

The data seem to require the presence of at,

least 3 states in the mass interval 3250- 355o

NeV; the figure summarizes all the present claims.

AUGUST IN 75
BACC I 75
BOYARSKI 75
ESPOS I TO 75
SCH}IITTE 75
S IEGRI ST 76

P RL 34 764
PL 58B 481
PRL 34 762
PL 588 478

STANFCRO SYMP ~

SUBMIT TO PRL

REFERENCES FOR PSI (4100)

+BOYARSKI ABRAMS BRICGS+ (SLAC+LBL)
yBIDOLI, PENSO, STELLA, ~ (ROMA+FRAS)
+BREIDENBACH ABRAMS BRIGGSe+ (SLAC+LBL l

+FEL ICETTI ePERUZZI ~+ (FRAS+NAPO+PAOO+ROMA)
R ~ F~SCH}I ITTER S (SLAC)
+ABRAMSvBOYARSKIeBREIGENBACHw+ (LBL+SLAC)

V72
V72
V72
V72
V72
V72

3300

Wiik 75

Tanenbaum 75

Wiik 75

(2 events)

3400

Wiik 75

(2 events)

3500

Wiik 75

Tanenbaum 75

rn„(Mev)
I

Tanenbaum 75 Tanenbaum 75

73 P S I ( 4400 g J'PG= I I =

73 PSI(4400) MASS (MEV)

V'

X-y J/y(3I00)
low mass solution

X-y J/y(3I00)
high mass solution

44 14~ 7 ~ S IEGR 1ST 76 SHAG E+E 2/76¹
Feldman 75

33 ~ 10 ' S I EGR I ST 76 SMAG

73 PSI (4400) }IIOTH (MEV)

E+E- 2/76¹
X-hadrons I Feldman 75

Wiik 75

( I event )

Feldman 75

- Wiik 75

(I event )

XBL 763 2362
73 P S I (4400) BRANCHING RATIOS

PS I (4400) INTO ( E+ E- ) /TCT AL ¹10¹¹5
1 ~ 3 ~ 3 SIEGRIST 76 SMAG E+E- Claims for intermediate states X in the radiative decay2/76¹

Q (3700) ~ 'YX.
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Me sans
P (3300 or 3500), y(3410), y(3530)

Data Card Listings
For notation, see key at front of Listings.

P, (3300 or 3500)
55 PC{3300 OR 3500t JPG= ) I=

q(a4&0)
56 CHI (3410t JPG= ) I=

OBSERVED IN THE RAG IAT I Vc SEQUENT I AL DECAY QF THE
PSI (3700) INTO PC GAHMAt PC INTO J/PSI (3100) GAHMA (BRAUNSWEIG 75t
CGNF IRMED BY TANENBAUM 75 ) TI-EREFGRE C=+ MASS CETERMINATION
AMBIGUOUS DUE TQ TWQ POSSIBLE (GAMMA J/PSI ) COMBINAT IQNS IN THE
FINAL STATE ( J/PS I GAMMA GAMMA)
NcEDS CLARIF ICATICN {SEE TI. E HINIREVIEW QN STATES OBSERVED IN
RADIAT? VE DECAYS OF PS I (3700l ~ OMITTED FROM TABLE

OBSERVED IN THE RADIATIVE DECAY OF PSI(3700) ENTO
CHI(3410} GAMMA (FELDMAN 75)t THEREFORE C=+ ~ THE OBSERVED DECAY
INTO (PI+PI ) OR(K+K ) Il PLIES G=+t JP 0+t2+t e ~ CCNFIRMAT ION
OF BOTH {P I+P I-) AND (@+K-I HODES WQUI D ESTABL ISI-' I=O
NEEDS CLARIF ICAT ION (SEE Tl'E MIN IREV I EW GN STATES OBSERVED IN
RADIATIVE DECAYS OF PSI (3700) ~ OMITTED FROM TABLE ~

55 PC MASS (MEV I
11 3400m

3410.
10 ~

10 ~

FELDMAN
FELDHAN

56 CHI (3410) MASS ( ME V)

75 SHAG
75 SMAG

E+E-
E+E-

1/76+
1/764

ICN
50 ~ 1

10 '
10 '

7 ~

(8 ~ )
~ ~

7 3
6 2

HIGH MASS SGI UT IQN
4(3520. } (50. )

40 3500 ~ 10
7 3504 8
7 3507 7
2(3407 ) (8 1

WIIK 75 SUPERSEDES
AND 2 EVENTS INDIC

H2 H

M2 H W

M2 H

H2 H

H2 H W

M2 H W

H2 H W

M2 H W

M2 ~ 0 ~

M2 A VG 3504 5
M2 STUDENT3504 ~ 5

4 7
5 ' 0

Ml L LGW HASS SOLUT
Ml L W . 4(3260. ) (
Ml L 40 3270 ~

Hl L 7 3283
Hl L W 7 3258.
Ml L W 2(3351~ 1

Ml ~ ~ 4 ~ 0 ~

Ml AVG 3267 2
Ml STUDENT3267 0

OASP3 75 CASP
TANENBAUM 75 SHAG
TANENBAUH 75 SHAG
W I I K 75 GASP
WI IK 75 GASP

E+E-
E+E-
E+E-
E+E-
E+E-

DA SP3 75 DASP
TA NE NBA UM 75 SMAG
TANENBAUM 75 SHAG
W I IK 75 GASP
WI IK 75 DASP

CASP3 75t W I TH 3 ADDITIONAL
AT ING PQSS I BL E EX I'STENCE OF A

E+E-
E+E-
E+E-
E+ E-
E+E-

EVENTS FOR THE PCt
PC PR IHE

AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT10 (H/1 1 1) -- SEE TEXT

AVERAGE ( ERROR INCLUDES SCALE FACTOR QF 1 ~5 )
AVERAGE USING STUDENT10{H/1 ~ 11} -- SEE TEXT

1/76~
1/76+
1/7«
1/76&
1/764

1/764
1/764
1/764
I/764
1/764

~ ~ 0 ~ ~ ~ ~ ~ ~

AVG 3405 ~ 0 7 ~ 1
STUDENT3405. 0 7 ' 8

AVER AGE ( ERROR INCLUDES SCALE FACTOR OF 1 0)
AVERAGE USING STUOENT10(H/1 11) -- SEE TEXT

56 C H I ( 341 0 ) PART I AL DECAY MODES

DECAY MASSES
Pl
P2
P3
P4
P5
P6

C HI ( 3410) INTO
CHI (3410) INTO
CHI (341.0) INTO
CHI (3410) INTO
CHI (3410) INTO
CHI (3410) INTO

PI+ P I-
K+ K-
2{PI+ PI-I
3(PI+ PI-)
P I+ PI- K+ K-
J/P S I ( 3100) GAMMA

56 C HI (3410) BRANCHING RAT IOS

R SEE BRANCHING RATIOS R54 OF PS I {3700)

Pl
P2
P3
P4

55 PC PARTIAL DECAY MCDES

PC INTO J/P SI (3100) GAMMA
PC INTO P I+ P I-
PC INTO K+ K-
PC INTO GAMMA GAMMA

CECAY MASSES
FELDMAN 75 PRL 35 821

AL SO 75 PRL 35 1189
TANENBAU 75 PRL 35 1323

REFERENCES FOR CHE (3410)

+JEAN-MARI Et SADOULETt VANNUCCIt+ (I BL+SLAC 1 V56
(ERRATA)

TANENBAUM ItHI TAKER ABRAHS + (LBL+SLAC) V56

55 PC BRANCI ING RATIOS

Rl PC INTO ( J/PS I (3100 ) CAMMA 1/TOTAL
Rl D DOMINANT GAS P3
Rl 0 USING THE UPPER LIMITS OF SIMPSON 75

75 CASP

R2 PC INTO {PI+PI — GR K+K-) /TOTAL
R2 F NGT SE EN FELDMANl 75 SHAG
R2 F SEE BRANCHING RATIO R56 QF PSI {3700)~

E+E- 1/764

1/764

x(35~o)
57 CHI(3530t JPG= 1 I=

OBSERVED IN RADIATIVE DECAY OF PS I(3700) INTO
CHI(3530) GAMMA (FELDMAN 75) t THEREFORE C=+ ~ CAN BE INTERPRETED
AS A SINGLE {BROAD) STATE t OR AS A SUPERPOSITION OF SEVERAI
NARROW STATES'
NEEDS CL AR IF ICAT ION ( SEE THE HINIRE V I E'W ON STAT E S OBS ERVED I N
RADIATIVE DECAYS OF PSI {3700). OMITTED FROM TABLE ~

R3
R3

PC INTO {GAMMA GAMMA I/TOTAL
( ~ 0032}OR LESS CL= 90 WI IK 75 GASP E+E- 1/76%

57 CHI (3530) MASS ( MEVl
REFERENCES FOR PC

60 3530' 20 FELDMAN 75 SHAG E+E 1/76+
DASP3 75
FELDMAN1 75
HEINTZE 75
SIMPSON 75
TANENBAU 75
WI I K 75

PL 57B 407
STANFORD SYHP ~

STANFORD SYHP ~

PRL 35 699
PRL 35 1323

STANFORD SYMP ~

BRAUNSCHWEIGt KOh'IGSt+ (AACI +DESY+MP IM+TOKY )
G ~ J ~ F ELDMAN {SLAC)
J ~ I-E I NTZE ( I'E IDEL BERG )
+BERG N t FQRDt HI LGER t HGF STADT ER t + ( STA'N+PENN )
TANENBAUMt WHITAKERtABRAHSt+ (LBL+SLAC)
B ~ H ~ WI IK (DESY)

V55
V55
V55
V55
V55
V55

P).
P2
P3
P4
P5
P6

CHI (3530)
CHE(3530)
CHI (3530)
CHI (3530)
CH I {3530)
CHI (3530)

57 CHIL 3530) PARTIAL DECAY MODES

INTO P I+ P I-
INTO, K+ P-
INTO 2(PI+ PI-)
INTO 3{PI+ P I-)
INTO P I+ PI» K+ K

INTO J/P SI (3100) GAHMA

DECAY MASSES

57 CH I {3530) BRANCHING RATIOS

R SEE BRANCHING RATIOS R55 CF PS I (3700}
444 4A44W4

R EF ERE NC E S FOR CH I (35301

FELDMAN 75 PRL 35 821
ALSO 75 PRL 35 1189

TANENBAU 75 PRL 35 1323

+JEAN-MARI Et SADQUL ET t VANNUCC It + (( BL+SLAC ) V57
( ERRATA)

TANENBAUM WHI TAKER ABRAMS + (LBL+SLAC} V57
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Data Card Listings
For notation, see key at front of Listings.

Earyons
N's and 4's

Note on N's and D. 's

I. Determination of Resonance Parameters

emphasize that in some cases these parameters

are quite poorly determined.

Values of masses, widths, and branching

ratios are obtained mainly from phase-shift
analyses. In production experiments, in fact, it
is seldom clear which of the many states at
similar masses is being observed. In addition . to
a few complete phase-shift analyses, we have

other analyses, done by using somewhat incomplete

data, by various different groups, but we are
quite far from having reliable masses and widths

derived therefrom.
There are essentially two problems in

obtaining reliable resonance parameters. First
there is often disagreement as to just what the

values of the partial-wave amplitudes are. This

problem is obviously related to the quality and

quantity of the data and to the procedures used

to determine the amplitudes. Secondly, even if
smooth curves were available for the amplitudes,

there would still be some parametrization-
dependent ambiguity in deciding what the resonance

parameters should be. From a theoretical stand-
point' the most unambiguously defined resonance

parameters are the pole position and residue,
and it has been found in practice that, given

sufficiently precise partial-wave amplitudes,

these quantities can be extracted in a stable and

parametrization-independent way, in spite of the

fact that they require an extrapolation away from

the physical region. This point has been dis-
cussed in detail with regard to the 6 (1232) in

1 2
previous editions of this review - We list
available pole parameter determinations in the

Data Card Listings, and many further discussions
can be found in the corresponding re ferences, e.g. ,

NOGOVA 73 SPEARMAN 74 BALL 7 5 LICHTENBERG 7 5

LONGACRE 75, and VASAN 75.
At the beginning of the Data Card Listings

for N's and Q's, we present a table giving our

evaluation of the N and 6 resonances based on

information contained in the Listings. In the
Table of Particle Properties, we do not quote

values and errors for most parameters, but give

only ranges for masses and widths in order to

References for Section I

1. Particle Data Group, Rev. Mod. Phys. 43, S114

(1971).
2. Particle Data Group, Phys. Lett. 39B, 103

(1972).
For other references see the Data C".ard Listings.

II. 7N ~ 7TN, gN, KZ, KA

The most recent available AN ~ 'ITN amplitudes

are from the analysis of the Saclay group,

AYED 74. Preliminary results of more recent
1,2analyses have been discussed at meetings ' , but.

resonance parameters are not yet
results of AYED 74 are shown in Figs. II.1-II.6.
The figure captions summarize the known resonances

in the various partial waves. We restrict our dis-
cussion here to mentioning the possible new ef fects
seen in recent analyses. All resonance parameters

quoted under AYED 74 derive from energy-

dependent fits (Breit-.Wigner with background) to
the partial-wave amplitudes which were determined

in an energy-independent shortest-path analysis.
S" : In Fig. II.1, the energy-dependent fit31

of AYED 74 suggests that the broad structure
around 2000 MeU is associated with a second

resonance with

M = 2001 MeU, I = 307 MeV, x = 0.08tot el

There is some additional evidence for such an

effect from LANGBEIN 73 and DEANS 75, which are
energy-independent and energy-dependent. analyses,
respectively, of KZ associated production.

P" : The small dip in the imaginary part
of P and the zero in the real part around

1900 MeV are interpreted in the energy-dependent

fit of AYED 74 as a second P resonance,

M = 1904 MeV, I" = 204 MeV, x = 0.19tot el

ALMEHED 72 found two e ffects, one at &1680 MeV

and another at &2150 MeV, as did DEANS 75.
However, LANGBEIN 73 found evidence for the higher

mass effect only. The existence of some sort of
effect at &2200 MeV seems definitely established

Rev. Mod. Phys. , Vol. 48, No. 2, Part II, April 1976
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Baryons
N's and. b's

Data Card Listings
For notation, see key at front of Listings.

oo
~

rM(s31) 00 IM(P3 1)

.75-

+
+ +

+ +

v + +

.75-

4.
+ +

+ +
++

—.50 —.Z5
i

++
+

+

, 25-

0 i

.Z5 .60
i

RK(S3 1)

++

+
++

1 400
i i i I I I I ~ I i

1700 2000 Z300
ENERGY (MeV)

—,50 —.Z5
I i

+
+
+

++
+

, 2, 5
0

.50
RK(P3 1)

t'
~44+

I i 1 i I I i i i I

1400 1700 2000
ENERGY (MeV)

2300

+

++

+
+
+
+

+
+

+
+

+

-- 1400

-- 1700

--2300

7T'N ELASTIC S31 AMPLITUDE ~t
p+

+ +~
+

+

+
+

+
+

-- 1400

-- 1700

--2000

-- 2300

TrN ELASTIC P31 AMPLITUDE

ENERGY (MeV)

OQ~

„,j-*

ENERGY (MeV)

00 IM(D 33)

+ 4.
+++~ ~ +

—.60 —.25

+

.50
1

RK(F3 3)

e
+~ +++ &+
+kg+ g +

0 I I I I M I i i I ~ I i ~ I

1400 1700 2000
ENERGY (MeV)

Z300 —.50 —.26
L I

.26
I

0- i

, 60

RE(D33)

g +
+

+ +
++++

I i 1 i I I I 1 I I I i I

1400 1700 2000 2300
ENK RGY (MeV)

+
I

4
+

++
+~

+
+
+
+g

-- 1400
I

-- 1700

AN EASTI C P 33 AMP LITUD E

~- 1400

&—17OO

AN ELA.STIC D 33 AMPLITUDE

2000

+
+

+
+

+ -- 2000

2300 -- 2300

ENERGY (MeV) ENERGY (MeV)

Fig. II.l. Amplitudes for I = 3/2 &N elastic scattering in the J 1/2 and J = 3/2 waves from AYED 'I4.
The energy dependence of each amplitude is displayed by plotting its real and imaginary parts vs. energy,
in alignment with the corresponding Argand. plot. . In addition, arrows are plotted on the Argand plots with
bases positioned at integer multiples o f 50 MeV and a base-to-tip length of 5 MeV. All the energy axes run
from elastic threshold to 2500 MeV. Established resonances in these waves are the 6 (1650), 6 (1910),
5 (1232), and 5 (1670) in the S31, P31, P33, and D» waves, respectively; these are indicated. on the above
Argand plots. See the »ta C»d listings and the accompanying mini-review for other possible resonances in
the S3] and P 3 3 wave s .
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Data Card Listings
For notation, see key at front of Listings.

Baryons
N's and 6's

00-IM(s11) OO-IM(P11)

+

g+g
~+ w ~+I t

+
++~+

+
+-hw ++~I ~

—.60
I

—.25
I

.25
I

l..
+~

.60 1400
I

RE(S 1 1)

I I I l I I

1700 2000
ZNZRGY (Mev)

2300 —.50
I

—.Z5
I

.Z5
I

50
I

RE(P1 1)

I I I I t I I 1 I I I I I I I

1400 1700 ZOOO Z300
ENERGY (MeV)

1400 -, —

++
4
+ +

+

+.

+
+

+~
+

2000

AN ELASTIC S 1 1 AMPLITUDE

1400--

+-
~+

+~ '—-1700

&- ZOOO

77N ELASTIC P 1 1 AMPI. ITUDE

--2300
+-- Z300

ENERGY (MeY)

00 IM(P 13)

ENERGY (MeV)

.oo- rM(D13)

.75-

t+
sg+~ .25-

—.50 —.26
I

.Z5
I

0-
.50

1

RE(P 13)

+ t+~a +
t+ +4 4 +

I I I I

1400 1700 2000
ZNZRGY (Mev)

2300 —.50
I

.Z5 .50
J

RE(013)
1400

+
+

0 1 I I I I

+

tg +~t
f+~

1700 2000
ENERGY (MeY)

+ +

3 I I I I

2300

+

+ -- 1400
4+

+g
+

1700

AN ELASTIC P 13 AMPLITUDE
+

+ +

+-

+

-- 1700

1400 -- +
+

'+
TrN ELASTIC D 13 AMPLITUDE

+
+ -- 2000

--2300 2300--

ENERGY (MeV) ENERGY (MeV)

Fig. II.2. Amplitudes for I = 1/2 TtN elastic scattering in the J = 1/2 and J = 3/2 waves from AYED 74.
The energy dependence of each amplitude is displayed by p otting its real and imaginary parts vs. energy,
in alignment with the corresponding Argand plot. In addition, arrows are plotted on the Argand plots with
bases positioned at integer multiples of 50 MeV and a base-to-tip length of 5 MeV. All the energy axes
run from elastic threshold to 2500 MeV. Established resonances in these waves are the N(1535) and
N (1700) in the Sll wave, the N (1470) and N (1780) in the Pll wave, the N (1810) in the P13 wave, and. the
N{1520) in the D13 wave; these are indicated on the above Argand plots. The Pll wave also contains the
nucleon pole, 138 MeV below threshold. See the Data Card Listings and the accompanying mini-review for
other possible resonances in these waves.
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Baryons
N's e.nd. 6's

Data Card Listings
For notation, see key at front of Listings.

.60 IM(D3 6) -60 IM(F35)

.45-

+
+ .15-

—.30
I

—.15
I

.15
I

~++

ENERGY (MeV)
.30

1

RK(D35)

J ll. lL0 I I I I I I I I I I I I I I I

1400 1700 2000 2300 —.30
I

—.15
I

.16 .30
I

RE(F36)

+

+w i"t
I I j j f 'I $ I I I

1400 1700 2000
ENERGY (blleV)

2300

~-1400
~ +.

+ ~—
-- 1700+

+
+

+

--2000+ +

7rN ELASTIC D35 AMPLITUDE

1700

+
+
+

~+

1400

+

+
+

--2000

7rN ELA,STIC F35 AMPLITUDE

--2300

+
+
+

+
+ -- 2300

ENERGY (MeV)

a(i 950)
- 60- IM(F 37)

ENERGY (MeV)

.60- IM(G3 7)

.30- .30-

++ /+~

++
+

+

.15-
++ +

+
+

Xl I ~ I ~ I I ~ L0 I I I I I I I I 5
' f I I I I I—.30 —.16 .15

1

.30

RK(F37)
1400 1700 2000

ENERGY (MeV)
2300 —.30

I

—.15
I

.16
I

.30
1

RK(C37)

1400 1700 2000 2300
ENERGY (MeV)

1700--

+ ——2000
+

1400 -~
~++~

+

+'

7rN ELASTIC F37 AMPLITUDE
--1400
+~

I-

—.'~ 1700
+.

+

+-2000

7r N ELASTIC G37 AMPLITUDE

+

+ --2300 +
-- Z300

KNKR'Y (MeV'j ENERGY (MeV)

Fig. II.3. Amplitudes for I = 3/2 TTN elastic scattering in the J = 5/2 and J = 7/2 waves from AYED 74.
The energy dependence of each amplitude is displayed by plotting its real and imaginary parts vs. energy,
in alignment with the corresponding Argand plot. Xn addition, arrows are plotted on the Argand plots with
bases positioned at integer multiples of 50 MeV and a base-to-tip length of 5 Nev. All the energy axes
run from elastic threshold. to 2500 MeV. Established resonances in these waves are the 6 (1890) and
5(1950) in the F35 and F37 waves, respectively; these are indicated on the above Argand plots. See the
Data Card Listings and the accompanying mini-review for another possible resonance in the D35 wave.
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Data Card Listings
For notation, see key at front of Listings.

Baryons
, N's e.nd.

.60- IM(D 16) 0 IM(F16)
N{xceo)

30-

+ +

+

~+++
+y

I r I I I I I I I

1400 1700 2000
ZNZRGY (MeV)

0 I t l I I I
0

0—.30 —.16
l I

.16 .30
RE(D iS)

—.30
I

—.15
l

.30
I

Rx(F1s)
.16

I
1400 1700 2000

ENERGY (Me V)
2300

1400 ——+
+

1400

7' EI.ACETIC D 15 AMPLITUDE AN EIASTIC I-15 AMPLITUDE
+ +--- 1700++

+
+
+

+

+
+

+~
--2000 --2000

++-
+

--2300'+ --2300

L~

KNZRGY (MeV) ZNZ R GY (Me V)

.60 IM(F17) 80- IM(G1 7)

.45-

.30-
+

t&
++

.15-.15- +
+

+g+

I I I I I I I I

1400 1700 2000
ENERGY (MeV}

++
+~ 4 L+

+
g++

+, &, +
I I I I I [ I I I I

1700 2000 2300
ENERGY (MeV)

0 I I I

1400.30
I

RK(F 17)
, 15

I

—.15
I

—.30
I

—.30
I

—.16
I

.16
I

.30
)

RZ(G17)

2300

1400 -&
~ I

I

+g,

1700 -~~

-~2000+~

"+

1700--

n N ELASTIC F17 AMPLITUDE vrN EI.ISTIC G17 AMPLITUDE

+

+
++e2000--

2300-- +
"--2300
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Fig. II.4. Amplitudes for I = 1/2 7TN elastic scattering in the J = 5/2 and J = 7/2 waves from AYED 74.
The energy dependence of each amplitude is displayed by plotting its real and imaginary parts vs. energy,
in alignment with the corresponding Argand plot. In addition, arrows are plotted on the Argand plots with
bases positioned at integer multiples of 50 NeV and a base-to-tip length of 5 NeV. All the energy axes
run from elastic threshold to 2500 MeV. Established resonances in these waves are the N(1670), N(1688),
and N(2190) in the D15, F15, and G17 waves, respectively; these are indicated on the above Argand plots.
See the Data Card Listings and the accompanying mini-review for other possible resonances in the D15,
Fl 5 f and F17 waves
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Baryons
N's an, d. I' s
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Fig. II.5. Amplitudes for I = 3/2 Trn elastic scattering in the J = 9/2 and J = ll/2 waves from AYED 74.
The energy dependence of each amplitude is displayed by plotting its real and imaginary parts vs. energy,
in alignment. with the corresponding Argand plot. In addition, arrows are plotted on the Argand. plots with
bases positioned at integer multiples of 50 NeV and a base-to-tip length of 5 NeV. All energy axes run
from 1500 to 2500 NeV. The only established resonance in these waves is the 6 (2420} in the H3 ll wave;
it is indicated on the above H3 ll Argand plot. See the Data Card Listings and the accompanying mini-
review for another possible resonance in the G39 wave.
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Fig. II.6. Amplitudes for I = l/2 Tt'N elastic scattering in the J = 9/2 and J = ll/2 waves from AYED 74.
The energy dependence of each amplitude is displayed by plotting its real and imaginary parts vs. energy,
in alignment with the corresponding Argand plot. In addition, arrows are plotted on the Argand plots with
bases positioned at integer multiples of 50 MeV and a base-to-tip length of 5 NeU. All the energy axes
run from l500 to 2500 NeV. The only established resonance in these waves is the N(2220) in the Hl9 wave;
it. is indicated on the above Hl9 Argand plot. See the Data Card Listings and the accompanying mini-review
for another possible resonance in the Gl9 wave.
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by the backward Tl p scattering experiment o f
REY 74, but the quantum numbers are not yet
established [see the Listings for 6 (2160) ] .

P : The P resonance mass quoted by31 31
AYED 74 {N = 1786 MeV) is considerably lower than

in previous analyses {except AYED 70) which find
N in the region 1900 to 1950 MeV.

D: AYED 74, LANGBEIN 73, and DEANS 75 all35
find evidence for a D state somewhere in the35
mass range 1900-2000 MeV, ALNEHED 72 found an

ef feet at 2200 MeV, but with such a large width,

600 NeV, that a resonance interpretation is
questionable.

S : In Fig. II.2 are shown the low spinll
I = 1/2 waves of AYED 74. They associate the
broad effect at ~2300 NeV with a third Sll
resonance:

pho toproduc t ion ana lyse s and the LBL-SLAC 7T~N

analysis (see III and IV below) .
D"': Along with ALNEHED 72, AYED 74 find

evidence for a D state at &2000 NeV:

M = 2029 NeV, I = 116 NeV, x = 0.10tot el

The evidence in the projections seems less than
for the effect at 1700 NeV. Evidence for coupling
of this state to the KZ channel is found by

DEANS 75, but not by LANGBEIN 73.
D": The rapid decrease in the real part of

this amplitude around 2100 NeV (see Fig. II.4} is
associated with a second D resonance by AYED 74:

N = 2100 MeV, I = 220 MeU, x = 0.08tot el

These parameters are in reasonable agreement with
those of ALNEHED 72.

N = 2283 MeV, I = 310 MeV, x = 0.14tot el

ALNEHED 72 find a similar effect at 2100 MeV.

P' : AYED 74 claim the "Roper" to be split:
N = 1413 NeV, I' = 187 MeV, x = 0.55low tot el
M , = 1532 NeV, I = 89 MeV, x = 0.12hxgh tot el

While such a splitting might be a natural
explanation for the relatively low mass and

broad width of the "Roper" as seen in production
experiments, the evidence in Fig. II.2,
especially the projections, seems only tentative.
The new Saclay gn data and partial-wave analysis
of FELTESSE 75 are not inconsistent with the
parameters of the high mass state. However, an

equally acceptable fit to their data is obtained
by introducing a new P resonance with
N = 1530.NeV, I = 79 NeV, and vxx' = 0.33.

D" : A somewhat larger effect in this wave13
at ~1700 MeV is identif ied by AYED 74 as a second
D resonance:

M = 1710 MeV, I = 100 NeV, x = 0.09tot el

The pro jections reveal a shoulder in the imaginary
part and-a small dip in the real part. A similar
effect exists in ALMEHED 72, but was not claimed
as a resonance. Further evidence for this state
is found by LANGBEIN 73, DEANS 75, and KNASEL 75

(KA associated production), as well as recent pion

M = 1989 MeU, I = 179 MeU, x = 0.08tot el

ALNEHED 72 find an effect at ~2200 NeV, and

LANGBEIN 73 and DEANS 75 find some evidence for
coupling to the KZ channel at &2000 MeV.

Higher Waves. Besides conf irming the already
accepted. H and H , AYED 74 present evidence3.11 19'
for two additional states in the 2200 NeV region:

39

19

M = 2174 Nev, I' = 205 MeV, x = 0.04tot el
M = 2133 MeV, I' = 193 NeV, x = 0.10tot el

The G effect in Fig. II.5 is not too convincing.
Notice that ALNEHED 72 claimed a P resonance in33
this same region; see & (2160} for further possi-
bilities in this mass region. In contrast, the
evidence for G , Fig. II.6, looks quite good;19'
note, in particular, the behavior of the real part
projection in the region 1900-2500 NeV.

References for Section II
1. R. L. Kelly, in New Directions in Hadron

Spectroscopy (ANL-HEP-CP-75-58), eds.
S. L. Kramer and E. L. Berger, 1975.

2. E. Pietarinen, Universitat Karlsruhe Reports
TKP 4/75 and TKP 15/75.

For other references see the Data Card Listings.

F": The broad shoulder in the real part and

dip in the imaginary part are identified with a
second F resonance by AYED 74:
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III. The N7r7r Channel

In the isobar model, the amplitude for the
reaction 7rN ~ N7T7r is written

LONGACRE 75, and we list the results of both
methods, in addition to the pole positions.
Method 1 used Breit-Nigner fitting to individual
partial waves, and method 2 used a coupled-
channel K-matrix fit to all waves with the same

JILL ' JILL.'
(E) BN (E ) X

PN p 7r7T pN

JILL'
+ T

E:N

JILL'
(E) BN (E ) X

7T7r cN

A7T, LL' pN, LL' cN, LL'

where L is the incoming (7TN) angular momentum,

and L' is the outgoing angular momentum between

the isobar [p, E (=vrvr I = 0, S wave), 6] and the

remaining hadron (N or 7T); as usual I and J are
the isospin and total spin (J = L + S = L' + S'),
respectively. Often the p has a subscript 1 or
3 which denotes twice the pN total spin. The

generalization of the model to include more two-

body final-state interactions is obvious, but

only the three included above, A, p„ and c, have

actually been used in presently published analyses.
It should be noted that. one assumes the partial-
wave amplitudes depend only on the c.m. energy E

and not on the diparticle subenergies, E and
jr7T

N

The largest isobar analysis to date is that
of the LBL-SLAC collaboration, LONGACRE 75 and

Ref. 1, which analyzes 200K events of 7r p ~ 7T 7r p,0

+ + + Q + +
7T 7r n and 7r p ~ 7r 7T p, 7T 7T n in the c.m. energy

range 1300-2000 NeV. Details of this analysis,
particularly the evolution of the preferred
solution B, have been discussed in the previous

2edition of this review . Result. s from this
solution are shown in Fig. III.l. In this
edition we list resonance parameters, including

pole positions, from LONGACRE 75 in the Data Card

Listings. Breit-Wigner masses, widths, and

resonance couplings were extracted in two ways by

In this expression the BN's denote either
appropriate Breit-Nigner's or the corresponding
two-body amplitude. The functions X contain all
the angular information; these are well-defined
functions depending only on which isobars are used

in the model. The partial-wave ampj itudes,
JILL'

T , etc. , may be indicated by
B,vr

IJP. Among the most interesting results are
.further evidence for the existence of the

References for Section III

2.

D. J. Herndon et. al. , Phys. Rev. Dll, 3183
(1975) .
Particle Data Group, Phys. Lett. 50B, No. 1

(1974) .
3. R. J. Cashmore et. al. , Nucl. Phys. B92, 37

(19753 .
4. P. Chavanon et al. , Nucl. Phys. B76, 157

(1974}.
5. R. Aaron et al. , Phys. Rev. D12, 1984 (1975).
6. Y. Goradia and T. A. Lasinski, LBL-3626 (1975);

submitted to Phys. Rev. D.

For other references see the Data Card Listings.

D (1700) and the P (1690), further evidence for33
dominantly F-wave decay of the F (1950) into37

and good agreement with quark-model
3predictions

Some information on isobar couplings is also
available fram earlier analysis. CHAVANON 74

+ + oanalyzed 7T p ~ 7r 7r p in the range 1580-1970 Nev

and obtained information on 6-resonance decays to
67T and Np. NEHTANI 72 analyzed the 67T channel in
the region 1820-2090 MeV and found the first
evidence for strong F-wave decay of the F (1950).37
The analysis o f DIEM 70 covered the region
1550-1650 MeV.

In connection with all of these analyses it.
should be kept in mind that. the isobar model is
really a model and is not an exact repro entation
of the 7TN ~ 7T7TN amplitude. There are a number of
ways in which the model could seriously fail to
represent the physical amplitude. The problem

that has received the most attention recently is
the assumption that the isobar partial-wave
amplitudes do not depend on the diparticle sub-

energies, an assumption which is inconsistent
with unitarity. For discussion of this problem

see Refs. - 2, 5, 6, and other references quoted

therein.
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Fig. III.1. Solution B of the LBL—SLAC isobar analysis of VtN ~ NtTY(. See mini-review for notation. The
four waves labeled "New" were not used in earlier solutions. The sign in the upper lef t-hand corner of
each plot indicates how to transform from the sign conventions of this group to that' of the "baryon-first"
convention. (See main text, Sec. TV B.)
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IV. Photon Couplings
(R. L. Crawford and R. G. Moorhouse, Glasgow Univ. )

Photon couplings can be studied in
formation reactions like

YN ~ N ~ 7TN, rjN, KA, 7TA,

A partial-wave analysis of these processes is the

standard technique to determine the coupling

strengths g(N NY). Up to now, almost all results
are derived frorh the analysis of single-pion
photoproduction. In the following we, therefore,
define the conventions of pion photoproduction

in which the results will be quoted.

The process YN ~ N ~ 7TN for a specific

A(pp ~ rr n} = -/1/3 A — /2/3 A
+ p

A(Yp ~ 7T p) = ~2/3 A — v 1/3 A

A(pn ~ rr p} = ~1/3 a — v2/3

A(Yn ~ 7T n) = E2/3 A + vl/3 A

V3 Vl SWalker ' s amplitudes, A, A, and A for the
production of an isospin eigenstate by the
isovector and isoscalar parts of the electro-

2magnetic current and the corresponding CGLN

amplitudes A , A , and A
(3) (1) (0) ar e given by

(3)

IThe C-G coe fficients, C, for the coupling to a
7TN

specific 7TN state are given explicitly by

intermediate resonance can be symbolically

described as

N (N
7T Y

A = 1/2 (A — A ) = vl/3 A
Vl n

A = 1/2(A + A ) = v2/3 A
S n p (0)

(3)

The first term is measured in strong interactions,
e.g. , by partial-wave analysis of elastic 7TN

scattering. A common feature of almost all
analyses of pion pho oproduction is a strong
reliance on the knowledge of resonance parameters

from 7TN partial-wave analyses. Pion photo-

production does not give a particularly accurate
method of determining the resonance masses and

widths, due partly to a lack of sufficiently
precise data at many energies and partly because

photoproduction is complicated by the fact that
the photon has helicity states +1 and can react
as an isoscalar and isovector particle. Con-

sequently, several couplings for N ~ YN have to
be determined (2 for A and 4 for N).

Isospin Decomposition. Ignoring possible
isotensor components, the reactions leading to the

four possible final charge states are described

by three isospin amplitudes. One set of these
p nconsists of the amplitudes A , A , and A which

are respectively the amplitudes for the reaction
to proceed by an I =. 3/2 state, an I = 1/2 state
with charge = +1, and an I = 1/2 state with

charge = 0:

3/2 A 1/2 p
A(Yp -+ 7TN) = C A + C A

7TN 7TN

3/2 5 1/2 nA(Yn~~N) =C A +C
7TN 7TN

Resonance Couplings. Since we are interested
in intermediate resonances, we can approximate

the energy dependence of the photoproduction

part ial waves by a Breit —Wigner form with added

background. Using the helicity and parity
3 9+eigenstates, C~ (W), this give"

1/2
7,+ I' (N ~YN}I'(N ~7TN}

C (W) = C-
A kq 2 2-m -iWI

R

+ background

where E: is the sign of the amplitude and k, q are
the c.m. momenta of the initial, final states.
The resonance energy is m and I is its total

R
width. In the following discussion of resonance

couplings, we use the notation A for the imaginary

part of the resonance coupling to an amplitude

A(W) evaluated at resonance (W = m ). Thus
R

r'r-R+

A dominant feature in pion photoproduction

is the Born approximation which contains the
nucleon pole in the s- and u-channels and the
pion pole in the t-channel. It reproduces,
for example, the experimentally observed forward

peak in charged. -pion photoproduction. In

partial-wave analyses, the sign factor E: is well

determined relative to the Born terms.
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Introducing helicity amplitudes A3 for the
* p . P A.

decay N (3 } ~ (YN) ~, where j labels the spin
and parity of the N*, we can calculate the

4 A.radiative width , I'
Y'

2 m . P 2
k 1N 1 3
Tl m 23+1 A.

R

N N N ep. N N

(b)
N N e, p, N

(c)
XBL 743-2626

where m is the nucleon mass. Introducing this
N

expression into Eq. (5} we find

1/2
-R+ 1 k N T[ -jm I" . P

A. (2j+1}TI- q m

Fig. IV.l. Feynman diagrams for the Born terms in
pion photoproduction. The couplings of the photon
to the pion and nucleon are indicated by an e to
represent a coupling via charge and by a p for a
coupling via anomalous magnetic moment.

We quote the results of partial-wave analyses in
P -1/2terms of the amplitudes A in units of GeV

The total radiative width I" and the
p Y

corresponding contribution c[3 of the partial
k+ T

waves C
&

to the total cross section are given

by

0' = 2 C —— A +

The Hebb-Walker amplitudes , A& , B+&
prelated to the A by

using knowledge of m, I', and I" (N ~ VAN} from 7]NR
elastic partial-wave analysis. The parametrization
of the background is generally author-dependent,
as is the detailed form of the resonance term,
but the background is generally assumed to vary
more slowly than the resonances. When the
partial waves of Eq. (4) have been summed to form
the angular-dependent helicity amplitudes, the
Born amplitudes given by the Feynman diagrams of
Fig. IV. 1 must be added. [Alternatively, these
Born amplitudes may previously have been projected
into partial waves and included in the background
terms of Eg. (4) .]

As indicated in Fig. IV. l, the photon couples
to the nucleon through both the electric charge,

/ p1/2
1 k N T[ I -j

A = + C A
g, + (2j+1)7r q m &2R I

&AN 1/2 {10)
e, and the anomalous magnetic moment, p. The min-

imum gauge invariant form, which includes the pion
pole, is given by the pion pole plus the nucleon

m I' 1/2
B — +

R+ (2j+1)T[ q m 2

X
I6

~

I ~~t

I

1/2 ~ P
C A

(2 j-1) (2 j+3) vN 3/2

We see from (2), (4), {5) and (7) that, apart
1/2from the factor [16/(2j —1) (2j+3)],these are

just the imaginary part of the resonance part of
the amp 1i tude (2 ) at re sonance . Consequently,

they are more directly related to experiment
p

than the A , which incorporate an additional
uncertainty in the partial width I'(N ~ IN).

Nethods of Partial-Nave Analysis. (a) .Simple

Isobar Model: In this method, the partial-wave
amplitudes are formulated as in (4) (or similarly),
with the resonance or resonances built partly

pole terms with the electric charge interaction
only. Generally, only these terms, which we can
refer to as the electric Born terms, are included
explicitly because they reproduce the forward peak
in charged. -pion production. The magnetic terms
can be assumed to be included in the real parts
of the background and. resonance terms in Eq. (4}.
However, this certainly raises problems of
principle since some of the electric Born terms
might also be subsumed in the background and

resonances.
The best values of the resonance couplings,

I'(N + HN}, and background parameters are found
2as those which give minimum X for all data

within the energy range, in the usual manner for
DPWA.
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(b ) Fixed-t. Di spers ion Relations (FTDR): The

difficulties of principle with the Born approxi-
mation in the simple isobar model are among the

reasons which have led to the use of FTDR:

R A.'- (s t) = B. ' (s, t) + —P
(+, 0)
j Yt. 2

(m +m )
N Ti

X

(+ p)Ima. ' (s ', t)
s -s

(+, 0)
ImA. ' '(s', t)

3

s -u (12)

for the invariant amplitudes A, ' (s, t)(+ 0)

(+i')(i=1, 2, 3, 4), where B. ' (s, t) are the Born
5amplitudes of Fig. IU. l, E = F = ( = 1,

+-1 and +, o denote gp ~ Tt n, pn ~ vr p,
(+.0)

"(p ~ Tt p respectively. A. {s,t) can be ex-
1.

pressed in terms of the helicity amplitudes, and
+, 0)

vice versa, by standard formulae . B. ' (s, t)
includes both the electric Born and anomalous

magnetic moment terms, and thus no ambiguity

arises as in the simple isobar model because all
the real part (including the "resonant" real part)

is manufactured by the unique prescription in

Eq. (12).
The ImA. (s, t} are constructed using only

1.

the imaginary part of Eq. (4), or alternative
5 (+.o3

formulae . The ReA. ' (s, t) are obtained from
l.

Eq. (12) and minimization of X in fitting to

experimental data to find the unknown parameters

of Eq. (4) as is usual in DPNA.

A second advantage of FTDR over the simple

isobar model is that the imaginary parts appear
1 f5to be resonance-dominated ' (but. not resonance-

saturated), and this is not. true of the real

par ts . The FTDR me thod only parame tr i ze s the

imaginary parts, and the smaller influence therein

of background terms, relative to the size of the

background in the real parts, is helpful. This

advantage is diminished by the need, apparent
(+, 0}

from Eq. (12), to parametrize ImA. ' (s, t) out. —

side the energy region of fitting for many

analyses, thus effectively add. ing extra parameters

to describe the resulting real background in the

energy region being studied. This has been
6, 7

treated in two recent analyses ' by fitting data

simultaneously in the resonance region and in the

high energy (Regge) region.

Another, and in principle serious, disadvan-

tage is that ImA ~

' {s,t) in Eq. {12) is required(+ 0)
1.

for values of t outside the physical range

corresponding to s ' . Formally, ImA. (s ', t)(+.0)
1.

is given by the partial-wave expansion in cose

(8 is the production angle in the center-of-mass

system), and this is the method used in practice
to calculate the dispersion integrals. While the

convergence of this expansion has not been proved

for important parts of the unphysical region,
8

Devenish, Lyth, and Rankin have surmised on the

basis of the Nandelstam representation that the
2

method is good. up to -t. »& 1 (GeV/c) in 7r pro-

duction and to -t. »+1.5 (GeV/c) in Tt. production.2, 0

At low energies, the unitarity of the

S-matrix imposes a phase condition on the partial-
wave amplitudes known as Watson's theorem. It
states that in the elastic region the complex

I+
phase of each C~ (N) is equal to the scattering

phase of the corresponding ttN part. ial wave. This

is important across the first resonance region in

photoproduction since it imposes a strict phase

condition on the two P partial waves and results

in important non-resonant S-wave background in

the imaginary parts contributing to the dispersion

integrals. However, while the effects of Watson's

theorem are significant. in the first resonance

region, the consequences in a FTDR calculation of

ignoring it appear to be slight at higher

energies.
The use of FTDR in pion photoproduction has

9
a long history in the first. resonance region

where their role vas envisaged as largely pre-

dictive or synthetic. The independently motivated
5)10,11,12 6,13

extension by the Berkeley ' ' ' , Lancaster
7, 14

and Glasgow ' based groups to a larger energy

region has changed their r'ole to one that is
almost purely analytic.

{c) Energy- Independent Part. ial-Nave Analyses:

Recent improvement, s in, experimental data have
~ 15

allowed Berends and Donnachie to extend the

energy-independent analysis of pion photopro-

duction to beyond the second resonance region.
16Previous analyses vere restricted by the data

then available to the first. resonance region where

Watson's theorem can be used to get a unique
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solution for the partial waves. In general, the

energy-independent. analyses are in good

qualitative agreement with the energy-dependent

analyses but there are some qualitative dis-
crepancies. The significance of these is not

yet clear.
Definitions of Resonance Parameters and

Errors: From analyses which use a form like that
of Eq. (4) there are reported in the Data Card

Helicity Couplings

(GeV) 10
Analyses Average (1)

Helic ity Couplings
-1/2 -3

(GeV) 10

Quarks (2)

State

P11( 14 7 0 )

D' (1520)
1/2 -74+ 15 34+ 35

1/2 -10+15 -75+15
3/2 171+15 -129+10

-34
109

-31
-109

TABLE IV. 1. Photon resonance couplings.

experimental data. The FTDR method of the
5, 10,11,12Berkeley group uses a K-matrix ansatz

Listings and Table IV, l, photonic resonance

couplings which are obtained through Eq. (4) from

a Breit-Nigner partial width. The FTDR method

fits only the imaginary part of Eq. (4) to

S ' (1535)11
D15(1670)

F ' {1688)

S" (1700)
Dj 3( 1700 ) 1/2 -20+45

3/2 19+45
18+55
18+80

1/2 63+25 -49+ 35

1/2 16+10 -32+ 36
3/2 21+12 -62+40

1/2 -5+ 30 25+10
3/2 127+35 -16+20

1/2 43+ 30 -37+40

156

-10
60

0-
0

-108

-38
-53
30

0

30
-10
-40

for the imaginary part and in these cases it is
the corresponding K-matrix pole quantity that is
reported. (Regretably, no authors give also
partial widths corresponding to T-matrix

residues. )

If no errors are assigned, the authors have

P" (1780)

(1810)

~3
A~ =

A~

P' (1232) 1/2
3/2

—139+5
-256+5

1/2 18+40 j 8+ 50

1/2 —25+ 50 24+ 70
3/2 -31+5 0 -4+ 60

-40

100
-30

-30

-108
-187given a unique result without. quoting an error.

5, 10,11,12 7
The Berkeley ' ' and Glasgow analyses
quote as an error the spread around a central
value of a number of solutions. The Lancaster

6, 13
group ' estimate a "real error" for each

parameter of a given solution that. corre sponds to

S' (1650) 1/2
D (1670) 1/2

3/2

(1690) 1/2
3/2

F (1890) 1/2
3/2

46+ 36

72+ 26
72+45

-2+40
-12+50

21+30
-10+60

88
84

23
39

-20
-90

the change in value required to increase "the best.
2,possible X
" by 1-..

The variation between the central values of
the various papers are generally about the same

size as or greater than the quoted uncertainties
in individual papers. This indicates that the
systematic effects of different parametrizations
and choices of experimental data are at least as
important as statistical effects when estimating
the uncertainty in the couplings. This is
reflected in the errors given in Table IV.1.

Recent Partial-Nave Analyses: Ne describe
only the most recent analyses by the various
groups involved. A description of earlier
analyses may be found in the previous edition of

3this Review.

(a) Simple Isobar Model: The most important
17of these is still METCALF 74 which uses the

1 +methods of Nalker to analyze data for gp ~ 7I' n,

(1910) 1/2

(1950) 1/2
3/2

-11+20
-69+16
-76+20

-30
-50
-70

(1) Average of the couplings from MOORHOUSE 73,
DEVENXSH 73~ NOORHOUSE 74' NETCALF 74' KNIES 74/
DEVENISH2 74, CRAWFORD 75, BARBOUR 76, and Ref. 12.
The errors given are an estimate that takes into
account the errors quoted in these analyses and
the differences between the analyses.

(2) The naive, k-excitation, quark model is used
in the 4-dimensional oscillator form of Feynman,
Kislinger, and Ravndal. The non-relativistic
quark model with recoil gives generally very
similar results.

p and gn ~ Tl p from the first through the0

fourth resonance regions. The partial waves are
parametrized as in Eq. (4) with the background

taken to be an independent number at each energy
fitted. The electric Born terms are added

explicitly.
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Data Card Listings
For notation, see key at front of Listings.

Sary ons
N's and 6's

Other recent isobar analyses have been on a
18

much smaller scale. KRIVETS 74 is an analysis
+ 0of pp ~ 'tT n, TI p and gn ~ m p across the first,

second, and third resonance regions using a

rather small data set consisting only of
differential cross-section measurements. Several
solutions are given with a large spread in the
values of the couplings and those for the
resonance couplings to gn are stated to be

19
preliminary. HEMMIl 73 is a fit to forward

gp ~ vr p differential cross-section data across

the second and third resonance regions and

evaluates the A. = 1/2 couplings in this region.
20

HEMMI2 73 is an isobar analysis of gn ~ 7t n
21across the second resonance region. ROSSI 73

22
and BENEVENTANO 73 are analyses of data for

gn ~ m p across the second resonance region.
l(23Earlier analyses ' are not included in the Data

Card Listings.
(b) Fixed- t Di sper sion Relation s:

10 5
MOORHOUSE 73 and NOORHOUSE 74 are FTDR analyses

from threshold through the third resonance region
+

(1160 & N & 1780 MeV) using data for Pp ~ Tt n,

vr0p and gn -+ vr p . The first uses the results of
seven fits with a X per data point ranging from

9.7 with 52 variables to 5.7 with 74. The second
2

uses the average of three solutions with a X per

data point ranging from 4.0 (56 variables) to
ll3.0 (74 variables). KNIES 74 and Ref. 12 extend

the energy range of- the Berkeley analyses up to
a center-of-mass total energy of 2 GeV, and thus

include the energy region of the 8 (1950)F

Several solutions are described with typical
2values of the X per data point of between 3.5 and

4.5. In all these analyses, the imaginary parts
of the partial waves are parametrized, using a

K-matrix formalism.
13

DEVENISH 73 analyze data from the first
through the third. resonance regions -and para-

metrize the imaginary parts of the partial waves

as Breit-Nigner forms without background except

for the Tt -production S wave. The dispersion

-integral is cut off at N = 1.9 GeV, but para-

metrized real background is added to allow for the

integrals above 2 GeV. Three solutions are given
2with X per data point of 10.5, 3.0, and 4. 7 for

37, 68, and 68 free parameters, respectively.
6

DEVENISH2 74 treats the problem of the high

energy contributions to the dispersion integral

by simultaneously fitting data in the resonance

region and at high energies and evaluates the

couplings for all resonances for N ~+ 2 GeV.
+ 0uses data for "(p ~ 7t n, 7t p and yn ~ m p at all

2available energies and for ~r~ & 1 (GeV/c) . A

per data point of 4.8 is obtained with 48

resonance parameters and 50 high energy parameters.
14

CRANFORD 75 is an FTDR analysis from the

first through the fourth resonance regions of
+ 0

gp ~ vr n, TI p and gn ~ Tt p. Data are fitted for
2

W ~& 2 GeV and ~t~ +» 1.5 (GeV/c) . Three solut:ions
2are given with a best X per data point of 3.1

with 58 free parameters. The masses and widths

of all resonances below 1.7 GeV are evaluated.

Stable values are obtained that agree well with

the values from elastic ttN partial-wave analyses.
7

BARBOUR 76 is an extension of the previous

analysis to include the fitting of high energy

data for N & 2. 6 GeV. One fit. is presented with
2a X per data point of 2.6 for the resonance

region data and 1.8 for the high energy data.
No data are fitted for 2 GeV & N & 2.6 GeV, thus

omitting the region of the H
I

(c) Energy-Independent. Analyses: These have

now been extended to the second resonance region
15

by Berends and Donnachie as described above.
16Earlier analyses fitted only in the first

resonance region. Resonance couplings have not

been quoted in these analyses.
Electroproduction in the Resonance Region:

Although single-pion electroproduction can be

considered in many ways to be similar to photo-
24production , a partial-wave analysis of the

process is considerably more difficult than in

photoproduction. This is due to the less accurate

and complete experimental data that are available
and because the scalar part of the virtual photon

in electroproduction contributes an extra (scalar)
coupling for each resonance. The scalar ampli-

tudes uncouple from the T-matrix in the photo-

production limit. Also, it is necessary, in

princ iple, to make an analysi s at each value of
2 ~ 2the (virtual photon mass) , at which there are

I
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Baryons
N's and 6's

Data Card Listings
For notation, see key at front of Listings.

1.2 -'(

10 I(

P

I

() .( -~."
I I I'

0 6--

) IGev)

05 1.0 1.5

Fig. IV. 2. The 6 (1232) magnetic moment
nucleon dipole form factor, GD (~ ) = (12

0 ref. 27, )C ref. 28, 0 ref. 29, ref.
from Devenish and Lyth 4.

form factor, GM(A. 2), normalized to GM(o) = 3, compared to the
+ A. 2/Q. 71) 2. The sources of the data points are ~ ref . 25,
30, f ref. 31, 4 ref. 32, and Q ref. 33 The solid line is

data. The information to be obtained from such an

analysis is the size of the scalar couplings to
the resonance and the form factors of the scalar
transverse couplings, i.e. , their A. dependence.

This. information has been extracted in a number

of ways, depending on the experimental data
available and the energy range being studied.

(a) Total Cross Sections: In a single-arm
experiment, in which only the final electron is
detected, it is possible to measure only 0 and

T0, the total cross sections for the absorption
of transverse and scalar photons. In the first
resonance region, due to the dominance of the
M multipole, 0 can give the form factor for(3)

1+ T
the magnetic coupling to the P (1232). There

have been many analyses of this type, both the
form factors for gp and pn coupling to the
P (1232) having been measured. Ne quote as

25examples of these, the analyses of Bartel et. al.
0 ~ 26and of Kobberling et al. Due to t he unknown

non-resonant scalar background and because the
scalar coupling is relatively small, 0 givesS

only qualitative information about the scalar
coupling to this resonance. Above the second

resonance region, due to the large number of
resonances, the total cross sections again give

little more than qualitative information.

(b) Energy-Independent Analyses: Di fferential
cross-section measurements have been made for vr

0

and TI electroproduction in a number of coincidence

experiments. Although the data are not good

enough for a full partial-wave analysis, it is
possible, due to the small number of partial waves

(3)involved, to use the dominance of the M
* 2

multipole to measure [ N ), Re E M /)N
~

, and1+ ' 1+ 1+ 1+* 2 0Re S N / ~M
~

for vr production across the1+ 1+ 1+
first resonance region. This has been done by a

27-32 (3)
number of groups Because M is so large1+
and is purely imaginary at the P mass, these

(3)terms can be taken to be respectively ImM 1+
E - /M, and S /M at, the resonance.(3) (3) (3) (3)
1+ 1+ ' 1+ 1+

(c) Energy-Dependent. Analyses: Energy-

dependent partial-wave analyses using FTDR have
33been made for pion elec troproduction by Crawf ord
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Data Card Listings
For notation, see key at front of Listings.

Baryons
N's and 6'8

ROE, H,
M

0-2
Res„M, yI

02-

0.1 01

10
) (Gevj

05 '1.0

)E

-01

-0.2— -0-2-

Fj g. gV. 3. The ratios Re (E) +My+/ ) M&+ I

') and Re «&+Mi+y IM) + I
2) for m electr'oproduction at the f (1232) .

The data points and curves are indicated as in Fig. IV. 2. Crawford and Devenish and Lyth34 give the
ratios E (3) /Q(3) and S (3) /~ (3) .1+ 1+ 1+ 1+

between the basic methods of analysis
and IV. 3). The A. dependence of M

2 (3)
1+

expressed in terms of the form factor

(Figs. IV. 2

is usually
* 2

G (A. ),
2 1/2(3

where k and q are respectively the center-of-mass
three-momenta of the pion and the virtual photon.

34and by Devenish and Lyth . The first fitted only

in the first resonance region and over a
2relatively small range of A, . The second is an

extensive analysis from the first to the fourth
resonance regions. Using the results of photo-
production analyses to give a starting point, the
form factors for the resonance couplings are given

algebraic forms that re fleet their analytic
2 0structure in the complex A. plane. Data for 7t

+ 2
and K production and for a range of values of A,

are fitted simultaneously and the results of a

number of fits are presented. The analysis
evaluates the couplings for the P (1232),
P (1470) ~ D (1520) ~ S (1535) g D (1670)
F (1688) P S 1 (1700) g D (1700) g P (1780)
F (1950), and D (2040) resonances. The results
are discussed belo~.

The couplings and form factors for the
2 2

P (1232) are now established for A. & 1 (GeV)

and there is agreement on all general features

D (1520) The electric multipole decreases
2rapidly with A. in an approximate

dipole form, but the electric dipole
decreases significantly less quickly.
There is therefore a raoid change in

The behavior of G for the charge = +1 state,
normalized to G (0) = 3, is compared with the
nucleon dipole form, G (A. ) = (1 + A. /0. 71)2 2 -2

in Fig. IV. 2. It is clearly seen that, G falls
2

N
off significantly faster with ~ than the nucleon
dipole. Measurements of G for the charge = 0

26, 35state ' show that it has the same form as for
the charge = +1 state. The measurements of the
ratios of E and S to M are all con-{3) (3) (3)

1+ 1+ 1+
sistent with these being small, although the

(3)S is clearly established as being non-zero with
a value of about -0.06 M . This is a small(3)

1+
violation of the quark model selection rule that
predicts that there should be no scalar excitation
of the P (1232) 36

In the second to the fourth resonance regions,
Devenish and Lyth obtain definite results for the
couplings to the charge = +1 states of the
P {1470), D (1520), S (1535), F (1688), and

F (1950) resonances. These are expressed in
terms of the multipole partial waves:

P (1470) The form factor for the magnetic
multipole rapidly vanishes and there
is no evidence for a scalar coupling.
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Baryons
N's and 6's

Data Card Listings
For notation, see key at front of Listings.

S (1535)

the ratio of the transverse helicity
partial waves. The scalar coupling

2is non-zero at X = 0 but, decreases
rapidly.
The electric multipole decreases slowly

2with X . The scalar coupling is com-
2parable to the electric one at A. = 0

but. may decrease in an approximately

dipo le form.

F (1688) The form factors for the transverse
multipoles are similar to those for
D (1520). The scalar coupling
decreases rapidly.

F (1950) The magnetic multipole probably
decreases more slowly than the dipole
form. The electric multipole is small

2and its A. behavior is not clearly
determined. The scalar multipole is
small and decreases rapidly.

The form factors for the S 1 (1535) can be

checked in t) electroproduction. This process
proceeds mainly through S-wave excitation in the
second resonance region and is thus dominated by

the S (1535). The results for the cross section
37of this process again require that at least one

of the form factors should fall off slowly with

14 7Crawford (CRAWFORD 75), Barbour and Crawford
17

(BARBOUR 76), Met.calf and Walker (METCALF 74),
19 20

Hemmi et al. (HEMMIl 73), Hemmi et. al.
21

(HEMMI2 73), Rossi et al. {ROSSI 73), and
22Beneventano et al. (BENEVENTANO 73).

The average of the listed results along with

an estimate of the uncertainty in each from the

spread of results is given in Table IV.l. We

give results from a naive (k-excitation) quark

model for comparison.

References for Section IV

1. R. L. Walker, Phys. Rev. 182, 1729 (1969).
2.. G. F. Chew, M. L. Goldberger, F. E. Low and

Y. Nambu, Phys. Rev. 106, 1345 (1956) .
3. These amplitudes have been described in the

previous edition of this Review, Phys. Lett.
50B, No. 1 (1974) - See also reference 5.

4. L. A. Copley, G. Karl and E. Obryk, Nucl.
Phys. B13, 303 (1969).

5. R. G. Moorhouse, H. Oberlack and A. H.
Rosenf eld, Phys. Rev. D9, 1 (1974) .

6. R. C. E. Devenish, D. H. Lyth and W. A.
Rankin, Phys. Lett. B52, 227 (1974).

7, I. M. Barbour and R. L. Crawford, Glasgow
University preprint (1975). Results reported
by A. Donnachie, rapporteur's talk, Stanford
Conference (1975) .

The rapid change in the ratio of the
transverse helicity amplitudes of the D (1520)
and the F (1688), along with the almost constant
value of the ratio for the P (1232), gives33
qualitative agreement with quark model calcu-

4, 38lations . However, some quark models find
that the form factor for the S (1535) should

decrease rapidly and that the one for the P (1470)

should stay up, and are therefore in conflict
with the results above.

Information in this Edition: The Baryon

Table contains the branching fractions, 1" /I' for7
14 resonances.

The Data Card Listings contain the photon~, presonance couplings (A( for p, n, and 6} from
10the analyses of Moorhause and Oberlack

(MOORHOUSE 73), Moarhause, Oberlack, and
5Rosen feld (MOORHOUSE 74), Knies, Moorhause, and

11Oberlack (KNIES 74), Devenish, Lyth, and
13,6Rankin (DEVENISH 73 and DEVENISH2 74),

8. R. C. E. Devenish, D. H. Lyth and W. A.
Rankin, Daresbury report DNPL/P 109 (1972) .

9. F. A. Berends, A. Donnachie and D. L. Weaver,
Nucl. Phys. B4, 1 and 54 (1967). J. Engels,
A. Mullensiefen and. W. Schmidt, Phys. Rev.
175, 1951 (1968).

10. R. G. Moorhouse and H. Oberlack, Phys . Lett.
43B, 44 (1973) .

ll. G. Knies, R. G. Moorhouse and H. Oberlack,
Phys. Rev. D9, 2680 (1974) .

12 ' G. Knies, R. G. Moorhouse, H. Oberlack,
A. Rittenberg and A. H. Rosenfeld, Proc. of
the XVII Int. Conf. on High Energy Physics,
London 1974, edited by J. Smith (Science
Research Council, Chilton), reported by
D. H. Lyth, p. II, 150.

13. R. C. E. Devenish, D. H. Lyth and W. A.
Rankin, Phys. Lett. 47B, 53 (1973).

14. R. L. Crawford, Nucl. Phys. B97, 125 (1975) .
15. F. A. Berends and A. Donnachie, paper sub-

mitted to Stanford Conference (1975).
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Data Card Listings
For notation, see A, ey at front of Listings.

Baryon s
N's and 6's, p, n

16. P. Noelle, N. Pfeil and D. Schwela, Nucl.
Phys. B26, 461 (1971). N. Pfeil and.
D. Schwela, Nucl. Phys. B45, 379 (1972).
F.. A. Berends and D. L. Weaver, Nucl. Phys.
B30, 575 (1971). Yu. M. Aleksandrov,
V- F. Grushin, E. N. Leiken and A. Ya.
Rotvain, Nucl. Phys. B45, 589 (1972).

17. W. J. Netcalf and R. L. Walker, Nucl. Phys.
B76, 253 (1974).

37. P. S. Kummer, et al. , Phys. Rev. Lett. 30,
873 (1973). U. Beck et, al. , Phys. Lett. 51B,
103 (1974). J. C. Alder et al. , Nucl. Phys.
B91, 386 (1975).

38. F. Ravndal, Phys. Rev. D4, 1466 (1971).
L. A. Copley, G. Karl and E. Obryk, Phys.
Rev. D4, 2844 (1971). R. G. Lipes, Phys.
Rev. D5, 2849 (1972). T. Abdullah and F. E.
Close, Phys. Rev. D5, 2332 (1972).

18. A. G. Krivets et al. Yad. Fiz. 20, 804 (1974),
Sov. J. Nucl. Phys. 20, 430 (1975).

19. Y. Hemmi et al. Phys. Lett. 43B, 79 (1973).

20. Y. Hemmi et al. , Nucl. Phys. B55, 333 (1973).

21. V. Rossi et, al. Nuoyo Cimento 13A, 59 (1973).

STATUS OF N¹ RESGNANCES
THOSE WITH AN OVERALL STATUS OF ¹¹¹ OR ¹¹¹¹ ARE INCLUDED IN THE MAIN BAPYCN
TAB L E ~ THE OTHER S AWAIT CONF IRMAT ION ~

STATUS AS SEEN IN

22. M. Beneventano et al. , Nuovo Comento 19A,
529 (1973).

23. Y. C. Chau, N. Dombey and R. G. Moorhouse,
Phys. Rev. 163, 1632 (1967). R. G. Moorhouse
and N. A. Rankin, Nucl. Phys. B23, 181 (1970).
R. L. Nalker, Proc. of the Daresbury Conf.
on Electron and Photon Interactions at High
Energy (edited by D. Braben, Daresbury
Laboratory, 1969)-

24. See for example Berends, Donnachie and
Weaver, Reference 9.

25. W. Bartel et. al. , Phys. Lett. 28B, 148 (1968).

OVERALL TOTALS
PARTICLE LIJ STATUS CR ~ S PI N

N(940) Pll
N¹(1470) P1 1
N¹(1520) D13
N¹(1535) Sll
N¹(1670) D15
N¹(1688) F15
N¹(1700) Sll
N¹(1700) 013
N¹( 1780) P 11
N¹( 1810) P 13
N¹(1990) F 17
N¹(2000) F15
N¹(2040) D13
N¹(2100) Sl 1
N¹(2100) D15
N¹(2190) G17
N¹(2220) H19
N¹(2650)
N¹(3030)
N¹(3245)
N¹(3690)
N¹(3755)

OTI ER
ETA N K LAM K SIG PI DE GAM N CHANN ~

EPS N

RHC N

RHO

RHC
EPS N

EPS N

EP5 N

RHO N

26. N. Kobberling et al. , Nucl. Phys. B82, 201
(1974) .

27. N. N. Ash et al. , Phys. Lett. . 24B, 165 (1967).

28 ' C. Nistretta et al. , Phys. Rev. 184, 1487
(1969) .

OE ( 1232 )
OE(1650)
DE ( 1670)
DE ( 1690)
DE( 1890)
DE ( 1900)
DE (1910)
OE ( 1950)
DE ( 19601
DE( 2160)
DE(2%20)
DE l 2850)
DE(3230)

P33
S31
033
P33
F35
S31
P31
F37
D35

¹¹¹ ¹

¹¹¹

¹

¹¹¹

¹¹

$31 I

F
O

R

8
I

D

D
E

N

F
O

R

RHO N

RHC N

RHC N

RHG N

29. R. Siddle et al. , Nucl. Phys. B35, 93 (1971).

30. S. Golster et. al. , Phys. Rev. D5, 519 {1972).

GOODy CLEAR~ AND UN)tISTAKABLE ~

GOOD BUT IN N'EED OF CLARIF ICATION CR NOT ABSOLUTELY CERTAIN ~

NEEDS CONFIRMATION ~

)tEAK~
ATTRIBUTED TO THE STATE CLOSEST TQ biHERE THE CROSS SECT ION PEAKS e

31. J. C. Alder et al. , Nucl. Phys. B46, 573
(1972) .

32. K. Batzer et al. , Bonn University preprint
(1973). S=O I=1/2 NUCLEON STATES (N)

33. R. L. Crawford, Nucl. Phys. B28, 573 (1971).

34. R. C. E. Devenish and D. H. Lyth, Nucl. Phys.
B93, 109 (1975).

35. R. V. Akhmerov et al., Sov. J. Nucl. Phys.
21, 57 (1975).

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

16 PRGTCN (938 g J=1/2) I = 1/2

SEE STABLE PARTICLE DATA CARD LISTINGS

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹~¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹+¹¹¹¹¹¹¹¹¹¹¹¹¹¹

17 NEUTRON(939' J=l /2) I =1/2

SEE STABI E PARTICLE CATA CARt„' L 1ST INCS

36 ~ C. Becchi and G. Norpurgo, Phys. Lett. 17,
352 (1965) .
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Baryons
N(1470)

Data Card Listings
For notation, see key at front of Listings.

61 N+ I/2{ 1470e JP=j/Z+) 1=1/2

MASS ANC W ICTI- ARE BEST GET ERM

ANALYSES ~ WE L 1 ST PIIQDUCTIQN
INED FROM PARTIAL WAVE

EXPERIMENTS SEPARATELY
SEE BELCH»

R5
R5 0
R5 D

N& j/2 ( 1470) INTG (N RHO ) /TOTAL
(0 ~ 07) DIEM

ASSUMING R1= 0 ~ 61

R4 N+j/2(1470) INTO {CANNA N)/(PI N}
R4 F STRONG INCICAT IGN ROSS I
R4 F DISAGREES

ARITH

OTI-ER CATA

( P5) /(Pl)
73 OBC 0 GAM N TO PI-P 2/73

2/73

(P6)
70 IPWA 3 BODY ANALYSIS 1/71

AYED 74 CLAIM TWO Pjj STATES IN TI E 1500 MEV REGION ~

WE TENTATIVEI Y L IST BOTH HERE

R6
R6 E
Re E

N& I/2( 1470) INTO (GAMMA h) /TOTAL
{»0006) MICKENS 71

TOTAL Wj DTH TAKEN AS 250 IsEV ~

(P5)
THEORETICAL EST ~ 10/71

M

M

1
M 1
M 3

e
e

M 4
M 7
M 2
M 2
M 2
M 2
M

M

M L
M L
M

61 N+ I/2 (1470) MASS (MEV )

(1370 0) BP.ANOSEhl 65
(1380 0) ROPE'R 65
(1470 ' 0} BAREYRE 68

WHERE CROSS SECTION IS GREATEST
( 1466» 0) DCNNACH 1 68
(1461»0) AYED 70

FROM ENER DEP ~ FIT GF ARGAND DIAGRAM
(1462 ' 0) DAVIES 70
{1470' ) AL ME HE 0 72
( 1413~ ) AY ED 74
( 1532 ) AYED 74

AYED 74 F IND 2 DIFFERENT Pl 1 RESONANCES IN
&0 ALL PREVIOUS P }eAS ~ WE LI ST 8 G TH TGGE THE
SITUATION IS FURTHER CLARIF I ED

1405 ' TQ 1420 CRAWFORD 75
1415' OR 1390' LGNGACRE 75

THE. 2 SETS OF PARAMETERS ARE FROM METHODS
(1404 ' ) BARBOUR 76

RVUE P HASE- SHI F T ANAI
RVUE PHASE-SHIFT ANAL
RVUE P HASE-SHIFT ANAL
EYEBALL F IT
RVUE PHASE-SHIFT ANAL
IPWA

P-S ANAL SCL ARVUE
IP WA

IPWA
IPWA
THI S REGION IN CONTRAST

R HERE UNT IL T I.E

CPWA P I N PHOTO-PROD
IPWA PI N TC 2PI N

), AND 2 OF LCNGACRE 75 ~

DPWA PI N PHOTO-PROD

9/66
9/66

11/67

6/68
1/71

8/69
? /72
2/74
2/74
2/74
2/74
2/74
j/76&

jj/75+
jj/75+

I/76»

R7
R7
RT 9
R7 9
R7 9
R7 9

R8
R8 C
RB C

M+I/2(1470} FROM PI N INTO ETA N SQRT(Pj+P9)
(+.23) LEMOIGNE 73 DPWA 1488 TQ 1685 MEV
(+.328) FELTE SSE 75 DPWA 0 1488 TC 1745 IeEV

SUPERCEDES LENQICNE 73e USES N AND W QF AYED 74 (LARGER MASS)
AN AL TERNATI VE 'WHICH CAh NOT BE DISTINGUISHED FRCM THIS IS TQ HAVE
A P13 RESGNANC E WITH M= 1530 e W=79s AND C QUPL I NG-"+ ~ 271

8+1/2 ( 1470) FRQN' P I N TO K LAMBDA SQRT (P jap 10)
—»296 ~ 068 OE VENI SH 74 0 FIXED T DI SP REL

EXTRAPOL AT ION OF PARAMETRI'ZE 0 AMPL ITUDE BELOW THP ESHGLD»

R9 N+I/2( 1470) FROM PI N TO N+3/2( 1232) PI
R9 L (-»30)CR —~ 37 LONGACRE

SQRT ( P j&P3)
75 IPWA PI N TO 2PI N

Rll N+I/2(j470} FRQN Pj N TQ N EPSILON
Rll L ( ~ 18)OR + ~ 23 LGNGACRE

SQRT(Pj+PZ)
75 IPWA PI N TO 2PI N

61 N& 1/2 ( 1470) PHOTON DECAY AMPL ( GEVse&- 1/2 )

R10 N& I/2( 1470 I FROM P I N TQ N RHQ e S= 1/2e P-'WA VE SQRT(Pj+Pjj)
R10 L (0 ~ 0) CR — 23 LChIGACRE 75 IPWA P I N TO 2PI N

2/74
2/74

jj/75+
11/75~
jj/75~
jj/75+
4/75+
4/75+
4/75+

jj/75+
ll/75+

jj/75+
jj/754

jj/75&
jj/754

61 N+I/2( 1470) WIDTH (MEV) FOR DEFINITION OF GAMMA-NUCLECN DECAY AMPLITUDESe SEE MINI-
REVIEW PRECEDING TI-E BARYCN L 1ST INGS ~

W 1
W 3
W 6
W 4
W 7
W 2
W 2

L
'W

(255 0)
(211 0)
(164~ 0)
(391 ~ )
(220» )
(187 I

(89 ~ I

255 TG
180 ~ OR

(330 )
SEE THE NOT ES

(SMALLER MASS)
(LARGER MASS)
396 '
200 ~

ACCOMPANYING THE

68 RVUE
68 RVUE
70 IPWA
70 RVUE
72 IPWA
74 IPWA
74 I PWA

75 DPWA
75 I PWA

76 DP WA

TED ~

BAREYRE
DONNACH 1
AY ED
DA VIE S
ALNEHED
AYED
AYED
CRAWFORD
LC NGAC RE
BARBOUR
MASSES QUO

P-S ANAI SOL A

P I N PHOTO-PROD
P I N TO 2PI N

PI N PHOTO-PRCD

11/67
6/68
1/71
8/69
2/72
2/74
2 /74
I /764

jj/754'
I/764

Al
Al
Al
Al
Al
Al
Al
Al
Aj
Al
Al
Al

N+j/2(1470) INTO
—~ 096(- F 080)
—~ 055
—~ 079- ~ 066
—~ 070
—F 087- ~ 070{-~ 053)

~ ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLESS

GAM Pe
022

»028
~ 012
~ 013
023
002
040

~ ~

(SCALE FACTOR = 1 ~ 2)

I-EL IC ITY= 1/2 ( GE V++-1/2)
DEVENI SH 73 DPWA
HE &M I I 73
NOORHQU S 73 DP WA

DEVENI S2 74 CPWA
KNI E S 74 DP WA

ME TCALF 74 DPWA
MOGRHQUS 74 DPWA
CRAWFORD 75 DPWA
BARBOUR 76 OPWA

P I N PHOTO PROD
+ FWO PIO PHTOPROD

P I N PHOTO-PROD
P I N PHOTO PROD
P I N PHOTO PROD
PI N PHOTO-PROD
P I N P HOTO-PROD
PI N PHOTC-PRCD
P I N PHOTO-PRCD

2/74
2/74
2/73
4/75+
2/74
2/74
2/74
I/76+
j/764

RE
P. E

IM
IM

ABS

(1375 ' )
(1381»)

61 N&j/2{1470} REAL PART OF PCLE PCSITjCN (MEV) 1/74
(5 ) LEE 73 F IT TC ALMEHE 072 1/74

LQNGACRE 75 IPWA P I N TO 2P I N jj/75+

{216 )
(209 )

61 N+ 1/2( 1470) 2&INAG PART GF POLE PGS ITICN (MEV} 1/74
(10 ) LEE 73 F IT TG ALMEHE 072 1/74

LCNCACRE 75 IPWA P I N TQ 2P I N I I/75+

1/74
1/74

61 N+ j/2( 1470} PHASE OF POLE RESIDUE (RAD IANS ) 1/74
LEE 73 F IT TQ ALNEHE 072 1/74

61 N+1/2( 1470) ABSOLUTE VALUE OF POLE RESIDUE (NEV)
(74 ' ) (5 ' ) LEE 73 F I T TO ALMEHE 072

GAM N e HELIC
056

A2 N+1/2( 1470) INTO
A2 ~ 089
A2 8 (- F 001)
A2 8 CONVERTED TO OUR
A2 +»002
A2 F ~ 117
A2 F CONVERTED TG QUR
A2 5 ( ~ 083)
A2 5 CONVERTED TO GUR
A2 ~ 041
A2 ~ 000
A2 ~ 043
A2 »033
A2 +»044
A2 (+ ~ 058).
A2 ~ ~ ~ ~ ~ ~ ~

A2 AVERAGE MEANINGLESS

COhVENT IQNS
025
011
CONVENTIONS

CONVENTIONS
025

-013
035

»013
~ 007

~ ~

(SC ALE FACTOR = 3 ~ 1 )

ITY=1/2 (GEV++- I/2)
DEVENISH 73 DPWA PI N PHOTO PROD
HENMI 2 73 0 GAN N TO Plo N

US I NG M AND W FROM W ALK ER69 AhiD X= » 55
MCORHQUS 73 OPWA P I N PHOTO-PROD
ROSSI 73 CPWA 0 GAN N TG PI- P

USING M ANO W FRGN ROSS173 AND X= ~ 55
BENEVENT 74 DPWA 0 GAN N TO PI — P

US IhlG M=1470 MEVs 'h=230 MEVs X= ~ 55
DEVENI S2 74 DPWIA PI N PHOTO-PROD
KNI ES ' 74 OPWA P I N PHOTO PROD
METCALF 74 DPWA P I N PHOTO-PROD
MOORHGUS 74 DPWA P I N PHOTO-PROD
CRAWFORD 75 DPWA PI N PHOTO-PROD
BARBOUR 76 DPWA PI N PHOTO-PROD

2/74
4/75+
4/75+
2/73 .
4/75+
4/75~
4/75+
4/75+
4/75+
2/74
2/74
2/74
j/764
I/764

Pj
P2
P3
P4
P5
P6
P7
PB
P9
P10
Pll

N+1/2( 1470)
N4 j/2( 1470)
N+I/2(1470)
N+ 1/2( 1470 }
N+ j/2( 1470)
I+1/2 ( 1470)
N&j/2(1470)
N+ j/2( 1470)
N+j/2(1470)
N+ 1/2( 1.470)
N+ j/2( 1470)

el N~ 1/2 (1470) PART IAI DECAY NODES

I NTQ PI N

INTO N EP S ILOhl
IhlTQ 5+3/2(1232) P I
INTO N PI PI
INTO GAMMA N

INTO N RI-Q
Ih)TO GAN P e !.ELIC ITY=1/2
INTO GAN N e I'ELICI TY=1/2
INTO ET A N

INTO K LAMBCA
INTO N RHOe S=l/2 eP-WA VE

DECAY MASSES
139+ 938
938+1200

1232+. 139
938+ 139+ 139

0+ 938
938+ 773

0+ 938
0+ 939

939e 548
497+1115
938+ 773

BRANDS EN 65 P R 139 8 1566
ROP ER 65 P R 138 8190
THURNAUE 65 P. RL 14 985

NANYSLCW 66 PR 157 1328

RCSENF EL 67 I RVINE CONF

BAREYRE e8 PR 165 1731
DON NAC H 1 68 PL 268 161

AL SQ 68 V I ENNA 139
ALSO 68 THESIS

MORGAN 68 P R 166 1731

R EF ERENCES FQR N+ j/2 ( 1470)

e ODONNELL e l4IQORHOUSE
LD ROPE'Re RN WR IGHT e BT FELD
P G THURhlAUER

(DURHAM e RHEL }IJP
{LRL-LVNR eMIT) I JP

(ROCH)

NAMYSLOWSK Ie RAZMI e ROBERTS ( STAN ~ EDINe LQIC )

A H ROSENFELDe P SCDING

F BAREYREe C BRICNANe G VILLET (SACLAY) IJP
A DGNNACHIE e R G KIRSGPP e C LOVELACE ( CERN) I JP
CCNNACHI E RAPPORTEUR ~ S TALK {GLAS)
R G KIRSOPP ( ED IN )
0 MORGAN (RHEL)

61 N&1/2(1470) BRANCHING RATIOS

(Pl)
RVUE
RVUE
I PWIA

RVUE P-S ANAL SCL A

HBC AT 1400 MEV
HBC
IPWA
IPWA
IPWA
ANALYSIS IS DONE GN THRE

AYS PRESENTS
0»

R2 N+1/2 ( 1470) INTO ( N EPS ILQN) /TOTAL
R2 DOIs I NANT INEL AST I C DECAY THURNAUER
R2 DOMINANT INELASTI C DECAY NANYSLGIsS
R2 DOMI NAh & INELAST IC CECAY ROSENF ELD
R2 DOlsj NANT INELASTIC DECAY MORGAN
R2 0 ( 0 ~ 16) DI EM

RZ 0 AS SUM IN G R 1= 0 6 1
RZ A (0»30) (0»20) SAXON
R2 8 (0 ~ 20) ( C 12) SA XON

R2 A AND 8 CQRRESPGhlD TO TEE 2 BEST SGLUTIQNS e

(P2)
65 RVUE
66 RVUE
67 RVUE
68 RVUE ISOBAR MODEL
70 I P WA 3 BODY ANALYS IS

70 HBC
70 HBC
SEE NOTE IN Rl ~

(P3}
70 IPWA 3 BODY ANALYSIS

R3 5+1/2( 1470) INTO (N+3/2(1232} PI) /TOTAL
R3 0 (0 17) DIEM
R3 D ASSUMING R 1= 0 61
R3 A (0 ~ 03} (0 20} SA XCN
R3 8 (0 ~ 22) (0»12 ) S AXQhl

R3 A AND B CORRESPOND TO THE 2 BEST SOLUTI GNSe
R3 R {0 ~ 20) MAKAROV
R3 P ASSUMES R1=0»6 MAXIMUM CM ENERGY ANALY

70 HBC
70 HBC
SEE NOTE IN Rl
71 IPWA 0 Pj- P TG PI PI N

ZED WAS 1435 NEV.

Rl N+ I/2 ( 1470) INTO ( P I N )/TOTAL
Rl 1 (0 ~ 68) BAREYRE 68
Rl 3 (0 ~ 658) DC h'NACH1 68
Rl 6 (0 ' 564) AYED 70
Rl {0 49) CAVIES 70
Rl A (0 ~ 67) (0 ~ 18) SAXCN 70
Rl B (0 58) (0»09) SAXON 70
Rj 7 (0 ~ 65) ALMEFED 72
Rl 2 ( ~ 549) (SMALl ER MASS) AYED 74
Rj 2 (»123)(LARGER MASS) AYED 74
Rl . A A AND B CORRESPOND TQ TI' E 2 BEST S CLUT I QhlS ~

Rl 8 BODY DECAYSe ASSUMING CNLY Ple P2 AND P3 DEC
SEE T}sE NOTES ACCCMPANYIh'G THE NASSCS QUOTE

11/67
6/68
1/71
8/69
6/70
6/70
2/72
2/74
2 /74

11/67
11/67
ll/67
6/68
1/71

6/70
6/70

1/71

6/70
6/70

3/72

AYED
DA VIE S
DIEM
SAXON

70 KIEV CONF
70 NP B21 359
70 KIEV CONF ~

70 PR 02 1790

MAKARCV
MICK ENS
AL MEWED

71 SJNP 13 510
71 LNC 1 707
72 NP 840 157

73 PL 478 53
73 PL 43B
73 NP B55 333
73 PRL 31 1029
73 PURDUE CONF ~ 93
73 PL 43B 44.
73 NC 13A 59
71 L NC 2 1183

DEVENI SH
HE MM1 1
HEMM12
LEE
LEhlGIGNE
MOORHOUS
ROSS I

ALSO

AYED
AL SO

BENEVENT
DEVENI SH
DEVENI S2
KNIES
METCALF
MGORHCIJ S

74 PRIVATE COMMCTN
73 AIX CCNFERENCE
74 NC 19A 529
74 NP 881 330
74 PL 52 8 227
74 P RD 9 2680
74 NP B76 253
74 PRO 9 1

CRAWFORD 75 NP 897 125
FELTESSE 75 NP 893 242
LGNGACRE 75 PL 558 415

BA RBOUR 76 S BMTD ~
'
TO NP

R AYEDe P BAREYREe G VI(.LET (SACL) IJP
A DAVIES (GLAS)
+ SMADJA CI'AVANON DELER DOL BEAU+ ( SACL }
SAXON e NULVEY e CHI NOW SKY (OXFeLRL}

e GASILGVA e NELYUBIN e++
R E NI CKEN S
+LOVELACE

( IOFFE INST) I JP
( F ISK )

(I UNDe RUTG) I JP

I» MD BARBOUReR ~ LE CRAWFORD {GLAS)IJP

DEVENI SHe RAhKI N eLYTH (LOUC+BChh+LANC ) I JP
I. EMMI e INAGAK I+ ( KYOTO+5 AGA+KEK+TOKY) I JP
+ INAGA K I e K IKUC HI s MAKI e NIY AK E+ ( KYOTOe TCKYO ) IJP
LEEeSHAW (UC I+ROYAL HOLLOWAY COLLEGE ) 1JP
+GRANET e MARTYe AYEDeBAREYRE e BORGEAUDe+( SACL ) I JP
MCORHQUSE e QBERLACK (GLAS+LBL ) IJP
+PIAZZA t SUSINNG e+ (ROMA eFRASsNAPL e PAVIA) I JP
CARBONARAe FIOREe+ (NAPL e FRASe PAVIAe RONA) I JP

AYEDeBAREYRE (SACL)IJP
AYECeBAREYRE (SACL)IJP
BENEVENTANQe CANGELGe NOTARISTEFANI e+ ( RCMA }IJP
0EV EN I S H ~ F ROGGA TT e MART IN {DE SY e NORD I TA e LOUC )
DEV EN I SHe L YTH e RANK IN (DESYeLANCeBQNN)IJP
KNIES ~ MOORHOUSE ~ QBERLACK {LBLeGLAS)IJP
W J METCALF sR L WALKER (CIT) I JP
MCQRHOUSEe OBERLACKeRGSENFELO (GLAS+LBL ) IJP

R L CRAWFORD {GLAS) I JP
+AYEDe BAREYRE e BORG EAUDe CAY IOe ERNWE IN+( SACL ) I JP
+ROSENFELD e LA 5 I h'SKI s SNAD JA+ (LBLe SLAG) IJP
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Particle Data Group: Review of particle properties S167

Data Card Listings
For notation, see key at front of, Listings.

Baryons
N(1470), N(1580)

PAPERS NQT REFERRED TO IN CATA CARDS ~ 9 1 N¹1/2 f 1470) BRANCHING PAT IQS ( PRCD ~ EXP ~ )

BAR EYR E 64
BAREYRE 65
GAL ITZ 65
JGHhISQN 67
DONNACHI 69
WALKER 69
AYED TO
BERARDO 70
AY ED 72

PL 8 13T
PL 18 342
PL 14 159
UCRL-17683 THES I S
NP 108 433
P R 182 1729
PL 318 598
PRL 24 419
BATAV I A CONF

+BRICHAN, VALLADASs VII LETs +
+SR ICMANs ST IRL INGs VILL ET
R H DALITZs R G MQCRHQUSE
C H JOHN SON
A DQNNACHI Es R KIRSQPP
R L WALKER
+BAREYRE t V ILLET
+HADDOCK s NEFKENS s ~ ~ s PARSONS+ ~

R AYEDs P BAREYREs Y L EMGI GNE

(SACLAYtCAEN I IJ
(SACLAY)IJP

{QXFt RHEL )
{LRL )

t GLAS+ED IN )
(CAI TECH) I JP

(SACLAY)
(UCLA+LRL)

{SACL )

Rl
R},

N¹1/2 I 1470) INTO (PI N ) /TOTAL
( ~ 66 I TAN 68 HBC

(P I)
PP TQ PIP ~ 6» 1 10/69

RZ hI¹1/2( 1470) INTO (N¹3/2( 1232) PI l/TQTAL (P3)
R2 PROBABLY SEEN JESPERSEN 68 HBC PP 22 BEV/C
R2 PROBABLY SEEN LAMSA 68 HBC PI-P 8 BEV/C

11/68
11/68

R3
R3

N¹1/2(1470) jhITO (N PIPI ( J I=O) l /TCTAL (P2)
HAIN DECAY MODE MORSE 71 HBC + P I-P 7t25 GEV/C 3/72

1470 hKV REGION — PRODUCTION EXPERIMENTS

91 N¹l/2{1470t JP~ l j=l/2 PROGUCTICN EXPERIHENTS

THE BUMP SEEhI IN PRODUCT ION EXPERIMENTS AT LQW I NVAR IAN
MASS MOST LIKELY CORRESPONDS TO THE Pl 1 (SEE ABOVE)
RESONANT STATE, IF, ANY. 'THE HBC EX PERlMENTS SEE
ENI'ANCEHENTS MAINLY IN THE P PI PI HOSS PLOT ~ FOR ZERO
CHARGE EXCHANGE SUCH F IhIAL STATES ARE KNOWN TQ I-'AVE

LARGE DECK-TYPE BACKGROUND ~ THIS FACT CQMPLICATES TI-E INTERPRETATION
OF THIS BUMP OS A RESChIANCE ~

M

M

H

M

H

M

M

M

H

M

M S
M S
M

M

M

M

M

M

H

M

M

M

M

M

M

H

M

M 1
M 1
M

M

M

H

H

M S
M S
M S
M 8
H 8

8
M 8
H 8
M 8
H 8
H 8

91 hl¹1/2(1470) MASS (MEV l ( PRCO ~ EXP ~ )

I 1400 ~ } APPROX C QCCChI I 64 CNTR + P P 3 ~ 6- 12 G EV /C
( 1425 l APPROX AQELMAN 65 HBC + K-P l»45 GEV/C
( 1430~ ) APPROX ANKENBRAN 65 CNTR + PP 7 ~ 1 GEV/C
( 1400 ~ l APPROX BELLETTIN 65 SPRK + PP s D 10 26 GEV/C
(1405 ' I (15 ' ) ANDERSON 66 SPRK + PP 6-30 GEV/C
( 1410» l ( 15 BLA IR 66 CNTR + PP 2 ~ 8-7 9 GEV/C
(1400» ) f 30» ) FOLEY 67 CNTR PI+- P AND PP
I 1450. l f 17 ALHEIDA 68 HBC + PP P2PI s 10GEV/C
( 1420 l APPROX BELL 68 HBC PI+- P s 6 GEV/C
(1400 } AP PROX LAMSA 68 HBC P I-P s 8 GEVIC

175( 1446 I ( 11 ) SHAPIRA 68 CBC INTO PPIsPN 7 ~ 0
(1390 ) ( 20 TAN 68 HBC PP TO PIPt 6 ~ 1

120 ( 1443 ~ ') ( 15» ) RHODE 69 HBC PP 22 GEV/C
( 1410» ) f 13~ I ANDERSON 70 MMS - PI- P TO PI- HHS
(1430 ' ) {20 ' ) BALLAM 71 HBC +- PI+-P AT 16GEV
{1460.) BEKETQV 7 1 HBC + P I- P 4 ~ 45GEV/C
(1461» ) ( 10~ ) BQESEBEC 71 RVUE PPsPI-P ~ K-P PROD

120 (1462,0) t 6 0) 120/80 MA 71 HBC + P P TQ P hI PI
1460~ TO 1510 HORSE 71 HSC +0 PI-Ps 7 GEV/C

(1510' 0] (20 0} HORSE Il HBC + Pl-Ps 25 GEV/C
(1425 ' ) {25' ) RUSHBROQKE71 HBC + PP TQ P2PI 16GEV
(1411' 0) (10 ' Ol CDELSTEIN 72 MMS + PP 6 TG 30 GEV

64( 1410» 0) ( 33 ' 0 ) GAGE 72 0 PD 5 ' 9GEV/C
(1464 ' 0) (7 ' 0} 45/45 'KARSHQhl 72 DBC + PD—PD2PI 7 GEV
(1440 ' ) ( 15»l RQNAT 72 HBC P I+P TQ 3PI P
(1479 ) (8 LICHTMAN 74 HBC + P I+I TO 3PI P
{1430' ) f8»} L ICHTHAN 74 HBC + Pj-P TO 3PI P
( 1450 ~ ) SLQBEL 75 HBC + PP TQ P(P I+PI-Pl

O'WA INDICATES PI+PIMP ENHANCEMENT IS PRIMARILY Ah

S-WAVE DELTA++P I- SYSTEM lsITH I t JP=1/2s 3/2- ~

(1450 ) ( 16 ' ) CAVALLI 75 SPEC + PP TG 2N¹sW=23CV
(1462» ) {11 ) CAVALLI 75 SPEC + PP TG 2N¹tW=31GV
{1466' ) (28 ' ) CAVALLI 75 SPEC + PP TQ 2N¹sW=53GV
(1390 l (10»] MUSGRAVE 75 HBC K+ P TO K PI N

1350 ~ TO 1400 ~ STRACHHA 75 BC NBAR (N P I )
TAN 68t SHAP IRA 68s AND GAGE 72 ARE QhLY PRODUCT IGN EXPER IMENTS TC
SEE PPI DECAY ~ HOWEVER THE EFFECT QF SHAPIRA 68 WITH HUCH IMPROVE
DOTAs HAS ALHST DISOPPEORED (YEKUTIEL 1 72) ~ .

( 1250~ ) BERLAND 74 HBC +0 I SQSPIN ANALYSIS
(1230» l BRAUN2 75 SC PBAR P AND D 5 ~ 7
{1230' ). STRACHHA 75 BC NBAR (N PI)

THE EFFECT SEEN BY 8ERLAND 74 jh! A PR I SH PI OT ANALYSIS BY BRAUN2
75 IN A DAL ITZ PLOT F IT AND BY STRACHMAN 75 IN AN AMPLITUDE
ANALYSIS IS PROBABLY NOT CCNNECTEO WITH THE N¹(1470 } WE

TEHPQRARILY LIST TI.E MASS HERE UNTIL THE SITUATICN IS FURTHER
CLARI FIED» SEE ALSO COOPER 74

91 N¹1/2(1470} WIDTH (HEVl (PRCD ~ EXP l

W

W S
W S
W

W

W

W

W

W T
W T
W

W

W

W

'W

W

W

W

W

W

W

(100
175 (198~ )

(150» l
120 (100~ )

(210.)
f150.}
(100 )
(60. )

120 I 54 ~ 0
NARROW W I

80 ~

(100' 0
{125 )
(188 ' 0
f212 ' 0
(124 0
(100' )

(50 ' )
(62 ' )

(250 ' )
{249 I
{205 ' )
(145 ' }

{40~ l
{60 l
(15 )
(15 ~ l
(40 ~ l

(20 l
) (12 ~ 0)
DTH SUGCESTS
TQ 120 ~

) (30 ~ 0)
(25 ' }

) {38 0)
t62 ~ 0)
I 20»0 l
{30~ )
(25 )
{18»l
(95»)
(90 ' )

{105' )
(35 ' }

BELL 68 HBC
SHAPIRA 68 CSC
TAN 68 HBC
RHODE 69 HBC
ANDERSON 70 I MS
BALLAH Tl HBC
BcKETOV 71 HBC
BOESESEC 71 RVUE

120/80 MA 71 HBC
THIS IS NQT THE USUAL N¹(

MORSE 71 HSC
MORSE 71 HBC
RUSHBRQQKE71 HBC
EDELSTEIN 72 HMS
GAGE 72 DBC
KARSHDN 72 CBC
RQNAT 72 HSC
LICHTMAN 74 HBC
L ICHTMAN 74 HBC
CAVALL I 75 SPEC
CA VALLI 75 SPEC
CAVALL I . 75 SPEC
MUSGRAVE 75 HBC

P I+- P AND PP

+
PP 22 GEV/C
P I- P TG P I- MMS

+- P I+-P AT 16GEV
+ P PI+ P I- MASS

PPs PI-Ps K-P PROD
+ P P TQ P hl Pj

1470) ~

+ P I-Pt 7 GEV/C
+ P I-Pt 25 GEV/C
+ PP TG P2P I 16GEV
+ PP 6 TG 30 GEv

0 PD 5»9GEV/C
+ PD—PDZPI 7 GEV

. P I+P TO 3P I P
t- P I+P TQ 3PI P
+ PI P TC 3PI P
+ PP TQ 2N¹t 'W=23GV
+ PP TO ZN¹sW=31GV
+ PP TQ 2N¹sW=53GV

K+ P TQ K P I N

THE FOLLOWING ARE TI EGRET ICAL PAPERS CONCERNING THE N¹1/2(1470)
RESNICK 66 PR 150 1292 L RESNICK (NI EL S BOHR l
SCHWAR Z 66 PR 152 1325 J H SCHWARZ {LRL}
BALL 67 PR 155 1725 JS BALLs GL SHAWr DY WQNG (UCI-AsUCI s UCSD)
GOLDBERG 67 PR 154 1558 H GOLDBERG I CORNELL )

7/66
7/eb
7/66
7/66
7/66

jj/67
10/69
6/68
6/68

10/69
10/69
10/69
2/71
2/72
3/72
3/72

10/71
3/72
3/72
2/72
1/73

12/72
12/72
2/73
4/75¹
4/75¹
1/76¹
1/76¹
1/76¹
j/76¹
1/76¹
1/76¹

lj/75¹
1/ 76¹

10/74¹
11/75¹
1/76¹
1/76¹
1/76¹
1/76¹
1/76¹
j/76¹

6/68
10/69
10/69
10/69
2/71
2/72
3/72
3/72

10/71
10/71
3/72

'3/72
? /72
1/73

12/72
12/72
2/73
4/75¹
4/7 5¹
1/76¹
1/76¹
1/76¹jj/75¹

COCCCN I
ADF. LHA N

ANKEh BRA
BELLETTI
Ah}DER SCN
BLAIR

FOLEY
ALMEICA
BELL
JESPERSE
LAMSA
SHAPIRA
TAN
RHODE
ANDERSON

BALLAM
BEKETOV
BQ ES EB EC
HA

MORSE
RUSHBRQO

64 PL 8 134
65 PRL 14 1043
65 NC 35 1052
65 PL 18 167
66 PRL 16 855
66 PRL 1 7 789

67 PRL 19 39 7
68 PR 174 1638
6 8 PRL 20 164
68 PRL 21 1368
68 PR 166 1395
68 PRL 21 1835
68 PL 288 195
69 PR 187 1844
70 PRL 25 699

71 P R D4 1946
7 I SJNP 13 605
71 hIP 833 445
71 PRL 26 . 333
71 PR D4 133
71 P R 04 3273

REFERENCES FOR N¹1/2 (1470) (PROD ~ EXP ~ I

+L ILLETHUN SCANI. QN STAHL BROhICT + ( CERN}
S L ADELMAN (CAMBRIDGE(CERN) )
ANKENSRANDTs CLYDE t CORK tKEEFE t KERTH+ (LRL )
BELL ETT IN I s CQCCQNI s DI DDENS + {CERN)
+BLESERs CCLLINSt FUJI I t+ (BNLtCARN)
+TAYLQRtCHAPHANs+ (HARWELLtQUEEhlHARYsRHEL)

+J ONE S, L I NDENSAUM t LOVE, QZAKI+ {BNL I
+RUSHBROOKEs SCHARENGUI VEI + (CAVE t DESY l
+CRENNELLs HGUGHtKARSHQNtLAI+ fBNLsCUNY)
JESPERSENsKANGsKERNAN+ ( IOWA STATE l
+CASON t 8 ISWAS DERADQ G'RQVES + t NOTRE DAsjIE l
+SENARY s E I SENBERGs RONATs YAFF E+ ( REHO )
TAN sPERL s MARTIN s VH INQWSKU + (SLAC+LRL+UCI )
RHQDEt LEACQCKs KERNANt JESPERSENt+ ( ISUl
+SLESER s BL I EDEN t COLL I NS++ (BNLsCARN)

+C HODW ICK s GU IRA GOS S I AN s JOHNSON t++ ( SLAC ) I
sZCMBKQVSKIItKCNOVALGVsKRUCHININs++ t ITEP)IJ
BQES E BECK s GRAE S SLERs K RAUS s+++ I ABBCHLV ) I,
+COLT QN I MSU+L BL ) I
+CHtWALKERsCORRCLLsLYNCH + (WISC+TNTQ ) IJ
RUSHBROQKEsWILI IAMS+BAREFORD++ (CAVEtLQIC) IJ

EDELSTEI 72 PR D5 1073
GAGE 72 NP 846 21
KARSHCN 72 NP 837 371
RONAT 72 NP 838 20
YEKUTI'Et. T2 NP 840 77

BERLANQ 74 NP 875 93
ALSO 74 PL 518 187

L ICHTHAN 74 NP B81 31

EDELSTE!N s CARR I CAN t HI EN» MCMAHON t+ f CARN+BNL )
GAGE t E CQLTONt W CHINOWSKI (LBL )

+YEKUT I EL I t YAFF Es SHAP IRA ~ RGNAT t+ ( REHQ ) I
+EI SENBERG sLYCNSt SHAP IRAs TQAFF+ ( REHQ}
YEKUTIELIsYAFFEtSHAPIRAtRCNAT + (REHQ)

BERI.AND s HABER t HGDQLS t HULS I ZERt+ (HIT)j
BERLANDt HASERs HQDQUS s HULS IZERt+ (HIT) I
L ICHTMAN s 8 ISWAS sCASQNsKENNEYt MCGAHAN+( NCAM) I

BLCBEL
BRAUNZ
CAVALL I

ALSO
HUSGRAVE
STRACHMA

75 NP 897 201
75 NP 895 503
75 L NC 14 353
75 LNC 14 345+359
75 NP 8 87 365
75 NP 898 120

+ESKREYSt FESEFELDT ~ FRANZ+ I BCNN+HAMB+MPIH) I JP
+GERBER t HAURERs MICHALGNtSCHIBY+ STSRBs LPNP I
CA VALL I-SFCR ZA s CQNTA+ (PAVIA+PRIhI )
CAVALL I-SFQ&ZAt CQNTA+ (PAVI A+PR jhI l
+PEETERS sSCREINERt WHITMOREt YUTA (ANL )
STRACHMANsBRAUNsGERBERsHAURER+ (LPNPs STRB) I

PAPERS NGT REFERRED TO IN CATA CARDS

GELLERT
ALBER I
WALKER
CLEGG
ALEXANDE
ANSQRGE
BEAUPRE
COOPER
DEUTSCHH

66 PRL 17
68 PR 176
e8 pRL 20
69 NP 813
73 NP 852
73 NP 863
73 hIP 866
74 hIP 879
75 NP 899

884
1631
133
222
221
93
93
259
397

+SHITHs WQJCICKI s CQLTQNs SCHLE IN + (LRL t UCLA)
+APPEL sBUDNI TZt CHENs DUNNINGs GQITEIN+ ( HARV)
+THCHPSCNtRQSERTSQNtQHtLEEsHARTUNGt+ (WISC)
CLEGG ( LANC)
ALEXAhIDE R s SENARY+ {TEI -A V I V+HE IDELBERG+OESY I
ANSQRGE s HA DEN s NEAt. E s RUSHSRQGKE (CAVE)

f AACH+8 ERL+BONN+CE RN+NDAM+P ENN+TQHQ ) I
CQQPERs SEI DLs VANDERVELDE (MICH I IJP
0EU TSC HMANN+( AACH+BQNN+BERL+CE RN+CRAC+HE I D)

M 1
M 1
H 3
H 6
M 6
M

M T
H

M

H L
M

M

62 N¹1/2(1520) MASS t MEV)

f 1530 0)
(1536' 0}
{1510' 0)

WHERE CROSS SECT ICN
(1541~ 0)
(1523 0)

FROM ENER. DEP. F IT QF ARGAN
I 1512~ 0)
( 1520 ~ I
t 1525 ~ I
1501 ~ TQ 1503»
1524 ~ OR 1520~

THE 2 SETS OF PARAMFTERS ARE
( 1503~ I

BRA}sDSEh 65 RVUE PHASE-SHIFT ANAL
ROPER 65 RVUE PHASE-SHIFT ANAL
BAREYRE 68 RVUE PHASE-SHIFT ANAL

IS GREATEST — EYEBALL FIT
DCNNACH1 68 RVUE P HASE- SHI FT ANAL
AYED 70 I PWA

0 DIAGRAM
DAVIES 70 RVUE P-S ANAL SOL A

ALMEHED 72 IPWA
AYED 74 EPWA
CRAWFORD 75 DPWA P I N PHOTO-PROD
LONGACRE 75 IPWA PI N TQ 2PI N

FRQH METHODS 1 AND 2 OF LQNGACRE 75 ~

SARBQUR 76 DPWA Pl N PHQTQ-PROD

9/66
9/66

11/67

6/68
1/71

S /69
2/72
2/74
1/76¹

11/75¹
ll/75¹

1/ 76'¹

62 N¹1/2 ( 1520 l WI DTI" (HE V l

W 1
W 3

e
W

W 7
W

W L
W

(125» 0}
(149»0}
f131»0}
{106' 0)
I 120~ }
(122 )
115' TQ 150»
120» OR 150 '

(137' }
SEE THE NQTES ACCOMPANYING

BARE YRE 68 RVUE
DQhINACH 1 68 P VU E
AYED 70 IPWA
DA VI E S 70 RVUE
ALMEHED 72 I PWA

AY ED 74 I PWA

CRAWFORD 75 DPWA

LQNGACRE 75 IPWA
BARBOUR 76 DPWA

TI. E HASSES CUQTEC ~

P-S ANAL SQL A

P I N PHOTO-PROD
PI N TG 2 PI N

PI N PHOTO-PRCD

1I/67
6 /68
1/71

2/72
2/74
1/76¹

11/75¹
1/76¹

62 N¹1/Zt1520. JP=3/2-) I= 1/2 ~ ].3
THE EXISTENCE OF THIS RESCNANCE IS hELL ESTABLISI-ED»

Pl
P2
P3
P4
P5
P6

INTO PI N

INTO N PIPItJtj=0)
INTO N¹3/2( 1232) PI
INTO N PI P I
I NTQ GOMNA N

INTO N RHQ

N¹1/2( 1470)
N¹1/2 ( 1470 )
N¹1/2( 1470)
N¹1/2 ( 1470 )
N¹1/2( 1470)
N¹1/2( 1470)

DECAY MASSES
139+ 938
938+ 139+ 139

1232+ 139
938+ 139+ 139

0+ 938
938+ 773

91 N¹I/2( 1410) PARTIAL DECAY MODES (PROD ~ EXP ~ )

RE

IM (146» }

62 N¹1/2( 1 20) REAL PART QF POLi PCS IT I Chi (HEV l

LCNGOCRE 75 IPWO P I hI TO 2P I

62 N¹1/2( 1520) 2¹IMAG PART CF POLE PCS IT ICN ( HE V)

LCNGACRE 75 IPWA PI N TG ZP I N

ll/75¹
lj/75¹

11/75¹
ll/75¹
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S168 Particle Data Group: Review of particle properties

Earyons
N(jsao)

Data Card Listings
For notation, see key at front of Listings.

Pl
P2
P3
P4
P5
P6
P7
P8
P9
P10
Pll
P12
P13
P14
P15
P16

62 N«1/2 (1520) PARTIAL DECAY MODES

N«1/2 t 1523) INTO P I hl

N¹l/2{1520} INTC N¹3/2 {1232) Pi
N¹1/2( 1520) INTO hl P I PI
N«1/2 (1520)+ INTO NEUTRON PI+
hl« 1/2( 1520)+ INTO PROTON PI+ PI-
N«1/2( 1520) INTO N ETA
N¹i /2 ( 1520 } INTO hl EP S ILON
N¹1/2( 1520} INTO N RhC
N¹1/2( 1520) INTO GAM P p HELIC I TY= 1/2
N¹l/2 {1520) INTO GAM P g l"EL I CITY=3/2
N¹1/2( 1520) INTO GAM h v HELIC ITY=l/2
N«1/2t 1520 l INTO GAM N HELICITY=3/2
N«1/2( 1520) INTO K LAMBDA
N« 1/2( 1520) INTO N¹3/2( 1232) PI ~ S-WAVE
N«1/2(1520) INTO N¹3/2( 1232) PI v D-HAVE
N«1/2( 1520) I NTC hl RHC g 5=3/2 y 5-'WAVE

DECAY MASSES
139+ 938

1232+ 139
938+ 139+ 139
939+ 139
938+ 139+ 139
939+ 548
938+1200
938+ 773

0+ 938
0+ 938
0+ 939
0+ 939

497+1115
1232+ 139
1232+ 139
938+ 773

R3
R3
R3
R3
R3
R3

N«1/2{ 1520) INTO (N¹3/2(1232)
LARGE
l ARGE
LARGE
LARGE
LARGE

PI)/(N PI PI }
THUR NAUER 65
NAMYSLQQS 66
ROBERTS 67
RGSENFELD 67
MORGAN 68

(P2) / t P3)
RVUE
RVUE
RVUE
RVUE
RVUE ISOBAR MODEl

R4 N«1/2( 1520) INTO (N EPSILCN}/TCTAl (P7)
R4 PRCIBABLY PRESENT MORGAN 68 RVUE ISOBAR 'MODEL
R4 D (0 02} DIEM 70 IPWA 3 BODY ANALYSI S
R4 0 ASSUMING R 1= 0 «5

R5 N«1/2 (1520) INTO (N ET A l/TOTAL (P6)
R5 0 (0 ' 006) APPROX DAVIES 67 RVUE
R5 CAVIES 67 GIVES SEVERAL VALUES DEPENDING GN INPUT DATA. ALL ARE SMALL
R5 B (0 ~ 014) BOTKE 69 MPWA T POLE+ RESGN ~
R5 8 (0 0033 (0 ~ 00 jl DEANS 69 MPkA T POLE+ RESCN
R5 8 (0 ' 002)QR 0«004 CARRERAS 70 MPWA T POLE+ RESCN
R5 8 PARAMETRI ZATIQN USEG COULD BE IN DANGER OF DOUBLE COUNTING
R5 SEEN LEMGIGNE 73 DPWA 1488 TC 1685 MEV

R6
Rb 0
R6 D

N¹1/2( 1520) INTO (N RHG )/TOTAL
{0' 07) DIEM

ASSUMING R 1= 0 ~ 5

(PBl
70 IP WA 3 BODY ANALYS I 5

R7
R7 C

R7 C

N¹l/2(1520] FPQM PI N TQ K LAMBDA SQRT(P1¹P13)
076 ~ 032 DEVENISH 74 0 FIXED T DI SP REL

EXTRAPOLATION OF PARAMETR IZED AMPLITUDE BELOW Tl-RESHQLD«

RB N¹l/2(1520) FRCM P I h INTC N EPSIlON SQRT (P l¹P7 )
RB L (0 03 OR + 17 LQNGACRE 75 IPWA PI N TQ 2PI N

R9 N¹1/2 t 1520) FROM P I h TQ N¹3/2(1232) P I~ S-HAVE SQRT (P 1¹P14l
R9 L (+.27)QR +.24 LQNGACRE 75 IPWA P I N TC 2PI N

R10 N¹1/2(1520) FROM PI N TQ N¹3/2(1232) PIED-HAVE SQRT(P1¹P15
R10 L (+ 24) OR + ~ 30 LQNGACRE 75 IPWA PI N TQ 2P I N

Rll N¹1/2(1520) FROM PI N TC N RHODES=3/2gS-HAVE SQRT ( P 1¹P16)
Rl. l (+ ~ 32)OR + ~ 24 LGNGACRE 75 IPWA P I N TQ 2PI N

62 N¹1/2(1520) BRANCHING RATIOS

Rl N¹1/2( 1520 ) ENTO t Pi Nl /TOTAL
Rl 1 (0' 54) BAREYRE 68 RVUE
Rl 3 (0 ' 509) DQNNACHl 68 RVUE
Rl 6 (0 ' 593) AY ED 70 IPHA
Rl 4 (0 45) DA Vj ES 70 RVUE P-S ANAL SOL A
Rl 7 (0 ' 58) ALMEHED 72 IPWA
Rl (.558} AY ED 74 I P WA

Rl SEE THE NOTES ACCOMPANY ihlG THE MASSES QUOTED ~

Rl
Rl ALMOST THE ENTIRE IhlELAST IC ITY 15 IN N PI Pi {CNLY N ETA COUL0 CCMPETEv
Rl ANO IT DQESNT} «THE N PI Pi SEEMS TO BE MAINLY N¹3/2(1232) Pig IN BCTH
Rl S AND D HAVES ~

R2 N¹1/2( 1520 ) INTO (N«3/2( 1232) P I ) /TOTAL ( P4)
R2 0.20 0.05 Ki RZ 66 HBC 0 ASSUMING R1=0 ~ 72
R2 DOMINANT INEL DECAY QL SSQN 66 RVLIE PI P TO PI PI N

R2 D (0 ' 40) DIEM 70 IPHA 3 BODY ANALYSIS
R2 0 ASSUMING Ri= 0«5

11/67
6/68
1/71
8/69
2/72
2/74

9 /66
9/66
1/71

11/67
11/67
11/67
ll/67
6/68

6/68
1/71

11/67

10/69
5/70
5/70

2/74

1/71

4/75¹
4/75«
4/7.5¹

11/75¹
ll/75¹
11/75¹
ll/75¹
ll/75¹
ll/75¹
11/75¹
11/75¹

N¹I/2 I 1520) INTO GAM 4 w HEL IC ITY=1/2 {GEV¹¹-1/2
075 ~ 037 DEVENI SH 73 DPHA

—~ 085 014 MOORHOUS 73 DPWA
+ ~ 037 .012 ROSSI 73 CPHA

CONVERTED TO OUR CONVENTIONS USING M AND W FROM
(0 ~ } BENEVEhlT 74 DPWA
—~ 089 ~ 019 DEVENIS2 74 DPHA- ~ 077 ~ 005 KNI E S 74 DP WA
—~ 066 «010 METCALF 74 OP HA

F 088 ~ 007 MOORH0U 5 74 DP WA

~ 067 ~ 004 CRAHFCRD 75 QPHA(- ~ 056) BARBOUR 76 DPWA

A3
A3
A3
A3 2
A3 2
A3
A3
A3
A3
A3
A3
A3
A3
A3

~ ~ ~ ~ ~ ~ ~ ~ «

AVERAGE MEANINGLESS {SCALE FACTOR = 3 9)

).
PI N PROTO PROD
P I N PHOTO-PROD

0 GAM N TO P I- P
ROSS 173 AND X= «56

0 GAM N TO Pi — P
P I N PHOTO-PROD
P I N PHOTO PRCD
PI N PHOTC-PROD
P I N PHOTO-PROD
P I N PHOTO-PRCD
P I N PHOTO-PROD

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REF ERENCES FOR N¹1/2 ( 1520)

SEE A PREVIOUS EDITICN (RMP 37~ 633~ 1965) FOR EARLIER REFERENCES ~

BRANDSEN 65 PR 139 81566
ROPER 65 P R 138 8190
THURNAUE 65 PRl. 14 985

+GDCNNELL ~ MQQRHQUSE
LD ROPERyRM HRIGHTgBT FELD
P G THURN AVER

(DURHAM' RHEL) IJP
{LRL-LVMRgMIT) I JP

(ROCH)

KI RZ 66 PRIVATE COMM J K IRZ (LRL )
hiUMBER EXTRACTED FRCM CATA DISCUSSED IN KIRZ 63 Z 63 ~

NAMYSLOW 66 PR 157 1328 NAMYSLOWSKI sRAZMI yROBERTS (STANyEDINg LOIC)
CL S SGN 66 PR 145 1309 M G GLSSQNt G 8 YQDH (WI SC g UMD)

DAVIES 67 NC 52A 1112
ROBERTS 67 PREPRINT
ROSENFEL 67 IRVINE CONF

BAR EYR E 68 PR 165 1731
DONNAC Hl 68 PL 26 8 161

Al SG 68 VIENNA 139
ALSO 68 THESIS

MORGAN 68 PR 166 1731

A T DA VIE S g R G MQORHOUSE ( GLASGOW' RHEL 3

R C ROBERTS (DURHAM)
A H RQSENFELDy P SGOING (LPL )

P BAREYREt C BRIGMANy G VILLET (SACLAY ) I JP
A OCNNACHIEq R G KIRSOPP I C LOVELACE (CERN)IJP
DGNNACHIE RAPPORTEUR ~ S TALK (GLAS)
R G KIRSOPP ( ED IN )
0 MGRGAN ( RHEL 3

BGTKE 69 PR 180 1417 J G BGTKE (UCSB)
DEANS 69 PR 185 1797 5 DEANS y J WOQTEN (UNIV 5 FLQRICA }

AYED 70 KIEV CONF
CARRERAS 70 NP 16B 35
DAVIES 70 NP 821 359
DIEM 70 KIEV CONF «

AL MEHED 72 NP 840 157

R AYEOg P BAREYR Ep G V ILLET ( SACL ) IJP
8 CARRERAS g A DGNNAC HIE (DAREgMCHS)
A DAVIES (GLAS)
+ SMADJAp CHAVANGNg DELERg DOLBEAU+ (SACL)
+LGVELACE (LUNDs RUTG) IJP

DE VENI SH
HEMMI 1
HE MMI 2
LEMGI GNE
MCQRHGUS
RQSSI

ALSO

AYED
ALSO

BENEVEblT
DEVEN IS H

DEVENI S2
KNI ES
METCALF
MOQRHQUS

73 PL 478 53
73 PL 438 79
73 NP 855 333
73 PURDUE CONF' 93
73 PL 438 44
73 NC 13A 59
71 L NC 2 1183

74 PRIVAT E CGMMCTh ~

73 A I X CONFERENCE
74 NC 19A 529
74 NP 881 330
74 PL 528 227
74 PRD 9 2680
74 NP 876 253
74 PRD 9 1

DE VENI SH p RANKIN g LYTH t LOUC+BONN+L ANC ) IJ P
}-EMM I g INAGAK I+ (KYQTG+SAGA+KEK+TQKY ) I JP
+ INAGAKjy KIKUCHI y MAK I tMIYAKE+ (KYOTO' TOKYO) I JP
+GRANET q MARTY p AY ED y BAREYRE y BQRCEAUOp+ ( 5ACL l IJP
MOORHOUSEs OBERLACK (GLAS+LBL) I JP
+P IAZZA SUSINhlO + (ROMA FRAS NAPL PA VIA ) I JP
CARBONARA gFIQRE g+

(NAPLES

FRAS ~ PAY IAy RCMA ) IJP

AYEDy BAREYRE ( SACL ) I JP
AYEDgBAREYRE (SACL ) IJP
BENEVENTANQ sDANGELGt NGTAR I STEFANI v+ ( RCMA j IJP
OEV ENI5 Hp FRGGGATT g MART IN ( 0ESY p NORD ITA I LQUC )
OEVENI SH q LYTH g RANKIN (DESY yLANCy BCNN) I JP
KNIESgMQQRHGUSEyOBERLAGK (LBLI GLAS) IJP
H J METCAL. F e R L WALKER (CIT) I JP
MQORHQUSE QBERLACK RCSEhlF ELD ( GLAS+LBL ) I JP

A4 N¹1/2( 1520) INTO GAM Np HELIC ITY=3/2 (GEV«¹-1/2)
A4 126 ~ 028 DEVENI SH 73 OPWA P I N PHOTO PRCD
A4 8 087) HEMMI 2 73 0 GAM N TO PIO N

A4 8 CONVERTED TO OUR COhVENTICNS USING M ANQ W FROM WALKER69 AND X= 56
A4 2 016 ~ 016 ~ 018 RQSSI 73 DPHA 0 GAM N TG PI- P
A4 124 013 MQORHQUS 73 DPHA PI N PHOTQ-PROD
A4 5 (-.035) BENEVENT 74 CPWA 0 GAM N TQ PI- P
A4 5 CONVERTED TQ QUR CONVENTIONS USING M=1520 &EVy H=120 MEVy X=«56
A4 —.155 .0 19 QE VENI S 2 74 DP WA P I N PHOTO-PROD
A4 - ~ 120 «010 KNIES 74 DPHA PI N PHOTO PROD
A4 - ~ 118 ~ 013 METCA{F 74 DPWA P I N PHOTO-PRCO
A4 -«119 ~ 025 MQORHGUS 74 DPWA P I N PHOTO-PROD
A4 133 003 CRAWFORD 75 OPWA PI N PHOTO-PROD
A4 ( —«136) BARBOUR 76 DPWA PI N PHOTO-PRCD
A4 ~ ~ ~ « ~ « ~ ~ ~

A4 AVERAGE MEANINGLESS (SCALE FACTOR = 3«l )

2/74
2/73
4/75¹
4/75¹
4/75¹
4/75¹
2/74
2/74
2/74
1/76¹
1/76¹

2/74
4/75¹
4/75¹
4/75¹
2/73
4/75¹
4/75¹
4/75¹
2/74
2/74
2/74
1/76¹
1/76¹

R12 N¹1/2{1520) FROM PI N TC ETA N SQRT t P l¹P6)
R12 9 t- ~ 011}0'R + ~ 058

FELLNESS

E 75 DP'HA 0 1488 TG 1745 MEV
R12 9 SUPERCEDES l EMQICNE 73r USES M AND W QF AYED 74«

62 'N¹ 1/2( 1520) PHQTCN DECAY AMPL (GEV¹¹-1/2}

1/76¹
1/76¹
1/76¹

CRA'HF C RD 75 NP 89 7 125
FELTESSE 75 NP 893 242
LGNGAC &E 75 PL 55 8 415

BARBOUR 76 SBMTD ~ TQ NP

R L CRAWFORD (GLAS ) IJP
+AYED pBAREYRE g BORGEAUD BOA V ID y ERNHE

IN+�(SACL

) IJP
+RQSENFELDpLAS INSKI g SMADJA+ (LBL g SLAC) IJP

I ~ M ~ BARBOUR e R ~ L ~ CRAHFCRD (GLAS ) IJP

PAPERS NOT REFERREC TO IN CATA CARDS ~

Al
Al
Al
Aj
Al
A).
Al
Al
Al
Al
Al
Al

N¹1/2 t 1520} INTO
010(-~ 026)
026

-«008
—.019
—~ 006

~ 000-~ 009t- ~ 012)

GAM Pg
~ 022

~ 015
~ 0 1.5
~ 008
006.006

~ 004

HE L I C IT Y= 1/2 (6EV¹¹-1/2)
DEVENI SH 73 DPWA
H'E M M I 1 73
MGORHQUS 73 DPWA
DEVENI 52 74 DPHA
KNIE S 74 DPHA
METGALF 74 DPWA
MQQRHQUS 74 DPWA
CRAHFQRD 75 DPWA
BARBOUR 76 DPHA

P I N PHOTO PROD
+ FHD PIG PHTOPRCD

P I N PHOTO-PROD
P I N PHOT C-PRCD
P I N PHOTC PROD
P I N PHOTO-PROD
P I N PHOT 0-P R 00
PI N PHOTO-PROD
P I N PHOTO-PRQD

«« ~

(SCALE FACTOR = 1 «0)
~ « ~ ~ ~ ~

AVERAGE MEANINGLESS

FOR DEF Ihf ITIC'N OF CAMMA NUCL ECN DECAY AMPL ITUDES q SEE MINI-
REVI EH PRECEDING Tl-'. E BARYON LI ST INGS ~

2/74
2/74
2/73
4/75¹
2/74
2/74
2/74
1/76¹
1/76¹

KIRZ
BAREYRE
CROUCH
DERAOCI
MERLO

THE
JOHNSON
DEANS
DCNNACH
'WALKER
AYED

63 PR 130 2481
65 PL 18 342
65 DESY CONF I I 21
65 ATHENS CONF 244
66 P ROY SOC 289 489

ABOVE PAPERS DISCUSS I
67 UCRL-17683 THESIS
69 PRL 177 2623

I 69 NP 108 433
69 P R 182 1729
70 PL 318 598

(LRL )
(UNIV S FLORIDA )

( GLA S+EDIN)
(CAL TECH)I JP

(SACLAY)

¹¹¹¹¹¹¹¹¹ ¹¹«¹¹¹¹¹«¹¹¹¹¹¹«¹
J KIRZe J SGHHARTZ~ R 0 TRIPP (LRL j
+ BRICMANq STIRLING' VILL ET (SACLAY) IJP
+ (BRQWNtCEA y HARVARD ~ MI T yPAOOVAy HEIZMANN)
+KE}(NEYy LAMSAy + (NQTRE DAMEpKENTUCKY)
J P MERLON G VALLACAS {SACLAY)
NELASTIC CHANNELS NEAR THE REQNANCE ~

C H JQHNSCN
S R DEANS
A DQNN ACH I E ~ R K I R SOP P
R L HALKER
+BAREYRE+VILLET

GAM Pg
~ 017
~ 031
~ 012
012

«Ojj
«006
~ 004

A2 N¹1/2( 1520) INTO
A2 ~ ).80
A2 +.194
A2 171
A2 169
A2 +.165
A2 ~ 174
A2 +.162
A2 (+, 158)
A2 ~ ~ ~ « ~ ~

A2 AVERAGE MEANINGLESS
« ~ ~

(SCAL E FACTOR = 1 0 }

HELIGITY=3/2 (GEV¹¹-1/2}
DEVEN I SH 73 DP HA
MGCRHOU S 73 OPSIA
DEVENIS2 74 DPLvA

KNI ES 74 DPWA
METCALF 74 DPHA
MQQRHGUS 74 DPHA
CR AWFORD 75 OPHA
BARBOUR 76 OPIA

P I N PHOTO PROD
P I N Pl.OTQ-PRCC
PI N PHOTO-PROD
P I N PHOTO PROD
P I N PHOT G PRCD
P I N PHOTO-PRCD
P I N PHOT 0-PROD
P I N PHGTC-PRCO

2/74
2/73
4/75¹
2/74
2/74
2/74
1/76¹
1/76¹
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Particle Data Group: Review of particle properties

Data Card Listings
For notation, see key at front of Listings.

Baryons
N(i535)

N
~}(1535) 63 eel/2i 1535, 22=2/2-i l=l/2 S$}

THE EXISTENCE OF THI S RESONANCE IS bELL ESTABLISHED ~

IT IS STRONGLY ASSOCIATED WITH THE ETA N CHANNEL ~

R6 N¹1/2(1535) INTO GDMI~A PRGTCN/TOTAL (P7}
R6 5 00042 ~ 0014 DEANS 72 MPWA P ETA PHOTQPRQD ~

R6 5 BR=(DEANS72 RADIATIVE WIDTH}/(NOMINAL FULL WIDTH=100 MEV)
R6 5 THE HICKS73 ENTRY UNDER R7 IS A MORE RECENT RESULT BY SAME GROUP ~

R7 N¹1/2( 1535 } FRGM GA}/MA PROTON TQ ETA PROTON SQRT ( P2¹P7l
R7 2 0366} HICKS 73 MPWA GAM P-ETA P

9/73
9/73
9/73
9/73

9/73
9/73

63 N¹1/2(1535) MASS (MEV)

RB
RB
RB A

RB A

N¹1/2(1535 l FROM P I N INTO ETA N SQRT ( Pl¹P2) 2/74
{+~ 43) LEMGIGNE 73 CPWA 1488 TG 1685 MEV 2/74
(+e48) FELTESSE 75 DPWA 0 1488 TQ 17'45 MEV 11/75¹

SUPERCEDES LEMOIGNE 735 USES M AND W OF AYED 74 ~ ll /75¹
M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

M

W

'H

H
H

H
k
H
H

H

W

H

W

H

RE

IM

N

N

1
1
3

6
6

7
2
2
2

L
L

N

3

6
4
7

2

L

~ ~

63 N¹1/2( 1535 l WIDTH ( ME V l

(130' 0)
(13000)
(156' 0) OR 144 ' 0
(155 ' Ol
(268 ' 0) APPROX
(120 0)
(9600)
(36.0}
{50~ )

(134 l
(800)
114~ TC 167~

75 ~ OR 100 ~

(128~ )
SEE THE NOTES ACCOMPANYING THE

HENDRY 65 RVUE
MICHAEL 66 RVUE
UCHIYAMA- 66 RVUE
BAREYRE 68 RVUE
DGNNACHl 68 RVUE
DELCOURT 69 CNTR
AYED 70 IP WA

DA VIES 70 RVUE
Al MEHED 72 IPWA
HICKS 73 MPWA

AY ED 74 !PWA
CRAWFORD 75 DPWA

LONGACRE 75 IPWA
BARBDUR I6 DPWA
MASSES QUOTED'

SEE NOTE QN MASS

PHGTQPRQDUCT ~

P-S ANAL SQL A

GAM P-ETA P

PI N PHOTO PROD
PI N TG 2PI N

P I N PHOTO-PROD

( 14960)

63 N¹l/2(1535$ REAL PART OF POLE PCSITIQN (MEV}

LGNGACRE 75 IPWA PI N TG 2PI N

(103 )

63 N¹1/2(1535) 2¹IMAG PART GF POLE POSI TICN (MEV}

LQNGACRE 75 IPWA PI N TC 2PI N

(1519 0) HENDRY 65 RVUE ETA N + Sll PI
(1570' 0) MICHAEL 66 RVUE FITS BAREYRE Sll
{1557~ 0) OR 156500 UCHIYAMD- 66 RVUE FITS N ETA DATA
FITTING GIVES TWO SOLUTIONS ~ PROBLEMS MATCHING PI P PHASE SHIFT

(1535«0) BAREYRE 68 RVUE PHASE-SHIFT ANAL
WHERE CROSS SECTION IS GREATEST - EYEBALL FIT

(1591 0$ DONNACHl 68 RVUE PHASE-SHIFT ANAL

{1535.0) (10 0) DELCQURT 69 CNTR PHOTGPRODUCT ~

(1534 0$ AYED 70 IPWA
FROM ENER« DEP ~ FIT OF ARCAND DIAGRAM

(150200) DAVIES 70 RVUE P-S ANAL SOL A

( 1500e l ALMEHED 72 IP WA

(1551 ) HICKS 73 MPWA GAM P-ETA P

ONLY STATES FRC}2 TABLE V I I OF Hi CKS73 ARE INCLUDED IN LISTINGS ~

M AND W ARE FROM SOLUTION C2t BR= SQRT(G) /W WITH G FROM TABLE VI I
{1520' ) AYED 74 IPWA

1507' TQ 1530 CRAWFORD 75 DPWA P I N PHOTO-PROD
15200 OR 15 10 LGNGACRE 75 IPWA PI N TQ 2PI N

THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND 2 OF LONGACRE 75 ~

(1501~ ) BARBOUR 76 DPWA Pi N PFGTG PROD

9/66
7/66
9/66

11/67

6/68
8/69
1/71

8/69
2/72
9/73
9/73
9/73
2 /74
1/76¹

11/75¹
ll/75¹
1/76¹

9/66
7/66 .

9/66
11/67
6/68
8/69
1/71
arse
2/72
9/73
2/74
1/76¹

ll/75¹
1/76¹

ll/75¹
11/75¹

11/75¹
11/75¹

R9
R9 C
R9 C

N¹1/2(1535) FROM PI N TG K LAMBDA SQRT ( P }.¹P9l
—~ 691 214 DE YEN ISH 74 0 FIXED T DISP REL

EXTRAPOLATION QF PDRDI4'ETR IZED AMPL ITUCE BELOW T} RESHOLD ~

R10 N¹I/2'(1535) FROM P I N TQ N¹3/2 ( 1232 l PI
R10 L (0 ~ 0) OR —~ 06 LCNGACRE

5 QRT ( P 1¹P5)
75 IPWA P I N TO 2PI N

R12 N¹1/2- (1535 } FROM P I N TO N EPS lLON
R12 L ( ~ 1) OR - ~ 09 LCNGACRE

SQRT( P 1¹P4)
75 IPWA PI N TO 2PI N

63 N¹1/2 ( 1535) PHOTON DECAY AMPL ( G EV¹¹-1/2}
FOR DEFINITION OF GAMMA-NUCLECN DECAY AMPLITUDES t SEE MINI-

REVI E'W PRECEDING Tl"'E BARYON LISTINGS ~

Al
Al
Al
Al
Al
Al
Al
Al
Al
AI.
Al
Al

N¹1/2( 1535 l INTO GAM

~ 042 «023
( 015)
+ ~ 053 020

~ 078 0 020.056 .020
+0063 ~ 013

~ 036 002
+ 082 F 007

(+ ~ 063)

HELIC ITY=l/2 (GEV¹¹-1/2)
DE YEN I SH 73 DP WA

HEMMI 1 73
MOORHGUS 73 DPWA
DEVENI 52 74 DPWA
K NI E S 74 DP'WA

METCALF 74 DPWA
MQGRHQUS 74 DPWA
CRAWFORD 75 DPWA
BARBOUR 76 DPWA

AVERACE MEANINGLESS (SCALE FACTOR = 4 ~ 6)

P I N PHOTO PRCD
+ FWD PIG PHTQPRGD

P I N PHOTO-PRCD
P I N PHOTO-PROD
P I N PHOTO PROD
PI N PHOTO-PROD
P I N PHOT C-PRGD
PI N PHOTO-PROD
PI N PHOTO-PROD

A2 N¹1/2{1535} INTO GAM Nt HELICITY=l/2 (GEV¹¹-1/2)
A2 -0026 ~ 029 DEVENISH 73 DPWA

A2 - ~ 048 ~ 021 MOORHCLIS 73 GPWA

A2 8 —~ 031 0 24 ROSS I 73 DPWA

A2 8 CCNVERTED TQ QUR CGNV ENT IGNS USING M AND W FROM

A2 9 (- 078) BENEVENT 74 DPWA

A2 9 CONVERTED TQ OUR CONVENTIONS USING M=1520 MEVt
A2 - ~ 037 ~ 023 DE VENI S2 74 DP WA

A2 -~ 052 F 005 KNI ES 74 CPWA

A2 —~ 051 ~ 021 METCAL F 74 DP WA

A2 —~ 027 ~ 309 MOORHOUS 74 DPWA

A2 —~ 088 Oll CRA WFQ RD 75 DPWA

A2 (- ~ 109) BARBOUR 76 DPWA

A2 ~ ~ ~ 0 ~ ~ ~ ~ ~

A2 AVERAGE MEANINGLESS (SCALE FACTOR = 1 ~ 7)

P I N PHOTO PROD
P I N P l'OT Q-P ROD

0 GAM N TG PI- P
ROSS 1 73 AND X= 36

0 GAM N TO P I- P
W =80 ME V t X= ~ 36

P I N PHOTO-PROD
P I N PHOTO PRCD
P I N PHOTO-PROD
Pj N PHOTO-PRQG
P I N PHOTO-PROD
P I N P HOT Q-PROD

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

Rll N¹l/2(1535) fROM PI N TQ N RHQtS= 1/2t S-WAVE SQRT ( P i¹P10}
Rll L (+ 12)OR + ~ 09 LQNGACRE 75 IPWA Pi N TG 2PI N

4/75¹
4/75¹
4/75¹

ll/75¹
11/75¹
il/75¹
11/75¹
11/75¹
ll/75¹

2/74
2/74
2/73
4/75¹
2/74
2/74
2 /74
1/76¹
1/76¹

2/74
2/73
4/75¹
4/75¹
4/75¹
4/75¹
4/75¹
2/74
2/74
2/74
1/76¹
1/76¹

Pl
P2
P3
P4
P5
P6
P7
P8
P9
P10

N¹1/2 ( 1535)
N¹1/2(1535)
N¹1/2( 1535)
N¹1/2(1535)
N¹1/2 ( 1535)
N¹1/2( 1535)
N¹1/2 (1535)
N¹1/2(1535)
N¹1/2{1535)
N¹1/2(1535)

63 N¹1/2(1535) PARTIAL DECAY MODES

INTO P I N

I NTC N ET D

INTO N PI PI
INTO N EPS ILGN
INTO N¹3/2(1232) Pj
INTO N RHO
INTO GAM P t I-'EL IC ITY«0 1/2
INTO GAM N 5 HELICITY=l/2
INTO K LA MD 8 A

INTO N RHGtS=l/2t S-WAVE

DECAY MASSES
139+ 938
939+ 548
938+ 139+ 139
938+1200

1232+ 139
938+ 773

0+ 938
0+ 939

497+1115
938+ 773

BAR EYRE
DONNACHl

ALSO
ALSO

DEANS
DE (.C CURT

68 PR 165 1731
68 PL 268 161
68 V I ENNA 139
68 THES IS
69 PR 185 1797
69 PL 298 75

P BAREYREt C BRICMANt G VILLET (SACLAY) I JP
A DGNNACHIE R G KIRSGPP C LQVELACE (CERN) I JP
DGNNACHIE RAPPORTEUR ~ S TALK (GLAS)
R G KI RSQPP {EGIN)
S DEANS t J WQCTEN (UNIV S FLORIDA l
DELCGURT 5 LEFRANCQISt PEREZ-Y-JQRBAt+ ( QRSA)

REFERENCES FOR N¹1/2( 1535 }

( RHEL )HENDRY 65 PL 18 171 - A W HENDRYt R G MQGRI OUSE
REVIEWS EARLY PHASE-SFEFT-ANALYSIS RESULTS AND Pj- P TQ ETA N

EXPERIMENTS ~ bE TAKE NU}.BERS FRGM THE SOL UT IGN US ING BRANDSEN 65 ~

MICHAEL 66 PL 21 93 C MICHAEL (OXF l
UCHIYAMA 66 PR 149 1220 F UCHIYAMA-CAMPBELLt R K LCGAN (ILL}I JP
DAVIES 67 NC 52A lll2 A T DA V IES 3 R G MQORHQUSE ( GLASGGWt RHEL )

63 N¹1/2 ( 1535 l BRANCH I }2G . 8 AT I CS

AYED 70 K IEV CONF
CARR ERAS 70 NP 168 35
DA VIE S 70 NP 821 359
DlEM 70 KIEV CONF

R AYEDtP BAREYREt G VILLET' (SACL l IJP
8 CARRERAS t A DGNNACHIE (DARE 5 MCHS )
A DAVIES (GLAS )
+ SMAD JA5 CHAVANONt DELER 2 DQLBEAU+ ( SACL )

Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl

N¹1/2(1535 ) INTO (Pj N)/TOTAL
(0~ 69)
(0 ~ 32$
(0071) OR 0 ~ 28
(Oe31} OR 0 ~ 43
(0 ' 696)
(0033)
( 0 ~ 397 l
(0 ' 36)
{0 25)
(036)

65 RVUE
66 RVUE
66 RVUE
67 RVUE
68 RVUE
69 CNTR
70 IPWA
70 RVUE
72 IPWA
74 IPHA

HENDRY
MICHAEL
UCHI Y AM A-
DAVIES
DQNNACH1
DELCQURT
AYED
OA VIE S
ALMEHED
AYED

(P 1)

9/66
9/66

11/67
6/68
8/69
1/71
8/69
2/72
2/74

P-S ANAL SCL A

SEE NOTE GN MASS
PIP TG N ETAt Bt C

ALMEI-ED
DEANS
QE VENI SH
HEMMI 1
HICKS
LE MOIGNC
MQQRHQ US
ROSS I

ALSO

72 NP 840 157
72 PN 3 217
73 PL 478 53
73 PL 438 79
73 P RD 7 2614
73 PURDUE CONF« 93
73 PL 43B
73 NC 13A 59
71 LNC 2 1183

+LOVE} ACE (LUNDt RUTG) IJP
+JACOBS 5 LYONSt HICKS ( U S F L TAMPA~CARN)
GEVENISHt RANKINtl YTH (LQ UC+BONN+LANC ) I J P
I-EMMI t INAGAKI+ (KYQTO+S AGA+KEK+TGKY ) IJ P
+DEANS 5 JACOBS 2 LYONS+ (CARN+QRNL+SQUTH FLA ~ ) I JP
+GRANET 5 MARTYt AYEDt BAREYRE 5 BQRGEDUDt+( SACL ) IJP
MQORHQUSE t QBERLACK (GLAS+LBL }IJP
+PIAZZAtSUSINNQt+ (RQMAtFRAStNAPL 5PAVIA)1 JP
CARBGNARA5 FIQRE 5+ (NAPLt FRAS5 PAVI At RQMA ) IJP

R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2

N¹1/2( 1535) INTO (N ETA) /TOTAL
DOMINANT INEL OECAY HENDRY 65 RVUE

(0068) MICHAEL 66 RVUE
N (0 ~ 29) OR 0 71 UCHIYAMD- 66 RVUE

(0 ' 69} OR 0 45 DA VIES 67 RVUE

8 (004$ (0.1) DEANS 69 MPWA

'(0 ~ 66 l DEL COURT 69 MP WA

8 (0«69l OR 0 ' 696 CARRERA5 70 MPWA

8 PARAMETRI ZATI'ON USED 'COULD BE IN GANGER OF DOUBLE

THE VALUES Of R2 LISTED ABOVE ARE INCOMPATIBLE WITH

OF DIEM ET AL {70)

(P2)

SEE NOTE CN MASS
PIP TQ N ETAt 8 ~ C
T POLE+ RESQN ~

T POLE+ RESCN ~

COUNTING
THE RESULT S

9/66
9/66
9/66

11/67
5/70
8/69
5/70

AY ED
ALSO

BENEVENT
DEVENISH
DEVENI S2
KNIES
METCAL F
MOORHQUS

74 PRIVATE CQMMCTN
73 AIX CGNFERENCE
74 NC 19A 529
74 NP 881 330
74 PL 528 227
74 PRO 9 2680
74 NP 876 253
74 PRD 9 1

CRAW FORD 15 NP 897 125
FELTESSE 75 NP 893 242
L{3NGACRE 75 PL 558 415

AYEDt BAREYRE ( SACL }I JP
AYEDt BAREYRE ( SACL ) IJP
BENEVE NTANO DANGELC NGTAR I STEFANI + ( RQMA }I JP
DEV ENI 5 I'

~ F ROGGATTt MART IN (DESY 5 NORD ITA 5 LGUC )
DEVENISHtLYTHtRANKIN (DESYtLANCt BONN] IJP
KNIESt MQQRHQUSE tQBERLACK {LBLt GLAS) I JP

J METCALF r R L WALKER f CIT)1 JP
MCGRHOUSEt GBERLDCK 5RGSENF ELD ( GLAS+L BL ) IJP

R L CRAWFORD (GLAS) IJP
+AYED 5 BAREYRE t BORGEAUD t GAV IDt ERNWE IN+( SACL ) I JP
+RGSENFELDtLASINSKI 5 SMADJA+ ' (LBLtSLAC) IJP

R3
R3
R3

N¹1/2 ( 1535 ) INTO (N¹3/2 ( 1232 ) P I l /TOTAL
D (0 ~ 07) OIEM
0 ASSUMING R 1«5 0 34

(P5l
70 IPWA 3 BODY ANALYSIS 1/71 BARBOUR 76 S O'MTD ~ TO NP I ~ M. BARBQURtR L CRAWFGRD (GLAS) IJP

PAPERS NGT REFERRED TQ IN CATA CARDS

R4
R4
R4

R5
R5
R5

N¹I/2 ( 1535) I NTC (hl EPS ILGN ) /TGTAL
0 (0 ~ 26) DIEM
0 ASSUMING Rl — 0 e34

N¹1/2(1535} INTO (N RHO ) /TOTAL
0 (0 20) DIEM
0 ASSUMING Rl«3 0 ~ 34

(P6)
70 IPWA 3 BODY ANALYSIS 1 /71

( P4)
70 IPWA 3 BODY ANALYSIS 1/71

+ BR ICMAN 5 STIRL INGt VILLET
+ODGNNELLt MCGRHOUSE
FRGM HENDRY 65 '
C H JOHNSON
C LGVELACE
A DGNNACHIE 2 R KI RSQPP
+BAR EYRE+V ILL ET

BAREYRE 65 PL 18 342
BRANDSEN 65 PR 139 81566

BASIS QF NUMBERS WE QUOTE
JOHNSON 67 UCRL-17683 T}.ES IS
LQVELACE 67 HEIDELBERG C. 79
DQNNACHI 69 NP 108 433
AY ED 70 PL 31 8 598

(SACLAY) I JP
(DURHAMt RHEL ) IJP

(LRL )
(CERN) I JP

(GLAS+EDIN )
( SACLAY)
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S170 Particle Data Group: Review of particle properties

Sary ens
N(1535}, N(1670}

Data Card Listings
For notation, see key at front of Listings.

THE FOLLOWING ARTICLE 5 DEAL IP5ITH THE REACT ICOS PI- P TO ETA N

AND GAHMA P TQ ETA P NEAR ThRESHQLD ~ THE DATA AND THE THEORETICAL
ARTICLES ARE LSCFUL IN UNDERSTANDING THE BEHAV ICR QF THE 511 AMPL I-
TUDE AS DETERMINED IN P I P PHASE-SHIFT ANALYSES ~ FURTHER REFERENCES
MAY BE FQUND IN TI EH

EDELSTE I 72 PR D5 1073
JOHNST AD 72 NP 842 588
OH 72 PL 428 497

CCOPER 74 NP 879 259 COOPERr SEICLr VANDERVELDE (HICH )

EDELSTE IN 2 CARRI GANr HI ENr MCMAHCN 5+(CARN+BNL )
+HCLLE RUD+» ~ + JACOBS EN( BOhR ~ HELS 5 QSLQ 2 STOH ) IJP
+ FUNG r KERNAhIr PQE 2 5 CHALKr ShEN (UCR ) IJP

BULOS
BACCI
JONES
RICHARDS
PREPOST
BLGCH
BULOS
HEUSC H

8 I NNI E

BALL
DOBSCN
Hj NAMI
DEANS
LOGAN
HENCUCCI
HINAMI
HOSS
DEANS
PAL
BALL
LEF IEVRE

MAINLY EXPERIMENTAL
64 PRL 13 486
66 NC 45A 983
66 PL 23 597
66 PRL 16 1221
67 PRL 18 82
68 PRL 2 1 1100
69 PR 187 1827
70 PRL 25 1381
73 P RD 8 2789

MAINLY THEORETICAL
66 P R 149 1191
66 PR 146 1022
66 PR 147 1123
67 PR 161 1466
67 P R 153 1634
67 NC 48A 579
67 P R 162 1619
67 P R 163 1785
68 PR 1'6 5 1886
68 PR 167 1350
69 PR 177 2257
70 NC 66 A 349

2

+ ( BRCWNr BRANCE I Sr HARVARD r HIT 5 PADCVA) I
+PENSQr SALVINI, MENCUCCINI r+ (ROHAr FRASCATI ) I JP
+BINNIE 2 DUANE rHGRSEY r MASON r+ (LGICr RHEL I
+CHIU5 EANDI 5 I'EL HHGL Z 5 KEhlhIEY 2+ {LRL r HA WA I I ) I J
R PREPQST 0 LUNDQUIST C QUINN (STANFORD)
+HEUSCH PRESCQTT ROCHESTER fCIT)
+LANQUr BQRDNERr BAST I EN+ (BCST+HARV+HIT+PENN )
+PRESCQTT 2 RQCHESTERr h INSTEIN (CIT I
+CAHILLER I 5 DEBENHAM2 DUAhIE 2+ (LCIC 5 SHMP )

J S BALL (UCLA)
P N DOBSON (HAWAI I I
S MINAMI (OSAKA)
5 R DEANS r W G HOLI ADAY (VANDERBILT)
R K LOGANr F UCHIYAMA-CAMPBELL (ILL)
C MENCUCC INI 5 A REAL E ( FRASCAT I )
5 MI NAMI (OSAKA)
T A MOSS (L SU)
5 R DEANSr W G HOLI ADAY (VANDERBILT I
8 K PAL (NPL NEW DELHI)
+GARG+SHAW (UCL A+UCI I
+LERUSTE (CDEF )

8 N¹1/2 (,1520 5 JP= ) I= 1/2 PROEUCT IChl EXPER IHENTS

THI S INFORHATIQN REFERS TC E ITHER TI-E D13 OR THE Sl 1
STATE SEEN AT THIS HASS ~ FOR SPIN-PARITY ANALYSIS OF
THIS HASS REGIQNr SEE JOHNSTAD 72 ~

1520 hfEV REGION —PRODUCTION EXPERIMENTS

BRAUN1 75 NP 895 481
MUSGRAVE 75 NP 887 365
STRACHMA 75 NP B98 120
WEBB 75 PL 55 8 331

AL SQ 75 PL 558 336

+CERBERrMAURERr MICHALCNr SCHIBY+ (STRBr LPNP) I
+PEETERSrSCRE IhIER»WHITMORErYUTA (ANL l
STRAC'HMANr BRAUNrGERBERr HAURER+ (LPNP+STRB) I
+TR ILL INGr TELEGDI+ (AACH+UCLA+UCR+CERN)
+TRILL INGr TEL EGCI+ (AACH+UCLA+UCR+CERN)

64. N¹1/2 (1670) MASS (MEV )

M

M 1
H 3
M

M 6
M 6
H

M 7
hl

M

M L
M

f 1650 ~ 0) APPROX
(1680' 0)

WHERE CROSS SECT IGN
(1678 0l
(1674 ' 0)
(1675 ' 0)

F RCM FNER ~ DEP F IT QF ARGAN
( 1669 0)
( 1683~ )
( 1660~ )

1652» TO 1687»
1660' CR 1660 '

THE 2 SETS OF PARAMETERS ARE
( 1687 ~ I

BRANDSEN 65
BAREYRE 68

IS GREATEST
DONNACH 1 68
DUKE 68
AYED 70

0 0 IAGRAM
CAVIES 70
ALMEHED 72
AY EO 74
CRAWFQRD 75
LQNGACRE 75

FROM METHODS
BARBCUR 76

RVUE PHASE-SHIFT ANAL
RVUE PHASE-SHIFT ANAL
EYEBALL F IT
RVUE P HASE- SHI FT ANAL
CNTR P I-P EL + PQL
IPWA

P-5 Ah)AL SOL ARVUE
IPWA
IPWA
DPWA
IPWA

1 AND

DPWA

Pj N PHOTO-PROD
PI N TO 2PI N

2 OF LCNGACRE 75 '
P I N PHOTO-PROD

64 N¹1/2( 1670) WIDTH ( HE Vl

N(] 670) 64 N»I/2( 167O, JP=5/2-I I=1/2 I-/$5
THE EXISTENCE OF THIS RESONANCE IS WELL ESTABLISHED ~

7/66
11/67

6/68
6/68
1/71

8/'e9
2/72
2/74lt76¹

11/75¹
ll/75¹
1/76¹

H

H

M

H
M

H

H 1
H

H

M

H

H

1507~ 0
1503~

1500» 0
1512 0
1501~ 0

(1500» )
DETERHINE

1515~

( ).490 ~ )
1510

(1500 ' )
1500'

6 ' 0
6 ~

10 ' 0
2 ' 0
5 ' 7

J=3/25 013 PROBABLE
ll»

7»

8 ~

A-BGRELLI
ANDERSON
AMALDI
ELLIS
EDELSTEIN
QH

COOPER
BR AUN1
MUSGRAVE
STRACHHA
WEBB

67 HBC
70 HHS
71 CNTR
71 CNTR
72 MMS

72 DBC

74 HBC
75 HBC
75 HBC
75 BC
75 I SR

0 PBAR P 5 ~ 7 GEV
P I- P TQ PI- HMS
P P AT 24 GEV
HIMS PP 3 ~ 7 GEV/C

+ PP 6 TO 30 GEV
0 PI-N TO PI-PI-P

0 D P CEX
PBAR P 5 ' 7 GEV
K+ P TO K P I N

NBAR (h PI )
+ P P TQ P N¹

8 N¹1/2(1520) MASS (MEV) (PROD ~ EXP )

10/71
2/71

10/71
10/71
1/73
2/73
2/73
4/75¹

11/75¹
ll/75¹
1/76¹
1/76¹

W 1
W 3
W 6
W 4
W 7

W

W L
W

(135 0)
(173~ 0)
(143 0 )
{115 0)
(150 )
( 146 ~ l
le5. To 185.
145» OR 150 '

(172 ' )
SEE THE NOTES ACCOMPANY INC TEE

BAR'EYRE 68 RVUE
DONNACH1 68 RVUE
AYED 70 IP WA

DAVI ES 70 RVUE
ALHEHED 72 IPWA
AYED 74 I PWA
CRAWFORD 75 OPWA
LONGAC RE 75 I PWA
BARBOUR 76 DrrWA

MASSES QUOTED,

SGI A AND 8

P I N PHOTO-PROD
P I N TO 2P I N
PI N PHOTO-PROD

f 1663 ~ )

64 N¹1/2f 1670) REAL PART OF POLE PCSITIGhi ( MEV)

LQNGACRE 75 IPWA PI N TC 2PI hl

1 1/67
6/68
1/71
8/69
2/72
2/74
1/76¹

11/75¹
1/76¹

11/75¹
11/75¹

W

W

W

W

W

W

W

W

Pl
P2
P3
P4
P5
Pb
P7
PB

8 N¹1/2 (1520) WIDTI- (HEV ) (PROD ~ EXP ~ )

55
120 ~

118~

88 ~

140~

106 '
(200 ~

101~

150~

15 ' 0
10 '
20 ~ 0

2 ~ 0
43 ' 0
39»

26 ~

50

33 ~

A- BOR EL L I 67 HBC
ANDERSON 70 MMS

AMALDI 71 CNTR
ELLI S 71 CNTR
EDELSTE IN 72 MMS

CODPER 74 HBC
BRAUN1 75 HBC
MUSGRAVE 75 HBC

EBB 75 I SR

0 PBAR P 5 ~ 7 GEV
PI- P TC PI- MMS
P P AT 24 CEV
hIHS PP 3 ' 7 GEV/C

+ PP 6 TC 30 GEV
0 0 P CEX

PBAII P 5 ' 7 GEV
K+ P TO K PI N

+ P P TO P N¹

N¹1/2( 1520) INTO PI N

N¹1/2( 1520) INTO N¹3/2( 12321 PI
N¹l/2( 1520) INTO hl PI PI
N¹1/2t 1520)+ INTO NEUTRON PI+
N¹l/2( 1520)+ INTO PROTON PI+ PI-
N¹1/2 (1520) INTO N ETA
N¹1/2{ l520) INTO N PI PI ( J 5 I=0)
N¹l/2{ 1520) IhlTQ N RHO

DECAY MASSES
13,9+ 938

1232+ 139
938+ 139+ 139
939+ 139
9384 139+ 139
939+ 548
939+ 139+ 139
938+ 773

8 N¹1/2(1520l PARTIAL DECAY MODES (PROD EXP )

10/71
2/71

10/71
10 /71
1/73
4/75¹

11/75¹
11/75¹
1/76¹

Pl
P2
P3
P4
P5
pe
P7
PB
P9
Plo
Pll

N¹1/2 ( 1670)
N¹1/2(1670)
N¹1/2(1670)
hl¹1/2{1670)
N¹1/2( 1670)
N¹1/2 ( 1670 )
N¹1/2 ( 1670)
N¹1/2t 1670)
N¹1/2 ( 1670)
N¹1/2 ( 1670)
N¹1/2{1670)

64 N¹1/2( 1670) PARTIAL DECAY &GOES

INTO P I N

INTO N ET A

INTO LAMBCA K

I NTQ N¹3/2 ( 1232) Pl
INTO N PI PI
INTO GAM P r HELI CITY= 1/2
INTO GAM P r HELI CITY=3/2
INTO GAM N ~ HEL'ICITY=1/2
INTO GAH Nr I. EL IC ITY=3/2 .
INTO SIGMA K
I NTC N¹3/2 ( 1232) P I D-WAVE

CECAY MASSES
139+ 938
939+ 548

1115+ 497
1232+ 139
938+ 139+ 139

0+ 938
0+ 938
0+ 939
0+ 939

493+1189
1232+ 139

64 N¹1/2(1670) BRANCHING RATIOS

64 N¹1/2( 1670) 2¹IHAG PART CF POLE PCS ITICN (MEVl

LCNGACRE 75 IPWA PI N TG 2PI N

ll/75¹
11/75¹

Rl
Rl
Rl

R2
R2

R3
R3

R4
R4

R5
R5

R6
R6

R7
R7

8 N¹1/2(15201 BRANCHING RATICS (PROD ~ EXP l

N¹1/2( 1520) INTO (N Pj I/TOTAL {Pl)
N¹(1520) INTO (N PI )/TOTAI PRODUCTION EXPERIHENTS

0 ' 78 0 24 BASSCHPIE 67 HBC + K+P TQ K¹ N¹
N¹1/2(1520) IhITC {NEUTIICh PI+ I/(P P I+ P I-) (P4)/(P5)

0»77 0 45 ALEXANDER 67 HBC + PP 5 ~ 5 BEV/C

N¹1/2( l520) INTO (N PI)/(N PI PI ) (P 1)I (P31
1 25 0 ~ 44 0 71 A-BGRELLI 67 HBC 0 PBAR P 5 ~ 7 BEV/C

hl¹1/2t 1520) INTC f N¹3/2 (1232) PI )/(N P I PI ) {P2)/(P3)
0 F 00 0 ' 09 A-BCRELLI e7 HBC

N¹1/2( 1520) INTO (N P I PI ) /TOTAL (P3)
(0 ~ 08) OR LESS BASSGMPIE 67 HBC + K+P TO K¹ N¹

N¹1/2( 1520) INTO (N ETA) /TOTAL (P6)
0 ~ 22 0 ~ 14 BASSOHP IE 67 HBC + K+P TO K¹ N¹

N¹1/2( 1520) INTO ( PI N l'I (P I N¹3/2( 1232) ) (Pl) /(P2)
(0»42) OR LESS LEF 67 HBC P I-P 3 ~ 6 GE V/C

11/68

9/66

9/66

9/66

1 1 /68

11/68

11/67

Rl
kj 1
Rl 3
RI. 6
Rl 4
Rl 7
Rl

N¹1/2( 1670) INTO (PI N)/TOTAL
(0 41)
t 0 ~ 391)
( 0 ~ 392)
(0 ' 50)
(0 ' 45)

( ~ 415)
SEE THE NOTES ACCC)r PANYING ThE

BAREYRE 68 RVUE
DCNNACH1 68 RVUE
AYED 70 IPWA
OA V I E 5 70 R VUE
ALHEI" ED 72 I PWA
AYED 74 IPWA
MASSES CUOTED

(Pl)

P- 5 ANAL SOL A

R2
R2
R2 8
RZ 8
R2 8
R2 8

N¹j/2( 1670) INTO {N ETA)/TOTAL
(0» 02) OR L E5 5 TRIPP 67
(0.018) BOTKE 69
(0»006) (D»004) DEANS 69
(0 006)OR 0 ~ 012 CARRERAS 70

PARAMETRIZAT ION USED COULD BE IN DANGER OF

(P2)
RVU E
MPWA T POLE + RESCN ~

MPWA T POLE + RESON
HPWA T POLE + RESON ~

DOUBLE COUNTING

R3 N¹l/2( 1670) INTO (LAMBDA Kl/TCTAL (P3)
R3 (0 ~ 016)QR LESS TRIPP 67 RVUE
R3 8 (0 ~ 001)OR LESS RUSH 68 MPWA T POLE + RESGN ~

R3 B PARAMETRIZATION USED COULD BE IN DANGER CF DOUBLE COUNTING
R3 (0 0028IQR LESS CL= 63 WAGNER 71 IPWA PI-P TO K LAMB

R4 N¹1/2( 1670) INTO (N¹3/2( 1232l P I ) /TOTAL (P4)
R4 E 12600 0 ~ 63 0 ~ 1 BROOY 71 HBC PI-P--2PI N PWA
R4 E AS SUME S EL ASTI C BRANCHING RAT IO 0 ~ 42+-0 ~ 04

11/67
6 /68
1/71
8/69
2/72
2/74

8/67
10/69
5/70
5/70

8/67
8/69

1/71

6/70

ANCE&SON 70 PRL 25 699

AHAL DI
ELLIS

71 PL 348 435
71 PRL 27 442

A-BORE LL 67 NC 47 232
ALEXANDE 67 PR 154 1284
BASSOHPI 67 PL 258 440
LEE 67 PR 159 1156

REFERENCE 5 FQR N¹1/2 f 1520 l ( PRCD ~ EXP ~ )

ALLES-80'REI L I 5 FRENCHr FRISKr MICHEJCA ( CEFN)
ALEXANDER r BENAR Y r C ZAP EK ~

'+ ( WE I ZHANN (CERN) l
BASSQMP IERRE r + (CERNrBRLXELLES)
+MCEBSrROE rSINCLAIRrVANDER VELDE (MICH)

+BLESER5 BL I EDEN»COLL INS++ ( BNL 5 CARN )

+BIANCASTELL I r BOSI 0 5+ f I SANI TA RC)/A+CERN)
+MAGL I CHr NQREMr SANNES r S ILVERMAN ( RUTG )

R5 N¹1/2( 1670) FROM PI N TQ K LAHBDA
R5 —~ 034 ~ 006 DEVENI SH 74

R6 N¹1/2( 1670 l FROM PI N TO ETA N
R6 2 (0 ' 0)QR (+ ~ 009) FELTESSE 75
R6 2 USES M AND W OF AYED 74 '
R7 N¹1/2(16701 FROM Pj N TO K SIGMA
R7 2 LE SS THAN ~ 003 DEANS 75
R7 2 RANGE GIVEN IS .FROM FOUR BEST SQLUTICNS ~

SQRT (Pl¹P3)
0 FIXED T DISP REL

SQRT (Pl¹P2)
DPWA 0 1488 TO 1745 l'EV

SQRT ( P l¹P10)
CPWA PI N TG K SIGHA

4/75¹
4/75¹

11/75¹
11/75¹
11/75¹
11/75¹
11/75¹
11/75¹
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Particle Data Group: Review of particle properties S171

Data Card Listings
For notation, see key at front of Listings.

Baryons
N(1670), N(1688)

R8 N¹1/2 t 1670) FROM PI hf TQ N¹3/2 t 1232} P I 0-HAVE SQRT ( P l¹P11)
RB L (-F 45)OR - ~ 50 LONGACRC 75 IPHA PI N TQ 2PI N

SEE NOTE PRECEDING Tl-E N¹1/2{1688} INELASTIC DECAY MQCE MEASUREMENTS ~

lj, /75¹
11/75¹ lN(1688) 65 N»1/2(1688 JP=5/2») I=1/2 $5

THE EXISTENCE OF THIS RESONANCE IS WELL ESTABLISHED»

64 N¹1/2( 1670} PHOTON DECAY AMPL(GEV»» 1/2}

FOR DEFINITION QF GAMMA-hUCI ECN DECAY

AMPLITUDES�«SEE

MINI-
REVIEH PRiECE DING THE BARYON LISTINGS ~

65 N¹1/2 (1688) MASS (NEV)

HELICITY=l/2 (GEV¹¹-1/Zl
DEVEhfi SH 73 DPWA
HEMM! 1 73
MQORHQUS 73 DPHA
DEVENIS2 74 QPWA
KNIES 74 DPWA
METCAI F 74 DPWA
MGGRHQUS 74 CPHA
CRAHFORD 75 OP WA

BARBOUR 76 DPWA

Al N¹1/2(1670) I
Al ~ 027
Al ( ~ 023)
Al + ~ 011
Al ~ 019
Al ~ 013'
Al + ~ 010
Al ~ 019
Al + ~ 027
Al (+ ~ 008)
Al ~ « ~ ~ ~

Al AVERACE MEANINGL

NTQ GAM Pq
~ 030

012
~ 021
~ 014
~013
«007
«009

~ ~ ~ ~

ESS ( 5 CAL E FACTOR = 1 ~ 0)

A2
A2
A2
A2
A2
A2
A2
A2
A2
A2
A2

A3
A3
A3
A3
A3
A3
A3
A3
A3
A3
A3

N¹1/2 ( 1670) INTO
«036

+ ~ 021
~ 014
~ 014

+«042
~ 016

+ ~ 015
(+ ~ 02), )
~ ~ ~ « ~ «

AVERAGE MEANINGLESS

N¹1/2( 1670) INTO
—~ 060
+ ~ 010
—~ 029
~«043

F 004
—~ 017
-«052

{-«058)
~ ~ ~ « ~ ~ ~

AVERAGE MEANINGLESS

GAM Pq
~ 030
~ 020
F 004
F 008
~ 024
~ 002
~ 006

HELIC ITY=3/2 (GEV¹¹-1/2)
DE YEN I SH 73 DP WA

MOGRHQUS 73 CPWA

DEVENIS2 74 DPWA
KhlIES 74 DPWA
METC AL F 74 DP WA

MQGRHOUS 74 DPHA
CRAWFORD 75 DPWA
BARBOUR 76 DPHA

««
( SCALE FACTOR = 1«0)

GAM hf y

~ 062
~ 040
~ 023
~ 006
~ 015
«004
«003

~ «

(SCALE FACTOR = 4 ' 4)

HELIC ITY=1/2 (GEV¹¹-1/2}
DE VEN I SH 73 DP WA

MOORHOUS 73 QPWA

D EVE NI S2 74 DP WA

KNI ES 74 DPHA
METC ALF 74 DPWA

MGORHQ US 74 DPHA
CRAWFORD 75 DPWA
BARBOUR 76 DPWA

P I N Pf OTO PROD
+ F WD P I 0 PHTQPRCD

P I N PHOTO-PROD
P I N PHOTO-PROD
P I N P HOT C PRCD
P I N PHOTO-PROD
P I hl PHOTO-PROD
P I N PHOTO-PROD
P I N PHOTO-PROD

P I N PHOTO PROD
P I N PHOTO-PROD
Pj N PHOTO-PROD
PI N PHOTO PROD
P I N PHOTO-PROD
P I N P HOTQ-PROD
PI N PHOTO-PRCD
P I N PHOTO-PRCD

PI N PHOTO PROD
P I N PHOTO-PROD
P I N PHOTO-PRCD
P I N PHOTO PROD
P I N P I.OTQ-PRCD
P I N PHOTO-PROD
P I N PHOTO-PROD
P I N PHOTO-PRCD

2/74
2/74
2/73
4/75¹
2/74
2174
2/74j/76¹
1/76¹

2/74
2/73
4/75¹
2/74
2/74
2/74
1/76¹
I, /76¹

2174
2/73
4/75¹
2/74
2/74
2/74
1/76¹
1/76¹

M

M

M 1
M 3
M

M 6
M 6
M

M 7
M

M

M

N L
M L

1
3

H 6
W

W 7

W

H

W L

(1680 ' 0}
(1690' 0)

WHERE CROSS SECTION
(1687' 0)
( 1682 ~ 0)
( 1682~ 0)

FROM Eh}ER ~ DEP ~ FIT OF ARGAN
{1685 ~ 0}
t 1688~ l
(1680.)
1674«TO 1676 ~

( 1685« I
1680' OR 1670 '

THE 2 SETS OF PARAMETERS ARE
(1680

BRANDSEhi 65
BAREYRE 68

IS GREATEST
DQNNACH1 68
DUKE 68
AYED 70

D DIAGRAM
DAVIES 70
A L MEHED 72
AYED 14
CRAHFGRD 75
KNASEL 75
LGNGACRE 75

FROM METHODS
BARBOUR 76

RVUE PHASE 5HIFT AhAL
RVUE PHASE-SHIFT ANAI
EYEBALL F IT
RVUE PHASE-SHIFT ANAL
CNTR PI-P EL + PQL
IPWA

RVUE
IPWA
IPWA
QPWA
DP WA

I P'HA

]. AND
DPWA

P-S ANAL SQL A

P I N PHOTO-PROD
0 PI- P TQ KO LAM

P I N TQ 2PI N

2 OF LQNGACRE 75 ~

PI N PHOTO PROD

7/66
11/67

6/68
6/68
1/71

8/69
2/72
2/74
1/76¹

11/75¹
11/75¹
ll/75¹
1/76¹

65 N¹1/2 I 1688) WIDTH t MEV)

tl10 ~ 0)
(177' Ol
(109' 0}
(104«0}
(j,40«)
(126
115 TQ

(155 ' }
125 ' OR

(120 ' )
SEE THE NOTE

BAREYRE
DGNNACH 1
AYED
DA VIES
ALMEHED
AYED

124« CRAWFORD
KNASEL

130 ' LQNGACRE
BARBOUR

5 ACCOMPANYING TIE MASSFS C

68 RVUE
68 RVUE
70 IPWA
70 R VUE
72 IPWA
74 I P WA

75 DPWA
75 DPWA
75 IPWA
76 DP'HA

UQTED ~

P-S ANAL SQL A

PI N PHOTO-PROD
0 PI- P TQ KO I AM

PI N TC 2 PI N

P I hl PHOTO- PROD

11/67
6/68
1/7 1
8/69
2/72
2/74
1/76¹

11/75¹
11/75¹
j/76¹

11/75¹
LQNGACRE 75 IP'HA & I N 'TQ 2PI N il /75»

65 N¹1/2(1688) REAL PART OF POLE PGS IT IQN (MEV)

A4
A4
A4
A4
A4
A4
A4
A4
A4
A4
A4

GAM N«
022

~ 014
~ 020
~ 030
~ 029
«004
F 007

HEL IC ITY=3/2 (GEV¹¹
DEVENI SH 73
NQGRHOUS 73
DEVENI S2 74
KNI E 5 74
NETCALF 74
MOQRHQUS 74
CRA'HFQRD 75
BARBOUR 76

N¹1/2 ( 1670) INTO
-«072- ~ 035- ~ 068- ~ 071- ~ 009- ~ 049-~ 083(-F 080)

~ ~ ~ ~ « ~ ~

A V ERA CE 'MEAN IN GL ES S
~ r

( SCAL E FACTOR = 2 3)

-1/2)
DPWA
DPWA
OPWA
DP'WA

DP WA

OPWA
DPWA
DP WA

Pj N PHOTO PRCD
P I N PHOTO-PRQD
P I N PHOTO-PROD
P I N PHOTO PRCD
P I N PHOTO-PROD
P I N PHOTO-PROD
P I N PHOTO-PRCD
P I hf PHOTO-PROD

BRA NDSE N 65 PL 19 420

REFERENCES FOR N¹1/2{1670)

+GDCNNELL, NCORHOUSE I DURHAM' RHEL ) I JP

TRIPP 67 NP 83 10 + LEITHy + (LRL «SLAC tCERNvHEIDt SACLAY)

BAREYRE 68 PR 165 1731
OGNNACH1 68 PL 26 B 161

ALSO 68 VIENNA 139
ALSO 68 THESIS

DUKE 68 PR 166 1448
INSIGHTFUL QUALITAT I VE

RUSH 68 PR 173 1776

P BAREYREg C BRICMAN«G VILLET t SACLAY) I JP
A DGNNACHIEe R G K IRSQPP ~ C LQVELACE t CERN) I JP
DONNACHIE RAPPORTEUR ~ S TALK ( GLAS )
R G KI RSOPP ( EGIN l
+JONES ~ KEMPt MURPHY' THRESHER' + (RHEL ~ OXF)IJP

ARGUMENTS CONCERNING EX ISTENCE AND I JP
J E RUSH (UNIV ALABAMA)

¹¹¹¹¹¹ ¹»¹¹¹¹¹»¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ »¹¹¹»¹¹¹¹¹¹¹¹¹¹¹¹¹ »¹¹¹¹¹¹¹¹¹¹¹»¹¹¹¹
2/74
2/73
4/75»
2/74
2/74
2/74
1/76¹
1/76¹

Pl
P2
P3
P4
P5
P6
P7
PB
P9
P10
Pj. 1
P12
P13
P14
P15

11/75¹
LQNGACRE 75 IPWA PI N TQ 2PI N ll/75¹

65 N¹1/2 (1688) PART IAL DECAY MODES

N¹1/2 ( 1688 ) I NTQ
N¹1/2( 1688) INTO
N¹1/2( 1688) INTO
N¹1/2( 1688) I NTC
N» 1/2( 1688 I INTO
N¹1/2( 1688) INTO
N¹1/2( 1688} I NTG
N»1/2( 1688 l INTO
N¹1/2 t 1688) INTO
N¹1/2(1688) INTO
N¹1/2( 1688) INTO
N¹1/2 ( 1688 ) INTO
N¹1/2( 1688) INTO
N¹1/2 ( 1688 l INTO
N¹1/2 (1688) INTO

PI
N ETA
LAMBLA K

hi»3/2(1232) PI
hf Pj PI
GAM Pt I EL{CITY=1/2
GAM P y HELIC ITY=3/2
GAM Np HELICITY=l/2
CAM Ng I-EL IC ITY=3/2
N EP5 ILQN
N RHO
N¹3/2( 1232) P jg P-HAVE
N¹3/2(1232) Pl yF-HAVE
N RHODES=3/2sP-WAVE

'

S IGMA K

DECAY MASSES
139+ 938
939+ 548

1115+ 497
1232+ 139
938+ 139+ 139

0+ 938
0+ 938
0+ 939
0+ 939

938+1200
938+ 773

1232+ 139
1232+ 139
938+ 773
493+1189

65 hf¹1/2 t 1688) BRANCHING RATIOS

65 N»1/2 (1688) 2¹IMAG PART OF PQI. E POSIT IQN ( ME V)

BOTKE
DEANS

69 PR 180 1,417
69 PR 185 1797

BRODY
WAGNER

71 PL 348 665
71 NP 825 411

AYED 70 K I EV CONF
CARR ERAS 70 NP 168 35
DA VIE 5 70 NP 821 359

J C BOTKE
S DEANS' J WOOTEN

R AYEOp P BAREYRE «G VII.LET
8 CARRERAS «A DQNNACHIE
A DAVIES

+CASHMORE+ ~ ~ +HE RNDQN+ ~ «

F WAGNER' C LQVELACE

(UCSB)
(UNIV S FLORIDA)

(SACL ) I JP
(DAREpMCHS)

(GLAS)

{SLAC+LRL l
( CERN l

Rl N¹l/2( 1688) INTC (PI Nl/TCTAL
Rl 1 (0 ~ 64)
Rl 3 (0»560}
Rl 6 t 0 ~ 593)
Rl 4 (0 ~ 54)
Rl 7 ' (0 ~ 65)
Rl ( ~ 593)

SEE THE NOTES ACCOMPANYING THE

BAREYRE '68 RVUE
DGNNACH 1 68 RVUE
AYED 70 IP'WA
DAVI ES 70 RVUE
ALMEHED 72 IPWA
AYED 74 IPWA
MASSES QUOTED'

(Pl)
11/67
6/68
1/71

SQL A AND 8 8/69
2/72
2 /74

ALMEHED 72 NP 840 157 +LOVELACE t LUND p RUTG ) I J P MORE INFORMATION ON THE IiNELASTIC DECAY }IQDES OF TI. E 1690 MEV
BUNPq A5 SEEN IN PRODUCTION EXPERIMENTS' MAY BE FOUND BEI QH

DEVENISH 73 PL 47B 53
HEMMI 1 73 PL 438 79
MOQRHQUS 73 PL 438 44

74 PR IVATE COMNCTN ~

73 A IX CONFERENCE
74 NP 881 330
74 PL 528 227
74 PRO 9 2680
74 NP 876 253
74 PRD 9

AY ED
ALSO

DEVENISH
DEVENI S2
KNIES
METCALF
MGORHOUS

C'RAWFGRO 75 NP B97 125
DEANS 75 NP 896 90
FELTESSE 75 NP 893 242
LQNGACRE 75 PL 558 415

DEVENISHgRANKINtI YTH (I OUC+BQNN+LANC ) I JP
I- E NN I g IhfAG AKI+ (KYOTO+5 AGA+KEK+TGKY ) IJ P
MQORHQUSEy GBERLACK (GLAS+LBL ) I JP

AYEO«BAREYRE ( SACL l I JP
AYED«BAREYRE t SACL) I JP
DEVENIS I-~ FPQGGATTv MARTIN( DESY~ NQRDIT At LQUC 1

0 EV EN I SHv L YTH v RANK IN t DES Y«LAhC «BCNN ) I JP
KNIES g MQQRHQU SE y QBERLACK (LBLpGLAS)IJP
W J METCALFeR L WALKER (CIT) IJP
MQQRHQUSE «QBERL ACK «RGS ENF ELD ( GLAS+I BL ) I JP

R L CRAWFORD ( GLAS ) IJP
+MITCHELL g MONTGOMERY «+ (SFLA«ALABAMA) I JP
+A f ED«BAR EYRE y BQRGEAUD t CAVIDy ERNWE IN+{ SACL ) IJP
+RQSENFELD«LAS Ih SKI e SMADJA+ I LBL «SLAC ) IJP

R2
R2
R2 B
R2 8
R2 8
R2 8

R3
R3

R4
R4
R4 8
R4 B
R4

N¹1/2( 1688) INTO t N ETAl /TOTAL
(0 ~ 015)OR LESS
(0 ~ 0004 l
(0 ' 003) (0 ' OC2)
( 0 ~ 0005 )OR ~ 00 1

PARAMETR IZATION USED COULD BE

(P2)
TRIPP 67 RVUE
BQTKE 69 MPWA T POLE + RESQN ~

DEANS 69 MPHA T POLE + RESQN
CARRERAS 70 MPWA T POLE + RESQN ~

IN DANGER OF DOUBLE CQUhITING

N¹1/2 ( 1688) INTO {LAMBCA K) /TCTAL
(0 ~ 0013)OR LESS TRIPP 67
(0 ~ 001) OR LESS RUSH 68

PARAMETRIZAT IQN USEC COULD BE IN DANGER OF
(0 ~ 001)QR LESS CL= «63 WAGNFR 71

(P3)
RVUE
MPWA T POLE + RESQh' ~

DOUBLE COUNTING
IPWA Pj-P TO K LAMB

N¹1/2(1688) INTO (N ETA }/ t P I N } t P2) 1(P1)
(0 ~ 027) OR LESS HEUSCH 66 RVUE + P IO«ETA PHOTO

8/67
10/69
5170
5/70

9/66

8/67
5/70

1/71

BARBOUR 76 S8NTD ~ TO NP I ~ M«BARBOUR«R ~ L CRAWFORD

PAPERS NQT REFERRED TG IN CATA CARDS

( GLAS } I JP R5 N¹1/2 ( 1688) INTO (N¹3/2(1232} P I ) /TOTAI t P4)
R5 E 12600 t 0 ~ 13) (0 ~ 04) SQLN ~ A BRQOY 71 HBC PI P 2P I N/P'WA

R5 E 12600 I 0 ~ 39) (0 ~ 10) SOLN B BRGDY 71 HBC PI-P—2PI N/PWA
R5 E ASSUMES ELASTIC BRANCI'ING RAT IO 0 ~ 62+-0 ~ 06

6/70
6/70

BAREYRE
DUKE
JQHNSCN
DEANS
DCNNACHI
AYED

+ BRICMAN t STIRLING«VILLET
+JONES g KE MP «MUR PHY y P R ENT I C E

I 5 C H JQHNSCN
S R DEANS
A DONhIACHIE«R KIRSQPP
+BAR EY RE+V ILL ET

(SACLAY) IJP
+ (RHEL pQXF ) IJP

(LRL I
(Uh} I V S FLORIDA }

(GLAS+EDIN)
(SACLAY)

65 PL 18 342
65 PRL 15 468
67 UCRL-17683 TI"ES
69 PRL 177 2623
69 NP 108 433
70 PL 318 598 ¹¹¹»»¹»¹¹»¹¹»»¹»¹»¹¹»¹¹¹¹¹¹»¹¹¹¹¹¹¹»¹¹»¹»¹¹¹¹»¹¹¹¹¹¹¹¹R7 N¹1/2(1688) FRQN PI N TQ N EPS ILQN SQRT(Pl¹P10)

R7 t-«28)OR —~ 30 LCNGACRE 75 IPWA PI N TQ 2PI N

R8 N¹1/2 ( 1688 } FRCM P I N TQ N¹3/2( 1232) P I P-WAVE SQRT ( P 1¹P12)
RB L (+ ~ 26)OR + ~ 25 LONGACRE 75 IP'HA PI N TQ 2PI N

R9 N¹1/2 (1688 I FROM P I N TQ N¹3/2 ( 1232) P I e F-'HAVE SQRT ( P 1¹P13)
R9 L (0»l QR (-«08) LQNGACRE 75 IPHA Pi N TO 2PI N

ll /75¹
ll/75¹
11/75¹
I.l/75»

11/75¹
11/75¹

R6 N¹1/2( 1688) FROM P I N TQ K LAMBDA SQRT {Pl¹P3) 4/75¹
R6 —~ 009 ~ 009 DEVENISH 74 0 FIXED T DISP REL 4/75¹
R6 ( 01) KhiASEL 75 OPWA 0 P I- P TQ KO LAN ll/75»
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S't 72 Particle Data Group: Review of particle properties

Baryons
N(1688), N(1700)

Data Card Listings
For notation, see key at front of Listings.

R10 N¹I/2{ 1688) FROM P I hl TC h AHOr S=3/2 r P-HAVE SQRT t P l¹P14)
R 10 L I+ ~ 27) OR + 30 LONGACRE 75 IPHA Pi N TQ ZPI N

Rll N¹1/2(1688) FRCM PI N TQ K SIGMA SQRT (P l¹P15}
R 11 2 LESS THAN e 001 DEANS 75 DP'HA P I N TO K SIGMA
R jl 2 RANGE GIVEN IS FROM 3 OF 4 BEST SGLUTIONSr NQT PRESENT IN SLTN ~ 1 ~

11/75¹
11/75¹
ll/75¹
11/75¹
ll/75¹

l)

N(] 700) 66 Nel/2(1700, JP=1/2-1 1=1/2

THE EX I STEhlCE QF TH I 5 RESCNANCE IS WELL ESTABL ISI EO ~

65 N¹l/2(1688) PHOTCN DECAY AMPL{CEV¹¹-1/2)
66 N¹1/2 ( 1700) I/ASS (ME V)

Al
Al
Aj
Al
Al
Al
A).
Al
Al
Al
Al
Al

AZ
A2
A2
AZ
AZ
A2
AZ
A2
AZ
AZ
AZ

N¹1/2( 1688) INTO
~ 015(- ~ J03}
008

~ 027
—~ 016

008
—~ 014

013(-~ 004)

GAH Pr
023

004
~ 019
~ 014
011

~ 003
~ 002

HEL IC ITY=1/2 (GEV¹¹-1/2)
OE VEhlI SH 73 DPWA
HE MM I 1 73
MOORHOUS 73 DPWA
DEVENI 52 74 DPWA
KNIE S 74 DP'HA

METCALF 74 DPWA
MQGRHGUS 74 DPWA
CR AWFORD 75 DPHA
BARBGUA 76 DPWA

PI
+ FWD

PI
PI
PI
PI
PI
PI
PI

hl PHOTO PRGO
P 10 PHTQPAC(3

N P HOTO-PROD
N PHOTO-PROD
N PHOTO PRCD
N Pl" OTO-PROD
N PHOTO-PRGO
N PHOTO-PRCD
N PHOT 0- PROD

~ ~ ~ ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR = 1 ~ 0)

GAH Pr
~ 031
012
011

~ 007
~ 016
«006

006

N ¹1/2( le88) INTO
~ 146

+ 100
~ 163
e 097
~ 129
«147

+.135
{+ 132}

e ~ ~ ~ e e ~

AVERACE MEANINGLESS

I ELIC ITY=3/2 (GE
DEVENISH
HGQRHOL 5
DEVENI 52
KNIES
METCALF
MQGRHOUS
CRAWFORD
BAABQUR

V¹¹-1/2}
73 DPWA
73 DPHA
74 DPHA
74 DPWA
74 DPHA
74 DPWA
75 0PHA
76 DPWA

~ ~

(SCALE FACTOR = 3 ' 0}

PI
PI

PI
PI
PI
PI
Pi

N PHOTO PROD
hl PHOT C- PR CD
N PHOTO-PROD
N PHOTO PROD
N PHOTO-PRCD
N PHOTO-PROD
N PHOTO-PROD
N PHOTO-PRCD

FC R DEF IN IT ION OF CA }rMA-hUCL FCN DECAY AMPL IT UDE 5 r SEE HI'Ni-
REVIEI/I PRECEDING THE BARYCN l I STINGS

2/74
2/74
2/73
4/75¹
2 /74
2/74
2/74
1/76¹
1/76¹

2/74
2/73
4/75¹
2/74
2/74
2/74
j./76¹
1/76¹

PHASE SHIFT ANAL
FITS BAREYRE 511
PHASE-SHIFT AhAL
F IT
PHASE-SHIFT ANAL
K LAMBDA PS ANAL

f 1695~ 0} BRANOSEN 65 RVUE
(1700' 0} MICHAEL 66 RVUE

1 (1710' 0} BAREYRE 68 RVUE
1 HHEP E CROSS SECTION IS GREATEST — EYEBALI
3 (1710~ 0) DC NhlACH 1 68 RVUE

(1705 0) (10 ~ 0} OR I TO 69 RVU E
6 (1689«0) AYED 70 IPHA
6 FROM ENER ~ DEP FIT OF ARCAND DIAGRAM
4 (1766~ 0) DA VI ES 70 RVUE

( 1678~ 0} SCHQRSCH 70 DPWA
A {1685~ Ol WAGNER 71 IPWA
A THERE ARE 3 SIHILAR SCLUTICNS
7 (1670 } ALHEHED 72 I PWA

2 (1699 ' ) HICKS 73 MPWA
2 ONLY STATES FROH TABLE VI I OF HICKS73 ARE INCLUDED
2 M AND H ARE FROM SOLUT IGN CZ r BR=SQRT( G) /W WITH 6 FR
1 (1860 ) LANGBE IN 73 IPHA
1 511 AMPLITUDE LARGE BUT NGT RESGhlANT IN SOLUTIGN 1

( 1672 ~ ) AYED 74 !PWA
(1675 ' } KNASEL 75 QPWA 0

L 1675~ OR 1660« LCNGACRE 75 IPWA
L THE 2 SETS OF PARAMETERS ARE FROM HETHODS 1 AND 2 0

( 1676~ } BARBOUR 76 DPHA

P-S ANAL SOL A

K LAM PHOTQPRC ~

P I-P TO K LAMB

GAH P- ETA P
IN I ISTINGS ~

QM TAB LE VI I ~

PI N-K SIGrSGL 2
OF LANCBE IN73

P I- P TO KO LAM
PI N TC 2PI N

F LGNGAC RE 75 ~

PI N PHOTO-PRCD

9/66
7/66

11/67

8/68
8/69
1/71

8/69
10/71

1/71

2/72
9/73
9/73
9/73
9/73
9/73
2/74

11/75¹
11/75¹
ll/75¹
1/76¹

A3
A3
A3
A3
A3
A3
A3
A3
A3
A3
A3

A4
A4
A4
A4
A4
A4
A4
A4
A4
A4
A4

N¹1/2( 1688) INTO
«035

+ 017
~ 031
~ 023
«008
~ 023

+ 021
(+ ~ 034)

~ ~ ~ ~ ~ ~ ~

AV ERACE MEANINGLESS

N¹1/2( 1688) INTO
«018

-«005- ~ 021
F 001
F 00

—~ 041
—.015(- ~ 028)

~ ~ ~ ~ ~ ~ ~

AV EAAGE MEANINGLESS

GAH Nr
049

~ 014
~ 028
e005.018
~ 003
001

e e

{SCALE FACTOR = 1 ~ 0)

GAM Nr
~ 039
~ 018
~ 028
018

«030
~ 004.004

hEL I C IT V=3/2 ( G EV¹¹-1/2)
DEVEhlISH 73 DPWA
MOCRHQUS 73 GPWA
DEVENI S2 74 DPWA
KNI ES 74 OPHA
METCALF 74 DPWA
MGQRHOUS 74 DPWA
CRAWFORD 75 OPWA
BARBOUR 76 OPWA

~ ~

(SCAL E FACTOR = 2 9)

HELIC ITY= 1/2 (GEV¹¹-1/2}
DEVENI SH 73 DPWA
HQORHCUS 73 DPWA
DEVENIS2 74 DPWA
KNIES 74 DPWA
METCAL & 74 DPWA
HQQRHCU 5 74 CPWA
CRAWFORD 75 OPHA
BARBOUR 76 DPHA

PI
PI
PI
Pi
PI
PI
PI
PI

PI
PI
PI
PI
PI
PI
PI
PI

N PHOT C PROD
N P HQTQ-PR CD
N P HOT 0-PROD
N PHOT 0 PRCD
N PHOTO-PROD
N PHQTC-PRCD

PHOTO-PROD
N PHOTO-PROD

N PHOTO PROD
N PHOTO-PROD
N PHOTO-PROD
N P HOT 0 PROD
N P}iQTQ-PROD
N PHOTO-PROD
N PHOTO-PROD
N PHOTO-PROD

2/74
2/73
4/75¹
2/74
2/74
2/74
1/76¹
1/76¹

2 /74
2/73
4/75¹
2/74
2/74
2/74
1/76¹
1/76¹

1
3

6
4
4

A

7
2
1

L

66 N¹1/2 (1700) WIDTH (MES)

(240 ~ 0)
(260 ' 0)
(300«0)
(104 OI {15 ~ 0)
(166~ 0)
(404 ~ 0)

SQL 8 GIVES 121 HEV
(99 ' 0)

(110' 0)OR(140 ' 0)
(120~ I
(195 ' }
(200
{179«)
(170~ I
150~ OR 130 ~

(194.) '

SEE THE NOTES ACCOMPANYING THE

MICHAEL
BAREYRE
DCNNACH 1
OR I TO
AYED
DAVIES

66 RVUE
68 RVUE
68 RVUE
69 RVUE
70 IP WA

70 RVUE

SCHGRSCH 70 CP HA

WAGNER 71 IPHA
ALMEHED 72 IPWA
HICKS 73 HP'HA

LANGBE Ih! 73 I PHA
AYED 74 IPHA
KNASEL 75 GPWA
LONGACRE 75 IP'WA
BARBOUR 76 DPWA
MASSES QUOTED'

P-5 ANAL SOL A

K LAM PHGTQPRG e
PI-P TG K LAMB

GAM P-ETA P
PI N-K SIGr SOL 2

0 PI P TG KO LAM
PI N TO 2PI N

P I N P HOT O- PROD

66 N¹1/2( 1700) REAL PART GF PCLE PCS ITIGN (MEV)

7/66
11/67
8/69
8/69
1/71
8/69
2/73

10/71
1/7 1
2/72
9/73
9/73
2/74

11/75¹jj/75¹
1/76¹

11/75¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

REF ERENCES FOR N¹1/2( 1688}

SEE A PREVIOLS EDITICN (RMP 37r 633r 1965) FOR EARLIER REFERENCES ~

RE

IM

( 1648 ~ I

(117~ )

LONGACRE 75 IPWA PI N TQ 2PI N ll/75¹

11/75¹
LGNGACRE 75 IPHA PI N TG 2PI N ll/75¹

66 N¹1/2{ 170{}I 2¹I MAG PART OF POLE PQSI TIOhl ( HEV)

BAREYRE
OC NNACHl

ALSO
ALSO

DUKE
RUSH

68 PR 165 1731
68 PL 26B 161
68 VIENNA 139
68 THESIS
68 PR 166 1448
e8 pR 173 1776

BOTKE . 69 PR 180 1417
DEANS 69 PR 185 1797

AYEO 70 K I EV CONF
CAARERAS 70 NP 168 35
OA V I E 5 70 h}P 82 1 359

BRANOSEN 65 PL 19 420
HEUSCH 66 PRL 17 1019
TRIPP 67 NP 83 10

J C BGTKE
S DEANSr J HOQTEN

R AYEDr P BAAEYRE r G VILLET
8 CARRCRAS, A DQNNACHIE
A GAVIES

(UCSB}
(UNI V 5 FLORIDA)

( SACL} I JP
(DAAErHCHS)

( GLAS I

+ODGNNEI Lr MCQRHOUSE fiOUAHAHr RHEL ) IJP
C A HEUSCHr C Y PRESCOTTr R F DASHEN (CIT I
+ LE I THr + (LRL r SLAC rCERNr HEIDr SACLAY)

P BAR EYR E r C BRIC MAhl r G VI I LET (SACLAY I IJ P
A DONNACHIE r R G KIRSQPPr C LQVELACE (CERN) I JP
DCNNACHIE RAPPORTEUR «S TALK {GLAS)
A G Ki ASQPP f EGIN)
+JCNESrKEMPrMURPHYrTHREShERr + (RHELrGXF IIJP
J E RUSH (UNIV ALABAMA) .

Pl
P2
P3
P4
P5
P6
P7
PB
P9
P10
Pll

N¹1/2{1700}
N¹1/2 ( 1700 )
N¹l/2( 1700}
N¹1/2(1700)
N¹1/2 ( 1700)
N¹1/2( 1700)
N¹1/2{1700)
N¹1/2(1700)
N¹l/2( 1700}
N¹1 /2 ( 1700 )
N¹1/2( 1700)

66 N¹l/2'I 1700) PARTIAL DECAY MODES

INTO PI N

INTC N ET A

INTO LAHBOA K

INTO CAM P r I.EL ICI TY= 1/2
INTO GAM Nr I.ELICITY= 1/2
INTO N PI P I
INTO N EP S ILGN
I NT C N RHC
INTO K SI GMA

INTC N AHQrS=l/2r S HAVE
INTO N¹3/2{1232l PI

DECAY HASSES
139+ 938
939+ 548

1115+ 497
0+ 938
0+ 939

938+ 139+ 139
938+120(}
938+ 773
493+1189
938+ 773

1232+ 139

BRODY
WAGNER

71 PL 348 253
71 hiP 825 411

+CASI-'MORE+ ~ +HEANDQN+ ~ ~

F HAGNERr C LGVELACE
(SLAC+LRL)

f CERN ) 66 N¹1/2(1700} BRANCHING RATIOS
ALMEHED 72 NP 840 157
OEVENI SH 73 PL 478 53
HEMMI1 73 PL 438 79
HOQRHGUS 73 PL 438 44

AYED
ALSO

DE VENI SH
DEVENISZ
KNIES
METCALF
HOG RHCU 5

4 PA I V AT E CQMHCTN
73 A IX CONFERENCE
74 NP 88 1 330
74 PL 528 227
74 PRO 9 2680
74 NP 876 253
74PRO91

CROUC}r
DE'RADO
DUKE
MERLQ
ROBERTS
BANNER

THE
BAREYA E
DEANS
DONNAC HI
AYED

65 DESY CONF I I 21
65 ATHENS CONF 244
65 PRL j.5 468
66 P ROY SOC 289 489
67 PREPRINT
68 PR 166 1347
ABOVE PAPERS DISCUSS
65 PL 18 342
69 P RL 177 2623
69 NP 108 433
70 PL 3 ).8 598

CRAWFORD }5 NP BS7 125
DE ANS 75 NP 896 90
KNASEL 75 PRO 11 1
LONGACRE 75 PL 55 8 415

BARBOUR 76 SBHTD. TG NP

+LOVELACE
DE V EN I S H r R ANK I N r I-YTH
HEMMI r INAGAKI+
MGQRHQUSEr QBERLACK

( LUND r R UTG ) I J P
I LGUC+BONN+LANC ) IJP

(KYGTQ+SAGA+KEK+TGKY ) IJ P
( GLAS+LBL }IJP

I ~ }r ~ BA RBQUR r R ~ L ~ CRAW FOAD

PAPERS NQT REFERRED TQ IN CATA CARDS'

(GLAS) IJP

+ (BROWN CEA HARVARD HIT PADOVA WEIZMANN)
+KENhlEY, I AMSA, + (NOTRE DAME r KENTUCKY)
+JGhESrKEMPr HURPHYrPRENTICEr + (RHELrQXF ) IJP
J P MERLQr G VALLACAS (SAC} AYI
R G ROBERT S t DURHAM)
+DETGEUF r F AYOUX r HA ME L r + (SACLAYr CAEN)
INELAST IC CHANhlELS NEAR Tl-E BUMP ~

+ BRICMAhl r STIRLINGr VILLET f SACLAY) IJP
S R DEANS (UNI V S FLORIDA)
A OQNNACHIEr R K IRSQPP (GLAS+EDIN )
+BAREYRE+VILLET ( SACLAY I

AY EOr BAP EYRE ( SACL 3 IJ P
AYEDr BAREYRE ( SACL) I JP
DEV Eh}I SHr F RGGGATT r HART IN I D ESY r NQAOITA r LQUC )
DEVEhlISHrLYTHrRANKIN {DESYrLANCrBCNN)IJP
KN I ES r MOOR I '. C US E r OB ERL ACK ( LBL r GLAS ) I JP
W J HETCALF r R L WALKER (CIT ) IJP
HCORHOUSEr QBERLACK rROSENF ELD ( GLAS+LBL }I JP

R L CRAWFORD ( GLAS I I JP
+MITCHELLr HCNTGOMERY r+ (SFLAr ALABAMA) IJP
+L INDQUI ST r NELSON+ ( CHIC r WUSL r GSU r ANL ) I J P
+ROSENFELD r LASI hSKI r SMADJA+ (LBLr SLAC) IJP

Rl
Rl
Rl
Rl
Rl
Rl
Rl

R2
R2
R2
R2
R2

R3
R3
R3

R4
R4
R4
R4
R4
R4

R5
R5
R5
A5

R6
R6

N¹1/2( 1700) INTO ( PI N) /TOTAL
(1 0) APPROX
(0 ~ 79 )
(0 ~ 642)
(0 56)
(0 ~ 5)

( 586 I

MICHAEL
DCNNACH 1
AYED
DAVIES
ALHEHED
AYEO

66 RVUE
68 RVUE
70 IPWA
70 RVUE
72 IPH A

74 IPWA

(Pl)

P-S ANAL

7/66
8 /69
1/71

SGL A 8/69
2/72
2/74

N¹1/2(1700) FROM PI N TO K LAMBDA
(«20} f e05) QRITO
{«21)OR ~ 23 WAGNER-e 179 «033 DE VENI SH

12) KNAS EL

69
A 71

74
75

SQRT ( Pl¹P3) 4/75¹
RVUE 4/75¹
IPHA P I- P TO K LA}/8 4/75¹

0 FIXED T DISP AEL 4/75¹
DP'HA 0 P I- P TO KO LAM ll/75¹

N¹1/2( 1700 I INTO (LAHBCA Kl /TOTAL
8 (0«028) APPROX e RUSH 68
8 PARAHETRIZAT ION USED COULD BE IN CANGER OF

N¹l/2 ( 1700} INTO (N ET A) /TCTAL
8 ( Oe 013) BOTKE 69
8 '{0~ 03) (0 ~ 02 I DEANS 69
C (0«19) OR 0.27 CARRERAS 70
8 PARAHETRIZATIQN USED COULD BE IN DANGER OF
C CARRERAS 70 USES RECCE POLES + RESONANCES ~

f P3)
HPWA T POLE + RESON.
DOUBLE COUNTING

(P2)
MPWA T POLE + RESGN ~

HPWA T FGLE + RESON ~

HP'WA T PQI E + RESON ~

DOUBLE COUNTING
VALUES SUSPIC IOUSLY LARG

8/69

10/69
8/69
5/70

N¹l/2( 1700) FROM GAMNA PRGTQhl TO ETA PAOTCN
2 ( ~ 0101) HI CKS 73

SQRT ( P2¹P4)
MPWA GAH P-ETA P

9/73
9/73

N¹l/2(1700) FROM GAMMA PAGTQN TO K I AMBDA SQRT(P3¹P4} 9/73(0.002)OR LESS ORITQZ 69 CNTR K LAM PHOTOPRG 10/71{0 ~ 0072) SC HGR SCH 70 OP'HA K L AM PHOTOPRQ ~ 10/7 1
f « 0060) DEANS 72 HPWA 6AM P-K LHr SO(. D 9/73
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Particle Data Group: Review of particle properties S't 73

Data Card Listings
For notation, see key at front of Listings.

Baryons
N(ivoo)

R7 N¹l/2( 1700) FROM PI hl TC K SIGMA
R7 1 ( ~ ll) LANGBE IN 73
R7 5 f ~ 066) TO ~ 137 DEANS 75
R7 5 RANGE GIVEN IS FRaN FOUR BEST SOLuTIONS.
R7 ( 20) KNASEL 75

SQRT ( P l¹P9)
IPWA P I N-K S I G, SOL 2
CPWA P I N TG K SIGHA

DPWA 0 PI- P TG KO LAN

9/73
9/73

ll/75¹
11/75¹
11/75¹

1 ( 1790~ ) l ANGBE IN 73 IPWA
1 NCT SEEN IN SQLUT IChl 2 CF LANGBEIN73

( 1710.) AYED 74 IPWA
L 1710~ OR 1710~ LQNGACRE 75 IPWA
L 'THE 2 SETS OF PARAMETE{tS ARE FROM METHODS 1 AND 2 0

Pl N-K 5 I Go SOL 1 9/73
9/73
2/74

PI N TO ZPI N 11/75¹
F LQNGACR E 75 ~ 11/75¹

RS N¹1/2t 1700) FROM PI N TO N¹3/2( 1232) Pl SQRT t Pl¹P11)
RS L {- 16)GR - ~ 15 LGhlGACRE 75 IPWA P I N TO 2PI N

R9 N¹1/2(1700) FROM PI N TO N RHODES=1/2g5-WAVE SQRT(P1¹P10)
R9 L { 23)OR + 16 LGNGACRE 75 IPWA Pl N TG 2PI N

R10 N¹1/2(1700) FROM PI N TG N EPSILON SQRT f Pl¹P7)
R10 L (-.23)QR —~ 25 LONGACRE 75 IPWA PI N TQ 2P! N

ll/75¹
1}175¹
ll/75¹
11/75¹
11/75¹
11/75¹

(90~ )
(120 )
(100 ' )
100 ' OR 300 '

DEANS 72 NPWA
LANGBEIN 73 IPWA
AYED 74 IP WA

LCNGACRE . 75 IP'WA

18 N¹1/2( 1700) WIDTH ( ME V)

GAH P-K LMy SGL D 9/73 '

P I N-K 5 I Gq SQL 1 9/73
2/74

P I N TQ 2PI N 11/75¹

66 N¹1/2{1100) PHOTON DECAY AMPL{ GEV¹¹-1/2)

FOR DEFINITION OF GAMMA NUCLEON DECAY AMPLITUDES y SEE MINE-
REVIE'W PRECEDING THE BARYON L I STINGS ~

RE ( 1710~ )

18 N¹1/2(1700) REAL PART OF POLE PCSITICN (MEV)

LCNGACRE 75 IPWA P I N TQ 2PI N

ll/75¹
11/75¹

Al N¹1/2( 1700) INTO
Al ~ 024
Al + ~ 066
Al 029
Al ~ 058
Al + ~ 012
Aj. ~ 054
Al +r044
Al (+.044)
Al i i ~ i ~ i ~

Al AVERAGE MEANINGLESS

A2 N¹I/2 ( 1700) INTO
A2 ~ 010
A2 —~ 072
A2 —~ 006
A2 015
A2 —~ 019
A2 - ~ 027
A2 i 103
A2 f-i022)
A2 ~ ~ ~ ~ ~ ~ ~

A2 A V ERAGE HEANI NGL E S5

GAM Py
033

i 042
F 018
~ 018
~ 015
~ 005
~ 018

I.ELIC ITY=1/2 (GEV¹¹-1/2)
DE VEhl I SH 73 DPWA
HOORHCUS 73 DPWA
DE VE Nl 52 74 DPWA
KNIES 74 DPWA
ME TC ALF 74 CPWA
MOGRHGUS 74 DPWA
CRAWFORD 75 DPWA
BARBOUR 76 GPWA

~ ~

(SCALE FACTOR = 1 4)

HEL IC ITY= 1/2 ( GEV¹¹-1/21
DEVENISH 73 QPWA
MGORHOUS 73 DPWA
DEVENI 52 74 DPWA
KNI E S 74 DP'WA

METCALF 74 DP WA

MOORHCU S 74 CPWA
CRAWFORD 75 DPWA
BARBOUR 76 DPWA

GAM N ~

043
~ 066
031
035

~ 022
~ 009
i 010

~ i
{SCALE FACTOR = 2 ' 9)

P I N PHOTO PRCD
P I N Pl"'GTG-PROD
P I N PHOTC-PROD
P I N PHOTO PRCD
P I N PHOTO-PRQO
PI N PHOTO-PRCD
P I N PHCTC-PRCD
P I N PHOTO-PROD

P I N Pl-GT0 PROD
P I N PHOTO-PRCD
P I N PHOTO-PROD
P I N PHOTO PRCD
PI N PHOTC-PRCD
P I N P l-OTO-PROD
P I N PHOT C~PRGD
PI N PHOTO-PROD

2/74
2/73
4175¹
2 /74
2/74
2/74
1/76¹
1/76¹

2/74
2/73
4/75¹
2/74
2/74
2/74
).176¹
1/76¹

IM

Pl
P2
P3
P4
P5
P6
P7
PS
P9
P10
Pll

(607 i )

N¹1/2( 1700 I
N¹1/2(1700)
N¹1/2 ( 1700)
N¹1/2 ( 1700)
N¹1/2(1?00)
N¹1/2( 1700).
N¹1/2 ( 1700)
N¹1/2{1700)
N¹1/2( 1700)
N¹1/2(1700)
N¹1/2( 1700)

ll/75¹
LCNGACRE '?5 IPWA P I N TQ 2PI N 11/75¹

18 N¹1/2(1700) PARTIAL CECAY MCDES

lhlTG P I N

INTO LAHBCA K

INTO GAH P gFEL IC ITY=3/2
INTO GAM P ghEL ICI TY=1/2
INTO CAM N y &EL ICITY=3/2
INTO GAM N eHEL IC I TV=1/2
INTO K SIGMA
I NTO N EPS ILQN
INTO N¹3/2 ( 1232) Pl y S-WA VE
INTO N¹3/2 ( 1232) PI y 0-WAVE
I NTC hl RHG t S=3/2 t S-WA VE

DECAY MASSES
139+ 938

1115+ 497
0+ 938
0+ 938
0+ 939
0+ 939

493+1189
938+1200

1232+ 139
1232+ 139
938+ 773

18 N¹1/2( 1700) BRANCHING RATI 05

18 hl¹I/2 ( 1700) 2¹I HAG PART OF POl. E PCS IT ICN (MEV )

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹ Rl
Rl

N¹1/2( 1700) FROM GAHMA PROTON TO K LAMBDA SQRTt(P3+P4)¹P2)
t i0077) DEANS 72 MPWA GAH P-K LMr SOl 0

9173
9/73

BRANDS EN 65 P l 19 420

MICHAEL 66 PL 21 93

REFERENCES FQR N¹1/2 t 1700)

+OOGNNELL, HGORHOUSE

C H ICHAEL

( DURHAM' RHEL ) I Jp

(GXF )

R2
R2
R2
R2

N¹1/2( 1700) FROM PI h TQ K SIGMiA
1 ( ~ 10) LANGBE IN 73 IPWA

2 LESS Tl AN «017 DEANS 75 OPWA

2 RANGE GIVEN IS FRQH FOUR BEST SCLUTICNS ~

SQRT (Pl¹P7)
Pl N-K SIGpSQL 1
P I N TO K SIGMA

9/73
9/73

11/75¹
ll/75¹

BAREYRE 68 PR 165 1731
DONNAC Hl 68 PL 26 B 161

ALSO 68 VIENNA 139
AlSO 68 THESIS

RUSH 68 PR 173 1776

BGTKE
DCANS
ORITG
OR I T02

69 PR 180 1417
69 PR 185 1797
69 LNC 1 936
69 INS J 113

AYE 0 70 K IEV CGNF
CARRERAS 70 NP 168 35
DAVI ES 70 NP B21 359
SCHORSCH 70 hlP 825 179

WAGNER 11 NP 825 411

J C BOTKE
S DEAhlS J WQGTEN
S OR I TO g 5 SA SAKI
5 QRITQ (Tl'ES IS )

R AYED ~ P BAREYREp G VILL ET
B CARRERASp A DCNNACHIE
A DA VIE 5
+T I ET 6 E g W E IL NBOECK

F WAGNER g C LOVELACE

( UCSB )
(UNIV 5 FLORIDA )

(TOKYO-OSAKA)
(TOKYO )

( SAC(. ) I JP
(OAR Eg MCHS )

(GLAS I
( MPIM)

( CERN )

P BAREYREe C BRICMANs G VILLET (SACLAY) IJP
A DQNNACHIEg R G KIRSOPPi C LOVELACE (CERN) I JP
DGNNACHIE RAPPORTEUR ~ 5 TALK {GLAS)
R G K IRSQPP {EGIN)
J E RUSH ( UNIV AL ABANA )

R3
R3

R5
R5

R6
R6

R7
R7

RB
R8

N¹1/2(1700) INTO PI N/TOTAL
( ~ 089) AYEO 74 I PWA

hl¹1/2(1700) FRQH Pl h TQ K LAMBDA
+ ~ 026 ~ 019 DE VENI SH 74

SQRT (P 1¹P2)
0 F IXED T DISP REL

N¹1/2 (1700) FROM P I N

L (- ~ 2) OR - ~ 2

N¹1/2(1700) FRG& PI N

L (+ ~ 15 )OR + ~ 16

N¹1/2( 1700) FRGN P I N

L f- 10)OR — 14

N¹1/2(1700) FROM P I N

L {0~ ) OR (- ~ 07)

TG N EPS ILCN SQRT( Pl¹P8)
LGNGACRE 75 IPWA Pl N TO 2PI N

TC N¹3/2(1232) Ply 5~WAVE SQRT(P1¹P9)
LONGACRE 75 IPWA PI N TO 2PI N

TO N¹312 ( 1232 ) P I ~ 0-WAVE S QRT f P 1¹P1Q)
LCNGACRE 75 IPWA PI N TO 2PI N

TQ N RHODES=3/2y S-'WAVE SQRT (Pl¹P11)
LQNGACRE 75 IPWA P I N TQ 2PI N

2/74

4/75¹
4/75¹

ll/75¹
11/75¹
11/75¹
11/75¹
11/75¹
ll/75¹
11/75¹
11/75¹

Al HEHED
DEANS
DEVENISH
HICKS
LANGBE IN
MOORHOUS

72 NP B40 157
72 PRO 6 1906
73 PL 478 53
73 PRD 7 2614
73 hlP 853 251
73 PL 43B 44

+LOVELACE (LUNDt RUTG) IJP
DEANS J'ACOBS LYONS g MONTGOMERY (SOUTH Ft A, ) I JP
D EVEN IS Hr RANKIN'S LYTH t LQ UC+BQ NN+LA NC ) I J P
+DEANS' JACOBSpLYGNS+ (CARN+QRNL+SOUTH FLA ~ ) IJP
LANGBEINe WAGNER (MUNICH) I JP
MGGRHOUSEe OBERLACK (GLAS+LBL ) I JP

18 N¹1/2(1700) PHOTON DECAY AMPL(GEV¹¹ 1/2)

FCR DEFINITION OF GAMMA-NUCLECN DECAY AMPL I TUDES 5EE HINI-
REVIEW PRECEDING THE BARYGh LISTINGS ~

AYED
ALSO

DEVEN ISH
DEVENI52
KNIES
METCALF
MQGRHOUS

74 PRlVATE COHMCTN ~

73 AIX CONFERENCE
74 NP 88 1 330
74 PL 528 227
74 PRO 9 2680
74 NP 876 253
74 PRD 9 1

CRAWFORD 75 NP 897 125
DEANS 75 NP 896 90
KNA5EL 75 PRD 11 1
LONGACRE 75 PL 558 415

AYEDgBAREYRE ( SACL) I JP
AY EDy BAREYRE (SACL)IJP
DEVENI SH, FRQGGAT T, MART IN(DESY, NQRDI TA, LGUC)
DEVEhlISHyLYTHyRANKIN (DESY y LANCE BONN) I JP
KNIESyMOORHOUSEgGBERLACK ( LBL g GLAS ) I JP
W J NETCALFgR L WALKER (C IT I IJ P
NOGRHOUSEqOBERLACK~ROSENFELD (GLAS+LBL ) IJP

R iL CRAWFORD (CLAS ) IJP
+N ITCHELL q MONTGCNERY v+ ( SFLA t ALABAMA ) I JP
+L INDQUI ST & NE LSCN+ (CHICy WUSL gOSUgANL) IJP
+ROSENFELD yLAS IhlSKI y SMADJA+ (LBLp SLAC) I JP

( GLAS ) IJP

BAREYRE
JOHNSON
DEANS
DONNACHI
AYED

65 PL 18 342 + BR ICMAN g ST I RL I NGe V ILL ET
67 UCRL 17683 THESIS C H JOHNSON
69 P R 177 2623 S R DEANS
69 hlP 108 433 A DONNACHI E p R KI RSQPP
70 PL 318 598 +BAREYRE+VILLET

(SACLAY) IJP
(LRL I

{UNI V S FLORIDA )
t GLAS+ED IN )

(SACLAY I

AYED 74 AND I QNGACRE 75 BOTH F IND CV IDEhlCE FOR
THI5 STATE ~ THERE I S ADD IT IGNAl. EV ICEhlCE FROM

PHCTOPPOCUCT ION AND ASSOC IATED PRODUCTION ~

BARBOUR 76 SBMTD ~ TO NP I ~ M ~ BARBOUR' R ~ Li CRAWFORD

PAPERS NQT REFERRED TO IN GATA CARDSi

A j.
Al
Al
Al
Al
Al
Al
Al
Al
Al

A2
A2
A2
A2
A2
A2
A2
A2
A2
A2

A3
A3
A3
A3
A3
A3
A3
A3
A3
A3

N¹1/2 ( 1700) I NTQ- ~ 103
—~ 048

~ 015
~ 0

( ~ 023)- ~ 012(- ~ 005)
~ ~ ~ ~ ~ ~

AVERAGE HEANINGl ESS

GAM
~ 130
~ 050
~ 040
~ 034

Ps HEL IC ITY=l/2 (GEV¹¹-1/2)
DEVENISH 73 DPWA
DE VENI S2 74 DPWA
KNIE5 74 QPWA
ME TCALF 74 DPWA
MOQRHGUS 74 DPWA
CR AWFQR 0 75 DPWA
BARBOUR 76 DP WA

010

~ ~ ~

(SCAt. E FACTOR = 1 ~ 0 )

N¹1/2 ( 1700 ) INTO
~ 055

—~ 006
~ 030
~ 0

( i 035)
—~ 012

(-i009)

CAH Pg
~ 065
~ 014
~ 040
~ 029

~ 010

I.EL IC ITY= 3/2 ( GE V¹¹-1/2)
DE VENI SH 73 QPWA

DEVENIS2 74 DPWA
KNIES 74 DPWA
NETCALF 74 CPWA
NGGRHGUS 74 DPWA
CRAWFORD 75 DPWA
BARBOUR 76 DPWA

N¹l/2 t 1700) IhlTG GAH N ~

~ 013 ~ 222-.021 .098
—~ 036 i040

~ 0 ~ 034
t- ~ 015)
+ ~ 081 015

(+ ~ 017)
~ ~ ~ ~ ~ ~ i ~

HEAhllNGLESS (SCALE
i

AVERAGE

l. Et. IC ITY=1/2 (GE V¹¹-1/2)
DE VEN I SH 73 DP'WA

DE VEN I S2 74 DP leA

KNIES 74 DPWA
i4IETCALF 74 DPWA
NGGRHOUS 74 DP WA

CRA WFGRD 75 DPWA
BARBOUR 76 DPWA

FACTOR = 2 3 )

~ ~ ~ ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR = 1 ~ 0)

P I N PHOTO PRCD
PI N PHOTC-PRCD
P I N PHOT C PRGD
P I N PHOTO-PROD
P I hi PHOTO PROD
P I hl PHOTO~PROD
P I hl PHOTO- PRCD

P I N P HOTO PROD
P I hl PHOTO-PRCD
P I N PHOTO PROD
P I N PHOTO-PRCD
P I N PHOTO PROD
P I N PHOTO-PROD
P I N PHOTO-PRCD

P I N PHOT 0 PROD
Pl N PHCTC-PRCG
PI N PHOTO PROD
P I N PHOTO-PROD
P I N PHOTQ PROD
P I N PHOTO-PR CD
P I N PhOTO-PROD

2/74
4/75¹
2/74
2/74
2/74
1/76¹
1/76¹

2/74
4/75¹
2/74
2/74
2/74
1/76¹
1/76¹

2/74
4/75¹
2/74
2/74
2/74
1/76¹
1/76¹

18 N¹1/2( 1700) HA55 (ME V)
i

M 3 (1730~ )
M 3 (1680~ )
H 3 WHERE MAX. ABSORPTION IS
M A t 1780~ 0)
H A 013 RESQNATES ONLY Ihl ONE
H ( 1670~ )

DGNNACH2 68 RVUE P HAS ~ SHIFT-CERN1
KIRSGPP 68 RVUE PHASE SHIFT Ah'AL

-DGNNACHle 2 eKIRSOPP EYEBALL FIT CERN 1
WAGNER 71 IPWA P I-P TG K LAMB

GUT OF 3 PCS S I BLE SOL i
DEANS 72 MPWA GAM P-K LNgSQL D

10/69
10/69
10/69

1/71

9/73

A4
A4
A4
A4
A4
A4
A4
A4
A4
A4

N¹1/2( 1700) INTO
—~ 088

~ 026
~ 024
~ 0

( i 028)
+i 107

(+ 022)

ERASE MEANING{ ESS

GAM Ny
~ 087
~ 067

024
~ 044

~ 025

HEL IC ITY=3/2 (GEV¹¹-1/2)
DEVENISH 73 DPWA
DE VENI S2 74 OPWA
KNI ES 74 DPWA
METCALF 74 DP WA

MOGRHCUS 74 DPWA
CRAWFORD 75 DPWA
BARBOUR 76 DPWA

~ ~

( SCALE FACTOR = 1 ~ 7)

P I N PHOTO PROD
P I N PHOTO-PROD
PI N PHOTO PROD
P I N PHOTO-PROD
P I N PHOTO PROD
P I N PHGTC-PRCD
P I N PHOTO-PROD

2/74
4/75¹
2/74
2/74
2/74
1/76¹
1/76¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹
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S't 74 Particle Data Group: Review of particle properties

Baryons
N(~voo)

Data Card. Listings
For notation, see key at front of Listings.

AYED
ALSO

DEVENISH
DEVENI52
KNIES
METCALF
MGGRHGUS

74 PRIVATE CCMMCTN
73 A IX CONF EREhlCE
74 NP 881 330
74 PL 528 227
74 PRD 9 2680
74 Np 876 253
74 PRO 9 1

DONN AC H2 68 V I ENhl A 139
KIRSOPP 68 THESIS
WAGNER 71 NP 825 411
DEANS 72 PRO 6 1906
OE V EN I SH 73 P L 478 53
LANGBE IN 73 NP B53 251

REF ERENCES FOR N¹l/2 ( 1700)

GONNAC HIE RAPPORTEUR ~ S TALK t GLAS )
R G KI RSOPP (EDIN )
F LAGNER ~ C LGVELACE t CERN}
DEANS' JACOBS' LYONS' MQNTGCMERY ( SOUTH FLA ~ ) I JP
CEVENISt ~ RANKIN~ LYTH (LOU C+BG NN+LANC ) I J P
LANGBE Ihip WAGNER {MUNICH ) I JP

AYEC p 8AREYRE ( SACL ) I Jp
AYEDw BAREYRE (SACL) I JP
DEVENISI tFRQGGATTq MARTIN (DESYe NOROITAr LGUC )
CEVENIShgLYTHp RANKIN (DESYgLANCg BONN ) I JP
KNI E 5 ~ HQORHQU SE r QB ERL ACK (LBLg GLAS ) IJP

J METCAI FtR l WALKER (CIT)I JP
HCGRHOUSE p GB ERL AC K g RGS ENF 8 L 0 I GL AS+L BL ) IJP

(128.} (4
(60 ~ )

(157.)
( 120 ~ )
(34
(48 ' )

(140 )
(188 ' ) (
(133 l

( 100~ )
(135 ' )
148~

SEE THE NOTES

W 2 0.
W (40 ~ }
W (12 )
W 3
W ( 14')
W (20 )
W

W

W

W

W

W

112 )

(38 )
( 10 ~ )
(20 )

16'
ACCOMPANY

JH
RONAT
ABE
DAVIDSOh'
L ICHTMAN
L I CHTMAN
BRAUN1
CA VALL I
CAVALL I
CA VALL I
MUSGRAVE
WEBB

ING Tl-E MASSES Q

72 CBC
72 HBC
74
74 HBC
74 HSC
74 HBC
75 HBC
75 SPEC
75 SPEC
75 SPEC
75 HBC
75

UOTE 0

0 P I-N TO P I-P I -P
P I+P TG 3P I P

+ P+P-&P+X)JCBN PK
+ PI-P TO P I- OM P

e PI+P TG 3PI P
+ PI-P TO 3PI P

P BAR P 5 ~ 7 GEV
+ i PP TQ 2N¹gW=23GV
+ PP TO 2N¹+W-31CV
+ PP TO 2N¹gW=53GV

K+ P TO K PI N

20 N¹1/2 (1700) PART IAL DECAY MODES ( PROD ~ EXP ~ )

2/73
2/73
4/75¹

10/74¹
4/75¹
4/75¹

11/75¹
1/76¹
1/76¹
1/76¹

11/75¹

CRAWFCRD 75 NP 897 125
DEANS 75 NP 896 90
LONGACRE 75 PL 558 415

BAP SOUR 76 SBMTD ~ TG NP

HERNDGN- 72 l BL 1065

R L CRAWFORD (GLAS) I Jp
+MITCHELL' MGNTGCMERY y+ (SFLAg ALABAHA ) I JP
+RGSENFELD p I AS I NSKI q SHAD JA+ (LBLp SLAC) I JP

I ~ l ~ BARBOUR y R ~ L ~ CRAWFCRD ( GLAS ) I JP

PAPERS hlOT REF ERR EC TG IN CATA CARDS o

+ ~ ROSENFEI D ~ +CASHMORE+ (LBL v SLAC)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

1700 MEV REGION —PRODUCTION EXPERMENTS

Pj
P2
P3
P4.
P5
P6
P7
P8
P9
Plo
Pll

N¹1/2(
N¹1/2(
N¹1/2 t
N¹I./2(
N¹1/2(
N¹1/2 (
N¹1/2(
N¹1/2(
N¹l/2(
N¹1/2(
N¹1,/2t

1700)
1700 )
1700}
1700 l
1700)
1700)
1700)
1700)
1700 )
1700)
1700)

INTO PI h

INTO N PI PI
INTO N¹3/2(1232) PI

+ INTO NEUTRGh PI+
+ INTO PROTON PI+ PI-
+ INTO N¹3/2{1232}++ P I-

INTO N ETA
INTO LAMBDA K

INTO 5 I GMA K

INTO OHEGA PROTON
INTO RWOO PROTON

DECAY MASSES
139+ 938
938+ 139+ 139

1232+ 139
939+ 139
938+ 139+ 139

1232+ 139
939+ 548

1115+ 497
1189+ 493
783+ 938
773+ 938

20 N¹I/2( 1700' JP= '

) I=1/2 PROCUCTICN EXPERIMENTS

PARTIAL . WAVE ANALYSIS REQUIRES AT LEAST FOUR l=l/2 STAT
IN THE 1670 TQ 1780 REGION (D15y F 15' Slip P 1 1 l AND AT
LEAST ONE I=3/2 STATE (D33) ~ OBVIOUSLYg DIFFERENT EXPE
IHENTS ARE SEEING DIFFERENT STATES AND OFTEN IT IS NOT

CLEAR WHAT I SOSPIN STATE IS BEING OBSERVED+ NO EFFORT WAS MADE
TG SEPARATE Tl. ESE EXP ER IMENTS ACCORDING TG J P S INCE NONE OF THE
REPORTED J P IS F IRMLY ESTABL IS I-:ED e WE L I ST ALL THE INFO RMAT I GN HERE g

BUT WE HAVE NOT USED IT Ihl THE 8ARYCN TABLE
FOR SPIN-PARITY ANALYSIS OF THIS HA5S REGIONS SEE JGHNSTAD 72 AND

I AMSA 72 ~ SEE LEGNICKY 75 FGR A SPIN-PARITY ANALYSIS OF P+OMEGA
PRODUCTION NEAR 1800 MEV ~

20 N¹1/2 (1700) BRANCHING RATIOS (PRCO ~ EXP ~ )

R3
R3
R3

N¹1/2(1700) INTO (LAMBCA K) l(P PI+ PI~) (PS)/(P5)
(0 ' 034)QR LESS ALEXANDER 67 HBC + PP 5 5 BEV/C
t 0,07) GR LESS CL= 95 CIRBA 70 HBC PI+P AT 5 GEV/C

Rl N¹1/2(1700) INTO (PI N)/(PI N¹3/2(1232}) (Pl) /(P3)
'R 1 (0 ~ 77) OR LESS LEE 67 HBC PI-P 3 6 GEV/C
Rl A {9~ 0) OR MORE BE NVENU TI 69 C BC 0

R2 N¹I./2( 1700) INTO tN ETA)/(N PI + N PI PI) (P7)I (Pl+P2)
(0+025) OR LESS KRAEHER e4 DBC + PI+0 1.2

R2 (Oa042) OR LESS CL= ~ 95 A-BORELLI 67 HBC + PBAR P 5 ~ 7 BE V/C

11/67
5/70

9/69

11/67
2/71

H

M

M

M 1
H 1
M A

M A

8
H B
M

M

M

M

M

M A
M A

M

M

M

M

M

M

M

M

M

M

H

M C

M

M

M

M 3
M 3
H

M

M 4
4

M 4
H

M

M

M

M

M

M

20 N¹1/2(1700) MASS (MEV) (PROD ~ EXP l

PBAR P 5 ~ 7 BEV/C
PP 10 BEV/C
p I-p e GEv/c
K-P TO K-P 2P I

OR MAT ION
P I-D 2 ~ 26 GEV

PP 22 GEV/C

8/67
9/69
8/69
7/70

5/70

10/69

( 1695~ 0) (9 ~ Ol
( 1734~ 0) ( 21 ~ 0)
(1730 0) (18 ~ 0)
t 1712~ 0) . (6 ~ 0)
I J P CONSISTENT W

( 1667~ 0) {5 ~ 0)
J COhlSI STENT W

190(1693 } ( 15 )
JP IS PROBABLY 5/2+

( 1691 l (4 ~ )
177(1710' ) ( 10. )
40{1763~ 1 (25 )

505(1730.0) ( 15 0)
60(1710 )

( 1719~ 0) (6.0)
J CONSISTENT W

( 1694 ~ 0) (8 ~ 0)
(1730m) (20 ' )
(1700 )
(1711 l ( 10 l
(1672 ' 0) (4 ' 0)

80{1650m Ol ( 10 ~ 0)
( 1700 ~ 0) ( 10 0)
1670 ~ TQ 1730

( 1720~) (20 )
{1690~ 3) (4 5)
(1668 0) {19~0)
(1715~ 0) t 5 ~ 0}

ANALYSIS GIVES JP
2 ( 1660~ ) (15
2 DETERMINE J=5/2 & F 15

(1720 ' ) (15 ' )
( 1820~ }

OMEGA PROTON EVHANC
(1732 ) (7 }
( 1694~ ) ( 10 ~ )
(1700~ )

PWA INDICATES PI+PI
P-WAVE P EPSILON SY

1660 ~ TG 1670
(1691 ) ( ll )
(1691 ) (8 ~ )
( 1715 ) ( 10 ~ )
(1686~) (12~)
( 1650 ~ }
1678 ' 4 ~

A-BGR E L L I 67 HBC +
ALMEIDA 68 HBC +
GALLCWAY e8 HBC
BARNES 69 HBC

ITI' Slit 1700) OR P 11{1780) I N F
BENVEhlUT I 69 DBC 0

ITH 5/2 OR 7/2
R HODE 69 HBC

ANDERSON 70
CIRBA 70
COOPER 70
CRENNELL 70
KUZNETSGV 70
WILLHANN 70

ITH 5/2 OR 7/2
AHAL0 I 71
BALLAH 71
BEKETOV 71
BOESEBEC 71
ELLIS 71

80/120 HA 71
MORSE 71
HORSE 71
RUSH BROOKE71
EDELSTE IN 72

24/45 KARSHGN 72
LAMSR 72

5/2+

MHS
HBC +
HBC +
HB{: +
HL BC
HBC +

CNTR
HBC +-
HBC +
RVUE
CNTR
HBC +
HBC +
HBC +0
HSC +
MH5 +
CBC +
HBC +

PI- P TG P I- HMS
PI+ P TO P+3P I
LAMB ~ K PROD
P I-P Pi+P 6 GEV
L AHB ~ K P ROD ~

P I+P 13 s GEV

P P AT 24 GEV
P I+-P AT 16GE V

P I- P 4 e45GEV/C
PP gpl —PgK-P PRCD
HHS PP 3 ~ 7 GE V/C
P P TO P N Pi
Pi-P 25 GEV/C
P I-P 7 GEV/C
PP TG PZPI 16CEV
PP 6 TG 30 GEV
PD -PD2PI 7 GEV
PI+-P 8TG18 GEV

2/71
2/7 1
2/71
1/71
2/71
5/70

10/71
2/72
3172
3172

10/7 1
10/7 1
3/72
3/72
2/72
1/73

12/72
1/73

72 GBC 0 PI-N TQ PI-Pj-P 2/73
2/73
2/73

10/74¹
10/74¹
4/75¹
4/75¹
1/76¹
1/76¹
1/76¹

11/75¹
1/7e¹
1/76¹
1/76¹

11175¹
1/76¹
l. /76¹

PROBABLE
RON AT 72
DA VIDSGN 74

EMENT g MOMENTS ANAL YSI S C
L ICHTMAN 74
LICHTMAN 74
BLGBEL 75

-P EhHANCEMENT IS PR IMAR
STEM WITH I g JP=1/2 y3/2- ~

BRAUN1 75
CAVALLI 75
CA VALLI 75
CAVALL I 75
HUSG RA VE 75
STRACHMA 75
WEBB 75

HBC P I+P TO 3PI P
HBC + PI-P TQ PI- GH P
ONSI 5 TENT 'W ITH 2 J= 1 OR 3
HB{ + PI+P TQ 3PI P
HBC + PI-P TO 3PI P
HBC + PP TO P (P I+PI-P )
ILY A

PBAR P 5 ~ 7 GEV
PP TQ 2N¹tW=23GV
PP TQ 2N¹ w W=31GV
PP TO 2N¹ w W=53GV
K+P TOK PI N

NBAR (N PI)
P P TO P N¹

HBC
SPEC +
SPEC +
SPEC +
HBC

BC
ISR +

R4
R4
R4
R4 1
R4
R4 A

R4

N¹l/2(1700) INTO {LAHBCA K)/ {N
(Oa0 13)QR LESS CL= ~ 95

SEEN
LIMITS 0 ~ 025 TQ 0 ~ 1 1

25 0 ' 025 0 F 005
LESS THAN 0 ' 025

25 SEEN ~ CONS ~ WITH J=l/2

Pi + N PI PI )
A-BQRELL I 67 HBC
CHINO'W SKY 68 HBC
BARNES 69 HBC
CRENNEL(. 70 HBC
WI LLMANhl 70 HBC
HORSE 71 HBC

( PB ) / (P 1+P 2)
+

PP TO K+ Y N
K-P TG K-P 2P I

+
PI+P TO 3PI P

0 P I P 7 GEV/C

8/67
6/68
7/70
1/71
6/70
3172

R5 N¹1/2(1700) INTO (N PI }/ (N P I P I ) tP l} /(P2)
R5 {1.26) OR LESS CL= ~ 95 A-BGREI LI 67 HBC +
R5 0 ~ 025 0 13 CRENNELL 70 HBC +

8/67
1/71

R6
R6

N¹l/2{ 1700) INTO t N¹3/2( 1232) P I ) I (N Pi PI I (P3}/ (P2)
NO EVI DENCE A-BGRELLI 67 HBC +

SEE' MERLC 66 FOR A REVIEW ~

8/67

N¹1/2 ( 1700)
0 ~ 67
0 ~ 47

R7
R7
R7
R7
R7 AVG
R7 STUDEhlT

Os53
0 ~ 53

t P4) I (P5)
+ PP 5 ~ 5 BEV/C 11/67

PBAR P 5 ~ 5 GEV/C 7/70

INTO (NEUTRON P I+ ) I ('P PI+ PI-)
0 ~ 40 ALEXANDER 67 HBC
0~ 25 A-BORELLI 67 HBC

~ ~ ~ ~ ~

0 ~ 21 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
0 ~ 23 AVERAGE USING STUDENT10(H/1 ill —SEE TEXT

RS N¹1/2
RS
R8
RS
RB 1 L
RS
RB
R8 A

R8
RS
RB
RS C
RS
RS AVG
R. S STUDENT

{N¹3/
F 14
0 ~ 3

( 1700) INTO
0o74
1+0

(0 83)
ESS THAN

(0 ' 50) OR
NO EVIDEN

(2.3 } (
(1~0) GR
0, 75
0 35
0 65

2t1232)++ PI-)/(P PI+
AL EXANDER 67
ALMEIDA 68
KAYA 5 68
BARNES 69

CL= ~ 95 CIRBA 70
CRENNELL 70
WILLMANhl 70

CL= 95 BEKETOV . 71
BOESEBEC 71
RUSHBROQKE71
LAMSA 72

0 ' 15
LESS
CE
lee)
MORE
0 ~ 75
Oo20
0 ~ 15

PI-),
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
RVUE
HBC
HBC

(P6)/(P5 l
+ PP 5 ' 5 BEV/C
+ PP 10 BEV/C

Pp 8% j BEV/C
K»P TO K-P 2PI
P I+P AT 5 GEV/C

+
PI+P TG 3PI P

+ DEL( 1232)++ PI-
PP ypi-PpK-P PROD

+ PP TO P2P I 16GEV
P I P 18 ~ 5 GEV/C

0 ~ ~ ~

0 ' 66
Oe665

0 0 ~

Ooj0
0.099

AVERACE (ERROR INCLUDES SCALE FACTGR OF jo2)
AVERACE USING STUOENT10(H/1 ~ 11) —SEE TEXT

11/67
9/66

11/68
7/70
2/71
1/71
6/70
3/72
3/ 72
2/72

12/72

R9
R9

N¹1/2(1700) INTO (5 IG K}/{LAMB
LE SS THAN ~ 20 COOPER

(P9) I (PB)
70 HBC + P I+P y 5 ~ 5 GEV/C 2/71

R10
Rlo

Rll
Rll

N¹1/2 {1700) iNTO {P I N)+/(CMEGA P RQTCN ) (P 1) /(P 10)
LESS THAN ~ 36 (90 PCT CL} DAVIDSON 74 HBC + PI-P TQ PI- OH P 10/74¹

N¹1/2(1700) INTO (RHQO PROTON)/(OMEGA PROTON) (Plj)/(P10)
LESS THAN ~ 12 (90 PCT CL) OA VIDSON 74 HBC + PI-P . TO PI- GM P 10/74¹

SEE THE NOTES ACCQMPAhlYING THE MASSES QUOTEC

20 N¹1/2(1700) WIDTH t MEV} (PROD+ EXP ~ 1 KRAEMER 64 PR 136 8496

REFERENCES FOR N¹l/2( 1700) (PROD~ EXP o I

+MADANSKYs+ {J- HOPKINStN&ESTERNeWOODSTOCK) I

W

W

W

W 1
W A

W 8
W

W

W

'W

W A

W

W

W

W

W
'W

W

W

W

W

(20 ' 0)
(57+0}
(15 ~ 0)
(15 0)
( 16 ~ 0)
(50 ~ )
(10~ )
( 26 ~ l
(40 )
( 30 ~ 0)

(70~ 0}
\140 0}
(55 ' 0}

(70 0)
(105' 0)

190 (235~)
(130 ' )

177 (66 ' )
(102 ' )

505 (130 0)
60 (220. )

(63 ' 0)
(152 ' 0)
{120' )
(57 )

{102' 0)
80 (94 0)

(70 )
70 ~ TQ

(120 ' )
(133' 0}
( 168 ~ 0)
(80 ' 0)

( }.2 ~ 0)
( 15 ~ 0)
(50 ~ )
(15 ~ l(9.0)
(20 0)
(20 }
120
(40 ~ ')

(26m 0)
t 64 ~ 0)

APPROX'

A-BQRELLI
ALHE I DA
GALLOWAY
BARNES
BENVENUTI
RHODE
ANDERSON
CIRBA
COOP ER
C R Eh'NEL L
KUZNETSOV
'WILLMANN
AMALDI
BALl AM

BGES EBEC
ELLI S

80/120 MA

MORSE
MORSE
RUSHBROOK
EDELSTE IN
KARSHQN
LAMSA

67 HBC
68 HBC +
68 HBC
69 HBC
69 DBC 0
69 HBC
70 MMS

70 HBC +
70 HBC +
70 HBC +
70 HLBC
70 HBC +
71 CNTR
71 HBC +-
7 1 RVUE
71 CNTR
71 HBC +
71 HBC +
71 HBC +0

E71 HBC +
72 MHS +
72 CBC +
72 HSC

9/69
9/69
8/69
7/70
5/70

10/69
2/71
2/7 1
2/71
1/71
2/71
5/70

10/71
2/72
3/72

10/71
10/71
3172
3/72
2/72
1/73

12/72
12 /72

K-P TO K-P 2P I

PI-P ~ 4 GEV/C

P P AT 24 GEV
P I+-P AT jeGE V

Ppppl-PgK-P PROD
MhtS PP 3o7 GEV/C
P P TQ P N PI
P I-P 25 6EV/C
PI-P 7 GEV/C
PP TO P2P I 16GEV
PP 6 TQ 30 'GEV
PD—PD2PI 7 GEV
P I P 18 ~ 5 GEV/C

PP 22 GEV/C
P I- P TO PI- MMS

P I+ P AT 5 GEV/C
P I+Pg 5~5 GEV/C

ALEXANDE 67 PR 154 1284
A-BQRELL 67 NC 47 232
LEE 67 PR 159 1156

ANDERSON 70
CIRBA 70
CCGPER 70
CRENNELL 70
KUZNETSGV70
W I LLMAh{N 70

PRL 25qe99
NP 823g533
NP 823y605
PRL 25 187
SJNP 10y332
PRL 24 1260

ALHEICA 68 PR 174 1638
CHINGWSK 68 PR 165 1466
GA LLOWAY 68 PL 278 250
KAYAS 68 NP 85 169

BARNES 69 PRL 23 1516
BE NVE NUT 69 P R 187 1852
R HOG E 69 PR 18 7 1844

AI. EXANDER qBENARYp CZAPEKy+ (WE I ZHANN(CERN) )
ALLES-BORELL I ~FRENCH ~ FRI SK yMICHE JDA ' {CERN)
+HOEBS gROEs SINCLAIR' VANDER VELDE ( HIGH }

+RUSHBROOKEg + (CAVEyDESY(CERN) l
CHINQWSKYy KINSEY' KLEINy + (L RL y SLAC )
GALLG'WAYS ALYEAq CR ITTENDEN y PRICKETTg + ( IND l
+GUYADER~SENE~ YIOUsALITTI s+ {ORSAYq SACLAY)

+BASSANO+CHUNGt EI SNER+FLAM INTO+K INSON ( BNL ) IJ
BENVENUT I HARQUIT OPPENHE IMER (HIh'N CQLQ)
RHCDE g LEACCCK g KERNAN y J ESPERS ENg+ ( I SU 1

+BLESER) BL I EDEhl )COLL INS++ (BNL+CARN)
+ VANDE RHAG EN+ ( E POL y DURH s NI J H g TOR I q BONN )
+NANNE R v HU SGRA VE e POLLARD s VGYVODIC ( ANL )
+LAIg LOUIE j SCARRED SIHS (BNL )
+MELNIKGV ~ RYLTSEVAtCHADRAA~BALINTP (JINR)
+l AMSA e GA I DOS e EZELL (PURD)IJ
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Particle Data Group: Review of particle properties S175

Data Card Listings
For notation, see key at front of Listings.

BaryOnS
N(1700), N(1780)

AHALDI
BALLAH
BEKETOV
BOESEBEC
ELLIS
HA

MORSE
'RUSHBRQO

71 PL 348 435
71 PR 04 1946
71 SJNP 1, 3 605
71 NP 833 445
71 PRL 27 442
71 P RL 26 333
71 PR 04 133
71 PR 04 3273

+8 EANCASTELL I r BCSE 0 r+ f I SANITA RCMA+C ERNI
+CI.AD'W ICK r GU I RAGOSSIANr JQHNSQNr++ ( SLAC }
r ZCMBKOVSKI I r KGhQVALCVrKRUCHEN ENr++ t ITEP ) IJ
BOESEBECKr GRAESSLERr KRAUS ~ +++ (ABBCHLV I I
+M ACL ICHr NOREMr SANNE5 r S EL V ERMAht ( RUTG I
+CCLTON ( MSU+L BL ) I
+QH WALKER CARROLL LYNCH + (Wl SC+TNTO) I
RUSHBRQQKEr WILL IAMS+BAREFORD++ (CA VE r LGIC ) I J

RZ
RZ
R2 A

R2
RZ

N¹j/2( 1780) FROH PI N TO K LAMBDA
( ~ 061 f ~ 03) QRETQ
{%16)OR ~ 21 WAGNER
-%150 ~ 038 DE VENE SH
( 10) KNASEL

SQRT{Pl¹PZI
69 R VUE
71 PI- P T
74 0 FIXED T
75 DPWA 0 PI- P Ti

4/75¹
4/75¹

0 K LAMB 4/75¹
DISP REL 4/75¹

'3 KO LAM 11/75¹
R3 N¹1/2( 1780) INTO ( LAMBDA K) /TOTAL f P21
R3 8 (0%003)TO 0 ' 065 RUSH 68 HPWA T POLE + RESQN% 8/b9
R3 B PARAMETRIZATEQN USEC COUlD BE IN DANGER CF DOUBLE COUNTING

EOELSTEI
JOHNSTAD
KARSHON
LAHSA
QH

RONAT

72 PR
72 NP
72 NP
72 NP
72 PL
72 NP

05 1073
842 588
837 371
837 364
428 497
838 20

EDELSTEIN CARR IGAN HIEN MC)rAHGN + (CAP N+BNL )
+MGLLE RUG+% ~ ~ +JACOBS EN( BOHR r HELS rOS LOr STQH ) I J F
+YEKUT I EL Ir YAFFEr SHAP IRAr RCNAT r+ . {RFHO) I
+Irlt LMANN+ ~ ~ +GQr BISWAS+ ~ ~ (PURDr NCAM) IJ P
+F UNG r KERNAN r PO E ~ SCHA LK r SHEN (UCRI! JP
+EISENBERGrLYCNSr SHAPERAr TCAFF+ ( REHQ)

R4
R4
R4
R4

N¹1/2 {1780) INTO {N ET A )/TOTAL {P3)
B (0% 19) BQTKE 69 MPWA T .POL E + RESON ~

8 (0%09) (0 ~ 051 DEANS 69 MPWA T POLE + RESCh! ~

8 (0 015)OR 0 ' 035 CARRERAS 70 MPWA T POLE + RESON ~

8 PARAHE TR I ZATIQNUSED COULD BE I N DANGER GF GQUBLE COUNT IN 6

10/69
5/70
5/70

ABE 74 PL 538 114
DA VI DSQN 74 PR L 32 855
LICHTHAN 74 NP 881 31

+ALSPECTQRrBOMBERQWITZ+ (RUTGrUPNiJrFSU)
CA VIQSGNr DZE ERBA ~ F IR ESTQNE ~ + (C IT+ BNL+LBL }I
L ICHT MAN r 8 I SWA S r CA SON r KENNEY ~ MCG AHA N+ {NOAH) I

R5 N¹1/2( l780} F&OH GAMMA Pt'GTCN TO K LAMBDA SQRT(PZ¹P4) 9/73
R5 t 0 0027) QRITG2 69 CNTR K LAM PHOTGPRC 10/71
R5 ( 0%0088) SCHORSCH 70 DP'WA . K LAH PHQTGPRC 10/71
R5 ( ~ 0104} DEANS 72 MPWA GAM P-K LMr SOL 0 9/73

BLQBEL
BRAUNl
CAVALLI

ALSO
HUSGRAVE
STRACHMA
WEBB

ALSO

75 NP 897 201
75 NP 895 481
75 LNC 14 353
75 LNC 14 345+359
75 NP BB7 365
75 NP 898 120
75 PL 55 B 331
75 PL 558 336

+ESKREYS r FESEF ELDT r FRANZ+, ( BC'NN+HAMB+HPIH I IJP
+GERBER r MAURERr MICHALCNr SCHI BY+ {STRBr LPNP ) I
CAVALL !-SFORZArCQNTA+ (PAV IA+PR IN )
CAVALLI-SFORZAr CONTA+ {PAVIA+PR IN )
+PEETERS r SCRE I NER r hHITHORE r YUTA (ANL I
STRACHHANr BRAUNr GERBER r MAURER+ (LPNP+STRB ) I
+TRILL ING r TELEGDI+ {AACH+UCLA+UCR+CERN I
+TRILL ING, TELEGDI+ (AACH+UCLA+UCR+CERN)

PAP'ERS NQT REFERRED TQ IN CATA CARDS ~
'

R7
R7
R7
R7 1
R7

N¹1/2(1780} FRGH P I N TO K 5'IGlrtA
(% 1. 1) LANGBE IN 73 I PWA

t ~ 14) LA NGB E I N 73 I P'WA(.075) TQ .203 DE ANS 75 DPWA
RANGE GIVEN IS FRCH FOUR BEST SCLUTICNS%

SQRT ( P 1¹P9) 9/73
PI N-K SIGr SOL 1 9/73
PI N-K SIGr SQL 2 9/73
PI N TO K SIGMA 11/75¹

ll/75¹

Rb N¹l/2(1780) FPOM GAHMA PROTON TO ETA PRQTCN SQRT(P3¹P4) 9/73
R6 2 . ( ~ 0075) HICKS 73 HP'WA GAM P-ETA P 9/73

MERLO 66 P ROY SOC 289 489 J P MERLGr G VALLACAS (SACLAY )
ANT I POV 75 NP 899 189 +ASCOLI ~ BAUD+ (CERN-IHEP BOSON SPEC}
LEONE CKY 75 PL 58 B 89 R ~ LE DNI C KY ( JINR)

Il

N 14 N¹1/2(1780r JP=1/2+) I 1/2 11
THE EXISTENCE OF THI S RESONANCE IS WELL ESTABL I SHED ~

RB N¹1/2(17801 FROH PI N TQ N¹3/2( 1232) P I SQRT {P 1¹P10) 11/75¹
RB L ( ~ 131QR -%20 LONGACRE 75 IPWA P I N TO 2P I N 1l/75¹
R9 N¹1/2 (17801 FROH P I N TQ N RHOr S= 1/2r P-WAVE SQRT ( P 1¹P11) ll/75¹
R9 L (+ ~ 32)OR + ~ 20 LONGACRE 75 IPWA PI N TO 2PI N 11/75¹
R10 N¹1/2 (1780) FROM F I N TO N EPS ILGN SQ R T ( P 1¹P7 ) 11,/75¹
R10 L t+% 18)OR + ~ 28 LONGACRE 75 IP'WA P I N TO 2PE N 11/75¹
Rll N¹1/2 (1780) FROM P I N TO ETA N SQRT(P1¹P3) ll/75¹
Rll 5 t+ ~ 382)TO + ~ 383 FELTESSE 75 DPWA 0 1488 TQ 1745 MEV ll/75¹
Rl1 5 USES H AND W OF AYED 74 ~ NOTE THAT THIS GI VES A BRANCHING 11/75¹
Rll 5 RATIO TQ ETA N OF AEQUT 80 PCTr IN 5&&QNG DISAGREEMENT WITH 11/75¹
Rll 5 . EARLIER EXPERIMENTS ~ jj/75¹

14 N¹l/2{1780) HASS (MEVI

PHASE-SHI FT ANAL
K LAHBQA PS ANAL
K LAH PHQTOPRC

68 RVUE
69 RVUE
69 CNTR
70 IPWA

M 3
M

M

M 6
M 6
M 4
M

M A
M A
M 7
H

M

M

H

H

M

M

H

H

70 RVUE
70 DPWA
71 I PWA

N¹1/2t 1780) WIDTH {HEV)

'W 3
W

W

6
W 4
W

W A

W 7
W 2
W

W

W

W

W

(327 ~ 0)
(310 OI ( 50 0)
(210.0)
(50 ' 0)

{445' 0)
(280 ' 0)
{160~ 0) OR f220 ~ 0)
( 160~ )
{203~ )
(130 ' )
(130%)
(217
(174.)
t 165 ) OR {75

SEE THE NOTES ACCCHPANY ING

DGNNACH1 68
ORI TQ 69
ORIT02 69
AYEG 70
DA VI ES 70
SCHORSCH 70
WAGNER 71
ALMEHED 72
HI CKS 73
LANGBE IN 73
LANGBE IN 73
AYED 74
KNASEL 75
LONGACRE 75

THE MASSES QUOT

RVUE
RVUE
CNTR
IP WA

RVUE
DPWA
IPWA
EPWA
MPWA
IP'WA

EPWA
IPWA
DPWA
EPWA

ED ~

K LAM PHOTOPRG

SQL A

K LAM PHOTQPRG ~

Pj-P TO K LAHB

GAH P-ETA P
P I N-K SEGr SOL 1
PI N K SI6r SOL 2

0 PI- P TO KO LAH
PI N TO 2PI N

( 1751 0) DQNNACH1
{1640 ~ 0) f 70 ~ 0) OR 'ETC

t 1700~ 0) QRI T02
f1645 ' 0) AYED

FROM ENER ~ DEP ~ F IT OF ARGAND DIAGRAM
(1770 0) DAV IES P-S ANAL SOL A

(1809%0) SCHORSCH K LAH PHOTOPRO ~

(1685%0)OR{1740%0) WAGNER Pl-P TC K lAMB
THERE ARE 3 5 IH ILAR 5OLUT EQNS

( 1720~ ) A LHEHED 72 IPWA
2 (1728~ ) HICKS 73 MPWA GAM P-ETA P
2 ONLY STATES FROM TABLE Vil OF HICKS73 ARE INCLUDED IN LISTINGS ~

2 M AND W ARE FROM SOl UTICN C2rBR=SQRT(G)/W WETH G FROM TABLE VII ~

( 1780~ I 1 ANGBEIN 73 IPWA Pl N-K SIGrSOL
{1780' ) LANGBEIN 73 IPWA P I N-K SIGrSOL 2
( 1729% ) AYED 74 EPWA
(1670~ ) KNASEL 75 DPWA 0 P I- P TG KO LAM

L 1730~ OR 1710~ LONGACRE 75 IPWA P I N TO 2PI N

L THE 2 SETS OF PARAHETERS ARE FROM METHODS 1 AND 2 OF LONGACRE 75 ~

8/69
8/69

10/71
1/71

8/69
10/7 1
1/71

2/72
9/73
9/73
9/73
9/73
9/73
2/74ll/75¹

11/75¹
11/75¹

8/69
8/69

10/71
1/71
8/69

10/71
1/7 1
2/72
9/73
9/73
9/73
2/74

11/75¹
11/75¹

14 N¹j/2( 1780} PHOTON DECAY AMPL t GE V¹¹-1/2)

Ai
Al
Al
Al
Al
Al
Al
Al
A},
A).
Al

N¹1/2(1780}.INTO
~ 022

+ ~ 026
—~ 014

%022
—~ 068

~ 016
+ 062

(+ 0051
~ ~ ~ ~ % % ~

A V ERAGE HE ANI NGL E SS

GAM Pr.057
~ 028.021
~ 015
%024
%025
~ 007

HELICETY=l/2 (GEV¹¹-1/2)
DEVENESH 73 DPWA
MQQRHQU S 73 DP WA

DE VENI S2 74 DP'WA

KNEES 74 CPWA
METCALF 74 DPWA
MOQRHQUS 74 DPWA
CRAWFORD 75 DPWA
BARBOUR 76 DPWA

(SCALE FACTOR = F 81

P I N PHOTO PRCD
P I N PHOTO-PRCD
P I N PHOTO-PROD
P I N PHOTO PROD
P I N PHOTO-PROD
P I N PHOTO-PRCD
P I N PHOTO-PROD
P I N P HOT C-PR CD

AZ

A2
A2
A2
A2
A2
A2
A2
A2
A2
A2

N¹l/2{1780) INTO
~ 028

+ ~ 027- ~ 060
027

~ 048
057

-%020(- ~ 010}

GAM Nr
~ 067
~ 022
%061
~ 015
~ 045
%022
~ 016

HELIC ITY= 1/2 (GEV¹¹-1/2)
DE VENI SH 73 DP WA

MQORHQU 5 73 DP WA

DEVENIS2 74 DPWA
KNI E 5 74 DP'WA

METCALF 74 DP WA

MQCRHQUS 74 GPWA
CRAW!FORD 75 DP'WA

BARBOUR 76 DPWA

~ ~ ~ % ~ ~ % ~ ~

AVERAGE HEANINGLESS (SCALE FACTOR = 1 ~ 41

Pj N PhOTG PRCD
P I N PHOTC-PRCD
P I N PHOTO-PROD
P I N PHCTC PROD
P I N PHOTO-PROD
P I N PHOTO-PRQO
P I N PHOTO-PROD
P I N PHOTO-PROD

REFERENCES FOR N¹1/2 ( 1780)

DONNAC hl 68 PL 268 161
ALSO 68 VIENNA 139
ALSO 68 THESES

RUSH 68 PR 173 1776

A GCNNACHEEr R G K ERSQPP ~ C LQVELACE (CERN ) I JP
DQNNACHIE RAPPORTEUR ~ S TALK (GLAS)
R G K I RSQPP (EDIN }
J E RUSH f UNIV ALABAHA }

BOT KE
DEANS
ORETC
OR I T02

69 PR 180 1417
69 PR 185 1797
69 LNC 1 936
69 ENS J 113

J C 8QTKE
S DEANS r J WQGTEN
S GR ITQr S SASAK I
S CRITG (Tl-ES ES I

(UCSB)
(UN EV 5 FLORIDA I

{TGK YQ-0 SAKA )
(TOKYO)

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLITUDES ~ SEE MINI-
REVE EW PRECEDING TI. E 8ARYChi L EST ENGS ~

2/74
2/73
4/75¹
2/74
2/74
2/74
1/76¹
1/76¹

2/74
2/73
4/75¹
2/74
2/74
2/74
1/76¹
1/76¹

(1708%)

14 N¹1/2(1780) REAI PART OF POLE PCSITION (HEVI

LGNGACRE 75 EPWA Pl N TQ 2PI N

11/75¹
ll/75¹

AYED 70 KIEV CONF
CARRERAS 70 NP 168 35
DAVEES 70 NP 821 359
SCHCRSCH 70 NP B25 179

WAGNER 71 NP 825 411

R AYEDr P BAREYREr G VELLET
8 CARRERAS r A DGNNRCHIE
A DA VIE S
+TIETGEr WEILNBQECK

F WAGNER% C LOVELACE

(SACL)IJP
{DARE% MCHS)

( GLAS )
{MPEM)

{CERN)

IM (17~ )

14 N¹1/2{17801 2¹EMAG PART OF POLE POSIT IGN (MEVI

LCNGACRE 75 IPWA P I N TQ 2P I N

ll/75¹
ll/75¹

ALHEHED
DEANS

72 NP 840 157
72 PRO 6 1906

+{.CVELACE (LUNDr RUTG) IJP
DEANS r JACOB Sr LYONS r MONTGOMERY t SOUTH FLA ~ ) I JP

Pj
P2
P3
P4
P5
Pb
P7
PB
P9
P10
Pll

N¹1/2{1780}
N¹1/2t1780)
N¹l/2(1780}
N¹1/2 (1780)
N¹1/2 ( 1780 )
N¹l/2t 1780)
N¹1/2{1780)
N¹1/2 ( 1780 )
N¹1/2( 1780)
N¹l/2(17801
N¹1/2 {1780)

Eh!TO P I N

INTO LAMBDA K

INTO N ETA
ENTO GAM Pr HEL IC ITY=l/2
INTO GAM Nr t-EL E CITY= 1/2
ENTO N Pi PI
INTO N EPSILON
INTC N RHC
INTO K SI GHA
INTO N¹3/2( 12321 P I
INTO N RHGrS=l/Zr P-WAVE

14 N¹1/2(1780) PARTIAL DECAY MODES

DECAY MASSES
139+ 938

lll5+ 49 I
939+ 548

0+ 938
0+ 939

938+ 139+ 139
938+1200
938+ 773
493+1.189

1232+ 139
938+ 773

DEVENI SH 73 PL 478 53
HICKS 73 PRD 7 2614
LANGBE IN 73 NP B53 251
MOORHOUS 73 PL 438 44

AYED
ALSO

DEVENI SH
DEVENI 52
KNEES
METCAL F
HCQRHCUS

74 PRE VATE CCl4HCTN ~

73 A I X CONF ER ENCE
74 NP 881 330
74 PL 52B 227
74 PRD 9 2680
74 NP B76 253
74 PRO 9 1

CRAWFCRD 75 NP 897 125
DEANS 25 NP 896 90
FELTESSE 75 NP 893 242
KNASEL 75 PRO 11 1
LC'NGAC RF 75 PL 55 8 415

DEVENISHrRANKINrLYTH (LOUC+BQNh+LANC) IJP
+DEANS r JACOBS r LYONS+ f CAR N+QRNl + SOUTH FLA ~ ) I JP
LANGBEINr WAGNER (MUNICH) IJP
MOQRHQUSE r QBER LAC K (GLAS+LBL I I JP

AYEGrBAREYRE ( SACL ) EJP
AYED ~ BAREYRE ( SACL ) I JP
DEVENISI. ~ FRQGGATT MART EN(DESY NORDITA LOUC )
DEVENESHrLYTHrRANKIN (DESY% LAhtCr BONN ) I JP
KNIESrHOORHOUSErOBERLACK (LBLrGLAS)IJP
W J HETCAl FrR L WALKER {CIT)IJP
MCQRHOUSEr OBERL ttCK r ROSENFELD {GLAS+L BL ) IJP

R L CRAWFORD {GLAS) I JP
+METCHELLr MQNTGCMERYr+ 'f SFLAr ALABAMA ) I JP
+AYEDr BAREYREr BQRGEAUDrDAVIDrERNWEIh+f SACL) IJP
+L INDQUIST r NELSON+ t CHICr WUSL r OSUr ANL ) IJP
+RQSENFELD LASINSKI 5tlrADJA+ (LBLr SLAC IIJP

14 N¹l/2(1780) BRANCHING RATIOS BARBCUR 76 SBMTD. TG NP I % h'% BARBCUR r R ~ L CRAWFCRD ( GLAS ) I JP

Rl
RI. 3
Rl 6
Rl 4
Rl 7
Rl

N¹1/2 (1780) INTO
(0 ~ 32)
( 0 ~ 149)
(0 43)
(0%21

f ~ 188)

(P I N )/TOTAL
DCNNACH1
AYED
DAVE ES
ALMEHED
AYCD

(P 1)
68 RVUE
70 EPWA
70 RVUE 5
72 I PWA

74 EtrWA

8/69
1/71
8/69
2/72
2/74
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8176 ParticIe Data Group: Review of particle properties

Baryens
N(1780), N(1810), N(1990)

Data Card Listings
For notation, see key at front of Listings.

PAPERS NOT REFERRED TQ IN CATA CARDS.

DEANS 69 PR 177 2623
DGNNAC HI 69 NP 10S 433
AYED 70 PL 318 598

DEANS
A DQNNACHIEr R KI RSOPP
+BAREYRE+VILLET

(UNI V S FLORIDA I
{GLAS+EDjhl )

{SACLAY)

15 N¹1/2( 1810r J P=3/2+ I I=1/2 13
THE EXISTENCE OF THI S RESONANCE IS WELL ESTABL ISI'ED ~

Aj
Al
Al
Al
Al
Al
Al
Al
A).

15 N¹1/2 (1810) PI-'QTCN CECAY AMFL(CEV¹¹ 1/2)

N¹1/2(1810) INTO GAM Pr
—~ 022 ~ 094

«025 ~ 034
—~ 004 ~ 032

«0 ~ 025
+ 022 ~ 012

{+~ 086)
~ ~ ~ ~ ~ ~ « ~ »

AVERACE MEANINGLESS (SCAI E

HEL ICITY-1/2 (GEV¹¹-1/2)
DE VENI SH 73 DPHA
DE VENI S2 74 DPWA
KN IES 74 DPWA

ME TC ALF 74 DP'WA

CRAWFORD 75 OPWA
BARBOUR 76 DPWA

FACTOR = 1 ~ 0)

Pj N PHQTQ PROD
&I N PHOTO-PRCD
P I ht PHOTO PR CD
P I h! PHOTO-PROD
P I N PHOTO-PRCD
P I N PHOTO-PR CD

FCR DEFINITION OF GP)DNA-NUCLEON DECAY ANPL ITUDES r SEE MINI-
REVI EW PRECEDING THE BARYCN LISTINGS ~

2/74
4/75¹
2/74
2/74
1/76¹
1/76¹

M 3
N X
M X
M 6
M 6
M

M A

M A

M 7
M 1
N 1
M

M

M

N L
M I

15 N¹1/2( jE 10) WIDTH (MEVl

W 3
H 6
W 4
W 4 SQL
W A

7
H 1
W

W

W L

(296 00)
(182 0)
(449 0 )

8 GI VES 307 MEV
{220 0 l

(300 )
(250 I
(117 l

(327 ~ )
( 1. 15 ~ ) OR {150 ~ )

SEE THE NOTES

DC NNACH 1
AYED
DAVI ES

WAGNER
ALMEHED
HICKS
AYED
KNASEL
LONGACRE

ACCOMPANYING THE

68 RVUE
70 IPWA
70 RVUE SQL A

71
72
73
74
75
75

MASS

P I-P TG K LAMBIPHA
IPWA
MPWA GAM P-ETA P
IPWA
DPWA 0 P I- P TQ KO LAM
IPWA PI N TC 2PI N

ES QUCTED

15 N¹1/2 (1810) MASS (h!EV )

( 1.860 ~ 0) DGNNACH1 68 RVUE PHASE-SHIFT ANAL
( 1860 0) APPROX LEA 69 CNTR P I-P ELAST IC

SEE AL SO APL IN 7 1
(1766»0) AYED 70 IPWA

FROM ENER DEP» FIT GF ARGAr&D DIAGRAM
(1844 0) DAVIES 70 RVUE P S ANAL SCL A

(1800' 0) WAGNER 71 IPWA P I-P TG K LAMB
P13 RESONATES ONLY Ih CNE CUT CF 3 POSSIBLE SOLUTIONS

( 1850 ) ALMEHED 72 IPWA
( 1833 ) HICKS 7 MPWA GAM P-ETA P

Gh!LY STATES FROM TABLE VI I GF HICKS73 ARE INCLUDEC IN LISTINGS
M AND H ARE FROM SOLUTICN C2 BR=SQRT{G) /W WITH G FROM TABLE VI I ~

( 1696 ) AYED 74 IPWA
(1850- l KNASEI 75 DPWA 0 P 1- P TQ KO LAM

1695' OR 1720 ' LONGACRE 75 IPWA PI N TG 2PI N

THE 2 SETS OF PARAMETERS ARE FROM METHODS 1 AND 2 OF l GNGACRE 75 ~

6 /68
8/69

1/71

8/69
1/71

2/72
9/73
9/73
9/73
2/74

ll/75¹
11/75¹
11/75¹

8 /69
1/71
8 /69
2/73
1/71
2/72
9/73
2/74

11/75¹
11/75¹

A2
A2
A2
A2
A2
A2
A2
A2
A2

N¹1/2( 1810) INTO- ~ 001
—~ 087

006
0

-«016(- 060l

GAM Pr
~ 106
«057
030

~ 022
~ 016

HEL IC ITY=3/2 (GEV¹¹-1/2)
DE YEN I SH 73 DPHA
DE VERI 52 74 DPWA
KNI E S 74 GPHA
METCALF 74 DP'HA

CRAHFORD 75 CPWA
BARBOUR 76 DPHA

~ ~ ~ ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLESS ( SCALE FACTOR = 1 ~ 0)

P I N PHOTO PROD
PI N PHOTO-PRCG
PI N PHOTO PROD
P I N PHOTO-PRCD
P I N PHOTO-PRCD
P I hI PHOTO-PRCD

A3
A3
A3
A3
43
A3
A3
A3
A3

N¹l/2( 1810) INTO GAM )r r.132 173
«013 ~ 045
«014 ~ 014
~ 0 ~ 050
037 022(- ~ 020)

~ ~ ~ ~ « ~ ~ ~

AVERACE MEANINGLESS {SCALE

HEI ICITY=l/2 (GEV¹¹-1/2l
DE VEN I SH 73 DPHA
DEVENI S2 74 DPWA

KNIES 74 DPHA
METCALF 74 DP'WA

CRAWFORD 75 DPHA
BARBOUR 76 DPWA

F ACTOR = 1 ~ 1)

P I N PHOTO PROD
P I N PHOTO-PROD
P I N PHOTO PROD
Pj N PHOTC-PRCO
P I N PHOTO-PRCD
P I N PHOT C-PROD

A4
A4
A4
A4
A4
A4
A4
A4
A4

N¹l/2 ( 1810) INTO
~ 080

-«083
-» 008

~ 0
~ 038

{+~ 046)

GAM Nr
~ 133
090

~ 025
~ 044
~ 015

HEL IC ITY=3/2 (GEV¹¹-1/2)
DE V EN I SH 73 CP WA

DE VENIS2 74 DPWA
KNIES 74 DPWA
METCALF 74 DPHA
CRAWFORD 75 DPWA
BARBOUR 76 DPWA

~ ~ ~ ~ ~ ~ ~ ~ ~

AVERACE MEANINGLESS (SCALE FACTOR = 1 ~ Ol

Pj N

Pj N

PI
Pj N

PI N

Pj N

PHOTO PROD
P bOT G- PR GD
PHOTO PROD
PHOTO-PRCD
PHCT C- PRCD
PHOTO-PRCD

DON NACHl 68 PL 26 8 161
ALSO 68 VIENNA 139
ALSO 68 THESIS

RUSH . 68 PR 173 1776

REFEREhICES FGR N¹1/2(1810)

A OGNNACHIE r R 6 K IR SOPP r C LOVELACE (CERN) I JP
DQNNACH IE RAPPORTEUR S T ALK ( GLAS }
R G Kj RSQPP ( ED IN )
J E RUSH ( UNIV ALABAMA )

2 /74
4/75¹
2/74
2/74
1/76¹
j/76¹

2/74
4/7 5¹
2/74
2/74
1/76¹
j/76¹

2/74
4/75¹
2/74
2/74
1/76¹
1/76¹

(1716 I

{124 )

15 N¹1/2(1810} REAL PART OF PCLE PCSITIGN (MEV}

LONGACRE 75 IPWA PI N TO 2PI N

15 N¹1/2(1810) 2¹IMAG PART OF POLE POSITION (MEV)

LONGACRE 75 IPWA PI N TC 2PI N

ll/75¹
11/75¹

11/75¹
11/75¹

BQTKE 69 PR 180 1417 J C BOTKE (UCSB)
DEANS 69 PR 185 1797 S DEANSr J WQC'TEN ( UN I V 5 FLORI CA )
LEA 69 PL 29B 5S4 LE A r OADES r WARD r CONAN r+ ( RI-EL r BR ISTOL r DARE )

AY ED 70 KIEV CCNF
CARRERAS 70 NP 168 35
DAVIES 70 NP 821 359

R AYEDr P BAREYREr G VILLET
8 CARREP AS r A DCNNACHIE
A CAVIES

( SACL) I JP
(DAREr MCHS)

(GLAS)

WAGNER 71 hIP B25 411 F WAGNERr C LCVELACE (CERN )

Pj N¹1/2( 1810)
P2 N¹1/2(1810)
P3 N¹l/2{1810)
P4 N¹1/2( 1810)
P5 N¹l/2( 1810)
P6 N¹1/2(1810)
P7 hj¹1/2( 1810)
P8 N¹1/2( 1810)
P9 N¹1/2( 1810)
P10 N¹l/2(1810l

15 N¹1/2 ( 18 10) PART I AL DECAY MCDES

!NTO PI N

INTO LAMBCA K

I NTC hl ET A

INTO N PI PI
INTO GAM Pr HE{.ICI TY=3/2
INTO GAM P r I-ELICITY=1/2
INTO CAM NrhELICITY=3/2
INTO GAM 'N I'EL IC I TY= 1/2
I NTG S IGMA K
INTO N RHQrS=l/2rP-HAVE

DECA'Y MA S SE S
139+ 938

jjj5+ 497
939+ 548
938+ 139+ 139

0+ 938
0+ 938
0+ 939
0+ 939

493+1189
938+ 773

AYED
ALSO

DEVENISH
DEVENI S2
KNI ES
METCALF

74 PRIVATE CGMMCTN.
73 AI X CCNFERENCE
74 NP BB 1 330
74 PL 52B 227
74 PRD 9 2680
74 NP 876 253

CRAWFORD 75 hIP 897 125
DE ANS 75 NP B96 90
KNASEL 75 PRD 11 1
LQNGACRE 75 PL 558 415

AL MEHED 72 NP 840 157
DEANS 72 PRD 6 1906
DE VENI SH 73 PL 478 53
HICKS 73 PRO 7 2614

+LOVELACE (LUNDr RUTG lI JP
DEANSrJACQBSr LYCNSrMCNTGCMERY (SOUTH FLA ~ )IJP
DEVENISHr RANKINr LYTH ( LOUC+BOh N+LANC ) I JP
+CEANS r JACOBSrLYQNS+ (CARh+ORNL+SQUTH FLA }IJP

AYEDrBAREYRE ( SACL) I JP
AYEGr BAREYRE ( SACL ) I JP
DEV EN I SH r FROGGATT r MA RT IN ( DESY r NORD IT A r LGLIC )
DEVENISHrLYTHr RANKIN (DESYrLANCr BONN) I JP
KNIES r MGQRHCUSE r OBERLACK {LBLrGLAS ) IJP
'H J METCALF rR L WALKER (CIT)IJP

R L CRAWFORD ( GLAS }IJ P
+MITCHELL MGNTGCMERY + (SFLAr ALABAMA) IJP
+L INDQUIST, NEI SON+ {Ct' I C r HU SL r QSU r ANL }I JP
+RGSENFELD, LAS Ih SKI r SMAOJA+ (LBLr SLAC ) IJP

15 N¹j/2(j810) BRANCHING RATiOS
BARBOUR 76 SBNTD ~ TO NP I ~ M ~ BARBCURr R « I ~ CRAWFORD

PAPERS NOT REFERRED TC IN CATA CARDS ~

(GLAS)1 JP

Rl
Rl 3
Rl 6
Rl
Rl. 7
Rl

N¹l/2( 1810) INTO ( P I
{0 21}
(0 149)
(0 40)
(0 25)

( 1451

N)/TGTAt
DONNACH 1
AYED
DA VIE S
ALMEHED
AYED

68 RVUE
70 IPHA
70 RVUE
72 I PHA
74 IPWA

(Pj)

SCL A

8 /69
1/71
8/69
2/72

10/74¹
AY ED
APLI N

70 PL 318 598
71 hlP B32 253

DEANS 69 PR 177 2623
DGNNACHI 69 NP 108 433

S R DEANS
A DONNACHIEr R KIRSOPP

+BAREYRErVILLET
+COHANr GIBSONr G ILMORE++

&UNIV S FLORIDA)
{GLAS+EDIN)

(SAC(.AY)
(RHEt. rBRISTOL)

R2 N¹1/2 ( 1810} INTO (LAMBDA K)/TOTAL (P2)
R2 8 {0.014}TO 0 ' 16 RUSH 68 MPHA T POLE + RESQN
R2 B PARAMETRIZATION USED COULD BE IN DANGER QF DOUBLE COUNTING

R3 N¹1/2( 1810) INTO (N ETA) /TCTAL (P3)
R3 B (0 0364 I BQTKE 69 MPWA T POLE + RESOh'.
R3 8 (0 003) (0 ~ 003) DEANS 69 MPHA T POLE + RESGN ~

R3 B (0 030)QR 0 ' 094 CARRERAS 70 MPWA T PCLE + RESQN
R3 B - PARAMETRI ZATION USEC COULD BE IN DANGER CF DOUBLE COUNTING

10/69
5/70
5/70

X(1990)

¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹

17 N¹1/2 ( 1990r JP= 7/2+ ) I= 1/2

THE MOST RECENT PI N PARTIAL WAVE ANALYSISr AYED 74r
FINDS EVIDENCE FOR THIS STATE THERE IS ALSO SOME
IND ICAT IGN IN ASSOCIATED PRODUCTION ~

R4 N¹1/2( 1810) FROM PI N TO K LAMBDA
R4 A ( ~ 12) WAGNER 71
R4 067 «033 DE VENI SH 74
R4 { 13) KNAS EL 75

IPHA

DPWA

SQRT ( Pl¹P2l 4/75¹
PI- P TQ K LANB 4/75¹

0 F IXED T DISP REL 4/75¹
0 P I — P TO KO t. AN 11/75¹

1. 7 N¹l/2(1990) MASS (MEV)

R5
R5

N¹l/2(1810) FROM GAMMA PROTON T'3 K LAMBDA SQRT((P5+P6)¹P2)(.0082) DEANS 72 MPWA GAM P K LMr SOL D

R6 N¹1/2(1810) FROM GAMMA PROTON TQ ETA PROTCN 5QRT ( (P 5+P6) ¹P3)
R6 1 (.0052) HICKS 73 MPWA GAM P-ETA P

R7 N¹1/2 t 1810) FRGM P I N TO K S I GNA SQRT ( P l¹P9)
R7 2 051)TO »087 DEANS 75 DPWA PI N TO K SIGMA
R7 2 RANGE GIVEN IS FROM FOUR BEST SGLUTIQNS ~

R8 N¹1/2( 1810) FRCM PI hi TC N . RHQ r S=l/2 r P 'HAVE SQRT(Pj¹P10)
R8 35 )OR —~ 40 LGNGACRE 75 IPWA PI N TO 2PI N

9/73
9/73

9/73
9/73

ll/75¹
11/75¹ll/75¹.
ll/75¹
ll/75¹

3 ( 1983~ 0 l DCNNACH1 68 RVUE PHASE-SHIFT AhAt
3 (1995~ ) KIRSOPP 68 RVUE PHASE SHIFT ANAL
3 WHERE NAX ~ ABSORPTION IS -DCNNACHlr 2 r KI RSOPP EYEBALL FIT CERN 1
X (2000 ~ 0) APPROX LEA 69 CNTR P I-P ELASTIC
X SEE ALSC APL IN 71
7 ( 2000 ~ ) ALMEHED 72 IPWA

1 (1970«) HICKS 73 MPWA GAM P-ETA P
1 ChLY STATES FROM TABLE VII OF HICKS73 ARE INCLUDED IN LISTINGS ~

1 M AND H ARE FROM SCLUTICN C2r BR= SQRT(G)/H WITH G FROM TABLE VI I ~

1 ( 1960» l LANGBEIN 73 IPWA PI N-K SIGr SQL 1
1 NQT SEEN IN SOLUT ION 2 CF LANCBE IN73

(2049 ' ) AYED 74 IPWA

10/69
10/69
8/69

2/72
9/73
9/73
9/73
9/73
9/73
2/74
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Particle Data Group: Review of particle properties S177

Data Card Listings
For notation, see key at front of I.istings.

Baryons
N(1990), N(8000), N(8040)

W 3
W 3
W 7

1
1

{225' 0)
(250 ~ )
(200 ~ )
(300 ~ }
(170 ' )
{119~ )

17 N¹j/2( 1990) WIDTH tMEV)

DQhINAC Hl
KI RSQPP
ALMEHED
HICK S
LANGBEIN
AYED

68 RVUE
68 RVUE
72 IPWA
73 MP WA

73 IPWA
74 I PWA

8/69
PHASE SHIFT AhAL 10/69

2/72
GAM P-ETA P 9/73
PI N-K SIGgSGL 1 9/73

2/74

W 7
W

W 1
W

(150
(112 )
(170 )
(179%)

Qb N¹1/2(2COO) W IDTH (MEV)

ALMEh ED 72 IPWA 2/72
DEANS 72 MPWA GAh/ P-K LMi, SOL D 9/73
LANGBE I N 73 IPWA PI N-K 51G SQL 2 9/73
AYED 74 IPWA 2/74

06 N¹1/2 t 2000) PART I At. DECAY MODES

Pl
P2
P3
P4
P5
P6
P7
PB
P9

17 N¹1/2(1990) PARTIAL DECAY MODES

hi¹1/2 ( 1990} INTO PI hi

N¹1/2( 1990) INTO N PI PI
N¹1/2 ( 1990) INTO N ET A

N¹i/2 ( 1990) I NTQ LAMBCA K

N¹1/2t 1990l INTO GAM P SHEL ICI TY=3/2
N¹1/2( 1990) INTO 6AM P pi. ELICITY=1/2
hi¹1/2 {1990l I NTO GAM h g I- EL I CI TY=3/2
N¹1/2( 1990} INTO GAM N y I.EL IC I TY=1/2
N¹1/2 ( 1990) INTO K SIGMA

DECAY MASSES
139+ 938
938+ 139+ 139
939+ 548

1115+ 497
0+ 938
0+ 938
0+ 939
0+ 939

493+1189

Pl
P2
P3
P4
P5
P6
P7

N¹j/2(ZJOO)
N¹1/2( 2000)
N¹1/2( 2000)
N¹1 /2( 2000 )
N¹1/2 t 2000)
N¹1/2 ( 2000)
N¹1/2( 2000)

INTO P I N

INTO LAMBCA K

INTO GAh/ P gI. EL IC I TY=3/2
INTO 6AM P et-EL IC I TY=l /2
IhiTO CAM Nw)-EL IC I TY=3/2
INTO GAM N pl. ELIC I TY=I/2
INTO K SIGMA

06 N¹]./2 (2000) BRANCHING RAT I CS

DECAY MASSFS
i 39+ 93 8

1115+ 497
0+ 938
0+ 938
0+ 93S
0+ 939

493+1189

17 N¹I/2( 1990 l BRANCHING RATI C S

Rl N¹1/2( 1990) INTO (PI N) /TCTAL
Rl 3 ( ~ 09) KIRSOPP
Rl 7 (0 ~ 15 l AL MEI'ED
Rl ( ~ 064) AYED

(Pl)
68 RVUE PHASE SHIFT AhAI 10/69
72 IP'WA 2/72
74 IPWA 2/74

R2 N¹l/2( 1990) INTO (N ETA}/TOTAL (P3l
R2 8 (0 ' 021 (0 02) DEANS 69 MPWA T POLE + RESOh 5/70
R2 B PARAMETRI ZATION USED COULD BE IN DANGER QF DOUBLE CGUh'TING

R3 N¹1/2( 1990) FROY GAMMA PRCTCN TO K LAMBGA SQRT( (P5+P6) ¹P4} 9/73
R3 ~ 0034 DEANS 72 MP'WA GAM P-K LMg SQL D 9/73

Rl N¹l/2( 2000 l INTO I P I N }/TQTAI
Rj 7 (0 ' 25) AL MEHED 72 IPWA 2/72
Rl ( ~08) AYIED 74 I P WA 2/74

(Pll

R2 hi¹I/2(2000) FRQI/ GALENA PRGTCN TO K LAMBDA SQRT t (P3+P4) ¹P2) 9/73
R2 ( 0022) DEANS 72 MP'WA CAM P-K LM~ SOL D 9/73

REFERENCES FQR N¹I/2(2000l

R3 N¹l/2(2000) FROM PI h; TQ K SIGMA SQRT ( P 1¹P7) 9/73
R3 l ( ~ 05) LANGBE I N 73 I PWA P I N-K SI G g SOL 2 9/73
R3 2 ( ~ 022) DEANS . 75 CPWA P I N TQ K SIGMA 11/75¹
R3 2 VALUE GI VEN IS FROM SGLUTICN 1 p NGT PRE SEhT IN SfLUT IQNS Zg 3g 4 I1/75¹

R4 N¹1/2(1'990) FRO'M GAMMA PROTON TG ETA PROTON SQRT ( (P5+P6) ¹P3) 9/73
R4 1 ( ~ 0045 l HICKS 73 MPWA GAM P ETA P 9/73

R5 N¹l/2t 1990) FROM PI N TQ K SIGMA SQRT ( Pl¹P9) 9/73
R5 1 ' ( ~ 06) LANGBEIN 73 IPWA PI N K SIG~SOL 1 9/73
R5 2 ( F 010)TO ~ 023 DEANS 75 DPWA PI N TO K SIGMA 11/75¹
R5 2 RAhIGE GI VEN IS FROM FOUR BC ST SOLUTIONS ~ ll/75¹

ALMEFED
DE ANS
LANGBE! N

AY ED
ALSO

DEANS

72 NP 840 157
72 PRD 6 1906
73 NP 853 251
74 PRIVATE COMMCTN ~

73 A IX CONFERENCE
75 NP 896 90

e LGVELAC E ( RUTG) I JP
DEANS& JACOBS' LYQNSg MGNTGQMERY t SOUTH FLA~ ) I JP
LANGBEINg WAGNER t MUNI CH ) I JP
AYEOqBAREYRE (SACI )IJP
AY EDg 8AREY RE (SACL)IJP
+M ITCHiELL g MCNTGCMERY p+ (SFLA ALABAMA ) IJP

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

R6
R6

N¹1/2{1990) FROM PI N TQ K LAMBDA
021 ~ 033 OE VENI SH 74

SQRT (Pl¹P4)
0 FIXED 7 DISP REL

4/75¹
4/75¹

N(204Q)
~}}l

16 N¹1/2( 2040' JP=3/2-) I=1/2

THI S STATE IS NGW SEEN BY THE S ACLAY GROUPS AYED 74 ~

17 N¹1/2(1990} PHOTON DECAY AMPL(GEV¹¹-1/2l

A4
A4

N¹l/2(1990) INTO GAM N HELICITY=3/2 (GEV¹¹"1/2)(- 070) BARBOUR 76 DPWA Pj N PHOTO-PRCD

FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPL I TUDES y SEE MINI-
REVIEW PRECEDING THE BARYCN LISTINGS ~

Al N¹1/2(1990) INTO GAM P I-ELICITY=1/2 {GEV¹¹-1/2)
Al (+ 011) BARBOUR 76 DPWA PI N PHOTO-PROD

A2 N¹1/2(1990) INTO GAM Pg HELICITY=3/2 fGEV¹¹-1/2)
A2 (-F 008) BARBOUR 76 DPWA PI N PHQTC-PRCD

A3 N¹1/2( 1990) INTO GAM N p I. EL IC ITY=l/2 (GEV¹¹-1/2)
A3 (- ~ 099) BARBOUR 76 DP WA P I N PHOTO-PROD

1/76¹
1/ 76¹
1/76¹
1/76¹
I/76¹
1/76¹
1/76¹
1/76¹

16 h¹1/2 (2040) MASS (MEV)

3 (2057' 0)
3 t 2030 ~ )
3 t 2040 ~ )
3 WHER E MAX ~ ABSOR
X (2030o0)
X SEE At. SQ APL IN 71
7 (2075 )

1 (2090 )
1 ONLY STATES FROM
1 M AND W ARE FROM

( 2029 ~ )

DCNNACH1
DCNNACH2
KIRSOPP

PT ION IS -DONNACHlg 2
APPROX LEA

68 RVUE PHASE-SHIFT ANAL
68 RVUE P F AS SHIFT-C ERhil
68 RVUE PHASE SHIFT ANAL

, KIR SOPP EYEBALL, F IT CERN j
69 . CNTR P I-P ELASTIC

ALMEHED 72 IPWA
HICKS 73 MPWA GAM P-ETA P

TABI E VI I QF HICKS73 ARE INCLUDED IN LISTINGS.
SQLUT ICN C2 BR=SQRT(G)/W W ITH G FROM TABLE VII ~

AYED 74 IPWA

6 /68
},0./69
10/69
10/69
8/69

2/72
9/73
9/73
9/73
2174

DONNACH1 68 PL 268 161
KI RSOPP 68 THES I S

REFERENCES FOR N¹1/2 ( 1990 )

A QGNNACHIE q R 6 KIRSQPPg C I QVELACE (CERN} I JP
R G KI RSQPP {EDIN )

AL)/iEI-'ED 72 NP 840 157
DEANS 72 PRO 6 1906
HICKS 73 PRD 7 2614
LANGBE IN 73 NP 853 251

gLGVELACE ( Rt'TG ) I JP
DEANS' JACOBS' LYQNSyMCNTGCMERY {SOUTH &LA~ }IJP
+DEANS, JACOB S, LYONS+ ( CAR h+ORhiL+ SOUTH FLA ~ ) I JP
LANGBE INy WAGNER (MUNICH)I JP

DEANS 69 P R 185 179 7 S DEANS e J WQQTEN (UNIV S FLORIDA)
LEA 69 PL 298 584 LEAyOADESqWARDyCOWAhg+ (RI-ELyFRISTOLgCARE)

W

W 3
W 3
W 7
W 1

16 N¹1/ 2( 2040) WIDTH ( ME V I

DGNNACH1 68 RVUE
DOhiNACH 2 68 RVU E

K I RSCPP 68 RVUE
ALMEI-'ED 72 IPWA
HICKS 73 MPWA

AY ED 74 I O'WA

MASS ES QUOTED

(293 ' 0)
(290 ' )
(240 ~ )
(150~ I

(224 ' )
(jibe}

SEE THE NOTES ACCOMPANY ING THE

8/69
P HA S ~ SH IF T-C 8 RN 1 10169
PHASE SHIFT AhAL 10/69

2/72
9/73
2/74

AYED 74 PRIVATE COMMCTN ~ AYEDg BAR EYRE ( SACL) I JP
AI. SO 73 AI X CCNFERENCE AYEC y BAREYRE (SACL }IJP

DEVENISH 74 NP 881 330 DEVEN I SHrFROGGATTt MARTIN(GESY e NQRDITA~ LQUC I

DEAhtS 75 NP 896 90 +MITCHELL & MCNTGGMERY &+ t SFLAgALABAMA) I JP

BARBOUR 76 SBMTD ~ TO NP I ~ Ma BARBOUR gR L ~ CRAWFCRD ( GLAS I I JP

PAPERS NQT REFERRED TO IN CATA CARDS'

DE ANS 69 P R 177 2623 S R DEANS (UNIV S FLORIDA)
AYED 70 PL 318 598 +BAREYRE, VILLET (SACLAY}
APL I N 71 hiP 832 253 +CQWAN eGIBSQN tG ILMQRE++ ( RHELg BRI STOL )

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹'4
¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

Pl
P2
P3
P4
P5
P6
P7
PB
P9

N¹l/2(2040)
N¹1/2 ( 2040 )
N¹1/2{2040)
hi¹1/2(2040)
N¹1/2 ( 2040)
N¹1/2 {2040 l
N¹1/2 ( 2040)
N¹I/2 ( 2040 )
N¹1/2{2040)

16 N¹1/2(2040) PARTIAL DECAY MODES

I hITO P I N

INTO N PI PI
Ih)TQ N ETA
INTO LAMBCA K

INTO GAM P yI. EL IC I TY=3/2
INTO GAM P g I-EL IC I TY= 1 /2
INTO GAM N p I. EL IC I TY=3/2
INTO GAM NghEL ICITY=I/2
INTO S IGMA K

'C

139+
938+
939+

1115+
0+
0+
0+
0+

493+

ECAY MASSE S
938
139+ 139
548
497
938
938
939
939

1189

~ II

N(oooo) -06 N*1/2(2DOO, JP=5/2+1 1=1/2 F/5
THE MOST RECENT PI N PbRTIAL WAVE ANAI YS ISe AYED 74~
FINDS EVIDENCE FOR THIS STATE THERE IS ALSO SOME
INDICAT IQN IN ASSCC I AT ED PRODUCTION ~

Rl
Rl 3
Rl 3
Rl, 7
Rl

16 N¹j/2 I 2040) BRANCHING RAT IQS

N¹1/2( 2 040} INTO ( P I N I /TOTAL(.26)
( 15)

(0 3}{.100)

DGNhIACH2
KIRSOPP
ALMEHED
AY ED

(P ll
68 R VUE P HAS ~ SHI F T-CERN 1 10/69
68 RVUE PHASE SHIFT ANAL 10/69
72 IPWA 2/72
74 IPWA 2/74

M 7
M

1
M 1
M

06 N¹1/2(2000) MASS {MEV)

(2175 ' ) ALMEHED
(1930 ' ) DEANS
( 1970 ) LANGBEI N

NOT SEEN IN SOLUTICN 1 OF LANGBEIN73
( 1989~ ) AYEO

72 !PWA
72 MPWA
73 I PWA

74 IPWA

GAM P-K Lh'g SQI D

PI N-K SIGg SGL 2

2/72
9/73
9/73
9173
2/74

R3
R3

N¹l/2(2040) FRC)/ GAMh/A PRCTCN TQ K LAMBDA SQRT t ( P5+P6) ¹P4)
( 0070) DEANS 7Z MPWA GAM P-K I )/~ SQL D

R4 N¹i/2(2040) FRGI/ GAh/MA PRCTCN TO ETA PROTON SQRT I (P5+P6) ¹P3)
R4 1 ( 0037 I HICKS 73 MPWA GAM P-ETA P

R5 N¹I/2(2040) FRCM PI N TO K S ICMA SQRT ( P l¹P9)
R5 2 ( 014) TQ 037 DEANS 75 DPWA P I N TQ K S I GMA

R5 2 RANGE GIVEN IS FROM FOUR BEST SOLUTICNS ~

R2 N¹1/2 t 2040 I INTO ( N ETA ) /TOT AL (P3)
R2 8 (0 ~ l OR 0 009 CARRERAS 70 MP'WA T POLE + RE SON
R2 8 PARAMETR I ZATION USEC COULD BE IN DANGER:QF COUBLE COUNTING

5/70

9/73
9/73

9/73
9/73

ll/75¹
jl /75¹

' ll /75¹
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S178 Particle Data Group: Review of particle properties

Baryons
N(2040). N(8100), N(2190)

Data Card Listings
For notation, see key at front of Listings.

16 N¹1/2(2040) PHQTCN DECAY AMPL {GEV¹¹-1/2)

FCR DEFINITICN OF GAMMA-NUCLEGN DECAY AMPL ITUDESt SEE MINI-
REVI EW PRECEDING THE BARYON LI ST I NGS

Al N¹1/2 (2040) INTO GAM P t I.EL IC ITY= 1/2 (GEV¹¹-1/2)
Al. ~ 026 ~ 052 DE VENI S2 74 CPWA P I N PHOT Q-PROD 4/75¹
A2 N¹1/2(2040) INTO GAM Pt HELICITY=3/2 (GEV¹¹-1/2)
A2 ~ 128 ~ 057 DEVENI52 74 OPWA P I N PHOTO-PRCD 4/75¹
A3 N¹1/2 ( 2040 ) INTO GAM N t I" EL IC ITY= 1/2 (GE V¹¹-1/2I

A3 ~ 053 ~ 083 OEVENI52 74 OPWA P I N PHOTO-PROD 4/75¹

05 N¹1/2(2100} BRANCHING RATIOS

Rl N¹1/2(2100) INTO (PI N)/TOTAL (P 1)
RI. 7 (0 ' 2) ALMEHED 72 IPWA
Rl ( 08) AYCD 74 IPWA

REF ERENCFS FOR N¹l/2(2100 )

AL}/EI ED 72 NP 840 157 +LGVELACE
AYED 74 PRIVATE CGMMCTN ~ AYEGtBAREYRE

ALSO 73 AIX CCNFERENCE AYEGtBAREYRE

( LUND t RUTG ) I JP
( SACL ) IJP
( SACL } IJP

2/72
2/74

A4 N¹l/2(2040) INTO GAH N HELIC ITY"-3/2 (GEV¹¹-1/2)
A4 ~ 100 e 141 DEVENI S2 74 DPWA P I N PHCTC-PRCD 4/75¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹

DQNNACH1 68 PL 26 B 16 1
DQNNACH2 68 VIENNA 139
KIRSQPP 68 THESI 5

REF ERENCES FOR N¹1/2 (2040)

A DQNNACHIEt R G KIRSQPPt C LQVELACE (CERN) I JP
OGNNACHIE RAPPORTEUR S TALK (GLAS)
R G KIRSQPP t EGIN }

N(2 ] 90) 71 N 1/2(2190 J =7/2-) I=1/2

RQYCHGUOHURY 71 FIND SOME INDICATION OF Pl 1 Ah 0 F17 IN
THIS REGI GN ~ BRANSOEN 71 ALSO F IND Pl 1 t F15 t AND G19 RESQ
NANT NEAR THIS MASS ~ AYED 74 FIND A G19 ~

LEA 69 PL 29 B 584 LEAt GAGES t WARD t CQWANt + {Rl-EL t BRISTOL t DARE )

CARRERAS 70 NP 168 35 B CAPRERAS t A DGNNACHIE (DAREtMCHS) 71 N¹l/2(2190) MASS (MEV)

ALMEI ED 72 NP 840 157
DEANS 72 PRD 6 1906
HICKS 73 PRO 7 2614

+LQVELACE (LUNDt RUTG) I JP
DEANS t JACOBS t LYONS t MONTGOMERY ( SOUTH FLAe }IJP
+CEANS t JACOBS tLYQNS+ (CARh+QRNL+SQUTH FLA ~ ) I JP

AYED
' 74 PRIVATE CQMMCTN ~ AYEGtBAREYRE

ALSO 73 AIX CCNFERENCE AYFGt BAREYRE
DEVENI S2 74 PL 52B 227 DEVENI SH LYTHtRANK IN
DEANS 75 NP 896 90 +MITCHEI LtMGNTGCMERYt+

(SACL ) I JP
( SACL ) I JP

(DESYtLANCt BCNNlIJP
(SFLA ALABAMA)IJP

PAPERS NOT REFERRED TQ IN DATA CARDSe

DCNNACH( 69 NP 10 B 433
AYED 70 PL 318 598
APLI N 71 NP 832 253

A DCNNACHI E t R K I RSQPP
+BARE YRE, VILLE T
+CQWAN t GIBSON t G ILMCRE++

(GI. AS+EGIN )
(SACLAY}

{RHEL BR I STOL )

04 N¹1/2(2100t JP=1/2-) I=l/2

NOW ALSC SEEN BY SACI AYt AYED 74 ~

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

M

M

M 3
M

M

M 6
M 6
M

M

M

M

M 7
M

M

M

M

M

M

M

SMALL ANG I E Pj-P
P P AT 24 GEV

(2190~ 0 ) D I DDENS 63 CNTR P I+- P TOTAL
(2210~ 0} HGHLER 64 RVUE DATA + DISP REL
(2190' 0) APPROX YOKOSAWA 66 CNTR PI — P GSIG + PGL
(2265 ' 0) DGNNACH 1, 68 RVUE P HASE-SHIFT ANAL
(2000 ~ 0) APPROX LEA 69 CNTR P I-P ELASTIC
2180 ' 25 ' ANDERSON 70 MMS - PI- P TO PI- MMS

{2158e0) AY EG 70 IPWA
FROM ENER ~ DEP ~ F IT OF ARGAND '0 IAGRAM

(2260 ' 0) HULL 70 MPWA

(2160 ~ Ol (50 ~ 0) AMALQI 71 CNTR
(2160 ) BRANSDEN 71 OPWA
(2200 ) RQYCHQUD 71 DPWA
{2225' ) ALMEHEO 72 IPWA
( 2190~ 'I QTT 72 MPWA 0 PI-P BKWO CLSTC

1 (2208 ~ ) HICKS 73 MPWA GAM P-ETA P
1 GhLY STATES FROM TABLE VII OF HICKS73 ARE INCLUCED IN LISTINGS.
1 M AND W ARE FROM SOLUTION C2t BR=SQRT(Gl/W WITH G FRGH TABLE VII e

'(2208 ~ ) (20 ~ ) ABE 74 + P+P-&P+Xt JCBN PK
(21.41 ) AYEO 74 !PWA
( 2133 ) AYED 74 I PWA

THIS IS A G19 RESONANCE LISTED HERE UNTIL CONFIRMED

7/66
6/68
8/69
2/71
1/71

1/71
10/7 1
3/72
3/72
2/72
2/73
9/73
9/73
9/73
4/75¹
2/74
2/74
2/74

71 N¹1/2(2190) WIDTH (MEV)

M

M 7

W
' 7

W

(2070 )
(2100 ' )
( 2283 l

04 N¹1/2(2100) MASS (MEV}

RQYCHQUG 71 DPWA
ALMEHED 72 IPWA
AYED 74 IPWA

04 N¹l/2(2100) WICTH (MEV)

ALMEHED 72 IPWA
AYEO 74 IP WA

W

W

W

W

W 2

2/72
2/74

W 3
3/72
2/72 W 6
2/74

W 7
W 1

(200e0 )
( 200 0)
{220' 0) APPROX
(298 0)
275 ~ 70 ~

{325' 0)
(239 ' 0}
(150 ' )
(193
(243. }
(193~ l

SEE THE NOTES ACCOMPANYING

D IDDENS 63
H GHLE R 64
YGKOSAWA 66
DQNNACH 1 68
ANDERSON 70
AYED 70
HULL

' 70
ALMEHED 72
HICKS 73
AYED 74
AYEO 74

THE MASSES QUOT

CNTR
RVUE
CNTR
RVUE
MMS

IP WA

MPWA

!PWA
MPWA

IPWA
IP WA

ECe

7/66
7/66
6/68

PI — P TO PI- MMS 2/71
1/71

. SHALL ANGLE Pj-P 1/71
2/72

GAM P-ETA P 9/73
2/74
2/74

Pl

04 N¹1/2(2100) PARTIAL DECAY MODES

N¹l/2( 2100) INTO PI N

04 N¹1/2(2100) BRANCHING RATIQS

Rl N¹l/2(2100} INTO t PI Nl /TOTAL (Pl)
Rl 7 (0 ' 5) ALMEHED 72 IPWA
Rl 14) AYEO 74 I PWA

DECAY MASSE S
139+ 938

2/72
2/74

Pl
P2
P3
P4
P5
P6
P7
PB
P9

N¹1/2 ( 2 190 )
N¹1/2 (2190)
N¹1/2{2190)
N¹l/2(2190)
N¹1/2(2190)
N¹1/2 ( 2190)
N¹1/2 (2190)
N¹1/2{2190)
N¹1/2 ( 2190 )

71 N¹1/2(2190} PARTIAL DECAY MODES

INTO P I N

INTC LAMBCA K

I NTQ N P I P I
INTO GAM P t I. EL IC ITY=3/2
INTO GAM Ptl-ELICITY=1/2
INTO GAM Nt HEL ICITY=3/2
I NTG GAM Nt HELICI TY=1/2
INTO ETA N

INTO 5 ICMA K

DECAY MASSES
139+ 938

1115+1765
938+ 139+ 139

0+ 938
0+ 938
0+ 939
0+ 939

548+ 938
493+1189

71 N¹1/2( 2190) BRANCHING RATIOS

REFERENCES FQR N¹l/2t 2100}

RQYCHGUD 71 NP 827 125 R K RGYCHQUDHURYtB H BRANSCEN ( DURH ) IJP
Al MEHED 72 NP 840 157 LOVEL ACE (LUNDtRUTG)IJP
AYED 74 PRIVATE CGMMCTN ~ AYECtBAREYRE ( SACL lI JP

ALSO 73 A IX CONFERENCE AYEGt BAREYRE ( SACL }IJP

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

Rl
Rl
Rl
Rl 3
Rl 6
Rl
Rl 7
Rl
Rl
Rl 2

N¹1/2t 2190) INTO (PI Nl /TOTAL
(Ge3} APPROX
{0~ 3) APPROX
(0 ' 349)
( 0 ~ 150)
(0 ~ 09 )
(0 35)

( ~ 25l
( 161)
( ~ 095)

0 IDDEN S
YOKQSA'WA
DC NNACH 1
AYED
HULL
ALMEHED
QTT
AYEO
AYED

(Pl)
63 CNTR
66 CNTR
68 RVUE
70 IPWA
70 MPWA SMALL ANGLE PI-P
72 IPWA
72 MPWA 0 PI-P BKWD ELSTC
74 IPWA
74 !PWA

7/66
7/66
6/68
1/71
1/7 1
2/72
2/73
2/ 74
2/74

N(8100) 05 N¹1/2(2100t JP=5/2-l 1=1/2 lJ $5
NQW ALSC SEEN BY SACLAY t AYED 74 ~

R2
R2

R3
R3

R4
R4 4
R4 4

N¹l/2(2190) FROM GA}/MA PROTON TG K LAMBDA SQRT ( ( P4+P5) ¹P2) 9/73:(~ 0161) DEANS 72 HPWA GAM P-K LMt SQL D 9/73

N¹1/2{2190) FRQ}/ GAMMA PRQTCN TQ ETA PROTCN SQRT((P4+P5)¹PB) 9/73
(e0094) HICKS 73 MP'WA GAM P-ETA P 9/73

N¹1/2t 2190) FROM P I N TQ K SIGMA SQRT ( P1¹P9) ll/75¹
( e014) TO e 019 DEANS 75 DPWA PI N TO K SIGMA 11/75¹

RANGE GIVEN IS FRCM FOUR BEST SOLUTICNS ll/75¹

M 7
M

(2100 ' )
(2100e)

05 N¹1/2(2100l MASS {MEV)

ALMEHED
AYED

05 N¹l/2(2100) WIDTH {MEV)

72 IPWA
74 IPWA

2/72
2/74

DIDDENS 63 PRL 10 262
HQHLE R 64 PL 12 149
YOKGSA WA 66 PRL 16 714

REFERENCES FOR N¹l/2(2190)
+JENKINSt KYCI At RILEY
G HOHLER t J GI ESECKE
+SUWAtl"ILLtESTERLINGt BOOTH

(BNL ) I
(KARLSRUHE) I

(ANL t CHIC) JP

( 150e l

(220 ~ )
ALMEHED
AY ED

72 IPWA
74 IPWA

2/72
2/74

DONNACHl 68 PL 26B 161
AL SQ 68 VIENNA 139
ALSO 68 THE SI S

A DQNNACHIEt R G KIRSQPPt C I OVELACE (CERN) IJP
DCNNACHI E RAPPORTEUR ~ S TALK (GLAS)
R G KIRSQPP (EGIN )

05 N ¹1/2t 2 100) PART I AL DECAY MODES
LEA 69 PL 298 584 LEA GAGES WARD CQWAN + (RI. EL BRISTOL GARE }

Pl ' N¹l/2(2100) INTO P I '
N

DEC AY MASSES
139+ 938

ANDERSON 70 PRL 25 t 699
AYED 70 KIEV CONF
HULL 70 PR 02 1783

+BLESERt BLI EDEN tCQLL INS++
R AYEDt P BAREYREt G VILLET
J HULLt R LEACOCK

tBNLtCARN)
(SACL ) I JP

( I SU}
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Particle Data Group: Review of particle properties

Data Card Listings Baryons
For notation, see key at front of Listings. N(8190), N(2880), N(8650), N(3030), N&(3845)

AMALDI 71 PL 348 435
BRANSDEN 71 NP 826 511

AL SC 70 NP 816 461
ROYCHOUD 71 NP 827 125

ALME)EO 72 NP 840 157
DEANS 72 PRD 6 1906
OTT 72 PL 428 133

ALSO 72 MCGILL THESIS
HICKS 73 PRD 7 2614

+BIANCASTELL I BOSIQ + ( I SANITA ROMA+CERN )
yOGOEN ( OUR H) I J P
RQYCHOUDHURY yPERRINy BRAh SCEN (DURH) I JP
R K RQYCHOUDHURY 8 H BRANSCEN (DURH) I JP

+LOVELACE {LUNDy RUTG ) I JP
DEANS y JACOBS y LYONS y MCNTGG)y ERY {SOUT H FL A ~ ) I JP
+TR ISCHUK y VA VRA y RICHARDS y+ (MCGI y STLQ y IGWA ) I JP

J ~ VAVRA (MCGI) JP
+DEANS y JACOBS yLYCNS+ (CAR)+GRNL+SQUTH FLA ~ ) I JP

ABE 74 PL 538 I 14 +ALSPECTQR BCMBEROWI 7Z+
AYED 74 PRIVATE COMMCTN ~ AYEDy BAREYRE

ALSO 73 AIX CONFERENCE AYEOyBAREYRE
DEANS 75 NP 896 90 +MITCHELLy MCNTGGMERYy+

(RL'TG y UPNJ yFSU l
( SACL }I JP
( SACL ) I JP

(SFLAy ALABAMA ) I JP

AYED

PAPERS NOT REFERRED TO IN DATA CARDS ~

70 PL 318 598 +BAREYRE y VILL ET {SACL4Y l

QUANTUM NUMBER DETERMINAT IQNS NOT REFERRED TQ IN DATA CARDS ~

BARG ER 66
CARROLL 66
CARROLL 66

ERRATUM
KQRMANYO 66
BUSZA 67

pRL le 913 V BARGERy D CLINE {WISC} P
PRL 16 288 +CORBETTyDAMERELLy MIDDLEMAS y + (RHEL y QXF )J-L
PRL 1 7 1274 +CORBETT y DAMERE LLy MI DDLEMAS y + (RHEL yQXF )J-L
CHANGING THE RATHER WEAK DETERMINATIGN OF J-j. TQ +1 (2 ~ )
PRL 16 709 KORMANYOS y KR I SC Hy QFALLON y + (MICH yANL ) P
NC 52A 331 +DAVIS yQUFF ~ HEYMANNy + (LOUCyWESTFIELD)

N(8820) 90 N»1/2(2220 JP=»/2+1 I=1/2 Hgo

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹*¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

72 N¹1/2{2650) BR4NCH ING RATIOS (PROD EXP ~ l

Rl N¹1/2{ 2650) INTO {P I N l/TOTAL
Rl CNLY (J+1/2)¹{PI N/TOTAL) MEASURED FOR THIS
Rl 8 {0~ 456} (0 ~ 018) BARGER 66
Rl 0» 436 0 ~ 028 C I TRON 66
Rl 8 (0 ~ 30) BARGER 67
Rl 8 USES REGGE AMP ~ +RESQN ~ TO CALCULATE DIF ~ CR
Rl 8 FOR CRiTICISM OF THIS METFQDy SEE DOLEN 68
Rl 0 (0 ~ 24) DIKMEN 67
Rl D USES QNLY RESONANCES TO CALCULATE DIF» CRQS
Rl {0F 06) KORMANYOS 67

(P 1)
STATE /

RVUE TOTAL + CH EX' 1l/67
CNTR TOTAL CROSS-SEC 11/67
RVUE USES KGRMANYQS67 11/67

CSS SECTIONS AT 180 DEGRE

RVUE US ES KQF MANYOSbb 1 1/67
S SECTIONS AT 180 DEGREES

CNTR Pj-r AT 18O DEG. 11/67

ALVAREZ
HOHLER
WAHI IG
BARGER
CITRON
BARGER
DIKMEN
KGRMANYO

64 PRL 12 710
64 PL 12 149
64 PRL 13 103.
66 P R 151 1123
66 PR 144 1101
67 PR 155 1792
67 PRL 18 798
67 P R 164 1661

REFERENCES FOR N¹1/2(2650) {PROD EXP )

+BAR»YAM, KERNy LUCKEY, OSBORNE y + ( MI 7,CEA l
G HQHLERy J GIESECKE (KARLSRUVE ) I
+MANNELLIy SODICKSONyFACKLERyWARDy + (MIT)
V BARGERy M CLS SON ( WI SC)
y GALBRAI TH yKYC IA y LEONT IC y PHI {L I PSy + {BNI l I
V BARGER y 0 CLINE {WISC) P
F N D I K)/EN ( MICH)
KORMANYQS y KRI SCH y OFALLONy + (MICH y ANL) P

PAPERS NOT REFERREL TQ IN CATA CARDS ~

BAACKE 67 NC 51A 761 J BAACKE y M YVERT (KARL SRUHE yORSAY) J-L
DOLEN 68 PR 166 1768 'R DOI ENy D HORN y C SCHMID (C IT I
WAHL I G 68 PR 168 1515 M A WARL IG y I MANNELL I (MITy PISA)

FINAL VERSION OF DATA USED IN WAHLIG 64» IN CQNFUNCT ION WITH
CITRON 66 TOTAL CROSS SECTIONS THI S CHARGE EXCHANGE DATA GIVES
CCNPLEX ELASTIC SCATTERING AMPLITUDE AT 0 DEGREES ~

THE EXISTENCE OF THIS RESONANCE IS hELL ESTAB{.IS).ED ~
BRA NSDEN 71 NP 826 511

ALSO 70 NP 816 461
RQYCHGUD 7 1 NP 827 125

y OGDEN
RGYCHOUDHURY y P ERR I N y BRANSOE N

R K RGYCHOUDHURY 8 H BRANSDEN

{DURH ) IJ P
{DURH) I JP'
( DURHl I JP

90 N¹1/2 (2220) MASS {MEV )

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

M {2200» } APPROX' ~

M 6 {2221»0}
M 6 FROM ENER ~ OEP ~ FIT
M (2245 ~ 0)'
M (2249 ' )

BUSZA
AY ED

OF ARGAND DIAGRAM
HULL
AYED

67 OSPK LEG ~ PQLYN ~ ANAL» 2/71
70 I PW A 1/71

70 MPWA SMALL ANGLE PI-P 1/71
74 IPWA 2/74

N 3030
73 N¹1/2{3030y JP=

BUMPS
) i=1/2 PRODUCT IGN EXPERIMENTS

90 N¹1/2( 2220) WIDTH ( NE V) 73 N¹1/2(3030} MASS (MEV) (PROD» EXP ~ l

W 6
W

W

{258 ~ 0)
(329~ 0 l
{347 l

AYED
HULL
AY EQ

70 IPWA
70 MPWA

74 IPWA

1/71
SMALL ANGLE P I-P 1/71

2/74

( 3080 0)
{3030~ 0)

HGHLER
CITRON

64 RYU E
66 CNTR

DATA + DISP REL 7/66
P I+- P TOTAL 7/66

Pl
P2

90 N¹1/2{22201 PARTIAL DECAY MODES

N¹1/2(2220) INTO PI N

N¹1/2 ( 2220 ) INTO N ET 4

DECAY MASSES
139+ 938
939+ 548

{400~ 0)

73 N¹1/2(3030) WIDTH (MEV) (PROD» EXP )

C I TRON 66 CNTR

73 N¹1/2{3030) PARTIAL DECAY MODES {PROD ~ EXP ~ )

7/66

90 N¹1/2(2220) BRANCHING RATIOS Pl
P2

N¹1/2(3030) INTO P I N

N¹1/2(3030) INTO N P I PI

DECAY MASSFS
139+ 938
93 8+ 139+ 139

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

REFERENCES FOR N¹1/2{2220 )

BUSZA 67 NC 52A 331 +DAVISy DUFFy HEYMANNyNIMMGN +
AYEO 70 KIEV CONF R AYEDy P BAREYREy G VILLET
HULL 70 PR DZ 1783 J HULL y R LEACOCK
AYED 74 PRIVATE CQMMCTN ~ AYECy BAREYRE

ALSO 73 AIX CONFERENCE AYEDyBAREYRE

(LOUC+LQWC )
( SACL ) IJ P
(I SU)

( SACL }I JP
(SACL) IJP

PAPERS NQT REFERED TQ IN CATA CARDS

AYEO 70 PL 318 598 +BAREYREy VILLET ( SAC) AY)

Rl N¹1/2{2220} INTO (PI ) }/TOTAL (Pj)
Rl 6 (0 140) AYED 70 I O'WA 1/71
Rl (0' 15) HULL 70 MPhA S MALL ANG'LE P I-P 1/71
Rl ( ~ 204) AYED 74 IPWA 2/74 73 N¹1/2{3030) BRANCHING RATIOS (PROD ~ EXP l

Rl N¹1/2(3030 l INTO ( P I N ) /TOTAL {P 1)
Rl CNLY (J+1/2)¹( PI N/TOTALl MEASURED FOR THIS STATE
Rl 8 {0 088 l (0 ~ 016 l BARGER 66 RVUE TOTAL + CH EXC 1 j/67
Rl (0 ~ 048) CITRON 66 CNTR TOTAL CROS SEC ~ 11/67
Rl 8 (0 ~ 12) BARGER 67 CNTR USES KORMANYQS66 11/67
R 1 8 USES .REGGE AMP ~ +RESGN» TQ C ALCUL AT E C I F ~ CROSS SECTIONS AT 1 80 DEGRE
Rl P FGR CRITIC I SM OF THIS ME'IHCO SEE DCLEN 68 ~

Rl D {0.016) DIKMEN 67 RVUE USES KGRMANYGS67 11/67
Rl D USES ONLY RESONANCES TG CALCULATE DIF ~ CROSS SECTIONS AT 180 DEGREES

REFERENCES FOR N¹j/2(3030}

{PROOFS

EXPEL)

N(2650)
BUMPS

72 N¹1/2(2650y JP= ) 1=1/2 PRQCUCTIGN EXPERIMENTS

RQYCHQUCI. URY 71 CLAIM F15{2400) AND G19( 2400) TQ BE
PQSSIBLE RESONANCES ~ BRANSDEN 71 FINC THE POSSIBLE
RESONANT CANDIDATES Sjl (2520) AND H19 (2590) ~

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

HGHLE R

BARGER
CITRON
BARGER
DIKMEN

64 PL 12 149
66 PR 151 1123
66 PR 144 1101
e7 PR 155 1792
67 PRL 18 798

KQRMANYO 67 PR 164 1661
DOLE N 68, PR 166 1768

PAPERS NOT REFERREC TQ IN DATA CARDS

KORMANYOSy KRISCHy OFALLONy +
R DQLENy D HCRNy C 5 CHMID

(MICH, ANL ) P
(C IT I

G HCHLERy J GIESECKE {KAR I S RUHE ) I
V BARGER y M QL S SON (WISC)
+CALBRAITH yKYC I Ay LEGNTIC y PI-'ILL I PSy + {BNL) I
V BARGERy D CLINE (WISC ) P
F N 0 1K&EN (MICH)

72 N¹1/2 (2650) MASS (MEV ) (PROD ~ EXP ~ )

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

{2700' 0)
(2660 ' 0)
(2600 Ol
(2633 ' 0)
2649 ' 0 10»0

APPROX

ALVAR, EZ 64 CNTR
HOHLER 64 RVUE
WAHLIG 64 CSPK
BARGER 66 F IT
C ITRCN 66 CNTR

PI PHCTOPRQG
DATA + DI SP REL

0 PI-P CH EX
TOTAL + CH EX
PI+- P tOTAL

11/67
7/6e

) PRQCUCTICN EXPERIMENTS74 N¹ /2 (3245 y JP=

B EXISTENCE NGT CONCLUSIVELY ESTABLISI-ED ~ I-SPIN
NOT DETERMINEDy BUT THE NARROW WIDTH PRECLUDES
I DENT IF ICAT I CN W I TH TI-E N¹3/2{3230 )
OMI TTED FROM TABLE'

72 N¹1/2(2650) WIDTH (MEV) (PROD EXP ~ )

( 100~ 0)
(200» 0)
{425~ 0)
360» 0 20 ~ 0

ALVAREZ
HOHLER
BARGER
C I TRCN

64 CNTR
64 RVUE
66 F I T
66 CNTR

7/66
TOTAL + CH EX ll/67

7/66 3245 ~ 0

74 N¹ /2{3245) MASS {MEV) (PROD ~ EXP ~ I

10»0 KORMAhYCS 67 CNTR PI P 180 DEG EL 6/68

72 N¹1/2(2650) PARTIAL DECAY MODES {PROD» EXP ~ ) 74 N¹ /2{3245) WIDTH (MEV) (PROD EXP ~ I

Pj
P2
P3

N¹1/2(2650) INTO PI N

N¹1/2{2650) I NTG LAN BDA K

N¹1/2{2650l INTO N PI PI

DECAY MASSES
139+ 938

jjj5+ 497
938+ 139+ 139

(35 Ol QR LESS KORMAhYCS 67 CNTR 6/68
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S180 Particle Data Group: Review of particle properties

Baryons
N~(3245}, N(3690), N~(3755), a(1832)

Data Card Listings
I'or notation, see A, ey at front of Listings.

/2 (3245 ) INTO P I N

DECAY MASSES
139+ 938

74 N¹ /2(3245) PARTIAL DECAY HQDES (PROD ~ EXP. ) M+
M+
M+

( 1231~ 8)
1230 ~ 6

( 1231~ 7)
108

BERE'NDS 75 I PWA + GA}/ P TO P I NUC
CRAWFORD 75 DPWA P I N PHOTO-PRQD
BARBOUR 76 DPWiA P I N PHOTO-PROD

4/75¹
1/76¹
1/76¹

9]
Rl
Rl

74 N¹ /2(3245) BRANCHING RATIOS (PROD ~ EXP ~ }

N¹ /2(3245) INTO (PI N)/TCTAL ( P 1)
J IS NQT KNOWN ~ FOLLOWING IS ( J+1/2) ¹(PI Nl /TOTAL

{0~ 37) KOP, MANYOS 67 CNTR 6/68

HO

MO

MO

HO

1236~ 45
1232.9

0 ~ 65
0 ' 6

OL SSCN
CART ER

33 N¹3/2(]232) WIDTH (MEV)

~ 0 ~ 0 ~ ~ ~ ~ 0

AVERACE MEANINGLESS (SCALE FACTOR = 4 ~ 0)

65 RVUE 0
71 MPWA 0 PI-P SIG0 TOTAL 1/71

REFERENCES FOR N¹ /2(3245) (PROD EXP l

KORMANYO 67 PR 164 1661 KQRHANYOS3 KRISCH~ OFALLONq + (MICH3ANl ) P

(120. )
(129 ' )
(152 2)
(120 ' )
(120 )

{145.e)

ROPER
ALMEHED
CHENG
TSCHANG
AYED

F IT CARTER 71
F IT CART ER71 P33

65 CPWA ++0 PHASE SHIFT AN
72 I P WA

73
73
74 IP WA

2/72
2/74
1/74
2/74

N(3690)
BUMPS

75 N¹j/2(36903 JP= l I=1/2 PRQCUCTICN EXPERIHEhTS

A BUMP SEEN IN THE INVARIANT MASS OF A VERY

COMPLIC-

ATEDD STATE (N + SEVEN PISl3 SO AS EVIDENCE FOR
A NE'W RESONANCE IT IS NOT CONCLUSIVE ~ NQT INCLUDED
Ih TABLE ~

75 N¹1/2 ( 3690) MASS ( ME V) ( PRCD0 EXP ~ )

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

W++
W++
W++
W++
W++

W+
W+

WO

WO

WO

WO

2
1

AVERAGE

AVERAGE

120~ 0
1 ll 1
11105

2 ~ 0
108

~ 4

OLSSCN
CARTER
CARTER

120 ' 2
(117~ 4l

3 ~ 9 CRAWFORD
BARBOUR

OL SSQN
CARTER

119~ 6
1 1.4 ~ 7

2 ' 4
3 ~ 0

~ ~ ~ ~ 0 ~ ~ ~ ~

HEANINGLESS (SCALE FACTOR = 1 3l

0 0 0 0 0 0 0 0 0

HEANINGL ESS ( SCALE FACTOR = 1 ~ 0 )

75 DPWA
76 OPWA

P I N PHOT 0-PRCD
PI N PHOTO-PROD

65 RVUE 0
7] MPWA 0 Pl-P SIG TQT ~

65 RVUE ++
71 HPWA ++ P I+P S I G ~ TOTAl
73 IP'WA ++ P I N 88 3 10 HEV

1/74
9/73

1/76¹
1/76¹

1/71

3690~ 0 10 0 BARTKE 67 HBC + P I+P 8 PRQNGS 8/67
33 (N¹0) - (N¹++) HASS DIFFERENCE (MEV)

500.0 30 ~ 0 BARTKE 67 HBC +

75 N¹1/2(3690} WIDTH (MEV) (PROD ~ EXP }

8/67

R
2
1

(0 45) {0 ~ 85) QLSSC)3
1 ~ 3 109 CARTER
104 ~ 4 CARTER

REDUNDANT WITH DATA IN MASS LI STING ~

~ ~ ~ ~ ~ 0 ~ ~ ~

AVERACE MEANINGLESS (SCALE FACTOR = 1~ 0)

65 RVUE
71 MPWA ++ PI+-P SI G TOTAL
73 IPWA P I N 88-310 MEV

1/74
9/73

75 N¹1/2(3690) PARTIAL DECAY MODES (PROD ~ EXP ~ )

DECAY MASSES
Pl N¹1/2 (3690) INTO N + 7 P IS

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFEREhCES FQR N¹1/2 (3690) (PROC EXP

BARTKE 67 P L 248 118 +CZYZE)3SKI3GANYSZ3+ (CRACQ)33ORSAY) I

WD

WD

WD

WD

33 (N¹0)-(N¹++) WIDTH DIFFERENCE (HEV) 9/73
2 6 ~ 5 2 ~ 2 CARTER 71 MPWA ++ PI+ P SIG ~ TOTAL 1/74
1 10 ~ 3 1 3 CARTER 73 IPWA P I N 88-310 HEV 9/73

0 ~ 0 0 0 0 0 0 0
AVERAGF MEANINGLESS (SCALE FACTOR = 1 ~ 5)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

33 N¹3/2(1232) REAI PART OF POLE PCSITIQN(HEV)

3 755) 26 PRO CUCT ION EXPERIMENTS

B A SHALL PEAK IN THE (P P PBAR) INVARIANT HASS FRCM
8 ~ 4 'BEV/C Pl+ P TO PI+ P P PBAR EVEhTS ~ AS EVIDENCE
FOR A NEW RESONANCE IT I S NOT CONCLUSIVE OMITTED
FRCH TABLE.

REE
REE
REE
REE
REE
REE
REE
REE
REE
REE
REE

M (1214 ~ )
{1211 )

P 1211~ 6 0 ' 7
3 (1210 7} (1210 7)

1214~ 5 10
(1213 ' )

M FIT INCLUDES OLSSQN 65
H PHASE SHIFT VALUES FOR
P ERROR EST ~ FROM FITS

~ ~ ~ ~ 0 ~ ~ ~ ~

AVERAGE MEANINGLESS {SCALE

MICHAEL 67
BALL 72
PDG 72 FIT DELTA 33
CHENG 73 F IT CARTER 71
NOGQVA 73 FIT ALHEHED72
SPEARHAN 74 F IT ZERO TRJCTRY

PARAMETERS PLUS SCATTERING LENGTH PLUS 6
TPI=120 TO 492 MEV

ITH SQHEWHAT VARYING ASSUMPTIONS

FACTOR = 1 0)

2/74
2/73
2/73
2/74
2/74
4/75¹

375500

76 N¹ /2(3755) MASS (MEV) (PROD ~ EXP ~ )

8 ~ 0 EHRLICH 68 HBC + PI+ P P PBAR

76 N¹ /2(3755) WIDTH (MEV) (PROD0 EXP ~ )

6/68

R++
R++
R++
R++
R++
R++
R++
R++

U 1211' 5 ~ 6 BALL 75 ++ FIT CARTER 73
U 1210~ 9 .e LICHTENB 75 ++ FIT CARTER 73
C 1209 ' 6 05 VA SAN 75 ++ F I T CARTER 73
C FROM FITS TO CCULQHB CQRRFCTED CARTER 73 PHASE SVIFT ~
U (1210~ 5) TO(1210 ~ 8) VA SAN 75 ++ F IT CART ER 73
U FROH FITS TO UNCORRECTED CARTER 73 PHASE SHIFT0

~ ~ ~ 0 ~ ~ ~ ~ ~

AVERACE HEANINGLESS (SCALE FACTOR = 1 ~ 8)

11/75¹
11/75¹
1/76¹
1/76¹
1/76¹
1/76¹

4000 20 00 EHRLICH 68 HBC +

76 N¹ /2(3'755) PARTIAL DECAY MODES (PROD ~ EXP ~ l

6/68 REO
REO
REO
REO
REO
REO

BALL 75
LIGHTENS 75
VASAN 75
VASAN 75

(121.1 6)
12 10 ~ 9 1 ~ 4
1210.75

( 1210~ 2 )
~ ~ ~ 0 ~ ~ ~ ~ 0

AVERACE MEANINGLESS (SCALE FACTOR = 1 0)

0 F I T CART ER 73
0 FIT CARTER 73

++ F IT CARTER 73
++ F IT CART ER 73

11/75¹
11/75¹
1/76¹
1/76¹

DECAY MASSES
Pl N¹ /2(3755) INTO PI+ P P PBAR 139+ 938+ 938+ 938

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ 33 N¹3/2(]232) I)/AG PART OF PCLE PCS IT IQN(MEV)

EH'R LICH 68 PRL 20 686

REFERENCES FOR N¹ /2(3755) ( PROD ~ EXP ~ l

R EHRL ICH3R J PLANC3 J 8 WHITTAKER (RUTGERS)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

S=O I=3/8 NUCLEON STATES (5)

IME
IHE
IME
I ME

IME
IME
IHE
IME

M (52 l
(500 )

P 49 ' 5 1 8
3 (50 ~ 7) (50 ~ 6)

48 ' 6 5 ~

(490 )
~ 0 ~ ~ 0 ~ ~ ~ ~

AVERAGE MEANINGLESS {SCALE

HICHAEL
BALL
PDG
CHENG
NOGCVA
SPEARMAN

FACTOR = 1 ~ 0 )

67
72
72
73
73
74

2/74
2/73

F IT DELTA 33 2/73
F IT CARTE R 7] 2/74
F IT ALMEVED72 2/74
F IT Z ERO TR JC TRY 4/75¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

~lg(] 23') 33 003/2(1232 JP=3/2+1 2=3/2 P38
THE EXISTENCE OF THIS RESONANCE IS WELL ESTABLISHED0
SEE CARTER 71 AND CARTER 73 FOR PI N CROSS SECT ICN
DATA IN THIS REG ION ~

33 N¹3/2( 1232) HASS {ME V)

I++
I++
I++
I++
I++
I++

IHO
I MO

I HO
IMO
IMO
IMO

~ 6
75

~ 5
00l

BALL
L ICHTEN8
VA SAN
VASAN

~ 0
(SCAL E FACTOR = 1 0)

BALL
L I CHTENB
VASAN
VA SAN

U (5300)
U 53 25 1
C 52 ' 8
U (52 9)TQ (53

~ ~ 0 ~ ~ ~ 0

AVERAGE HEANINGLESS

~ 75
06
~ 1)

~ ~

{SCALE FACTOR = ]00)

U 50 1
U 4906
C 5004
U {49 9)TQ (50

~ 0 ~ ~ 0 ~ ~

AVERAGE HE ANINGL ESS

75
75
75
75

75
75
75
75

0 F IT CARTER 73
0 FIT CARTER 73

++ F IT CARTER 73
++ F IT CARTER 73

11/75¹
]1/75¹
1/76¹
1/76¹

++ FIT CARTER 73 ll/75¹
++ F IT CARTER 73 11/75¹
++ F IT CARTER 73 1/76¹
++ F IT CARTER 73 1/76¹

(1234~ ) ROPER 65 DPWA ++0 PHASE SHIFT AN ~

( 1235 ) ALHEHED 72 IPWA
(]243~ 3) ( 1241 7) CHENG 73 F IT CARTER 71

THE T&O ENTRIES ARE FROM TWO CIFFERENT PARAMETRIZATIQNS OF THE
RESONANCE CQNTRIBUTUION TO THE P33 PHASE SHIFT

( 1230~ 4) TSCHANG 73 F IT CART ER7] P33
(1234 ' ) AY ED 74 IPWA

H

M 3
H

M 3
M

M

M++ 12360 0 0 ' 55 QLSSQN
M++ 2 1231 0 1 5 CARTER
M++ 1 1231 1 ~ 2 CARTER
M++ 1 EXPERIHENTAL QUANTITY-SCE CARTER73 FOR
M++ 2 EXPERI MENTAL QUANTITY-SEE CARTER71 FOR
H++ ~ ~ ~ ~ ~ ~ ~ ~ 0
M++ AVERAGE MEANINGLESS {SCALE FACTOR = 8 4)

65 RVUE ++ TOTAL-SIGMA DAT A

71 HPWA ++ P I+& Sl G ~ TOT AL
73 IPWA ++ PI N 88-310 MEV

CQULOHB BARRIER CORRECTIONS
COULOMB BARRIER CORRECTIONS

2/72
2/74
2/74
2/74
1/74
2/74

1/74
9/73
9/73
1 /74

ABS

A++
A++

ABO
ABO

(53 )

(52 4)TO (53 ' 2)
( 52 ~ 1 l TO (523 4)

( 54 8) TO (55 ~ 0)
(55 2)TO (55 ' 3)

BALL

VASAN
VA SAN

VASAN
VA SAN

75
75

73

75
75

F IT DE LTA 33

++ F IT CARTER 73
++ F IT CARTER 73

++ F IT CARTER 73
++ F IT CARTE R 73

33 N¹3/2(1232) ABSOLUTE VALUE OF PCLE RESIDUE (HEV)

9/73

1/76¹
1/76¹
1/76¹
1/76¹
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Particle Data Group: Review of particIe properties

Data Card Listings
For notation, see key at front of Listings.

Baryons
6(1838)

33 N¹3/2(1232) PHASE 0F POLE RESIDUE (RADIANS) 1332 hfEV REGION — PRODUCTION EXPERI:hfENTS
PH

P++ C
P++ lJ

Ph0 C
PHO U

(- ~ 81)
(-»822) TO -»833(-~ 823)TO - 830

(-»840]TQ - ~ 847
(-»848ITO —~ 856

BAi L

VA SAN
VA SAN

VA SAN
VASAN

75
75

75
75

F IT DELTA 33

++ FIT CARTER 73
++ F IT CARTER 73

++ F IT CARTER 73
++ F IT CARTER 73

9/73

1/76¹
1/76¹
1/76¹
1/76¹

81 N¹3/2{1232 y JP=3/2+I I=3/2 PRCCUCT ICN EXPER IHENTS

81 N¹3/2 {1232) HASS (MEV) ( PROD ~ EXP»)

33 N¹3/2 ( 1232 I PART IAL DECAY HGDES

Pl
P2
P3
P4
P5

N¹3/2( 1232)
N¹3/2( 1232)
N¹3/2 ( 1232 I
N¹3/2{1232)
N¹3/2{1232)

INTO N PI
IhlTO N GAMMA

INTO N Pi PI
INTO GAH NUCLEON» HE L I C ITY=l /2
INTO 6A M NUCL EQN» HEL I C I TY=3/2

DECA Y MA SSE S
938+ 139
938+ 0
938+ 139+ 139

0+ 938
0+ 938

33 N¹3/2(12 2) BRANCHING RATIOS

Rl N¹3/2(1232} iNTO (N GAHHA)/(N Pl I (PERCENT} ( P2}/(Pl )
Rl 0 ~ 55 0 ~ 02 DAL ITZ 66 RVUE
Rl 0 53 0 025 BERENDS 71 I PWA
Rl ~ ~ »» ~ ~ ~ ~ »

Rl AVERAGE MEANINGLESS {SCALE FACTOR = 1 0)

PHQTOPROD ANAL'

R2 N¹3/2(1232) 0 INTO (N P I )/TOTAL {Pl)
R2 2 (.99 ) CARTER 71 HPWA ++ PI+-P SIG ~ TQTAi.
R2 (1») AYEO 74 IPWA

7/68
10/71

1/74
2/74

8 ~

7.0
~ ~ ~ »

5»3
5»9

(4 4)
(2»0}

2 0
2 ~ 0
3 ' 0
2»0(3.)
5
3 ~

5 TG

~ 1

M+ 1224 ' TO 1230

1217~

).227. 0
~ ~ ~ ~ ~

AVG 1222 ~ 7
STUDENT 1222 ~ 7

M++ (1232»0)
M++ (1236' 0)
M++ (1233' 4)
M++ (1224»0}
M++ 1236~ 0
M++ 1.226 ~ 0
H++ 1222 ' 0
M++ 1226»0
M++ ( 1231~ )
M++ 12 19
M++ 1213'
M++ ( 1224 ~ )
M++ ~ ~ ~ ~ ~

M++ AVG 1226 ~ 3
M++ STUDENT1225. 3

ANDERSON 70 HHS — P I- P TO P I- I'HS 2/71
ELLIS 71 CNTR HMS PP 3»7 GEV/C 10/71

AVERACE {ERROR INCLUDES SCALE FACTCR GF '1 0)
AVERAGE USING STUDENT10(H/1 ~ 1 1} SEE TEXT

10 '

F E RRQ-LUZ 65
DEANS 66
G ICAL 66
HABER 70
COLTGN 72
CQLTQN 72
CQLTCN 72
CQLTQN 72
LEWIS 73
LI CHTHAN 74
L ICHTMAN 74
BRAUN2 75

HBC ++
RVUE ++
CRC ++
GBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC

BC

K+P TQ K0 P Pj+
P!+P TOTAL
0 0 TQ NN {NN) PI
K-0 TQ 4 BOD( P)
PP TQ PI+PN 7GEV

TC PI+P I-PP
TO PI+PI P IOPP
TO PI+PI-P I-PN
K+ P TC K P 2P I
P I+P TG 3PI P
P I-P TG 3PI P
PBAR P ANO 0» 5 7

7/66
7/66
7/70
1/73
1/73
1/73
1/73
1/76¹
4/75¹
4/75¹

ll/75¹
AYER AGE {ERROR INCLUDES 'SCALE FACTCR OF 3 ~ 1)
AVERAGE US ING STUDENT10(H/1 11) —SEE TEXT

BRAUN1 75 HBC PBAR P 5 7 GEV 11/75¹

33 N¹3/2 ( 1232} PHOTON DE CAY A HPL ( GE V¹¹-1/2)
MO

MO

MO

1231
( 1230~ )
(1220 ' ) 5» TG 10 ~

COOPER 74 HBC 0 D P CEX 4/75¹
BRAUN1 75 HBC PBAR P 5 7 GEV 11/75¹
BRAUhl2 15 BC P BAR P AND 0» 5 ~ 7 11/75¹

FGR DEFINITION OF GAMMA-NUCi ECN DECAY AHPL I TUOES g SEE MIN I-
REVIEW PRECEDING THE BARYON I ISTINGS ~

( 1241~ 3 I
1239» 0

(5 ~ 1}
5 0

G I DAL 66 QBC
COLTGN 72 HBC — TQ P I+P I- P I-P N

7/66
1/73

Al
Al
Al
Al
Al
Al
Al
Al
Al
Al

N¹3/2 ( 1232 ) INTO
-» 144

142
-» 138-~ 140

142
-» 130(-~ 129)

AVERACE MEANINGLESS

GAM NUCLEON e HELIC I TY=l/2
~ 014 DEVENI SH 73
006 MOORHOUS 73

~ 004 KNI ES 74
»006 HETCALF 74
F 001 MQORHOUS 74
~ OC2 CRAWFORD 75

BARBOUR 76
~ » ~

{SCALE FACTOR = 2 ' 7)

GE V¹¹-1/2}
DPWA PI N

DPWA P I N

DPWA PI N

DPWA PI N

OPWA Pj N

DPWA P I hl

DPWA PI N

PHOTO PROD
P HOT 0-PROD
PHOTO PRCO
P HOT 0- PR CD
PHQTQ-PROD
PHGTC-PROD
PHOTC-PROD

2/74
2/73
2/74
2/74
2/74
1/76¹
1/76¹

7»9 6 ~ 8 Gj CA I 66 0 BC

81 N¹3/2(12 2) WIDTH (MEY} (PROD ~ EXP ~ I

81 (N¹-) - (N¹++) MASS DIFFERENCE (NEVI (PROD ~ EXP )

A2 N¹3/2(1232) INTO GAH hUCLECN& HEL ICITY=3/2 (
A2 262 015 DE VENI SH 73
A2 —~ 259 ~ 016 MOORHQUS 73
A2 —~ 253» 002 KNIES 74
A2 -~ 254 ~ 007 METCALF 74
A2 —~ 261»001 HOORHOUS 74
A2 —~ 248 ~ 002 CR AWFQR0 75
A2 {-~ 251) BA RBOIJ R 76
A2 » ~ ~ » ~ ~ »» ~

A2 AVERAGE MEANINGLESS (SCALE FACTOR = 4 ~ 5)

CEY¹¹-1/2)
DPWA P I,
DPWA P I N

DPWA P I N

DPWA PI N

DPWA P I hl

DPWA PI N

OPWA PI N

PHOT C PRCD
PHOTO-PROD
PHOTO PROD
PHOT 0- PR CD
PHOTO~PROD
PHOTO-PROD
PHOT G- PROD

OLSSCN
ROPER

65 PRL 14 118
65 P R 138 8).90

REf ERENCES FOR N¹3/2(1232)

M G QLS SON (WISC)
L 0 ROPERt R M WRIGHT' 8 T FELD (LRL+MIT)IJP

DALITZ 66 PR 146 1180 CAL ITZ» SUTHERLAND {OXFORD )
CCNTAINS REFERENCES TQ EARLIER WORK QN DELTA PHOTQPRQDUCT ION ~

2/74
2/73
2/74
2/74
2/74
1/76¹
1/76¹ W++

W++
W++
W++
W++
'W++

W++
W++
W++
W++
W++
W++
'W++

W++
W++

115~

105~ 0
141'

~ ~ ~ ~

AVG 115~ 2
STUDENT 114~ 5

(125»0)
(121 0)
(124 0}
(120 ' 0)
115' 0
127 ' 0
122 0
106 0

(146 ' )
166
134

(110.)
~ ~ ~ ~ ~

AVG 123 2
STUDENT 123 ' 3

5
7 ' 0

11~

7 ' 5
4»b

(30 ' 0)

(14 ' 0)
{8~ 0)
6 ' 0
5 ' 0
9 0
7 0

{10 )
14 ~

7 ~

10~ TG
~ ~ »»

5 ~ 7
3 ~ 7

20 '

FERRO-l UZ &5
DEANS 66
GIDAL 66
HABER 70
CQLTCN 72
COLTQN 72
CQLTCN 72
CQLTGN 72
LEWIS 73
L I CHT MAN 74
L ICHTMAN 74
8 RAUN2 75

HBC ++
RVUE ++
CBC ++
CBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC

BC

++
++
++
++
++
++
++

K-0 TQ 4 BGD( P )
PP TQ PI+PN 7GEV

TG PI+PI-PP
TQ PI+PI-PIDPP
TG PI+PI-PI-PN
K+ P TG K P 2PI
PI+P TO 3PI
PI-P TO 3PI P
PBAR P AND 0» 5 7

7/66
7/66
7/70
1/73
1/73
1/73
1/73
I./76¹
4/75¹
4/75¹

11/75¹
AYERAGE (ERROR IhlCLUDES SCALE FACTOR OF 2»0)
AVERAGE USING STUDENT10(H/ I 11) -- SEE TEXT

ANDERSCN 70 MMS — PI- P TO P I 6'&5 2/71
ELLIS 71 CNTR MMS PP 3 7 GEV/C 10/71
MUSGRAYE 75 HBC K+ P TQ K PI N 11/75¹

AVERAGE (ERROR INCLUDES SCALE FACTCR CF 2»0}
AVERAGE USING STUDENT10(H/1 11) -- SEE TEXT

ALMEHED
BALL
PDG
BALL
CARTER
CHENG
OEVENISH
MOORHOUS
NQGOVA

ALSO
Ai. SO

TSCHANG

72 NP 840 157
72 PRL 28 1143
72 P L 398 103
73 PRD 7 2789
73 NP 858 378
73 PRD 7 2249
73 PL 478 53
73 PL 438 44
7 3 NP 861 445
73 NP 861 438
73 NP 865 544
73 N P 859 445

MICHAEL 67 P R 156 1677
8ER E NDS 7 1 NP 830 575
CARTER 71 NP 826 445

M ICHAE L ( RHEL II JP
+WEAVER {CEA» MIT» TUFT)
+WILLIAMS' BUGG y BUSSEYg DANCE (CAVEp RI. EL)

+LGYELACE (LUNDyRUTG) IJP
+CAMPB ELL q LEE» SHA W {UTAH' BOISEI UCI I
SQO INGt BART ELS ~ + (DESY+L BL+BRAN+CERN+HELS I I JP
BALLql EE»SHAW (UTAH+UCI ) I JP
CARTER y BUGG v CARTER (CAVEh!DISH+QUEEN MARY }I JP
CHENGgL ICHTENBERG ( IND) I JP
OE V EN I S H y RANK I N p LYTH (LQUC+BQNN+LANC) IJP
MGQRHOUSEg QBERLACK (GLAS~LBL ) I JP
NCGGVA»PISUT(IP SLOVAK ACAC SCIgCGMENIUS U) IJP
NCGCVAg P ISUT+( IP SLGYK ACAC SCI »COHEN IUS U) IJP
NQGOVAeP I SUT+( IP SLOVK ACAC SCI eCOMENIUS U) IJP
T SCI'.ANGe PARKINSON (Fl QR+GAINESVILLE ) IJP

-110' TO 130 ' BRAUN1 75 HBC PBAR P 5 7 GEY 11/75¹
WD

WO

WO

109'
{120' )
(120»}

( 149~ 0)
237 ~ 0

(18 ' 0)
22 ' 0

GICAL ee OBC
CQLTQN 72 HBC — TG PI+PI-PI-PN

7/66
1/73

REFERENCES FGR N¹3/2 ( l232) ( PROD EXP ~ )

FERRO-LU 65 NC 36 1101
DEANS 66 PREPRINT
GICAL

' 66 PR 141 1261

FERRO LUZZI tGECRGE» +
S R DEANS' W G HOLLAGAY
G GIDAL» A KERNAN» S KIH

( CERN I
{

VANDERBILT�

)
(LPL )

3 2 ~ 25 ~ COOPER 74 HBC 0 0 P CEX 4/75¹
BRAUN1 75 HBC PBAR P 5 7 GEV 11/75¹

10 ~ TO 20» BRAUN2 75 BC PBAR P AND Dy 5»7 11/75¹

AYEO 74
ALSO 73

KNI E S 74
METCALF 74
MGORHOUS 74
SPEARMAN 74

PRIVATE CQMMCTN ~

A IX CONF ER ENC E
PRD 9 2680
NP 876 253
PRG 9 1
PRD 10 1660

AYEO, BAREYRE {SACL) IJP
AYEOgBAREYRE ( SACL ) I JP
KNI ES q MQORHOUSEg GBERL ACK {LBL,GLAS)IJP
W J HETCALFgR L WAlKER (CIT I IJP
MQQRHQUSE»OBERLACK»ROSENFELD (GLAS+LBL) IJP
T D SPEARHAN {TRINITY COLLEGE, OUBl IN)

ANDE RS CN 70 P RL 25 699
HABER 70 NP 178 289
ELLIS 71 PRL ' 27 442
COLTCN 72 &R D6 95
L 8'W I S 73 NP 860 283

+BLESER y BL I EDEN»COLL INC++ ( Bhlt »CARN)
+SHAPI Rk & HERR ILL, MCNAR I++ (SABRE CGI L I
+MAGL ICH»NOREM» SANNES»SILYERHAN ( RUTG I
E CGLTCN» A KIRSCHBAUH (LBL )
+ALLEN» JACOBS» DANYSZ v

ISLAM+�(LOWC+LQ

IC+CDEF I

BALL 75 PRO ll 1171 J S BALL y R L GQBLE
BERENDS )5 NP 884 342 B ER EhlD S y DQ NNAC HI E
CRAWFORD 15 hlP 897 125 R L CRA WFGRD
L IC HTE NB 75 L NC 12 616 0 8 L ICHTENBERG
VASAN 75 COG-3066-58 (PPT } S ~ S ~ VASAN

{lJTAH ) I JP
(L E I 0» MCHS )

( GLAS I I JP
( INO) I JP

(CARN ) IJP

COOPER 74 NP B79 259
LI CHTHAN 74 NP 881 31

BRAUN1 15 NP B95 481
BRAUN2 75 NP B95 503
HUSGRAVE 75 %P 887 365

C GGP ER» SE I DL p VA hOE RYE LOE {MICH }
L IC HTHAN» 8 I S WA S»C ASON» KE NNEY» MCGAHAN+ ( NDAH ) I

+GERBER»MAURER» HICHALCN» SCHI BY+ (STRB»LPNP) I
+CERBER» MAURER» MICHALQN& SCHI BY+ ( STRB, i.PNP) I
+PEETERS» SCRE IhlER» WH IT MORE y YUTA {ANL )

BARBOUR 76 S BMTO ~ TO NP

DONNACH I 68 PL 268 161
FONDA 73 PRD 8 353
HENYEY 14 PR 09 302
OLSSGN 74 LNC 10 333
PFEI L 74 NP 873 166
SUZUKI 74 NP 868 413
NIGRQ 75 NP B84 201

I' M BARBQURyR ~ L» CRAWFORD

PAPERS NQT REFERRED TG IN CATA CARDS'

(Gl AS)IJP

DQNNACHIE y LQVELACE»KIRSGPP (CERhl}
FONDA GHIRARDI SHA W ( ICTP TRIE STE+TRST) I JP
h ENY EY y KANE (MICH) I JP
OLSSON ( CERN) IJP
PFE IL y ROLL NI K y ST ANKOWSK I (BONN)
SUZUKig, KURGKAWA»KONDQ (TCKYQ )
NIGROUS SP ILLANTI NI » VALENTE (PAGO»FRAS)

PAPERS NOT REFERRED TQ IN DATA CARDS

ALEXANQE 73 NP 852 221
BEAU pRE73 Np Bee 93
BERI AND 74 NP 875 93

ALSO 74 PL 518 187
STR ACHMA 75 NP B98 120

ALEXANDER»BENARY+(TEL-AYIV+HEIDELBERG+DESYI
(AACH+BERL+BONN+CERN+NDAM+PENN+TGHQ) I

BERLAND HABER HCDGUSyHULSIZERt+ (MIT ) I
BERLAND, HABER, HGDGLS» HULS I ZER +' ( HIT I I
STRACHHAN» BRAUN ~ GEPBERtMAURER+ . {LPNP+STRB) I

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹
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S182 Particle Data Group: Review of particle properties

Baryons
n(3. 65e). a(16ve)

Data Card Listings
For notation, see k, ey at front of Listings.

82 N¹3/2 ( lb 50 3 J P= 1/2- ) 3=3/2

THE EXISTENCE QF THI S RESONANCE IS 'WELL E STABL I SI ED ~

CRAWFORD 15 NP 897 125
LQNGACRE 75 PL 55B 415

BARBOUR 76 SBMTD. TO NP

R L CRAWFGRD
+ROSENFEI 0 LASIhSKIsS&ADJA+

(GLAS ) I JP
(LBLr SLAC ) I JP

( CLAS ) I JPI, M ~ BARBCURr R ~ L ~ CRAWFCRD

PAPERS NQT REFERREC TO IN CATA CARDS'

M 1
M 1
M 3
M 6

6
M 4
M 7
M

M L
L

M

82 hl¹3/2( 165C) MASS ( ME V)

( 1648~ 0} ( 12» 0) DE VLI N 65
(1695.0) BAREYRE 68

WHERE CROSS SECT ICN IS GREATEST
(1635 0} DQNNACHl 68
(1614' 0} AY ED 70

FNER DEP ~ F IT QF ARCAND DIAGRAM
(1617~ 0} DAVIES 70
(1620~ ) ALMEI-ED 72
( 1623 ) AY ED 74

1622 TQ 1688 ~ CRAWFORD 75
1625 ' OR 1600» LCNGACRE 75

THE 2 SETS OF PARAMETERS ARE FROM METHODS
(1680 ' ) BARBOUR 76

RVUE
IPWA
IPWA
DPWA
IPWA

1 AND
DPWA

P-S ANAL SCL A

P I N PHOTC-PRCD
PI N TO 2PI N

2 OF LCNGACR E 75 ~

P I N PHOTO —PROD

CNTR Pi+- P TOTAL
RVUE PHASE-SHIFT AhAL
EYEBALL F IT
RVUE PHASE-SHIFT AhAL
IPWA

11/67

6/68
1/71

8/69
2/72
2/74
1/76¹

11/75¹
11/75¹
1/76¹

CAPRUThE
DEVLIN
Hc LLANO
BAREYRE
JOHNSCN
DQNNAC H I
AYF. D

BOWLER
DEANS

60 PRL 4 303
62 PR 125 690
64 PR 134 BIC62
65 PL 18 342
67 UCRL-17683 TI- ES I S
69 V P 108 433
70 PI 3 18 598
70 N P 178 331
75 NP 896 90

P CARRUTHERS (CORNELL ) I
T J DEVLIN, B J MQYERs V PEREZ-MENDEZ (LRL) I
+DE VL IN sHAGGE r LCNGC s FOYER rWQQD

' (LRL ) I
+ BRICMANr STIRLINGr VILLET (SACLAY) I JP
C H JOHNS C N (LRL )
A OCNNACHIEs R KI RSQPP ( GL AS+ ED IN )
+BAREYRErVILLET (SACLAY)
+CASVMQRE (U» OXFORD)
+MITCI-ELL s MC hi TGGME RY s+ ( SFLAr ALABAMA ) I JP

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

Q ( ] 6 joe) 10 N'43/2 i 1»70 JP=3/2-1 1=3/2 D33
THE EXISTENCE OF TH I S RESONANCE IS WELL ESTABI IS}.ED ~

82 N¹3/2( 1650) WIDTH (MEU) 10 N¹3/2 {1670) MASS (MEV }
W 1
W 3
W 6
W 4

7
W

W

W L
W

W

(250 ~ 0 )
( 177~ 0}
(142 ' 0)
(141' 0}
(140 ' )
(161» )
125 TO 214 ~

160~ OR 150»
(246» )

SEE THE NOTES AC CC MPANY IhG T I- E

BAREYRE 68 RVUE
DCNNACH3. 68 RVUE
AYED 70 IP WA

DAY IES 70 RVUE
ALMEHED 72 IPWA
AYED 74 IPWA
CRAWFORD 75 CPWA
LONGACRE 75 IPWA
BARBOUR 76 DP'WA

MASSES QUOTED'

P-S ANAL SGL A

P I N PHOTO-PROD
PI N TQ 2PI N

P I N PhQTQ- PRCD

11/67
6/68
1/71
8/69
2/72
2/74
1/76¹

ll/75¹
1/76¹

M 3
M 6
M 6
M

M 7
M

M

M

M L
M L
M

( 1691~ 0 }
(1722 0)

cNER OEP ~

(1649~ 0)
(1700 )
( 1723 ~ )

161Z T
( 3.660 }
1?25 0

THE 2 SETS
(1629. I

DC NNACH 1 68 RVUE
AY EO 70 IPWA

FIT QF ARCAND DIAGRAM
DA VI E S 70 RVUE
ALMEHED 72 IPWA
AYED 74 IPWA

0 1624» CRAWFORD 75 DPWA
(10 ) GA IDOS 75 HBC

R 1680 ~ LQNGACRE 75 IPWA
OF PARAMETERS ARE FROM METHODS 1 AND

BARBOUR 76 DPWA

P HASE-SHI FT ANAL

P-S ANAL SOL A

P I N PHOTO-PRCD
++ Pj+P TC N¹ 2PI

P I N TO 2PI N

2 OF LONG AC R E 75
P I N PHOTO-PROD

8/69
3./7 1

8/69
2/72
2/74
1/76¹
1/76¹

11/75¹
11/75¹
1/76¹

82 N¹3/2(1650) REAL PART OF PCLE PCSIT ION (MEV) 11/75¹
10 N¹3/2{1670) WIDTH (MEV}

IM

( 1583. )

( 143~ )

LC hiGACRE 75 I PWA P I hl TQ 2 PI N ll/75¹

82 N¹3/2(1650) 2¹IMAG PART OF POLE PQSITICN (MEV} 1 1 /75¹
LCNGACRE 75 I PWA P I N TQ 2P I N ll/75¹

82 N¹3/2(1650) PARTIAL DECAY MODES

W

W

W 7
W

W

W

L
W

(269»0)
{258 ~ 0)
(188~ 0)
(260. )
(192 )
210 ~ TQ

(180 ' )
190. QR

(22Z ~ )
SEE THE NGTES

268
(35 ) (20 ~ )
240 '

D C NNACH I 68 R VUE
AYCD 70 IPWA
DAVIES 70 RVUE
ALMEHED 72 IPWA
AYED 74 IPWA
CRAWFORD 75 DPWA
GA I DOS 75 HBC
LCNGACRE 75 IPWA
BARBOUR 76 DPWA

ACCQHPANYING TI. E MASSES QUOTED»

SQL A

P I N PHOT Q-PRCD
++ P I+P TO N¹ 2P I

PI N TQ 2PI N

P I N PHOTO-PRCD

8/69
1/71
8/69
2/72
2/74
1/76¹
1/76¹

ll/75¹
1/76¹

Pl
P2
P3
P4
P5
P6

N¹3/2{
V¹3/2(
N¹3/2(
N¹3/2(
N¹3/2(
N¹3/2(

1650 )
1650}
1650}
1650)
1650)
1650 )

INTO Pj N

INTO N PI PI
INTO CAM NUCLEONr HELICI TY=1/2
I NTQ N¹3/2 ( 1232) P I
INTO h RHQ
INT J N RHOr S=l/23 S-WAVE

DECAY MASSES
139+ 938
938+ 139+ 139

0+ 938
1232+ 139
938+ 773
938+ 773

10 N¹3/2(1670) REAL PART QF POLE PQS ITIQN (MEV) 11/75¹
RE (1681 } LQNGACRE 75 IPWA P I N TO 2PI ~ N ll/75¹

82 hl¹3/2 (1650) BRANCHING RAT IGS (245 )

10 N¹3/2( 1670) 2¹IMAG PART OF POLE POSIT ICN (MEV) 11/75¹
LQNGACRE 75 IPWA PI N TO ZPI N 11/75¹

Rl
Rl 3
Rl 6
Rl 4
Rl 7
Rl

N¹3/2( 1650) INTO (P I N)/TOTAL
(0 284) DCNNACH1 68
(0 317) AYED 70
(0 28) OAVI ES 70
(0 35) AL MEHED 72

315) AY ED 74

(P 1)
RVUE 6/68
IPWA l/71
RVUE P-S ANAL SQL A 8/69
IPWA 2/72
I PWA 2/74

11/75¹
11/75¹
11/75¹
3.1/75¹

82 N¹3/2 (1650) PI-OTCN DECAY AMPL (G EV¹¹-I/2)

FCR DEFINITION OF GAMMA-NUCLEON DECAY AMPL ITUDESr SEE MINI-
REVIEW PRECEDING TI.E BARYCN I ISTINGS ~

R2 N¹3/2( 1650) FRCM PI hi TQ N¹3/2 ( 1232} PI SQRT(P1¹P4}
RZ L {+.40)QR +.40. LQNGACRE 75 IPWA P I N TO 2PI N

R3 N¹3/2(1650} FROM P I N TO N RHQr S=l/2s S-WAVE SQRT ( P3.¹P6)
R3 L ( 18)OR - ~ 28 LONGACRE 75 IPWA PI N TC 2PI N

Pl
P2
P3
P4
P5
Pb
P7
PB
P9

N¹3/2( 167C)
N¹3/2 (1670}
N¹3/2 ( 1670)
N¹3/2( 1670)
N ¹3/2( 1670 }
N¹3/2(1670)
N¹3/2(1670)
N¹3/2 ( 1670 I
N¹3/2( 1670)

l0 N¹3/2( 1670) PARTIAL DECAY HODES

INTO P I N

INTO N PI Pj
INTO K SIGMA
Ih}TO GAH NUC( ECNs HELICI TY=1/2
INTO CAM NUCLFONr I'EL ICITY=3/2
I hlTQ ?r¹3/2(1232) PI
INTO N¹3/2{1232}. PI s S-WAVE
INTO N¹3/2(1232) P Is 0-WAVE
I hlTC h2 RI'C 3 S=3/2 s 5-WA VE

10 N¹3/2 ( I 670 ) BRANCHING RATIOS

DECAY MASSES
139+ 938
938+ 139+ 139
493+1189

0+ 938
0+ 938

1232+ 139
1232+ 139
1232+ 139
938+ 773

Al
Al
A}.
Al
Al
Al
Al
Al
Al
*1
Al
Al

N¹3/2 ( 1650 ) INTO
~ 004

( ~ 113)
+.090

10
~ 033
~ 105
~ C78s.044

(+.055)

GAM NUCLECNr
~ 033

»076
~ 017
~ 015
~ 038.066
~ 027

I"'CL ICITY=
D E VF. N I SH
HE MM I 1
MQQRH GUS
DE VENI S2
KNIES
METCAL F
MOQRHCUS
CRAWFORD
BARBOUR

~ ~ ~ ~ » ~ ~ ~ ~

AVERACE MEANINGLESS (SCALE FACTOR = 3 ~ 2)

1/2 (
73
73
73
74
74
74
74
75
76

GEV¹~-I/2)
DPWA PI

+ FW
DPWA P I
CPWA PI
DPWA Pj
OPWA P I
GPWA P I
DP'WA P I
DPWA P I

N P HOT Q PROD
D PIO PHTGPPCD

N PHOTO- PR CD
N PHOTO-PROD
N PHUTC PRCO
N PHOTO-PROD
N P I-:OT Q PROD
N PHQTO- PRCD
N PHOTO-PRCD

DEVLIN 65 PRL 14 1031

BAREYRE 68 PR 165 173 I
DONNACH1 68 PL 26B 161

AL SQ 68 VIENNA 139
ALSO 68 THcSI 5

REF ERENCES FOR N¹3/2 ( 3650 }

T J DEVLIN 3 J SOI OMEN r G BERTSCH (PRINCETON } I

P BARE YRE 3 C BRIC MANr G VILLET (SACLAY ) IJP
A DONNACHIEr R G KIRSQPP 2 C LQVELACE (CERN) I JP
GChINAChIE RA FPGRTEUR 'S T ALK (GLAS )
R G KI RSOPP (COIN }

2/74
2/74
2/73
4/75¹
2/74
2/74
2/74
1/76¹
1/76¹

Rl N¹3/2(1670) INTO (P I
Rl 3 (0.14)
Rl 6 (0 ~ 217}
Rl (0.12)
Rl 7 (0 jb)
Rl ( 166}

N)/TOTAL
DGNNACH1 68 RVUE
AYED 70 IPWA
OA V I ES 70 RVUE
ALMEHED 72 IPWA
AYED 74 IPWA

(P 1)

SOL A

R2 N¹3/2( 1670) INTO (K S IGHA ) /TOTAL (P3)
R2 1 ( 00002 }OR LESS FEUERBACH 70 RVUE P I P TC K+ SI G+
R2 1 ASSUME MASS s W IDTHs X( ELAST ) CF DCNNACHIE 68
R2 1 MODEL L SED MA Y DOIJB LE C CUhiT ~

R3 N¹3/2(1670) FRQM PI N TO N¹3/2(1232) PI S-WAVE SQRT(Pl¹P7)
R3 L (-~ 25)OR - 24 LONGACRE 75 IPWA PI N TO ZPI N

R4 N¹3/2 (1670) FROM P I N TQ N¹3/2 ( 1232) P Ir D-'WAVE SQRT (P 1¹P8)
R4 L (0 ' ) OR (-»10) LGNGACRE 75 IPWA PI N TO 2PI N

R5 N¹3/2 ( 1670) F RON P I N TQ h RHOs S=3/ Zs S-WAVE SQRT ( P 1¹P9)
R5 L ( ~ 20)QR +» 30 LONGACRE 75 IPWA P I N TO 2PI N

R6 N¹3/2(1670} FROM PI N TO K SIGMA SQRT (P 1¹P3)
R6 2 ( ~ 001)TO. ~ 011 OEAhlS 75 DPWA P I N TQ K SIGMA
R6 2 RANGE GIVEN IS FROM FOUR BEST SOLUTIONS ~

8/69
1/71
8/69
2/72
2/74

7/70

11/75¹
ll/75¹
ll/75¹ll/75¹
11/75¹
ll/75¹
11/?5¹
11/75¹
11/75¹

AYED
DAVIES

70 K I EV CONF
70 NP B2 1 359

R AYEDs P BAREYREr G VILLET
A DAVIES

( SACL }IJP
( GLAS )

ALMEVED 72 NP 840 157
DEVENISH 73 PI 478 53
HE NM Il 73 PL 43 8 79
MQORHOUS 73 PL 43B 44

+LGVELACE (LUhlDs RUTG ) I JP
DEVEN I SHr RANK I Ns LYTH (LQUC+BQNN+LANC ) I JP
VEMMI, INAGAKI+ (KYQTO+SAGA+KEK+TQKY) I J&
MCORHOUSE s QBER LACK ( Gt. AS+LBL ) I JP

10 N¹3/2 (16701 PHGTChl DECAY AM PL(G EV¹¹-I/2 )

FCR DEFIhl IT IGN OF GAMMA-NUCLEON DECAY AMPLITUDES SEE HIN I-
REVIEW PRECEDING THE BARYON LISTINGS

AY ED
Al SQ

DEVENI S2
Kh IES
McTCALF
MQORHOUS

74 PR IVATE CQMMCTN ~

73 A I X CCNF ER Eh. C E
74 PL 528 227
7I+ PRO 9 2680
74 NP 876 253
74 PRO 9 1

AYECrBAREYRE
AYECsBAREYRE
DEVENISHrLYTH»RANKIN
KNIES»MOORHQUSEsQBERLACK
W J METCALF»R L WALKER
MOQRHQUSE QBERLACK RCSENFEL

( 'SACL ) I JP
( SACL ) IJP

(DESYr LANCr BCNhl) I JP
(LBLr GLAS) IJP

(CIT) IJP
0 (GLAS+LBL }IJP

Al
Al
Al
Al
Al
Al
Al

N¹3/2 ( 1670) INTO
~ 036

+ ~ 068
» 054
~ 078
~ 0
~ 041

GDM NUCLEONr
~ 052
042
029

~ 009
» 048
028

I-EL ICITY=l/2 (GEV¹¹-1/2)
DEVENI SH 73 DPWA PI N PHOTO PROD
MQORHOUS 73 DPWA PI N PHOTO-PROD
DEVEhIIS2 74 DPWA P I N PHOTO-PROD
KNIE5 74 OPWA P I N P}'QTO PROD
METCALF 74 OPWA P I N PHOTO-PROD
HQQRHOUS 74 DPWA P I N PHOTO-PROD

2/74
2/73
4/75¹
2/74
2/74
2/74
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Particle Data Group: Review of particle properties

Data Card Listings
For notation, see key at front of Listings.

Baryons
h(1670), 6(1690), 6(1890)

Al + 101 ~ 011 CRAWFORD 75 OPWA PI N PHOTO-PROD
Al t+ 120) BARBOUR 76 OPIA P I N PHOTO-PRCD
Al ~ ~ ~ ~ ~ ~ ~ ~ ~

Al AVERAGE MEANINGLESS (SCAL, E FACTOR = 1 4}

1/16¹
1/76¹ R3 N¹3/2( 1690} FROM P I N TQ K S I GMA SQRT t P l¹P2)

R3 2 ( F 006)TQ F 042 DEANS 75 DPWA P I N TQ K SIGMA
R3 2 RANGE GI VEN I S FROM FOUR '8ES T SQLUT I CNS ~

11/15¹
ll/75¹
11/75¹

A2 N¹3/2{1670) INTO
A2 ~ 110
A2 + ~ 022
A2 e 012
A2
A2 ~ 0
A2 021
A2 + ~ 116
A2 (+.117)
A2 ~ ~ ~ ~ ~ ~ ~

A2 AVERAGE MEANINGL ESS

OC NNACHl 68 PL 26 8 161
ALSO 68 VIENNA 139
ALSO 68 T).ESI5

AYEO 70 KIEV CCNF
OAVIES 70 NP 821 359
FEUERBAC 70 NP 168 85

ALME) EC 72 NP 840 157
DEVENI SH 73 PL 478 53
HQORHOUS 13 PL 43 8 44

GAH NUCLEC}i g l. EL ICITY~3/2
~ 039 DE YEN I SH 73
e052 MQQRHOUS 73
~ 014 OEVENIS2 74
~ 009 KN I E S 74
~ 041 METCALF 74
020 HQQRHQUS 74

~ 024 CRAWFORD 75
BARBOUR 76

~ ~

( SCAL E FACTOR — 1 6)

( G EV¹¹-1/'2)
DPWA PI. N

OPWA P I N

OPWA P I N

DPWA PI N

DPWA P I N

DPWA P I N

DPWA . Pj N

DP'WA P I N

PHOTO PROD
PHOTO-PROD
P HOT Q-P RQD
PHOT C PROD
PHOTO-PROD
P HQT 0-PROD
PHOT Q- PROD
PHOTO-PRQO

R AYEOy P BAREYREs G VILLET
A OAVIES
F EUER8 AC I-'. ER+HQLLAOAY

+LQ VELAC E
DEVENISH ~ RANKIN q LYTH
HQQRHQUSE e QBERLACK

(SACL) IJP
( GLAS )

( VANDERBILT )

(LUhDe RUTG)j JP
( LQUC+BQ NN+ LANG ) I JP

( GLAS+LBL ) IJP

REF ER'ENCES FOR bl¹3/2 (1670 )

A OONNACHIEt R G KIRSQPP y C LQVELACE (CERN) I JP
CQNNACHIE RAPPORTEUR 'S TALK (GLAS)
R G K IRSQPP (EDIN)

2/74.
2/73
4/75¹
2/74
2/74
2/74.
1/76¹
1/76¹

19 N¹3/2( 1690} PHOTON DECAY AMPL (GE V¹¹-1/2)
FOR DEFIN I TIQN OF GAMHA-NUCLECN DECAY AHPL I TUDES y SEE HIN I-

REVIEW PRECEDING Tl-:E BARYGN L 1ST INGS e

Al
Al
Al
Al
Al
Al
Al

N¹3/2 t 1690) INTO
~ 016

—~ 033
e003
~ 0

~ e ~ ~ ~ e

AVERAGE MEANINGLESS

GAM NUCLECNe HELICITY=1/2 (GEV¹¹-1/2)
~ 055 DE VENI SH 73 DP WA P I
037 DEVENIS2 74 DPWA PI
015 KNIE 5 14 DPWA P I

~ 038 METCALF 74 DPWA PI
~ ~ e

(SCALE FACTOR ~ 1 0}

N PHOTO PROD
N PHOTO-PROD
N PHOTO PRCD
N PHOTO-PROD

A2
A2
AZ
A2
A2
A2
A2

N¹3/2( 1690) I NTO GAH NUCL ECN ~ I-'EL ICITY=3/2
~ 074 ~ 064 DE VENI SH 73
F 008 e046 DE VEN I S 2 74- ~ 034 '

~ 022 KNI E S 74
~ 0 ~ 033 ME TCALF 74

~ ~ ~ ~ e ~ ~ ~ ~

AVERAGE MEANINGLESS t SCALE FACTOR = 1 Ol

I GEV¹¹-1/2)
DPWA PI N PHOTO PRCD
DPWA P I N PHOTO-PROD
DPWA P I N PHOTO PROD
OPWA P I N PHQTC-PROD

R4 N¹3/2(1690) FROM PI N TC N¹3/2(1232) Pje P-HAVE SQRT{P 1¹P3}
R4 L (- ~ 36)QR ~ 30 LQNGACRE 75 IPWA PI N TQ ZPI N

11/75¹
11/75¹

2/74
4/75¹
2/74
2/74

2 /74
4/75¹
2/74
2/74

AYEO
ALSO

DE VENIS2
KNIES
METCjLLF
HGORHQUS

74 PRIVATE COHHCTN ~

13 AI X CONFERENCE
74 PL 528 227
74 PRO 9 2680
74 NP 876 253
74 PRO 9 1

CRAWFORD 15 NP 897 125
DEANS 75 NP 896 90
GA IOOS 15 PRD 12 2565
LONGACRE 15 PL 558 415

BARBOUR 76 SBMTD ~ TO NP

I SACL) IJP
(SACI ) IJP

(DESYe LANG e BCNN) I JP
t L BL ~ GL AS ) IJP

(CIT lIJP
( G LAS+L BL ) I JP

AYECy BAREYRE
AYEDgBAREYRE
DEVENISHeLYTHe RANKIN
KN IES y HOORHQUS E y 08 ERL ACK
W J METCALF gR L WALKER
HQORHQUSE gOBERLACK yROSENF ELD

I ~ ) ~ BARBOUR e R ~ L ~ CRAWFORD

PAPERS NOT REFERRED TO IN CATA CARDS ~

I GLAS ) IJP

R L CRAWFORD ( GLAS ) I JP
+MITCHELL y MCNTGOMERY q+ I SFLAy ALABAHA) I JP
GA IOOS sHILLER (PURO) I JP
+RQSENFELD eLASINSKI qSMAD JA+ (LBLe SLAC lI JP

DQNNACH2 68 VIENNA 139
KIRSQPP 68 ThESIS

AYED 70 K IEV CONF
FEUERBAC 70 NP 168'85
AL ME}'EO 72 NP 840 157
DEVENI SH 73 PL 47 8 53

AYED 74 PRIVATE CQHHCTN
ALSO 73 A IX CONF ERENCE

DE VENI SZ 74 P L 528 227
KNIES 74 PRD 9 2680
HETCALF 74 NP 876 253

REFERENCES FOR N¹3/2 ( 1690 }

OQNNACHIE RAPPORTEURiS TALK
R G K IRSQPP

(GLAS)
{EGIN)

AYEDeBAREYRE
AYEDpBAREYRE
DEV EN I SH~ LYTH e RANK IN
KNIESe HQORHQUSE gOBERLACK

J METCAL F e R L WALKER

( SACL ) IJP
( SACL) I JP

t DES Y e LANC e BONN ) I JP
( LBL e GLAS ) IS&

{CIT)I JP

R AYED ~ P BARE YREp G VILLE T ( SACL) I JP
F EUERBACHER+HQL L ADAY ( VANDERB I LT )
+LQVELACE t LUND e RUTG ) IJ P
DEVENISHe RANKINyLYTH {LQUC+BQNN+LANC )IJP

DCNNACHl 69 NP 108 433
AYED 70 PL 31 8 598
BOWLER 70 NP 178 331

A DONNACHIE g R K IR SQPP
+BAREY RE e V ILLET
+CASHMQRE

(GLAS+EDINl
(SACLAY }

(Ue OXFORD)

DE AN S 75 NP 896 90
LQNGACRE 15 PL 558 415

+MITCHELL' HONTGCME RY e+
+RQSENFELDe LASINSK I e SHADJA+

( S FLA e ALABAMA ) I JP
t LBL, SLAC) I JP

PAPERS NOT REFERRED TO IN DATA CARDS ~

A YIED

BOWLER
70 PL 3 18 598
70 NP 178 331

+BAREYRE e V ILLET
+CASHHQRE

(SACLAY}
(U ~ OXFORD)

~(1690)
)l

19 N¹3/2 ( 1690~ JP=3/2+ ) 1=3/2 33
RECENT ANALYSES INDICATE A POSSIBLE P' '33 RESCNAhlCE
SOMEW} ERE IN THE 1600-2000 MEV REGION ~ SEE ALSO THE
N¹3/2t 2160) I. j STINGS ~

19 N¹3/2( 169'0) HA S S ( ME V)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

Q(] 890) 11 Ne3/2(1890 JP=5/2+1 1=5/2 F88
THE EXISTENCE OF THI S RES CNANCE IS WELL ESTABL IS I-EO ~

H 3 (1690~ )
M 3 (1690 )
M 3 WHERE MAX ~ ABSQRPT ION IS
M 6 (1801 0)
M 6 ENER OEP FIT OF ARCAND
H 7 (1680~ )
M (- 1904~ )
H L 1900e 0R 1640 ~

H L THE 2 SETS OF PARAMETERS

DCNhiACH2 68 RVUE PI-AS e Sl"'IFT-CERNl
KIRSOPP 68 RVUE PHASE SHIFT ANAL

-DONNACHje 2 eKIRSOPP EYEBALL FIT CERN 1
AYED 70 I PWA

DIAGRAM
AL HEI-ED 72 IPWA
AYED 74 IPWA
LQNGACRE 75 IPWA PI N TQ 2PI N

ARE FROM MET} QDS 1 ANO 2 OF LQNGACRE 75 ~

10 /69
10/69
10/69

1/7 1

2/72
.2/74

11/75¹
ll/75¹

19 N¹3/2( 1690) WIDTH (MEV)

W 3
W 3
W 6
W 7
W

L

(28ie)
{240
(598 ' 0)
(220 ' )
(204 )
205 ' OR 300

SEE THE NOTES ACCCHPANYIhG

DCNNACH2 68
KIRSOPP 68
AYED ' 70
AL HEHEO 72
AYEO 74
LQNGACRE 75

HASSES QUCTEC

RVUE P HAS ~ SHIFT-CERNl
RVUE PHASE SHIFT ANAL
IPWA
IPWA
IPWA
IPWA Pj N TQ 2PI N

10/69
10/69
1/71
2/72
2/74

ll/75¹

19 N¹3/2( 1690) REAL PART OF POLE POS IT ICiN {MEV ) 11/75¹
(1609 I LQNGACRE 75 IPWA Pl N TO 2PI N 11/75¹

IH (323e }

11/15 ¹

11/75¹
19 N¹3/2(1690} 2¹IHAG PART GF POLE POSIT ION (MEV)

LCiNGACRE 75 IPWA P I N TQ 2P I N

M 3
H 6
M 6
M 4
H 7
M 1
M

H

H

M

H I

W 3
W 6
W 4

7
1

W

W

W

W L

PHASE-SHIFT ANAL

P-S ANAL SCL A

P I+P TQ P I+PI OP
PI N-K SIGe SQL 1
PI N K SIGeSQL 2

PI N TC 2 PI N

2 QF LGNGACRE 75 '

11 N¹3/2{1890) WIDTH {MEV)

{350~ 0)
(198 ' 0)
(136' 0}
( 250
213 ~ TO 322 ~

(180 )
t 140 ~ )
(255e )
255 ~ QR 220 ~

SE E hlQTES ACCOMPANY Y

DC NNACH1
AYED
DAV IE5
ALMEHED
MEHTANl
LANGBE IN
LANGBE I }I
AYCO
LQNGACRE

ING MASSES QUOTED

68 RVUE
70 IP WA

70 RVUE SQL A

72 IPWA
72 DP WA PI+ P TQ P I+P I OP
73 IPWA PI N-K SIGgSQL 1
73 IPWA PI N K SIGr SQL 2
74 IPWA
75 IPHA PI N TQ 2PI N

AS FOR hl¹1/2 I 1910)

ll N¹3/2 (1890) MASS (ME V)

(1913' 0) DQNNACHl 68 RVUE
tlS37e0) AYEO 70 IPWA

FRQH ENER ~ DEP ~ F IT OF ARGANC DIAGRAM
(1841~ 0) DA VI E S 70 RVUE
{1S75e) ALHEHED 72 IPWA
1890~ TQ 1986e HE HTANI 72 DPW A

(1890e ) LANGBE IN 73 I PHA
(1890 ' ) LANGBE IN 73 I PWA

t 1869e ) AYED 74 IPWA
1870' QR 1830 ' LQNGACRE 75. IPWA

THE 2 SETS OF PARAMETERS ARE FROH METHODS 1 AND

8/69
1/71

8/69
2/12
9/73
9/73
9/73
2/74

1 1/15¹
11/75¹

8/69
1/71
8/69
2/12
9/73
9/73
9/73
2/ j4

1l /75¹

19 N¹3/2( 1690) PARTIAL DECAY HQOES
( 1813e )

11 N¹3/2{18SO) REAL PART OF POLE PCSITICN I MEV) '

LCNGACRE 75 IPWA PI N TQ 2PI N

11/75¹
ll/75¹

Pl
P2
P3

N¹3/2( 1690) INTO P I N

N¹3/2 I 1690 ) INTO K S I CHA
N¹3/2{1690) I NTO N¹3/2 I l232) PIe P-WAVE

DECAY MASSES
139+ 938
493+1189

1232+ 139 (193 )

ll N¹3/2( 1890) 2¹IMAG PART OF POLE POSITION I HE V)

LQNGACRE 75 IPWA PI N TQ 2PI N

ll/75¹
ll/75¹

Rl
Rl 3
Rl 3
Rl 6
Rl 7
Rl

R2
R2 1
R2 1
R2 1

19 N¹"/2(16SC} BRANCHING RATIOS

N¹3/2( 1690) INTO (PI N) /TCTAL
t ~ 10)
{~ 08)

(0e 135)
(0 1).

194)

DQNNACH2
KIRSQPP
AYED
ALMEHED
AY ED

68 R VUE
68 RVUE
70 IPWA
72 IPWA
74 IPWA

{Pl)
P HA S ~ 5H IFT-CE RN1 10/69
PHASE SHIFT ANAL 10/69

1/71
2/72
2/14

N¹3/2 {1690} INTO tK S IGMA ) /TOTAL (P2)
( 00002)OR LESS FEUERBACH 70 RVUE PI' P TQ K+ SIC+ 7/70

ASSUME MASSe W IDTHy X( ELA ST } CF DGNNACHI E 68
MODEL USFD l4AY OOUBL E COUNT

Pl
P2
P3
P4
P5
P6
P7
PS
P9
P10

N¹3/2 I 1890)
N¹3/2( 1890)
N¹3/2 ( 1890)
N¹3/2 ( 1 890)
N¹3/2( 1890}
N ¹3/2( 1890 )
N¹3/2 ( 1890 )
N¹3/2 ( 1890)
N ¹3/2 ( 1 890 )
h¹3/2 ( 1890 )

ll N¹ /2(1890) PARTIAL DECAY MODES

INTO P I
I NTC K FI PI
INTO K SIGMA
INTO N¹3/2 (1232) P I
INTO GAH NUC LECN e HE L IC I TY -"1/2
INTO GAM NUCLEON ~ HEL IC I T Y~3/2
INTO N Rl-0
INTO }t¹3/2(1232) PI g P-WA VE
INTO N¹3/2( 1232} PI q F-WAVE
INTC N Rl":0 e 5=3/2 e P HAVE

CECAY MASSES
139+ 938
938+ 139+ 139
493+1189

1232+ 139
0+ 938
0+ 938

938+ 173
1232+ 139
1232+ 139
938+ 773
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S't 84 Particle Data Group: Review of particle properties

Baryens
6(1890), h, {1900), 6{1910)

Data Card Listings
For notation, see key at front of Listings.

I. l N¹3/2( 189C} BRANCHIhG RATICS 30 N¹3/2( jSCC) BRANCHING RATI CS 9/73

Rl
Rl 3
Rl 6
Rl 4
Ri 7
Rl

N¹3/2 ( 1890} INTO (P I
(0 ~ 16 }
(0 1471
(0 ~ 201

' to ~ 18)
( ~ 144)

Nl /TOTAL
DC hlN AC H 1
AYEO
DAVI ES
AL MEHED
AYPD

68
70
70
72
74

RV'. ' '
IPg 4
RVUE
IPWA
IPWA

tP1)

SQL A

8/69
1/7 1
8/69
2/72
2/74

Rl
Rl
Rl
Rl 1
Rl 1

N¹3/2(1900) FRCH PI h TG K SIGMA SQ&T (P 1¹P2)
( ~ 11} LANGBEIN 73 IPWA PI N-K SIGg SQL I(.12} LANGBE IN 73 IPWA PI N-K SI Gg SOL 2
( ~ 076) DEANS 75 CPWA PI N TQ K SIGMA

VALUE GIVEN IS FRCH SQLUTIQN 1 g NGT PRE SEN& IN SCLUT I Ch S 2 g 3 g4 ~

9/73
9/73
9/73

11/75¹
ll /75 ¹

R2 N¹3/2 ( 1890) I NTG ( K 5 I G H/ 1/TOTAL (P31
R2 1 (0F 008)OR LESS FEUERBACH 70 RVUE PI P TC K+ SIG+
R2 ASSUME MASSg WICThg X( ELAST) OF DGNNACHIE 68
R2 1 MODEL LSED HAY DOUBLE CCUNT ~

R3 N¹3/2 ( 1890 ) INTO {5 I GMA K )¹tP I hl ) /TGTAL¹¹2 (P3¹P1)
k3 ( «0016}GR LESS KALMUS 70 DPWA PI+P TQ K+ SIG+

7/70

1/71

R2 N¹3/2( 190C) INTO PI N/TOTAL (Pl }
R2 I 076) AYED 74 IP'WA

REFEREhCES FCR h¹3/2 I 1900)

2/74

R4 N¹3/2(1890) FRCH F I N TC hl¹3/2t 1232) PI SQRT ( P 1¹P4)
R4 1 19 TG ~ 23 HEHTA)g I 72 CPWA P I+P TQ P I+P I OP
R4 1 HOSTLY F WAVE CECAY

9/73
9/73

LANGBE IN 73 NP 853 251 LANGBEIh'g WAGNER
AYED 74 PRIVATE CQMMCTN ~ AYECg BAREYRE

ALSC 73 A IX CONF EREhlCE AYEDg BAREYRE
DEANS 75 NP 896 90 +HITCHELLg MChTGCHERYg+

I MUNICH ) IJP
( SACL I I JP
(SACL) IJP

t S FLAg ALABAMA }IJP
R5
R5
R5
R5 2
R5 2

N¹3/2( 189C) FROM PI N TO K SIGMA SQRT (Pl¹P31
{~ 06} LANGBEIN 73 I PWA PI N-K SI Gg SOL 1(.06) LANGBEI N 73 IPWA PI N-K SIG SOL 2
( ~ 021}TG ~ 054 DEANS 75 DPWA PI N TG K SIGMA

RAhlGE GIVEN IS FRCH 'FOUR BEST SOLUT I QNS ~

9/73
9/73
9/73

ll/75¹
11/75¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

g( j 9]0) l2 N*3/2(1«10 JP=K/2+& ?=3/2 P31
R6 N¹3/2( 1890) FROM PI N TQ N¹3/2( 12321 PI ~ F-WAVE
R6 L (-«12) OR - ~ 20 LDNGACRE 75 IPhfA

R7 N¹3/2(1890) FRQH PI N TO N RHOgS=3/2 ~ P-WAVE
R7 28) GR —«33 LONGACRE 75 I PWA

SQRT ( P 1¹P9)
Pj N TQ 2PI N

SQRT( Pl¹P10)
TQ

11/75¹
11/75¹
ll/75¹
ll/75¹

THE EX IST ENCE OF THIS RESCNAhlCE IS hELL ESTABL IS}'ED

12 N¹3/2( 19101 MASS (MEV}

A2
A2
A2
A2
A2
A2
A2
A2

LEON g HE L ICI TY=3/2
OEVENIS2 74
KNIES ' 74
METCALF 74
CRAWFORD 75
BARBOUR 76

GAM h!UC
«020
~ 020
~ 066
~ 036

N¹3/2f 1890} INTO
~ 078
~ 022
028

—~ 021(- ~ 013)
~ ~ ~ ~ ~ ~

AVERACE HEANIhlGLESS

(G EV¹¹-1/2)
OPWA PI N PHOTO-PROD
CPWA P I N PHOTO PROD
DP WA P I N P HOTQ-PRCD
DP'WA PI iN PHOTO-PROD
DPWA P I N PHOTO-PROD

~ ~ ~

(SCALE FACTOR = 2 ' 21

11 N¹3/2( 18901 PHQTChl DECAY AMPL(CEV¹¹-1/2)

FOR DEFINITICN OF GREFA-hUCLECN DECAY AMPLITUDES, SEE MINI-
REVIEW PRECEDING THE BARYCN LISTINGS ~

Al N¹3/2(1890) INTO GAM NUCLEQNg HELICITY=l/2 (GEV¹¹-1/2}
Al ~ 019 ~ 027 DEVENI S2 74 OPWA PI N PHOTO-PRCO
Al ~ 042 «016 KNIES 74 DPWA PI hl PHOTO PROD
Al + ~ 047 ~ 067 HCTCALF 74 DPWA PI N PHOTC-PRCO
Al - ~ 003 ~ 009 CRAWFORD 75 D P'WA P I N PHOTO- PROD
Al (+.0351 BARBOUR 76 DPWA PI N PHOTO-PROD
Al ~ ~ ~ « ~ ~ ~ ~ ~

Al AV ERA(i E MEANINGL ESS ( SCAL E FACTOR = 1 ~ 8)

4/75¹
2/74
2/74
1/76¹
1/76¹

4/75¹
2/74
2/74
1/76¹I/?6¹

M 3
M 6
H 6
M 4
M 7
H

H

H

W 3
6

'W

W 7
W

W

W

( 1934 0}
(1783«0)

FRGM ENER« DEPT
(1914~ 0 }
{1900 1

( 1980 )
I 1950~ )
(1786 ' )

DC NNACH 1
AYED

FIT QF ARGAND CIAGRAH
DAVIES
ALHEHED
I ANGBEIN
LANGBEIN
AY ED

(339 01
(308 ' 0)
(290 )
(200
(190 1

( 170~ I

(222« 1

SEE NOTES

12 N¹3/2{1910) WICTH f HEV)

DCNNACH1
AYED
DA VI ES
AL MEI-EO
LANGBEI N

LANGBE IN
AYED

ACCOMPANYING MASSES DUCTED

8/69
1/71

70 RVUE
72 IP WA

73 IPWA
73 IPWA
74 IOWA

P-5 ANAL SCL 4

P I N-K S I Gg SQL 1
PI hl-K 5?GgSQL 2

8/69
2/72
9/73
9/73
2/74

68 RVUE
70 IPWA
70 RVIJE
72 IPWA
73 IPWA
73 I PWA

74 IPWA

SCL A

P I N~K
Pj N-K

8 /69
1/71
8/69
2/72

SIGg SQL 1 9/73
S I Gg SQL 2 9/73

2/74

68 RVUE Pl-'ASE-SHIFT ANAI
70 IPWA

R EF EREh CES FGR N¹3/2 ( 1890 )

12 N¹3/2{1910} PARTIAL DECAY MODES

DCNhlACHl 68 PL 268 '161
ALSO 68 VI ENNA 139
ALSO 68 THESIS

AYED 70 KIEV CCh, F
QA VIE S 70 NP 821 359
FEVERBAC 70 NP 16B 85
KALHUS 70 PR D2 1824

A DQNNACI'. IE g R G KIRSOPP g C LOVE(.ACE ( CERN) I JP
DCNNACHI E RAPPORTEUR' S TALK (GLAS )
R G KI RSOPP (EDIN)

II AYEOg P BAREYREg G VILLET (SACL ) IJP
A DAVIES I GLAS)
F EUERBACHER+HGLLADAY (VANDERBILT 1
G KALHUSg G BGRREANI g J LGUIE fLRL}

Pl
P2
P3
P4
P5
P6

hl¹3/2( 19101
N¹3/2 ( 1910}
N¹3/2{19101
N¹3/2 ( 1910)
N¹3/2{1910}
hl¹3/2 f 1910)

INTO
INTO
INTO

. INTC
INTO
INTO

PI h

N PI PI
K 5 IGMA
N¹3/2 ( 1232 } P I
GAM NUCLEON g HELIC ITY=1/2
N RI-Q

DECAY HASSES
139+ 938
938+ 139g 139
493+1189

1232+ 139
0+ 938

938+ 77 3

ALHEHED
HE I-,T AN I
LANGBE IN
AYED

ALSO
DEVENI52
KNI ES
METCALF

72 hIP 840 157
72 P RL 29 1634
73 NP 853 251
74 PRI VATE CQHHCT
73 A I X CCNF ER ENC E
74 PL 528 227
74 PRD 9 2680
74 NP 876 253

+LCVELACE
+FUNG g KERNAN g SCHALK g +
I.ANCBE IN g WAGNER

h «AYECgEAREYRE
AYEQ BAREYRE
OEVEN IS I' g LYTHg RANK IN
KNI E 5 g HQQRHGUSE g GBERL ACK
'W J METCALF gR L WALKER

(LUhlDg RUTG) IJP
(UCR +LBL )

(MUNICH�)

I JP
I SACL ) IJP
t SACL I I JP

(DESYgLANC g BONN) I JP
( j.BL g GL AS }IJP

(CIT) I JP

12 h¹3/2 I 1910) BRA NCI. Ih G RAT IGS

DGNNACH1
A YED
DAVIES
A LHEHED
AYED

68 RVUE
70 IPWA
70 RVUE
72 IPhlA
74 I PWA

Rl hl¹3/2 t 1910) IhlTO (P I hl I/TCTAL
R 1 3. t 0 ~ 30)
Rl 6 (0 128)
Rl (0 18)
Rl 7 (0 ' 331
Rl ( ~ 1581

{P1)

SOL A

8 /69
1/71
8/69
2/72
2/74

CRAWFORD. 75 NP 897 125
DEANS 75 NP 896 90
LCNGACRE 75 PL 55 8 415

R L CRAWFORD ( GLAS ) IJP
+MITCHELLg MCNTGCMERYg+ ( SFLA g ALABAMA 1 I JP
+RQSENFELDg LAS INSKI g SH4DJA+ (LBL g SLAC ) I JP

R2 N¹3/2( 1910) INTO (K SIG}/A ) /TOTAL (P3)
R2 1 (0 F 008}QR LESS FEUERBACH 70 RVUE P I P TO K+ 5 I G+
R2 1 ASSUME MASS g WIQTHg X( ELAST) QF DGNNACHI E 68
R2 1 MODEL 45EO HAY DOUBLE COUNT ~

7/70

AYED 70 PL 318 598

BARBCUR 76 SBMTD ~ TQ NP (GLAS) I JP

+BAREYRE+VI}.LET (SACI AY 1

I ~ M ~ BARB OUR g R ~ L ~ CRAWFORD

PAPERS NQT REFERRED TG IN DATA CARDS ~

R3
R3
R3
R3 2
R3 2

N¹3/2(1910) FROM PI N TQ K SIGMA
f «ll I LANGBE IN 73 IPWA
( 15) LANGBE IN 73 IPWA
( «0821 TG «184 DEANS 75 DPWA

RANGE GIVEN IS FRCM FOUR BEST SOLUTIONS ~

SQRT (P 1¹P3) 9/73
P I N-K 5IGg SQL 1 9/73
P I N-K 5 IGg SQL 2 9/73
PI N TQ K SIGHA 11/75¹

11/75¹

30 N¹3/2( 1900 g JP=1/2-) I =3/2

THIS EFFECT IS SEEN IN TWG CHANNELS,

30 N¹3/2( 1900) MASS ( ME V )

LANGBE IN 73 I PWA
LANG BE IN 73 IP WA

AYEO 74 IPWA

9/73

9/73

P I hl-K SIGg SOL 1 9/73
P I N-K 5IGgSQL 2 9/73

2/74

Al
Al
Al
Al
Al
Al
Al
Al

12 N¹3/2(19101 PHOTON DECAY AMPL(GEV¹¹-1/2}

FQR DEF INIT ION OF GAMMA-NUCLEON DECAY AHPL I TUDE5 g SEE HI NI-
REVIEW PRECEDING TFE BP RYON L I ST INGS

N¹3/2(1910) INTO GAM NUCLEON g HELICITY=1/2 (GEV¹¹-1/21
F 000 ~ 025 DEVENIS2 74 DPWA P I N PHOTO-PROD
~ 010 ~ 012 KNI ES 74 OPWA P I N Pl-OTG PROD
032 ~ 06 5 METCALF 74 DPWA PI N PHOTO-PRCD

~ 009 ~ 013 CRAWFORD 75 DP'WA P I N PHOTO-PROD(- 031) BARBOUR 76 CPWA P I N PHOTO-PROD
« ~ ~ ~ ~ ~ ~ ~ ~

AVERAGE HEANINGLESS (SCALE FACTOR = 1 0)
¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

REFERENCES FOR N¹3/2 ( 1910)

4/75¹
2/74
2/74
1/76¹
1/76¹

30 N¹3/2 t }900) WIDTH (ME V }

(140 ' ) LANGBE IN 73 IPWA
\ 166 ~ ) LANGBEIhi 73 IPWA
(307 ' ) AYED 74 IPWA

SEE THE NOTES ACCQHPANY INC MASSES QUOTED

9/73

Pl N-K SIGg SQL 1 9/73
P I N-K S IG SGL 2 9/73

2/74,

DCNNACH1 68 PL 268 161
ALSO 68 VIENNA 139
ALSO 68 THESIS

AYED 70 KI EV CCNF
DAVIES 70 iNP 821 359
FEUERBAC 70 NP 168 85

R PYEOg P BAREYREg G V II LET
A DAVIES
F EUERBACHER+HOLLADAY

(SACL ) I JP
( GLAS )

( VANDERBILT)

A OONNACHIE R G KIRSOPP C LOVELACE (CERN) I JP
DChlNACHIE RAPPORTEUR ' S TALK {GLAS)
R G KIRSGPP (EGIN)

Pl
P2

30 N¹3/2(19001 PARTIAL DECAY MODES

hl¹3/2 ( 1900 ) INTO P I N

N¹3/2f 19001 INTC K SIGh/A

DECAY MASSES
139+ 93 8
493+ 1 }.89

9/73
ALHEI. EO 72 NP B40 157
LANGBE IN 73 NP 853 251

AY ED 74 PRIVATE ( OMMCTN ~

ALSO 73 AIX CGNFERENCE
DE VENI S2 74 PL 528 227
KNI ES 74 PRD 9 2680
ME+CALF 74 NP 876 253

+LOVELAC E
LANGBEINgWAGNER

AYEOgBAREYRE
AYEDgBAREYRE
DEVENISHgLYTHgRPNKIN
KNIES MOORHQUSE OBERLACK
W J METCALF g R L WALKER

( LUND RUTG ) I JP
(MUNICH) I JP

(SACL) I JP
t SACL) I JP

(DESYg LANCg BONN 1IJP
(LBL gGLAS) I JP

(CIT) I JP
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Particle Data Group: Review of particie properties 8'l85

Data Card Listings
For notation, see key at front of Listings.

Baryons
6(1910), 6(1950), h(1960)

CRAWFORD 75 NP 897 125
DE ANS 75 NP 896 90

BARBOUR 76 5BMTD ~ TG NP

R L CRAWFORD
+M IT Cl. E LL 9 MC NT GCMERY 9 +

I ~ M, BARBGUR9R ~ L ~ CRAWFCRD

{GLAS)TJ&
(SFLA9ALABAMA )I JP

( GLAS) I JP

R6 N¹3/2{1950) FROM P I N TC N IIHG95=3/ 29 F-HAVE SQRT( Pj¹P13) I j/75¹
R6 L ( 6 18)QR - ~ 24 LGNGACRE 75 IPWA P I N TC 2P I N ll/75¹

MORE I NF ORMATI CN 0 II INEL AST I C CE CAY NODES OF BUMPS 5 EEN IN PRODUCT I QN

EXPERIMENTS AROUND 1950 MEV9 MAY BE FOUND IN TI-E NEXT ENTRY
PAPERS NCT REFERREC TG IN C ATA CARDS ~

CARY ANN 65 P R 138 8433 CARAYANNGPGULQS9TAUTF EST9WILLMANN (PURD)
A PARTIAL HAVE ANALYSIS OF PI+P TG SIGMA+ K+

AYED 70 PL 318 598 +BAREYRE+V ILLET (SACLAY)

¹¹¹39¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

83 N¹3/ 2 ( 1950) PhQTQN DECAY AM PL ( GE V¹¹-1/2)
FOR DEFINITION OF GAMMA-NUCLEON DECAY AMPLI TUDES9 SEE &INI-

REVIEH PRECEDING Tl. E BARYON I ISTINGS

g(1950) 83 N6/Z(1930 JP=7/2+I I=3/2 F37
THE EXISTENCE OF THI 5 RESCNANCE I S I9ELL ESTABLISHED ~

Al N¹3/2(1950) INTO CAM NUCLEGN9 HELICITY~j/2 (GEV¹¹-1/2)
Aj - F 088 ~ 025 DEVENIS2 74 DPWA Pi
Aj —.070 .012 KNIES 74 CPWA P I
A1 ~ C59 ~ 029 METCALF 74 DPWA P I
Aj (-F 080) MOGRHOUS 74 DPWA PI
Aj -~ 053 005 CRAHFGRD 75 OPHA P I
Aj (- ~ 076) BA RBGUR 76 GPWA P I
Aj ~ ~ ~ 9 0 9 ~ 9
Al AVERAGE MEANiNGLESS (SCALE FACTOR = 1 3)

PHOTO-PROD
N PI-QTG PROD
N Pl QTQ-PROD
II2 PHOTO-PROD
N PHOTO-PROD

PhGTO-PROD

4/75¹
2/74
2 /74
2/74
1/76¹
1/76¹

83 N¹3/2f 1S50) MASS (MEV)

M

M 1
M 1
M 3
M 6
M 6
M 4
M

M 7
M

M

M

( 1920~ 0) DUKE 65
(1950 0) APPROX YGKQSAWA 66
(1975 0) BAREYRE 68

WHERE CROSS SECTION 15 GREATEST
(1946 0) DONNACH I 68
(1931' 0) AY ED 70

FROM ENER ~ DEP FIT OF ARGAND OI AGRAM

(1935 0) DAVIES 70
(1950' 0) (30 0) KALMUS 70
f 1930~ ) ROYCHQUG 7 1
(1925 ' ) ALMEl" ED 72

2 1920 TQ 195 1 lllIE HTANI 72
( 1928 ) A YED 74

L 1930 OR 19259 LCNGACRE 75
L THE 2 SETS OF PARAMETERS ARF FROM METHODS

RVUE
OPHA
GPWA

IPWA
MPHA
I P WA

IPWA
1 AND

P-5 ANAL SCL A

P I+P TO K+ SI G+

P I+P TO P I+PI OP

Pi N TO 2PI N

2 OF LCNGACRE 75 ~

CNTR PI-P EL + PCL
CNTR PI- P DSIG + PCL
RVUE PHASE cHIFT ANAL
EYEBAI L FIT
RVUE PHASE-SHIFT ANAL
I PHA

6/68
7 /66

11/67

6/68
1/71

8/69
1/71
3/72
2/72
9/73
2/74lj/75¹

11/75¹

P HQ TO-PR CD
N PI'GTO PRCO
N PHQTC-PRGO
N PHOTO PROD
N PI"GT G- P RCO
N PHOTC-PRCD

R EF ERENCES FOR N¹3/2 ( 1950 )

DUKE 65 PRL 15 468
YCKOSA WA 66 PRL 16 714

+JONES ~ KEMP 9MURPHY 9 PRENTICE 9 + ( RIJEL 9CXF I I JP
+SUHA, I-ILL ESTERLING, BOOTH (ANL CHIC) I JP

A2 N¹3/2(1950) INTO GAM NUCLEON9 HEL ICITY=3/2 (GEV¹¹~1/2)
A2 -~ 080 '

~ 021 DEVEN152 74 DPWA P I
A2 F 078 F 010 KNIES 74 CPWA PI
A2 —~ 093 ~ 024 METCALF 74 GPWA P I
A2 (-+180) MCORHQUS 74 CPWA P I
A2 —~ 038 ~ 0 14 CRAWFORD /5 DPWA I I
A2 (- ~ 065 I BARBOUR 76 DPWA P I
A2 ~ ~ ~ ~ ~ ~ ~ ~ 9
A2 AVERAGE MEANINGLESS (SCALE FACTOR = 1 ~ 5)

4/75¹
2/74
2/74
2/74
). / /6¹
1/76¹

W

W

W 1
H 3
W 6
H 4
W

H 7
H 2
W

H I

83 N¹3/2( 1950) 'WIDTH f MES)

(170~ 0)
(200 ~ 0) APPROX
(180~ 0)
f221 0)
(19760)
(221 ' 0)
(30090) (60 ' 0)
(200 ' )
234 TQ 269
(237 ' )
235 ' GR 240 '

SEE THE NOTES ACCCNPAKYING TI-E

DUKE 65 CNTR
YOKOSA WA 66 CNTR
BAREYRC 68 RVUE
DCNNACHj 68 RVUE
AYED 70 IP)9A
DAVIES 70 RVUE
KALMUS 70 OP'WA

ALMEHED 72 IP WA

ME HTANI 72 MPWA

AYED 74 IPWA
LGNGACRE 75 IP WA

MASS ES QUOT EC ~

SOL A

P I+P TO K+ SIC+

P I+P TO P I+PI OP

PI. N TO 2PI N.

7/66
7/66

11/67
6/68
1/71
8/69
1/7 1
2/72
9/73
2/Y4

11/75¹

( 1924 )

83 N¹3/2( 1950) REAL PART OF PCLE PCS ITICN (MEV) ll/75¹
I GNGACRE 75 1PWA PI N TG 2PI N ll/75¹

RCYCHOUD 71 NP 827 125

ALMEFEG 72 NP 840 157
MEHTANI 72 PRL 29 1634
LANGBE IN 73 NP 853 251

AYED
ALSO

DE VEN152
KNIES
METCALF
MGGRHGUS

74 PRIVATE CGNMCTN ~

73 A IX C CNF ER ENCE
74 PL 528 227
Y4 PRO 9 2680
74 NP 876 253
74 PRO 9 1

BAREYRE 68 PR 165 1731
BQRREANI 68 UCRL 18350
DGNNACHl 68 PL 268 161

ALSO 68 VIENNA 139
ALSO 68 THESIS

AYED 70 KIEV CONF
DA VIES 70 NP 821 359
FEUERBAC 70 NP 168 85
KALMUS 70 PR-D2 1824

P BAREYRE9 C BRICMAN9 G VILLET (SACLAY ) IJP
BCRRE AN 19 KALMUS f LPL)

A DCNNACHIE9 R G KIRSOPP9 C LOVELACE (CERN) IJP
DONNACHIE RAPPORTEUR'S TALK (GLAS)
R G KIRSOPP (EGIN)

R K RQYCHGUDHURY s 8 H BRANSCEN ( CURH ) IJP

+LCVELACE
+FUNG9 KERNAN9 SCHALK9 +
LANGBEIN9HAGNER

( L UND 9 RUTG ) I JP
(UCR +LBL )

{MUNICH) I JP

AYEC98AREYRE
AYEC9BAREYRE
DE VEN I SH 9 L YTH s RANKIN
KN I ES 9 MOOR HQU SE 9 G8ERL ACK

J METCAL F 9 R L WALK ER
MCQRHGU SE9 OBERL ACK 9ROS ENF E LD

f SACL) I JP
( SACL ) I JP

DESY 9 LANCE BCNN ) IJP
( LBL9GLAS) I JP

{C IT ) I JP.
( GLAS+LBL ) IJP

R AYEDgP BAREYRE9 G VILLET ( SACL ) I JP
A CAVIES (GLAS)
FEUERBACHER+HCLLADAY f VANDERBILT )
G KALMUS 9 G BORREANI 9 J LGUI E (LRL )

(258 )

83 N¹3/2( 1S50) 2¹IMAG PART CF POLE FCSI TICN (ME V) ll/75¹
LGNGACRE 75 IPWA P I N TG ZP I N 11/75¹

CRAWFORD 75 NP 897 125
DE ANS 7 5 NP 896 90
LQNGACRE 75 PL 55 8 415

R L CRAWFORD (GLAS ) IJP
+MITCHELL& MGNTGCMERY, + (SFLA9ALABAMA)IJP
+RCS ENFELD9 LAS INSKI 9 SMADJA+ (LBL9SLAC) IJP

BARBOUR 76 SBMTC ~ TG NP I ~ M ~ BARBGI'R 9R9 L ~ CRAHFCRD (GLAS)IJP

PAP'ERS NGT REFERREC TG IN CATA CARDS ~

Pl
P2
P3
P4
P5
P6
P7
PB
P9
P10
Pll
P12
P13

N¹3/2( 1950)
N¹3/2(1950)
N¹3/2 ( 1950 )
N¹3/2 ( 1950)
N¹3/2( 1950)
N¹3/2{1950)
N¹3/2 ( 1950 )
N¹3/2{1950)
N¹3/2( 1S50)
N¹3/2(1950)
N¹3/2( 1950)
N¹3/2{1950)
N¹3/2 ( 1950 )

INTO P I N

INTO SIGMA K

INTO N¹3/2( 1232)
INTO Y¹1(1385) K

INTO N¹3/2{1232)
I NTO NE UTRON P I+
INTO iN3/2(1232)
INTO GAM NUCLEON
INTO GAM NUCLEON
INTO N RHQ
I NTO N¹3/2( 1232)
INTO N¹3/2(1232)
INTC N Rl-095=3/2

PI

RHC
PI+
Pi P I (NQT RHQ)

HELIC ITY=1/2
~ HEL ICI TV=3/2

Pi 9F-WAVE
P I 9 H-WA VE

9F»WAVE

83 N¹3/2( 1S50) PARTIAI- DECAY MODES

CECAY MASSES
139+ 938

jj89+ 493
1232+ 139
1384+ 493
1232+ 773
939+ 139+ 139

1232+ 139+ 139
0+ 938
0+ 938

938+ 773
1232% 139
1232+ 139
938+ 77„"

HCHLE R

LAY SON
AU V IL
HE LLANO

HCHLER
HQLLADAY
JQH)6SCN
DC NNACHI
AYED

63 NP 48 470
63 NC 27 724
64 NC 33 473
64 PR 134 81062
64 PL 12 149
65 PR 139 81348
67 UCRL- 17683 TI. ES IS
69 NP 108 433
70 PL 318 598

C HChLER9 G EBEL
W & LAYSQN
P AUVIL9 C LQVELACE
+DEVI IN9HAGGE9LCNGGyMGYER9WQQD
G HGHLER9 J GIESECKE
W G HOLLADAY
C H JGHNSGN
A DCNNACH'IE9 R KIRSGPP
+BAREYRE+V ILLET

(]96P 13 N63/2/196il JP=3/2-I 1=3/2 D35
THIS EFFECT 15 SEEN IN TWC CHANNELS

(KARL SRUHF ) I
(CERN ) IJ
{LOIC)IJP

(LRL) !J
(KARLSRUFE) I

f VANDERBILT)
{LRL )

{GL AS+ED IN )
( SACLAY)

83 N¹3/2t 1950) BRANCHIIIG RATICS

Rl
Rl
Rl
Rl 1
Rj 3
Rl 6
Rl 4
Rl 7
Rl

N¹3/2 (1950) INTO (P I h )/TOTAL
(0 ' 41)
(0 ' 4) APPROX
(0 ' 57)
(0~386)
(06496)
(0 ' 51)
(0 ' 4)

( ~ 405)
SEE THE NOTES ACCOMPANYING THE

DUKE 65 CNTR
YQKOSAHA 66 CNTR
BAREYRE 68 RVUE
DCNNACH 1 68 RVUE
AYEG 70 IPWA
DA VI ES 70 RVUE
ALiMEHED 72 IPWA
AY EG 74 IPHA
MASSES 4UGTEC ~

{P1)
VERY ENERGY DEP

SGL A

7/66
7/66

11/67
6/68
1/71
8/69
2/72
2/ j4

R2
R2
R2 1
R2 1
R2 1
R2

N¹3/2 I 1950) INTO f S I GMA K )¹(P I N) /TCTAL¹¹2
SEEN BQRREANI 68 HBC

(0~004) (0 ~ 008) FEUERBACH 70 ROUE
ASSUME MASS H I DTH X( ELAST ) OF DGNNACHI E 68
MODEL USED MAY DOUBLE COUNT ~

0~0081 fla0013 KA LMU 5 70 DP WA

(P 2¹P1)
P I+P 1 635-1 668
P I P TO K+ SI G+

10 /69
7/70

P I+P TQ K+ SI G+ 1/71

9 /73
9/73

R4

R4
R4 5
R4 5

N¹3/2 {1950 ) FRQ)2 P I N TC 5 IGMA K

(904) LANGBEI N 73 IPWA
( 05) LANGBE. IN 73 I P WA

022) TQ 040 DEANS 75 CPWA

RANGE GIVEN IS FROM FOUR BEST SGLUTICNS ~

cQRT{ Pl¹P2) 9/73
P I N-K S I G9 SOL 1 9/73
P I N-K S16 9 SGL 2 9/73
PI N TC K SIGf.A jl/75¹

11/75¹

R3 N¹3/2(1S50) FROM PI N TC N¹3/2(1232) PI SQRT ( Pj¹P3)
R3 2 ~ 37 TO 648 MEHTANI 72 MPWA P I+P TG PI+PI OP

R3 2 MOSTLY F )9AVE OECAY

13 N¹3/2( 1S60) MASS {MEV)

PhASE-5HIFT ANAL
PHASE SHIFT ANAL
PI-P ELASTIC

CCNNACH1 68 RVUF
KIRSGPP 68 RVUE
LEA 69 CNTR

6/68
10/69

8/69

10/69
2/72
9/73
9/73
2/74

13 N¹3/2(1960) )9IDTH (MEV)

H 3
W 3
H 7

1
H

{3jjF 00)
(400. )
(600 ~ )
{150' )
f 121~ )

SEE T'HE NQT ES ACCQI9IP ANY ING

DCNNACHj 68 RVUE
KIRSGPP 68 RVUE

'ALMEHED 72 IPWA
LANGBE IN 73 IPHA
AYED 74 IPWA

MASSES QUOTEC

8/69
PI'ASE SHl FT ANAL 10/69

2/72
P I N-K 5 IG& SQL 2 9/73

2/74

3 ( 1954 ~ 0)
3 f 1970' )
X (1950' 0) APPROX
X SEE ALSO API. IN 70
3 WHERE MAX ~ ABSORPTION IS -DQNNACH19 2 9KIRSOPP EYEBALL FIT CERN 1
7 (2200 ' ) ALMEHED 72 IPWA

1 (1960 ' ) LAhGBEIK 73 IPWb PI N-K SIG9SCL 2
1 NOT SEEN IN SOLUTIGN 1 OF LANGBEIN73

(1889 ' ) AYEO 74 I PHA

R5 N¹3/2 (1S50) FROM P I N TG N¹3/2( 1232) P19 F-WAVE SQRT (P j¹P11)
R5 L (- ~ 25)OR - ~ 32 LGNGACRE 75 IPWA PI N TQ 2PI N

11/75¹
11/75¹
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Particle Data Group: Review of particle properties

Sary ons
z(i96o), a(a~6o)

Data Card Listings
For notation, see key at front of Listings.

Pl
P2

13 N¹3/2 (1960) PARTIAL DECAY MCDES

N¹3/2( 1960) I NTG Pl h'

N¹3l2( 1960) ENTO K SIGMA

13 iN¹3/2 {1960) BRAhCHING RATIOS

DECAY MASSES
139+ 938
493+1189

R3
R3
R3

R4
R4

R5
R5
R5

N¹3/2(1950} INTO N¹3/2(1232) PI P I (NGT RHGI (PT}
SEEN CHINOWSKY 68 HBC ++ PP TQ (P 3PI ) hl ll/68
SEEN BOGGILD 70 HBC PP TC N3PI tNTRL) 6/10

N 3/2( 1950} INTO t PI h) / (iN¹3/ Z(1232) P I ) {Pl)/{P3}
(0 ~ 55) oR LEss LEE e7 HBC PI-P 3.63 BEV/C lj/67

N¹3/2(1950} INTO ( (PI N) ¹(hEUTRON PI+ PI+) )/TQTAL¹¹2
( Pl¹P6)

0 ~ 05 0 ~ 013 GA{ LCHAY 68 RVUE ++ PI+P TG N 2PI+ 6/68
Rl N¹3/2 f 1960) INTQ f P I N) / TOTAL
Rl 3 154) DQNNACH1 68 RVUE
Rj 3 ( ~ 12) KI RSGPP 68 RVUE
Rl 7 (0 25) ALNEHED 72 I PWA

Rl 081} AYED 14 IPWA

(Pl}
PHASE SHIFT ANA ~ 10/69
Pl-ASE SHI FT ANAL 10/69

2/72
2/74

R2 N¹3/2( 1960) INTO (K S IGMA ) /TOTAL (P2)
R2 1 (0 ~ 013) (0 ~ 01 ) FEUERBACH 70 RVUE PI P TO K+ SIG+
RZ 1 ASSUME MASSg WIDTHS Xt ELAST} GF OCNNACHI E 68
R2 1 MOOFL USED MAY DQUBLC COUNT ~

7/TO

R3 N¹3/2t 1560} F RON PI N TO K SIGNA SQRT t Pl¹P2} 9/73
R3 1 08) l ANGBE I N 73 IPWA P I N-K SI G p SOL 2 9/73
R3 2 018)TQ ~ 035 DEANS 15 DPHA PI N TQ K SIGMA 11/75¹
R3 2 RANGE GIVEN IS FROM FOUR BEST SOLUTIGNS ~ 11/75¹

R6
Re

N¹3/2(19501 INTO (Y¹l(1385) K)/{PI N) (P4) /(Pl }
0 ~ 035 Oa015 CHINQWSKY 68 HBC ++ PP TG P LAM K PI 11/68

RB
RB
RB

N¹3/2{1950) INTO {N¹3/2{1232)RHQ)/TOTAL (P5)
SEEN YQCN 67 HBC + 8/67
NQT SEEN BQGGILD 70 HBC PP TQ N3PI tNT&L) 6/TO

REFERENCE S FOR N¹3/2 ( 1950 } ( PRCD ~ EXP ~ )

R7 N¹3/2( 1950) INTO (N¹3/2( 1232) RHQ) /( PI N} f P5) /t Pl}
R7 (0+45) APPROX CHINQHSKY 68 HBC ++ PP TQ (P 3PI) N ll/68
RT THIS INCLUDES CGRRECTICN FCR Uh SEEN CECAY (ISPIN FACTOR 5/3) ~

13 N¹3/2( 1960) PHOTON DECAY AMPLtGEV¹¹-1/2)

FOR DEF IN IT IGN OF GAMMA-hlUCL EON DECAY AMPL ITUDE S g SEE &I NI-
REVIEW PRECEDING TFE BARYON LISTINGS

COOL
BR I SSQN
DEVLIh
LEE
Y CON

56 PR 103 1082
61 NC 19 210
65 P RL 14 1031
67 PR 159 1156
67 PL 248 301

R CCCLt 0 PICCICNIt D CLARK tBNL ) I
+DETOEUFtFALK-VAIRANT tVAN ROSSUMg+ ( SACLAY ) I
T J DEVLIN' J SQLGNQNgG BERTSCH (PRINCETGN) I
+MGEB

SPARGE

SINCLAIR VANDER VCLDE (MICH )
+BERENYIgKEYqPRENTICEe + {TQRCNTGgWISC)

Al N¹3/2(19601 INTO GAM NUCLEONS HELICI TY=1/2 (GEV¹¹-1/2) 1/76¹
Al + ~ 003 ~ 0 16 - CRAWFORD 75 DPWA PI N PHOTO-PRCD 1/76¹
Al (- ~ 085) BARBOUR 76 DPWA PI N PHOTO-PROD 1/76¹

CHINQWSK 68 PR 171 1421
CHUNG 68 PR 165 1491
GALLCWAY 68 PL 268 334

CHINO%SKY tCCNDCh t KINSEY' KLE INs+ (LRLt Sl„AC )
S U CHUNG g DAHL ~ K IRZ p MILLE R (LRL )
K F GALLCWAY ( INDIANA) I

A2 hl¹3/2 ( 1960) INTO GAM NUCl.

EDNA'

HCL IC IYT=3/2 (GEV¹¹1/2) 1/76¹
A2 - ~ Ola ~ 032 CRA'WFCRD 75 DPHA P I N Pl-GTG-PRCD I/76¹
A2 t+.066) BARBOUR 76 DPWA PI N PHOTO-PRCD 1/76¹

REFERENCES FGR h¹3/2 ( 1960 )

BQGG IL 0
CQLTCN
COLL EY
BRAUN2
CHUNG

ALSO
GA I DOS

70 NP 816 503
72 PR 06 95
74 NP 869 205
15 NP 895 503
15 PL 578 384
15 P RD 12 693
15 PRD 12 2565

+KOREA-AHQ+ JACQ8 SEN+ ( BOHR+ HE L 5+05 LG+ STCH 1

CQLTCNq A KIRSCHBAUM (LBL )
CQLLEY eHUQ g JQBES g KINSCN, MILNE'+ (8 IRN+GLAS ) I
+GERBER~NAURER~MICHALQNvSCHIBY+ STBRB~LPNP I
+PRQTQPQPESCU EISNER+ (BNL+CASE+LBL+UCSC)I JP
CHUhlG v PRQTGPGPE SCU w E ISNER+ (BNL+CASE+UCSC ) IJP
GA ICOS s MILLER t PURD}I JP

PAPERS hiCT REFERRED TQ IN CATA CARDS ~
DGNNACH1 68 PL 268 161
KI RSOPP 68 THES I S

LEA 69 PL 298 584
FE VER SAC 70 NP 168 85
ALMEHEO 72 NP 840 157

A DGNNACHIE g R G KIRSQPP g C LOVE LACE ( CERN) IJP
R G KI RSGPP (EGIN )

LEAvGADESr WARDqCGWANe+ (Rl ELe BRISTOL' DARE)
F EUERBACHER+HQLLAOAY (VANGERBI{.T )
+LOVELACE (LUNOy RUTG) IJP

DE UT SCHM 15 NP 899 397 DEUTSCHMANN+( AACH+BGNN+BERL+CERhl+CRAC+hE ID )

LANGBE IN 73 NP 85 3 251 LANGBEIN r WAGNER
AYEO 74 PRIVATE COMMCTN AYED BAREYRE

ALSC 73 AIX CONFERENCE AYEGvBAREYRE

{MUNICH) IJP
( SACL 1 I JP
t SACL)IJP

CRAWFGRD 75 NP 897 125
DEANS 75 NP 896 90

R L CRAWFORD
+MITCHELL' MCNTGCMERYe+

(GLAS) I JP
( SFLAy ALABAMA ) I JP

DQNNACHI 69 NP 108 433
AY ED 70 PL 318 598
APLI N 71 NP 832 253

A DGNNACHIEp R KIRSQPP
+BAREYRE+VILLET
+COWAN p G I 8 SCN y G I L MORE++

(GLAS+ED IN )
(SACL AY )

( RHEL t BR I STOL )¹S¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

BA RBOUR 76 5 8 MT D ~ TO NP I ~ M ~ BARBOUR' R, L ~ CRAWFORD i GLAS) I JP

PAPERS NGT REFERRED TQ IN CATA CARDS

9 h¹3/2(21601 ) I=3/2

EARLY ANALYSES FOUND EV IDENCE FOR A RESONANCE
NEAR THIS MASS IN THF P33 PARTIAL WAVEg AND UNLESS
STATED QTHERHISEp ALL DATA CARDS BELCW APPLY TG THIS
WAVE ~ IN ADDIT IONe RQYCHQUDHURY 71 FIND POSSIBLE

EVIDENCE FOR P31p 033' AND D35 RESONANCES IN THIS MASS REGION ~ IN A

SIMILAR ANALYSIS BRANSDEN 71 FOUND SOME EVIDENCE FOR S31 033 ANO 035
RESCNANCES IN THIS REGICN ~ VCN SCHLIPPE 72 SUGGESTS A G39 ~

THE MOST RECENT PI N ANALYSIS FINDS A G39 RESONANCE IN THIS MASS
REGIONS THE EFFECT SEEN IN K S IG PROD+ I 5 100 MEV LOWER IN MASS ~

A PRONOUNCED SI.ARP 0 IP IS CBS ERVED IN PI+ P BACKWARD SCATTERING AT
2200 MEV BY REY 74

DUAL INTERFERENCE MODEL ANALYSIS OF NA 75 FINDS SIGNAL FOR P33~
P3 j y AND 035' BUT NGT FCR G39

70 N¹3/2( 1950) MASS (ME V) (PROD ~ EXP ~ )

M

M

M

M N

M N

M

M

M

M

M .
M

APPROX
(15 0)

(9 01
(12%0)
IS NQT SEEN BY

f 1922+0)
( 1912~ 0 }
(1900~ 0)
(2080~0}

TH I S BUMP
{1860' 01
(1895 ' )
(1890 ' )
(1881 1

HOST PROBABLE
(1880 ' )

(15 )
5 ~ TQ 10 ~

(6 ~ )
JP ASS IGhMEhT

{10 ~ )

CGGL
BR I SSON
DEVLIN
Y QGhl

CHUNG 68 AT
CQLTCN
COLL EY
BRAUN2
CHUNG

IS 7/2+ ~
GAIDGS

56 CNTR
el CNTR
65 CNTR
67 HBC +
3 ~ 2 GEV/C
72 HBC ++
74 HBC ++
75 BC
15 HBC ++

P I+ P TOTAl
PI+ P TOTAL
P I+ P TOTAL
3 BEV/C P I-P

PP TQ PI+PN 7GEV
K+I TQ K+PP I+P I-
PBAR P ANO 0, 5.7
P I+ P ANO K+ P

75 HBC ++ PI+P TG N¹ 2PI

T/66
7/66

8/67

1/73
10/14¹
11/75¹
1/76¹
1/76¹
1/76¹

70 N¹3/2 {19501 HIDTH t ME 4 } (PRQO ~ EXP ~ )

1950 hK& REGION PRODUCTION AND O'Tp T~ EXP'TS
70 N¹3/2( 1950~ JP= ) I=3/2 PRQCUCTICN EXPERIMENTS

9 N¹3/2 (2160 } MASS (NE V }

M 3
N

M 7

M

M 2
M 2
M

M 4

{2160~ )
{2120+ }
(2150' 1

1 (1980e}
1 NOT S EEN IN SOLUT IC

{2174F 1

AYED 74 RESULT IS A

t2196 ~ } (46m}
BAKER 74 AND REY 74

PHASE SHIFT AhAL ),0/69
3/72
2/72
9/73
9/73
2/74
2/74

10/74¹

9 N¹3/2(2160} WIDTH (MEV}

W 3
W 7
H 1
W 2
W 4

( 260 ~ )
(200 ' )
(190 ' )
(205 )
(302 ~ ) f 143 )

SEE THE hlQT ES ACC CNPANY I NG

KIRSGPP 68
ALNEHED 72
LANGBE IN 73
AYED 74
RCY 74

MASS ES QUOT ED

RVUC Pl-ASE SHI FT AhAL 10/69
IPWA 2/72
I PWA P I N-K S I G p SOL 1 9/13
IPWA 2/74
MP'HA ++ PI+ P 180 DEG CS 10/74¹

KI R SOP P
RQYCHGUD
ALMEhED
LANGBEI N PI N-K SI G pSQL 1

N 2 GF LANGBE IN73
AYED 74 IPWA

G39 RESONANCE.
{41~) REY 74 MPWA ++ P I+ P ).80 DEG CS

F IND NEGATI VE PARITY (SPIN UNDETERMINED)

k
W

H

W

W C
'H

{256 0)
(40 F 0}

(18a.a)
(230
(120 ' )
{219~ )
t 180 )

(39 0)
{20~ 0)

(50. )
10 TO 20 ~

(23 ' )
{30

DE VL IN
YGCN
CQLTCN
CQLLEY
BRAUN2
C HUNG
GA IDQS

65 CNTR
67 HBC +
72 HBC ++ PP TO PI+PN 7GEV
74 HBC +t K+P TQ K+PPI+PI-
75 BC P BAR P AND Di 5 ~ 7
75 HBC ++ P I+ P AND K+ P
75 HBC ++ PI+P TG N¹ ZPI

8l67
1/73

10/74¹
il /75¹
1/T6¹
1/T6¹

Pl
'P2

9 N¹3/2(216C) PARTIAL DECAY MODES

N¹3/Zt 2160) INTO PI N

N¹3/2 (2160) INTO K 5 IGMA

9 N¹3/2(216C} BRAhCHING RATIOS

CECAY MASSES
139+ 938
493+1189

Pl
P2
P3
P4
P5
P6
PT

N¹3/2( 1950) INTO P I N

N¹3/2( 1950 } INTO S IGMA K
N¹3/2 f 1950) I NTO N¹3/ 2 f 1232 1

N¹3/2( 1950 } INTO Y¹1(1385) K
N¹3/2(1950} INTO N¹3/2(1232)
N¹3/2 ( 1950) INTO NEUTRON PI+
N¹3/2{1950) INTO N¹3/2(1232)

PI

RHQ
P I+
PI PI (NQT RHQ)

DECAY MASSE S
139+ 938

jj89+ 493
1232+ 139
1384+ 493
1232+ 173
939+ 139+ 139

1232+ 139+ 139

TC N¹3/2(1950) PARTIAL DECAY MODES (PROD EXP } Rl
Rl 3
Rl 7
Rl 2
Rl

N¹3/Z (2160) INTO (PI N)/TGTA{(.25) KIRSQPP
{0~3) Al MEI'. ED

( 045) AYED
REY74 F INDS ( J+1/2) X= ~ 81+/-(. 54/ ~ 39)

(Pj}
68 RVUE Pl-'ASE SHIFT AhlAL 10/69
72 IPWA '2/72
74 IPWA 2/14

10/74¹
R2 N¹3/2{21601 FRCW PI h TG K SIGMA SQRT( P 1¹PZ} 9/13
R2 ( ~ 08) LANGBEIN 13 IPHA PI N»K SIGH SQL 1 9/73
R2 5 ( ~ 048}TO i I 20 DEANS 75 DPWA P I hl TG K SIGMA . 11/75¹
R2 5 RANGE GI VEN IS FROM FOUR BEST SGLUTICNS a 11/75¹

Rl
Rl

R2
R2

N¹3/2( 1950} INTO ( SIGMA K}/{PI N)
0 ' 059 0~024 CHINQWSKY 68 HBC

(P2) /{pl)
++ P& TG P SIG K

70 N¹3/2(1950) BRANCHING RATIOS (PRCD ~ EXP ~ )

N¹3/2( 1950} INTO f PI N) /TOTAL (Pl}
ta 57) (0 12} DC VL Ih 65 CNTR

11/68

KIRSQPP 68 THESIS
RGYCHQUD 71 NP 827 125

AL MEHFD 72 NP 840 157
LANGBE IN 73 hiP 853 251

REFERENCES FOR N¹3/2(2160)
R G KI RSCPP
R K RQYCHGUDHURY 8 H BRANSDEN

+LCVELACE
L ANGBE IN g WAGNER

( EGIN )
( CURH) IJP

(LUNDy RUTG) IJP
( MUNICH ) I JP
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Particle Data Group: Review of particle properties

Data Card Listings
For notation, see key at front of Listings.

Baryans
b, (8160), 6(8420), 6(8850)

AYED
ALSO

REY
ALSO
ALSO

DEANS

74 PRIVATE CGMMCTN ~

73 AIX CONFERENCE
74 PRL 32 908
74 PRL 33 250
75 PRD 11 1777
75 NP 896 90

bYECsBAREYRE
AYEDrBAREYRE
REYrLENNOX r PQIRIERrPRETZL
REYrLENNOX r PCIRIERsPRETZL
LENNOXrPQIRIER gREY SANDER+
+M ITC HE LL r NC O'T G CME RY r +

( SACL ) IJP
( SACL I I JP

(NDAM+MPIM}IP
(NGAM+MP IM ) IP

{hlCAM+FNAL+ANL ) IP
(SFLAr ALABAMA ) I JP

PAPERS NOT REFERRED TQ IN CATA CARDS

Pl
P2
P3
P4

N¹3/2(2420) INTO PI
N¹3/2(2420) INTO SIGMA K

N¹3/2 (2420) INTO N¹3/2( 1232} PI
N¹3/2(2420) Ih'TC hEUTPChi PI+ PI+

DECAY MASSES
139+ 938

1197+ 493
1232+ 139
939+ 139+ 139

69 N¹"/2(2420) PARTIAL DECAY MODES (PROD EXP ~ )

DQNNAC HI
BRANSDEN

AL SO
VGN SC ML

BAKER
MA

69 NP 10B 433
71 NP 826 511
70 NP 816 461
72 LNC 4 767
74 PRL 32 251
75 PRO 11 1832

A DGNNACHIE s R KI RSGPP ( G l. b S + E C I hi )
r OGDEN {DURH) I JP
RCYCHQUDHURY r P ERR INr BRAhlSDEN (DURH)IJP
VGN SCHLI PPE (LGWC) I JP ~

BAKERs EARTLYs PRETAL sPRLSS r+ f FNALr ANLr O'DAM) P
MAr SHAW (UCSBr SLAC) I JP

a(24:20) N»r/2 f2420, J»=1 i. /2+1 1=3/2 H3 g].
BOTH l'GYCHGUDI-URY 71 ANO BRAhlSDEN 71 SEE A POSSIBLE
RESCNANT F35 IN THIS MASS REGICN ~ Ih AQDIT ICN BRANSDEN
71 F Ih}C A RESONANT P33 AT 2600 MEV ~

¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

69 N¹3/2(2420} BRANCHING RATIOS (PRCD» EXP» }

Rl N¹3/2(2420) INTO (PI h)/TGTAL tPl}
Rl (0 067) APPROX DIDDENS 63 CNTR ASSUMING
Rl 0»113 0»0036 CITRON 66 CNTR ASSUM I NG
Rl 8 (0 ~ 121 BARGER 67 FIT ASSUMINiG
Rl 0 (0 ~ 163} D IKMEN 67 FI& ASSUMING
Rl 0 USES ONLY RESCNANCES TQ CALCULATE 0 IF ~ CROSS SECT IQhlS AT 180
Rl t 0 ~ 06) KGR MA AY CS 67 CNTR AS SUM IN G

R2 N¹3/2(2420) INTO (PI N)¹(NEUTRCN PI+ PI+)/(TOTAL¹¹2)
R2 (Pl¹P4}
R2 0 ~ 0195 0 ~ 0048 GALLOWAY 68 RVUE

J=l 1 /2 7/66
J=11 /2 7/66
J= 11/2 11/67
J=l 1 /2 ll /e7
DEGREE S
J=j1 /2 11/67

6 /68

84 N¹3/2(242CI MASS (MEV)

M 6 (2312 0)
M 6 FROM ENEiR» DEP» F I
M (2400»)
M (2400 )
M {2440 ~ I
M (2392 ~ )
M 1 (2404 ~ } ( 63 ~ )

T OF AR GANG
AYED
DIAGRAM
BRANSDEhl
RGYCHGUD
QTT
AY ED
REY

84 N¹3/2(2420} WIDTH (MEV)

70 I PWA

71 CPWA
71 DPWA
72 MPWA 0 PI-P BKWD ELSTC
74 IPWA
74 MPWA ++ PI+ P 180 DEG CS

1/71

3/72
3/72
2/73
2/74

10/74¹

DIDDENS
AL VAREZ
HCHLER
WAHL I G
BARGER
CITRON

63 PRL 10 262
64 PRL 12 710
64 PL 12 149
64 P RL 13 103
66 PR 15 1 1123
66 PR 144 1101

BARGER 67 PR 155 1792
DIKMEN 67 PRL 18 798
KQR}rAhlYQ 67 PR 164 1661
GALLOWAY 68 PL 268 334

REFERENCES FQR N¹3/2(2420 } (PROC ~ EXP .)

V BARGER s 0 CLI hE
F N 0 IKMEN
KGRMANYCSs KRISCHr GFALLQNr +
K F GALLQWAY

('W ISC ) P
(MICH)

(MICHr ANL ) P
( INDIANA ) I

PAPERS NQT REFERRED TQ IN CATA CARDS ~

+ JEhiK INS r KYCI As RILEY (BNL ) I
+BAR-YAM KERN LUCKEY CSBQiRNE + (M IT CEA )
G HQHLER r J GI ESECKE (KARLSRUHE ) I
+MANNELLIr SQDICKSONsFACKl ERrWARDr + (MIT)
V BARGER M CLSSGN (MISC )
+GALBRAITHrKYCIAsl EONTIC r PHILLIPSr + (BNL ) I

W 6
W

W 1

(347 ' 0)
(289 ' )
(484 I ( 79» )

AYED
AY ED
REY

70 !PWA 1/71
74 IPWA 2/74
74 MPWA ++ PI+ P 180 DEG CS 10/74¹

84 N¹3/2(2420) PARTIAL DECAY MODES

BAACKE 67 NC 51A 761, J BAACKEs M YVERT (KARLSRUHErORSAY)J L
DOBROWQL 67 PL 248 203 GQBRGWOLSK I sGUSKOVrL IKHACHEVs + (DUBNA) P
DOL EN 68 PR 166 1768 R DOLENr 0 HQRNr C SCHMID (C IT }
WAHLIG 68 PR 168 1515 M A WAHLIGs I MANNELLI (MITs PISA)

FINAL VERSION OF DATA USED IN WAHLIG 64 ~ IN CONJUNCTION WITH
CITRON 66 TOTAL CROSS SECT IQNSr THI S CHARGE EXCHANGE DATA GIVES
COMPLEX ELASTIC SCATTER INC AMPLITUDE AT 0 DEGREES ~

Pl
P2

hl¹3/2(2420) INTO PI N

N¹3/2{2420) INTO SIGMA K

DECAY MASSES
139+ 938

1 197+ 493

84 N¹:/2(242C) BRANCHING RATIOS

l P 1 }
70 IPWA 1/71
72 MPWA 0 Pi P BKWD El STC 2/73
74 I PWA 2/74
74 MPWA +s. PI+ P 180 DEG CS 10/74¹

HAVE DIVIDED BY 6» 10/74¹

Rl N¹3/2(2420) INTO (PI hi]/TCTAL
Rl 6 t 0 113) AYED
Rl 7 4) QTT
Rj jC9) AYED
Rl 1 ( ~ 157) ( ~ 070) ( ~ 035}REY

Rl 1 REY 74 DETERMINES {J+1/2)X GNLYr WE

85 N¹3/2(2850r JP= +I I =3/2 PRCCUCT IChl EXPERIMENTS

BUhfP S

85 N¹3/2( 2850) MASS (MEV) (PROD ~ EXP ~ )

AYEO 70 K I EV CONF

REFEREhlCES FOR N¹3/2(2420)

R AYEDrP BAREYREr G VILLET (SACL) IJP

M

M

M

M

M

(2870 0)
(2700 0)
(2850 0)
2850 0

(2883 ' )
12 ~ 0

(26 ~ )

APPROX

(28 )

HGHLER
WAHLIG
BARDADIN
CITRON
REY

64 RVUE DATA + OISP REL
64 OSPK 0 PI-P CH EX
66 HBC ++ N¹ TO P + 3 P IS 7/66
66 CNTR PI+ P TOTAL 7/66
74 MPWA ++ PI+ P 180 DEG CS 10/74¹

BRANSDEN
ALSO

RQYCHGUO
GTT

ALSO
AYED

AL SQ
REY

ALSO
ALSO

511
461
125
133
THESIS

E COMMCTN ~

NFERENCE
908
250
1777

71 NP 826
70 NP 816
71 NP 827
72 PL 428
72 MCGILL
74 PRIVAT
73 AIX CC
74 PRL 32
74 PRL 33
75 PRO 11

rCCCEN (OURH) I JP
RGYCHOUDHURYr PERRINr BRANSCEN, ( OURH) IJ P
R K ROYCHOUDHURYr B H BRANSDEN (DURH) I JP
+TRISCHUK r VAVRAr RICHARDS r+ (MCGIr STLGr IOWA }I JP
J VAVRA (MCGI ) JP
AYECr BAREYRE ( SACL) I JP
AYEQs BAREYRE (SACL)IJP
'REYsLENNQXrPQIRIERrPRETZL ( hlCAM+MP IM } IP
REY r LENNOX r POI RI ER r PRETZL (NDAM+MPIM) IP
LENNCXs POI RI ER r R}EY r S ANDER+ (NCAM+FNAL+ANL ) IP

PAPERS NQT REFERRED TO IN DATA CARDS'

85 N¹3/2(2850) WICTH (MEV} (PAGO ~ EXP ~ }

(150~ 0) BARD AD IN 66 HBC ++ 7/66
400 ~ 0 40 ~ 0 CITRCN be CNTR 7/66

(380 ~ ) (141» I (201~ I REY 74 MPWA ++ PI+ P 180 DEG CS 10/74¹

85 N¹3/2(2850) PARTIAL DECAY MODES (PROD ~ EXP ~ )

AYED 70 PL 318 598

BELLAMY 67 PRL 19 476 +BUCKLEYrDQBINiSCNr +

+BAREYRE+Vj-LLET

(WESTFIELDrLQUC) JP

(SACL AY )

Pl
P2
P3

h¹3/2 {2850) INTO P I N

N¹3/2( 2850) INTO P PI PI PI
N¹3/2 {2850) INTO N P I P I

DECAY MASSES
139+ 938
938+ 139+ 139+ 139
938+ 139+ 139

69 hl¹3/2(2420) MASS (MEV) (PROOF EXP )

(2360 ~ 0) 0 IDDENS
(2520 ' 0) (40 ' 0) AL VAREZ
(2440 ~ 0) HQHLER
{2400' 0) APPROX WAHL IG

B (2452» 0) BARGER
8 USES REGGE AMP ~ +RESQN» TQ CALCULATE 0 I F
B FOR CRITIC ISM OF THIS METHODr SEE DOLEN

2423 ' 0 10 ' 0 CITRON' '

63 CNTR PI+ P TOTAL
64 CNTR Pj PHQTGPRQD 7/66
64 RVUE DATA + DISP REL
64 OSPK 0 Pi-P CH EX'
66 RVUE TOTAL + CH EX 11/67
CROSS SECTIONS AT 180 DEGRE

68 '
66 CNTR 7/66P I+ P TQT bL

3430 MEV REGION — PRODUCTION AND O'To T~ EXP'TS
69 N¹3/2{2420s JP= ) 1=3/2 PRGCUCT ICN EXPERIMEhTS

85 N¹3/2(2850) BRANCHING RATIOS (PROD EXP ~ )

Rl N¹3/2(2850 I INTO (Pi N }/TOTAL (P 1)
Rl ONLY (J+1/2)¹( PI hl/TQTAL) MEASURED FQR THIS STATE
Rl 8 (0 ~ 224) ( 0 ~ 016) BARGER 66 RVUE TQTAL + CH EXC ~

Rl 0 ~ 261 0 ~ 048 C I TRON 66 CNTR TOTAL CROSS ~ SEC
Rl 8 (0~ 40) BARGER 67 RVUE USES KORMANYOS66
Rl 8 USES REGGE AMP ~ +RESGN ~ TG CALCULATE DIF ~ CROSS SECTIONS AT 180 DEGRE
Rl 8 FOR CRITICISM OF THIS MET} GDr SEE CQLEN 68 ~

Rl C (0 ' 49) DIKMEN 67 RVUE USES KORMANYOS67
Rl C USES ONLY RESONANCES TO CALCULATE DIF ~ CROSS SECTIOh}S AT 180 DEGREES
Rl {0»39) DQBRQWCLS 67 CNTR PI+P AT 180 DEG
Rl (0 101 KGRMANYGS 67 CNTR PI-P AT 180 DEG ~

Rl D (0 ~ 06} OR LESS CL ~ 95 HALDQRSE 72 HBC PP 19 GEV/C
Rj D UPPER LIMIT CN ELASTICITY ~ ALSO FIND J=9/2 OR MORE ~

Rl t ~ 28) ( 13) ( 19) RE Y 74 MPWA ++ P I+ P 180 DEG CS

REF ER ENCE S FOR N¹3/2( 2850) {PROD ~ EXP ~ )

11/67
11/67
11/67

11/67

11/67
12/72

10/74¹

W

W

W 8
W

(200 0)
(245 ~ 0)
(275 0)
310~ 0 20 ' 0

DIDDEhS
HOHLER
BARGiER
C I TRChl

63 CNTR
64 RVUE
66 RVUE TOTAL + CH EX
66 CNT R

69 hl¹3/2(2420) WIDTH ( MEV) ( PROD ~ EXP» }

7/66
11/67
7/66

BARGER
DIKMEN
DOBRO'WCL
KORMANYO
HALDGRSE
REY

ALSO
ALSO

67 PR 155 1792
67 PRL 18 798
67 PL 24 8 203
67 PR 164 1661
72 NC 10A 4b8
74 PRL 32 908
74 PRL 33 250
75 PRD 11 1777

HCHLER 64 PL 12 149
WAHLIG 64 PRL 13 103
BARDAD IN 66 PL 21 357
BARGER 66 PR 151 1123
CITRON 66 PR 144 1101

G HQHLER s J GI ESECKE (KARL SRUHE ) I
+MANNELL Ir SODICKSONr FACKLER WARD s + (MIT)
BARDADIN-QTWINO}iSKAs CANYS Z r + (WARSAW)
V BARGER s M GLSSGN {WISC)
+GALBRA I THr KYC I A r LEGhlTIC s PHILLIP Sr + (BNL I I

V BARGER r 0 CLI hiE

(MISC�)

P
F N 0 IKMEN ( MICH)
CCBROMOLSK I ~ GUSKQVrL IKHACt EVr + (DUBNA} P
KQRMANYGS r KRI SCHr GFALLGNr + (MICHs ANL I P
I".ALDQRSENr JACOBSEN f O'SLG I
REY r LENNOX s POIR IERs P RETZL (NDAM+MPIM ) IP
REYr LENNOX r PQIR IER r PRETZL (NDAM+ MPIM ) IP
LENNOX s PQI RI ER s REY r SANDER+ (NDAM+FNAL+ANL I IP
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S't 88 Particle Data Group: Review of particle properties

Baryons
6(8850), 6(3830). EXOTIC NUCLEONS, Z 's

Data Card Listings
For notation, see key at front of Listings.

5 3230
86 N¹3/2(3230' JP=

BUMPS
) I =3/2 PRQCUCT IQN EXPE RIHENTS

86 N¹3/2(3230) MASS (NEV) (PRCD EXP+)

(3230 0)
(3296 ~ ) ( 79 )

C ITRCN 66 CNTR P I+ P TOTAL 7/66
(78 ) REY 74 MPWA ++ PI+ P 180 DEG CS 10/74¹

86 N¹3/2(3230) WIDTH (MEV) (PROD ~ EXPo }

(440 ~ 0 ) C I TRCh 66 CNTR 7/66
(687 ~ ) (1043~ l (323 ~ ) REY 74 MPWA ++ P I+ P 180 DEG CS 10/74¹

86 N¹3/2(3230) PARTIAL CECAY MODES (PROD ~ EXP )

PAPERS NQT REFERRED TG Ih DATA CARDS ~

BAACKE 67 NC 51 A 761 J BAACKE g N Y VERT (KARLSRUHEg QRSAY ) J-L
DOLE N 68 PR 166 1768 R DOLEN e D HORN y C SCHMI 0 (CIT)
WAHLIG 68 PR 168 1515 M A WAHLIGg I MANNEL( I (MITg PISA)
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Note on the S =+1 Baryon System

Models based on states of three quarks have

been success ful in the description of the spectrum

and decay of the known baryon resonances. Three

quarks cannot. produce S = +1 baryon resonances
(Z*'s), and this has probably been the primary

motivation for the great amount of experimental

effort that has gone into S = +1 baryon physics
below 2 GeV/c during the last several years. In

addition, the S = +1 system offers an opportunity
to study single and double pion production in a

small number of rather distinct. quasi-two-body

channels (K6, K*N, and K*A) . Recent. developments

Pl
P2

N¹3/2(3230) INTO PI N

N¹3/2 ( 3230 ) INTO N P I P I

DECAY MASSES
139+ 938
938+ 139+ 139

in the field are summarized below.

BARGER 66
CITRON 66
BARGER 67
Ol KME N 67
REY 74

ALSO 74
ALSC 75

PR 151 1123
PR 144 1101
PR 155 1792
PRL 18 798
PRL 32 90&
PRL 33 250
P RD 11 1777
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EXOTIC NUCLEONS — 1840 hKV REGION
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I = 1 System

.+
The most recent K p total cross-section data

are from BNL (CARROZ, L 73; 0.41 to l.06 GeV/c) and

Arizona-Michigan {BONEN 73; 0.57 to l.16 GeV/c) .
Neither measurement exhibits the dip of approxi-
mately 1.5 mb at 0.7 GeV/c reported by BUGG 68 and

BONEN 70. Recent differential elastic cross-section
measurements (including extensions and final results
of previously reported results) have come from

Glasgow-Bologna- Trieste (CAYZRON 74; 0.13-0.76

GeV/c), Birmingham-RHEL (ADAMS 73; 0.43 to 0.94

GeV/c), Bristol-RHEL-Aarhus-Southampton (CHARLES

73; 0. 7 to 1.9 GeU/c), Maryland-ANL (ABE 75; 0.86

to 2.12 GeV/c), &ashington {ADAMS 75' 1-0-1.5 GeV/c

at 180 ), UCL-RHEL (BARBER 73; l.37-2.26 GeV/c),
Yale-BNL (PATTON 75; 1.7-3.0 GeV/c near 0 and

180 ), and ANL - (YUTA 74; 2.53, 2.76, and 3.20

GeV/c) . Below 750 NeV/c (where the inelastic cross
section is less than 0.1 mb), the total elastic
cross sections from the first three above experi-
ments also fail to exhibit the dip seen in earlier
total cross-section experiments . Coulomb inter fer-
ence effects are observed by CAMERON 74 and ADAMS

73; both confirm the early .conclusion of GOLDHABER

62 that the low energy S-wave interaction is
repulsive. The most recent polarization measure-

ments are those of Maryland-ANL-Northwestern-FNAL

(BARNETT 73; l.37-2.31 GeV/c) and Yale-BNL {PATTON

75; 1.7-3.0 GeV/c near 0 and 180 ) . Recent studies
+of pion product. ion in K p interactions are those of

AHMANN 71 PL 348 533
BIRULEV 71 S JNP 12 536
JOHNSCN 71 PL 348 428

+CARMONY, GARF INKEL pGL'TAY t MILLER y YEN
+VOVENKQg GUSKQV p DQBROVGLSK I I y++
0 JCHNSCN

(PURD)
( JINR)

(ANL )
CERN-Saclay (BERTHON 73; KNIT, l.21-1.69 GeV/c),
CIT-UCLA (LOKEN 72; KN7T and KNTITI, 1.37-2.17 GeV/c),
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Baryons

France-Saclay-IC-Westf ield (BRUNET 72 and LEWIS 73;
KN7l, KN7t'IT, and KN717t7t, 2.11-2.72 GeV/c), and ANL

(MUSGRAVE 75; KM', 2. 53-3.20 GeV/c) . The general
conclusion is that, most, pion production is associ-
ated with 6 (1232) and/or K* (892) production, though

other resonances are also produced at the higher

energies. The I = 1 total and partial cross sections
are shown as dashed lines in Fig. l.

+Five partial-wave analyses of- K p elastic
scattering have been carried out since 1973.
CAMERON 74 performed an elastic energy-independent

analysis of data at momenta up to 870 MeV/c, includ-

ing their new high-statistics cross-section data
below 755 MeV/c. S and P waves were kept up to
400 MeV/c with D waves being added at higher

momenta, and solutions at different energies were

linked by the shortest-path method, yielding a

unique overall solution. An energy-dependent fit,
with an effective-range parametrization for the S

wave and a zero-effective-range scattering-length
parametrization for P and D waves, was also

25, 1.0
pl

l.5
I

2.0

cr (tOta l)

~ (total)

15

unitarity and had correct. elastic threshold behavior.
To allow for inelasticity a (fitted) negative term

was added to the imaginary part of the inverse
ampl itudes above the inelastic threshold. The

F]7G7, andGwaveswerealsokept, andset to
the values calculated by ALCOCK 73. Two similar

2solutions were found with X /ND = 1.1. ARNDT 74

performed and agreed well with the energy-indepen-
2 2

dent analysis. The X per data point (X /ND) was

well below 1.0 at most momenta in both fits.
Threshold parameters were extracted, the dominant

threshold effect being a repulsive S wave. The

energy-Dependent. ADAMS 73 analysis included data

at momenta up to 1.5 GeV/c, but was aimed primarily

at determining the amplitudes below 1.0 GeV/c.

Below about 0.5 GhV/c a zero-effective-range scat-
tering-length parametrization was used for S and

P waves, with D and F waves set to zero; at higher

energies the g and 6 parameters of the S, P, D, and

F waves were taken to be polynomials in c.m. momen-

tum. Waves with k~&4 were set to the values calcu-
lated from two- and three-pion exchange by ALCOCK

73. The best X values obtained were about 2250

Oe~
0
ED

IO

O
C3

0
0.5

~ {elastic)

m)

(KN~~)

I
I.O 1.5

K beam momentum (GeV/c)
2,0

for 1600 degrees of freedom, of which an estimated

300 comes from inconsistent data. Two solutions

were found; they are essentially identical below

1 GeV/c but differ significantly at higher energies.
MARTIN 75 have performed an energy-dependent analy-

+sis of K p scattering up to 1.5 GeV/c as part of a

simultaneous fit of I = 1 and I = 0 KN scattering.
Below the inelastic threshold the inverse amplitudes

for waves with J&~5/2 were parametrized as rational
functions of the c.m. momentum which obeyed elastic

XBLT 32 "253I

Fig. 1. KN total and partial cross sections.
Subscripts indicate isospin; I = 1 (I = 0) cross
sections are indicated by dashed (solid) curves.
The total cross-section curves are from CARROLL 73,
who use their recent data and that of BOWEN 73 as
well as older data. The elastic I = l curve is
hand drawn through new and old. elastic data. The
inelastic I = 1 curves are taken from LOKEN 72.
The inelastic I = 0 curves are taken from GIACOMELLI
72, and the elastic I = 0 curve is obtained by
subtracting these from the I = 0 total cross-section
curve of CARROLL 73.
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have analyzed data up to 2. 0 GeV/c using an energy-

dependent, two-channel K-matrix formalism in which

the inelastic channel coupling to the S wave is
taken to be K*N, and that coupling to higher waves

(with R~&4) is taken to be IQ. A unique solution

25-

with a X per degree of freedom (X /DF) of 1.33 for2 2

3822 data points was found, and it was possible to
decrease this to 1.16 by dropping 70 data points
with X & 8 in the original fit. The parametrized
P partial wave had a resonance pole at ( 178713
100 i) MeV. The CUTKOSKY 76 analysis i ncluded data
from 0.8 to 2.5 GeV/c. The ACE parametrization
(see MILLER 72) was used along with contributions
from P, p, A , A, Z, and low mass di-pion exchange,
the latter being based on the results of ALCOCK 73.
An iterative fitting procedure was followed in
which energy-independent. fitting was alternated
with energy smoothing using a parametrization based
on partial-wave dispersion relations which included
KB, K*N, and K*6 threshold effects for all waves

with J&«7/2. Typical X /DF values were l.0 to l.l.
The ques tion of the existence o f a Z& in the

elastic channel cannot yet be considered settled.
The most likely candidate has long been considered

0
0.0 0,5 1.0 1.5

to be the P wave around 1900 MeV. ARNDT 74 found

such an effect, but the three other analyses

K beam momentum (Geg/c}

l

~ o-o(KN K N)—

A o( (KN K N)

t

i(
l

t 2
K beam momentum (GeV/c}

Fig. 2. (a) Unfolded I = 0 cross sections as quoted
by the various authors discussed in this mini-
review:

0
O

BOWEN 73
BUGG 68 OT (as unfolded, by CARROLL 73)
CARROLL 73
COOL 70 aT
GIACOMELLI 72 O(TtKN)
GIACOMELLI 72 a(Tram)

(b) Energy dependence of the I = 0 and I = 1
cross sections for the reaction KN ~ K*N (HIRATA 70).

described above which reached high enough energy
to observe the e ffeet (ADAMS 73, MARTIN 75, and

CUTKOSKY 76) fai. led to do so. See KELLY 75 for a
discussion o f the experimental implications of this
discrepancy.

Results of the analyses of ADAMS 73 and

CUTKOSKY 76 are shown in Figs. 3 and 4. Solution 2

of ADAMS 73 is plotted below 1.0 GeV/c with errors 1

on real and imaginary parts ranging from 3% to 50%

for the various waves. The data set used for the
results plotted included a preliminary version of
the CAMERON 74 data, and the results are similar to
those of CAMERON 74. This solution also agrees
qualitatively with CUTKOSKY 76 at higher energies;

2solution 1 disagrees. The results of CUTKOSKY 76
are plotted from 0.8 to 2.5 GeV/c. These results
are quantitatively quite different from those of
MARTIN 75 and ARNDT 74.

Two multi-channel partial-wave analyses of the
I = 1 KN, K6, and K*N channels at 1.21, 1.29, 1.38,
and 1.69 GeV/c have been performed by LESQUOY 75.
One analysis used a quasi-two-body approach, and

the other the isobar model approach. It was not

possible to draw any firm conclusions about the
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Baryons

K*N channel or to discriminate between results of
other analyses of the elastic channel alone.
Results on the KA channel indicate four comparably

large waves: SD , PP , PP , and either DD or
DD depending on the method of analysis. This is
in contrast to earlier analyses (e.g. , GRIFFITH 72)

which found this channel to be dominated by the

PP wave over mos t of the l.0 to 1.5 GeV/c region.
BERTHON2 73 find (like GRIFFITH 72) no indication
in the IQ channel of rapid phase variat, ion signal-
ing possible resonant effects.

I = 0 System

The experiments of CARROLL 73 and BONEN 73
+(see above) measured K d total cross sections in

+the same energy ranges as their K p measurements.

These experiments agree rather well with each other
and with older data except that the CARROLL 73

cross sections are systematically higher than those

of BONEN 70 (0.36 to 0. '72 GeV/c) . Unfolded I = 0

cross sections, new and old, are shown in Fig. 2(a};
the disagreement between CARROLL 73 and BONEN 73

at low energies is primarily due to differences in

the unfolding procedure. The I = 0 cross section
+ +

unfolded from the newer K p and K d data rises. to
a plateau in the 0.7 to 0.9 GeV/c region and has a

hump of about. 3 mb in the 0.9 to 1.3 GeV/c region.
Older data had indicated a hump of comparable size
in the plateau region. As shown in Figs. 1 and

2(b), the plateau is associated with a broad peak

in the elastic cross section, while the hump is
associated with a rising K N cross section.

In a partial-wave analysis of the I = 0 elastic
channel GIACONELLI 74 fit data in the 0.38 to 1.51

GeV/c region, including the new K n differential
cross-section data of the BGRT collaborat. ion

(GIACONELLI 73; 0.64 to 1.51 GeV/c). Three types
of partial-wave analysis (all with S, P, and D

waves only) were used to analyze these data: an

energy-dependent analysis (ED) using the parametri-
zation of LEA 68 and I = 1 partial waves from prev-
ious solutions of GIACOMELLI 70, ALBRON 71, and

LOVELACE 71; an energy-independent. analysis (EI-1)
+

which included. K p data and determined both the

I = 0 and I = 1 partial waves; and an energy-inde-

pendent analysis (EI-2) in which the I = 1 partial
waves were fixed at the values of ALBRON 71' s

solution g. In analyses EI-1 and EI-2 several

variants of the LOVELACE 71 shortest-path technique

vere used to link solutions at different energies.

The solutions found by these different methods fell
into three main families denoted A, C, and D, the

best X /ND values being l.4-1.9, l.6-1.7, and 1.5-

1.8, respectively. Examples of each class from an

ED analysis using the I = 1 partial waves of
GIACOMELLI 70 are shown in Fig. 5. Some criteria
for choice between these solutions are offered by

comparison with part. icular features of the data.
+ 0

The single existing measurement of K n ~ K p polar-
ization (RAY 69; 0.60 GeV/c) is consistent with

classes C and D only. The I = 0 total cross sections

of CARROLL 73 and BONEN 73 were not included in the

fitting, but comparison is made with CARROLL 73 and

the data are found to be consistent vith class D

only. LONDON 74 has calculated K p ~ K p amplitudesI S
2

by combining the best, (i.e. , lowest X ) energy-

dependent. solution from each of GIACOMELLI 74's

classes with existing I = 1 KN and KN solutions and

compared the results with K p ~ K p cross-section8
data. He finds that the class D solution is
preferred. Similar calculations have been made

more recently, and with much more regeneration

data, by ALEXANDER 75 and CAMERON 75. The former

favors class A, while the latter favors classes C

and D but, is unable to dist, inguish between them.

No conclusive evidence for Z*'s emerges from the

analysis of. GIACONELLI 74; the most likely candi-
date is the class-D P wave, but. GIACOMELLI 74

point out that. the resonance interpretation is
questionable for some of the class-D solutions and

for all of the class-C solutions. A Breit-Nigner

plus quadratic background fit. to the class-D P

wave yields the following parameters: N = 1740 NeV,

I" = 300 NeV, x = 0.85.
A more recent, effort, is the energy-dependent.

simultaneous I = 0 and I = 1 analysis of MARTIN 75,
+

which makes use of the new K n elastic and charge-

exchange data of DAMERELL 75. The parametrization

used is described above. Two qualitatively similar
solutions are found. Both are quite different. from

all the GIACOMELLI 74 solutions, but. the P wave

most, resembles that. of the class-C solut. ion (see
Fig. 5). MARTIN 75 find no significant. evidence

for resonance-like energy dependence.
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Fig. . 3. Amplitudes for I = l KN elastic scattering in the J = 1/2 and J = 3/2 waves from ADAMS 73 ()) and
CUTKOSKY 76 (t-) . The energy dependence of each amplitude is displayed by plotting its real and imaginary
parts versus energy, in alignment with the corresponding Argand plot. In addition, arrows are plotted on
the Argand plots with bases positioned at integer multiples of 100 NeV and a base-to-tip length of 20 NeV.
All the energy axes run from elastic threshold to 2500 MeV.
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Fig. 4. Amplitudes for l = 1 KN elastic scattering in the J = 5/2 and J = 7/2 waves from ADAMS 73 ()) and
QUTKOSKY 76 ( $ ) . The energy dependence of each amplitude is displayed by plot. t.ing it, s real and imaginary
parts versus energy, in alignment with the corresponding Argand plot. . In addition, arrows are plotted on
the Argand plots with bases positioned at. integer multiples of 100 NeV and a base-to-tip length of 20 MeV.
All the energy axes run from elastic threshold to 2500 NeV.

Rev. Mod. Phys. , Vol. 48, No. 2, Part l I, April '1976



S194 Particle Oata Group: Review of particle properties

Baryons Data Card Listings
For notation, see key at front of Listings.

p Q('pRT

1.0—

120

0.5—

0.5—

-0.5 0.0 0.5 0.0
Re f(

0.5 0.0 05

03
D03

DOS

0 0.5

)5

-0-1 0

Pig. 5. Amplitudes for I = 0 KN elastic scattering from GIACOMELLI 74 (upper plots) and, MARTIN 75 (lower
plots) . The GIACOMELLI 74 results are from the energy-dependent analysis and exemplify the three main
classes of solutions found in the complete analysis; the energy dependence of the amplitudes is displayed
by tick marks at integral multiples of 100 NeV. The MARTIN 75 results are from the preferred solution 2,
with the solution-1 D03 wave (which exhibited the largest difference between solutions 1 and 2 of any wave)
shown as a broken line for comparison; the energy dependence of the amplitudes is displayed by tick marks
at the indicated integral multiples of 100 MeV.
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Baryons
Z*'s, Zp(1780), Zp(1865), Z) {1900)

Production Experiments

There are no new developments in production
experiments, and the observation of ERNE 70 that
present upper limits for Z* production are not

EXP
GQLDHABE
RAY
ARMITAGE
GIACOME 1
GIACCHEL

ALSO
LC ND CN
AL EXANGE
DAHE RE LL

ER I MENTS MA INLY ABOUT
62 PRL 9 135
69 PR 183 1183
72 NAL PAPER 39 1
72 NP 84 2 437
73 NP 856 346
73 BGNA PPT ~ AE 73/4
74 PRO 9 1569
75 PL 588 484
75 NP 894 374

ELASTIC CI ANNELS
GQLDHABER CH INOIySKY GQLDHABER+ (LRL+UCLA I I J P
RAY 9 BURR I S yF I SK r KRAE HER y HI LL+ +CAP N+BhiL
+ASTONyDUERDOTHyELL ISONy + (MCHS+DARE)
GIACGMELL I + (BGNA+GL AS+RCMA+TRST )
GIACQMELL I 9+ ( BGNA+GLAS+RG MA+ T RST )
GIACQMELL I 9 GRIF ITHSr+ (BGNA+GLAS+ROMA+TRST)
LCh DCN (BNL ) IJP
AL E XAN DER 9 BAR- N I R 9 BE hi ARY+ (TELA+I. EID)IJP
+I QTCHKISSy WICKENS y BENT( FY+ (RHELy BIRM)

small still holds. Cross-section limits for the
production qf broad Z*'s are comparable to the
observed N* and Y* production cross sections.
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(1865) 96 Z l0(1665 JP=Z/2-1 1=0 Dp3
THIS EFF ECT IS STRONGLY ASSOCI ATED WITH TI-'E K¹ N

THRESHOLD SEE HIRATA 68 AND 70 ~ W ILSOhf 72 AND
GIACCMELLI2 73 REPORT PARTI AL hbVE ANALYSES ~

AARCN 73 CLAIMS A RESONANCE IN A MQCEL DEPENDENT
PhA ~ SEE A LSG Z¹0(1780 ) ~

2. R. E. Cutkosky, private communication.

See the Data Card Listings for other references.

96 Z¹0(1865}MASS (MEV)

t1860 ~ 0) (15 ' 0) CARTER
(186860) (1090) CQQL
( 1830 ) AARGh

1 (1840. ) CARROLL
1 FITZ=FIT GF L=l AND L=2 BWS TO I=O TCS
1 SEE ZO(1780) FOR FIT 1 AND L=l PART OF

67 THEO
70 CNTR
73 MPWA
73 CNTR

FROH ~ 4- 1 ~ 1
FIT 2 ~

Dj SPEF SIC N REL ~ 8/67
K+P 9 D TOTAL 8/67
I=O KN ~ 6-106G/C 9/73
KN j=p TCSrFIT 2 9/73
GEV/CD 9/73

9/73

S=1 I=p EXOTIC STATES (Zp) 96 1¹C(1865) WIDTH (MEV)

W 1

(200 ' 0)
(16090)
(100~ )
(75 )

(50 F 0)
(30 0)

CART ER
COOL
AARON
CARRCLL

67 THEO
70 CNTR
73 MPWA
73 CNTR

8/67
8/67

I —0 KN 96 196G/C 9/73
Kh' I=O TCSrFIT 2 9/73

(1780) 95 2 0117 o JP=l/2 =o Pj
SEE THE MINI REVIEW PRECECING THIS LISTING ~

WILSON 72 AND GIACOMELLI 74 FIND SOHE SOLUTIOhS
WITH RESONANT LIKE BEHAVIOR IN THE P01 PARTIAL WAVEP
THE EFFECT SEEN IN THE I=O TOTAL CROSS SECTIGh Sy
IF A RESGNANCEy MUST HA VE SP Ihf= 1/29 BECAUSE THF.
INELASTIC CROSS SECT ION IS VERY SHALt. AND THE TOTAL
CROSS SECTION IS ABOUT 4¹PI/K¹¹2~

Pl
P2

96 Z¹0(1B65}PARTIAL DECAY MODES

Z¹0(1865} INTO K N

Z¹0( 1865) INTO N K¹(892 )

96 Z¹C(1865) BRANCHING RAT I CS

DECAY MASSES
493y. 939
938+ 892

M 0
H 0
M W

M W

M 1
M 1
M 1
M I,
M

W

W W

W 1
W 1
W

(565 0)
(300 ' )
(600. )
(845 ' )
(300 ' )

95 Z¹C(1780) WIDTH (ME V I

COOL
WI LSQN
CARROLL
CARROLL
G'IACOMEL

70 CNTR + K+P, 0 TOTAL
72 P WA K+h! P01 WAVE
73 Ch}TR KN I=O TC S yF I T 1
73 CNTR KN I=O TCSr FIT 2
74 P hA 9 38-1 ~ 51 G E V/C

95 Z¹0(1780) PARTIAL DECAY MODES

95 Z¹0(1780) MASS (MEV)

1780 0 10' 0 COOL 70 CNTR y K+Pr 0 TOTAL
SEEN GOWELL 70 CNTR K+P y 0 TOTAL
SEE ALSO DISCUSSIQN OF LYNCH 70

(1800~ I WILSON 72 PWA K+N Ppl WAVE
ESTIMATE OF PARAMETERS FRCM BW + QUADRATIC BACKCROUND FIT TO -P01 ~

( 1750~ I CARROLL 73 CNTR KN I=O TCSyFIT 1
(1825 ' ) CARROLL 73 CNTR KN I=O TCSyFIT 2

FIT 1=FIT OF SINGLE L=l BW+BACKGRCUhD TO I=0 TCS FROM .4-1 1 CEV/C
FIT 2~FIT OF L~l AND L=2 BWS TO SAME DATAr SEE 10( 1865) FOR L=2 PART

(1740 ) GIACCMEL 74 PWA ~ 38-1 ~ 51 GEV/C

1/71
7/70
7/70
3 /72
3/72
9/73
9/73
9/73
9/73

10/74¹

1/71
3/72
9/73
9/73

10/74¹

Rl 1¹0(1865) INTO (K h ) /TOTAL
Rl t 6 155) ( ~ 025}
Rj. 115) ( ~ 025)
Rl 1 ( ~ 085)

CARTER
COOL
CARROLL

tP1)
67 THEO IF J=3/2
70 CNTR IF J=3/2
73 CNTR IF J=3/29 FIT 2

R2 Z¹0(1865) INTO N K¹(892 )
R2 MAIN INELASTIC DECAY HIRATA i 68 HBC

(P2)

CARTER
HI RATA
COOL

AI SO
ALSC

AARON
CARROLL

67 PRL 18 801
68 PR(. 21 1485
70 PR 01 1887
66 P RL 17 102
69 PL 308 564
73 PRD 7 1401
73 PL 458 531

HIRATA 70 DUKE 429
AARON 71 PRL 26 407
HIRATA-1 71 NP B33 445
GIACQfi/EL 72 NP 837 577
W I L SON 72 NP 842 445

PAPERS NOT REFERRED TO IN CATA CARDS

+GCLClJABER 9 SEEGER ~ TR ILL INC+WOHL (LRL )
+AMADQ+S ILBAR (NEAS 9 PENNr LASL ) IJP
iGOLDHABER yHALL 9 SEEGERy TRILLING 9'WOHI (LBL )
G IACQMELL I + (BGNA~GLAS+ROMA+TRST )
+GRIFF ITHS, HIRATA + (BGNA+GLAS+ROMA+TRST)

REFERENCES FOR Z¹0 ( 1865)

A A CARTER t CAVENDI SH )
HIRATA 9 WOHL 9 GOLDHABERy TR ILL ING t LRL)
COOL GIACCMELLI KYCI Ay LEGNT IC, L I + (BNL )
+GIACQMELLI KYC IA LECNTIC LI, LUNDBY + (BNL) I
ABRAHS r COOL 9 GIACOMELLI 9 KYC IAy LI + (BNL )
AARCNy RICHr HOGAhy SRIVASTAVA (LASL+NEAS ) IJP
+KYC I A ~ L I t MI CHA EL 9 MOC KE TT 5 R AHM+ (BNL }I

9/73
9/73
9/73

11/68

Pl 1¹0( 1780) INTO K N

DECAY MASSES
493+ 939 ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

Rl
Rl
Rl W

Rl 1
Rl 1
Rl

Z¹0(1780) INTO (K NI
(0~ 95 )
(0 ~ 85)

( 75)
( ~ 91)
( 85)

/TOTAL
COOL
WILSON
CARROLL
CARROLL
GIACQMEL

(Pl }
IO CNTR + K+Pr D TOTAL
72 PWA K+N P01 WAVE
73 CNTR IF J=l/2r F IT
73 CNTR IF J-1/2 r F IT 2
74 PWA ~ 38-1 51 GEV/C

REFERENCES FOR Z¹0(1780)

95 1¹C(1780) BRANCHING RATIOS

1/71
3/72
9/73
9/73

10/74¹

S=l I=1 EXOTIC STATES (ZI)
¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

/1 gppy
97 2*111900, J =3/2 1 1=1. $3
THIS EFFECT IS STRONGLY ASSQCIATEC WITH THE K-DELTA
THRESHOLD ~ SEE THE MINI REVIEW PRECEDING Z¹0(1780}

COOL
ALSO
ALSC

DOWELL
WILSON
CARRCLL
GIAC C)ZEL

70 DUKE CGNF 47
69 Pl 308 564
70 PR Dl 1887
70 DUKE 53
72 NP 842 445
73 PL 458 531
74 NP 871 138

LYhiCH 70 DUKE 9
HI RATA 71 NP 830 157
BCWEN 73 PR 07 22
JOHNSCN 74 PL 508 343
CAHERON 75 PALERHC CGNF ~

R L CQCL (BNL )
ABRAMS ~ COOL y G I ACOHE LLI ~ KYC I A 5 LI + ( BNL )
COOL y GIACQMEt. L I 9 KYC I A yLEQNT IC 9 LI + I BNL)
J ~ LE DGWELL (BIRM )
+GRIFF ITHS rHIRATA + (BGNA+GLAS+RCMA+TRST)
+KYC IAr L I yMICHAELy MQCKETT 9 RAHM+ (Bh'L) I
6 IACOMELLI 9+ (BGNA+GLAS+RQMA+TRST) IJP

PAPERS NOT REFERRED TO IN DATA CARDS

G LYNCH (REVIEWER OF CR ~ SEC ~ DATA) (LRL)
+GOLDHABERyHALLySEEGERrTHRILL INGyWQHL (LBL )IJP
+ JENKI NSr KALBACHy PETERSEN + (AR IZ+IZICH )
JOHNSON VLASSOPULOS (CFRNrDURH)
+CAP ILUPP I+ ( BGN A+ED IN+GL AS+P I S A+RH:L ) I J P

M 1
M 1
M

M 1
M 1
M 2
M

M 2

M

M K
M K

M K
M K

97 Z¹1(1900) MASS (MEVI

(}.932 F 0) AY ED 70 IPhA P139 SOl I
(1899.0) AYED 70 IPWA P139SOL ~ Ij
(2030 ' 0) AYED 70 IPWA Slly SOLP I I I

THREE SCL hS IN ORDER OF DECREAS ING SIGNIFICANCE ~ TI.OUGH AYED 70
GIVE PARAMETERS 9 TI.EY CGhfC LUGE RESCNANT INTERPRETATION DOUBT FUi

(1830~ I BAPNETT 70 IPWA P139 SGLN I I I
RESONANCE SIGNAL BARELY ABCVE BACKGRQUNC DUE TO THE LARGE ERf:ORS
IN THE AHPL ITLDES RESUI TING FRCM THE AhiALYS IS
1900 F 0 10 0 COOL -- 70 CNTR ++ K+P TOTAL

(1880.} ALBRQW 71 IPWA ++ SQL ~ GAMMA

(1890 ' ) KATQ 71 IPhA SOL I(F IT BW)
(2040, I KATO 7 j. I PWA SOL I I ( F I T BW)

KATO 71 ESTIMATE RESCNAhCE PARAMETERS —UPCATEC PHASE SHIFTS
PUBLISHED IN MILLER 72 ~

6/70
6/70
6/70

9/73

1/71
10/71
10/71
10/71
3/72
3/72
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S]96 Particle Data Group: Review of particle properties

Baryorjs
z ~ (1900), z I (8 150), Z I (8500)

Data Card Listings
For notation, see A, ey at front of Listings.

'W 1
W 1
W I
W 2

W K

W K

REE

97 Z¹1(1900) W IDTH (MEV)

{520 0)
(397~ Ol
(557 ~ 0)
{120 )
(240 ~ 0 I
(1909)
(280 l
(260. )

SEE THE NOTES ACCOMPANYING

AYED 70
AYED 70
AYEC 70
BA RNE TT 70
COOL 70
ALBRCW 71
KA TO 71
KATO 71

MASSES QUOTEDP

IPWA
IPWA
I P'WA

I PWA

CNTR
IPWA
IP WA

IPWA

K+P
K+P
K+P
P133 SCLN I I I

++ K+- TOTAL
++ S Ok. GAMM A

SCL I (FIT BW)
SQL I I (F IT BW I

t 1787 ~ )

97 Zj¹(1900) REAL PART OF PCLE PCSITION

ARNDT 74 DPWA K+ P ELASTIC

6/70
6/70
6/70
9/73
1/71

10/7 1
10/7 I
10/71

4/75¹
4/75¹

BARNETT
CHAR{ E S
CAMERCh
YUT A

ABE
ADAMS
PATTON

PAR
CARR ERA1

ALSO
ERNE
LEA
LQVELACE
CUTKOSKY
EHR LICH
MART IN
MARTI hi

CUT KQSKY

73 PRO 8 2751 BARNETT 9 LAASANE h+ ( UMQ+ANL+NW ES+ FNAL l

73 PURDUE CONF 179 CHARLES 9 EDWARD St+ ( SHMP+AARH+RHEL+BR IS )

74 NP 878 9IB CAMERQNt HIRATAt JENNINGSt+ (GLASPBGNAt TRST)I JP
74 NP 88 1 189 YL. TA 9 BOCK 9 MUSG RAVE 9 PE ET ERS 9 SCHRE INER 9+ (ANL ) I
75 PRO 11 1719 +BARhiETTt GQLDMANr LAASANEN+ {UMDtANL)
75 NP 887 41 +CARTERr COOK 9 GLASS t GREEN {WASH)
15 PRL 34 975 +BARLETTA 9 EHRLI CHt ETK IN+ (YALEr TQKY tBNL l

TIAL-WAVE ANALYSES (SEE ALSC ADAMS 73 ANC CAMERCh 74)
70 NP B23 525 B CARR ERAS 9 A DGNNACHIE (CARE) IJP
70 DUK E 447 +CCNNAC). IE KIRSQPP ( OAR E+MC HS+ ED IN )
70 DUKE 375 +SENStWAGNER ( CERN ) I JP
71 NP 826 413 +MARTINr THOMPSON (RHELrLQUC )IJP
71 NP 828 141 t)9 AGhi E R {CERN ) I JP
72 NAL PAPER 210 +HICKS PKELLYt SHIHt JOHNSON (CARN+ILL+ANL)
72 NAL PAPER 447 +ETK INt GLODISt HUGHES 9 LU tPATTQN + ( YALE )
72 PREPRINT 8 ~ R MART IN, C E ~ MILL ER (LQUC)
75 NP B94 413 8 R MARTIN (LOUC)
76 NP 8102 139 CUTKOS KY 9 HICKS, KELLY 9+ {CARN+ I IT+ANL ) I JP

IME (1009)

97 Zl¹.{1900 ) IMAG I NARY PART OF POL E POS IT IQN

ARNOT 74 DP WA Kt. P ELASTIC

4/7 5¹
4/75¹

EA'RL I ER ANALY SES THAT CO NOT INCLUDE RECENT POLAR I ZATIQN DATA
LEA 68 PR 165 1770 LEAt MART I Nt OADES ( RHEL t BNL t CERN )
MART IN 6 8 P RL;21 1286 B R MARTI N (BNL )
CUTKQSKY 70 PR Dl 2547 R E CUTKQSKY t 8 8 DEO (CARNEGIE-HELLCN) I

Pl
P2

97 Z¹l(1900) PART IAL DECAY MODES

Z¹1 t 1900) Ih TQ K N

Z¹1(19CO) INTO N¹3/2( 1232) K

97 Z¹1(1900) BRANCHING RATIOS

DECAY MASSES
493+ 938

1232+ 493

LAT
LEVI SETT
GOLDHABE
DQWELL
LOVELACE
DQWE LL
CUTKQSKY
KELLY
URBAN

EST REVIEW TALKS AhQ PAPERS
69 LUND CCNF 34 I R LEV I SETTI ( RAPPORTEUR)
70 DUKE 407 GPGQLDHABER (REVIEWER)
72 NAL REVIEW REV IEW TALK I N BARYQN S ESS ION
12 NAL REVIEW RAPPORTEUR'S TALK
73 PURDUE CONF 157 DCWELL
74 LONDChi CONF I 1-54 CUTKQ SKY
75 ANL-HEP-CP-75-58 REVIEW TALK Ih BARYON SESSION
75 PL 60B 77 URBAN

( CHI CAGQ )
(LRL )

(BIRM)
{RUTG)
( BI RM )
t CARN)

(LBL )
{LBL)

Rl
Rl
Rl 1
Rl 1
Rl 1
Rl 2
Rl
Rl
Rl K

Rj K

Z¹1(1900) INTO (K N) /TOTAL
(0 10l OR LESS
(0 16)
(0 ' 20)
(09 17)

{'~ 12)
(0 12) (ASSUMING J=3/2)
(09 15)
(0.22)
(0 27)

CARTER
AYED
AYED
AYED
BARNETT
COOL
ALBRQW
KA TQ
KATQ

67 THEO
70 IPWA
70 IPWA
70 IPWA
70 IPWA
70 CNTR
71 I PWA

71 I PWA

71 IPWA

(Pl l
DI SPERSIQN RE L

P139SCLN I I I
++ K+P TOTAL
++ SOLP GAMMA

SCL I (FIT BWl
SQL II (FI T BW)

8/67
6/70
6/70
6/70
9/73
1/71

10/71
10/71
10/71

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

Zg(2150) 93 2P1&2150, JP= 1 1=1

A SMALL BUMP IN TOTAL CROSS SECTION AT
PK=l ~ 8 GEV/C

SEE NOTES ACCOMPANYING Tt E MASSES QUOTED

R2 Z¹1 ( 19CC) INTO K N¹3/2( 1232) (P2)
R2 MAlh INELASTIC DECAY BLAND 67 HBC ++
R2 NQ EVIDENCE SP EED ).AS hilhIM ~ GRIFF ITHS 72 HBC K+P ~ 9-1~ 5 GE V/C

8/67
3/72 21 50 ~ 20 ~ ABRAMS

93 Z¹1 (2150) MASS ( MEV )

70 CNTR ++ K+P TOTAL 10/71

BLAND
CART ER

67 PRL 18 1077
67 PRL 18 801

REFERENCES FOR Z¹1(1900)

t80hLER 9 BPCWNt CtS GQLCHABERtSEEGERt+ (LRL )
A A CARTER (CA VEhiD I SH )

(175 1

93 Z¹j(2150) WIDTH (MEV)

ABRAMS 70 CNTR t K+P TOTAL 10/71

AYED 70 PL 328 404
BARNETT 70 U MDt'RPT 70-101

ALSO 7G DUKE 443
CQOL 70 P R D 1 1887

ALSO 66 PRL 17 102

+BAREYREt FELTESSEt VILLET (SACLAY ) IJP
BARNETTtGOLDMANtLAASANENtSTEINBERG (UMD )IJP
BARNETT GOLDMAN LAASANEhi STEINBERG ( UMD ) I JP
tGIACQMELLI t KYCIA 9 LEQNTIC 9 LI 9 + (BNL ) I
CQQL 9 G IACOMELL I tKYCI A tLEONT IC 9 I I + (Bh)L ) Pl

93 Z¹1{215C) PARTIAL DECAY MQCES

Z¹l(2150) INTO K N

DECAY MASSES
493+ 938

ALBROW 71 NP B30 273
ALSO 70 DUKE 375

KATO 71 H E PHEN ~ t MORIQND
ALSO 70 DUKE 367
ALSO 70 PRL 24 615

GRIFF ITH 72 NP 838 365
MI LLF R 72 NP 837 401

+ANDER SON t AL ME) ED r ~ ~ t UDQ t 'WAGNE R

ERhiEr S Eh S t WACNE R

+K C EHL ER 9 ~ ~ ~ t YQ KOSA WA+ BUR L E SON
AD YQKQSAWA
KATCtKQEHLERtNOVEYtYQKQSAhA+

(CERN) I JP
( CERN ) I JP

(ANL 9 NWES) I JP
(ANL) I JP

(ANLt NWES) IJP

+F IRATAt I'UG)-ES + {BGNA+GLAS+RQMA+TRST)
+NOVEYtYOKQSAWAtCUTKQSKY t (ANL+CARN+NWES )IJP

Rl
Rl
Rl

93 Z¹1(2150) BRAhiCHING RATI CS

Z¹1(2150) IhTQ (K Nl /TOTAL (Pl)
J IS NOT KNOWN 9 Tl. E FOLLOW ING IS {J+1/2) ¹PI

{0 ~ 04) ABRAMS 70 CNTR t K+P TOTAL 10/71

AR NDT 74 PRL 33 987 ARNDT 9 ) ACKMAN 9 ROPER 9 STEINBERG (VP I 9 O'MD) IJP

PAPERS NOT REFFERED TO !N Z¹1 DATA CARCS

A K-NATRI X ANALYS IS QF SOME QF Tl-E EARLY K+P DATA
HITE 67 THESIS G E HITE

Tl EORETICAL AND MCDEL CEPEhCENT ANALYSES
CARR ERAS 70 NP 819 349 8 CARRERASt A DCNNACHIE
ALCOCK 13 NP 856 301 ALCOCKPCQTTINGHAH

( I LLI NOI S )

(DARESBURYt MCHS)
( BRIS) I JP

TOTAL-CRCSS-SECT IQN EXP ER IMENTS
BUGG 68 PR 168 1466 tC ILMQRE 9 KNIGHT 9 + (RHELt 8IRMt CA VE ) I
BOW EN 70 P R D2 2599 +CALDWELL 9 DI Kh'ENt JEhKINS 9 KALBACHt+( ARIZ )
BCWEhi 73 PR D7 22 + JENKIhiSt KALBACHr PET ERSEN + (ARIZ+MICH)
CARROLL 73 PL 458 531 +KYC IA 9 LI 9 MICHAEL 9 MOCKETT 9 RAHM+ {BNL)

ABRAMS 70 P R Dl 1917
ALSO 67 PRL 19 257

Z, (a5OO) „...
A SMALL
PK=2 7

( 250C 9 JP=

BUMP IN TCTAL CROSS SECTICN AT
CEV/C

REF ERE hiCES FCR Z¹1(2150)

+CQQLr GIACC&ELL It KYCI At LEONT ICtL I + (BNL )
ABRAMS ~ COOL PGI ACCHELL I tKYCI At LEQNT IC+ (BNL )

EXP ER I
BLAND 68
BLAND 69
BLAND 70

BLAND 6
HIRATA-1 71
BRUNET 12
GRIFFITH 72
LCKEh, 7g
BERTHCN 73
LEWIS 73
LE SQUQY 75
MUSGRAVE 75

MENTS )JAI NLY ABCLIT IhELAST I C CHAh NELS
UCRL-18131 THESIS R W BLAND (LRL1
NP 813 595 +BOWLERt BRQWNt KADYKt GQLDHABERr + (LRL)
NP 818 537 +BOWLER 9 BRCWNt GOLDHABER 9 {LRL )

9 ANQ ELAND 70 REPLACE BLAND 67 AND BLAND 68 ~

NP 833 445 tCOLDHABER 9 HALL 9 S EEGERt TR ILL INGr WQHL (LBL )
NP 837 114 BRUhiET t NAR JQUX r DANYS Z+ ( CDEF+S ACL+LQ I C+LQWC l
NP 838 365 +HI RATAt HUGHES t JACOBS+( BGN A tGLAS t RQ h At TRST I I JP
P R Q6 2346 tBAR IS Hr GCMEZr DAVI ES 9 SCHL Ejhl 9+ {CIT 9 UCLA )
NP 863 54 BERTHQNtMGNTAhETPPAULPSAETRE+ (CERN+SACL )
NP 860 283 L EW IS ALL EN JACOB S DANYS Z+ ( LO'WC+LOIC+CDEF )
NP 899 346 +)'ULL ERt TR I ANT IS 9 BERT HON+ ( SACL+CERN ) I JP
NP 887 365 +PEETERSt SCREINERt bHITMQRE 9 YUTA (ANL )

2500 ~

94 Z¹1(2500) MASS ( MEV)

20

94 Z¹l(2500) WIDTH (MEV)

ABRAMS 70 CNTR ++ K+P TOTAL

ABRAMS 70 CNTR t+ K+P TOTAL 10/7 1

10/71

IN EL AS
PRL 21
PL 288
PL 308
PRL 23
PL 298
PL 328
NP 820
DUK E
PRL 24
PR D4
PL 348
PRL 26
PR D3

NAL P
PL 408

hiAI P
NP 842
NP 866
iNP 861

T I C SC ATT
1282
611
56
194
618
214
301
435
16'0
?637
655
925

1092
AP ER 326
289

APER 287
29
36
125

T I-E MA

CARROLL 68
ANDERS-1 69
ANDERS-2 69
ASBURY 69
BL AND 69
BARBER 70
GIACCMEL 70
HALL 70
REBKA 70
ADAMS 71
BARNETT 71
EHRL I CH 71
WHITMORE 71
ADAMS 72
CHARLES 72

ALSO 72
QANYS Z 72
ADAMS 73
BARBER 73

ER IhlC AND POLAR IZATION EXP ER IMENT S
+FISCHERt LUNCBYt PHILLIPS 9 + {BNL, RQCH)
ANDERSSCNt DAUMt ERNE 9 LAGNAUXt + (CERN)
bNDERSSON 9 CAUM 9 EPNE t LAGNAUX t + ( CERN)
+DOWEL L 9 KATQt LUNDQUIST 9 NQVEY 9 +I ANL tUMD )
R IPi BLAND 9 G GCLDHAB ER 9 G F TRI LL ING {LRL )
+BROOME DUFF HEYMANN IMRIE + (LOUC RHEL)IJP
G IACCIMELL I 9 GR IFF ITHS 9 ( BGhiA 9 GLAS 9 RQMAt TRST ) I JP
+BLAND 9 GOi DHABER 9 TRILLING (LRL l
+ROTI-BERGt ETKlhSt GLODIS 9 + ( YALE) I JP
+DA VIE S 9 DQ WELL 9 GRAYER 9 HATT ERS+ ( BIRMt RHEL I
+LAASANENr STEINBERG + t UMD+ANL+NWES+FhiAL)
+ETKINr GLODI Sr HUGHES 9 KONDO r LUt MQR I+ ( YALE )
+ABRAMS 9 E I SENSTEI N tK I MtQHbLLORAhi 9+ ( ILL l

+COXtDAVIEStDOWELLrGRAYER t. (BIRM+RHELl
+COWAN E

CANARDS

G I BSON + ( BR I S RHEL SHMP )
C).ARLESt COWANt ECWARDS + t BR I S+RHEL+SHMP )
+PENNEY STEWART THOMPSON + (LQIC CDEF LQWC )
ADAMS 9 CQX 9 DA VIE S 9 D OWE LL 9+ \ BI RM+RHEL) I JP
BARBER 9 BRCCME 9 BUS ZAt DAVI ES 9 DUFF+ (LOUC+RHEL l

Pl

94 Z¹1(2500) PARTIAL CECAY I"ODES

Z¹1(2500) INTO K N

DECAY MASSES
493+ 93 8

Rl
Rl
Rl

ABRAM S 70 P R Dl 1917
ALSO 67 PRL 19 257

REFERENCES FCR Z¹1(2500)

tCOQL 9 C IACQMELL I,KYCIAPLEQNT ICt LI + (BNL )
ABRAMS t COOL 9 GI ACQME L LI 9 KYC I A 9 L EQNT I C+ ( BNL )

¹¹¹¹¹¹¹¹¹ ¹~¹~~tt¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

94 Z¹l(2500) BRANCHING RATIOS

Z¹1(2500) INTO (K hi) /TOTAL (Pl l
J IS NOT KNO'WN 9 Ti. E FOLLOWING I S t J+1/2)¹P1

(0903) ABRAMS 70 CNTR ++ K+P TOTAl
1

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

10/71
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Particle Data Group: Review of particle properties S197

Data Card Listings
For notation, see key at front of Listings.

Baryons
A.'s and Z's

Zi. CROSS SECTION I.ILATS

SEE MINIRE VIEW PRECEDING Z¹0
C S UNITS MICR CBA 1NS
CS LESS T) AN 50 ~

CS A LESS THAN ~2 +~3
CS A ABOVE L IMIT FOR
CS B LESS THAN 1 4 +1 9
CS B ABOVE L IM IT FOR

- ~ I
M=1+2 TO

«5
M=1 5 TQ

BASSOMPIE 68 HBC K+P TO Z¹+ PE+
ANDERSON 69 ASPK + PI-P TO K-Z¹+

1 ~ 4 GEV — CL= 99 P C ~

ANCERSGN 69 ASPK + PI-P TO K-Z¹+
2 5 GEV

BASSGMPI 68 PL. 278 468
ANGE R SON 69 PL 29 8 136

REFERENCES FOR Z¹1 CROSS SECTICN LIMITS

BASSQMPIERRE t. (CERht BRUXELLES)
+BLESER BLIEOEN COLLINS + (BNL CARNEGIE)

PAPERS NOT REFERRED TO IN DATA CARDS

TYSON 67 PRL 19 255 +GREENBERGtHUGHEStLUtMINEHART ~ MCRIt (YALE)
MORI 68 PL 288 152 tGREENBERGtHUGHEStLUtRQTHBERGt + (YALE )
MORI 69 PR '185 1687 +GREENBERGt HUGHESt LUt MINEHARTt + (YALE)

MORI 69 REPLACES TYSON 67 ANO MOR I 68 ~

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

10/69
10/69

10/69

Formation Experiments

partial-wave analyses have been performed
KN, AVt, ZTt, =K, and A(I), plus some quasi-two-body
channels. Given the present accuracy of the data
it. is not possible to perform a completely energy-
independent analysis, that is, solve for the
partial-wave amplitudes at each energy in a model-
independent way.

For the great majority of the analyses done so
far, the energy range covered was rather limited,
corresponding usually to a single bubble chamber

experiment. A distu'rbing feature that appears when

examining the partial waves obtained in a particu-

Note on A's and Z' s

The number of confirmed Y states has not

increased great. ly in the last few years, although

there has been a larger increase in the number of
proposed, but unconf irmed, possible new resonances .
Since our last edition (1974) we have made only one

addition to the Y* portion of the Baryon Table, the

A(1860), but have entered four new states into the
Data Card Listings, and encountered several further
indications that some of the states we list may

really be more than one resonance. New high-
statistics experiments are needed to clarify the

situation.
Just. as the recently discovered N*'s are only

weakly coupled to the TAN+ )AN reaction, so also are
the recently proposed Y*'s only weakly coupled to
the KN~ KN, KN~ ATt, and KN~ ZTI reactions. For this
reason the newer Y*'s are more difficult to uncover;

in invariant mass distributions they usually appear

as small peaks or make no appearance at all. Rather,

when the 2-body reactions are partial-wave analyzed,

some of the amplitudes are found to traverse reso-
nance-like counterclockwise circles. The results

pof partial-wave analysis give J information,
whereas a peak seen in an invariant. mass distri-
bution or a total cross section often cannot, be

analyzed for its quantum numbers. Ne vill keep

information coming from formation experiments and

from production experiments separate whenever

necessary.

lar analysis is that they do not join smoothly with
the partial waves given in analyses done for the
same channel in a different energy range. Ont„ way

to avoid this lack of continuity is to analyze the
data in as large an energy range as possible. This
has been done by six analyses which are described
below and three of which are illustrated. in Figs.
1-11. See the Data Card Listings for information
on other analyses covering limited energy ranges.

Four of the analyses described below (RLIC 76,
LEA 73, LANGBEIN 72, and KIM 71) have attempted a
multi-channel approach using data on the three
2-body reactions KN, A7I, and Zvt, with a fictitious
channel sometimes being introduced to account for
the global effect, of the remaining final states.
The latter have large cross sections, so the present.
multi-channel analyses do not really impose any

more stringent unitarity constraints than those
already contained in the single-channel fits.
However, there is an advantage in the determination
of resonance parameters (masses, widths, and

branching fractions) since they are fit simultan-
eously to data in all three channels. The other
two analyses (BAILLON 75 and VAN HORN 75) deal only
with the ATt channel which is, in principle, the
easiest to handle as only one isospin has to be
considered and both the differential cross section
and baryon polarization are measured simultaneously

in bubble chamber experiments. These two analyses
cover the mass range 1540-2200 MeV and make use of
the Legendre polynomial expansion of the angular
distributions.
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garyons
A.'s and Z's

Data Card Listings
For notation, see A', ey at front of Listings.

a) The most recent analysis is the work done

by the Rutherford Laboratory-Imperial College

collaboration, RLIC 76. Here the KN, Zm, and

Alt channels have been considered in the mass range

1480-2170 MeV. It is a conventional energy-depen-

dent analysis, the presence of a resonance in a

partial wave being detected by comparing the good-

ness of the fit when this wave is parametrized as

a smooth background to the alternative fit when a

Breit-Wigner is added to the background. The data

used have been carefully selected in order to
eliminate inconsistencies (usually the older and

statistically less accurate points have been

rejected} . Angular distributions were directly
used in the fit except when the quality of the data
was such that no loss of information occurred by

using Legendre coefficients (e.g. , K p ~ Z Tr ) .
Internal consistency is introduced by requiring
that the mass and width of the resonances be the

same for each of the three channels; a "weighted

average" of the three values has been done when

necessary and used as a fixed parameter in the

final fit. Argand diagrams from the final solution
are given in Figs. 1-11. Some suspected resonances

are confirmed by this analysis, but many other
reported "resonant effects" are not found and new

possible resonances are proposed. The situation,
in particular for the low partial waves, is still
very confused even for masses as low as & 1600 MeV.

b) The most recent Avl analysis, BAILLON 75, is
a semi-energy-independent analysis. The D15 and

F17 partial waves were constrained to lie near the

well known D (1765) and F (2030) resonances, with

their generally accepted parameters, in the energy

region where they are important. This constraint
was found necessary in order to reduce the number

of possible solutions and to fix the arbitrary
phase. The latter is undetermined, as in all the

inelastic channels, and if unconstrained would

make it difficult to join amplitudes at neighboring

energies. Above a mass of 1750 MeV only one solu-
tion is found. Below this mass, two possible solu-
tions are proposed; one of them (solution 1} has

a much greater number of "new resonant structures"
and is somewhat preferred on the basis of the be-
havior of the S and P waves for very low masses

(around 1580 MeV) . Using the method of Barrelet-
1,2zeroes ' it is found that only these 2 solutions

are possible if resonances are required to exist in
the D and F waves. To extract the resonance17
parameters, the amplitudes were fitted to a com-

bination of Breit-Wigner's plus background. The

parameters corresponding to both solutions are
given in the data cards, and Argand diagrams are
shown in Figs. 1-6.

c) VAN HORN 75 has done an energy-dependent

fit of the Avr channel. In addition to the best fit,
VAN HORN 75 also presents all the other ambiguous

solutions that can be generated by the method of
Barrelet-zeroes. Among the "ambiguous" solutions,
seven of them are found to preserve the established
resonances D (1670), D (1765), F (1915), and

13
F (2030}, but with couplings to the ATr channel

which are sometimes very different from their gen-

erally accepted values (cf. , BAILLON 75}. Also,
new resonant structures appear in all the waves,

particularly in the lower spins. This analysis is
instructive in so far as indicating that there
could be an entire constellation of other possible
resonances beyond those which appear at the primi-
tive stage of the analysis. However, one should

keep in mind that these possible resonances do not
necessarily correspond to a simple or even plausi-
ble parametrization of the amplitudes. (The values

we have listed on the data cards correspond to the

average of the 20 best original fits of this an-

alysis, all containing the established, plus a few

probable, resonances).
d) The analysis of LEA 73 is a multi-channel

energy-dependent partial-wave analysis with pa-
rametrized K-matrix elements. The momentum range

covered is 440 to 1190 MeV/c, and 99 parameters

vere used in the fit. Established resonances were

constrained to have parameters near their generally
accepted values, taken from a previous edition of
these tables (for this reason we do not list the

results of LEA 73 for these resonances in the fol-
lowing data cards). New resonances are identified
using poles of the K-matrix. The procedure used to
get the r sonance parameters is not described, the

values of the fitted K-matrix elements are not
given, and no explicit comparison of the results
with alternative parametrizations is made.
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Data Card Listings
For notation, see key at front of Listings.

Baryons
A's and Z's

e } LANGBEIN 72 per formed s ing le-ene rgy fits at
40 momenta between 436 and 1226 MeV/c. This work is
the nearest approximation to an energy-independent

partial-wave analysis existing for the S=-1 system.
The partial waves corresponding to established res-
onances were, however, constrained to have Breit-
Wigner forms. Approximately 90 acceptable single-
energy fits per energy were generated and were used

in shortest-path searches. Several candidates for
acceptable shortest paths were generated and a pre-
ferred path was chosen by re jecting those that
failed to reproduce known resonance behavior. Res-

onances in this solution were identified by loops

in Argand diagrams correlated with peaks in the

&3-body final-state cross section. Resonance pa-

rameters were then extracted by fitting Breit-
Nigner's with both multiplicative and additive

background. A disturbing characteristic of this
work is that the amplitudes which were not specif-
ically chosen to be resonant (sometimes even those,
as in the case D (1765) ~ Avr) show an erratic be-

15
havior which cannot be justified simply by the

fluctuation of the data.
f) KIM 71 fit data from threshold to 1226

3
MeV/c using the Ross and Shaw effective-range ex-

pansion of the inverse multi-channel K-matrix. The

data in each of se~en energy intervals bounded by

0, 534, 658, 806, 916, 1022, lll7, and 1226 MeV/c,

were fit with a constant effective-range matrix.

Only the F (1915) was fixed to a Breit-Wigner

form, all other waves included being parametrized

by the K-matrix formalism. Resonances were identi-
fied by a method involving the appearance of loops

in the Argand diagram, peaks in the speed plot,
and poles of the K-matrix, the exact procedure

not being reported.
None of the three older multi-channel fits

above extend beyond a mass of 1.9 GeV (the highest-

energy data from the only high-statistics experi-
ment existing before 1971, ARMENTEROS 68). These

analyses do not join smoothly with either older

(LITCHFIELD 71) or more recent (HEMINGWAY 75} par-

tial-wave analyses at higher energies. The three

more recent analyses extend to 2. 2 GeV, and for
masses higher than 2.2 GeV, the only existing
work is an energy-dependent analysis of the Avr

and Z7t' channels for momenta between 1.93 and

2. 5 GeV/c by the Saclay-College de France collabor-
ation (BELLEFON1 75 and BELLEFON 76) .

Production Experiments

This type of experiment is often difficult to
analyze. Information on I=O states is possible only

when there is no I=1 state at a similar mass. The

main controversies at the present time concern

resonances in the 1600 to 1700 MeV region. See the
mini-reviews on Z(1620) and 2 {1670) in these
Listings.

Figures

Argand plots «15 S=-1 partial waves are
shown in Figs. l-ll. The analyses shown were

picked largely for illustrative purposes rather
than on the basis of our judgment of their quality;
as discussed above there are a number of analyses
extant and no clear choice of the "best" ones is
possible.

Errors on Masses and Widths

Often the quoted errors in partial-wave an-

alyses are only statistical, and the values of
masses and widths can change by more than these
errors when a new parametrization is used. For

this reason we report the values of M, I', and x.
obtained by different authors even if they analyze

the same data. The spread of these masses and

widths is certainly a better estimate of the uncer-

tainties than the statistical errors. Sometimes

the errors quoted are obtained by the inspection of
various fits done with different hypotheses (see,
for example, BERTHON 70, GALTIERI 70, VAN HORN

75, RLIC 76) . For three states, A(1520), A(1815),
and Z(1765), there are enough data available
perform an overall fit of the various x. of the

type discussed in the main text (Sec. VII B). In

this case we are forced to use the errors, however

small they may be, but we warn the reader that the

final errors are not, to be taken seriously.
In conclusion, in the Baryon Table we choose

not to give errors on masses and total widths de-

termined primarily by partial-wave analyses, but,
whenever necessary, to show a range of values. As

for the branching ratios, we use the errors when

needed to perform an overall fit, but we caution

the reader.
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Baryans
A.'s and Z's

Data Card Listings
For notation, see key at front of Listings.

oo-iM(sii) .5O- 1M(511)

7W

I I
'

I I I I0 I I I I I

1500 '170D 1900 2100

.25-

1500 1700 1900 Zioo

2100

1600 1700 1900

—.50 —.25 0
I

RE(511)

—.26
I

0 I I I I I I

0 .26 .60 1600 1700 1900 Zioo
ENERGY (MeV)

—.60
I

—.25
I

1 —.60-
0 . .25 —.26 0 .26 .60

I I I I

RK(5 11)
1500-- 1500-- 16DO-- 16DO-

170D—
KN~KN S11 AMPLITUDE 1700— 1700- KN~7TZ S11 AMPLITUDE

--1900 1900-- 1900-

--21DO 2100-- --2100

ENERGY (MeV) ENERGY (MeV) ENERGY (MeV) ENERGY (ateV)

—.50
I

—.25

.5O- iM(511)

.25-

1500 1700
I I I

1900

--1500 --1500

--1700 --1700 KN~7|A S1 1 AMPLITUDE

--1900 --1900

—.50-
0 .25 —.25 0 .26 .50

I I I I I

RE(51 1)

2100

Fig. l. Amplitudes for KN scattering in the Sll
partial wave. The energy dependence of each ampli-
tude is displayed by plotting its real and imaginary
parts versus energy, in alignment with the corre-
sponding Argand plot. In addition, arrows . with
bases positioned at integral multiples of 25 MeV

and a base-to-tip length of 5 MeV are plotted on
all the Argand plots except that of BAILLON 75.
The result. s of two different analyses are shown for
each channel; the energy axes for the two analyses
are aligned for ease of comparison. The energy
axes run from elastic threshold to 2200 MeV. The
lower Argand plot for each channel is from RLIC 76.
The upper plot is from LEA 73 for the elastic and
T|Z channels, and from BAILLON 75 for the vrA channel.
The Argand plot. and the real-and-imaginary-part data
with error bars for BAILLON 75 are from their
solution 1; below 1770 MeV the real and imaginary
parts of their solution 2 are also shown as a solid
line. The only established resonance in this wave
is the ~{1750); see the Data Card Listings for
other possible resonances in the Sll wave.

--2100

ENERGY (MeV) ENERGY (MeV)
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Data Card Listings
For notation, see key at front of is ings.

Baryon s
A's and Z's

.60- ijt(P11) .30- iM(P 11)

16DD 1700 1900 Z100
I I I

I0 I I I I I I

I I I I
1600 1700 1900 21DD

1500 iVOO 1800
I I I I0

8100

—.30
I

—15
t

0 .15
I I

RE(P11)
1500--

—.16
I

1600—

I I I.16 .30 16600 1700 1900 2100
ENERGY (Mev)

—.30 —.15
I

.16 —.30 —.16 0
I I I

RE{i11)
-1600

—.30-
.30

1/DD-- 1700—( KN~KN P 11 AMPLITUDE 1700— 1700-- KN~nE P 1 1 AMPLITUDE

1900-- 1900— 1900-- 1900--

2100-- -2100 2100-- 2100-

ENERGY (MaV) ENERGY (M ev) ENERGY (Mav) ENERGY (Xev)

~ 30 1M(P$1)

—.30
I

—.16
I

--16DD --1500

-1700 --1700

--1900 -- 1900

I

.16 —,16 00
I I I

RE(P 11)

1700 1900 2100
I I I

I I0 I I ~ I

—.15-

—.30-
.30

KN~7TA P 11 AMPLITUDE

2 Am litudes for KN scattering in the P11
artial wav'e. The energy dependence af each pach am 13—

b 1 tt '
ng its real and imaginary

'n a ' 'th the corre-
is la ed y p o i

arts versus energy, in a 'gn'n ali ment, wz.
hd 1 t.. In addition, arrows wit.s nding Argan p o
Vbases pasitioned a z.n etegral multiples af 25 Ne

-to-ti length of 5 MeV are plotted onand a base-to-tj p eng
t,hat. of BAILLON 75.all the Argand plots except that. o

The results o two if different. analyses are shown for
o anal seseach channe ; e1 the energy axes for the two ana yses

d for ease of comparison. The energyare al j gne or
2200 MeV. Theaxes run rofrom elastic threshold to 2

m RLIC 76.and lot for each channel xs from RLlower Argand p o or
u er lot is from LEA 73 for e eth lastic andThe upper p o i

ON 75 for the TrA channel.'ttZ channels, and from BAILLON or
d lot. and the real-and-imaginary-part

N 75 are from theirdata with error bars for BAILLON are
1770 MeV the real and imaginarysolution 1; below e

a so1jdtheir solution 2 are also shown as a so iparts of their so u
Z ole but no estab-line. This wave contains the po e u

e the Data Card Listings for1'shed resonances; see3

wave.possible resonances in the P11 wav

--2100 --2100

ENERGY (Mav) ENERGY (Mav)
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Baryons
A.'S aIId Z'S

Data Card Listings
For notation, see key at front of Listings.

.60- IM(P13) .30- IM(P13)

15OD 1700 1900 Z100
I I I I I I

I I X I I I I

—.15-

1500 1700 1900 Zioo

.30-
1600 1700 1900 2100

0 I I I I I I I
I I I I I I I I

—.30
I

—.15
I

0 .15
I

—.16
I I

RE(P13)

16
I

.30 1600 1700 1900 2100
ENERGY (MeV)

—.30
I

—15
I

0 ~ 15 —.16 0
I I

RE(P13)
.16

—.30-
~ 30

150D —— 1500-- 1600--

17QO- 1700- KN~KN P 13 AMPLITUDE 1700— 1700-- KN~7I Z P 13 AMPLITUDE

1900-- 1900— 1900--

2100-- 2100 --, --ZiQD 2100--

ENERGY (MeV) ENERGY (MeV) ENERGY (MeV) ENERGY (XeV)

—.30 —.15
I

0 .15 —.15 0
I I I

RE(P13)
-- 1600

$7 00

1900-~
2100--

.15

.3O- IM(P13)

It IIIt8tjII.I.,«00, ,

I5PP 7700 IPppt

—.15-

150
I I I0 I I I I I

1700 19OO Z1OO

—.15-

—.30-.30

KN~7rA P 13 AMPLITUDE

Fig. 3. Amplitud. es for KN scattering in the P13partial wave. The energy dependence of each ampli-
tude is displayed by plott. ing its real and imaginar y
parts versus energy, in alignment with the corre-
sponding Argand plot. In addition, arrows with
bases positioned at integral multiples of 25 MeV
and a base-to-tip length of 5 MeV are plotted on
all the Argand plots except that of BAILLON 75.
The results of two different analyses are shown for
each ahannel; the energy axes for the two analyses
are aligned for ease of comparison. The energy
axes run from elastic threshold to 2200 MeV. The
lower Argand plot for each ahannel is from HLIC 76.
The upper plot is from LEA 73 for the elastic and
vtZ ahannels, and from BAILLON 75 for the VIA channel.
The Argand plot. and the real-and-imaginary-part,
data. with error bars for BAILLON 75 are from their
solution 1; below 1770 MeV the real and imaginary
parts of their solution 2 are also shown as a solid
line. The only established resonance in this wave
is the Z(1385) which lies below elastia threshold
and does not appear here; see the Data Card Listings
for other possible resonanaes in the P wave13

ENERGY (MeV) ENERGY (MeV)
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Data Card Listings
For notation, see key at front of Listings.

Baryons
A's and Z's

.50- IX(D13) .$0- iM(D13)

.30-
1900 Zi oo

I I I I I0 I I I I I I I

1600 1700

—.30
I

—.16

I

I

I

I

I

I

I

!
0 .15

1600--
RE(D 13)

—,16
I

0 .16 .30

)-1500

I I

1500

1700 1900 Zioo

I I I I I I

1700 1900 8100
ENERGY (XeV)

—.15
I

1600--

.16 —.16 0 .16
I I I I

RE(D13)
--1600

Iooo
0 I I I I I

Iooo 7700~ 6 IOO

—.16-

—.30-
.30

I

1700- KN~KN D 13 AMPLITUDE KN~vrZ D13 AMPLITUDE

-- 1900 1900- 1900--

--8100 2100— Zioo-- 2100-

ENERGY (MeV) ENERGY (MeV) ENERGY (MeV) ENERGY (MeV)

—.30
I

—.15
I

.15
I

--1700

--1900

--8100

1500 --
RE(D13)

—.16 0 .15

-1600

-1700

--1900

--zioo

.3O- aC(D13)

—.16-

1500 1900
0 I I I

1700
8100

I

—.30-
.30

I

KN~mA D13 AMPLITUDE

, tAAILIlklllljoo, I. THI0
Io'oo7 ' " ' 67'oo SpPp)ppfp t

Fig. 4. Amplitudes for KN scattering in the D13
part, ial wave. The energy dependence of each ampli-
tude is displayed by plotting its real and imaginary
parts versus energy, in alignment. with the corre-
sponding Argand plot. In addition, arrows with
bases positioned at. integral multiples of 25 MeV
and a base-to-tip length of 5 NeV are plotted on
all the Argand plots except. that of BAILLON 75.
The results of two different analyses are shown for
each channel; the energy axes for the two analyses
are aligned for ease of comparison. The energy
axes run from elastic threshold, to 2200 MeV. The
lower Argand plot for eaah channel is from RLIC 76.
The upper plot is from LEA 73 for the elastic and.
VlZ channels, and from BAILLGN 75 for the 7)A channel.
The Argand plot and the real-and-imaginary-part
data with error bars for BAILLON 75 are from their
solution 1; below 1770 NeV the real and imaginary
parts of their solution 2 are also shown as a solid.
line, which is barely visible beaause the two solu-
tions agree well in this wave. Established reso-
nances in this wave are the Z(1670) and the Z {1940);
see the Data Card Listings for another possible
resonance in the D13 wave.

ENERGY (»V) ENERGY (MeV)
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Baryons
A.'s B.nd Z's

Data Card Listings
For notation, see key at front of Listings.

.eo- aa(D15) .3O- ZM(D16)

1600
0

1700 1900 Zioo

—.30
f

—.15
I

I

I

I

I

I

I

I

I

0 ~ 16 —.16
I I

RE(D16)
1600--

.16
I

1600 1700 1900 2100

0 I.30 1600
I

1700 1900 2100
ENERGY (MeV)

—.30
I

—.16 0 ~ 16 —.16 0
I

RE(D 16)
1600—1600--

16OO
I I0

1700

—.15-

—.30-
.30

2100
I

1SOO

1700— KN~KN D15 AMPLITUDE 1700- 1700— KN~7TZ D 15 AMPLITUDE

1900 --1900 —1900

——2100 -- 2100 2100--

ENERGY (MeV) ENERGY (MeV) ENERGY (MeV) ENERGY (MeV)

—.30
I

—.15
I

0 .15 —.16 0
I f I

RE(D 16)
--1500

1900--

.30 IM(D16)

.18

17001600
I I II I0

19oo
& $yyo~

'

„)gNIPfg

1500
0

1700 1900 2100

—.15-

—.30-
.30

K¹7TA D 15 AMPLITUDE

Fig. 5. Amplit:udes for KN scattering in the Dl5
partial wave. The energy dependence of each ampli-
tude is displayed by plotting its real and imaginary
parts versus energy, in alignment with the corre-
sponding Argand plot. In addition, arrows with
bases positioned at integral multiples of 25 MeV
and a base-to-tip length of 5 MeV are plotted on
all the Argand plots except that. of BAILLON 75.
The results of two different analyses are shown for
each channel; the energy axes for the two analyses
are aligned for ease of comparison. The energy
axes run from elastic threshold to 2200 MeV. The
lower Argand plot for each channel is from RLIC 76.
The . upper plot is from LEA 73 for t:he elastic and
mZ channels, and from BAILLON 75 for the vtA channel.
The Argand plot and the real-and-imaginary-part
data with error bars for BAILLON 75 are from their
solution 1; below 1770 MeV the real and imaginary
parts of their solution 2 are also shown as a solid
line, which is barely visible because the two solu-
tions agree well in this wave. The only established
resonance in the Dl5 wave is the Z(1765).

2100~+

ENERGY (reV) ENERGY (MeV)
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Particle Data Group: Review of particle properties S205

Data Card Listings
For notation, see key at front of Listings.

Baryons
A.'s and Z'5

~ 4 Ix(rie) -.z- Ix(ri 5)

19001700
0 I I I I

1600
Z100

I

I

I

I

I

I

I

I

1500--
RE(r 1$)

1600 1700 1900 zioo

o .1 .z i coo 17oo
'

19'00 ' zi'oo
ENERGY (XeV)

--1500

—.z
I

1500--

~ 1
I

RE(ri s)
--1600

1600
0 I I

—,z
.z

I

1700 1900

1700- 17 KN~KN F15 AMPLITUDE 1700— K¹7IE F15 AMPLITUDE

'190D-- --190O

Z10D —- --zioo

ENERGY (MaV) ENERGY (MsV) ENERGY (MsV) ENERGY (MOV)

--ieoo

--1700

I

RE(r15)
--ieoo

- 1'700

.z- IM(F15)

1600 1700
0 I I I

I I I

A', "i LjtIkllI/L

III
plL"I', lillbt

—.z-
.z

I

RE(r 16)

K¹7IA F15 AMPLITUDE

l70D 1900~
I I I I I I

1500 Z100

Fig. 6. Amplitudes for KN scattering in the F15
partial wave. The energy dependence of each ampli-
tude is displayed by plotting its real and imaginary
parts versus energy, in alignment with the corre-
sponding Argand. plot, . In addition, arrows with
bases positioned at integral multiples of 25 NeV
and a base-to-tip length of 5 MeV are plotted on
all the Argand plots except that. of BAILLON 75.
The results of two different analyses are shown for
each channel; the energy axes for the two analyses
are aligned for ease of comparison. The energy
axes run from elastic threshold to 2200 NeV. The
lower Argand plot fox each channel is from RLIC 76.
The upper plot is from LEA 73 for the elastic and
7tZ channels, and from BAILLON 75 for the VIA channel.
The only established resonance in this wave is the
Z(1915); see the Data Card Listings for another
possible resonance in the F15 wave.

-'900

-zioo

ENERGY (IleV) ENERGY (X@V)
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S206 Particle Data Group: Review of particle properties

Baryons
A's and Z's

Data Card Listings
For notation, see key at front of Listings.

.4- at(r17) .2- nc(r17)

1500 1700 1900 2100
I ~ I I I I

I I I

~ 2
l

1500--

0
.2 1500

I

RE(r 17)
1700 1900

ENERGY (MeV)
2100 ~ 2

I

-- 1600

—.2"
.2
(

RE(r 17)

17 KN~KN F17 AMPLITUDE KN~7TZ F17 AMPLITUDE

19

ENERGY (MeV) ENERGY (MeV)

~ 2
I

.2 IM(r17)

0 I

1600

—2-
.2

I

RE(r17)

1700

1900 2100

Fig. 7. Amplitudes for KN scattering in the F] 7
partial wave. The energy dependence of each ampli-
tude is displayed by plotting its real and imaginary
parts versus energy, in alignment with the corre-
sponding Argand plot. In addition, arrows with
bases positioned. at integral multiples of 25 MeV
and a base-to-tip length of 5 MeV are plotted on
all the Argand plots. The energy axes run from
elastic threshold to 2200 MeV. All the results
shown are from RLIC 76. The only established
resonance in the Fl7 wave is the Z(2030).

KN~ vvA F17 AMPLITUDE

ENERGY (MeV)
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Particle Data Group: Review of particle properties S207

Data Card Listings
For notation, see key at front of Listings.

Baryons
A's and Z's

.OO- 1M(S .so- 1M(so 1)

0 I I I I I II I / I I I I1500 ~ ' 1900 2100

.25-

.50- 0 'V I I

1600 1700
2100

1900

—.50 —.26 0 .26
I

RE(S01)

0 I I I I I I I 10 .25 .60 1600 1700 19DO 2100
ENERGY (MeV)

—.50 —.25 0
I

RE(soi)

—.50-
0 .25 .60

1500 ——

1700—

1600—

1700-- KN~KN 801 AMPLITUDE

--1600

C

1700— KN~7TZ S01 AMPLITUDE

--1900 -1900 1900--

--2100

ENERGY (MeV)

—2100

ENERGY (MeV)

.oo- 1M(Poi)

2100--

ENERGY (MeV) ENERGY (MeV)

.So- ac(po 1)

19pp 21001500 1700
I I I I I I0 t I I I I I I I

.25-

I I I I I I 11600 1700 1900 2100

.76

1500 1700 1900
0 I I I I I I

I I

2100

.26-

—.60
I

—.25
I

0 I I I I I I I I

p .Z5 —.26 0 .26 .60 1600 1700 1900 2100
RE(P01) ENERGY (MeV)

150D-- 1600—

—.50
I

—.25
I

0 .ZS
I I

RE(P0 1)
-- 1600

—.26
I

—.50-
0 .ZS 60

—1500

1700— 1700— KN~KN P01 AMPLITUDE
—1700 KN~7TZ P01 AMPLITUDE

—1900 1900-- 190

--2100 2100— 2100--

ENERGY (MeV) ENERGY (MeV) ENERGY (MeV) ENERGY (MeV)

Fig. 8. Amplitudes for KN scattering in the Spl and Ppl partial waves. The energy dependence of each
amplitude is displayed by plotting its real and imaginary parts versus energy, in alignment with the
corresponding Argand plot. In addition, arrows with bases positioned at integral multiples of 25 MeU and
a base-to-tip length of 5 MeU are plotted on all the Argand plots. The results of two different analyses
are shown for each channel; the energy axes for the two analyses are aligned for ease of comparison. The
energy axes run from elastic threshold to 2200 MeU. The lower Argand plot for each amplitude is from
RLIC 76; the upper plot is from LEA 73. Establi hed resonances in the Spl wave are the A(1405) {which
lies below threshold and does not, appear here), the A(1670), and the A(1870); the Ppl wave contains the
A pole but no established resonances. See the Data Card Listings for possible resonances in the Ppl wave.
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S208 Particle Data Group: Review of particle properties

Baryons
A's and Z's

Data Card Listings
For notation, see key at front of Listings.

00 —IM(P03) .50- IM(P03)

I I0 I I I I I I I
150D 1700 1900 2100

1500 1700 1900 Zioo

150
0

1700 1900 Zioo

.26-

—.5D
I

0 I I I I I I

0 .25 —.26 0 .26 , 60 1500 1700 1900 2100
RK(P03) KNKRCY (MeV)

—50
I

—.25
! —.50
0 .25 —.25 0 .25 .50

I I I I

RK(P03)
1500 —— 1600— 1500-- 1500--

17DO-- 1700— KN~KN P03 AMPLITUDE 1700-- 170D-- KN~7TZ P03 AMPLITUDE

1900-- 1900— 1900-- 1900--

zioo--

ENKRCY (MeV)

-2100

ENERGY (MeV)

zioo--

ENERGY (MeV)

8100 -—

ENKRCY (MeV)

~ OD IM(D 03) ~ 60- IM(D03)

.50- 1700 1900 Z10D
0 I I I I I I I

I I I I I I

15DO

.25-

1500 1700 1900 2100

0
1 2100

—.50 —.ZS
1

.25 —.86
I I I

RK(D 03)
-- 1500 1600--

.26
I

0
.60 1600

I

I I I I I I

1700 1900 8100
KNKRCT (MeV)

—.25
I

.26 —.ZS
\ I

RK(003)
--1500 1500--

.ZS
I

—.50-
50

—1700 -1700 KN~KN D03 AMPLITUDE KN~7TZ D03 AMPLITUDE

--190D —1900 1900-- 1900--

--2100 -2100 Zioo-- 2100--

ENERGY (lieV) ENERGT (MeV) ENKRGT (MeV) ENKRCY (lfeV)

Fig. 9. Amplitudes for KN scattering in the PQ3 and D03 partial waves. The energy dependence of each
amplitude is displayed by plott. ing its real and imaginary parts versus energy, in alignment with the
corresponding Argand plot. . In addition, arrows with bases positioned at integral multiples of 25 MeV and
a base-to-tip length of . 5 MeV are plotted on all the Argand plots. The results of two different analyses
are shown for each channel; the energy axes for the two analyses are aligned for ease of comparison. The
energy axes run from elastic threshold to 2200 MeV. The lower Argand plot for each amplitude is from RLIC
76; the upper plot is from LEA 73. Established resonances in these waves are the A(1860) in the P03 wave
and the A{1520) and A(1690) in the D03 wave. See the Data Card Listings for another possible resonance in
the D03 wave.
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Particle Data Groop: Review of particle properties S209

Data Card Listings
For notation, see key at front of Listings.

Baryons
A.'s and Z's

.Bo- 1M(DOS) 30 114(DOS)

0-
1600

1700 1900 2100
I I I

I I I I I

—.30 —.15
I

I

!
I

I

I

I

I

I

0 .16

1600 ——

—.15
I I

RE(DOS)

0 .15

--1500

0 g.30 1500
I I I I I I

1700 .1900 2100
ENERGY (MeV)

1500 1700 1800 2100

—.30
I

—.16
I

0 .15 —.15 0
I I

RK(D0 5)
—-1500

.15

1500 1700 1900 2100
0 I I I I t

—.30-
30

1700-- 1700- KN~KN D05 AMPLITUDE -1700 KN~7TZ D05 AMPLITUDE

——1800 1906- 1800--

--2100 2100-- 2100--

ENERGY (MaV) ENERGY (XeV) ENERGY (leV) KNKRGZ (MeV)

.Bo- 1M(ros) .30- rM(ros)

.30"
1700 1800 Z100

0 I I I I I1500

.16- —.15-

l

I

I

I

!
I

1600

15- j

I I I I I

1600 1700
0 I I

—.30
0 ~ 16

1900
I I I

2100

—.30 —.1S 0

—-1500

.15
I

RE(ros)

—.16
I

1600--

.30 1600 1700 1900
I I ENERGY (XeV)

—.30
I

—.15 0 .16
I

-- 1500

—.16
I

-- 1600

KN~KN F05 AMPLITUDE —1700 -170O KN~7TE F05 AMPLITUDE

1900--

--2100 Zioo —- 2100--

ENERGY (MaV) ENERGY (Mev) ENKRGT (MaV) ENKRGY (MeV)

tterin in the D and F partial waves. The energy pde endence of eachPig. 10. Amplitudes for KN scattering xn e 05 05.
energy, in alignment with thettin its real and imaginary parts versus energy,amplitude is displayed by plo z.ng i s

ned at integral multiples of 25 MeV andIn addition, arrows with bases posxtione a icorresponding Argand plot. n a i i
lots. The results of two different analysesa base-to-tip length of 5 MeV are pare lot, ted on all the Argand p o s.

axes for the two analyses are a ign1 ligned for ease of comparison. Theare shown for each channel; the energy ax
d lot for each amplitude is from RLICthreshold to 2200 MeV. The lower Argan p oenergy axes run from elastic t res o

th e waves are the A(1830) in the D05 waveEA 73. Established resonances z.n ese wa76; the upper plot is from LE . s
rd Listin s for another possible resonance in the F05 wave.and the A(1815) in the F05 wave. See the Data Card Listings for ano er p
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S210 Particie Data Group: Review of partic(e properties

Baryons
A's 8.nd Z's

Data Card Listings
For notation, see key at front of I.istings.

.4- ix(F07) .2- sac(F07)

3-

1600 1700
I I I I l I ID I I I i I I 1

1900 Zioo

—.2
I

0

--1600

0
-1 -2 16DO

I I

RE(F07)

1700 1900 2100
ENERGY (MeV)

—.Z

1500--

—.Z.Z
RE(F07)

-- 1700 KN~KN I"07 AMPLITUDE
1700— KN~rrZ FOV AMPLITUDE

1900--

2100-- zioo—

ENERGY (MeV) ENERGY (MeY)

.4- ZM(G07) .2- SM(GD7)

3-

.2- 1500 1700
I

1900 zioo

—.2
I

0

--1600

0
.2 1600

I

RE(GD7)

1700 1900
ENERGY (MeV)

2100

-- 1500

—.2-
.Z

I

RK(G07)

1700— KN~KN GO V AMPLITUDE -- 17 KN~~Z GOV AMPLITUDE

1900— 1900

Z100

ENERGY (MeV) ENERGY (MeY)

Fig. 11. Amplitudes for KN scattering in the Fp7 and G07 partial waves. The energy dependence of each
amplitude is displayed by plotting its real and imaginary parts versus energy, in alignment with the
corresponding Argand plot. In addition, arrows with bases positioned at, integral multiples of 25 MeV and
a base-to-tip length of 5 MeV are plotted on all the Argand plots. The energy axes run from elastic
threshold to 2200 MeV. All the results shown are from RLIC 76. The only established resonance in these
waves is the A(2100) in the G07 wave. See the Data Card Listings for a possible resonance in the Fp7 wave.
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Particle Data Group: Review of particle properties

Data Card Listings
For notation, see key at front of Listings.

Baryons
A.'s and Z's, A, A(1330), A(1405)

Conclusions S=—1 1=0 HYPERON STATES (A)
Table I is an attempt to evaluate the status

of the various Y 's. The evaluations are of course

partly subjective. A blank indicates that there is
no corresponding evidence at all. This may mean

either that the relevant couplings are small or
that. the resonance does not really exist. The

Baryon Table includes only the well-established
resonances. It seems clear, however, that. whereas

any particular one of the questionable resonances

may disappear with the next analysis, there are

probably many new resonances underlying those al-
ready established.
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2. P. Litchfield, Proceedings of the IInd Aix-en-

Provence Con ferene e ( 1973) .
3. M. Ross and G. Shaw, Ann. Phys. (N. Y. ) 13, 147

(1961) .
For other references see the Data Card Listings.

18 LAMBCA( 1115EJP= 1/2+ } I=0

SEE STABLE PARTICLE DATA CARD LISTINGS

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

87 Y¹Q{1330E JP= ) I=0 PROCUCT ICN EXPERIMENTS

SEE TI.E HINI-REVUE AT THE START OF Tl. E Y¹LISTINGS ~

A PEAK lRAS SEEN NEAR 1330 HEV IN THE LAHBCA GAHHA

SP ECTRUM IN THREE P!-PROPANE EX PERI HENTS ( YUNG-CHANG
64E BUBELEV 67E Ah'0 BDZOK I 68) ~ ALL MORE RECENT

RESULTS INDICATE THAT THERE IS ND RESCNANACE NEAR TI. IS MASS VALUE

Y-C HANG
BUBELEV
DAHL
BOZOK I
TAN
MAYEUR
COLAS

64 DUBNA CONF I 615
67 P L 248 246
67 PR 163 1377
68 PL 288 360
69 PRL 23 101
70 PL 338
75 NP 89 1 253

REF ERENCES FOR Y¹Q{1330) ( PROD ~ EXP e }

YUNG-CHANG E I NE KL ADN ITSKAYA E + ( DUBNA )
+CHADRAAE ChUVILOE + {JINR EBUCHAP EST E CERN)
CAHL E HARDYE hESSE K IRZ ~ MILLER (LRL )
+FENYVESE GEHESYE + (BUDAPESTEDUBNAI
T H TAN {SLAC)
+VAIsi 8 INST E W ILQUET+++ (BRUXE CERNE TUFT }
COL ASS FAR WELL EF ERRER E SI X (ORSA)

37 Y¹Q(140 E JP=l/2-) I=O

A(1405) PREnucTicN ExPERIMENTs

THIS RESONANCE CAN BE I DENT I FIED 'WITH THE VIRTUAL BOUND
STATE IN Tl E KBAR-N SYSTEM FOUND IN THE ANALYSIS OF LOW

CNERGY K-P INTERACTION WE LIST SUCI- EXPERIHENTS SEPA-
RATELY BELOW- WE USE CNLY PRODUCTION EXPERIMENTS FOR
AVE RAG INC CF MASSES AND W I DT hS

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

LAM(1115 } P01
LAH( 1330)-
LAM( 1405 ) 501
LAM( 1520) DD3
LAH( 1600) P01
LAM( 1670) 501
LAH( 1690) 003
LAM( 1800) P01
LAM {1800 ) G09
LAH(1815) F05
LAH {1830) D05
LAH(1860) P03
LAM(1870) 501
LAM(201Q)
LAM(2020) F07
LAM (2100) G07
LAM(2110) F05
L AH (2350)
LAM(2585)

SIG(1190) Pll
SIG( 1385) P 13
SIG(1440) PE
SIG(148Q) PE
SIG(1580) D13
SIG(1620) 511
SIG{1660) Pll
SIG(1670) D13
SIG(1670) PE
SI6( 1690) PE
SIG(1750) 511
SIG(1765) D15
SIG{1770) Pll
SIG(1840) P13
SI G( 1880) Pl).
SIG(1915) F15
SIG(1940) D13
SIG(2000) 511
SIG(2030) F17
SIG(2070) F15
SIG{2080) P13
SIG{2100) G17
SIG(2250)
SIG(2455)
SIG(2620)
SIG (3000)

DEAD

¹¹¹

CEAD

¹¹¹¹

F
0

R
8

I

F
0

R

8

D

WEAK TD N P I

LAH2P I ELAM GAH

LAH ET A

LAM2P I E 5 I G2P I

5 IG( 1385) P I

LAH CMG

XI KELAH &HG
LAH CHG

WEAK TO N PI

SEVERAL CTHE R S
SEVERAL OTHERS
LAH 2-P!
S IG ETA
SEVERAL OTHERS

XI K

TABLE le STATUS OF Y¹ RESONANCES

THO5C WITH AN OVERALL STATUS OF ¹¹¹ OR ¹¹¹¹ ARE INCLUDED IN THE HAIN BARYCN

TA{)LE~ THE OTHERS AWAIT CCNF IRMAT ION ~

STATUS AS SEEN IN

OVERALL TOTAL¹
PARTICLE LIJ STATUS CR ~ SEC KBAR N LAH PI SIG PI OTHER CHANNELS

37 Y¹0{1 t05l MASS (HEV) {PRQDe EXPe )

M (1405 0}
M ( 1410~ 0)
H ( 1405 ~ 0)
M (1382~ 0)
M 1400~ 0
H 67 1400e 0
M 120 1405e 0
H e ~ e e e

AVG 1402 ' 4
H STUDENT1402 ~ 4

(8 0)
24 ~ 0

5 ~ 0
5 0

3 ~ 5
3 ~ 9

e e e e

ALSTCN 61
ALEXANDER 62
ALSTON 62
CNGLER 65
HUSGRAVE 65
8 I RHINGHA 66
GALTI ERI 68

HBC
HBC
HBC
HDBC
HBC
HBC
CBC

K-P 1 e 15 BEV/C
P I-P 2 ~ 1 8 EV/C
K-P 1 e 2- 5 BEV!C
P I-PE PI+0 1 ~ 68
PBAR P 3-4 BEV/C
K-P 3 5
K-D 2 ~ 1-2 ~ 7BEV/C

AVERAGE {ERROR INCLUDES SCALE FACTOR CF 1 ~ Ol
AVERAGE USING STUDENT10{H/1 11) -- SEE TEXT

37 Y¹0(1405) WIDTH (HEV) (PROD ~ EXP )

W

W

W

W 67
120

W

AVG
W STUDENT

{20' 0}
35 ~ 0

(50e0)
(89 ~ 0)
60 ~ 0
50e 0
35 0

~ ~ ~ ~

38 1
37 ~ 9

5 ~ 0

(20.0)
20 ~ 0
10 ~ 0

8 ' 0
~ ~ ~ ~ ~

3 ' 9
4 ~ 3

ALSTCN 61
AL E XANDER 62
AL STD N 62
ENGLER 65
HU SGRA VE 65
8 I RH I NGHA 66
GALTI ERI 68

HBC
HBC
HBC
HC BC
HBC
HBC K-P 3 ~ 5
EBC K-C 2 ~ 1-2 ~ 78EV/C

AVERACE {ERROR INCLUDES SCALE FACTOR OF 1 0)
A VERAGE LlSI NG STUDENT10 (H/1 e 1 1 } —SEE TEXT

ALSTDN 61 PRL 6 698
ALEXANDE 62 PRL 8 447
ALSTON 62 CERN CCNF 311
ENGLER 65 PRL 15 224
HUSGRAVE 65 NC 35 735

8 IRM INGH 66 P R 152 1148
GALT IERI 68 PRL 21 573

REF ERENCES FOR Y¹O(1405) {PROD ~ EXP ~ )

+AI VAREZE EBERHARDEGOCDEGRAZI ANGE + (LFL) I
ALEXANDER KAl BFLE I SCH HILLER SMITH {LRL ) I
+ALVAREZEFERRO-LUZZIEROSEIEFELDE + {LRL )
'+F I SKE KRAE HER, MEL TZER EWESTGARDE+ (CARNE BNL 1 IJ
+PETMEZASE+ {BI'RHECERNE EPOL E LDICE SACLAY)

8 IRHINGHAH q GLA SGOW ELDIC E GXFORD SRUTI ERFGRD
BARBARO-GALT IER I, ChADWICK + (LRL, SLAC)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹'¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹

37 Y¹0(1405) PARTIAL DECAY MODES {PROD ~ EXP )
DECAY MASSE S

Pl Y¹0(1405} INTO SIGMA PI 1197+ 139

7/66
7/66
9/67
6/68

7/66

7/66
7/66
9/67
6/68

GOOD E CLEARS AND UNMISTAKABLE ~

GOOOE BUT IN NEED OF CLAR IF ICAT ION OR NOT ABSOLUTELY CERTAIN

NEEDS CCNF I R)'ATI CN ~

WEAK I

ATTRIBUTED TO THE STAT E CLOSEST TO WHERE THE CROSS SECT ION PEAKS ~

Rev. Mod. Phys. , Vol. 48, No. 2, Part II, April 1976



Particle Data Group: Review of particle properties

Baryons
~(~4O5), ~(jsaO)

Data Card Listings
For notation, see key at front of Listings.

1405 hKV REGION: EXTRAPOLATIONS BELO% THRESHOLD 38 Y¹C{1520} PARTIAL DECAY MCCES

24 Y¹0{1405,JP=l/2-} I=o
EXTRAPOLATION BELOW THRESHOLD

SEE NOTE IN Y¹0(1405) PRQCUCTICN EXPERIMENTS -THE DIF-

FICULTT

I ES IN EXTRAPCILAT ING FROM THE PHYSICAL REGICN TG
THE RESONANCE LGCATICN ARE DISCUSSEO BY DALITZ 67 ~

T} E QUESTION ON WHETHER Y¹(1405) IS A KBAR-N BCUND
STATE OR A CDD POLE (DALITZ 70t RAJASEKARAN 72 HAS BEEN INVESTIGATED
BY Ct INE 71' HARTIN 7 I g GALTIERI 72 q AND COBSGN 72 THE LAST T'WO

PAP ERS CONCLUDE THAT TI-E CATA CANNOT TELL THE DIFF E RENCE

Pl
P2
P3
P4
P5
P6
P7
PB

P9

Y¹0(1520) INTO KBAR N

Y¹0(1520) INTO S IGMA Pi
Y¹0(1520) I NTG LAMBCA PI PI
Y¹0(1520) INTO LAMBDA GAMMA

Y¹0(1520) INTO S IGMAO CAMMA

Y¹0(1520) INTO SIGMA P I PI
Y¹0t1520) INTO lY¹1(1 85) +PI )
Y¹0l 1520) INTO Y¹1 (1385) P I INTO LAMBDA P I

NOTE THAT P8/P7 IS ThE BRANCHING FRACTICN
Y¹0 ( 1520) INTO LAMBDA iEP S ILCN

0
497+

1197+
1115+
1115+
1 192+
1197+
1384+

P I 1115+
FOR Y¹l( 1.385

1518+

ECAY HASSE S
939
139
139+ 139

0
0

139+ 139
139
139+ 139

) INTO LH P I
1200

9/73

24 Y¹0(1405) HASS (MEV)

1410 7
1409F 6

1407«5
1403 0
1416 0

( 1421 0)
1 (1406 )
1 SEE AL SO THE A

(1~ 0) KIM 65 HBC
(1 7} SAKITT 65 HBC

DATA OF SAKI TT ARE USED IN FIT
(1~ 2) KI TTE L 66 HBC
(3' 0) KIH 67 HBC
{4~ 0) ' HARTIN 69 HBC

NARTE N 70 RVUE
CHAD 73 DPWA

CCCHPANYING PAPER OF THQHAS73

0-EFF-RAiNGE F IT
0-EFF-RANGE F IT
BY KITTEL ~

0-EFF-RANGE F IT
K HATR I X F IT( KP)
CCNST ~ K MATRIX
CONST ~ K MATR IX
0-RNG ~ F I T ~ SOL 8

24 Y¹0(14C5) WIDTH (MEV)

(3 2)
(4 ~ 1)
(4 ~ 1)
(5 0)
(6 0)

37~ 0,
28 ~ 2
34«1
50 ~ 0
29 ~ 0

( 20 ~ 0)
1 (55 ' )
1 ASYMMETRIC RESONANCE

KIM
SAKI TT
K ITTEL
KIM
MARTIN
HARTIN
CHAD

SHAPEeW/2=41 MEV

65 HBC
65 HBC
66 HBC
67 HBC K MATRIX FIT{KP)
69 HBC CCNST ~ K MATRIX
70 RVUE CONST ~ K MATR I X

73 0PW A 0-RNG ~ F IT ~ SGL 8
BELOW RESONANCE y 14 MEV ABOVE ~

KIH
SAK ITT
K ITT EL
KI H

HARTIN
MART IN
CHAD

ALSO

65 PRL 14 29
65 PR 139 8719
66 PL 21 349
67 PRL 19 1074
69 PR 183 1352
70 NP 816 479
73 NP 856 46
73 NP 856 15

J K KIM (COLUMBIA)EJP
+CAY GLASS ERySEEMANy FREEDMAN + ( UHD yLRL ) I JP
W KITTEL7 G OTTERS I WACEK (V IENNA ) IJP
J KIM tYALE)JP
8 R MART IN y M S AK ITT (LGUC+BNL )
A D MARTINy G G ROSS (DURHAH) IJP
ChAGgKRAEMERg THOMAS' MARTIN (RHEL+CARN+LGUC ) I JP
THGHAS t ENGLERt FISK ~ KRAEHER (CARN ) I J

¹¹¹¹¹¹¹¹¹

REFERENCES FOR Y¹0(1405) tFRQH EXTRAPOLATICNS)

7/66
7/66

7/66
8/67

10/69
6/70
9/73
9/73

7166
7/66
7/66
8167

10/69
6/70
9/73
9/73

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

P 5 6

38 Y¹G(1520) BRANCHING RATICS

Y¹0(1520) INTO (5 IGMA PI )/ t KBAR N )
1 ~ 72 ~ 78 MU SGRA VE 65 HBC
0 ~ 96 0 ~ 20 DAHL 67 HBC P I-P 1 6-4 GE V/C
0 ~ 73 0 ~ 11 DAUBER 67 HBC K-P AT 2 GEV/C
1 ~ 06 ~ 14 SCHEUER 68 CBC 0 K-N 3 GEV/C
0 ' 82 0 ' 08 BURKHARCT 69 HBC K-P ~ 8-1 2 GEV/C

{1 ~ 06) ( ~ 12) BERTHCN 74 HBC 0 QUASI 2 BODY CS
Rl 4 ~ 96 F 06 RL IC 76 DPWA KBAR N MULT ICHNL
Rl 4 KBAR N TO SIGMA PI AMPLITUDE AT RESONANCE IS +«46 +/- »01

~ «« ~ « ~ ~ « ~

AVG 0 ' 902 0 049
R 1 STUDENT 0 ~ 905 0 ~ 050
Rl FIT 0 ~ 9 11 0 ~ 023

Rl
Rl
Rl
Rl
Rl
Rl
Rl

AVERAGE l EPRQR INCLUDES SCALE FACTCR CF 1 2)
AVERAGE USING STUCENT10(H/1 ll) -- SEE TEXT

FROM FIT t ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)

The matrix below is derived from the error matrix for the fitted partial decay mode

branching fractions, P., as follows: The diagonal elements are P. + 6P., where1' 1 i
6P. = +I(6P.6P,), while the off-diagonal elements are the normalized correlation coeffi-

1 «1 1
cients (6P.6P. ) /{6P. ~ 6P.). For the definitions of the individual P., see the listings

1 j 1 J
1'

above only those P. appearing in the matrix are assumed in the fit to be nonzero and
» 1

are thus constrained to add to 1.
P 1 P 2 P 3 P 4

P 1 ~ 454 8+- ~ C 056
P 2 —~ 6145 ~ 4 145+- ~ 0063
P 3» 22 07 - ~ 4080 ~ 09 50+- ~ 0043
P 4 — 0704 - .1138 - 0453 .OC79+- ~ 0014
P 5 F 1806 ~.2920 —~ 1162 — 0248 ~ 0192+-«0034
P 6 —~ 0269 —~ 0434 —~ 0173 —~ 0037 —~ 0095 %0086+- «0005

8/67
9/66
8/67

10/69
10/69
10/74¹
1/76 ¹

1/76¹

38 Y¹0(1520g JP=3/2-) I=O ~03&(1520)
PROCUCT IGN AND FORMATION EXPERIMENTS AGREE QUITE. WELL
WITH EACH OTHER g T}IERFGREg THEY HAVE NOT BEEN SEPARATED
FOR THIS PARTICLE ~

ThE CECAY HQDE LAMBDA PI P I IS LARGELY OUE TQ
Y¹1(1385)PI ~ CNLY THE VALUES OF (Y¹1(1385} Pi )/(LAMBDA PI PI) GIVEN
BY MAST 72 ANC CORCEN 75 ARE BASED ON REAL 3BGDY PARTIAL 'WAVE ANLAYSES
(THE OLDER RESULTS BEING OBTAINEC US ING CRUDER METHODS) ~ THE
DISCREPANCY BETWEEN THE 2 RESLLTS I S ESSENTIALLY DUE TO THE DIFFERENT
HYPOTHESIS MACE CONCERNING T} E SHAPE QF THE EPSILON MESON ~

PAPERS NOT REFERRED TO IN DATA CARDS

ABRAMS 65 PR 139 8454 G S ABRAMSg 8 SECHI-ZORN (UHD) IJP
DONALD 66 PL 22 711 + EDWARDS' LYS~ NESARy MOORE (LIVERPOOL)
KADYK 66 PRL 17 599 +CRENt G+S GCLDHABERi TRILLING (LRL ) IJP

F IT SOLUTIONS GIVING AN I%0 Sl ( 2 RESC NANCE )
ABRAHS 65 KADYK 66' ANC DONALD 66 SUPPORT THOSE EFFECTIVE RANGE-

DAL ITZ 67 PR 153 1617 CALITZ y WONGy RAJASEKARAN (CXFORDg BOMBAY )
DALITZ 70 DUKE-HR 70 03 R 0 DALITZ {CXF)
CL I NE 71 PRL 26 1194 0 CLINEyR LAUMANNgJ HAPP ( WI SC )
MARTIN 71 PL 358 62 A 0 MARTI N t 8 R PARTI' e ROSS (OURH+LQUC+Rt-EL )
DQBSGN 72 PR 06 3256 P N DOBSON gR MCELHANEY (HA WA )
GALTI ER I 72 LBL 555 A BARBARO-GALT I ERI (LBL)
RAJASEKA 72 PR 05 610 RA JASE KARAN t TATA )

ALSC EARLIER PAPERS CiTED IN RAJASEKARAN72 I

SHAW 73 PURDUE CCNF ~ 417 SHAW t UCI ) I JP

¹¹¹¹¹¹¹¹¹S¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
RZ

R3
R3
R3
R3
R3
R3
R3
R3

R4
R4
R4
R4

R5
R5
R5
R5
R5
R5

Y¹0(1520) ENTO
0% 17
0«21

«19
0 ' 22

(0 ' 2)
( ~ 27)

(LAPBCA
0»05
0 ' 18

~ 04
0«0

13)

PI PI)/{KBAR N)
DA HL
DAUBER
SCHEUER
BURKHARDT
KIM
BE RTHCN

67 HBC
67 HBC
68 CBC
69 HBC
71 DPWA
74 HBC

(P3)/(Pl)
PI-P 1«6-4 GEV/C
K-P AT 2 ~ GEV/C

0 K~N 3 CEV/C
K-P 8-1 2 GEV/C
K-MATRIX ANAL

0 QUAS I 2 BODY CS

AVG
STUDENT
F IT

« ~ ~ «% ~ ~ ~ ~

0«202 0 ' 021
0«202 0 ' 024
0 ~ 209 0 ~ 010

AVERACE (ERROR INCLUDES SCALE FACTOR GF 1 0}
AVERAGE USING STUDENT 10 ( H/1%11 ) -- SEE TEXT

FROM FIT l ERROR INCLUDES SCALE FACTOR OF 1 1)
Y¹0(1520) INTO l SIGMA PI ) /(LAMBDA PI PI )

4«5 1 ~ 0 ARHENTERQ 65 HBC
3 ~ 3 1 ~ 1 Bi RMINGHA 66 HBC
3 ~ 9 1 ~ 0 UHLIG 67 HBC

(P2) / (P3)

K-P 3 ~ 5
K-P 9-1 0 BEVI C

AVG
STUDENT
F IT

~ ~ ~ ~ ~

3 ~ 94
3 ~ 94
4«36

~ « ~ «

0 ~ 59
0 65
0 23

AVERACE t ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
AVERAGE USING STUDENT jp {F/I 1 1 ) ~- SEE TEXT

FROM F IT {ERROR INCLUDES SCALE FACTOR OF 1 1}
Y¹0(1520) INTO (LAMBCA GAHMA)/TOTAL (PERCENT) (P4)
238 0«80 0 ~ 14 'HAST 68 HBC 0 USING ELAST= 45

~ ~ ~ ~ ~ ~ ~ « ~

FIT ' 0«79 0 «14 FROM F IT ( ERROR lNCL UDES SCALE FACTCR GF 1%0}

Y¹0(1520) INTO (SIGHAO CAMMA)/TOTAL {PERCENT) (P5)
S 2 ~ 0 ~ 35 HAST 68 HBC SEE NOTE S
S RATIOS CALCULATED F}'CH R4~ ASSUHING SUt3) ~ NEEDED TQ CGNSTRAIN
S ALL THE Y¹0(1520) BRANCHING RATE CS TO BE UNITY

~ % ~ « ~ ~ ~ « ~

FIT 1.92 0 34 FROM FIT t ERROR INCLUDES SCALE FACTOR OF 1 0)

9/66
8/67

10/69
10/69
3171

10/74¹

7/66
9/67
9/66

11/68

10/69

38 Y¹0( 1520 ) MASS ( MEV )

M

H

M

H

M

H 8
e

M 8
H

H

M

M

M AV
H ST

38 Y¹0 ( 1520) W IDTH (ME V }

30

2000

16
(19 0}
{50 0}
( 18«0)
14 7

t 16 )
15~ 5
15«

2 ~ 0
{19~ 0)
{10«0)

OR LESS
1 ~ 8

1 6
5

HAT SCN 63
MUSGR AVE 65
8 I R}'I h GI-. A 66
DA HL 67
BURKHARDT 69
KI M 71
CQRDEN 75
RL IC 76

HBC
HBC
HBC
HBC
HBC
DPWA
CBC
DPWA

K-P 3 5

K-P ~ 8-1 ~ 2 GE V/C
K-MAT R I X ANAL ~

K- D 1 4-1 BG V/C
KBAR N MULTI CHNL

« ~ « ~

AVG 15«09
STUDENT 15«09

0 F 45
0 ~ 49

AVERAGE l ERROR INCLUDES SCALE FACTOR QF 1 «0)
AVERAGE USING STUDENT 10 (H/ l. 1 1) —SEE TE XT

145 1517«2 3 ' 0 GALTIERI 63 CBC K-0 1 ~ 51 BEV/C
1519«4 2 ~ 0 WATSCIN 63 HBC K-P ALL CHANNELS

29 1520~ 0 4%0 ALMEIDA 64 HBC K-P 1 ~ 45 BEV/C
l 1511 0) ( 15 ~ 0) HU SGRA VE 65 HBC P BAR P 3-4 BE V/C

30( ).510~ 0) t 2 ~ 0) 8 IRMINGHA 66 HBC K»P 3 5
1517 2 1 2 BURKHARDT 69 HBC K-P ~ 8-1 2 GEV/C

CUGTEC ERROR INCREASED TQ ACCOUNT FOR CESAGREEMENT BETWEEN
ThQ HEASUREMENTS CONE BY SAME AUTHORS (K-P ANC SIGMA PI }

' (1519 ) KIM 71 DPWA K MATRIX ANAL
1669 1517«+/ 1 ~ TQ 1521«+/ 1 «BERTHON 74 HBC 0 QUASI 2 BODY CS
2000 15 19~ 4 .3 CORDEN 75 CBC K- D 1»4-1 BGV/C

1519~ 1 RLEC 76 DPWA KBAR N HULTICHNL
~ ~ ~ ~ «««« ~

G 1519 24 0«29 AVERAGE ( ERROR INCLUDES SCALE FACTCR CF 1 ~ 0)
UDENT1519%26 0 ~ 31 AVERAGE USING STUDENT10(1"/1 11} -- SEE TEXT

7/66
9/67

10/69

3171
10/74¹
4/75¹
1 /76¹

7/66
9/67
9/66

10/69
3/71
4175¹
1/76¹

R6
R6
R6
R6
R6
Rb
R6
R6
Rb
Rb
R6
R6

R7
R7
R7
R7
R7
R7
R7
R7
R7
R7
R7

Y¹0(1520) INTO
0 29

~ 447
0 47

t0 ~ 45)
448

( 42)
~ 47

(KBAR N

0 05
»018

0 ~ 03

014

01

}/TOTAL
WATSON 63 HBC
GALTI ERI 69 hBC
COLLEY 71 CBC
KIM 71 DP'WA

CQRCEN 75 CBC
MA ST 76 HBC
RL IC 76 QPWA

(Pl}
K-P ALL CHANNELS
K- P «28- 45 G/C
K-N 1 5 GEV PROD
K-HATRI X ANAL
K- 0 1 «4- 1 ~ BGV/C

0 K- P CEX
KBAR N MULTICHNL

AVG
STUDENT
F IT

~ « ~ « ~ ~

0 ~ 4570
0 ' 4582
0 ' 4548

« ~ ~

0«0071 A VERAGE ( ERROR INCLUDES SCALE FACTCR QF 1 «0)
0 0085 AVERAGE USING STUDENT10(H/1 jl) — SEE TEXT
C ~ 0056 FRCM FIT (ERROR INCLUDES SCALE FACTOR OF 1 0)

Y¹0(1520) INTO (SIGMA
0 ~ 55' 0 09
0 ~ 418 ~ 0 17
0 ' 43 {0%03)

(0 46)
426 014

SUPERSEDES CGLLEY 71
~ ~ ~ ~ ~ ~ ««
0 ' 425 0 F 011
0 ~ 424 0«012
0»4145 0 ~ 006

P I ) /TOTAL (P2)
WATSON 63 HBC K-P ALL CHANNELS

.GALTIERI 69 HBC 0 K-P 28- 45GEV/C
CQLLEY 71 CBC K-N 1 ~ 5 GEV PROD
KIM 71 DPWA K-MATRIX ANAL «

CCRDEN 75 CBC K- 0 1%4-1~ BGV/C

AVERAGE t ERROR INCLUQES SCAl. E FACTOR OF 1 0)
A VERAGE USING STUDENT10(H11 1 1) —SEE TEXT

3 FROM F IT (ERROR INCLUDES SCALE FACTOR OF I 1)

AVG
STUDENT
FIT

R8
R8
R8
R8
RB

2
2

A

R8. A
RB
RS
R8
P8
RB

A Y¹1
AVG
STUDENT
F IT

Y¹pl1520 } INTO ( SIGNA PI PI ) /TGTAL (P6)
010 ~ 0015 GALTIERI 69 HBC 0 K-P 28- 45GEV/C

~ 0085 »0006 HAST2 73 MPWA K-P TG 2PI SIG
BASED ON ASSUMED ELASTICITY CF 46

~ 007 002 CGRDEN 75 DBC K- 0 1 ~ 4-1 BGV/C
CGNSIDERABLE FRACTICN OF THE SIGMA PI PI DECAY PROCEEDS VIA THE

(1385) PI INTERMEDIATE STA~E
~ ~ ~ « ~ ~ « ~ ~

0 ~ 00858 0» 00054 AVERAGE ( ERRCR INCLUDES SCALE FACTOR QF ). 0 )
0 00858 0 00059 AVERAGE USING STUDENT10{H/1 11) —SEE TEXT
0 ~ 00857 0 ~ 00054 FRCH FIT t ERROR INCLUDES SCALE FACTCR QF 1 0)

10/71
10/69
10/71
3/71
4175¹
1/76¹
1/76¹

10/71
6/69

10/71
3/71
4175¹
1/76¹

10/69
9/73
9/73
4/75¹
4/75¹
4/75¹
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Particle Data Group: Review of particle properties

Data Card Listings
For notation, see key at front of Listings.

Baryons
A(1580), A(1600), A.(1670)

R9 Y¹0{15201 TQ Y¹1(185) PI TO LM PI PI /LM PI PI (PBl /(P3}
R9 NQ RE T I":AN 0 10 CLINE 69 GBC

' K-D TO 2PI LAM N

R9 8 0 ~ 39 C 10 BU&KkAROT 7 1 HBC L AH ~ 3P I PROD ~

R9 C (1 ~ 0) CHAN 72 IPWA K~P TQ LAH 2PI
R9 M 0 ' 82 0 10 MAST 73 IPWA K-P TO 2PI LAM

.R9 ~ 58 ~ 22 CQRDEN 75 CBC K- D 1~4-jo8GV/C-
R9 8 CENTRAL 8 IN( 1514-1524 l GIVES 74+- 10 —OTHER BI NS LCWE R BY 2-5 S I G

R9 C CNLY THE Y¹f 1385)GS03 SEEHS TC CONTR I BU& E
R9 M BOTH Y¹(1385 I QS03 AND SIGMA ( FI PI ) OP03 CCNTRI BUTE
R9 ~ 0 ~ ~ ~ ~ ~ ~ ~

R9 AVERACE MEANIhCLESS (SCALE FACTDR = 2 ~ 2)

9/73
9/69
3/71
2/73

12/72
4/75¹

REF ERENC ES FQR Y¹0(1600 l

KI M 71 PRL 27 356
AL SQ 70 DUKE 161

LA hGBE I h, 72 NP 847 477

J K KIM
J ~ K ~ KIN

+)y AGNER

( HARV) I JP
( I.AR V ) IJP

{HPIH ) I JP

RL IC 76 RL-75-182 (PRPNT) GQPAL KALMLS MCPHERSCN ROSS+ (RHEL+LQIC) I JP

R10 Y¹0{1520)INTO, (Y¹lf1385} PI)/TOTAL
R10 0 ' 041 0 ' 005 CHAN 72 HBC

{P7)
K-P TQ LAM 2P I 3/71 A(1670) 4o Y*0(1670 JP=1/2 —l 1=a Sftg

Rl 1 Y¹0(
Rll
Rll 1
Rjj 1 BAS
R 11 3
R11 3 SUP
Ril
Rj1 AVG
Rj 1 STUDENT
Rl1 FIT

1520) INTO (LAN EC A P I P I l /TOTAL
0 10 (0~ 02) COLLEY 71 EBC

F 11 ~ 01 HA ST 73 I PWA

ED ON ASSUME C ELAST IC ITY OF ~ 46+/- ~ 02
~ 091 ~006 C CRDE h 75 C BC K- C 1 e4- I «8GV/C

ERSEDES CQLLEY 71
0 ~ 1 ~ ~ ~ ~ 0 ~

Oe 0960 Oe 0084 AVERAGE ( ERRCR I NCLUDES SCALE FACTQP QF 1 «6 )
0 ~ 0956 0 0062 AVERAGE USING STUDEN710(H/I 11) -- SEE TEXT
0 0950 0 0043 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 1)

(P3)
K-N 1 ~ 5 GEV P POD
K-P TQ 2P I LAM

GALT IER I E3 PL 6 296
WATS CN 63 PR 131 2248
Af HEIDA 64 PL 9 204
ARMENTER 65 PL 19 338
MUSGRAVE 65 NC 35 735

REFERENCES FOR Y¹0(1520)
A BARBARQ-GALTIERI A HUSSAIN RD TRIPP (LRL)
M 8 WATSON, M FERRO-LUZZI, R 0 TRIPP (LPL)IJP
S P ALNEIDAy G R LYNCH (CERN)
ARMENTEROSyF-LUZZ Iy + (CERN HEIDySACLAY)
+PETMEZASy+ (BIRH CERNyEPOLyLGIC SACLAY)

BIRMINGH
DAHL
DAUBER
UHLIG
HAST
SCHEUER

66 PR 152 1148
67 PR 163 1377
67 PL 248 525
67 PR 155 1448
68 PRL 2 1 1715
68 NP BB 503

8 IRN INGHAMy Gf. ASGOWy I ~ C ~ y OXFORD y RUTHERFORD
OAHL yHAPDY ~ HE SSy KI RZ y MILLER {LRL l
+HALAMUD y SCHLE IN y SLATER y STCRK (UCLA)
+CHARLTChy CCNDCNyGLASSERy YODHy+ (UHD ~ NRL )
MAST ALSTCN BANGERTER GALT IERI+ (LRL )
SABRE CQLLAB ~ ( SACL+ANST+BGNA+REHO+EPOL )

BURKHARD 69 NP 8 14 106
CLINE 69 LNC 2 407
GALT IERI 69 LUND 352

AL SQ 70 DUKE 95

+FILTHUTH+KLUGE+ ~ o {HEIO+EFI+CERN+SACLAY}
+LAUMANN+HAPP ( WI SC)
BARBARQ-GALTIER I BANG ERT ER MAST TRIPP {LPL l
R D TRIPP (LRL)

R12 Y¹0(1520) INTO (LAM BCA EPS ILQN ) /TOTAL (P9}
R12 20 «08 CORDEN 75 CBC K- D 1 e4- I ~ 8GV/C

10/7 1
9/73
9/73
4/75¹
]./76¹

4/75¹
4/75¹

M

H

H

H

M

H

H

M

H

H

N

H

N

H

H

H

M

H

M

H

H

M

SEE TI E MINI-REVUE AT THE START OF THE Y¹ LI STINGS ~

TMI S RESONANCE I S WELL ESTABLISHED
(SEE Tf-E NOTE FOR THE Y¹0(1330) ) a

40 Y¹0{1670) MASS {MEV )

M (1666~ 0) OR(1675 oO) BERLEY 65 HBC 0 K-P TQ LAM ETA
H THE FIRST VALUE ASSUHES 'Tf'E BRANCHING RATIO INTO LAMBDA ETA IS

SMALLy THE SECOhiD THAT IT IS LARGE ~ BECALSE Tf E RESONANCE IS NEAR
THE LAHBDA ETA Tf RES} 0( Cy TI E BRANCHING RATIO AFFECTS THE MOMENTUN
DEPENDENCE OF THE TOTAL WI DTHy AND THUS ALSO THE RESGhfANCE PARA-
HETERS OBTAINED BY FITTING TO THE DATA ~

hi ( 1663~ 0) (3 ~ 0 ) ARHENT-1 68 HBC 0 ELASTIC y CH EXCH
N (1678~ 0) (ZoO) ARMENT-2 68 HBC 0 K-P TO SIGMA PI
A 1674 ~ 0 ( 500) ARHENT-3 69 HBC 0 MULTICHANNEL
hi 1662~ 0 (3 ~ 0 l ARMENT-4 69 HBC 0 ELAST CH ~ EXC ~ ED
hf l680o 0 {

jr0�)
ARMENT-4 69 HBC 0 K-P TG 5IG PI ~ EO

1674~0 BERLEY 69 HBC 0 K-P TQ SIG}yA Pl
1683 0 (5 ' 0) GALTIER I 70 HBC 0 SIG Pl y EDPWA
1670~ KIH 71 DPWA K-MATR IX ANAL ~

1640~ 0 ( 40 ~ 0 l LANGBE I N 72 I PWA HULTI CHANNEL
1700' (100) BAXTER 73 OPWA 0 K- P TQ NEUTRALS
1672 (1 ) HART 73 OPWA EL+CX ~ ~7- ~8GEV/C
1665' (5 ' ) PREVQST 74 DPWA 0- K-ht TO S(13.85) PI
1670+ (5s) RLIC 76 DPwA KBAR N MULTICHNL

A THE MULTICHANNEL ANALYSIS INCLUDES ELASTIC AND SIGMA PI
N THE APPARENT DISCREPANCY BETWEEN THESE RESULTS IS PROBABLY NOT

SERIOUS ~ THE ERRORS GIV Eh} ARE JUST STATIST ICAL ~ THE SYSTEMATIC
ERRORS THAT RESULT FRCH THE RESTRICTIVE PARAMETRIZATION FORCED ON
THE PARTI A(.-WAVE AMPLITUDES ARE NQT INCLUOEOy ANC CAN BE LARGE ~

7/66

11/68
11/68
9/69
9/69
9/69
6/70
7/70
3/71

12/72
10/74¹
2/74

10/74¹
j/76¹

10/69

BURKHAROT71 NP 827 64
CQLLEY 71 NP B31 61
KI M 71 PRL 27 356

ALSO 70 DUKE 161

CHAN 72 PRL 28 256
MAST 73 PR D7 5
MAST2 73 PRD 7 32 12
BERTHQN 74 NC 21A 146
CQRDEN 75 NP 884 306

+F ILTHUTHyKLUGE yOBERLACK++ (HEID+CERN+SACL 1

+CQX EASTWOOD FRY+ ~ ~ (BIRN+EDIN+GI. AS+LQIC )
J K KIH (HARV) I JP
J K KIM ( HARV) IJP

+BUT ~ -SHAF ERy HERTZBACHyKOFLER++ (MASAy YALE )
+ALSTON-GARN JCST y BANGERTER y+ ~ ~ ~ {LBL) IJP
+BAh!GERTERyALSTON-GARNJGSTy+ (LBL)IJP
BERTHQN TRISTRAH + (CDEF+RHEL+SACL+STRB) U

CQROENyCQX y CARTNELLy KENYQNyONEALEy+ {BIRN )

HAST
RL IC

BERL EY 70 PR Ol 1996
GQLOWECH 74 PRO 10 3861

PAPERS NOT REFERRED TG IN DATA CARDS

+YAMIN yKQFLER y HANNyME I SNER+ (BNLy MASAy YALE ) IJP
EUCEN GGLOWICH {SLAC }

76 LBL-4294 (PRPNT l HAST y ALSTON-GARN JQST y BANGERTER+ (LBL)
76 RL-75-182 {PPPNT) GOPALyKALHUSyHCPHEPSQNyROSS+ (RHEL+LOIC)IJP'

W

W

W

W

W

W

W

W

W

W

W

W

M

N

A

N

( 22 ~ 0) OR {15 ~ 0)
(26 Ol (8 ~ 0)
(26m 0) (5 ~ 0)
23 0 (3 0)
38~ 0 ( 15 ~ 0 l
33 ' 0 (5 ' 0)
31 0
25 ~ 0 (5 ~ 0)
35 '
45~0 (20 ' 0)
65» (20 ' )
19' (2 )
19~ (5 l
45 f 10 ~ )

SEE THE NOTES

BERL EY
AR MENT 1
ARHENT-2
AR f/ENT-3
ARHENT-4
ARMENT-4
BERLEY
GALT I ER I
KI H

LA NGSE I h

BA XTER
HART
PREVOST
RL IC

ACCO)yPAhY I NG THE

40 Y¹0(1670) WIDTH (ME V)

65 HBC 0 SEE NOTE N ABCVE
68 HBC 0 SEE NOTE N ABOVE
68 HBC 0
69 HBC 0
69 HBC 0 ELAST y CH EXC ~ ED
69 HSC 0 K-P TQ SIG Pl ~ED
69 HBC 0 K-P TO SIGMA Pl
70 HBC 0 SIG Pl yEOPWA
71 OPWA K-MATRIX ANAL ~

72 IPWA HULTICI ANNEL
73 OPWA 0 K- P TO NEUTRALS
73 OPWA EL+CX ~ 7- ~ BGEV/C
74 DPWA 0- K-h' TQ S(1385)PI
76 OPWA K BAR N MULT ICHNL

MASSES C}UQTED

'7/66
11/68
11/68
9/69
9/69
9/69
6/70
7/70
3/71

12/72
10/74¹
2/74

10/74¹
1/76¹

~)g(].600) lol Y+Q(160o JP=1/2+1 1=a Og 1/76¹
Pl
P2
P3
P4

40 Y¹0(1670) PARTIAL DECAY HQCES

Y¹0(1670) INTO KBAR
Y¹0(1670) INTO LAHBOA ETA
Y¹0(1670) INTO SIGMA. Pl
Y¹0{1670) INTO SIGMA(1385) PI

DECAY MASSES
497+ 939

1115+ 548
1189+ 139

139+1384

M

M 1
M

M

M

N A

101 Y¹0{1600) MASS {HEV)

(1570 'KI M 71 DPWA

POSSIBLE EFFECT IN SIGHA PI AND KBAR N CHANNELS ~

1620 ' 0 10 ' 0 LANGSE IN 72 IPWA
1573~ 25 ~ RLIC 76 DPWA

~ ~ ~ ~ ~ ~ ~ ~

VERAGE HEANIhGLESS (SCALE FACTOR = 1 ~ 7)

K-HATRIX ANAL ~

HUL T I C HANNE L
KSAR N HULT ICHNL

W

W

W

W

W

W

101 Y¹0(1600l PARTIAL DECAY HODES

101 Y¹0(160C) WIDTH (MEV)

1 (50 ) KIH 71 DPWA K-MATR IX ANAL ~

60 ~ 0 10 ~ 0 LANGBE I N 72 IPWA MULTICHANNEL
147 50m RLIC 76 DPWA KBAR N HUI. TICHNL

0 ~ ~ I 0 ~ 0 ~ ~

AVG 63 ~ 3 9 ~ 8 AVERAGE (ERROR INCLUDES SCALE FACTCR OF 1 ~ 0)
STUDE NT 62 ~ 8 10 8 AVERAGE USING STUDENT 10 (H/ 1 11) — SEE TEXT

SEE THE NOTES ACCOMPANYIhG MASSES DUCTED

1/76¹
1/76¹
1/76¹
1/76¹

1/76¹
1/76¹
1/76¹
1/76¹

1/76¹

Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl

R2
R2
R2
R2
R2

40 Y¹C ( 1670) BRANCHING RATI CS

Y¹0( 1670) INTO (KBAR N I /TOTAL
f0 14) (0 04 ) ARMENT-1 68

0 ~ 17 ARHENT 3 69
0 14 (0 ~ 04 l A R MEN T-4 69

(0 ' 39) (0 ' 05) CQNFQRTQ 71
0 28 KI H 71
0 ' 35 (0 06) LANGBE IN 72

+36 { 03) HART 73
20 ( ~ 03) RL IC 76

EFFECT BELOW REG ION Ah}ALYZ ED ~ VALUE OF ~

AFFECT F I 7 OR VALUES OF CTI-ER PARAMETERS ~
THIS IS THE DIAMETER OF THE CIRCLE IN THE

SUPERIMPOSED ON A LARCE BACKGROUND

(Pll
HBC 0 GLD DATA
HBC 0
HBC 0 NEW DATA
HBC 0 K-PyELASTyCEX
DPWA K-MATRIX ANAL ~

IPWA MULTICHANNEL
DPWA EL+CXy ~ 7- ~ SGEV/C
DPWA KSAR N NUI. TICHNL

18 DOES NOT

ARGANO PLOT ~ IT IS

Y¹0(1670}FROM KBAR N TQ LAHBDA ETA SQRT(Pj¹P2}
(0~20) OR 0 ' 23 BERLEY 65 HBC 0 SEE NOTE H ABOVE
(0 26) ARHENT-3 69 HBC 0
(0+24) KIH 71 DPWA K-MATR I X ANAL ~

+ 20 ( ~ 05) BAXTER 73 DPWA 0 K- P TO NEUTRAL S
SEE THE NCTE S ACC C MP ANY I h}G MASSES ('UOT EO

11/68
9/69
9/69
6/70
3/7 1

12/72
2/74
1/76¹

7/66
9/69
3/71

10/74¹

Pl
P2

Rl
Rj
Rj
Rj
Rj

Y¹0(1600l INT0 KBAR N

Y¹0(1600) INTO SIGNA PI

CECAY HASSES
497+ 939

I 197+ 139

101 Y¹0(1600} SRANCHING RATIOS

Y¹0(1600} I hTO (KBAP N) /TCTAL
0 ' 25 Oej5

~ 24 F 04
LANGBEIN
RLIC

(Pj)
72 I PWA MULTICHANNEL
76 DPWA KBAR N HULTICHNL

~ 0 ~ ~ ~ ~ ~ 0 ~

AVERAGE MEANIh}GLESS lSCALE FACTOR = 1 ~ 0)

1/76¹
1/76¹
I /76¹
1/76¹

R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3

R4
R4

Y¹0(1670) FROH
(-0 ~ 2 5)
(-0 ' 27)
(-0 ' 30)

PUBLISHED S IGN
-0 ~ 27
-0 ~ 29
-0 ~ 38

—~ 28
~ 2 3

—~ 31

9/69
9/69

10/74¹
6/70
7/70
3/71

10/74¹
4/75¹
1/76¹

Y¹0(1670) FROM KSAR N TO SIGMA( 1385) PI
-~ 18 ~ 05 PREVOST

SORT(Pj¹P4 )
74 DPWA 0- K-N TO Sf).385)PI 10/74¹

KYAR N TO S ICMA PI SQRT( P 1¹P3)
(0 06) ARMENT-2 68 HSC 0 OLD DATA

ARHENT-3 ' 69 HBC 0
(0 ~ 03 l ARMENT-4 69 HBC 0 NEW DATA
CHANGED TQ AGREE WITH LUND 1969 CCh}VENTICN (SEE TEXT)

BERLEY 69 HBC 0 K-P TO SIGHA PI
(CD C3) GALTI ERI 70 HSC 0 S IG PI y EOPWA

KIH 71 DP WA K-MATR I X Ah}AL e
05) BAXTER 73 DPWA 0 K- P TO NEUTRALS

f 03) LGNDCN 75 HLBC 0 K- P TO SIGO PIO
( ~ 03) RL IC 76 DPWA KBAR N MULTICHNL

R2
R2
R2
R2
R2

Y¹0(1600) FPCM KBAR h INTO SIGHA PI
0 ' 28 0 09 LANGBEI N-.16 ~ 04 RLIC

~ ~ ~ ~ ~ ~ t ~

AVERACE HEANINGLESS f SCALE FACTOR = je2)

SQRT lP 1¹P2)
72 IPWA MULTICHANNEL
76 DPWA KBAR N HULTICHNL

1/76¹
1/Te¹
1/76¹
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S214 Particle Data Group: Review of particle properties

Baryons
A.(1670), A(1690), A(1800)

Data Card Listings
For notation, see key at front of Listings.

BERL EY 65 P RL 15 641
ARHENT-1 68 NP 88 195
ARMENT 2 68 NP 88 223

ARHENT-3 69 LUND PAP ER 229
VALUES ARE QUOTED IN LEV I

AR MENT-4 69 NP 8 14 9 1
BERLEY 69 PL 308 430
GALTIERI 70 DUKE 173
CCNFORTO 71 NP 834 41
KIH 71 PRL 27 356

ALSO 70 DUKE 161
LANGBE IN 72 NP 847 477
BAXTER 73 NP 867 125
HART 73 PURDUE CChIF« 311
PREVOST 74 NP 869 246
LONDON 75 NP 885 289

REFERENCES FOR Y+0( 1670)

+CChiNOLLY t HART 9 RAUMt STCNEHI{ Lr + {BNL ) IJP
ARHENTERQ S 9 BAI LLGNr + {CERNr HEI DEL 9 SACLAY ) I JP
ARF ENT EROS 9 BAILLONr + ( CERN r HE IDEL 9 SACLAY ) I JP

ARMENTERQSr BAILLQNt + (CERNr HEIDELt SACLAY) I JP
SETTI 69 ~

ARMENTERQSt BAILLGNr + (CERNr HEI OELr SACLAY) I JP
+ HART t RAHMr W ILL 1St YAMAMOTQ. (BNL) I JP
A ~ BARBARO GALT IER I (LRL ) I JP
+LE VI SETT I 9 LAS I NSKI ~ ~ OBE RL ACK++ ( EF I t t. E ID ) I JP
J K KIM (HARV) I JP
J ~ K ~ KIM ( tJARV) IJP
+WAGNER ( MPIM) I JP
BAXTER 5 BUCKINGHAHt CGRBETT 9 GUNN t+ (OXFORD) I JP
+RICEr BACASTCWt FUNGt+ (TEhiN+UCR+MASA+BUFF) IJP
PREVOSTrBARLOUTAUO r+ ( SAC L+CERN+t.:EI 0 l
LONDON YU BGYO + (BNL CERN EPCL GRSA TORI )

R2
R2
R2
R2
R2
R2
RZ
R2
R2
R2
R2

Y&0{1690) FPCM
1 (-0 ~ 33 )
1 (-0«36 l
1 PUBL 1St', ED S IGN

-0 ~ 27
-0 ~ 31
-0 ~ 40

0 ' 26
—«20

28- ~ 25

K t3AR

{0' 02)
(0 ' 02)
Ct-AhGE

(0 03)

( 0 {J7)
. («03)

( ~ 03)
{ ~ 03)

TG 51GMA P I
ARMENT-3 68 HBC
AR MENT-4 69 HBC

D TC AGREE WITH LUND 1969 CG
BE RLEY 69 HBC
GALTI ERI 70 HBC
KIM 71 DPWA
LANGBEI hi 72 IPWA
BA XTE R 73 DP WA

LGNDGN 75 HL BC
RLIC 76 DP)tA

SQRT {P jAP2)
0 OLD DATA
0 NE'k DATA

NVENT ION (SEE TEXT)
0 K-P TQ 5 IGMA P I
0 SIG PI 9 EDPWA

K-MATR I X ANAL
MULTICHANNEL
K- P TO NEUTRALS

0 K- P TO SIGO PIO
KBAR N tJULT IC HNL

11/68
9/69

jo/744
6/70
7/70
3/71

12/72
jp/74+
4/75~
j/764

R4
R4

Y+0(1690) FROM KBAR N TO' SIGMA P I PI SQRT( P j+P4)
(0 21) ARMENT-2 68 HDSC 0 K-N TG SIG PI PI 11/68

R3 Y+0{1690) FROM KBAR h TG LA)2BCA PI PI SQRT(P I+P3)
R3 8 (0 ~ 25) (0 ~ 02) BARTLEY 68 HDBC 0 LAF 2PI CRQS SEC 11/68
R3 8 ChLY CROSS-SECT ION CATA LiSED ~ ENHANCEMENT NGT SEEN BY PREVOST 71 9 3/72

BIRHINGH 66 PR 152 1148
LEVI SETT 69 LUND 339

PAPERS NGT REFERREC TC IN CATA CARDS

{8IRMINGHAHt GLASGOW 9 LGI C r QXFGRCt RUTHERFD l
R LEVI SETTI (RAPPORTEUR l

(CHICAGO�

)

RL IC 76 RL-75-182 (PRPNT) .GOPAL 9 KALMUS 9 FC PMERSGNt ROSS+ (RHEL+LQ IC ) I JP
R5 Y+0( 1690) FROM KBAR N INTO LAMBDA ETA SQRT(P I+Pb)
R5 ~ 00 ( ~'03 ) BAXTER 73 DPWA 0 K- P TO NEUTRA! S 10/74+

R6 Y&0(1690) FROM KBAR N TQ Y+j(1385) PI 5-WAVE SQRT(P j+P5)
R6 + ~ 27 . ~ 04 PREVCST 74 OPWA 0- K-N TC 5(1385)PI IO/74+

REFERENCES FOR Y+0(1690)

ll

g( ]690 55 Y«011090 Jr=3/2 —1 1=0 {)3
SEE THE MINI-REVUE AT ThE START OF THE Y& LISTINGS

THIS RESChANCE IS WELL ESTABL ISHED ~

ARMENT-1
ARNE NT-2
AR MENT-3
BARTLEY
BUGG'

ALSO
CONFGRTQ

68 NP 88 195
68 NP BB 216
68 NP 88 223
68 PRL 21 jill
68 PR 168 1466
67 PRL 18 62
'68 NP 88 265'

ARMENTERQS t BA ILLCNr + (CERN 9 HE IDEI-t SACLAY] I JP
ARMENTERQSt BAILLGNr + (CERNtHEIDELtSACLAY) I
ARHENTERGSr BAILLCht + {CERNtHEIDELr SACLAY)IJP
+CHUt DOWDr GREENE 5+ (TUFTS tFSUt BRANDEIS) I
+C I{MORE t Kh)IGHTr + ( BIRMt CAVE t RHEL ) I
CAVIES 5 DOWELL 5+ (BIRMtCAVEr RHEL t I
+t'. ARHSEN 5 LASINSKI t + (CHI CAGG 9 HE IDEL ) I JP.

55 Y'h0( 1690) MASS (MEV)

ARMENT-4 69 NP 814 91
BERL EY 69 PL 30 8 430
BERTANZA 69 PR 177 2036

ARFEhTERGSt BAILLOhr + (CERNtHEICELrSACLAY) IJP
+ HART 9 RAHMr WII LI S 9 YAMAMGTO {BNL) I JP
+BIGI CARRARA CASALI + {PISA BNL YALE)I JP

H

H

M

H

M

H A

H A

M

M

H

M

H
H

M

M

M

H M

H M

H M

A

M A
H A

H A

M A

W

W

W

W

W M

W A

W A

W

W

W

W

'W

W

W

W

Pl
P2
P3
P4
P5
P6

(3 Ol
(2 0)
(8 ~ )
(4 0)
(2 0)
(2 ~ 0)
(2 ~ 0)

55 Y+0( 1690) ltIDTH ( ME V)

(35 0)
(85~ 0)
48 ~

40 ~ 0
{27 0)
31 0
72 ~ 0
57» 0
28 ~ 0
85 ~ 0
64«0
55%
40 ~ 0
30~ .
86 '
60 ~

SEE

(7 ' 0)
(7 ~ 0)

(15 )
(7 0)
(5%0 )
(7 ~ 0)
&F 0)
(8 ~ 0)

( 10 ~ 0)
(5 0)

(10 0)
(10 ~ )
{9
(5

THE NOTES

ARHENT-1
AR HE NT-3
BARTLEY
SUGG
CONFORTO
AR MENT-4
AR MENT-4
BERLEY
BERT ANZA
GALTIERI
CONFORTQ
KIM
LANGBE IN
BAXTER
HART
FLIC

ACCCMPANY ING Tt. E

68 HBC 0 QLC CATA
68 HBC 0 GLD DATA
68 DSC 0 K-P AND K-D DATA
68 CNTR 0
68 HBC 0 SEE NOTE M ABCVE
69 HBC 0 EL AS t CH EXC ~ ED
69 HBC 0 K-P TG SIG PI ED
69 HBC 0 K-P TO SIGMA PI
69 HBC 0
70 HBC 0 51 G PI 9 EDPWA
71 HBC 0 K-Pt ELASTr.CEX
71 DPWA K-MATRIX ANAL
72 IPWA MULTICHANNEL
73 OPWA 0 K- P TO NEUTRALS
73 DP'WA EL+CXr 7- ~ BGEV/C
76 DPWA KBAR N FUt TICHNL

MASSES QUOTED

55 Y+0( 1690) PARTIAL DECAY MODES

Y+0 ( 1690)
Y0 (1690)
Y+0(1690)
'Y&0 {1690)
Y+0 (1690)
Y+0{1690)

IN TO
INTO
INTO
INTO
INTO
I NTO

KBAR N

SIGMA PI
LAMSCA P I PI
SIGMA Pl PI
Y+I (1385 ) PI 5-WAVE
LAMBDA ET A

DECAY HASSES
497+ 939

1189+ l39
1115+ 139+ 139
1189+ 139+ 139

139+1384
1115+ 548

(1696F 0) ARMENT-1 68 HBC 0 ELAST ICt CH EXCH
(1681~ 0 ) ARMENT-3 68 HBC 0 K-P TO SIGMA PI
1681~ BARTLEY 68 DBC 0 K-P AND K-D DATA
1695~ 0 BUGG 68 CNTR 0 K-Pr D TOTAL

{1697 0) CGNFORTC 68 HBC 0 ELASTIC CH EXCH
1691~ 0 ARMENT-4 69 HBC 0 EL AS ~ CH EXC ~ EO
1688 0 ARHENT-4 69 HBC 0 K-P TO S IG PI ~ ED
1689' 0 BERLEY 69 HBC 0 K-P TO SIGMA PI
1701 0 (4 ~ 0 ) BERT ANZA 69 HBC 0 ELASTIC 9 CH EXCH
1680~ 0 ( 5 ~ 0) GALTI ERI 70 HBC 0 5 IG PI 9 EDPWA
1688F 0 (3 ' 0) CQNFGRTO 71 HBC 0 K-P r ELAST rCEX
1690% KIM 71 OPW A K-MATRIX ANAL ~

1680% 0 ( 20«0) LANGBEIh 72 IP'WA MULT ICt. ANhIEL
1670« (10 ' ) BAXTER 73 OPWA 0 K- P TO NEUTRALS
16S4 ~ (3 ' ) HART 73 DPW A EL+CX r ~ 7- «BGE V/C
1690% (5 l RLIC 76 DPWA KBAR N MULT ICt NL

THE Yrtro(1690) IS AT T)E EDGE OF THE ENERGY REGION ANALYZED BY
CCNFORTO ~ THE SAFE CATA AS WELL AS OTHERS EXTENDING TO LOWER
ENERGIE5 ARE INCLUDED IN ARMENTEROS 1«

ANALYSIS INCLUDES Ot C ANG NEW DATA OF CHS GQLLAB ~ ~ 43- ~ 8 GEV/C
THE APPARENT DISCREPANCY BETWEEN THE SIGMA PI AND OTHER RESULTS IS

PROBABLY NQT SERIOUS ~ THE ERRORS GIVEN ARE JUST STATISTICAL ~ THE
SYSTEMATIC ERRORS Tt-'. AT RESULT FROH THE RESTRICTIVE PARAMETRIZAT ION
OF THE PARTIAL WAVE AMPLITUDES ARE NOT INCLUDEDt AND CAN BE LARGE

11/68
11/68
11/68
7/68

11/68
9/69
9/69
6/70
9/69
7/70
6/70
3/71

12/72
jp/74+
2/74
I /764'

10/69

11/68
11/68
11/68
7/68

11/68
9/69
9/69
6/70
9/69
7/70
6/70
3/71

12/72
jp/74~
2/74
j /764

GALT I ER I
CONF CRTG
KIM

ALSO
LANGBE IN
BAXTER
HA RT
PREUGST

70 DUK E 173
71 NP 834 41
71 PRL 27 356
70 DUKE 161
72 NP 847 477
73 NP 867 125
73 PURDUE CONF
74 NP 869 246

A ~ BARBARO GALT IERI (LRL) I JP
+LEVI SETTIr LAS INSKI « ~ OBERLACK++ {EFI+HEID) I JP
J K KIM ( HARV) IJP
J ~ K ~ KIM (HARV) I JP
+WAGNER (MP IM ) IJP
BAXTER rBUCKINGHAMrCQRBETTtDUNNt+ (GXFGRD) IJP

311 +R ICEr BACASTQWr FUNGr+ (TENN+UCR+MASA+BUFF ) I JP
PREVOST BARLQUTAUDr+ (SACL+CERN+HEID)

PREVOST 71 AMSTERDAM CONF + CHS COLLABORATION {CERNt. HE ID+SACL I

II
77 Y+0 ( 18005 JP=l/2+) 1=0 0$
SEE Tt-E MINI-REVIEW AT THE START GF THE Y+

LISTINGS�«

THE EVI CENCE FCR THIS STATE IS SGHEWI AT CONFUSED ~ IT
WAS FIRST SUGGESTEO IN A PARTIAL WAVE ANALYSIS OF
KBAR N CATA BY TtE BEHAVIOUR OF THE Ppl AHPLITUDE
WHEN IT WAS PARAHET'Rl ZED /25 A TWO-ST RA IGHT-L INE
BACKGROUND (ARMENTERQS 68 ) ~

A WIDER AND HGRE ELASTIC P01 RESONANCE AT ABOUT ThE SAME MASS IS
SUGGESTED BY THE ANALYSIS OF BAILEY 69 ' THIS LSES CCNSIDERABLY LESS
DATA THAN ALL OTHER ANALYSIS FOR THIS REASON WE DG NGT QUOTE ANY
PARAMETERS FOR THE GT). ER PARTIAL hAVES CBTAINEC Ihi Tt-15 ANALYSIS «

ALMOST ALL THE RECENT ANAt YSES CONTAIN A P01 STATE r AND SOMETIMES
T)10 SUT THE PASSES AhD BRAhChING RAT ICS OBTAINED IN Tt E VARIOUS
ANALYSES ARE RATHER DIFFERENT,

77 Y+0(1800) MASS {MEV)

M Q
M

M

M

N

M N
M

M

H

M

M 0
H

H A

(1745 0) ARMENTERQ 68
(1740.0) BA ILEY 69
( 1800.0) AR MENTERQ 70
( 1750~ 0) ARHENTERQ 70
(1690~ 0) ( 10 ~ 0 ) GALTIER I 70

ERROR STATI ST ONLY- NG ERROR DUE TG PART
( 1755 ~ l KIM 71
1780 ~ 0 20 0 LA NGBE IN 72
1746 ' 10' PREVCST 74
1853' 20 RL IC 76

QLD ANALYSIS US IhG CLD CATA ~

~ ~ ~ ~ ~ ~ ~ ~ ~

VERACE HEANINGLESS (SCAt E FACTOR = 3 4)

HBC 0
DPWA 0
HBC 0
HBC 0
HBC 0

I CULAR P
DPWA
IPWA
DPWA 0-
DPWA

ELASTIC 9 CH EXCH
ELASTIC 5 CH E XCH
EL AST I Ct CH EX
SI G)IIA PI
SIG PI 9 EDPWA
WE ANAL. I'NCLUDED
K-HATR I X ANAL ~

MULTICHANNEL
K-N TQ 5 (1385 )P I
KBAR N MULTICHNL

77 Y& 0( 1800) W I 0TH ( ME V )

LOhDCN 75 NP 885 289 LCNDGN ~ YUt BGYDt+ (BNLtCERNrEPOLtGRSAr TQRI )
RLIC 76 RL-75-182 (PRPNT) GQPAL KALMUS HCPHERSCN ROSS+ (RHEL+LQIC) IJP

PAPERS NOT REFERRED TO IN DATA CARDS

11/68
10/70
6/70
6/70
7/70
1/71
3/71

12/72
10/74+

1 /764

55 Y+0( 169C) BRANCHING RATI QS

THE SUM OF ALL THE QUOTED BRANCHING RATI GS IS MORE THAN l. «0 ~ Tt-E
TWC-BODY RAT ICS ARE FROM. PARTIAL WAVE AhtALYSESr AND THUS PRGBAB{ Y ARE
M'CRE RELIABLE THAN Tt-E Tt-REE-BODY RATIOS 9 WHICH ARE CETERHINED FROM
BUMPS IN CROSS SECTIONS OF THE LATTER THE SIGHA PI PI BUMP LOCKS
MORE SIGNIFICANT (THE ERROR GIVEN FOR THE LAMBDA PI PI RATIO LOCKS Uh
REASONABLY SHALL) 9 HARCLY AhY OF Tt-E SIGMA PI PI DECAY CAN BE VIA
Y+ I ( 1385) 9 FGR THEN NINE T IFE S AS MUCH LAttSDA P I PI CECAY WOULD BE
REQUIRED'

ARMENTERG 68
BAILEY 69
ARMENTERQ 70
ARMENTERG 70
GALT I ER I 70
KIM 71
LANGBE IN 72
PREVCST 74
RLIC 76

W

W

W

W

W N

W

W

W

W

W A

(147 ~ 0)
(300~ 0)
{30.0)
(70 0)
(22 Ol
{35 )
120 ~ 0 10 0

46 ~ 20%
166 ' 20 '

~ ~ % ~ ~ ~ ~ % ~

VERAGE MEANINGLESS {SCALE FACTOR = 3 ~ 1)
SEE ThE NOTES ACCQMPANY1NG MASSES QUOTED

HBC p
DPWA 0 ELAST ICt CH E XCH
HBC 0 ELASTIC 9 CH EX
HBC 0 S I GMA P I
HBC 0 S IG P It EDPWA
DPWA K-MATRIX ANAL
IPWA MULTICHANNEL
DPWA 0- K-N TQ S ( 1385)PI
DPWA KBAR N FULTICHhiL

10/70
6/70
6/70
7/70
3/7i

12/72
10/74+

1 /764'

Rl
Rl
Rl
Rj M

Rl
Rl
Ri N

Rl
RI
Rj
Rl
Rl N

Rl

h)/TCTAL(KBAR
(0 ~ 03)

Y+0(1690) INTO
(0 ' 18) '

(0.23)
(0 ' 22)
0 ~ 18
0 ~ 28

(0 34)
0 ~ 22
0 15

~ 24
~ 24

EFFECT IS AT EN
FROM ALL ABOVE

(0 03)
(0%02)
(0 ~ 04 l
(0 02)

(0 ' 05)
( F 01)
( ~ 03)

0 OF R
WE ES

ARME NT-1
BUGG
CCNFQRTO
ARMENT-4
BERTANZA
CGNFQRTO
KI M

LANGBE IN
HART
RLIC

EC ION ANALYZED ~ TH
T I HATE X=O 20

(
68 HBC
68 CNTR
68 HBC
69 HBC
69 HBC
71 HBC
71 OPWA
72 I P WA

73 DPWA
76 DPWA

I S COULD AF

P 1)
0
0 ASSUHI NG J=3/2
0 SEE NOTE M ABOVE
0 NE)t DATA
0
0 K-Pr ELAST rCEX

K-FATR IX ANAt «

HULT I CHAhlNE L
EL+CXt ~ 7- ~ 8GE V/C
KB AR N MULT I C t'NL

FECT VALUE OF Xl ~

11/68
7/68

11/68
9/69
9/69
6/70
3/7 1

12/72
2/74
I/764

3/72

Pl
P2
P3

77 Y&0 ( 1800) PARTIAL CECAY MODES

Y+0{ l800) INTO KBAR hi

Y40( 1800] INTO SIGMA PI
Y+0{1800) INTO SIGMA(1385) PI

DECAY HASSES
497+ 939

I 197+ 139
139+1384
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Particle Data Group: Review of particle properties S215

Data Card Listings
For notation, see key at front of Listings.

BaryOnS
A(18pp), A(1815)

77 Y¹0{1800) BRANCHING RAT IGS

Rl Y¹0(1800) INTO (KBAR N) /TOTAL
Rl {0' 4)
Rl ( 0» 55)
Rl {0' 15)
Rl (0 ' 30)
Rl 0 ~ 36 0 ~ 05
Rl ~ 21 «04
Rl ~ ~ ~ e ~ ~ e ~ ~

Rl AVERAGE MEANINGLESS {SCALE FACTOR

ARMENTERQ 68
BAILEY 69
AR MENT E RO 70
KIM 71
l ANGBE IN 72
RLIC 76

2 ' 3)

(Pl)
OPWA 0 ELASTIC 9 CH E XCH
DPWA 0 ELAST ICY CH EXCH
DPWA 0 El A5TIC CH EXCH
DP'WA K-MATR I X ANAL ~

I P WA MULT I CHANNEL
DPWA KBAR N MULTICHNL

R2 Y¹0(1,800} FROM KBAR N INTO SIGMA Pl SQRT ( P 1¹P2}
R2 2 (+0.20) ARMEiNTERQ 70 DPWA 0 K-P TO SIGMA PI
R2 2 PUBLISHED SIGN CHANGED TO AGREE WITH LUND 1969 CChVENTIGN (SEE TEXT)
R2 N (-0%13l (0 ~ 03) GALTIERI 70 DPWA 0 K-P TQ SIGMA PI
R2 (0 17) KIM 71 DPWA K-MATR IX ANAL ~

R2 (0 ~ 01) OR LESS LANGBE I N 72 I P WA MULT IC I-ANNEL
R2 —~ 24 %04 RLIC 76 DPWA KBAR N MULTI CHNL

11/68
10/70
10/70
3/71

12/72
1/76¹

6/70
10/74¹
7/70
3/7 1

12/72
1/76¹

39 Y¹0(1815) WIDTH ( ME V )

(15~ 0}
(12 0)

(4%0 )
l7 0)
(6% 0)
(3 ~ 0}

87 ' 0
64 0
71 0
75 ~ 0
80%0
79 ~ 0

100» 0
100 ' 0 (20 ' 0)
90' 0 (4 ' 0)
70 ~

104»0 ( 16» 0)
70.0 {5 0)
81~ (5 )

5 EE THE NOTES ACCOMPANY ING

AR MENT-1 67
BELL 67
ARMENT-3 68
BUGG 68
BR I CMAN 70
BR ICMAN1 70
C&OL 70
GALTIERI 70
CQNFORTQ 71
KIM 71
KA NE 72
LANCBE IN 72
RL IC 76

MASSES QUOTED

HBC
HD BC
HBC
CNTR
CNTR
DP WA

CNTR
DPWA
DPWA
CPWA
DPWA
IPWA
DPWA

39 Y¹0(1815) PARTIAL CECAY MQCES

0
0
0 ELASTIC8 CH EXCH
0 K-P9 D TOTAL
0 TOTAL AND CH EX

SIGTOT PELASYCHEX
K-P 9 0 TOTAL

0 K-P TQ SIGMA Pl
0 ELASTIC9 CH EXCH

K-MATR IX ANAL»
0 K P TQ PI SjG

MUL T.I C HANNEL
KBAR N MULTICHNL

8/67
11/67
11/68
6/68
6/70
1/71

10/70
7/70
6/70
3/71

10/71
12/7 2
1/76¹

R3
R3

Y¹0(1800} FROM KBAR N TQ;SIGMA(1385} PI 'SQRT (Pl¹P3)
+ ~ 18 ~ 10 PREVQST 74 DPWA 0- K-N TQ S( 1385 ) PI 10/74¹

SEE T}E NOTES ACCC}JPAl(iYING MASSES QUOTED

REFERENCES FOR Y¹0(1800)

Pl
P2
P3
P4
P5

Y¹0(1815) I NTQ KBAR
Y¹0(1815) INTO 5 IGMA PI
Y¹0(1815) INTO Y¹1(1385)PI P-WAVE
Y¹0(1815) I NTO SIGMA PI PI
Y¹0( 1815) INTO ETA LAMBDA

DECAY MASSES
497+ 939

1189+ 139
139+1384

1 192+ 139+ 139
548+1115

ARMENTER 68
BA ILEY 69
AR MENT ER 70
GAI 7 I ERI 70
KI M 71

AL SO 70
LANGBE IN 72

NP 88 195
THESIS UCRL-50617
DUKE CONF 123
DUKE CONF 173
PRL 27 356
DUKE 161
NP 847 477

ARMENTERQS BAILLQN, +
DAVID SAAL BAI LEY
ARMENT EROS, BA ILL QN, +
A BARBARQ-GALTI ERI
J K KIM
Je K ~ KIM
+WAGNER

(CERN9 HEI DEL 9 SACLAY ) I JP
{LRL LIVERMQRE l IJP

(CERN9 HE IDEL ] I JP
(LRL ) IJP

(HARV) I JP
( I.ARV) I JP
( MPIM} I JP

g(yBPP) 102 Y»0(1800 JP=9/2-( 1=0 {}9
THI 5 NARROW RESONANCE SEEMS NECESSARY TQ FIT A PEAK
I N THE A7 CQEFF I C}ENT OF THE K-P ANGULAR DISTR IBUTIQN ~

IT I 5 NQT REQUIRED IN ANY OTHER CHANNEL

PREVQST 74 NP 869 246 PREVQSTYBARLOUTAUD8+ ( SACL+CERN+tJEID l

RLIC 76 RL-75-182 (PRPNT } GOPAL 9KALMUS9 MCPHERSQN ~ ROSS+ (RHEL+LOIC ) I JP

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹

1/76¹

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted partial decay mode

branching fractions, P. , as follows: The diagonal elements are P, + 6P. , where

6P. = a/(6P. 6P.), while the o'ff-diagonal elements are the normalized correlation coeffi-
1 9 1 1

cients (6P.6P. ) /(6P. ~ 6P.). For the definitions of the individual P., see the listings
i j 1 J 1

above. only those P. appearing in the matrix are assumed in the fit to be nonzero and
/ 1

are thus constrained to add to i.
P 3 P 4 P. 521

P 1 ~ 6 C G9+ ~ 02 14
P 2 —%5154 ~ 1155+-~ GC 90
P 3 - ~ 1541 ~ 079 5 1390+- 026 1
P 4 —~ 4139 0216 ~ 7638 1292+-~ 0308
P 5 —.0642 .0331 .OC99 —.2505 .0153+-.0086

1808 ~ 5 RL I C

102 Y¹C(1800}MASS (MEY} 1/76¹
76 DPWA KBAR N MULTICHNL 1/76¹

39 Y¹0(1815) BRANCHING RATIOS

ERRORS QUQTEO BY EXPERIMENTERS DO NOT INCLUDE UNCERTAINTY DUE
TQ PARAMETR IZAT I CN USED IN Tl-. E P W ~ A ~ THEY SHOUL 0 BE INCR EAS ED ~

Pl
P2

2 7 ~

102 Y¹0(1800) WIDTH (MEV)

5 ~ RL IC

102 Y¹0(1800) PARTIAL DEC AY MODES

Y¹0( 1800) INTO K BAR iN

Y¹0(1800 ) INTO SIGMA P I

DECAY MASSES
497+ 939

1197+ 139

1/76¹

102 Y¹0( 1800) BRAhCHING RAT I CS 1/76¹

1/76¹
76 CPWA KBAR N MULTICHNL 1/76¹

Rl
Rl
Rl
Rl
Rl
Rl
RI.
Rl
Rl
Rl
Rl
Rl AVG
R 1 STUDENT
Rl FIT

~ ~ e e ~ ~

0 ~ 601
0 ~ 614
0 601

Y¹0(1815) INTO
0 ~ 62

{0 72)
0%65
0 ~ 58

(0 8)
0 ' 63

(0 52)
0 ~ 47

»57

(KYAR }(i)/TOTAL
0 ' 02

(P 1)
0 ELAST IC9 CH EXCH
0 K-P8 0 TOTAL
0 TOTAI AND CH EX

S I GTOT 8 ELAS9C I-EX
K-P8 D TOTAL

0 ELASTIC9 CH EXCH
K-MAT R I X ANAL ~

ARMENT-3
BUGG
BR ICMAN
BR ICMANl
COOL
CQNFORTQ
KIM
LANGBE I N

RL IC

68 HBC
68 CNTR
70 CNTR
70 DPWA
70 CN TR
71 DPWA
71 DPWA
72 I PWA

76 DPWA

0 02
0 02

0 01

0 02 MULTICHANNEL
02 KBAR N MULTICHNL

~ ~ ~

0 023 AVERAGE (ERROR INCLUDES SCALE FACTQR OF 3 ~ 5)
0 010 AVERAGE USING STUDENT10(H/1 ~ 11) -- SEE TEXT
0 021 FROM F I'T (ERROR INCLUDES SCALE FACTOR OF 3 2)

11/68
6/6 8
6/70
1/71

10/70
6/70
3/7 1

12/72
1/76¹

Rl Y¹0(1800) INTO (KEAR N)/TOTAL (Pl} 1/76¹
Rl ~ 04 F 01 RL IC 76 DPWA KBAR N MULTICI-:NL 1/76¹
R2 Y¹0(1800) FROM K BAR iN INTO 5 IGMA PI SQRT (Pl¹P2 } 1/76¹
R2 LESS THAN ~ 04 RLIC 76 DPWA KBAR N MULTICHNL 1/76¹
¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFERENCES FOR Y¹0(1800)

RL IC 76 RL-75-182 (PRPNT) GQPAL KALMUSYMCPHERSCN ROSS+ (Rt'EL+LQIC }IJP

R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2

Y¹0( 1815) FROM
1 -0 ~ 27
1 PUBLISHED SIGN

0 ~ 23
-0 ~ 26
l0 ~ 26)
-0% 268

0 25
28

KBAR n
0 ~ 01

CHANCED
0 025
0 03

0 ~ 027
0 03

03

INTO 5 IGMA PI SQRT (P 1¹P2 )
AR MENT-1 67 DPWA 0 K-P TO SIGMA PI

TQ AGREE WITH LUND 1969 CONVENTION (SEE TEXT)
BELL 67 DPWA 0 K-P TQ SIGMA PI
GALTI CRI 70 DP'WA 0 K-P TO SIGMA PI
KIM 71 OP WA K-MATR IX ANAL ~

KANE 72 DPWA 0 K-P TO Pl SIG
LANGBEI N 72 IP'WA MULTICHANNEL
RLIC 76 DPWA KBAR N MULTICHNL

~ ~ ~ ~ ~ ~ ~ ~ ~

A VG MQD 0 2645 0 0078 A VERAGE ( ERROR I iNCLUDES SCALE FACTOR OF 1 ~ 0)
STUDENT 0 2650 0 ~ 0087 AVERAGE USING STUDENT10(H/1%11) —SEE TEXT
FIT 0 ~ 2635 0 0078 FRGM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

10/74¹
l0/74¹
11/67
7/70
3/71

10/71
12/72
1/76¹

39 Y¹0(1815)MASS {MEV)

M . N

M N

M N

M N

M N

M

M

M

M N

M

M N

M

M N

M N

(2 0)
{4.0)
(2 0)
(4 0)
(1 ~ 0)
{1 ~ 0)
10 ~ 0)
10 0)
(2 ~ 0)

1813%0
1816 0
1817»0
'1819»0
1825 0
1819~ 0
1830~ 0 {
1820e 0
1818 0
1810~

1823 ' 0
1818» 0
1822 ~

ERROR STATIST

{3~ 0}
(3~ 0 l
{2 )
~ CNLY- NQ

ARMENT-1 67
BELL 67
AR MENT-3 68
BUGG 68
BR ICMAN 70
BR ICMAN1 70
COOL 70
GALTI ER I 70
CONFORTO 71
KI M 71
KANE 72
LANGBE IN 72
RL IC 76

ERROR DUE TO PART

HBC
HDBC
HBC
CNTR
CNTR
DP WA

CNTR
CPWA
DPWA
DPWA
DPWA
I P WA

DPWA
ICULA R

0 K-P TQ SIGMA PI
0 K-N TQ 5 IGMA PI
0 ELASTIC9 CH EXCH
0 K-P 8 D TOTAL
0 TOTAL AND CH EX

SI GTQT 9ELAS»CHEX
K-P 9 D TQTAI

0 K-P TO S I GMA PI
0 ELASTIC 9 CH EXCH

K-M ATR I X ANAL o

0 K-P TQ PI 5 IG
MULTI C HA NNE L
KBAR N MULTICHNL

P WE ANAL INCLUDED

]g ] 5 39 Yo'0(181 JP=5/2 ( (=0 '

0
SEE TI-E M INI-REVIEW AT THE START OF. THE Y¹LISTINGS ~

THI5 STATE IS WELL ESTABLISHED ~ MOST OF THE QUOTED ER-
RORS ARE STATISTICAL ONLY THE SYSTEMATIC ERRORS OUE TQ
Tl E PART ICULAR PARAMETRI ZAT ION .USED IN Tl E P ~ W ~ A ~ ARE

NOT INCLUDED ~ FOR THIS REASON WE DQ NQT CALCULATE WE IGHTEO AVERAGES FOR
MASS AND WIDTH ~

8/67
11/67
11/68
6/68
6/70
1/71

10/70
7/70
6/70
3/7 }.

10/7 1
12/72
1/76¹
1/71

R3
R3 A

R3
R3
R3 F IT

R4
R4
R4
R4 FIT

R5
R5 P
R5 P
R5
R5
R5 FIT

Y¹0(1815} INTO {Y¹1( 1385} PI ) /TOTAL (P3)
0 ' 20 0 05 BIRGE 65 HBC 0 K-P TO LAM PI P I 7/66

e e ~ ~ ~ ~ e e e
0 ~ 139 0 026 FROM F IT ( ERROR INCLUDES SCALE FACTOR OF 1 1 )

I

Y¹0(1815) INTO ( SIGMA PI Pl }/TOTAL (P4)
NO CLEAR SIGNAL ARMENT-4 68 HDBC 0 K~N TO SIG PI PI ll/68

THERE IS A SUGGESTICN CF A BUMPs ENOUGH TQ BE CONSISTENT WITH
WHAT IS EXPECTED FROM SIGMA P I DECAY OF THE Y¹1 ( 1385) —ABOUT 0 ~ 02 ~

~ ~ e ~ ~ ~ ~ ~ ~

0» 129 0 031 FRGM F IT

SQRT( P 1¹P5)R6 Y¹0(1815) FROM K BAR N TO ETA LAMBDA
R6 . —~ 096 o 040 ~ 020' RADER 73 MPWA

R6 ~ ~ ~ % ~ ~ % ~ ~

R6 F IT 0 ~ 096 0 ~ 027 FROM FIT ( ERROR iNCLUDES SCALE FACTOR OF 1%01

9/73
9/73

BIRGE 65
AR ME NT-1 67
ARMENT-2 67
BELL 67
ARMENT-3 68
AR MENT 4 68
BUGG 68

ATHENS CONF 296
PL 24B 198
ZEIT PHYS 202 486
PRL 19 936
NP 88 195
NP 88 216
P R 168 1466

REFERENCES FOR Y¹0(1815)
+ELY9 KALMUS 8KERhAN 8LQUIE9 SAHOURI A9 + (LRl }I JP
ARMENTERQS 9 F LUZZI 9 + ( CERN8 HE IDEI-9 SACLAY) I JP
ARMENTEROS9 F LUZZI 9 + l CERNYHEIDELt SACLAY ) IJP
R 8 BELL (LRL)IJP
AR MENT EROS 9 BAILLCN9 + (CERNYHEI DEL 9 SACLAY) I JP
ARMENTERQ58 BAILLQN9 + (CERNYHEIDEL9SACLAY) I
&Gjl MORE9 KNIGHT9 + (RHEL+8 IRM+CAVE) I

Y¹0(1815}FROM KBAR N TQ Y¹1{1385) Pj P-WAVE ' SQRT(P1¹P3}
(0 3) (0 05) ARMENT-2 67 HBC 0 K-P TO LAM P+ P+

+ ~ 27 03 PR EVQST 74 OP WA 0- K-N TO S ( 1385}P I 10/74¹
~ ~ ~ ~ ~ ~ ~ ~ e

0 ~ 289 0 ~ 027 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 1)
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Particle Data GroUp: Review of particle properties

Baryons
A(1815), A(1830), A(1860)

Data Card Listings
For notation, see key at front of Listings.

BR IC MAN 70 PL 3 18 152
BR ICHAN1 70 PL 338 5 jl
COOL 70 P R 0 1 1887
CALT IER I 70 DUKE CONF 173

CONFORTO 71 NP 834 41
KIH 71 PRL 27 356

AL SQ 70 DUKE 161

KANE 72 PR G5 1583
LANGBEIN 72 NP 847 477
RACER 73 NC 16A 178
PREVCST 74 NP 869 246

+FERRO LUZZI g PERREAUg+ (CERNgCAENsSACLAY}
+FERRO-LUZZI'y LAGNAUX (CERN)
+GIACQIiiEI L I, KYCI A, L EQNT IC g L I g + f BNL ) I
A BARE ARO-GALTI ERI (LRL) I JP

+I EV I SETT I tLAS INSKI ~ ~ OBERL ACK++ ( EF I+I EID}I JP
J K KIM (HARV) I JP
Ja K ~ KIH (HARV) IJP

D F KANE (LBL) IJP
+ RAGNE R (MPIH) IJP
+BARLOUTAUD y+ {SAC L+HE ID+CERN+RHEL+CDEF)
PREVOSTpBARLGUTAUDg+ (SACL+CERN+VEID)

CCNFORTQ
KIM

ALSO
KAh, E
LANGBE IN
RADER

71 NP 834 4 1
7 1 PRL 27 356
70 DUKE 161
72 PR 05 1583
72 NP 847 477
73 NC 16A 178

+LEV I SETT I g LAS INSKI ~ OBER LACK++ ( EF I+HEID I I JP
J K KI M (HARV) IJP
J K. KIH (HARV) I JP
D F KANE {LBL)I JP
+hAGNER (MPIH) IJP
+BARLQ UTAUDq+ ( SAC I+HE I 0+CERN+RHEL+CDEF I

PREVGST 71 AMSTERDAM CONF + CHS COLLABORATION (CERN+HEID+SACL)

PREVGST 74 NP 869 246 PREVQSTvBARLGUTAUQe+ (5 ACL+C E RN+ I- E I D )

RL IC 76 RL-75-182 (PRPNT) GQPALe KALMUS~HCPHERSCNvROSS+ (RHEL+LOIC }I JP

PAPERS NQT REFERREC TQ IN CATA CARCS

THE FOLL CW INC P b PERS ARE NC'W OF CNLY HI STGRI C AL INTEREST

CH A MBERL
GALTI ERI
SGDICKSO
HGLLEY
8 IR MI NGH
COOL
GELFAND
AR MENT ER
CChlFQRTO
LAS INSKI
PREVOST

62 PR 125 1696
63 PL 6 296
64 PR 133 8757
65 UCRL-16274 TI-ES I 5
66 PR 152 1148
66 PRL 16 1228
66 PRL 17 1224
67 NP 83 592
68 NP 88 265
68 PR' 163 1792
71 AMSTERDAM CONF

CVAMBERLAINr CROREvKEEFE yKERTHy + {LRL) I
A 8ARBARO-GALT I ER I g A HUSS AIN y RD TR IPP (LRL ) I J
SQDICKSGhgHANNELLI pFRISCHybAHLIG (HIT(BNL) 1 J
W R HOLt. EY {LRL) J
8 IRHINGHAH s GLASGOW t I ~ C ~ t OXFORD ~ RUTHERFORD
+GIACQHELLI gKYC IAgLECNTIC yLUNDBY + (BNL) I
+VARMSENg LEVI-SETTI g PREOAZZI+ ( EF I gANL)
ARHENTEROS r FERRO-LUZZI+ (CERN' VEIDe SACLAY) IJP
+VARMSEN p LASINSK I g + I CHI CAGO g HE IDEL) I JP
LASINSKIg LEVI SETTI+ PREDAZZI (CHICAGO) JP
+ CHS CCLLABGRATION f CERN+HE ID+SACL )

SEE TVE MINI-REVIEW AT THE START OF THE Y» LISTINGS

THE BEST EV ICENCE FOR THIS RESCNANCE COMES FROM THE
SIGMA PI CHAh'GAEL ~ I T I S WELL ESTABL IS HED

56 Y»0{18301 HASS (MEV)

N 1827~ 0
N 1837~ 0
N 1807 0

1840 0
N 1831.0

1830 ~

K ( 1720 ~ )
1832 ~ 0 (5 ~ 0)
1810~0 (10 ~ 01
1825 (10 )

K POSSI BL E EFFECT HA INLY IN
K WITH THE 1830 EFFECT
N ERROR STATIST~ ONLY- NG

ARMENTE RO 67
BELL 67
ARHENT ERG 68
GA LTI E R I 70
CONFORTG 71
KIM 71
KIM 71
KA NE 72
LANGBE IN 72
RLIC 76

S I G MA Pl e NQT C{.

HBC
HBC
HBC
DPWA
DP WA

DPWA
DPWA
CPWA
IPWA
OPWA

EAR IF

0 K-P TO 5 I GMA P I
0 K-P TO SI GMA PI
0 ELASTI C y CH EXCH
0 K-P TO S IGHA PI
0 ELASTIC CH EXCH

K-HATR I X ANAl ~

K-HATR I X ANAL ~

0 K-P TO Pj SIG
MULTICHANNEL
KBAR N MULTICHNL

UNCQR RELATE 0

8/67
11/67
11/68
7/70
6/70
3/71
3/71

10/7 1
12/72
1/76¹

ERROR OUE TO PARTICULAR P W ANAL e INCLUDED 1/71

56 Y¹C(183C) WIDTH ( ME'V )

75 ~ 0
74 ' 0

123 ' 0
150~ 0
104 ' 0

80+
{20
88 ' 0
60 0
94 ~

SEE THE NOTE

(9 ~ 01
{18~ 0)
{32~ 01
(30 0)
(35~01

(10 0)
(20 ' 0)
(10 ' )
S ACCOMPANYING

ARIAEhiTERG 67
BELL 67
ARHENTERO 68
GALTIERI 70
CGNFORTQ 71
Kl M 71
Kl M 71
KANE 72
LANGBE I N 72
RI IC 76

MASS ES QUOT EC

Hec
HBC
HBC
OPWA
DPWA
DPWA
OPWA
DPWA
IPWA
DP WA

0 K-P TG 5 ICHA PI
0- K-P TO SIGHA PI
0 ELASTIC y CH E XCH
0 K-P TO SIGMA PI
0 ELASTIC' CH EXCH

K-HATR IX ANAL ~

K-HATR IX ANAL ~

0 K-P TQ PI SI G
MULT ICHAhlNEL
KBAR N MULTICHhl

8/67
8/67

11/68
7/70
6/70
3/71
3/71

10/71
12/72
1/76¹

RL IC 76 RL-75-182 (PRPNT} GOPALg KALMUS~ MCPHERSON ACROSS+ (RHEL+{OIC ) I JP

PAPERS NQT REFERRED TC IN CATA CARDS

A.(1860) 60 Y¹0(1860' JP=3/2+1 I=O

THE JP=3/2+ ASSI Gh MENT I 5 CONS I STENT WIT H ALL
AVAILABLE DATA ( INCLUDING POLARIZATION) AND RECENT
PART IAL WAVE ANALYSES. THE DOMINANT INELASTIC
MODES REPAIh UNKNOWN ~ SEE ALSO Y¹0(2010) MINI-REVIEW ~

60 Y»0( 18601 MASS (MEV)

ARHENTERQ 68 DPWA 0 ELASTIC ~ CH EXCH
BUGG 68 CNTR 0 K-P TOTAL
BR ICEMAN 70 CNTR 0 TOTAL AND CH EX
BR ICMAN1 70 OPWA 0 SI GTGT HEI ASyCVEX
CQNFORTO 71 DPWA 0 ELASTIC' CH EXCH
KIM 71 DPWA K-MATRIX ANAL ~

LANGBE I N 72 I PWA MULTICHANNEL
LEA 73 OPWA HULTICHNL K-MTRX
HEHINGWA 75 DPWA 0 K- P TO KBAR N

NAKKASYA 75 CPWA 0 K-P TO LAM OMG

RLIC T6 DPWA KBAR N MULT ICHNL
S CAVE Tl E FO7 ASSIGNMENTS THEY HAVE TO BE

CF CCNFORTG 70 AhO BRICHAN1 70
PARAMETER IZATION USEQgERROR CAN BE LARGE

NLY IN SIGMA PI ~ WE TENTATIVELY LIST IT HERE ~

STATES FROM TABlE 1 OF lEA73 bRE IN L IST INGS ~

0 BEST SOLUTIGNSe

CALE FACTOR = 2 ' 3)

M A F07 1864 ~ 0 2~0
H N 1870.0 5 ~ 0
M A F07 1877.0 6.0
H 1870~ 0 6 ' 0

N 1883+0 10«0
M 1 (1710.)
H

' 1850~ 0 20 ~ 0
H 2 (1868 ~ )
M 1894 10
M 3 (1900~ )
H 1900 5 ~

H A THESE TWO ANAI YSE
M A DISCARDED IN VIEW
M N DUE TO PART ICULAR
H 1 POSSIBLE EFFECT HA I
M 2 ONLY UNCGN STRAINED
H 3 FOUND IN GNE OF TW

~ ~ ~ ~ ~

M AVERAGE HEANINGLESS ( S

60 Y»0( 1860) W I 0TH (HEY )

W A F07
W N

W A F07
W

N

W 1
W

W 2
W

W 3
W

W 5
W

W AVERAC

39 ' 0 7 ~ 0 ARMENTERG 68
40 ' 0 10+0 BUGG 68
24 ' 0 15 ' 0 BRI CHAN 70
37 0 10 0 BRIC){ANj 70
80 ~ 0 20~0 CQNFQRTO 71

(20 ~ ) KIM 71
125~ 0 20 ~ 0 LANGBEIN 72

( 323 ~ 8) LEA 73
107~ 10 ' HEMINGWA 75

( 100m ) NAKKASYA 75
72 ' 10 ' RLIC 76

EE THE NOTFS ACCCMPANYING MASSE5 QUOTEC
0 ~ ~ ~ ~ ~ ~ ~

E MEANINGLESS (SCALE FACTOR = 2 91

DP WA

CNTR
ChlTR
DPWA
DPWA
DPWA
I P'WA

DP'WA

OPWA
DPWA
DP 'WA

0 ELASTIC' CH EXCH
0 K-P TOTAL
0 TOTAL AND CH EX
0 SIGTGT HEI AStCI EX
0 ELAST ICg CH EXCH

K-HATR I X ANAL ~

HVLT I C HANNEL
MULTICHNL K HTRX

0 K- P TO KBAR N

0 K-P TO LAH ~ ONG ~

KBAR N MULT ICHNL

60 Y¹0{1860} PARTIAL CECAY HGCES

Pj
P2
P3

Y¹0(18601 I NTO KBAR hi

Y¹0(1860) INTO SIGMA PI
Y¹0(1860) INTO LAHBCb OMEGA

DECAY MASSES
497+ 939

1189+ 139
1115+ 783

¹»¹»»»»¹»»¹«»¹¹¹»¹¹¹¹¹¹»»»¹¹¹¹¹»¹«¹¹«¹«»»»»¹¹»»»¹»¹¹¹¹»¹»»»»¹»»¹»»»»
«¹»»¹¹»¹»¹»»¹»»»¹»»«»»»¹»¹» ¹»»¹¹¹»»»¹»¹»»¹»¹¹»¹»¹¹»¹¹»¹»¹¹¹¹¹»

11/68
7/68
6/70
1/71
6/70
3/71

12/72
9/73

ll/75»
1/76¹
1/76¹
1/71

1/71

9/73
1 /76¹

11/68
7/68
6/70
1/71
6/70
3/71

12/72
9/73

11/75¹
1/76»
1/76»

56 Y»C( 1830) PARTI AL DEC AY PCQES

Pl Y¹0( 1830) INTO KBAR N

P2 Y¹0{1830) INTO SIGMA PI
P3 Y»0( 1830) INTO Y»l( 13851 PI 0-WAVE
P4 Y¹0(18301 INTO ETA I AMBCA

DECAY MASSE 5
497+ 939

1189+ 139
139+1384
548+1115

56 Y»0( 1830) BRANCHING RAT IGS

Rl
Rl
Rl
Rj
Rl
Rl
Rj

Y¹0(1830) INTO
0 ~ 09
0 ' 03
0+05

(0 ' 24)
0 ~ 10

~ 04

(KBAR h, )/TOTAL
(0 F 01}
(0 ~ 021
(0 02)

(0 ' 03)
( 031

ARMENTE RO
BR ICMAN1
CCNFGRTG-
KIM
LA NGBE I N

RL IC

(Pl)
68 HBC 0 ELASTIC CH EXCH
70 DPWA SIGTOTrELASeCVEX
71 CP'WA 0 ELASTIC' CH EXCH
71 DP WA K- MATRIX ANAL
72 IPWA HULTICHANNEL
76 DPWA KBAR N MULTICHhlL

11/68
1/Tj
6/70
3/7 1

12/72
1/76¹

' R2
RZ
R2
R2
R2
R2
R2
R2
RZ

Y¹O( 1830) FROM
{-0' 15)

PUBLISHED SIGN
0 ~ 19

-0 ~ 16
0 15

-0 F 138
0&27
-o 17

KBAR N

(0 ~ 02 )
CHANCED
(0 ~ 011
I Oa031

INTO SIGMA Pj SQ
ARHENT E RQ 67 DPWA 0

TQ AGREE WITH LUND 1969 CChV
BELL 67 DPWA 0
GALT IER I 70 CPWA 0
KI M, 71 QPWA
KANE 72 OPWA 0
LANGBE IN 72 IPW'A

RLIC 76 CPWA

(0%018)
(0 ' 07)

03}

RT ( P 1» P21
K-P TO SI GMA PI

ENT ION (SEE TEXT }
K-P TO SIGMA PI
K-P TO SI GMA P I
K-MATRIX ANAL ~

K-P TO PI SIG
MULTICHANNEL
KBAR N HULTICHNL

10/74¹
IO/74¹
11/67
7/70

.3/7 1
10/71
12/72
1/76»

R3 Y¹0(1830} FROM KBAR h TC ETA LAHBCA SQRT(Pl»P4) 9/73
R3 044 F 020 RADER 73 MPWA 9/T3

R4 Y¹0(1830}FROID' KBAR h TC Y»1 (1385) PI 0-WAVE SQRT (Pl¹P3)
R4 + 13 ~ 03 PREVQST 74 DPWA 0- K-N TO S(1385)PI 10/74¹

REFERENCES FQR Y¹0(18301

60 Y¹C(1860} BRANCHIhG RATICS

R 1 Y¹0(18601 INTO (KBAR N) /TOTAL
Rl A F07 0 12 0 02 ARMENTERO 68
Rl ( J+1/2}Pj= 0 ~ 40 BUGG 68
Rl A F07 0 07 0 ~ 02 BRICMAN 70
Rl Oe 14 0 ~ 02 BR I CMAN 1 70
Rj N 0 25 0 ~ 03 CGNFQRTQ 71
Rl 0 ~ 37 0 ~ 05 LANGBE IN 72
Rl 2 (.32) LEA 73
Rl ~ 24 ~ 04 HE HING WA 75
Rl e 18, ~ 02 RLIC 76
Rl SEE THE NOTES ACCGHPANYING MASSES QUOTED
Rl ~ ~ ~ ~ ~ ~ ~ ~ ~

RI. AVERACE HEANINCLESS (SCALE FACTOR = 2~5)

HBC
CNTR
ChlTR
DPWA
DPWA
IPWA
DPWA
QPWA
DPWA

fPl)
0 ELASTIC s CH EXCH
0
0 TOTAL AND CH EX
0 SIGTQT qELASgCHEX
0 ELASTIC' CH EXCH

MULTICHANNEL
MULTICHNL K-HTRX

0 K- P TO K BAR N

KBAR N HULTI CHNL

11/68
7/68
6/70
1/71
6/70

12/72
9/73

ll/75¹
1/76¹

RZ
R2 P
RZ
R2 P
R2
RZ

Y¹0(1860) INTO SIGHA PI (P2)
PROBABLY SEEN CALTIERI 68 CBC 0 K-N TO SIG PI PI ll/68

{0 ~ 03) OR LESS LANGBE IN 72 IPWA MULTICHANNFL 12/72
POSS I BLY THIS BUMP S EEhl AT 1840+-10 HE V WI TH A R IDTH OF 35+ 10 ME V

IS THE Y»0(1830) g WHICH DECAYS STRONGLY TO SIGMA PI ~ HOWEVER THE
NARROW WIDTH HERE ARGUES FOR ITS BEING THE Y¹0(18601

R3 Y¹0(1860) FRGH KBAR h TC SIGMA PI
R3 2 (+.15) LEA
R3 -a 09 ~ 03 RL IC

SQRT (Pl¹P2) 9/73
73 DPWA HULTIC HNL K-HTRX 9/73
76 DPWA KBAR N MULTICHNL 1/76¹

ARHENTERC68 NP 88 195
BUGG 68 PR 168 1466
GALT I E R I 68 PRL 2 I 573

ARMEhlTEROS v BAILLONy + ( CERN y HEI DEL g SACLAY ) I JP
+GILMORE y KNIGHTS + (RHELgBIRHgCAVE) I
BARBARO GALT IERI ~ HAT I SON y + ( LRL e SLAG )

R4 Y»0 {1860) FROM KBAR N INTO LAMBDA OHEGA SQRT ( Pl» P31 1/76¹
R4 3 ( ~032) NAKKASYA 75 DPWA 0 K-P TO LAM ~ OHG» 1/76¹

»»»»»»»»» ¹»»¹»»»»¹»»»»»¹¹¹¹»¹»¹¹»¹¹»«i»¹»»»»»¹ »»»¹¹»¹¹¹
REFERENCE S FOR Y¹0( 1860)

ARMENTER 67 PL 248 198
BELL 67 PRL 19 936
ARMENTER 68 NP 88 195
CONFORTG 68 NP 88 265

IS SUPERSEDED BY CQNFORTO
BRICMAhij 70 PL 338 511
GALT IERI 70 DUKE CCNF 173

ARHENTEROSg F-LUZZIy +
R 8 BELL
ARHENTERQS, BAILLQN, +
+HARMS ENg LAS INSK I p +
Tj ~

+FERRO-LUZZIyLAGNAUX
A BARBARO-Gbl TIER I

( CERN' HE IDEL e SACLAY ) I JP
(LRL ) I JP

( CERN ~ HE IDELf SACLAY ) I JP
(CHICAGO HEIDEL ) IJP

(CERN)
(LRL) I JP

BR ICMAN 70
BRICh'Ahlj 70
CGiNFORTO 7 1
KIM 71

ALSO 70
LANGBE IN 72

PI 318 152
PL 338 511
NP 834 41
P RL 27 356
DUKE 161
NP 847 477

+FERRO LUZZI g PERREAU ~ + (CERNpCAENgSACLAY)
+ FERRO-(.UZZ! q LAGNAUX (CERN)
+(.EVI SETT I l ASINSKI QBERLACK++ (EF I+I-EID) I JP
J K KI M (HARV} I JP
J ~ K~ KIM (HARV) I JP
+RAGNER (MPIM) IJP
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Data Card Listings Baryons
For notation, see key at front of Listings- A(1860), A(18'pQ), A(2010), A(2020), h(2100)

LE A 73 NP 856 77
HEHINGWA 75 NP 891 12
NAKKASYA 75 HP 893 85

+MART IN 2 MOORHQUSE+ ( RHEL+LQUC+GL AS+AARHU S) IJ P
l. EMINGWAY0 EADESO HARMSEN+ I CERNO hE I DO HP IM ) IJP
AD NAKKASYAN (CERN')IJP

89 Y¹0(2010) BRANCH jf1 G RA& IGS

RL IC 76 RL 75-182 (PRPNT) GOPAL KALHUS NCFHERSCN ROSS+ (Rl" EL+LOIC ) I JP
Rl Y¹0(2010) FROM KBAR N TG SIGMA P I SQRT (Pl¹P2)
Rj (-0 ' 20) (0 ' 04) GALTIERI 70 DPWA 0 K-P TQ SIGMA PI 7/70

ARMENTER 67 NP 83 592
RE PL ACED BY ARHENT EROS 68

CONFGRTO 68 NP 88 265
SUPERSEDED BY CONFQRTO 71

L EVI SETT 69 LUND 339
AL BROW 71 NP 829 413

PAPERS NGT REFERRED TG IN CATA CARDS

ARMENTEROSO F-LUZZIO + {CERNOHEIDEL2SACLAY)IJP
AND CGNFQRTQ 68
+HARf2ISEN2 LASINSKI 2 +

R »LEVI SETTI (RAPPORTEUR ) {EFI)
+ANDERSON' BGSNJAKQVIC2OAUM, ERNZO+ (CERN)

GALT IER I 70 DUKE CCNF 173
BRANDSTE 72 HP 839 13

REFERENCES FCR Y¹0(2010}
BARBARC-GALTIERI (LRL)IJP

BRANOSTETTER BUTTERWGRTH + (RHEL+COEF+CACL)

PAPERS NQT REFERRED TG IN CATA CARDS'

R2 Y¹0(2010) FROM KBAR N INTO l AMBDA CMEGA SQRT (P j¹P3)
R2 1 ( ~ 17) TQ ~ 25 {LWR ~ f BRANDSTE 72 DPWA 0 K-P TG LAM QMG 1/74
R2 1 04) TO 15 (HGR ~ ) BRANDSTE 72 DPWA 0 K-P TO LAM ~ QMG. 1/74

A.(1870) ~ ))I
36 Y¹0(18702 JP=l/2-) I=O ~of

NAKKASYA 75 NP 893 85 A NAKKASYAN (CERN)IJP

THE SOl AHPL ITUDE SHQ'WS A SECOND RESCNAHCE BEHAVIOR AT
ABOUT 1800 f/EV IN 4 ANALYSES ~ THE ELAST IC ITY OF
KIM 71 IS SURPR I SINGLY LARGE ~ ~(2020) 27 Y¹0t 20200 JP=7/2+) I=O 07

{1872~ 0)
{1780 )
1830' 0
1825

I 10 ~ 0)

(20 ' 0)
(20 )

BRI CHAN 70 DPWA
K I M 71 DPWA
LANGBE IN 72 IPWA
RLIC 76 DPWA

36 Y¹0{1870) MASS (MEV)

TQT 0 ELAS 2 CHEX 1/7 1
K-MATRIX ANAL 3/71
MULTICHANNEL 12/72
KBAR N MULT ICHNL 1/76¹

EFFECTS IN THIS PARTIAl. WAVE HAVE OBSERVED AT SC)2EWHAT
DIFFERENT ENERGIES IN TWQ CHANNELS ~ HOWEVER2 LITCHFIELD
71 NOTE THAT THE NEED FCR THIS STATE IN T l-EIR ANAL YS IS
RESTS SOLELY ON A POSSIBLY INCONSISTENT PQLARIZATICN
MEASUREMENT AT 1 4784 GEV/C ~ THE STATE WAS NQT REQUIRED
IN Tl".E KBAR N TO KBAR N ANALYSIS OF f. EMINGWAY 75 0 BUT
COULD NOT BE CONCLUSIVELY RULED OU& ~

36 Y¹0(1870) WIDTH (HEV) 27 Y¹0(2020) MASS (MEV)

(100 0)
(40» )
70 ~ 0

230 ~

(20 ' 0)

( 15»0)
{20' )

BR ICMAN
KIM
LANGBEIN
RL IC

70 DPWA TQT0 ELASg CHEX 1/71
71 DPWA K-MATRIX ANAL ~ 3/71
72 IPWA MULTICHANNEL 12/72
76 DPWA KBAR N MULTICHNL 1/76¹

(2020 ~ 01
(2100. )

(20 0)
(30 ~ )

GALT IER I 70 DPWA
f ITCHIF IE 71 DPWA

0 K-P TG SIGMA PI 7/70
K-P 70 KBAR N 10/71

27 Y¹0(2020) WIDTH (MEV)

Pl
P2

36 Y¹0(1870) PARTI AL DECAY fOICOES

Y¹0(1870) INTO KBAR N

Y¹0(1870) INTO SIGMA PI

DECAY MASSES
497+ 939

1 197+ 139

I 160~ 0)
(120 f

(3C»0)
(30»)

GA LT I ERI
i- ITCHF I E

70 CPWA 0 K-P TO SIGMA PI 7/70
71 DPWA K~P TO KBAR N 10/71

36 Y¹0(1870) BRANCHI NG RAT I GS Pl
P2

27 Y¹0 ( 2020) PART I AL C ECAY MCDES

Y¹0(2020) I NTO KBAR
Y¹0(2020) INTO SI GMA P I

DECAY MASSF S
497+ 939

I 197+ 139
Rl
Rl
Rl
Rl
Rl

Y¹0(1870) INTO (KBAR N)/TOTAL
{0~ 18) (0 ~ 02)
(0 F 80)

0 ~ 35 (0 ~ 15)
~ 37 t »05)

(Pl}
BR ICHAN 70 DPWA TOTO ELAS2 CHEX 1/71
K I M 71 DPWA K-MATRIX ANAL» 3/71
LANGBEIN 72 I PWA HULTICf ANNEL 12/72
RL IC 76 DPWA KBAR N HULTICHNL 1/76¹

27 Y¹0(2020) BRANCH ING RAT IGS

R2 Y¹0(1870) FROM KBAR N TO SIGMA PI SQRT {Pl¹P2 )
R2 (0 24) KIH 71 DP WA K-HATR I X ANAL e 3/71.
R2 - ~ 08 ( ~ 05) Rl IC 76 DPWA KBAR N MULTICHNL 1/76¹

Rl
Rl

Y¹0t 2020) INTO (KB ffR N ) /TOTAL
{0' 05) (0 ' 02)

(P 1)
LI TCHFI E 71 DPWA K P TQ KBAR N 10/71

R2 Y¹0(2020) FRCH K BAR )4 TG S IGHA PI SQRT(Pj¹P2)
R2 (-0~ 15) t 0 ~ 02) GALTIERI 70 DPWA 0 K-P TQ SIGMA PI 7/70

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

REFERENCES FOR Y¹0(1870)
BR ICHA}f 70 PL 33 8 511 C BRICMAN H FERRO-LUZZI J P LAGNALX(CERN) I JP
Kj M 71 PRL 27 356 J K KIIM (HARV) I JP

ALSO 70 DUKE 161 Je Ke KIH (HARV) I JP
LANG BE IN 72 NP 847 477 +WAGNER (MPIM) I JP

RL IC 76 RL-75-182 ( PRPNT ) GOPAL2 KALHUS2 MCPHERSQN 2ROSS+ l RHEL+ LGIC ) I JP

CALT I ER I 70 DUKE CONF 173
L ITCHF I E 71 NP 830 125

REF ERENCES FOR Y¹0( 2020)

A BARBARG-GAL TI ERI (LRL)IJP
l ITCf FIELD 2 ~ ~ ~ +l-ESQUQY 2+ t RHEL+CDEF+SACL ) I JP

PAPERS NGT REFERRED TG IN DATA CARDS'

HEMINGWA. 75 NP 891 12 f EHINGWAY ~ EAOESOHARMS EN+ (CERN 2 HE ID» HP IN) IJP

A.(2010) 89 Y¹0(20102 ) I=O

SEE T).E MINI-REVIEW AT 'THE START OF THE Y¹ LI STINGS ~

89 Y¹0{2010) MASS (MEV)

SEVERAL AMBIGUOUS RESCNANCE PGSS IB Il- IT IES ARISE FROM

Thj ANALYSES LISTED HERE ~ POSSIBLE QUANTUM NUMBERS
ARE C3 {CALT IER I 70 SIGMA P I) D3+F5 OR P3+D5 OR
Pj+D3 lBRANCSTETTER 720 LAHBCA OMEGA) A MORE RECENT

LAMBDA QHEGA ANALYS IS (NAKKASYAN 75 } FINDS TWO BEST SQLUTIGNS 0 EACH
WITH THE Y¹0(2100) ANO CNE AQDIT ICNAL RESCNANCE WHICH CAN BE EITHER
Tf. E Y¹Olj 8600 JP=3/2+) OR THE Y¹0(2j j02 JP=5/2+) ~

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ Of¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹

g(2] QQ) 41 Y40(2100, JP=7/2-1 1=0 07
SEE T l E MIN I-REV IEW AT THE START OF THE Y¹ L I STINGS ~

THiS ENTRY CNLY INCLUDES RESULTS FRGH PARTIAl-WAVE
ANALYSES ~ PARAMETERS OF PEAKS SEEN IN CROSS-SECTIONS
AND INVARIANT-HASS DISTRIBUTIONS ARCUND . 2100 MEV ARE

GIVEN IN THE NEXT ENTRY ~ EVENTUALLY THE PARTIAL-WAVE ANALYSES SHOULD
GIVE THE BEST RESULTS& AS THEY ISCLATE THE G07 NAVE THIS SUPERIORITY
IS2 HQWEVER0 PROBABLY NGT YET ATTAIHED2 AND WE RELY CN BCTH ENTRIES
FOR PARAMETERS GIVEN IN ThE MAIN BARYON TABLE ~

(2010 ' 0} (30 ' 0) GALTIERI 70 DPWA 0
1 1935~ TQ 1971~ BRANDSTE 72 DPWA 0
1 1951» TQ 2034e BRANDSTE 72 DPWA 0
1 PARAMETERS QUOTEC ARE RANGES FROM THREE BEST FITSO
1 (HIGHER) I2IASS STATE PROBABLY HAS J eLE,3/2(5/2)e

K-P TQ SIGMA PI 7/70
K-P TO LAM ~ . QHG 1/74
K-P TO LAMe QMG ~ 1/74
THE LOWER 11/75¹

11/75¹

W

W 1
W 1

89 Y¹C(2010) WIDTH t MEV)

7/70
1/74
I/74

Pl
P2
P3

89 Y¹0t 2010) PARTIAL DECAY MQDES

Y¹0{2010) INTO KBAR N

Y¹0(2010) INTO SI GMA Pj
Y¹Ot2010) INTO LAMBDA OMEGA

DECAY MASSES
497+ 93S

).197+ 139
1 11 5+ 783

t 130~ 0) (50 0) GAIT IER I 70 DPWA 0 K-P TQ S IGMA PI
180». TO 240» (L'WRY MASS) BRANDSTE 72 DPWA 0 K-P TO LAM. ORGY

73 ~ TO 154 ~ (I.GR ~ MASS) BRANDSTE 72 DPWA 0 K-P TO LAM ~ QMG»

SEE Tf-E NOTES ACCOMPANYING MASSES QUQTEC

H

M A

M L
M

M

M L
H 1
H

M

H 2
M

M 2
M 2
M A

M

H

M L
H 1

41 Y¹C(2100) MASS (MEV)

(2120 ' 0) WGHL 66 HBC K-P CH EX
{208C~ 0) {10 0) 8URGU}2 68 DPWA 0 K-P TO XI K

(2130~ 0) (20»0) BERTHON I 70 DP'WA 0 K-P TO SIGMA PI
2110' 0 {20' 0) GALTIERI 70 DPWA 0 K-P TQ SIGMA PI
2100 ( 15 ~ ) LITCHFI E Yj DPWA K-P TG KBAR H

2110 0 {30' Of LITCHF IE 71 DPWA K-P TQ SIG PI
2113 TQ 2154 ' BRANDSTE 72 GPWA 0 K-P TO LAMe OHG ~

2092 ' 0 t 12 ' 0) KANE 72 DPWA 0 K-P TG PI SIG
2105 ' (10 ' ) HEMINGWA 75 DPWA 0 K- P TO KPAR N

2 1 10~ OR 2089 ~ NAKKASYA 75 DPWA 0 K P TQ LAM ~ OMG ~

2110' (104) RL IC 76 0 P WA KB AR N MULTI C HHL
QUQTEG PARAMETERS CCRRESPGND TQ Tl'E TWQ BEST SOLUTIONS FOUND
EACH HAS THE Y¹G(2100) AhD OHE ADDIT I CNAL RESCNAAICE (P3 OR F5) ~

BURGUN 68 SEE A RESONANCE-LIKE EFFECT IN THIS REGIGN IN Tl E
REACT IGN K P TQ X I K ~ HOWEVER t AS THEY POINT OUT 0 I T I S NOT CLEAR
WHETHER IT IS HA INLY Tl E C07 Y¹0(2100) QR INSTEAD A SO FAR OTHERWISE
UNGBSERVED RESONANCE WITH A SPIN LESS THAN 7/2 ~

L ITCHF IEL D 7 1 IS AN UPCATE OF BERTHQH I 70
PARAMETERS QUQTEC ARE RANGES FRCM THREE BEST FITS ~

7/66
10/69
10/70
7/70

10/71
10/71

1/74
10/71
11/75¹
11/75¹
1/76¹

jl /75¹
lj/75¹

3/72
1/74
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Baryons
~(2ioo), ~(a~ ~o)

Data Card Listings
For notation, see key at front of Listings.

W

W A

W

W

W 8
W B
W L
W 1
W

W

W 2
W

41 Y¹C(2100} WIDTH ( ME V)

(145 ' 0) W GHL 66
( 80 0) (10 0) BURGUN 68
140.0 ( 15 ~ 0} BERTHON1 70
60.0 (25.0) GALT IER I 70

( 170 ) TQ 300 ~ LI TCHFI E 71
LARGER VAI UE CQRRESPCNDS TC PURE 8 ~ W ~ LOWER

140o0 (50 ~ 0) (30 0) LITCHFIE 71
208 ' TO 229 BRANDSTE 72
144 0 {26 0} KANE 72
241 ~ ( 30 ~ ) HEMINGWA 75
244 ' OR 302 ' NAKKASYA 75
250 (30 ) RLIC 76

SEE THE NOTES ACCGIJPANYI NG MASSES QUOTED

HBC
DPWA
DPWA
DPWA
DPWA
VAL UE
CPWA
DPWA
OPWA
DPWA
DPWA
CPWA

0 K-P TO X I K

0 K-P TO SIGMA PI
0 K-P TO SIGMA PI

K-P TG KBAR N

TQ 8 ~ W ~ + BCKGRD
K-P TO S IG Pj

0 K P TQ LAM ~ OMG ~

0 K-P TO P I SI G

0 K P TO KBAR N

0 K-P TG LAM ~ jMG ~

KBAR N MULTI CHNL

7/66
10/69
10/70
7/70

10/7 1

10/7 I.
1/74

10/71
11/75¹
ll/75¹
1/76¹

35 Y¹0(2110} PART I AL CE CAY MODES

Pl
P2
P3

Y¹0(2 110) I NTG K BAR h,

Y¹0(2110) INTO SIGMA P I
Y¹0(2110) INTO LAMBCA OMEGA

DECAY MASSE S
49 7+ 939

1197+ 139
1115+ 783

35 Y¹0(2110) BRANCHING RATIOS

SQRT (Pl¹P2)
70 DPWA — K- P TO SIG PI
72 DPWA 0 K-P TQ PI SIG
76 DPWA 0 K- P TO SIG Pi
76 DPWA KBAR N MULTICHhL

Y¹0(2110) FROM KBAR h TG SIGMA Pj
{e. ~ 17) ( ~ 03) BERTHQNl

(+0.156 I (0.013 ) KANE
(+ ~ 14) (.01) BELLEFCN
(+.10} (.03} RL IC

Rl
Rl 1/71
Rl A 10/71
Rl 1/76¹
Rl 1/76¹

Pj
P2
P3
P4
P5

41 Y¹0(2100} PARTI AL CEC AY MODES

Y¹0(2100) INTO KBAR N

Y¹0(2100}INTO SIGMA PI
Y¹0(2100) INTO XI K

Y¹0(2100) INTO LAMBCA GMECA
Y¹0(2100) INTO ETA LA)28GA

DECAY MASSES
497+ 939

I 197+ 139
132 I+ 497
1115+ 783
548+l115

R2
R2
R2

Y¹0(2110) INTO ( KBAR N ) ITCTAL (Pl }
D05 0 ~ 14 0 ~ 04 I ITCHFIE 71 DPWA K-P TO KBAR N 10/71

( F 07) ( 03) RLIC 76 DPWA KBAR N MULTICHNL 1/76¹

REF ERENCES FGR Y¹0(2110)'

R3 Y¹0(2110}FROM KBAR h INTC LAMBDA OMEGA SQRT ( P 1¹P3} 1/76¹
R3 1 ( ~ 112) NAKKASYA 75 OPWA 0 K-P TO LAM QMG ~ 1/76¹

Rl
Rl
Rj 0
Rl
Rl
Rl
Rl D

41 Y¹0(2100) BRANCHING RATI GS

(Pl )
66 HBC 7 /66
68 CNTR K-P ELAePOLr S IGT 7/70
71 DPWA K-P TG KBAR N o 10/71
75 DPWA 0 K- P TG KBAR N ll/75¹
76 DPWA KBAR N MULTICHNL 1/76¹
TOTAL CRCSS SECTION ~

Y¹0(2100) INTO (KBAR NI /TCTAL
(0 25) WQHL

(0 33) GAUM
0 ~ 30 ( 03) L ITCHF I E

31 ( ~ 03) HEMINGWA
~ 30 ( ~ 03) RLIC

DAUM 68 ASSUMES ( J+1/2)¹X VALUE SEEN IN

BERTHGN1 70 HP 824 417
L ITC HF I E 71 NP 830 125
KANE 72 PR D5 1583

+VRANA BUTTERWORTH e. (CDEF RHEL, SACLAY) I JP
LITCHFIELDe 3 +LESQUQYe+ ~ (RHEL+COEF+SACI ) I JP
D F KANE (LB). ) IJP

NAKKASYA 75 NP 893 85 A ~ NAKKASYAN (CERN ) IJP
BELLEFQN 76 SBMTD ~ TO h}P DE BELLEFCNe BILLCI Re BERTHCN+ (CDEF+SACL ) IJP
RL IC 76 RL-75-182 ( PRPNT I GOPAL KALMUS MC PHE R SON ROSS+ ( RHE L+LGIC ) I J P

R2
R2 L
R2
R2 L
R2
R2

Y¹(l(2100) FROM
(+0 ' 16)
+0.06

0 ' 16
+0 ' 096
+.12

KBAR N INTO
(0%02 )
(0 03)
f0 ' 05}
(0 ' 037)
{~ 04)

SIGMA PI
BERTHON1 70
GALTIERI 70
LITCHFI E 71
KANE 72
RLI C 76

S QRT ( P l¹P2)
OPWA 0 K-P TO SIGMA PI 10/70
CPWA 0 K-P TQ SIGMA PI 7/70
DPWA K-P TQ SIG PI 10/71
DPWA 0 K-P TO PI SIG 10/71
OPWA KBAR N MULTICFNL I/76¹

2100 MEV REGION —PRODUCTION AND e'TOTAL EXP'TS

25 Y¹0(2100e JP= I I=0 PRGCUCTICN EXPER IMENTS

SEE TI E MINI-REVIEW AT THE START OF THE Y¹LISTINGS~
R3 Y¹0(2100) FROM KBAR N

R3 (0 05)
R3 8 (0 ~ 09) (0 01 }
R3 ( 0 ~ 003)
R3 03035 0 ' 018
R3 8 BURGUN 68 UPDATEC BY

TO XI K
TRIPP
BURGUN
MULLER
LI TCHFI E

L ITCHF I ELD 71 5 WHO

SQRT ( P 1¹P3)
67 RVUE 0 K-P TQ XI K

68 OPWA 0 K-P TO XI K
69 CPWA 0
71 DPWA K-P TG XI K

TAK ES SOLUTION C OF BURG UN

8/67
10/69
7/70
3/72
3/72

SEE TI'E NOTE TO THE G07 Y¹0(2100)e WI-ICH PRECEDES THIS
ENTRY &ERE WE LIST ONLY PARAMETERS OF PEAKS IN CROSS
SECT IGNS ANC INVARIAhT-MASS DISTRIBUTIONS ~ THE CROSS-

SECTION PEAKS ARE AT I EAST DCMINANTLY ASSGCI ATEG WIT)-: THE Y¹0(2100}e
BUT MAY CONTAIN A SMALL CONTR IBUT IGN FRCM THE SUGGESTED BUT NOT ESTAB-
LISHED OTHER RESCNANCES IN THIS REGICN ~

R4 Y¹0(2100) FROM KBAR N INTO LAMBDA GMEGA SQRT{Pl¹P4)
R4 1 ( ~ 05) TO .11 BRANDSTE 72 DPWA 0 K-P TQ LAM ~ QMGo 1/74
R4 2 (oj22)OR , 154 NAKKASYA 75 GPWA 0 K-P TQ LAM ~ QMG ~ 11/75¹

25 Y¹G(2100) MASS (MEV) ( PROC o EXP I
R5 Y¹0(2100) FROM KBAR N TO ETA LAMBDA SQRT ( P 1¹P5) 9/73
R5 - ~ 050 020 RA DER 73 MPWA 9/73

SEE TI-E NOTES ACCOMPANYING MASSES QUOTED

REFERENCES FOR Y¹0{2100)

(2097.0)
2100~ 0
2121 ~ 0
2107~ 0

(2135 0)

(6.0)
(7 ~ 0)
(5 ~ 0}

{10 0)
{20~ 0 I

BOCK
BUGG
BR ICMAN
COOL
LU

65 HBC
68 CNTR
70 CNTR
70 CNTR
70 CNTR

PBAR P 5 7 BEV/C 7/66
K~Pe D TCTAL 6/68

0 TOTAL ANO CH EX 6/70
K-Pr D TOTAL 10/70

0 GAMMA P TG K+ Y¹ 1/71

BERTHON1 70 NP 824 417
GALT I ERI 70 DUKE CONF 173
L ITCH F I E 71 NP 830 125

+VRANA 3 BUTTERWGRTHe + (CCEFe Rl-ELr SACLAY ) I JP
A BARBARQ-GAL TIER I (LRL) I JP
L I TCHF IELD ~ ~ ~ +LE SCUGYe+ ~ ~ '( RHE I+CD EF+SACL ) IJP

WGHL 66 PRL 17 107 C G WOHL, F T SQLMITZ e M L STEVENSON (LRL) I JP
TR IPP 67 NP 83 10 + LEITHe + (LRLeSLACeCERNeHEIDEI e SACLAY}
BURGUN 68 NP 88 447 +MEYER e PAULI e + ( SACLAY e COLFRANCEe RHEL )
GAUM 68 NP 87 19 +ERNEe LAGNAUXe SENSe STEUERe UDO (CERN) JP

C CNF I RMS THE SPI N PARITY ASS IGhMENT ~

MULLER 69 THES ISeUCRL 19372 R A MULLER (I RL)

W

W

W

W

(24 ~ 0}
140~ 0
147~ 0
185 ' 0
(40 ' 0)

(14 ' 0}
(15 ' 0)
( 15~0)

(24 ' Ol BOCK
BUGG
BR IC MAN

COOL
LU

65 HBC INTO KBAR N (Pj) 7/66
68 CNT R 6/68
70 CNTR 0 TOTAL AND CH EX 6/70
70 ChITR K-P e 0 TOTAL 10/70
70 CNTR 0 GANMA P TO K+ Y¹ 1/71

25 Y¹0(2100) WIDTH (MEVI (PROD ~ EXP ~ )

BRANDSTE 72 NP 839 13
KANE 72 PR D5 1583
RADER 73 NC 16A 178

HEM INC'WA 75 NP 891 12
NAKKASYA 75 hIP 893 85

I. EM INGWAY 5 EADE S eHARMSEN+
A ~ NAKKASYAN

(GER hie HE IDe )2P I M ) I JP
(CERN ) I JP

eRANCSTETT ER+ ~ ~ +TALL INI {RHEL eCOEFr SACL ) IJ P
D F KANE (LBL) I JP
+BARLQUTAUDe+ ( SACL+HE ID+CERN+RHEL+CDEF )

Pl
P2
P3
P4

Y¹0{2100) INTO KBAR N

Y¹0(2100) INTO KBAR N Pj
Y¹0(2100) INTO LAMBDA ETA
Y¹0(2100) INTO LAMBCA GleEGA

DECAY MASSES
497+ 939
497+ 939+ 139

1115+ 54 8
1115+ 783

25 Y¹0(2100}PARTIAL DECAY MODES (PROD ~ EXP ~ )

RL I C 76 RL 75 182 (PRPNT ) GOPAL 5 KALMUS 3 MCPHERSGNe ROSSe' ( RHEL+ LQIC ) I JP

ll

P] ] 0) 35 YeO(2110, Jr=5/2+) 1=0 08
BERTI"'QN1 70 F IND EITHER F05 OR D05 POSS IBLE IN

THE SIC PI CHANNELe WITH F05 SLIGHTLY PREFERRED ~

IN THE KBAR N CHANNELe LITCHFIELD 71 (SAME GROUP )
FIND ONLY D05 ~ AS USUAI e THE STATISTICS ARE MUCH

BETTER IN Tl-E El ASTIC CHANNEL ~

ALTHOUGH KANE 72 FINDS AN F05 EFFECTs THE UNUSUALLY BROAD
WIDTH MAY INVALIDATE A RESONANT INTERPRETATION HOWEVER RLIC 76 AND

BE LLEFCN 76 ALSO FIND AN F05 ~ Tl-:.E WEIGHT OF THE EVIDENCE IS THU S IN
FAVOR QF F05 SEE ALSO THE Y¹0(2010}MINI-REVIEW ~

Rl
Rl
Rl
Rl
Rl

R2
R2

R3
R3

25 Y¹0(2100) BRAhICHING RATIOS (PROD EXP ~ )

Y¹0(2100) INTO (KBAR N)/TOTAL
THESE VALUES OF ELASTICITIES ASSUME J=712

0 ~ 305 BUGG 68 CNTR
0 ' 24 (0 ' 02) BR ICMAN 70 CNTR
0 ' 4 COOL 70 CNTR

{Pj)
6/68

0 TOTAL ANG CH EX 6/70
K-Pe D TGTAL 10/70

Y¹0(2100) INTO KBAR N PI
SEEN BOCK 65 HBC

(P2}

Y¹0(2100) FROM KBAR h INTO LAMBDA ETA SQRT ( Pl¹P3 )
(0' 09) GR LESS FLATTE 2 67 HBC 0 K-P TO LAM 'ETA 6/68

Y¹0(2100) INTO (LAMBCA CIJEGA I/TOTAL
(0 ~ 1) OR LESS FLATTE 1

(P4)
67 HBC 0 K-P TO LAM OMEGA 8/67

35 Y¹0(2110)MASS (MEV)

(21 10+ ) {10o ) BERTHON 1
D05 2140 ~ 405 LITCHF IE

A (2141~ 0) (6 ~ 0) KANE
}. (2103~ ) NAKKASYA

(2140 ' ) (20 ' ) BELLEFON
(2100o) (50 ' ) RLI C

A RESCNANCE OUTSIDE RANGE OF DATA ~

1 FOUND I h ChlE QF TIoO e EST SGLUT ICNS

70 DPWA — K- P TQ SIG P I
71 DPWA K-P TO KBAR N

72 DPWA 0 K-P TQ PI SIG
75 DPWA 0 K-P TO LA M ~ 0)3G ~

76 DPWA 0 K- P TO S IG P I
76 DP WA KBAR N IJULT ICHNL

1/71
10/7 1
10/7 1
1/76¹
1/76¹
j/76¹
1/76¹

BOCK 65 PL 17 166
FLATTE 1 67 PR 155 1517
FI ATTE 2 67 PR 163 1441
BUGG 68 P R 168 1466

BR I CMAN 70 PL 318 152
COOL 70 P R D 1 1887
LU 70 PR D2 1846

REFERENCES FOR Y¹0(2100) ( PRODo EXPo I

+COOPER eFRENCHe KINSQble + (CERN e SACLAY )
S M FLATTE (LRI )
S M FLATTEr C G WQHL (LRL I
+GILMORE 5 KNIGHT 5 + f RHELe 8IRMe CAVE I I

+FERRO LUZZIe PERREAUe+ .(CERNeCAENeSACLAY}
+GIACQMELLI 5 KYCI A e LEQNT ICe L Ie + (BNL I I
+GREENBERG HUGHES MINEHART MORI + {YALE)

W

W

W A

W 1
W

W

(185 )
D05 120 '

{504' 0)
(391 ' }
(140 ' )
(200 ~ I

{30.)
403

(10 ' 0)

8ERTHCN1
L I TCHF I E
KANE
NA KKASYA
BELL EFGhi
RLIC

35 Y¹0(2110) WIDTH (MEVI

70 DPWA
71 DPWA .

72 DPWA 0
75 DPWA 0
76 DPWA 0
76 DPWA

K- P TG S IG PI
K-P TQ KBAR N

K-P TO P I SI G
K-P TO LAM OMG ~

K- P TG SIG P I
KBAR N MULT I C Hhll

1/71
10/71
10/7 1
1/76¹
1/76¹
I /76¹

COOL 66 PRL 16 1228
SUPERSEDED BY COOL 70 '

PAPERS NGT REFERRED TG IN CATA CARDS

&GIACGMELL I eKYCIAe LEGhTICe L I ~ LUNOBYe+ (BNL ) I
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Particle Data Group: Review of particle properties S219

Data Card Listings
For notation, see key at front of Listings.

Baryons
A.(2350), A(2585), Z+, Z, Z, Z(1385)

42 Y¹0{2350' JP= ) I =0 PRGDUCT ICN EXPERIMENTS

SEE TI E MINI-REVIEW AT THE START OF THE Y¹ LIS7INGS ~
A.(2350)
BUhLP S GAUM 68 FAVORS JP=7/2- OR 9/2+ BR I CHAN 70 FAVORS 9/2+ ~

LASINSKI 71 SUGGESTS THREE STATES IN THIS REGICN
USING A PGMERQN + RESCNANCES MODEL ~ THERE IS NOW ALSO

ONE FORMATION EXP ER IMENT WHICH WE INCLUDE HERE ~ DE BEI LEFCN 76 p WH I CH
FINDS 9/2+ FROM A CPWA OF KBAR N TG SIGMA P I

S=—1 I=1 HYPERON STATES (Z)

19 S IGMA+( 1189' JP=1/2+) I = 1

SEE STABLE PARTICLE CATA CARO LISTINGS

42 Y¹0(2350) MASS {HEV) (PRCC ~ EXP. )

2340 ~ 0
2358 ~ 0
2344 ' 0

(2360 ' 0}
2360 ~

(7 0)
(6 ~ 0)

(15 0)
f 20 ~ 0)

10 '

BUGG 68 CNTR
BR ICMAN 70 CNTR
COOL 70 CNTR
LU 70 CNTR
BELLEF Ch 76 DPW A

K-P g D TOTAL 6/68
0 TOTAL . ANG CH EX 6/70

K-Pg Q TOTAL 10/70
0 GAMMA P TO K+ Y¹ 1/71
0 K- P TG S IG P I 1/76¹

20 SIGMA-( 1198' JP= 1/2+ ) I=1

SEE STABLE PARTICLE DATA CARD LISTINGS

42 Y¹0(2350) WIDTH (MEV) ( PRODo EXP ~ )

140 0
324 ~ 0

{190o0)
(55 0)
120

(20 0)
(30 ~ 0)

15

BUGG
BR ICMAN
CQQL
LU
BELLEFON

68 CNTR K Py D TOTAL 6/68
70 CNTR 0 TOTAL AND CH EX 6/70
70 CNTR K-Py D TOTAL 10/70
70 CNTR 0 GAMMA P TQ K+ Y¹ 1/71
76 DPWA 0 K- P TG S IG Pl 1/76¹

21 SIGMAO( 1193~ JP=1/2+) I =1

SEE STABLE PARTICLE CATA CARO LISTINCS

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

Pl
P2

Y¹0(2350} I NTO KBA R N

Y¹0(2350) INTO SIGMA P I

DECAY MASSES
497+ 939

1197+ 139

42 Y¹0(2350) BRANCHING RATIOS (PROC ~ EXP ~ )

42 Y¹0(2350) PARTIAL DECAY MCCES (PROD ~ EXP ~ )

)
43 Y¹1(1385 ~ JP=3/2+) I =1 13

FOR DISCUSSIGN OF INCCNSISTENCY OF ERRORS AND OUR
MOCIF ICATIGNSg SEE NOTE CN K¹(892)

FOR THE TABLES WE USE CNLY THE UNSTARREC DATA WHICH
ATTEMPTS TO OBTAIN THE SEPARATE CHARGE-S7ATE MASSES AN

W I CThS ~ SEE I-OWE VER THE IDEQGRAMS INSERTED IN L I ST ING
THESE INDICATE SERI CUS SYSTEMATICS i PERHAPS ARISING FROM INTERFERENCE E
FECTS THAT CHANGE WITH PRODUCTION MECHANI SM AND BEAM MOMENTUM»

Rl
Rl
Rl
Rl
Rl

Y¹0(2350) INTO {KBAR N]/TOTAL
J I S NOT DIETERMINEC ~ Tl E FCLLOW ING

(0 ' 57) BUGG
1 ~ 1 0 ' 25 BR I CHAN

f1.0) COOL

{Pl}
IS (J+1/2)¹P1

68 CNT R K-P g D TOTAL 6/68
70 CNTR 0 TOTAL AND CH EX 6/70
70 CNTR K-P y D TOTAL 10/70

REF ERENCES FOR Y¹0f2350 ) ( PROD ~ EXP ~ )

R2 Y¹0(2350) FROM KBAR N INTO SIGMA PI SQRT( Pl¹P2) 1/76¹
R2 -' 10 ~ 02 BELLEFON 76 DP WA 0 K P TO S IG PI 1/76¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

141(

38(

(
(

1384o0)
1385 ' 0)
1384 ~ 0)
1392oO)
1389 0)
1392' 0)
1380'
1386. )

(7 ~ 0)
(3 ~ 0}

'( 10 0)
5 ~

ALSTCN
BERGE
MARTI N

COLL EY
BALTAY
MUSGRAVE
AMHANN
ATHERTCN

43 Y¹1{1385) MASS {MEV ]

60 HBC
61 HBC
61 HBC
62 HL BC
65 HBC
65 HBC
73 C BC.
75 HBC

+- K-P lo 15 BEV/C
+- K-P o4- ~ 85 BEV/C
+0 K20 P ~ 98 BEV/C
-0 P I- PRP 2 BE V/C
+- P BAR P 3 ~ 7 8EV/C
+-OP BAR P 3-4 BEV/C

K-N 4 ~ 5GEU/C
PBAR P 5 o7 GEV/C

7/66
7 /66
9/73
1/76¹

BUGG
DAUM
BR ICHAN
COOL
LU

68 P R 168 1466
68 NP 87 19
70 PL 318 152
70 PR Dl 1887
70 P R 02 1846

+G IL MORE g KNIGHT t + {RHEL gB IRMA CAVE ) I
+ERNE' LAGNAUXt SENSs STEUERe UDO (CERN)JP
+FCRRO LUZZI y PERREAU y+ (CERNyCAENySACLAY)
iGIACOMELL I g KYCIAg LEONT IC p LI g + {BNL ) I
+GREENBERGy HLGhES y HINEHART&

MORION+

(YALE)

BE LLEFCN 76 SBHTD ~ TO NP OE BELLEFQN y 8 ILLOI Rr BERTHON+ (CDEF+SACL }I JP

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

7 Y¹0(25E5y JP= ) I=O PROCUCT ION EXPERIMENTS

SEE TI E MINI-REVIEW AT TI E S7ART OF THE Y¹L IST INGS ~

7 Y¹0(2565) MASS (HEV) (PRCD ~ EXP ~ }

2585.0
(2530 ~ 0)

45 ' 0
(25 ' 0)

ABRAHS
LU

70 CNTR K-P, 0 TOTAL 10/70
70 CNTR 0 GAMMA P TQ K+ Y¹ 1/71

7 Y¹0(25F5) WIDTH {ME V] (PROD ~ EXP ~ )

PAPERS NOT REFERRED IN DATA CARDS
COOL 66 PRL 16 1228 &GIACQHELLIg KYCIAg LCGNTICAL Ip LUNCBYg+ (BNL ) I

SUPERSEDED BY COOL 70 '
LASINSKI 71 NP 829 125 7 A LASINSKI (EFI ) I JP
BELLEFG2 75 NC 284 289 DE BELLEFGN, BERTHON BILLOIR+ (CDEF+SACL )

PRESENTLY LISTED UNDER Y¹1(2250)v BUT I SOSPIN UNDETERMINED

HO 106 (
MO 330
MO 2 3100
MO 2 FRO
MO 2 WO

MO

MO AVG
MO STUDENT

E 154
E

170
859
750

S 250
S 250
S
S
8 40
8

M+
M+
M+
M+
M+
M+
M+
M+
H+
M+
M+
M+
M+ 1260

'M+
M+
M+ 470
M+ 2300
M+ 3740 {
M+ 6846
M+
H+
M+ AVG
M+ STUDENT

~ ~ ~ ~ ~ ~

1381' 5
1381o3

o ~ ~

2 ~ 3
1 ~ 4

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 2 ~ 1)
AVERAGE USING STUCENT10(h/1 ~ 11) —SEE TEXT

1376' 0
ERROR

13 75 ~ 0
1381' 0
1382 ~ 0
1382 ' 6
1384' 3

E RROR
ERROR

1383 ~ 0
E RROR

1378 ~ 0
1384' 4
1390~ 0
1384 8
1382 ' 0
1383o5
1382 ~ )
1381~

1380o

3 ~ 9
OF 3 ~ 0
3 ~ 9
1 ~ 6
1 ~ 0
2 ~ 1
1 ~ 9
GF 1o4
OF 1 1
4 ' 0
QF 2oO
5 ' 0
1 ~ 0
6oO
2 ~ 0
2 ~ 0

~ 85
(1 ~ }

1 ~

2 ~

ELY 61
ENLARGED TQ 3 ~ 9 BY US

C COPE R 64
HUWE 64
ARMENTERQ 65
SMITH 65
SMITH 65

ENLARGEC TO 2 1 BY US
ENLARGED TQ 1 ~ 9 BY I' S

8 IRMINGHA 66
ENLARGED TO 4 ~ 0 BY US

LONDON 66
S IEGEL 67
AGUILAR 70
ATHFRTON 71
AGU ILAR 72
HABI 8 I 73
BERTHQN 74
BORENSTE 74
BARDADIN 75

HLBC' + K-P 1 ll BEV/C
y BECAUSE LT STATIST ~ ERRo
HBC + K-P 1 ~ 45 BEV/C
HBC + K-P 1 ~ 22 BE V/C
HBC + K-P .9-1~ 2 BE V/C
HBC + K-P 1 o95 BEV/C
HBC + K-P 1 8 BEV/C
g BECAUSE & STATI ST ~ ER ~

r BECALSE & STATI ST E R ~

HBC p K-P 3 ~ 5
w BECAUS E & ST AT I ST .ERR ~

HBC + K-P 2 ~ 24 8 EV/ C
HBC + K-P AT 2 ~ 1 GEV/C
HBC + K-P 4 CEV/SIG PI
HBC LAH PI + + C ~ C ~

HBC + K-P 70 LAM+P! S
HBC K-P TO 2P I LAM
HBC 0 QUASI 2 BODY CS
HBC +-OK-P TO ( 1385)+PI S
HBC + K- P 14 ~ 3 CEV/C

~ ~ ~ ~ o ~ o ~ ~

1382 ~ 53 0 50 AVERACE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 2)
1382o 51 0 50 AVERAGE USING STUDENT10(H/1 ~ 11] -- SEE TEX7

{SEE IDEOGRAM BELOW )

1381~ 0) (4 ~ 0) CURTIS 63 CSPK 0 PI-P 1 ~ 5 BEV/C
1385~ 1 2 ' 0 THCMAS 73 HBC P I-P TO P IOKOLM
1380~ 1 3 BORENSTE 74 HBC +-OK-P TO(1385)+P I S
M FIT TQ LAH PIG MASS SPECTRUM (IN LAH P I+ PI- PIO EVENTS) WITH
FIXED AT 34 MEV

9/73
10/74¹

10/69

9/66
9/66

10/69
10/69
9/67

10/69
7/66

10/69
5/70

10/71
10/74¹
9/73

10/74¹
10/74¹
1/76¹

(300 ~ 0 )
(150~ 0)

ABRAH S 70 CNTR K-P g D TCTAL 10/70
LU 70 CNTR 0 GAMMA P TC K+ Y¹ 1/71 WEIGHTED AVERAGE = 13B2.53 + 0.50

ERROR SCALED BY 1.2
7 Y¹0(2585) PARTIAL CECAY NCDES (PROD ~ EXP )

Pl Y¹0(2585) INTO KBAR N

DECAY MASSES
497+ 939

7 Y¹0(2585] BRANCHING RATIOS (PROC ~ EXP ~ I

Rl
Rl
Rl
Rl C
Rl C

ABRAM5 70 P R lD 1917
BR ICMAN 70 PL 318 152
LU 70 PR C2 1846

REFERENCES FOR Y¹0(2585] ( PROD ~ EXP ~ )

+C QCL Gl ACCHE LLI KYC IA LEGNT IC + ( BNI. ) I
+FERRO LUZZI PERREAU + (CERN CAEN SACLAY}
+GREENBERG y HUGI-ES q HINEHARTy MORI g+ ( YAL E )

PAPERS NOT REFERRED TG IN CATA CARDS

COOL 66 PRL 16 1228 &G IACQMELLI yKYC IA e LECNTIC wLUNDBY + (BNL] I

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

Y¹0{2585) INTO ( KBAR N) /TCTAL (Pl }
J I S NOT KNCWN ~ THE FCLLCW ING IS ( J+1/2 ) ¹P1 ~

(1~ 0) ABRAMS 70 CNTR K~Pq D TOTAL
(Ool2) (Ool2) BRICMAN 70 CNTR TOTAL AND CH EX

RESONANCE AT END OF REGIGN ANALYZED -- NQ CLEAR SIGNALo

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

10/ 70
10/70

1365 13BS
Y+1 (1385) + MASS (MEV)

1405

CHISQ
1 ~ 675 HBC

74 HBC

BARDADIN

BORENSTE

HABIBI
AGUILAR

ATHERTON

AGUILAR

SIEGEL
LONDON

BIRMINGHA

SMITH

SMITH
ARMENTERO

HUWE

COOPER

ELY

73 HBC

72 HBC

71 HBC

70 HBC

67 HBC

66 HBC

66 HBC

65 HBC

65 HBC

6S HBC

64 HBC

64 HBC

61 HLBC

1425

2 ~ 3
1 ~ 3
0.1
1.3

3.5

0 ~ 0
0.9
0.0
0.3
0.9
3.7
2oB

1B.7
(CONLEV
=0 ' 096)
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S220 Particle Data Group: Review of particle properties

Bary ops
Z(1385)

Data Card Listings
For notation, see key at front of Listings.

M-
M-

M

M-
M-
M-
M-
M-
M-
M-
M-
M-
M»
M-
M-
M-

M-
M-

9
E 224
E

200
1086
1380

S 120
S 58
S
S

370
1900

722
3060(
2303

AVG
STUDENT

3 0
4 ' 4
OF 3 ~ 0
6 ' 2
1 ~ 5
1 ~ 0
2«6
4«0
OF 1 ~ 8
GF 1«4
9«0
2«0
l«2

3
(1 ~ )

2 ~

2 ~

1382.0
1376 ' 0

ERROR
1392 0
1385 ' 3
1384«0
1391«5
1399' 8

ERROR
ERROR

1389' 0
1390~ 7
1390' 7
1387 1
1389«l
1383.
1383'
~ e ~ ~ ~ e
1386F 6
1386' 15

CBC - K-C 0 45 BEV/C
HLBC

S ~ BECAUSE & STATI ST ~ ERR e

HBC
HBC
HBC
HBC - K-P 1 ~ 8 BEV/C
HBC — K-P 1~ 95 BEV/C

SyBECALSE & STATIST' ER
S y BECAUSE & STAT I ST ~ ER

HBC
HBC
HBC
HBC
HBC
HBC
HBC

DAHL 61
ELY 61

ENLARGED TO 4 ~ 4 BY U

COOPER 64
HUWE
AR MENT ERG 65
SMI TH 65
SMITH 65

ENLARGEC TG 2 ~ 6 BY U

EhL ARGED TO 4.0 BY U

LC NDCN 66
S I EGEL 67
HAS I 8 I 73
THOMAS 73
BE RTHGN 74
BGRENSTC 74
BARDAD IN 75

K-P AT 2 1 Gc V/C
K-P TG 2P I LA M

P I-P TG P I K+LM
0 QUASI 2 BODY CS

+-OK-P TG ( 1385)+PI S
K- P 14 e 3 GEV/C

~ e ~

l«2 AVERACE f ERROR INCLUDES SCALE FACTOR OF 2 ~ 3)
0 ~ 80 AVERAGE IJ SING STUDE NT10(H/1 ~ 1 1) —SEE TEXT
{SEE IDEOGRAM BELOW

WEIGHTED AVERAGE = 13B6.6 + 1 ~ 2
ERROR SCALED BY 2.3

10/69

9/66
9/66

10/69
10/69
7/66

10/69
9/73
9/73

10/74+
10/74+
1/764

WEIGHTED AVERAGE = 35.2 + 1.7
ERROR SCRLED BY 1.9

BARDR DIN 75
BORENSTE 74
HABIBI 73
AGUILAR 72
ATHERTON 71
ATHERTON 71
AGUILAR 70
SIEGEL 67
BIRMINGHA 66
SMITH 65
SMITH 65
ARMENTERO 65
HUWE 64
COOPER 64
ELY 61

HBC

HBC

HBC

HBC

HBC

HBC

HBC

HBC

HBC

HBC

HBC

HBC

HBC

HBC

HLBC

CHISQ
2.3
0 ~ 4

1.4
0.2
0.0

14.4

0 ~ 1
2.9
0.3
2.5

14.2

2.5

1365 1385
Y+1 (13B5)— MASS (MEV)

75
74
73
73
67
66
65
65

0 65
64
64
61
61

1405 1425

~ B I:I R 0 A 0 I N

BORENSTE
~ THOMAS

HRBIBI
~ SIEGEL
~ LONDON
~ SMITH
~ SMITH
~ ARMENTER

~ HUWE
~ COOPER

ELY
DAHL

HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HLBC
DBC

CHISQ
3 ~ 2
3 ~ 2
0 ~ 2

11.9
4 ~ 3

11
3
6
0

~ 0

~ 6
.7

5 ~ B

2.3
52 ~ 6

(CONLEV
=0 F 000)

0 40 BO

Y&1 (1385) + WIDTH (MEV)

120

2
44

.6

.e
LEV
000)

(CON-0

W- (
W-
W-
W-
W-

W-
W- 370
'W- 1900
W- 722
W- 1 2303
W-
W-
W- AVG
W- STUDENT

40 0)
66 0
88 ' 0
62« 0
38 ~ 0
29 ' 2
17~ 1
31« 0
51 9
48 ' 2
35 ~ 5
47 '
e ~ e
42 ~ 4
42 ~ 7

10 ' 0
10 ~ 0

7 ~ 0
0

5 ~ 7
4 ~ 4
4 ' 0
2 5
4 ~ 0
6 ~

6 ~

D*HL 61
ELY 61
COOPER 64
HUWE 64
AR MENTERO 65
SMITH 65
SMI TH 65
SIEGEL 67
HABIBI 73
THCMAS 73
BORENSTF 74
BARCAD IN 75

CBC
HLBC
HBC
HBC
HBC
HBC — K-P 1 80 BEV/C 9/66
HBC - K-P l«95 BEV/C 9/66
HBC K-P AT 2« 1 GEV/C 10/69
HBC K-P TG 2P I LAM 9/73
HBC P I-P TO P I-KOLM - 9/73
HBC + OK-P TG ( 1385)+PI S 10/74+
HBC — K P 14 «3 GE V/C 1/76+

WEIGHTED AVERAGE = 42 ~ 4 + 4.2
ERROR SCALED BY 3.2

~ ~ ~ ~ ~

4 ~ 2 AVERACE ( ERROR INC{ UOES SCALE FACTOR OF 3 ~ 2)
2 7 AVERAGE USING STUDENT10(H/1 ~ 11) —SEE TEXT
(SEE IDEOGRAM BELOW

D R
D R

D R
0 R
D R
D R
D R

0
D R
D R
0 R

(0 ~ 0)
(17~ )

(4 3)
(2 ~ 0)
(7 2)

(17' 2)
(ll 0)

9 ' 0
(6 3)
(7 ~ 2)

REDUNDANT

W

W

W

W

W

W

'W

W

W

W

W

64 ' 0)
40 ' 0)
20 ~ 0)
80 ~ 0)
30 ~ Ol
26 ~ 0)
38 0)
61 ~

89
~ e e ~

AVG 65 ~ 5
STUDENT 65 ~ 2

43 (Y+-) — ( Y&+ ) MASS DIFF ER'ENCE ( 8 EV )

(4 2)
(1~ )
{2~ 2)
(1~ 5l
(2 1)
{2 0)
(9 ~ 0)

6 ~ 0
-(2 0)-
(1 4]

Wl ITH CATA Ih

ELY
COOPER
HUWE
AR ME NTE RG
SMITH
SMITH
LONDON
LCNDCN
SI EGEL
HA BIBI

MASS L IST ING ~

el HLBc
64 HBC
64 HBC
65 HBC
65 HBC
65 HBC
66 HBC
66 HBC
67 HBC
73 HBC

+- K-P 1~ ll BEV/C 8/66
10/69
8/66
8 /66
9/66
9/66
8/66
7/66

10/69
9/73

+- K P 1.22 BEV/C
e- K-P ~ 9-1 2 BE V/C
t K-P 1 8

BE

V�/C
+- K-P 1 ~ 95 8 EV/C
+» K-P 2 ' 24 BEV/C
+- LAMBDA 3 PI E VTS

K-P AT 2 ~ 1 GEV/C
K-P TO 2PI LAM

43 Y+1( 1385) WIDTH (MEV)

GR LESS
(10' 0)
(9 ' 0)
(5 ~ 0)
{9 Ol
10 ~

23 ~

ALSTCN 60
BERG E 61
MART IN 61
COLL EY 62
CURTI S 63
BALTAY 65
MU SGRA VE 65
AMMANN 73
ATHERTON 75

HBC +-
HBC +-
HBC +0
HLBC -0
GSPK 0
HBC +-
HBC +-0
QBC K-N 4«5GEV/C
HBC PBAR P 5 7 GEV/C

7/66
7/66
9/73
I/76+

10 ~ 2
10~ 2

AVERACE (ERROR INCLUDES SCALE FACTOR OF 1 el)
AVERAGE USING STUDENT)0 (H/1 11) SEE TEXT

0 40
Y+1 (13B5)— WIDTH (MEV)

. BARDRDIN 75
BORENSTE 74
THOMAS 73
HABIBI 73
SIEGEL 67
SMITH 65

~ SMITH 65
RRMENTERO 65

~ HUWE 64
~ COOP'ER 64

ELY 61

120

HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
HLBC

CHISQ
0 ~ 6
1.3
2.1

14.5
B ~ 1

33.0
5 ~ 4
2 ~ 1
7.B

20.B
5.6

101.4
(CONLEV
=0 .000)

48e 0
51 ' 0
4e. 5
32«0
30 ' 3
33 ' 1

40 25.0
1260 36 ~ 0'

33 ~

40 20 '
F IT B.W. +
40 35 ~

32 ~ 5
2300 38 ~ 3
6846 34 ~

40«
RESULTS FROM

FIT 8 ~ W ~ A

Wt
W+
W+
W+
W+
W+

W+
W+

W+
W+ T
W+ T
W+ R
W+

W+
W+ 1
W+

W+ 1
W+ R
W+

W+ A

W+ S

e ~ ~ ~

VG 35«2
TUDENT 35 0

8 ~ 0
10 ~ 0
3«0
+ ~ 0
F 1
3 ' 8
6 0
3 ~ 0

12 ' 0
4 ~

PHASE SPACE
5 ~

6 ~ 0
2 6
2 e
3 ~ 2

LAM PI+ P I-
ND NG BCKGRO

ELY 61
COOPER 64
HUWE 64
ARIUENTERO 65
SMITH 65
SMITH 65
BIRMINGHA 66
SIEGEL 67
AGUILAR 70
ATHERTGN 71

BCKGRD
A THE RTON 71
AGU IL AR 72
HABIBI 73
BGRENSTE 74
BARD AD IN 75

ANO LAM P I+ PI- PIG

HLBC +
HBC +
HBC +
HBC +
HBC +
HBC +
HBC +
HBC
HBC +
HBC

K-P 1 ~ 8 BEV/C
K-P 1 ~ 95 BEV/C
K-P 3 5
K-P AT 2 ~ 1 GEV/C
K-P 4 GEV/S IG ~ PI
LAM P I+ + C C ~

HB{: LA M PI + + C ~ C
HBC + K-P TO LAM+P I S
HBC K-P TO 2P I LAM
HBC +-OK-P TG(1385)+PI S
HBC + K- P 14 ~ 3 GEV/C
COMBINED BY US

~ ~ e ~ e
7 AVERAGE (ERROR INCLUDES SCALE FACTCR GF 1.9)

1 2 AVERAGE USING STUOENT10(H/1«ill -- SEE TEXT
(SEE IOECGRAM BELOW )

9/66
9/66
9/67

10/69
5/70

10/7 1

10/71
10/74+
9/73

10/74+
1/764

WO 330 39.3 6 1 THCMAS 73 HBC PI-P TG P IOKOLM 9/73
WO 3100 CONSISTENT WITH WO=W+=6- BGRENSTE 74 HBC +-OK P TG{1385)+PIS 10/74+

RE+
RE-

I M+

I M-

Pl
P2
P3
P4
P5

43 Y+1(1385) REAL PART GF PCILE POSITION

1379' 0
1383 ~ 0

1 0
1 0

L ICHTEN8 74
I CHTENB 74

+ EXTRAP HAB I BI73
EXTRAP HABIBI73

17«5
22 ~ 5

1 ~ 5
1 ~ 5

L1CHTENB 74
L ICHTEN8 74

+ EXTRAP HABIBI 73
EXTRAP HABI BI 73

43 Y+ 1 ( 1385) PARTI AL CEC AY MODES

Y&1( 1385) I NTO LAMBDA PI
Y&'I ( 1385) INTO SIGMA PI
Y&1 ( 1385) INTO LAMBDA CAMMA
Y&I{1385) INTO KBAR N

Y&1( 1385) INTO SIGMA GAMMA

DECAY MASSES
1115+ 139
1197+ 139
1115+ 0
49 3+ 938

1197+ 0

43 Y+1(13851 IMAGINARY PART OF POLE POSITION

4/154

4/75+
4/75+

4/75+

4/75+
4/75+
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Particle Data Group: Review of particle properties S22't

Data Card Listings
For notation, see key at front of Listings.

Baryon s
Z(1385), Z(1440), Z(1480), Z(1580)

43 Y¹l{13B5 ) BRANCHING RAT IOS

PI+ P - K Y PI
K-N 1 ~ 5 GEV P ROD

+ K-P TO LAM+PIS
K-P TO 2P I SIG
P I-P TQ PI K Y

0 QUASI 2 BODY CS
+-OK-P TO (1385 )+P IS

Rl Y¹1(1385) INTO (SIGHA PI )/(LAMBDA PI) (P2) /(Pl)
Rl (0.04) {C»04) BASTIEN 61 HBC +-
Rl (0 ~ 04 ) OR LESS AL STGN 62 HBC +-0
Rl 0 ~ 09 0 ~ 04 HU WE 64 HBC +-
Rl 0 ' 163 0 ' 035 ARMENTERG 65' HBC +-
Rl 0»08 0 F 06 LQNDCN 66 HBC +
Rl 0 ~ 13 0 04 PAN 69 HBC
Rl 0»13 0 ' 04 COLLEY 71 DBC
Rl ~ 16 ~ 07 AGUIL AR 72 HBC
Rl ~ 18 » 04 MA ST2 73 MPWA

Rl ~ 10 ~ 05 THOMAS 73 HBC
Rl ~ 16+/- ~ 03 OR ll+/- ~ 02 BERTHGN 74 HBC
Rl ~ 21 ~ 05 BQRENSTE 74 HBC
Ri ~ » ~ ~ » ~ »» ~

Rl AVG 0 ~ 140 0 ~ 015 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
Rl STUDENT 0 ~ 140 0 017 AVERAGE USING STUOENT10(H/1 1 1} -- SEE TEXT

(SEE IDEOGRAM BELOW )

7/66
7 /66

12/72
10/71
10/74¹
9/73
9/73

10/74¹
10/74¹

BUhkP S
80 Y¹1(14400 JP= } I=1 PROCUCT ION EXPERI ME}iTS

SEE Tl E HINI-REVUE AT THE START QF Tl E Y¹ LISTINGS ~

REFERENCES FOR Y¹l (1440) (PROD ~ FXP»)

CL INE 68 FINC A NARROW PEAK AT 1440 HEV (JUST ABOVE
THE KBAR N THRESHQLDI IN THE LAMBCA P I INVARIANT MASS
FOR K- C TO LAMBDA PI- P EVENTS ~ THEY DISCUSS ALTER-

NATE INTERPRETATI CITS -- THAT IT IS A RESONANCE OR A KINEMATIC EFFECT ~

IN CL INE 68 THE K- BEAH HGMENTUH I S 0 4 GEV/C ~ IN A STUDY OF THE SAME
REACTION WITH A HGMENTUM OF 1 ~ 1 CEV/C ALEXANDER 69 FIND NO PEAK I N

ADDI TION0 THEY ARE ABLE TC EXPLAIN THE RESULTS CF BOTH EXPERIMENTS
'WITHOUT INVOK ING A NEW RESONANCE A REANAI YSI 5 OF THE CLI NE 68
CATA HADE BY BUNNEL 70 Sl"'OW AGREEMENT OF THE DATA hjTH THE
ALEXANDER 69 INTERPERTATICN ~

WEIGHTED AUERAGE = 0.140 + 0.016
ERROR SCALED BY 1.0

C LINE 68 PRL 21 1372
ALE XANDE 69 P RL 22 483
BUNNELL 70 -LNC 3 224

0 CL INE5 R LAUHANN0 J MAPP (W I SCO} SIN) I
ALEXANOER0 HALL 0 JEW0 + (LRL0 RIVERSIDE)
+CL INE 0LAUHANN5 HAPP + (NWES+WISC+ANL)

23 Y¹1(1480 0 JP= ) I = 1 PROCUCT IGN EXPERIHENTS

SEE THE MINI-REVUE AT THE START QF Tl E Y¹ LISTINGS ~

BORENSTE 74
THOMAS 73
MAST2 73
AGUILAR 72

OLLEY 71
AN 69
ONDON 66
RMENTERO 6S
UWE 64

-0 ~ 1 0.1 0.3 O. S
Y}II1(13BS) INTO (SIGMA PI) & (LAMBDA PI)

HBC
HBC
MPWA

HBC
DBC
HBC
HBC
HBC
HBC

CHISQ
2.0
0.6
1.0
0.1
0 ~ 1
0 ~ 1
1.0
0 ~ 4
1.6
6.8

(CONLEU
=0.See)

23 Y¹1{14BO) MASS ( MEV) (PRCD ~ EXP ~ )

1479~

1465 ~

1485 '
10»
15 '
10 ~

PAN
PAN
CL INE

70 HBC + P I+P TO K P I LAM 3/71
70 HBC + PI+P TQ K Pj SIG 3/71
73 NPWA K- D TO LM PI- P 9/73

~ ~ » ~ ~ ~ ~ ~ »

AVERAGE MEANINGLESS (SCALE FACTOR = 1 0)

PEAKS ARE SEEN IN LAMBCA PI ANC SIGMA PI SPECTRA IN
THE REACTION P I+P TO K+ PI Y AT 1»7 GEV/C ~ ALSO THE
Y POLARIZAT ION OSCILLATES IN THE SAME REGION ~

SEE MILLER 70 FOR A CISCUSSION OF THIS STATE ~ HE SUGGESTS A POS-
SIBLE ALTERNATE EXPLANATION IN TERMS OF A REFLECTION OF N¹1/2(1670)
DECAY TO LAMBDA K» HOhEVER0 SlJCH AN EXPLANATICN FOR THE K+ S ICMA+ PIG
C}2ANNEL SEEMS UNLIKELY {SEE PAN 70) IN TERMS OF KNOhh N¹3/2( 1690)
DECAY INTO SIGMA K» IN ACOIT ICN SUCH REFLFCT IONS WOULD Al SQ HAVE
TQ ACCOUNT FOR THE OSCILLATICN OF THE Y PCLARIZATION IN THE 1480
l4lASS R EGI ON ~

HANSON 71 0 WITH FEhER CATA THAN PAN 705 CAN NEITHER CONF IRH NOR
DENY THE EXISTENCE OF THIS STATE ~ MAST 75 SEE 5 NO STRUCTURE IN THIS
MASS REGICN IN K- P TC LAMBCA P IO

R2
R2

Y¹l{1385) INTO LAMBDA GAMMA

1 f0»17) (0 17)
(P3)

MEISNER 72 HBC 1 EVENT ONLY 1/73 23 Y¹1(1480 } WIDTH (MEV ) {PROD ~ EXP ~ 1

R3 Y¹1(1385)FROM KBAR N TO LAHBDA PI SQRT ( P1¹P4 ) 4/75¹
R3 + ~ 586 ~ 319 OEVEN ISH 74 0 FIXED 7 DISP REL 4/75¹
R3 C EXTRAPGLATI CN OF PA}I AHETR IZEO AHPL ITUDE BELGW Tl-RESHOLD 4/75¹

31»
30»
40

15»
20 '
20 ~

PAN
PAN
CL I NE

70 HBC + P I+P &0 K PI LAM 3/71
70 HBC + P I+V TO K P I SIG 3/71
73 MP WA K- D TG l. M PI — P 9/73

R4
R4

R5
R5

Y¹1( 1385) INTO (LAMBC A CANNA) /(LAMBDA P I ) {P3) /(P 1)
LE SS THAN ~ 06 COLAS 75 HLBC 0 90 PCT CONF LVL

Y¹i,(1385) INTO (SIGNA GAMMA)/(LAMBDA PI) (P5)/(Pl}
LESS THAN»05 COLAS 75 HLBC 0 90 PCT CONF LVL

1/76¹
1/76¹
1/76¹
1/76¹

~ ~ ». ~ » ~ » ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR = 1»0)

23 Y¹l{148G) PARTIAL DECAY MODES (FROG ~ EXP» }

ALSTON
BAST IEN
BERG E
DA HL
ELY
MARTIN

60 PRL 5 520
61 PRL 6 702
6i PRL 6 557
61 PRL 6 142
61 PRL 7 461
61 PRL 6 283

ALSTON 62
COLLEY 62
CURTIS 63
COOP ER 64
HUH E 64

ALSO 69

CERN CLNF 311
P R 128 1930
PR 132 1771
PL 8 365
UCRL-11291 ThESI S
PR 180 1824

ARHENTER 65 PL 19 75
BALTAY 65 PR 140, 81027
MUSGRAVE 65 NC 35 735
SMITH 65 TI-ES IS ( UCLA)

REF ERENCES FOR Y¹1(1385)

+ALVAREZ0EBERHAR00GQCCPGRPZ IANO0 + (LRL ) I
P BASTIEN0M FERRO-LUZZI~A H ROSENFELD (LRL)
+BASTI ENPDAHL5 FERRO-LUZZI 0KIRZ0 + (LRL )
+HORW I TZ 0 HILL E R 0 MURR AY ~ WH IT E (LRL }
+FUNG0 GiDAL 0 PAN 0POWELL 0WHITE I LRL) J
+LEIPUNER0CHINGhSKY0SHIVELY0 + (BNLP YALE)

+ALVAREZ5 FERRO-LUZZI 5 ROSENFEL05 + . (LI'L )
+GELFAN05NAUENBERG0 + (CQLUMB IAPRUTGERS) JP
+COFF IN 5 MEYER 5 TER WILL I GER ( MICH) J
+F ILTHUTH0FRIDMANq MALAMUDP + (CERNPAHST)
0 C HUWE (LRL ) JP
D 0 HUWE (LRL )

ARMENTERQS0 + (C EIIN0 HE IDELt SACLAY )
+SANDWEISS0TAFT5CULWICKPKOPP 0 + ( YALE 3BNL)
+PETHEZAS5+ f BIRM5CERN0 EPGL0 LOIC0 SACLAY)
L T SMITH (UCLA)

Pl
P2
P3

Y¹1(1480) INTO K BAR
Y¹1{1480) I NTO LAHBCA Pj
Y¹1( 1480) INTO S IGMA P I

DECAY MASSES
497+ 939

1115+ 139
1189+ 139

23 Y¹1( 1480 ) BRANCH ING RAT I OS I PROD ~ EXP ~ )

Rl Y¹1(1480) INTO (SIGMA PI ) /(LAHBDA P I } {P3}/(P2)
Rl 0 ' 82 0 ' 51 PAN 70 HBC + 3/71

R3
R3

Y¹1(14801 INTO KBAR N

SMALL
(P 1) 9/73

CLINE 73 MPWA K- D TO LM PI- P 9/73

REFERENCES FGR Y¹l(1480) (PROD ~ EXP ~ )

R2 Y¹1{1480) INTO (PROTON KeBAR} /(LAMBDA PI) (P 1 } / {P2)-
R2 0 ~ 36 0 ~ 25 PAN 70 HBC + 3/71

BIRMINGH
LONDGN
SIEGEL
PAN
AGUILAR
ATHERTGN
COLLEY

66 PR 152 1148
66 PR 143 1034
67 UC RL 18041 THES I S
69 PRL 23 808
70 PRL 25 58
71 NP 829 477
71 NP 831 61

PR 06 29
NC 12A 62
PRD 7 1345
P RD 7 3212
PRD 7 5
NEVIS 199(TI-ES IS )
PURD730 PG 387
NP 856 15

AGUILAR 72
HEISNER 72
AMMANN 73
MAST2 73

ALSO 73
HABI 8 I 73

ALSO 73
THONAS 73

BERTHON 74 NC 21A 146
BORENSTE 74 PR 09 3006
DEVENI SH 74 NP 881 330
LICHTENB 74 PRO 10, 3865

ALSO 74 PRiV ~ COMM»

ATHERTGN 75 NC 25A I
BARDAOI N 75 NP 898 418
COLAS 75 NP 891 253

BIRM INGHAM 0 GLASGOW0 I ~ C 5 CXFORDYRUThERFORD
+RAU0 SAHI 0 5 3 YAHANOTO 0GOLO BERG 0+ ( 8li1L 0 SY RA ) J
0 N S IEGEL (LRL )
+FCRMAN f PENN) I
+BARNES BASSANG CHUNG EI SNER +(BNL SYRA)
+CELNIKIER 0CLAYTCN0 FRENCH0FRISK, + (CERN)
+COX0EAST'WOOD 0FRY+» ~ (BIRM+EDI N+GLAS+LOIC)

AGUILAR BENITEZ0CHUNG0EISNER0SAMIOS (BNL )
G ME I SNER {U NC GREENS BGRG+L BL l
+CARMONY 5 GARF INKEL 3GUTAY ~ + (PURD+ I UPU)
+ BANG ERT ER 0 ALSTCN-GARNJCST 5+ (LBL ) IJP
MAST ~ BAN GERTER PALSTON-GARN JQST 5+ (LBL ) IJP
H ~ HAB I 8 I ( CQI UHB IA )
BALTAY 58R IDGEWATER0CGGPER0+ (COLUMBIA+BING )
THOMAS, ENGLER ~ FI SK KRAEMER (CARN) I J

8 ER THON 0 T RI STR AM 5+ (CD E F+RHEL+S ACL+ STR B )
BORENSTEIN 0KALBFLEI SCH5STRAND0+ {BNL+MICH)
DEVFN ISh5 F ROGGATT5 HART IN (DESY 0NORDITA5 LOUC )
D 8 L ICHTENBERG ( IhCIANA UNIVERSITY)
0 8 L ICHTENBERG ( INDIANA UNI

VERS

I�TY�

)

A THE RTCN 0 BAR-NI R 0 FRENCH (CERN)
8ARDAD IN-OTW I NCWSKA+ {SACL+EPGL+RHEL )
COLAS PFAR'WELL 0F ERRER PS I X (QRSA)

PAN 70 PR 023 49
CLINE 73 LNC 6 205

+FORHANqKO5HAGOPIAN0SELOVE
CL INE 0 LAUMANN0 MAPP

{PENN)
(WISCONSIN) I JP

PAPERS NQT REFERRED TQ IN DATA CARDS

YU-L I PA 69 PRL 23 . 806
YU-LI PA 69 PRL 23 808
HILLER 70 DUKC 229
HA N SON 71 P R D4 1296
MAST 75 P RD 11 3078

YU L I PAN 3 F L FORMAN
YU L I PAN ~ F L FQRMAN
D H }IILLER (REVIEW TALK)
3KALMUS0LOUIE
+ALSTON-GARNJOST5BANGERTER+

{PENN) I
( PENN) I

( PURDUE )
(LBL ) I
(LBL }

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹

00 Y¹1(1580} MASS (MEV }

Z(1580) 00 2 li1550, JP=3/2-i 1=1 13
GBSERVEC IN K- N I=1 TGTAL CS AT BNL(LI 735CARROLL 73}5
AND IN PWA OF K- P --& LAMBDA P I FOR CM ENERGIES=1560-
1600 MEV BY LITChF IELD 74 ~ LITCHFIELD 74 FINDS JP=3/2- ~

4/75¹

4/75¹

PAPFRS NOT REFERRED TO IN CATA CARDS ~
M L 1582 ~ 4 ~ LITCHFI EL 74 CPWA 0 K- P TG LAM P I 4/75¹

HALAMUD 64 PL 10 145
SHAFER 64 PR 134 81372
HUNGERBU: 74 PRO 10 2051

E MAL ANUD0 P E SCHLE IN (CERN0 UCLA ) JP
J 8 SHAFER0 D 0 HUWE (I RL} JP
HUNGERBUHLER 0MA JKA0+ (YALE5FNALPB}3L5 PITT } 00 Y¹1 ( 1580 ) 'WIDTH (NEV) 4/75¹

W L

llew

4» LITCHFI EL 74 CPWA 0 K- P TQ LAH PI 4/75¹
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S222 Particle Data Group: Review of particle properties

Baryons
Z(1580), Z(1620)

Data Card Listings
For notation, see key at front of Listings.

Pl
P2
P3

00 Y+1(1580) PARTIAL DECAY MODES

Y&l(1580) IhTO KBAR h

Y&ll 1580) INTO LAMBDA PI
Y+I ( 1580) INTO SIGMA PI

DECAY MASSE S
497+ 939

1115+ 139
1197+ 139

Rl
Rl L
Rl L
Rl L
Rl L

00 Y+ 1( 15801 BRANCHING RATIOS

Y+1 ( 1580 ) INTO K BAR h;/TOTAL (Pl)
+.03 ~ 01 LITCHFI EL 74 DPWA KBAR N MULTI CHNL

MAIN EFFECT OBSERVED BY LITCHFIELD 74 IS IN PI LAMBDA FINAL STATEg
KBAR N AND SIGMA PI COUPLINGS ALSO ESTIMATED FROM MULTICHANNEL F IT
INCLUDING TOTAL CRCSS SECTICN DATA (LI 73) ~

L I TCHF IE 74 PL 51 8 509

REFERENCES FOR Y+1(1580)

L ITCHFIELD

PAPERS NOT REFERRED TD IN CATA CARDS ~

(CERN) I JP

CARROLL 73 APS BRKLY MTG ?08 CARRCLl CHIANC KYCIA L I MAZUR MICHAEL+(BNL ) I
LI 73 P UROUE CONF ~ 283 LI ( BNL )!

R2 Y+1 (1580) FRCM K BAR h TO LAMBCA P I SQRT ( P 1&P2)
R2 L +.10 02 L ITCHF I EL 74 DPWA 0 K- P TO LAM P I

R3 Y&1(1580) FROM KEAR N TO S IGMA PI SQRT ( P 14P3)
R3 L + ~ 03 ~04 LITCHF I EL 74 DPWA KBAR N MULTICHNL

4/75~

4/75+

4/75+
4/75+
4/75~
4/75~
4/75+

4/75&
4/75+

4/75+
4/75&

GeV/c with comparable statistics and do not see any

evidence . for it. in the Am channel; on the contrary,
they believe it to be a spurious peak resulting
from misidentified Z from the production of Z(1670)

p +
decaying into Z TI . CRENNELL 69 give counter argu-
ments to show that this is not the case in their
data and the controversy goes on. AMMANN 70 studied
the same reaction at. 4.5 GeV/c and report a state
at. 1640 MeV, again decaying only into A~ (no evi-
dence seen in ZW or KN channels) . Upper limits on

production cross sections for a 25 GeV/c Z beam

are reported by HUNGERBUHLER 74.

Not. e on Z (1620)

This state was first. suggested by the BNL-CCNY

collaboration (CRENNELL 68) who presented evidence
+ +for it. in the reaction K n ~ Z(1620) m Tf with

+ +
Z (1620) decaying into ATI . Since then there have

been conflicting reports about this state.

In conclusion, for understanding of the Z (1620)
we probably have to wait. for more data and for a
more complete understanding of the entire mass

region from 1600 to 1700 MeV. The closeness of the
Z (1620) mass to 1670 MeV is suggestive that this
effect may be related to what goes on in that, region
(see discussion below).

Total Cross-Section Experiment

A measurement of the K p and K d total cross
sections in the 0.4 to 1.1 GeV/c range has been

reported by the BNL group (CARROLL 73, LI 73) . A

clear bump about 40 MeV wide and 3-4 mb high [corre-
sponding to (J+ 1/2) x 0.1] is seen at a c.m. energy

Z(1620)

32 Y+1(1620) MASS (MEV)

(1620 )
1630~ 0 (10 ~ 0)

KI M 71 DP WA

LANGBE IN 72 I P WA

K-MATR IX ANAL ~ 3/71
MULTICHANNEL 12/72

32 Y+1( 1620) WIDTH (MEV)

32 Y+I( 1620' JP~l/2-) I =1
THE Sll STATE AT 1697 MEV REPORTED BY VANHORN 75 IS
INTERMECI ATE IN MASS BETWEEN THE SIGVA( 1620) AND
SIGMA(1750) e WE TENTATI VCLY LIST IT UNDER SIGMA(1750) ~

of 1590 MeV in the I = 1 K N cross section. (40. )
65 ' 0 (20 ' 0)

KI M 71 DPWA
LANGBE I N 72 IPWA

K-MATRIX ANAL ~ 3/71
MULTICHANNEL 12/72

Formation Experiments

There is evidence from several partial-wave
analyses for one or two fairly narrow states within

Pl
P2
P3

32 Y+I (1620) PARTIAL DECAY MODES

Y+1( 1620) I NTO KBAR N

Y+1 ( 1620 ) INTO SIGMA P I
Y&1( 1620) INTO LAMBDA P I

DECAY MASSE S
497+ 939

1197+ 139
1115+ 134

—50 MeV of the effect seen in production; see the
entries for Z(1580, 3/2 }, Z(1620, 1/2 ), and Z(1660,

+
1/2 ) . Note however that the various analyses do

Rl
Rl
Rl A

Rl
Rl A

32 Y& 1( 1620) BRANCHING RAT ICS

Y&l (1620) INTO KBAR (P 1)
( 0 ~ 05) KIM 71 DPWA K-MATR IX ANAL ~

0 ' 05 OR LESS WONG 71 DPWA K-+P--LAM+Pj
0+22 (0 ' 02) LANGBE IN 72 I PWA MULTICHANNEL

K-MATRI X F IT (NEGL ECTS 3-BODY CHANNELS) REQUI RES NO RESONANCE

3/71
10/71
12/72
10/7 1not agree on the widths and branching ratios of

these states.
R2
R2
R2

Y+l(16201 FROM KEAR h TC SIGMA PI
(0 F 08) KIM
0~40 (0.06) LANGBE IN

SQRT (P 1+P 2)
71 DP WA K-MATR I X ANAL ~ 3/71
72 IPWA MULTICHANNEL 12/72

Production Experiments
R3
R3
R3

Y&1(1620) FROM KBAR hi TO LAMBCA P I SQRT( P 1&P3)
(0015) KIM 71 DPWA K-MATRIX ANAL ~ 3/71

NOT SEEN BAILLON 75 IPWA KBAR N TO LAM PI 11/75+

A good review of the production experiments
has been given by MILLER 70. Here the evidence is
only in the A7T channel. The BNL-CCNY collaboration,

KIM 71 PRL 27 356
ALSO 70 DUKE 161

WONG 71 NC 2A 353
LANGBE IN 72 NP 847 477
BAILLCh 75 NP 894 39

R EF ERENCCS FOR Y+1 (1620)

J K KIM
J K ~ KI M

N S WCNG
+WAGNER
P ~ BA I LLON t P ~ J ~ L ITCHFI ELD

(HARV) I JP
(HARV) I JP
(YALE) IJP
( &PIM) I JP

(CERN' RHEL ) I JP

with increased data, CRENNELL 69, still claim the
effect in the AYt channel (no evidence seen in KN or VANHORN

ALS
t 5 NP 887 145

0 75 NP 887 157

PAPERS NOT REFERRED TO IN DATA CARDS

A ~ J VAh HCRN
A J ~ VAN HORN

(L6L ) IJP
(LBL) I JP

KNIT). SABRE 70 studied the same reaction at 3.0
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ParticIe Data Group: Review of particle properties S223

Data Card Listings
For notation, see key at front of Listings.

Baryons
Z(1620), Z(1660), Z(1670)

1620 LKV REGION —PRODUCTION 'EXPERILEENTS
78 Y4'I( 1620' JP= } I=1 PRODUCT ION E X PE R I ME NT S

SEE TI. E MINI-REVUE AT THE START OF THE Y+ LI STINGS ~

THIS RESCNAhiCE NEEDS CCNFIRMATICN ~ T}.E RESUl TS QF
CRENNELL, 69 AT 3 ~ 9 GEV/C ARE NQT CONFIRMED BY THE SABRE

COLLABORATION AT 3 ~ 0 CEV/C (SABRE 70) ~ HOWEVER IN AN EXPERIMENT AT
4 5 GEV/C AMMANN 70 SEE A PEAK AT 1642 MEV WHICH ON THE BASIS OF
BRANCHING RATIOS THEY DO NQT ASSQCIATE WITH THE Y+ I ( 1670} SEE MILLER
70 FOR A REVIEW OF THESE CChFLICTS ~

W

W

W 2
W

W 1
W

W

W

(50 ' 0)
(50 ' }
(51 8)
40 ~

(80 ~ )
(81 )
230 ~

120 '

79 Y4'1 ( 1660) WIDTH {MEV)

(10 ~ )
(40 ' )
( 10 ~ )

(165 ' )
(20 ~ }

(60 ~ )

ARMENTERO
KI M

LEA
HART
BA ILLGN
PGNTE
VA NHORN
RL IC

70 HDBC -0 K-N TO SIGMA PI
71 DPWA K-MATR I X ANAL ~

73 DP}vA MULT1CHNL K-MTRX
73 DPWA E L+CXv ~ 7- ~ 8GE V/C
75 IPWA KBAR N TC LAM PI
75 OPWA 0 K- P TO LAM PI
75 CPWA 0 K- P TO LAM PIO
76 DPWA KBAR N MULTICHNI

79 Y+ I ( 1660) PARTI A L DECAY MODES

6/70
3/71
9/73
2 /74

1I /754
1/ 764'

I I/754'
I /764

M N

M N
M

M

M

M A
M

(1616' 0)
EVENTS OF

20 1618%0
1619%0
1642 ~ 0
~ ~ ~ ~

VG 1619%4
STUDENT 1619~ 1

78 Y+ 1{1620) MASS (MEV} (PROD ~ EXP )

(8 ~ 0
CRENNEL

3%0
8 ~ 0

12 ' 0

11/68l CRENNELL 68 CBC +- K-0 3 ~ 9 BEV/C
L 68 ARE IN THE LARGER SAMPLE CF CREhlNELL 69 ~

BLUMENFEL 69 HBC + KO LONG + PROTON
CRENNELL 69 CBC +- K-N TO LAM 3 PI
AMMANN 70 DBC K-N 4%5 GEV/C

~ % ~ ~

3%8
3 ' 0

9/69
9/69
9/73

AVERAGE ( ERRGR I NCI UDES SCALE FACTGR OF 1 4)
AVERAGE USING STUDENT10(H/1% 11} SEE TEXT

Pl
P2
P3

Y4' I ( 1660) INTO KBAR N

Y4'I ( 1660} INTO SIGMA PI
Y+ I ( 1660) I h)TO LAMBDA PI

DECAY MASSES
49 7+ 939

1197+ 139
1115+ 139

79 Y4'I( 1660) BRANCHING RATIOS

Rl Y4 j(1660) FRCM KBAR h
Rl {+0~ 2)
Rl (0 ~ 24)
Rl 2 (- 21)
Rj -% 16 ( ~ 03}

TQ SIGMA PI SQRT {P i4'P2)
ARMENTERO 70 HDBC -0 K-N TQ SIGMA PI
KIM 71 QPWA K-MATRIX ANAL ~

LEA 73 DPWA MULTIC} NL K-MTRX
RL IC 76 DPWA KBAR N MULTICHNL

6/70
3/71
9/73
I /764

78 Y+ I {1620) WIDTH (ME V) ( PROD ~ EX P )

W N

W 20
W

W

W

W AVG
STUDENT

(66 ~ Ol {16~ 0 }
30% 0 10 ~ 0
72 ~ 0 22 ~ 0
55 ~ 0 24 ~ 0

~ ~ ~ ~ % ~ ~ ~ ~

41 ~ 3 12 ~ 2
40 ~ 7 10 ~ 4

'SEE THE NOTES

78 Y+I ( 1620 ) PARTIAL DECAY MODES ( PROD ~ EXP ~ )

CRENNELL 68 DBC +- SEE NOTE N ABOVE 11/68
BLUMEhiFEL 69 HBC + 9/69

15~ 0 CRENNELL 69 DBC +- 9/69
AMMANN 70 DBC . K-N 4 ' 5 GEV/C 9/73

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 5}
AVERAGE USING STUDENT 10(H/1 11) —SEE TEXT

ACCOMPANYI NG THE MASSES QUOTED

R3
R3
R3
R3
R3 3
R3
R3

Y 4'j ( 1660) FROM K BAR N

(0.0)
(+ C7)(- 04) {~ 02)
(+ 16) t 01)

~ 12 ( 12)
LESS THAN 04

R2 Y&j {1660} INTO KBAR N

R2 (0 14)
R2 2 ( 10)
R2 ~ 11 { 02)
R2 L ESS THAN %04

KIM
LEA
HART
RL IC

TQ LAMBDA P I
KIM
LEA
BA ILLDN
PQNTE

( ~ 04 ) VA NHORN
RL IC

71
73
75
75
75
76

DPWA
DPWA
IPWA
DP'WA

DPWA
DPWA

71 DPWA
73 DPWA
73 DPWA
76 DP WA

{Pl)
K-MATRIX ANAL'
MULT ICHNL K-MTRX
EL+CXv ~ 7- ~ BGEV/C
KBAR N MULTI CHNL

SQRT( P j+P3)
K-MATRI X ANAL ~

MUI 7 ICFNL K-MTRX
KBAR N TO LAM P I

0 K- P TO LAM P I
0 K- P TQ LAM PIO

KBAR N MULTI CHNL

3/71
9/73
2/74
1/764

2/73
9/73

11/75+
1/764

I j/754
1 /764

Pl
P2
P3
P4
P5
P6

V+1{1620)
Yj(1620)
Y+I( 1620)
Y+j (1620}
Y+ I( 1620)
Y+1 (1620)

INTO KBAR N

INTO LAMBCA PI
INTO Y+ I( 1385) PI
INTO LAMBDA P I P I
INTO SIGMA P I
INTO Y+0(1405} PI

DECAY MASSES
497+ 939

lill5+ 139
1384+ 139
1115+ 139+ 139
1197+ 139
1405+ 139

REFERENCE S FOR Y&l (1660}

ARMEh(T ER 70 DUKE 123 ARMENTERQS v BAILLON, + {C ERN v HE IDEL ) I JP
KIM 71 PRL 27 356 J K KIM (HARV) IJP

AL SO 70 DUKE 161 J ~ K ~ KIM (HARV) I JP
HART 73 PURDUE CGNF ~ 311 +RICE BACASTGW FUNGv+ (TEhN+UCR+MASA+BUFF) IJP
LEA 73 NP 856 77 +MARTINvMOQRHOUSE+ (RHEL+LQUC+GLAS+AARHUS)IJP

Rl
Rl

78 Y+1(1620) BRANCHING RATIOS {PRQO ~ EXP ~ )

Y4r I ( 1620) INTO (LAMBCA P I P I )/(LAMBDA P I } (P4) /(P3)
14 (2 ~ 5) APPROX BLUMEhFEL 69 HBC +

BA ILLQN l5 NP 894 39
PQNTE 75 PRO 12 2597
VA NHO{}N 75 NP 887 145

ALS Q 75 NP 887 157

P ~ BAILLON P ~ J ~ LITCHFIELD (CERN RHEL) IJP
+HERTZBACH gBUTTON-SHAFER+ ( MASA+TENN+UCR) I JP
A ~ J ~ VAN HORN {LBL)IJP
A ~ J ~ VAN HORN (L BL ) IJP

R2 Y+j(1620} INTO (KBAR N}/(LAMBDA P I} tP1)/(P2}
R2 (0 0) (0.1) C RE NNEL L 68 0 BC +
R2 0 ' 4 0%4 AMMANN 70 OBC K-P 4%5 GEV/C 6/70

RLIC 76 RL-75 182 (PRPNT ) COPAL v KALMUSt MCPHERSCNI ROSS+ (RHEL+LOIC ) I JP

R3
R3

Y4' I( 1620} INTO LAMBDA PI
LARGE

{P2}
CRENNELL 68 DBC +- 11/68 Note on Z (1670)

R4
R4
R4

Y+1(1620) INTO (Y+ I( 1385) PI ) /(} AMBDA P I) (P3}/(P2}
{0%2) (0 ~ 1) . CRENNELL 68 DBC +-
(0 ' 3) OR LESS C( ~ 95 AMMANN 70 CBC K-P 4 ' 5 GEV/C

11/68
6/70 Production Experiments

R5
R5

Y4'I( 1620) INTO (SI GMA PI)/(LAMBDA P I )
(1 1) (95 PC UPPER LIMIT) AMMANN

(P5}/(P2}
70 CBC K "N 4 ~ 5 GEV/C 9/73

R6
R6

Y4'l(1620) INTO {Y4'0 (1405 } P I )/ t LAMBDA P I ) (P6)/(P2)
0 7 0 4 Ah'MAhN 70 CBC K-P 4%5 GEV/C

REFERENCES FOR Y4' j{1620} ( PRQO ~ EXP ~ 1

The measured ZH/ZWT[ branching ratio for pro-
6/70 duced Z (1670) ' s is st.rongly dependent, on momentum

transfer. This was first discovered by EBERHARD 69
CRENNELL 68 PRL 21 648 +DELANEY v Fl AFIhl Ov KARSHCNv + ( BNLv CUNY ) I
BLUMENF E 69 PL 298 58 BLUMENFELDy KALBFLEISCH (BNL ) I
CREh(NELL 69 LUND PAP ER 183 4KARSHOhrv LAI y GNEIL v SCARR v + (BNL t CUNY) I

RESULTS ARE QUOTED IN LEVI SETTI 69~

who suggested the existence of two Y*' s with the

same mass and quantum numbers; one object with a

ARMENTER
LEVI SETT
TRIPP
AR MENT ER
MILLER
SABRE
HUNGERBU

68 NP 88 183
69 LUND CCNF
69 UCRL 19361
70 DUKE 123
70 DUK E 229
70 NP 816' 201
74 PRO 10 2051

AMMANN 70 PRL 24 327
ALSO 73 PRD 7 1345

+ GARF INK EL t CARMQNY v GUTAY y+ (PURDUE v IND )
AMMANN v CAR MONY v GARF I NKE( e ( PURD+ IUPU }

PAPERS NCT REFERREC TQ IN CATA CARDS

ARMENTEROSvBAILLQN + (CERN+HE ID+SACL )
R LEV I SETT I (RAPPORTEUR ) EF INS
R 0 TR IPP (LRL }
ARMENTEROSyBAILLON + ( CERN+HE I D+ SACL )
D H MILLER (REVIEW TALK) (PURDUE)
SABRE COLLAB ~ (SACLpAMSTvBGNAvREHGyEPOL)
HUNGERBUHLERvMAJKAv+ (YALEyFNALvBNLePITT)

large Zvrvv [mainly A(1405) vv] decay mode produced

peripherally, and another one with a large ZT] decay

mode produced at larger angles. This observation
has been confirmed by AGUILAR-BENITEZ 70, APSELL 74,
ESTES 74, and BLOKZIJL 75. Nhen determined, the most

likely quantum numbers are 3/2 [for both Zvr and

Z(1660)
I

79 Y4'1(1660~ JP=l/2+) I=i, ] g
SEE T I. E hr IN I-REVUE AT THE START OF T)-E Y+ LISTINGS ~

THE PARTIAL-WAVE ANALYSIS OF K- N TQ SIGMA PI BY
ARhrEhiTORQS 70 SUGGEST SUCH A RESONANCE% NQW

FO()ND ALSO IN SOME v BUT NGT Ai L v MORE RECENT
ANALYSES%

A(1405) vr] . There is also the possibility of a third
Y* state, re ferred to as Z (1690) in the Data Card

Listings, with a large AT('//ZTI branching ra'tio and

79 Y4'j(1660} MASS (MEV)

HDBC .-0 K-N TQ SIGMA PI.
DPWA K-MATRIX ANAL ~

DP WA MULTICHNL K-MTRX
LEA73 ARE IN LISTINGS ~

DPWA EL+CXg ~ 7- ~ BGEV/C
IPWA KBAR N TQ LAM PI

IN SQLUT IDN 2 '

DPWA 0 K- P TO LAM PI-
N SOLUT ION 1

DPWA 0 K- P TO LAM P IO
DP WA KBAR N MULTI CHNL

1500~ -- 1600 ~ ARMENTERO 70
( 1670~ ) KIN 71

2 (1621 ' ) LEA 73
2 ONLY UNCOh STRAI NED STATES FRCM T ABLE 1 OF

1658 ~ (4 HART 73
1 (1660%] (30 ~ } BA ILLGN 75
1 FRCM SOLUTICN 1 OF BAILLCN 75, NOT PRESENT
3 (1671 ) (2 ~ ) PONT E 75
3 FROM SOLUTICN 2 OF PQNTE 75v, NOT PRESENT I

1668 ' (25 ' ) VA NHOR N 75
1676 ' (15 ' } RLIC 76

6/70
3/7 1
9/73
9/73
2/74

jj/75+
jj/75+

1 /76%j /76% .
jj/754j /764

somewhat larger mass. The large branching ratio is
the main justification for this hypothesis and needs

confirmation. These problems have been reviewed by

EBERHARD 73 and MILLER 70.
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Particle Data Group: Review ot particle properties

Baryons
z(ievo)

Data Card Listings
For notation, see k, ey at front of Listings.

Format ion Experiments

Two states are also observed near this mass in

formation. One of these, the Z (1670, 3/2 ), has the

same quantum numbers as those observed in production
and a large Z7T/ZT17t branching ratio. j:t may well

correspond to the produced Z(1670) seen at larger
+angles. The other, the Z (1660, 1/2 ) has di fferent

quantum numbers from those seen in production, and

its Z K/Z7TTt branching ratio is unknown. Thus its
relation to the produced Z (1670) remains obscure.
[See also the mini —review on Z (1620}t .

~ I)

Z
44 Y+j(1670' JP=3/2-) I=1 ~]Q
SEE Tl- E MINI-REVUE AT THE START OF Tl-E Y& LISTINGS ~

SEE NOTE ABCVE

WELL ESTABLISHED RESCNANCE ~ IT HAS BEEN SEEN IN BOTI"
FORMAT ION AND PRODUCT IQN EXPERIMENTS HOWEVER TI-E
BRANCI. ING RAT IOS OBTAINED BY THESE TWQ METHODS SHOW
LARGE INCONSISTENCIES'

SEE LISTING OF PROCUCTICN EXPERIMENTS BELOW

AS FOR THE QUAATUM NUMBERS g TI.E AhiALYSES OF LAMBDA P I CHANNEL ( I N

FQRMATI QN EXP ) AS WELL AS THE SIGMA P I CHANhIEL AGREE ON JP=3/2- ~

P3 Y+j( 1670} IATQ (SIGHA PI PI)/TCTAL (P5 )
R3 A (0 ~ 14) OR LESS APMENTE3 68 HBC K-P ANO D-Pl= ~ 09 ll/68
R3 A RATIO ONLY FQR (SIG2PI ) SYSTEM IN I = 1g WHICH CAANQT BE Y& 1{1385) ll/68
R4 Y+1 (1670) INTO ( Y+0( 1405) PI 3 /TOTAL fP7)
R4 (0 ~ 06) OR L ESS ARMEAITE3 68 +IBC K-P AND D-Pl= 09 ll/68
R5
R5 2
R5 2
R5
R5
R5
R5
R5
R5
R5
R5 C
R5 D

R5
R5

Y&j {1670) FROM
(+0 ~ 1 )

PUBL IS I ED SIGN
+0 ~ 09

~ 165
0 F 08
0 13
+. 10
+.018
+ ~ 06
( F 08)
( ~ 17)
+ ~ 09
++10

K BAR N TO LAMBDA

CHANGED TQ AGREE
(0 ~ 02)

Qj)

(0 033(.021.060
( ~ 02)
(~oj}
( 01){.02)
( ~ 02)

PI
ARMENTER

WITH LUND
GALTIERI
BUDGEN
KIM
LANGBEIN
BAXTER
DE VENI SH
BA ILLGN
PONTE
PONTE
VANHGRhl
RLIC

SQRT( Pl&P2}
70HBC K-P TO LAMB P I

1969 CCAVENTIQN (SEE TEXT)
70 HBC 0 LAM ~ PI g EDPWA
71 DPWA LAM PIG
71 DPWA K-HATRIX ANAL ~

72 I PWA HULTI CHANNEL
73 CPWA 0 K- P TG NEUTRALS
74 '

0 FIXED T DISP REL
75 IPWA KBAR N TQ LAM PI
75 OPWA 0 K- P TO LAM PI
75 DPWA 0 K- P TO LAM PI
75 DPWA 0 K- P TO LAM P IO
76 DPWA KBAR N MULTI CHNL

5/70
10/74+

7 /70
10/7 1
3/71

12/72
10/74+
4/75+

11/754
I/76+
1/764

jj/75+
j/76~

R6
R6
R6
R6
R6
R6
R6
R6
R6

Y+j(1670) FRCM
(+0 ' 21)
+0 ~ 19
+0 ' 20
+0 ~ 18
+0, },8

Oa 15
0,23
+ 21

KBAR
(0 F 01)

{0F 01)

(0.06)

(0 ' 05)
( 02)

TC SIGMA PI
ARMENTE2
ARMENTE4
ARHENT-5
BERLEY
GALT I ER I
KI M

LANGBEIN
RL IC

SQRT {P j&P33
68 HBC 0 OLD DATA
69 DBC
69 HBC 0 NE W DATA
69 HBC
70 HBC 0 S IG PI & EDPWA
71 DP WA K-MAT R I X ANAL ~

72 IPWA MULTICHANNEL
76 DPWA KB AR N MULT I C I-NL

ll/68
9/69
9/69
5/70
7/70
3/71

12/72
I/764

R9
R9

Y+ j(1670) INTO ( Y&0( 1405) PI ) /(Y+ 1 {1385) PI 3 (P7) /(P6)
0 ~ 23 (0 ~ 08 ) BRUCKER 70 DBC — K-N TO SIG 2PI 10/71

REFERENCES FQR Y+ I ( 1670)

BERLEY 64 DUBNA CONF I 565 +CONNOLLY~HART&RAHM&STQNEHILL&- + {BNL)I JP

R7 Y+I (1670) FROM K BAR N TG Y+I {1385 l P I S-'WAVE SQRT( P 1+P6)
R7 S {0~ 17) (0 02) SI MS 68 GBC - LAM 2P I CROS o SEC 10/71
R7 S SIMS 68 USES ONLY CROSS-SECT DATA~ RESULT USED AS UPPER LIMIT ONLY 3/72
R7 +.11 ~ 03 PREVOST 74 DPWA 0- K-N TO S{1385)PI 10/74+

RB Y+j(1670) INTO (Y+0( 1405)PI)&(KBAR hi)/TOTAL+&2 (P7hPj)
RB (0 ~ 03) OR LESS BERLEY 69 HBC 0 K-P e 6- ~ 82 BEV/C 5/70
RB 8 0 007 ( 0 002) BRUCKER 70 CBC - K-N TG SIG 2P I 10/71
RB B ASSUMING Y+0(1405) P I CROSS SECTION BUMP OUE SQLEY TQ 3/2- RESON 10/71

44 Y&j(1670} MASS (MEV)

H 1660m 0
M 1668 ~

M (1661~ J)
M 1680.
M 1663~ 0

1672 0
M 1660.
M 1681 ' 0
M 1662o 0
M 1665,
M 1676'
M 1670.
M 1675 0 (
M 1685 ' (
H C ( 167 le)
M C FRGM SOLUT IQN
M D (1655~ )
M D FROM SOlUTION
H 1659~ {
H 1670.

(5 3

(2 ~ 0)

(2 03

(3 0)
{5' 0)
10 3

(2-}
15-0
20 ~ )
{3
1 OF
(2 )
2 OF
12 I

{5 )

PQNTE le
PQNTE 75 '

(5 ~ 3

BERLEY
AR HEN TER
ARHENTEZ
ARMENTE4
AR MENT-5
BERLEY
AR MENTE R

BRUCKER
GA LT IER I
GALTIER I
BUOGEN
KIM
LANGBE IN
BA ILLQN
PCNTE

PGNTE

VA NHOR N

RLIC

44 Y+ I( 1670) WIDTH {HEV)

64 HBC 0
68 HBC 0
68 HBC 0
69 DBC
69 HBC 0
69 HBC
70 HBC 0
70 DBC
70 HBC 0
70 HBC 0
71 DP'WA

71 OPWA

72 I P WA

75 IPWA
75 DPWA 0

K-P TQ LAM P IO
K-P ELAS +CH ~ EX
K-P TO SIGMA PI
K-N TQ SI G- P IO
K-P TQ SIGMPI ED
K-P TQ SI G P I
K-P TQ LAM ~ PI EI
K-N TQ SIG ZP I
SIG P I y EDPWA
LAP PI g EDPWA
LAM P I OgCHS DATA
K-MAT R IX ANAL ~

MULT IC HA NNE L
K BAR N TO LAM PI
K- P TQ LAH PI

75 DPWA 0 K- P TG LAM PI

75 DPWA 0 K- P TQ LAH PIO
76 DP WA K 8 AR N HULT IC HNL

7/66
11/68
11/68
12/68
9/69
5/70
5/70

10/71
7/70
7/70

10/71
3/71

12/72
11/75+

I/76%
j/764
j/764
j/76+

jj/75~
j/764

ARMENTER 68 NP 88 195
ARMENT El 68 NP BB 183
ARMENTE2 68 NP 88 223
ARMENTE3 68 PL 288 521
SIMS 68 PRL 21 1413

AR MENT E4 69 NP 810 459
ARMENT-5 69 NP 814 91
BERL EY 69 PL 308 430

ARHENTER
BRUCKER
GAI TI ERI
BUDGEN
KIM

ALSO

70 DUKE 123
70 DUK E 155
70 DUKE 173
71 LNC 2 85
71 PRL 27 356
70 DUKE 161

BAILLGN 75 NP 894 39
PONTE 75 PRD 12 2597
VA NHQR N 75 NP 887 145

ALSO 75 NP 887 157

LA NGBE I N 72 NP 847 477
BA XTER 73 NP 867 125
HART 73 PURDUE CONF' 311
DEVE NI SH 74 NP 881 330
PREVOST 74 NP 869 246

A RHENTE RQ S y 8 A I I LChl + (C ERN+HE ID+ SAC LAY ) I J P
ARHENT EROS y BAILLON ~ f CERN+HEID+SACLAY) I JP
ARHENTERGS+BA I( LCN + (CERN+I-EIO+SACLAY )I JP
ARMENTEROS BAILLON + (CERN+HE ID+SACLAY) I
S IMSr ALBRI GHTt BARTLEY t MEER+ (FSUe

TUFTED

BRAN)

ARHENTEROS tBAILLON yHINTEN + (CERN+SACLAY 3 J
AR}IENTERQS y BAILLGNg + ( CERN' HE IDELg SACI AY} IJP
BERLEYtHARTiR*HP' r WILLIS@ YAMAHOTQ (BNL)

4RNENT EROS. BA ILLQh;, + (CERN, I-EIO)
+HARRISON' SIHSgALBRIGHTgCHANDLER++ (FSU}I
A ~ BARBARO CALT SERI (LRL) I JP
0 BUDGEN ( DURH) IJP
J K K IM ( HARV'& IJ P
J ~ K~ KIM (HARV }I JP

+WAGNER (HPIH)I JP
BAXTER BUCKINGHAM CQIIBETT GUNN + (OXFORD) IJP
4R ICE ~ BACA STOW FUNG + (TENN+UCR+MASA+BUFF ) I JP
OEVENIS He FROGGATT e MART IN (DESY e NORDITA~ LOUC)
P R E VQ ST e BAR LOUT AUD ~+ (SACL+CERN+ I- E I 0 )

P ~ BAILLQN P ~ J ~ L ITCI'FIELD {CERN RHEL ) I JP
+HERTZBACH yBUTTCN-SHAFER+ (MASA+TEhIN+UCR }I JP
A ~ J ~ VAN HORN (LBL ) I JP
A Je VAN HORN (LBL ) IJP

'W

W

W

W

W

W

W

W

W

W

W

W

W

W C
W D

W

W

60 ~ 0
56m

(44 0)
47+ 0
49 ~ 0
34 ~ 0
50 ~

30 ~ 0
48 ~ 0
50 ~

59 '
40m
65 ' 0
70m
85.

{44+ 3

(76 ' )
32 ~

50

( 18 ~ )
(4 ~ 0}
{4 0)

(10 0)
(5.0}

(10-)
(4 5)

(20 0)
(20 ' )
(25. )
(11.)

(5 ' )
{11.1
(5 3

BiERLEY
AR MENTER
ARMENTE2
ARHENTE4
AP MENT-5
BERLEY
ARMENTER
BRUCKER
GALT IER I
GA LTI ER I
BUOGEN
KIM
LANGBE IN
BAXTER
BAILLCN
PONTE
PQNTE
VANHORN
RL IC

64 HBC 0
68 HBC 0
68 HBC 0
69 LBC
69 HBC 0
69 HBC
70 HBC 0
70 DBC
70 HBC 0
70 HBC 0
71 DPWA
71 DPWA
72 !PWA

73 DPWA 0
75 IPWA
75 DPWA 0
75 DPWA 0
75 DPWA 0
76 DPWA

K-P ELAS~+CHa EX
K- P TO SI GHA PI
K-N TQ S IG- P IO

TO SIGMPI ED

K-P TO LAMB P I
K-N TO SIG 2PI
SIG PI gEOPWA
LAH Ply EDPWA
LAM PIO
K-MATRIX ANAL e

MULTI C HANNE L
K- P TO NEUTRALS
KBAR N TO LAM PI
K- P TQ LAM P I
K- P TO LAH P I
K- P TQ LAM P IG
KBA R N HULT I C HNL

7/66
11/68
11/68
12/68
9/69
5/70
5/70

10/71
7/70
7/70

10/71
3/71

12/72
jo/744
jj/754
j/764
j/764

jj/75+
1 /764

RLIC 76 RL-75-182 (PRPNT ) GQPALq KALMUSy MCPHERSCNy ROSS+ (RHEL+LGIC ) I JP

PAPERS NQT REFERRED TO IN CATA CARDS

BAST IEN1 63 PRL lc 188 P L BASTIEhly J P BERC E (LRL } IJ
REPLACED BY BASTIEN 2t BUT SIMILAR AND MORE REAOII Y A VAILABLEo

BASTIEN2 63 UCRL-10779 Tl ES IS P L BASTIEN (LRL ) I J
T-Z AGE I 63 PRL 11 470 TAHER-ZADEH+ PRO WSE pSCHLEI N g SLATERg+ {UCLA ) JP

SEE NOTE FGLLGWI hiG SCHLEI A 66 ~

SC HL E IN 66 UCL A-10 16 P Ee SCHLEINt T ~ G ~ TRIPPE (UCLA) JP
REANALYSES DATA OF TAI ER-ZADEI 63 e BASTIEN 63 ANO ALL PUBL I SHED
LAMBDA PI CROSS SECTI CN OATA Ih! THE L I GHT OF THE NOW KNOWN
Y+1(1765) ~ REVERSES TI-E MODEL-DEPENDENT CCNCLUSI Gh OF TAHER-
ZADEH QN THE PREFERREC JP ASS ICNMENT (FROM 3 2+ TQ (2-) )

SMART 66 PRL 17 556 M SMART yA KERAANgG E KALMUSr R P ELY f LRL ) IJP
ARHENTER 67 NP 83 592 ARMENTEROSeFERRQ-LUZZI+ (CERNgHEI DySACLAY)
PREVOST 71 AMSTERDAM. CONF + CHS CQLI ABQRATIGN (CERN+HE ID+SACL )

Pl
P2
P3
P4
P5
Pe
P7

Y+ j( 1670)
Y+j(1670)
Y~j(1670)
Y+j(1670l
Y&1( 1670}
Y'hj(1670}
Y& j( 1670)

INTO KBAR
I NTG LAMBDA P I
INTO SIGMA PI
INTO LAHBCA PI PI
INTO S IGMA P I P I
INTO 7+1(1385) PI S-WAVE
I hITQ Y+0 {1405 ) PI

44 Y+j ( 1670) PART IAL DECAY MODES

DECAY MASSES
49 7+ 939

1115+ 139
ll'97+ 139
1115+ 139+ 139
1197+ 139+ 139

139+1384
1405+ 139

51 Y41(1670 JP= ) I=1 PRQCUCT ICN EXPERI MEhTS

5 EE NOTE PRECiEO ING Y&1 ( 1670)
PROBABLY TI'ERE ARE TWQ STATES AT SAME MASS WITH SAME
QUANTUM AUHBERS CNE CECAYING INTO S IGMA PI AAD LAMBCA
PI THE OTHER INTO Y+0( 1405} PI BRANCHING RATI CS NQT
DISENTANCLEC YETI WE LIST THEM TOGEThER FOR NOMe

51 Y+I( 1670) MASS (MEV) {PROD~ EXP ~ )

Rl
Rl
Rl
Rl
Rl
Rl
Rl

Y&1{1670} INTO (KBAR N)/TCTAL
{0~ 09} (0 02)

0 ' CB (0 ' 023
Oo07
0+10 (0 03)
NOT SEEN

e24 (.03)

AR MENTER
ARMENT-5
KIM
LANGBE IN
HART
RLIC

68
69
71
72
73
76

44 Y+ I{167C) BRANCHING RAT IGS

HBC
HBC
OPWA
IPWA
DPWA
DPWA

(Pl}
0 EL AS, +CH ~ E X ED

K-MATR IX ANAL
MULTI CI-'ANNEL
EL+CXg 7- ~ 8GE V/C
KE AR N HULT ICI'.NL

9/69
9/69
3/7 1

12/72
2/74
j/764

M

M

M

M P
M P
M

H

M 8

{1685' 0)
1660 ' 0

(1665 ' 0)
70(1661e)

SEE BARNES
1670' 0
1668 0
1665 ~

10 ' 0
(5 ' 0)
(9 ' )
69 FOR

6 ' 0
10 0

1 ~ 0

ALEXANDER 62 HBC -0
AL VAR EZ 63 HBC +
BUGG 68 CNTR
PRIMER 68 HBC +

NEW ANALYS IS OF DATA (3 TIMES
AGUI LAR 70 HBC
AGUI LAR 70 HBC
APSELL 74 HBC

P I —P 2-2 ~ 2 BEV/C
K-P 1 51 BEV/C
K-P g D TOTAL C S
K-P 4 ~ 6-5 GEV,, /C 7/68
HQRE DATA) 10/69
S IG ~ P I K-P 4 CEV 5/70
SI G 2PI K-P 4 CEV 5/70
K- P 2 ~87 GE V/C 4/75&

R2
R2

Y&j(i670} INTO (LAMBCA P I PI }/TOTAL
(0. 11) OR LESS ARMEh!TE3 68 HBC

(P4)
K-P {Pl= 09) 9/69
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Particle Data Group: Review of particle properties S225

Data Card Listings
For notation, see key at front of Listings.

Baryons
Z(1670), Z(1690)

M

M

M

H

H

M

M

1200 1688+/-2 ~ OR 1683+/-5 ~ BERTHQN 74 HBC 0 QUASI 2 BODY CS
3 . 1665~ 3 ~ BLQKZ I JL 75 HBC K- P AT 4 ~ 2 GEV
3 PARAHETERS DETERHINED FRCN (SIGMAO PI+) PRODUCT IQN ~

4 1657~ ~ ~ BLQKZI JL 75 'HBC K P AT 4 ~ 2 GEV
4 PARAMETERS DETERMINED FRCM (Y¹0(1405) PI+) PRODUCTION ~

~ ~ ~ ~ ~ ~ ~ ~ ~

AVERACE MEANINGLESS (SCALE FACTOR = 1 6)

4/75¹
1/76¹
1/76¹
1/76¹
1/76¹

51 Y¹1{16701QUANTUM NUMBER DETERMIhATIQN (PROD ~ EXP»)

Ql JR=3/2+ LEVEQ4E 65 HBC IhTO Y¹{14051+PIll/68
Q3 JR=3/2- EBERHARD 67 HBC + INTO Y¹(1405) PI ll/68
Q4 400 JP -3/2- BUTTGN-SH 68 HBC +- INTO S IGZERQ+PI 11/68

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

R EF ERENCES FQR Y¹1f 1670) ( PROD ~ EXP )

'W

W

W

'W P
W

'W

8
W 3
W 4

W

W AV

51 Y¹1(16701MASS t HEV) (PROD ~ EXP ~ )

HBC -0
HBC +
CNTR
HBC + K-P 4» 6-5 ~ GE V/C
HBC S IG ~ Pi K-P 4 CEV
HBC SI G ~ 2PI K-P 4GEV
HBC K- P 2 ~ 87 GEV/C
HBC K- P AT 4 2 GEV
HBC K- P AT 4 ~ 2 GEV

5ES QUOTED ~

(45 01 ALEXANDER 62
40 ' 0 10' 0 ALVAREZ 63

(30»0) (15%0) BUGG 68
70 (60 ) f20 ) PRIMER 68

110»0 12 ~ 0 AGUILAR 70
135' 0 40 ' 0 30 ' 0 AGUILAR 70
67 ~ 2 ' 4 APSELL 74
64% 9 ~ BLQKZIJL 75
53 ' 5 ~ BLOKZI JL 75

SEE THE NOTES ACCOMPANYING THE MAS
~ » ~ ~ ~ ~ ~ ~

ERACE MEANINGLESS (SCALE FACTOR = 2 ~ 6)

11/66
7/68
5/70
5/70
4/75¹
1/76¹
1/76¹

8 IRN INGH 66 PR }.52 1148
LONDON 66 P R 143 1034
BUGG 68 P R 168 1466
BUTTCN-S 68 PRL 21 1123
PR I MER 68 PRL 20 610

BARNES 69 BNL 13823
EBERHARD 69 PRL 22 200
AGUILAR 70 PRL 25 58

B IRMINGHAMt GLASGOW' I ~ C, Y OXFORDgRUThERFCRD
+RAU SAHIQS YAHAMOTQ GOLDBERG + {BNL SYRA I IJ
+GILHQRE KNIGHT DA VIES+ ( BI RI' CAVE RHEL ) I
J BUTTON S HAF ER {NASA+LRL} JP
tGCLCBERG~JAEGER~BARNESqDQRNAN + {SYRAqBNL )

+Cl-UNGAG E IS NE R w F LAMINI 0+ t BhlL p SYRA }
+FRIEDMANN PRIPSTEINg ROSS tLRL I
+BARNES p BASSANC g CHUNG y EI SNER g+( BNLp SYRA)

ALEXANDE 62 CERN CONF 320 ALEXANDER' JACQBSgKALBFLEI SCHgNILLERg+ (L&L I I
ALVARE Z 63 PRL 10 184 +ALSTQN~FERRQ-LUZZI~HUWEr + (LRL ) I
SMITH 63 ATHEN S CONF 67 G A SMITH (LRL )
HUWE 64 PR 180 1824( 19691 D 0 HUWE (LRL )
EBERHARD 65 PRL 14 466 +Sl'. IVELY g ROSS y S I EGAL q F ICENECe + t LR L y ILL ) I

Pl
P2
P3
P4
P5
P6
P7

Y¹l( 1670)
Y¹1(1670)
Y¹l(1670)
Y¹1(1670)
Y¹1( 1670)
Y¹1(1670)
Y¹1{1670)

INTO KBAR N

IhTO LAHBDA PI
INTO S IGMA P I
INTO LAMBCA P I P I
INTO SIGMA PI PI
INTO Y¹1(1385) PI
INTO Y¹0(1405} PI

DECAY MASSES
497+ 939

1115+ 139
1197+ 139
1115+ 139+ 139
1197+ 139+ 139
1384+ 139
1405+ 139

51 Y¹1(167C) BRAhCHING RATIOS (PROC ~ EXP ~ )

51 -Y¹1(1670) PARTIAL DECAY NODES (PROD ~ EXP )

' BLCKZI JL 75 ANL-HEP CP 75-58
ALSO 75 PALERNQ CONF ~

+DEGROOTgHOOGLAND+
+ D EGROQT g HQOGL AND+

( AN ST+CERN+ NI JM+QXF )
( AMST+CERN+N I J M+OXF )

LEVEQUE
LEE
EBERHARD
HILLER
EBERHARD
HUNGERBU

65 PL 18 69
66 PRL 17 45
67 PR 163 1446
70 DUKE 229
73 PURDUE CONF 247
74 PRO } 0 2051

PAPERS NQT REFERRED TQ IN CATA CARDS

+ ( SACLAY IEPQL tGLASGCW 1LQICs CXF» RHEL ) JP
Y Y LEEg D D REEDERg R W HARTUNG (WISC) JP
+PRIPSTEINeSHIVELYqKRUSEgSWANSCN ((RLy ILL }IJP
D H MILLER (REVIEW TALK I (PURDUEI
EBERl.ARD (LBL ) I JP
HL'NG ERBUHLER r MA JKA ~+ (Y AL E ~ FN AL» BNL e P ITT I

APSELL 74 PRD 10 1419 AP SELL ~ FGRD ~GCUREVITCH+( BRAN ~ UMC ~SYRA~ TUFT ) I
BERTHQN 74 NC 21A 146 BERTHQNg TRI STRAN e+ ( CDEF+RHE L+SACL+STRB } 4
ESTES 74 LBL-3827 (THESIS) R ~ D ESTES (LBL )

Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl

Y¹1(1670) INTO ( KBAR
0 (0» 19) OR LESS

t 0 ~ 5 )+- ~ 25 OR
(0%6) OR LESS
{0' 025)

0 {0»24) OR LESS
(0%26) OR LESS
t 0 ~ 2) OR LESS
(0 ~ 10) OR L ESS

( ~ 03) OR LESS

N) /(S IGMA PI )
ALVAREZ

MORE SHITH
LONDON
BUGG
PRIMER
BARNES
AGUILAR
BERTHON
8(.OKZI JL

63 HBC
63 HBC
66 HBC
68 CNTR
68 HBC
69 HBC
70 HBC
74 HBC
75 HBC

(Pl)/(P3)
+ K-P 1 ~ 15 BEV/C
-0
+ K-P 2 ' 25 BEV/C
0 ASSUMING J=3/2

+ K-P 4% 6-5 ~ GE V/C
+ K-P 3 9-5 CEV/C

0 QUASI 2 BODY CS
K- P AT 4 ' 2 GEV

(P2)/(P3)
+ K-P 1 15 BEV/C-0
+ K-P 2 ' 25 BEV/C
t K-P AT 1 ~ 7 GEV/C
+ K-P 3»9-5 GEV/C}- SEE BARNES 69 FOR

+ K-P 3% 9-5 GEV/C
0 QUAS I 2 BODY CS
0 K-P g 2» 1+2 ~ 6GEV/C

K- P AT 4 ~ 2 GEV
CF EBERhARD 69 ~

R2 Y¹1(1670) INTO (LAMB ~ PI )/(SIG PI )
R2 130 {l~ 20) Al VARE Z 63 HBC
R2 {1~ 2) SMITH 63 HBC
R2 0%15 0 ~ 07 HUWE 64 HBC
R2 0 ' 6 QR LESS LONDON 66 HBC
R2 33 0 ~ 11 0 ~ 06 8 UTTGN- S 68 HBC
R2 P 0 {0%) PRIMER 68 HBC
R2 P PRIHER 68 ASSUMED THIS CECAY TO BE ALL Y¹(1690
R2 P NEW INTERPRATAT ION OF CATA ( 3 TIMES MORE DATA)
R2 0%45 0 ' 15 BARNES 69 HBC
R2 {~ 55) {all) BERTHCN 74 HBC
R2 1 ~ 76 09 ESTES 74 HBC
R2 1 ( »46)+/- ~ 07) OR LESS BLOKZI JL 75 HBC
R2 1 THIS EXPT ~ TENDS TO CQNFIRH THE INTERPRETATION
R2 ~ a ~ ~ ~ » ~ ~ ~

R2 AVERAGE HEANINGLESS (SCALE FACTOR = 3 ~ 7)

7/66
1 1/66
7/68

10/69
5/70
4/75¹
1/76¹

7/66
10/69
10/69

10/69
4/75¹

11/75¹
1 /76¹

11/75¹

H

M

H

H

H

M

H

H

M

Z(1690)
BUMPS

58 Y¹1(1690,JP= PRQDUCTICN EXPERIMENTS

SEE Tl E P I NI-REVUE AT Tl E START OF T I E Y¹ LISTINGS

SEE NOTE PRECEDING Y¹1(1670)'Ll STINGS SEEN Ih PRC
EXPERIMENTS GNLYv HAIN DECAY MODE IS LAMBDA PI ~

58 Y¹1(16901MASS (MEVI (PRCD» EXP ~ )

30( 1715~ 0) ( 12 ~ 0) CQLLEY 67 HBC + K-P 6 CEV/C 8/67
P 60(1694%01 {24»0) PRIMER 68 HBC + K-P 4 6-5 GEV/C 7/68

N (1700~ 0) (6 ~ 0 ) SI MS 68 HBC — K-N TQ LAM Pi PI ll/68
46(1682~ 0) f 2 ~ 0) BLUMENFEL 69 HBC + KO l GNG + PRQTCN 9/69

(1700 ~ 0) ( 20 ~ 0) MOTT 69 HBC + K-P 5 ~ 5 GEV/C 9/69
P SEE Y¹1(1670} LI STING-AGUILAR 70 W I TH THR EE V II ES THE DATA QF
P PRIMER 68 SHOW THAT THEY HAVE NO E VIDENCE FQR Y¹t 1690}

N THIS ANALYSIS Wl-'ICH IS DIFF ICULT AND REQUIRES SEVERAL ASSUHPTI QNS
AND SHOWS NO UNANBIGUQUS Y¹1(1690) SI GNAl g SUGGESTS JP=5/2+ ~ SUCH A

Y¹WOULD L EAD ALI PREVIOUSLY KNOWN Y¹

TRAJECTORIES�»

R3
Rj
R3
R3

Y¹l{1670) INTO (LANB ~ P I P I }/ (S IG PI )
90 (0 ' 56) ALVAREZ

(0 17) SMI TH

(0~ 61 OR LESS LONDON

(P4) /(P3)
63 HBC + K-P 1 15 BEV/C
63 HBC -0
66 HBC + K-P AT 2 ~ 25 BE V/C 7/ee 58 Y¹1(1690 ) WIDTH ( NEV } ( PROD ~ EXP ~ )

R4
R4
R4

(P7)/tP3)
+ K-P 2 ~ 25 BEY/C
+ K-P 4 ~ 6-5 GEV/C

K- P AT 4.2 GCV

R5 Y¹1(1670) INTO (Y¹0(1405) PI)/(S IG PI )
R5 50 3 ~ 1 ~ 6 LONDCN

' 66 HBC
R5 P 17 (0 58) (0 ~ 20) PRIMER 68 HBC
R5 ~ 88 ~ 13 BLOKZI JL 75 HBC
R5 ~ ~ ~ ~ ~ ~ ~ a ~

R5 AVG 0 ~ 89 0 ~ 13 AVERAGE (ERROR INCLUDES SCALE FACTOR QF 1 ~ 01
R5 STUDENT 0 89 0 14 AVERAGE USING STUDENT10(H/1 11) -- SEE TEXT

7/66
7 /68
1 /76¹

R6
R6
R6
R6 A

R6
A

Y¹l(1670) INTO (SIGNA PI I/(SIGNA PI PI)
~ 4 OR LESS 8 IRNINGHA 66 HBC

0 ' 30 0 ' 15 LONOCN 66 HBC
BETWEEN 2»5 AND 0 a24 E BE R HAR D 69 HBC

( 1 39) ( ~ 16) 8 ERT HQN 74 HBC
DEPENDING ON ThE PRODUCTION ANGLE

(P3) /(P5)
+ K-P AT 3% 5 GEV/C
+ K- P 2 ~ 25 G'EV/ C

K-P AT 2 ~ 6 GE V/C
0 QUASI 2 BODY CS

11/67
7/66
9/69
4/75¹

Y¹1(16701 INTO {SIGMA PI' PI)/(SIG PI) (P5)/(P31
180 (0 ' 56) ALVAREZ 63 HBC + K-P 1 15 BEV/C

I ARGFST AT SHALL ANGLES ESTES 74 HBC 0 K-Py 2 1+2 ' 6GEV/C ll/75¹

Pl
P2
P3
P4
P5

58 Y¹1{1690) PART IAl DECAY NODES (PROD ~ EXP ~ )

Y¹1{1690)INTO KBAR NY¹1( 16901 INTO LAMBDA P I
Y¹1(16901 INTO SIGMA P I
Y¹1t 1690) INTO Y¹1(1385 ) PI
Y¹1(1690}INTO LAMBDA PI PI f INCLUDING P4)

DECAY MASSES
497+ 939

1115+ 139
1197+ '139
1384+ 139
1115+ 139+ 139

30 (100 ~ 01 (35 %0) CQLLEY 67 HBC + 8/67
60 (105' 0) (35%0) PRIME R 68 HBC + 7/68

(62 ~ 0) ( 14 0) SIMS 68 HBC — SEE ROTE N ABCVE ll/68
46 {25~ 0) (10 ~ 0) BLUMENF EL 69 HBC + 9 /69

(130.0) (25 ' 0) MOTT 69 H BC + 9/69
SEE ThE NOTES ACCOMPANYING 'THE MASSES QUCTED

ESTES 74 HBC 0 K-P y2 ~ 1+2 ~ 6GEV/C

7/66
4/75¹
4/75¹
4/75¹
4/75¹
4/75¹

11/75¹

RB
RB

R9
R9

R10
R10

Rll
Rll

Y¹1(1670) INTO (Y¹0(1405) PI)/(Y¹1(1385) PI )
{0 8) OR LESS EBERHARD 65 HBC

Y¹1(1670) INTO (LAMBCA Pi PI)/(SIGHA PI PI)
0 ~ 35 0 ~ 2 BI RMINGHA 66 HBC

Y¹ltle70) INTQ (LANecA pi)/(sicNA pi pi)
2) OR LESS 8 IR)'I hGHA 66 HBC

Y¹1{1670) INTO (LAMBDA P I I/(LANBQA PI t S IG PI )
(0 6) OR LESS AGUILAR 70 HBC

(P7) /(P6}
+ K-P 2 ~ 45 BEV/C 7/66

(P4) /t P5)
+ K-P AT 3 ~ 5 GEV/C 11/67

(P2) /(P 5)
+ K-P AT 3 5 GEV/C 11/67

(P2)/(P2+P3)
5/70

R7 Y¹l(1670) INTO t Y¹0(1405) P I) /(SIGNA P I PI ) (P7)/(P5}
R7 0 ~ 90 0 ~ 10 0 ~ 16 EBERHARD 65 HBC + K-P 2 ~ 45 BEV/C
R7 8 1 ~ 00 ~ 02 APSEL{ 74 HBC K- P 2 87 GEV/C
R7 B APSELL 74 FINDS STRCNG BRANCHING RATIC DEPENDENCE ON PRODUCTION
R7 B ANGLEq AS IN OTI. ER PRODUCTION EXPERIMENTS ~ BR RECORDED HERE {AND
R7 8 ALSO MASS AND WIDTH ABOVE} ARE FRQN EVENTS WITH COS(PRD ANG I

R7 B BETWEEN 1 0 AND 0 ~ 7 ~

R7 LARGEST AT SHALL ANGLES
R7 ~ a ~ ~ ~ ~ ~ ~ »

R7 AVG 0»998 0%020 AVERAGE (ERROR INCLUDES SCALE FACTOR QF 1 ~ 0)
R7 STUDENT 0 ~ 998 Oa021 AVERAGE USING STUDENT10(H/ 1 11) -~ SEE TEXT

58 Y¹1 t 1690 ) BRANCHING RATIOS {PRQDa EXP ~ )

( Pl) /( P2)
+ 6./30 E VENT S
+

R2 Y¹1(1690) INTO {SICMA PI)/{LAMBDA PI)
R2 0 ' 3 0 ~ 3 C OLLE Y

R2 (0 ' 4) QR LESS Cl = 90 MOTT
67 HBC
69 HBC

(P3) /(P2)
+ 4/30 EV ENT S

R3
R3

Y¹1(1690) INTO (Y¹1{1385) PI) /{LANBCA PI I
(Oa 5) OR LESS MOTT 69 HBC

(P4)/(P21

R4
R4
R4
R4
R4
R4

Y¹I( 1690) INTO f LAMB
0 ~ 5 0%25
2%0 0 6

AVG 0 ~ 72 0 53
ST UD ENT 0 67 0 ~ 28

(P5) / (P21
+ 15/30 EVENTS
+ 31/15 EVENTS

CA P I PI ) /( LAHBDA R I )
CQLLEY 67 HBC
BLUNENF EL 69 H BC

AVERAGE ( ERROR INCL UDES
AVERAGE USING STUDEhlT10

SCALE FACTOR CF 2 %3)
(H/1 11) -- SEE TEXT

R5
R5
R5

Y¹l(1690) INTO (Y¹1{1385) P I I /(LAMBDA P I PI )
S HALl C QLL EY 67 HBC
LARGE SIMS 68 HBC

(P4) /(P5}
K-N TD L2PI

Rl Y¹1{1690} INTO ( KBAR NI /( LAIABDA PI I
Rl 18 0%4 0 ' 25 COLLEY 67 HBC
Rl (0 2) OR LESS MOTT 69 HBC

8/67
9/69

8/67
9/69

9 /69

8/67
9/69

8/67
11/68

R12
R12

Y¹1(1670) INTO (Y¹1(1385) PI ) /(SIGMA P I }
t %25)+/- ~ 051 OR LESS BLCKZI JL 75 HBC

(P6)/(P3}
K- P AT 4 2 GEV

1/76¹
1/76¹
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$226 Particle Data Group: Review of particle properties

Baryons
Z(1690), Z(1750), Z(1765)

Data Card Listings
For notation, see key at front of Listings.

COLLEY 67 PL 248 489
DERRICK 67 PRL 18 266

RE PLACED BY MOTT 69 ~

PRIMER 68 PRL 20 610
SI MS 68 PRL 21 1413

BLUME NF E 69 PL 298 5 8
MOTT 69 PR 177 1966

REF ERENCES FOR Y¹1(1690) ( PROD EXP ~ )

( B IRM e GLAS y LO I C p MUNICH p OXFORD y RHEL ) I
+FIELDS v LCKENe AMMARv (ARGGNNEv NORTHWEST ] I

+GQLCBERGy JAEGERg BARNESg + ( SYRACLSE gBNL ) I
+ALBRI GHT g + {FSUg TUFTS' BRANDE IS l I

8 J BLUHENFELD, G R KALBFLEISCH (BNL ) I
+AMMARy DAVIS' KROPACt +f NCRTHWESTp ARGGNNE) I

CL INE
MEYER
ARMENT ER
CONFORTO
Kj Y

AL SO
LANGBE IN

67 PL 25B 41
67 HEI DEL BERG C
70 DUKE 123
71 NP B34 41
71 PRL 27 356
70 DUKE 161
72 NP B47 477

REFERENCES FOR Y¹l(1750)
CL INE y OLSSQN (WISCONSIN) I JP

117 J HEY ER ( RAPPORTE UR ) ( SACLAY) I JP
AR MENT EROS y BA ILL ONt + (CERNgHEIDEl )IJP
+LEVI SETTI r LASINSKI ~ ~ OBERLACK++ {EF I+HEID) I JP
J K KIH (HARV) I JP
J ~ K ~ KIM {HARV l IJP
+WAGNER (MPIM) I JP

PAPERS NOT REFERRED TO IN CATA CARDS

AGUI LA R 70 PRL 25 58 AGUILAR-BENITEZ BAPNES BASSANQ+ (BNL+SYRA)

BAXTER 73 NP B67 125
CHU 74 NC 20 A 35
JONE S 74 NP B73 141
DEVENI SH 74 NP B81 330
PRE VCST 74 NP 869 246

BAXTERgBUCKINGHAHpCORBETTgCUNNg+ (OXFORD)IJP
C).UtBARTLEYp+ {SUNY PLATTSBURGH+TUFTS+BRAN) IJP
JONES (U ~ CHICAGO ) IJP
DEVEN ISHt FRQGGATT yHARTIN ( DESY t NORDI TA y LOUC )
PR EVOST ~ BARLOUT AUD g+ ( S ACL+CERN+HEID )

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

ii
57 Y¹1(1750' JP=l/2-) I=1

SEE Tl E MINI-REVIEW AT THE START OF THE Y¹ LISTINGS ~

THIS STATE CGRRESPCNDS TO THE S I GMA ETA THRESHQl D BUMP
BUT ITS INTERPRETATION IN TERMS OF A RESONANCE IS NOT
CONCLUS IVE ( JONES 74) -~ HORE DATA ARE NiEEOED ~ BY
ANAl OGY hITH THE SIMILAR N ETA ANO LAHBOA ETA THRESHOLD

EFFECTS' WHICH ARE ALMCST CERTAINLY RESCNANCESg IT SEEMS VERY LIKELY
THAT THIS TOO IS A RESGNANCE»

THERE IS ALSO EVIDENCE FOR THIS STATE IN MANY PARTIAL WAVE ANALYSES~
HOSTLY IN THE LAMBDA PI . CHANNEL ~ THIS EVIDENCE SHOULD BE CONSIDERED
W ITH CAUTION AS THE MASSES AND/QR BRANCHING RATIOS OF THE REPORTED
STATES ARE OFTEN INCCNS IST ENT ~

BAILLGN 75 NP 894 39
VANHORN 75 NP 887 145

ALSO 75 NP 887 157

P» BA ILLONy P ~ J ~ L ITCHFIELG
A ~ J ~ VAN HORN
A ~ J ~ VAN HORN

(CERNyRHEL)IJP
(LBL ) I JP
(LBL ) IJP

FERRO-LU 66 BERKELEY CONF 183 M FERRO LUZZI (RAPPORTEUR) (CERN )
ARMENTER 68 NP 88 183 ARMENTEROS~ BAILLONt + (CERNtHEIDELs SACLAY) IJP
ARMENTER 69 LUND CCNF PAPER ARMENT ERQS i BAILLQNe + (CERN' HEIDELe SACLAY ) IJP
HARRISGN 70 FSU I EP 70 3 1 W ~ C ~ HARRI SON ( THE SI S) (F SU)

RL IC 76 RL-75-182 ( PRPNT) GGPAL t KALMUSs MCPHERSCNyRQSS+ (RHEL+LQIC ) I JP

PAPERS NGT REFERRED TO IN CATA CARDS

57 Y¹1 (1750) MASS ( MEV)

45 Y¹l(1765' JP=5/2-l I=1

SEE Tl'E MINI-REVIEW AT THE START OF THE Y¹LISTINGS ~

DBC
RVUE
HDBC
DPWA
DPWA
IP WA

DPWA
CBC
HBC
DPWA

RRORS
IPWA

I PWA

GPWA
DP'WA

K-N TO SIGMA ETA

-0 K-N TO LAHBDA PI
0 EL A STICK CH EXCH

K-MATR IX ANAL ~

HUL TI CHA NNE L
0 K- P TO NEUTRALS

F IT 5 IG- ET A CS
0 FIT SIGO ETA CS

0- K-N TO S( 1385)PI
STATISTICAL ONLY

KBAR N TQ LAM PI

KBAR N TO LAM PI

0 K- P TO LAH PIO
KBAR N MULTICHNL

57 Y¹1(1750) WIDTH (MEV )

'W

W

W

W

W

W

W 1
W

W A

8
W

W

ABOUT 50 ~ 0
ABOUT 80 ~ 0

(55 ' 0)
(50 ~ l

( 100~ 0)
{60 )
(89 ' )
{92.)

(108~ l
(140 ' )
(160 )
(66 ' )
(60 ~ )

(10~ 0)

{20~ 0
(20 )
(33» )
(7 ~ )

(20 ~ l
(30. l
(50 ' )
(14 )
(10 l

(12 )

HEYER
ARHENTERQ
CONFQRTG
KIH
LANGBEIN
BAXTER
CHU
JONES
PRE VQ ST
BA ILLGN

'BAILLGN
VANHORN
RLIC

67 RVUE
70 HDBC
7), DPWA
71 DPWA
72 I PWA

73 DPWA
74 0 BC
74 HBC
74 OPWA
75 I PWA
75 IP'WA
75 DPWA
76 DP WA

-0 K-N TQ LAMBDA P I
0 ELASTIC' CH EXCH

K-MATRI X ANAL ~

MULTICI ANNEL
0 K- P TO NE UTRAL S

F IT S IG- ETA CS
0 F IT S IG+ETA CS

0- K-N TQ S (1385)PI
K BAR N TO LAM PI
KBAR N TO LAM PI

0 K- P TO LAM PIO
KBAR N MULTICHNL

Pl
P2
P3
P4
P5

57 Y¹l(1750) PARTIAL DECAY HODES

Y¹l ( 1750) INTO KBAR NY¹l{1750) INTO S IGHA ETA
Y¹1(1750l INTO LAHBDA PI
Y¹1 ( 1750) INTO S IGMA P I
Y¹1( 1750) I NTO S IGMA ( 1385) P I

DECAY MASSES
49 7+ 939

1197+ 548
1115+ 134
1197+ 139

. 139+1384

57 Y¹1(1750) BRANCHIKG RATIOS

NEAR SIGMA ETA TI-.RES) QLO CL INE 67
ABOUT 1750.0 MEYER 67
ABOUT 1730»0 ARMENTERQ 70

{1757~ Ol (10 0) CGNFORTO 71
( 1790~ ) KI H 71
{1790~ 0 l ( 15 ~ 0) LANGBE I N 72
(1716~ l (10~ ) BAXTER 73
(1785 ) (12 ) CHU 74

1 (1760» ) (5 ~ l JONES ?4
(1739~ l (10~ ) PR EVGST 74

1 S-WAVE BW FIT TQ THRSHLO C ~ S ~ e NO BKGND ~ E
A (1780.) (30.) BAILl CN 75
A FROM SOLUTIQN 1 OF BAILLCN 75 ~

8 (1700») (30» l BA I LLC N 75
8 FROM SOLUT ION 2 OF BA ILLG){ 75 ~

(1697~ l (20 ) ( 10» l VANHGRN 75
(1770 ' ) {15' ) RL IC 76

9/66
9/69
6/70
6/70
3/71

12/72
10/74¹
10/74¹
1/74

10/74¹
1/74

ll/75¹
11/75¹
1 /-76¹
1/76¹

ll/75¹
1/76¹

9/69
6/70
6/70
3/71

12/72
10/74¹
10/74¹
1/74

10/74¹
11/75¹
1/76¹

ll/75¹
1/76¹

45 Y¹1(1?65)MASS (MEV)

M

M

M

M

M

H

M

H

H

M

M

M

M

H

M

M

M

1765~ 0 10 ~ 0
1755 ~ 0 10 ~ 0
1760» 0 10 ~ 0

N 1768~ 0 2 ~ 0
N 1768 0 4 ~ 0

1775 0 7 0
1770~ 0 10»0
1765~ 0 10»0

N 1770 ~ 0 3 ~ 0
(1765 ' )
1758~ 7 3 ~ 9
1765 ~ 0 9 ~ 0

N 1770~ 0 5 ~ 0
1775~ 10 '
1774 ~ 10 ~

1774 ' 5 ~

N ERROR STATIST» ONLY- N

~ »» ~ ~ ~ ~ ~ ~

AVERACE MCANINGLESS (SCALE

GALTIERI
ARMENTER
BELL 1
ARHENT- 1
BUGG
SMART
COOL
GALT IER I
CONF ORT G

KIM
BARL ETTA
KA NE
LANGBEIN
BA ILL GN
VA NHORN
RLIC

C ERROR DUE TO P

fACTOR = 1 0)

63 DBC 0
65 HBC 0
66 0 BC
68 DPWA 0
68 CNTR
68 RVUE -0
70 CNTR
70 DPWA 0
71 OPWA 0
71 DPWA
72 OPWA 0
72 DPWA 0
72 IPWA
75 IPWA
75 DPWA 0
76 DPWA

ART I CULAR P

K-G 1 ~ 51 BEV/C
K-P TO Y¹1520 P I
K-N TO Y¹1520 P I
ELASTIC' CH EXCH
K-P g D TOTAL
K-N TO LAMBDA PI
K-Py D TOTAL
K—P TO LAMBDA P I
ELAST ICg CH EXCH
K-HATR I X ANAL ~

KPPI 0 ~ 8-1 ~ 2GEV
K-P TO PI' SIG
HUL T I C HA NNE L
KBAR N TO LAH PI
K . P TO LAH PIO
KBAR N MULTICHNL
W ~ ANAL ~ I NCLUDE 0

W

W

W

W

W

W

W

W.
W

W

W-
W

W

W

W

W AVG
W STUDENT

60» 0
70 ~ 0

128 ~ 0
110~ 0
146» 0

(100' 0)
115~ 0
132~ 0

{100' )
107~ 2
120 ~ 0
123~ 0
125 '
146 '
130'

~ ~ » ~

117~ 5
121 0

45 V¹1(1765) WIDTH ( NEV )

10~ 0
20 ~ 0

8 ~ 0
7 0
9 ~ 0

10 ~ 0
10 ~ 0

10~ 9
38»0
10 ' 0
15 '
18 ~

10 '

GALT IER I 63
BELL 2 66
ARHENT-1 68
BUGG 68
SMART 68
COOL 70
GALTI ER I 70
CONFORTO 71
KIM 71
BARLETTA 72
KANE 72
LANGBE I N 72
BA I LLON 75
VANHOR N 15
RLI C 76

CBC 0
OBC
DPWA 0 ELASTIC' CH EXCH
CNTR K P D TOTAL
RVUE -0
CNTR K-P ~ D TOTAL
DPWA 0 K-P TD LAMBDA PI
DPWA 0 ELASTIC' CH EXCH
DPWA K-MATRIX ANAL ~

DPWA 0 LAH(1520) PI CH ~

DPWA 0 K-P TO PI SIG
I PWA MULTICHANNEL
IPWA KBAR N TO LAM PI
OPWA 0 K- P TO LAM PIO
DPW A KSAR N MULT I CHNL

~ ~ ~ ~ »

6 ~ 8 A VERAGE ( ERROR INCLUDES SCALE FACTOR OF 2 3)
3 ~ 9 AVERAGE USING STUOENT10(H/1 ~ ill -- SEE TEXT
{SEE IDEOGRAM BELOW l

7/66
7/66

11/68
11/66
7/68

10/70
7/70
6/70
3/71

12/72
10/7 1
12/72
11/75¹
11/75¹
1/76¹
1/71

7/66
11/68
7/68
7/68

10/70
7/70
6/70
3/7 1

3.2/72
10/7 1
12/72
11/75¹
11/75¹
1/76¹

Rl
Rl
Rl
Rl
Rl

Y¹1(1750) I NTO (KBAR N) /TOTAL
(0 ' 12) (0 ' 05)
(0 ~ 8)
(0 45) (0 ' 05l

( ~ 15) ( 03)

{P 1)'.
CONFQRTQ 71 DPWA 0 ELASTIC' CH EXCH
KIM 71 DPWA K-HATRI X ANAL ~

(.ANGBE IN 72 I PWA MULTICHANNEL
RLIC 76 DPWA KBAR N HULTICHNL

6/70
3/71

12/72
1/76¹

WEIGHTED AUERAGE = 11?.5 + 6 .H

ERROR SCALED BY 2.3

R2 Y¹l(1750) FROM KBAR N INTO SIGMA ETA
R2 SEEN CL INE
R2 1 ( ~ 23) ( 01) JONES

SQRT ( Pl¹P2]
69 OBC — THRESHOLD BUMP
74 HBC 0 F IT 5IG+ETA CS

9 /69
1/74

R3
R3 2
R3 2
R3
R3
R3
R3
R3 A

R3 8
R3
R3

R4
R4
R4
R4

Y¹1(1750) FROM
(-0 25)

PUBL ISHEO SIGN
(0 ~ 09 l
(0 ' 30)
(-» 28 )(-~ 120)(- 12)(-~ 13 )(- 13)
( ~ 09 l

Y¹1(1750) F RCH
(0 ~ 16 l
(0 13)
(+ ~ 04 )

KBAR N INTO LAMBDA P I SQRT ( P l¹P3)
ARMENTERQ 70 IPWA -0 K-N TO LAMBDA PI

CHANGED TO AGREE WITH LUND 1969 CCKVENTIGN (SEE TEXT)
KI H 71 DPWA K-HATR I X ANAL ~

LANGBEI N 72 IPWA MULT ICI-ANNEL
BAXTER 73 DPWA 0 K- P TO NEUTRALS
DEVENIS H 74 0 FIXED T DI SP REL
BAI LLCN 75 IPWA KB'AR N TQ LAH Pl
BAILLON 75 IPWA KBAR N TO LAM PI
VANHORN 75 CPWA 0 K- P TO LAM P IO
RLIC 76 DPWA KBAR N MULTICHNL

(0 ' C5)
(»05)
( ~ 077 )

02)
( ~ 03)
( ~ 04)
( 05) |

KBAR N TO SICMA P I SQRT (P 1¹P4)
KIH 71 DPWA K-MATRIX ANAL ~

(0 ~ 02 ) LANGBE IN 72 IPWA MULTICHANNEL
( ~ 03) RLIC, 76 DPWA KBAR N MULTICHNL

6/70
10/74¹
3/71

12/72
10/74¹
4/75¹

11/75¹
1/76¹

ll/75¹
1/76¹

3/71
12/7. 2

1/76 ¹

R5
R5

Y¹1(1750) FROM KBAR N TO S IGMA(13851 PI SQRT ( P 1¹P4 )
+ 18 ~ 15 P REVOST 74 DPWA 0- K N TO S ( 1385 )P I 10/74¹

I
»

0 50 100 150
Y+1 (1765) WIDTH (MEU)

RLIC
~ UANHORN
~ BAILLON

LANSBEIN
KANE

ARLETTA
ONFORTO
ALTIERI
MART

UC6
RMENT-1
ELL 2
ALTIERI

200

76 DPWA

?5 DPWA

75 IPWA
72 IPWA
72 DPWA

72 DPWA

71 DPWA

70 DPWA

6H RUUE
6H CNTR
6H DPWA

66 DBC
63 DBC

250

CHISQ
1.6
2.5
0.2
0.3

0»9
2.1
0 ~ 1

10.0
1 ~ 2
1.7
5.7

33 ~ 1
59 ~ 3

(CONLEU
=0 ~ 000)
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Particle Data Group: Review of particle properties S227

Data Card Listings
For notation, see key at front of Listings.

BaryOnS
Z(1766), Z(1770)

Pl
P2
P3
P4
P5
P6
P7

Ys 1{1765)
Ysj( 1765 l
Ys 1(1765)
Ys' I ( 1765 l
Ysj(1765)
Ys'1(1765)
Ys'I {1765)

45 Y+ I t 1765) PARTIAL DECAY HQDES

INTO KBAR
INTO LAMBDA PI
INTO Ys'0(1520) PI
INTO Ys'1( 1385) PI D-WAVE
INTO SIGMA PI
INTO SIGH A ETA
I NTO SIGMA P I P I

DECAY MASSE S
497+ 939

1115+ 134
), 518+ 139

139+1384
1197+ 139
1197+ 548
1197+ 139+ 139

R5
R5
R5
R5
R5
R5
R5
R5
R5 AVG
R5 STUDENT
R5 F IT

0 +086
0 ~ 082
0 ~ 077

V+1{1765) FROM K

+0.07
+0 ~ 06
{0~ 09)
+0.074

0 ~ 09 OR
+ ~ 13

BAR N

0 o02
0 ~ 03

0 017
LESS.02
~ ~ ~

0 ~ 015
0 013
0 011

INTO SIGMA P I
ARMENTERQ
GALT I ER I
KIH
KANE
LANGBE IN
RL I C

67 DPWA
70 DPWA
71 DPWA
72 DPWA
72 IP WA

76 DPWA

SQRT{ P 1+P5)
0 K-P TO SIGMA PI
0 K-P TQ S I GHA PI

K-MATRIX ANAL ~

0 K-P TQ P I S IG
HUL7 I C HA Nh'E L
KBAR N HULT ICHNL

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 ~ 5)
AVERAGE USING STUOENT10(H/1 ll. ) —SEE TEXT

FROM FIT I ERROR INCLUDES SCALE FACTCR OF 1 ~1 )

10/74+
7/70
3/71

10/71
12/72

j/76+

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

P 1 P 2 P 6
P 1 ~ 4117+-~ 0145
P 2 - ~ 0870 o 1402+- ~ 0130
P 3 ~ 0877 . - ~ 0230 o 1567+-~ C327
P 4 -,1192 ~ 0104 - ~ 0104 0984+- ~ 0173
P 5 -ell72 ~ 0102 - ~ 0103 ~ 0140 ~ 0145+- ~ 0043
P 6 3298 — 2708 - 8077 — 3718 — 0641 1784+- 0414

P 3 P 4 P 5

The matrix below is derived from the error matrix for the fitted partial decay mode

branching fractions, P., as follows: The diagonal elements are P. + 6P. , where

6P. = +I (6P.6P.), while the off-diagonal elements are the normalized correlation coeffi-
1 e 1 1

cients (6P.6P. ) j(6P. ~ 6P.). For the definitions of the individual P., see the listings
1 J 1 J

above only those P. appearing in the matrix are assumed in the fit to be nonzero and
1

are thus constrained to add to i.

Y+j(1765) INTO (Y&0(1520)PI)/(KBAR Nl (P3)/(Pl)
0 ~ 28 0 05 UHLIG 67 HBC 0 K-Pe o9 GEV/C

0 ~ ~ ~ ~ ~ ~ ~

Oo381 0 079 fROM F IT (ERROR INCLUDES SCALE FACTOR OF 2 ~ ll

R7
R7
R7
R7 F IT

Y+j(1765) INTO (Ys j(1385)PI)/(KBAR Nl (P4) /( P 1 l
0 ' 25 0 ' 09 UHLIG 67 HBC 0 K-Pe. 9 GEV/C

~ ~ ~ ~ ~ 4 ~ ~ ~

0 ~ 239 0 044 FRQH FIT {ERROR INCLUDES SCALE FACTOR OF 1 0)

RB
R8
R8
RB FIT

R9
R9
R9
R9
R9
R9

Ysj{j765) INTO (SIGMA PI PI)/TOTAL (P7l
P (0 ~ 12 l ARMEhiT-2. 68 HDBC -0 K-N TO SI G PI P I
P FOR ABOUT 3/4 OF THIS e THE SIGMA PI SYSTEM HAS I=O AND IS ALMGST
P ENTIRELY Ys'0( 1520 ) ~ FOR Tl E OTHER 1/4e Tl'E SIGMA P I HAS I = 1 THIS
P IS ABOUT WHAT IS EXPECTED FRQH THE KNOWN RATE Y& j(1765) TO Y+ I{1385)
P PI ~ AS SEEN IN LAMBDA PI PI ~

R6 'Ys'lt 1765) INTO {LAMBCA PI )/(KBAR N) (P2)/(Pl)
R6 0 ~ 33 0 ~ 05 UHLIG 67 HBC 0 K-Pe ~ 9 GEV/C
R& ~ \ ~ ~ ~ ~ ~ ~ ~

R6 F IT 0 ~ 341 0 035 FRCM F IT I ERROR INCLUDES SCALE FACTOR OF 1 3)
9/66

9/66

9/66

11/68

1765) INTO
(Oe6)

0 ' 53
0 ~ 45

{0' 37)
0 ~ 36

(0~4 l
0 36

(0 ' 42l
0 ' 39

~ 41
~ e ~ ~ ~

0 +409
0+3950
00412

Rl Ys'1(
Rl
Rl
Rl
Rl
Rl
RE
){1
R).
Rj
Rl
Rl
Rl. AV G

R 1 STUDENT
Rl F IT

(KBAR Nl /TOTAL (Pl)
GALTIERI 63 HBC 0 K-P RVUE

0 ' 09 UHLI G 67 HBC 0
0 F 01 ARMENT-1 68 DPWA 0 ELASTIC e CH EXCH

BUGG 68 CNT R
0 02 BRICMAN1 70 DPWA 5IGTQT ELAS ChEX

COOL 70 CNTR K-P e D TOTAL
0e02 CCNFQRTQ 71 DPWA 0 ELASTICe CH EXCH

KIM 71 DPWA K-MATRIX ANAL ~

0 ~ 01 LA NGBE IN 72 IPKA HULT ICHA NNE L
~ 03 RL IC 76 QPWA KBAR N MULE ICHNL

0 ~ 0 ~

0 ~ 0 18 A VERACE ( ERROR IhlCLUDES SCALE FACTOR QF 2 ~ 8)
0 ~ 0099 AVERAGE USING STUDENT 10 (H/1 11) —SEE TEXT
0 ~ 014 FROM FIT (ERROR INCLUDES SCALE FACTCR OF 2 4)
t S E E IDEOGRAM BELOW )

WEIGHTED AVERAGE = 0.409 + 0.018
ERROR SCALED BY 2.8

45 Ysj{1165) BRANCHING RATIOS

ERRORS QUOTED BY EXPER I)e ENTERS DO NOT INCLUDE UNCERTAINTY CUE
TO PARAHETRIZATIQN USED IN THE P ~ K~A~ THEY SHOULD BE INCREASED~

9/66
11/68
11/66
1/71

10/70
6/70

.3/71
12/72

j/7&s

GALTIERI
ARMENTER
BELL 1
BELL 2
ARMENT ER
AR MENT-2
UHL IG

63 PL 6 296
65 PL 19 338
6& PRL 16 203
66 UCRI -16936 ThESIS
67 PL 24B 198
67 Z E IT ~ PHYS ~ 202 486
67 PR 155 1448

CONFQRTO 71 NP 834 41
Kl H 71 PRL 27 356

ALSO 70 DUKE 161

BARLETTA 72 NP B40 45
KANE 72 PR Q5 1583
LANGBEIN 72 NP B47 477
DEVENI SH 74 NP 881 330
PREVQST 74 NP 869 246

AR MENT-1 68 NP BB 195
ARHENT 2 68 NP 88 216
BUGG

' 68 PR 168 1466
SI MS 68 PRL 21 1413
SMART 68' PR 169 1330

BRICHAhj 70 PL 338 511
COOL 70 PR Dl 1887
GALT IER I 70 DUKE CONF 173

REFERENCES FGR Ys I {1765)

A BARBARO-GALT IERI e A HUSSAINe RD TRIPP {LRL ) I J
ARHENTEROSe + {CERNehEIDELBERGe SACLAY) IJP
R 8 BELLe R W BIRGEe Y-L FANe R T PU (LRL) I JP
R 8 BELL {LRL ) I JP
ARHENTERQSeFERRQ-LUZZI+ (CERNehEIDe SACLAY I)P
ARMENTERQSe FERRO-LUZZI+ (CERN eHEID e SACLAY)
+CHARLTCNe CQNDONe GLASSERe YCDHe+ (UMDe NRL )

ARMENTEROS BAILLQN + (CERN HEIDEL SACLAY) I JP
ARMENTERQS e BAI LLONe + {CERNe HE IDEL e SACLAY) I
&G ILMQRE KNIGHT DA VIE 5+ I BIRR, CA VE, RHEL ) I
SIMSe ALBRIGHTe BARTLEY eMEER+ (FSUeTUFTe BRAN)

H SMART {LRL ) I JP

+FERRO-LUZZI e LACNAUX (CE'RN)
+GIACQMELLI e KYCIAe LEQNT ICe L Ie + {BNI l I
A BARB ARQ-GAL 7 I ERI (LRL)IJP

+LE VI SETTI e LASINSKI ~ OBERLACK++ ( EF I+hEID l I JP
J K K IH (HARV) I JP
J ~ K ~ KIM ( HARV) I JP

'W ~ A ~ BARLETTA (EFI ) I JP
D F KANE (LBL ) I JP
+hAGNE R {NP IM ) IJ P
DEVENI SHe FRQGGATT e

MARTIN�

(DESY e NORDITA e LQUC l
PRE VOST e BARLOUT AUD e+ (S ACL+C ERN+h E ID )

Values above of weighted average,
error, and scale' factor are for the
reader' s convenience only. The
data were actually processed by a
constrained fit program, which
calculates its own values of m, 5x,
and scale factor, which are differ-
ent from the values shown here.

76 DPWA

72 IPWA
71 DPWA

70 DPWA

68 DPWA

67 HBC

RLIC
~ LANGBEIN

~ CONFORTO
~ BRICMAN1+. . .RRMENT-1

UHLIG

CHISQ
0.0
3.S
5.9
5.9

17.1

BAI LLCN 75 NP 894 39
VANHQRN 75 NP 887 145

AL SO 75 NP 887 157

P . BAI LLQN e P ~ J L IT CHFI ELD
A ~ J ~ VAN HCRN
A ~ J VAN HORN

(CERN e RHEL ) I JP
(LBL ) IJP
(LBL ) I JP

FENSTER 66 PRt 17 841 &GELFANDeHARHSENe L-SETTI e+
FENSTER 6& IS SUPERSEDED BY BARt ETTA 72

CQNFORTO 68 NP B8 265 +HAR)eSENe LASINSKIe +
SUP ERS EDED BY CONFQRTO 7 le

HARRISON 70 FSU-HEP 70 3 1 W ~ C ~ HARRISCN {THESIS)
PREVOST 71 AHSTERDAM CONF + CHS COLLABORATION

tCHICeANL(CERN) ) IJP

(CHICAGOe HE IDEL ) IJP

(FSU )
t CERN+HE ID+SACL I

100 Ysj( 1770 e JP= I/2+) I=1

RLIC 76 RL-75-182 {PRPNT) GOPALeKALMUSeMCPHERSCNeROSS+ (RHEL+LOIC) IJP

PAPERS NQT REFERRED TQ IN CATA CARDS

0.2 0.4 0.6

Yttt1 (176S) INTO (KBAR N) &TOTAL

o.e

32 ~ 4
(CONLEV
=0.000)

100 YA 1 ( 1770) MASS {MEV)

R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2

Ys'1{1765) FROM
-Oa266

0 ' 22
(0 ' 30)
0 ' 15- ~ 259

25-~ 28
28

AVG HQD 0+251
STUDENT 0 ' 253
F IT 0 ' 240

KBAR N

0 ' 017
0 ' 03

0 ~ 04
~ 048
~ 02
~ 04
~ 0~

INTO LAMBDA P I
SHART
GALTI ERI
KIH
LANGBEIN
DEVENI SH
BA ILLQN

~ 05 VANHQRhi
RL IC

SQRT ( P js'P2)
68 DPWA -0 K-N TO LAMBDA PI
70 DPWA 0 K-P TQ LAMBDA PI
71 DPWA K-MATRIX ANAL ~

72 IPWA MULT I CHANNEL
74 0 F I XED T DISP REt
75 IPWA KBAR N TO LAM PI
75 QPWA 0 K- P TQ LAM P IO
76 0 P WA K BAR N HULT IC HNI

~ ~ 0 ~

0 013
0+012
0 ~ 012

A VERAGE {ERROR I NCLUDES SCALE FACTOR OF l. e3 )
AVERAGE USING STUDEh!T10(H/1 ill - SEE TEXT

FROM F IT {ERRQR IhiCLUDES SCALE FACTOR OF 1 3)

7/68
7/70
3/71

12/72
4/75s

11/75s
11/75''
j /764

M 1
M 1
M

M

M AV

100 Ys I( 1770 l WIDTH (MEV)

W 1 80 ' 30 ' BA ILLCN
W T2 ~ 10 ~ RL IC

~ ~ 0 ~ 0 ~ ~ ~ ~

W AVERAGE MEANINGLESS (SCALE FACTOR = 1 ~ 0)

75 IPWA
76 DP WA

KBAR N TQ PI LAH I I/75+
KBAR N MULT I CHh'L 1 /7&ei'

1770~ 20 BA ILLGN 75 IPWA K BAR N TQ P I LAH 1j /75s'
FROM SOLUTION 1 OF BAILLQh 75e NQT PRESENT IN SCLUT IQN 2 ~ I /764'

1738' 10~ RL IC 76 DP'WA KBAR N MUt TICHNL I /7&s
~ ~ ~ ~ ~ ~ ~ ~

ERAGE MEANINGLESS ( SCALE FACTOR = 1 ~ 4)

R3
R3
R3
R3
R3 AVG
R3 STUDENT
R3 FIT

0 ' 298
0 ~ 298
0 ' 254

Ys'1{1765) FROM
Da27
0 ' 31

KeAR N

Oe03
0 ' 02

~ ~ 0 ~

0 ~ 018
0 ~ 019
0 ' 027

INTO Y+0 ( 1520) P I SQRT{ P js P3)
ARHENTERQ 65 HBC 0 K-P TO Ys 1520 PI 9/66
BARLETTA 72 DPWA 0 K-P TO Y»' 1520 PI 12/72

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1'» j )
AVERAGE USING STUDENT10{H/i~ 11) —SEE TEXT

FRCM FIT (ERROR INCLUDES SCALE FACTOR OF 2 ~ 1)

Pl
P2
P3

100 Ys I t 1770) PART IAL DECAY MODES

Y+I ( 1770) INTO Ke AR N

Y&1{1770) IhTQ LAMBDA PI
Y + I ( 1770) INTO S I GHA P I

DECAY MASSES
497+ 939

1115+ 139
1197+ 139

R4 Y I {1765) FROM KBAR N TO Ys I {1385) P I D-WAVE SQRT( P js'P4)
R4 A (0 ' 24) (0 ' 03) ARHENT-2 67 HBC 0 K-P TQ LAM PI PI
R4 S {0~32) (Oe06} SIHS 68 CBC — K-N TO LAH PI PI
R4 S SI MS 68 USES ONLY CROSS SECT ~ DATA ~ RESULT O'SED AS UPPER LI HIT ONLY

R4 + ~ 20 ~ 02 PREVQST 74 DPWA 0 K-N TQ S( 1385)PI
R4 ~ ~ 0 ~ ~ ~ 0 0 4

R4 F IT 0 ~ 201 0 ~ 018 FROM F IT {ERROR INCt UDES SCALE FACTOR OF 1 ~ 0)

8/67
11/68
3/72

10/74+

100 Y4' j (1770) BRAhCHING RATICS

Rl Y+j(1770) FRQH KBAR N INTG LAMBDA PI SQRT(P j+P2)
Rl 1 ~ 08 02 BA I I.LC N 75 I PWA KBAR N TO P I LAH I1/75''
Rl t ESS THAN ~ 04 RL IC 76 DPWA KBAR N HULTICHNL j/76
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S228 Particle Data Group: Review of particle properties

Baryons
Z(1770), Z(1840) ~ Z(1880), Z(1915)

Data Card Listings
For notation, see key at front of Listings.

R2
R2

R3
R3

Y¹1(1770) INTO (KBAR N) /TCTAL
14 ~ 04 RL IC

Y¹1(1770) FRQH KBAR N INTC SIGMA PI
lESS THAN ~ 04 RL IC

(Pl )
76 DPWA KBAR N MULT I CH&L

SQRT (Pl¹P3)
76 DPWA KBAR N HULTICHNL

1/76¹
1/76¹
I/76¹
1/76¹

Pj
P2
P3

67 Y¹1(1880) PART IAI- DECAY HODES

Y¹l(1880) INTO KBAR h
Y¹1(1880) IhTO LAHBDA PI
Y¹l ( 1880) INTO SIGMA P I

DECAY MASSES
497+ 93S

1115+ 134
1197+ 139

REF ERE NCE S FOR Y¹1(1770) 67 Y¹1( 1880 ) 8RAhiC HING RAT IQS

BAILLCN 75 NP 894 39 P ~ BAILLCN P ~ J LITCHFIELC (CERN, RHEL ) IJP

RLIC 76 RL-75-182 (PRPNT ) COPAL5 KALMUSYMCPHERSCNPRGSS+ (RHEL+LQIC ) IJP

Rl
Rl
Rl
Rl 2

Y¹1(1880) INTO (KBAR N) /TOTAL
(0 22)
(0 ' 20)

( 3ll

(Pl)
BAILEY 69 DPWA 0 ELASTIC5 CH EXCH
ARHENTERO 70 IPWA -0 ELAST ICY CH EXCH
LEA 73 DPWA MULTICHNL K-MTRX

10/70
6/70
9/73¹¹4¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹

~IJZ(1840) QI Y41(1540 JP=5/2+i I=l ~ )3
SEE TI. E )(INI-REVIEWS PRECEDING THE Y¹0'S~

FOR Tl E TIME BEING9 WE LI ST ALL RESQhiANCE CLA IMS IN THE
P13 WAVE IN Tl E 1700-1900 M'EV MASS REGION TOGETHER UNDER THI S HEADING ~

RZ Y¹1(1880) F
R2 -0 ~ 11
R2 -0409
R2 -0 14
R2 2 (- ~ 30
R2 - ~ 16
R2 1 ( — 12
R2 + ~ 05
R2 ~ ~ ~ ~

R2 AVERAGE MEANIN

INTO LAMBDA P I
SH ART 68
GALTI ERI 70
L ITCHFI EL 70
LEA ' 73
D E VE NI SH 74
BAILLQN 75

~ 02 VA NHORN 75

ROM KBAR N

0 ' 03
0 ' 04
0 03

)
1jS

) ( 02]
F 07

~ 9 9 ~ ~

GLESS (SCALE FACTOR = 140)

SQRT( Pl¹P2)
DPWA -0 K- N TO LAM PI
DPRA -0 K- N TQ LAH P I
DPRA -0 K- N TG LAH PI
DPWA MULTI CHNL K-MTRX

0 FIXED T 0 ISP REL
IPWA KBAR N TO LAH Pj
DPWA 0 K- P TO LAM P IO

7/68
7/70
6/70
9/73
4/75¹

11/75¹
11/75¹

01 Y¹1(1840) MASS (ME V)

R3 Y¹1( 1880) FROM KBAR N TO S IGMA P I SQRT ( Pl¹P3 )
R3 108) KANE 72 OPRA K-P TG SIGMA PI
R3 2 NOT SEEN LEA 73 DPWA MUlT ICHNL K-MTR X

9/73
9/73
9/73

H . 1
M

M

01 Y¹l()840) WIDTH (HEV)

120 ~ 0
(120 )

65 '
(10 0)
(30 )
(50 )

LANGBEI N 72 I PWA

BA ILL GN 75 I PWA

(20 ' ) VANHORh 75 DPWA

MULTICHANNEL 12 /72
KBAR N TQ LAM PI ll/75¹

0 K- P TQ LAM P IO ll/75¹

01 Y¹1(184C) PARTIAL DECAY MODES

184040, ( 10 ~ 0) LANGBEIN 72 IPRA MULTICHANNEL 12/72
(1720 ) (30 ~ ) BAILLQN 75 IPWA KBAR N TQ LAH PI 11/75¹

FROM SOLUTION 1 QF BAILLGh 75, NOT PRESENT IN SOLUTIQN 2. 1/76¹
1925~ ( 200 ~ ) VANHQRN 75 DPWA 0 K- P TO LAM PIO 11/75¹

SMART
BA IL EY
ARMENT ER
GALT IERI
L ITCHF IE
KA hiE

68 P R 169 1330
69 THES I S UCRL-50617
70 DUKE CONF 123
70 DUKE CONF 173
70 NP 822 269
72 P R D5 1583

LEA 73 NP 856 77
DE VENI SH 74 NP B81 330
BAILLON 75 NP 894 39
VANHQSN 15 NP 887 145

ALSO 75 NP 887 157

RCFERENCES FOR Y¹1(1880)

W M SMART
CAVID SAAL BAILEY
ARMENTEROS5 BAILLON9 +
A BARBARQ-GALTIERI
P J LITCHFIELD
D F KANE

(LRL ) IJP
(LRL LIVERMGRE)IJP

(CERN9 HE IDEL ) I JP
(LRL)I JP

(RUTHERFORD)IJP
(LBL )

+HART INYMQORHOUSE+ , (RHEL+LOUC+GLAS+AARHUS) IJP
DEVENI SHr FROGGATT5 MART IN(OESY 5 NQRDITA9 LOUC )
P ~ BAILLQN 9P ~ J4 LITCHFI ELD (CERN5 RHEL ) IJP
A ~ J ~ VAN HORN (LBL ) I JP
A J VAN HORN (LBL ) IJP

Pl
P2
P3

Y¹1(1840) INTO KBAR N

Y¹l ( 1840) INTO SIGMA P I
Y¹1(1840) INTO LAMBDA P I

CECAY MASSES
497+ 939

1197+ 139
1115+ 134 I

Z ( 19] 5) 46 9 I( 1915 JP=5/2+( I=1 $5
SEE Tl E MINI REVIEW AT TI E START OF THE Y¹LISTINGS

Rl
Rl

R2
R2

R3
R3
R3
R3 1
R3

01 Y¹1(184C) BRAhCHING RATIOS

Y¹1(1840) INTO ( KBAR h )/TOTAL (Pl)
0 ~ 37 (0 13) LA NGBEI h' 72 I PWA HULT ICHANNEL 12/72

12/72

Y¹1(1840) FROH KBAR N INTO LAMBDA PI
0 ~ 20 (0 ~ 04) LANGBE I N

+ ~ 122 078 DEVENI SH
(+ F 11.) ( 02) BAILLGN

+ ~ 06 ( ~ 04) VANHQRN

SQRT ( P 1¹P3)
72 IPWA HULTICHANNEL 12/72
74 0 FIXED T DISP REl 4/75¹
75 IPWA KBAR N TO LAM PI 11/75¹
75 DPWA 0 K- P TQ LAM PIO ll/75¹

Y¹l(1840) FROM KBAR N INTO SIGNA PI SQRT (P 1¹P2)
0415 (0 F 04) LANGBEI N 72 IPWA HULTICHANNEL

THIS RESONANCE WAS FIRST SEEN IN THE TOTAL-CROSS-SEC-
TION MEASUREMENTS OF COOL 66 ~ IN THIS ENTRY5 HOWEVER9
WE LIST ONLY THE RESULTS FROM PARTIAl-WAVE ANALYSES'

SEE THE NEXT ENTRY FOR TI'E PARAMETERS OF PEAKS SEEN AROUND 1900-1950
HEV IN CROSS SECTIGhS AhO IhVARI ANT-MASS CISTRIBUTIGNS ~ WE MAKE THIS
SEPARATION BECAUSE ONLY Tl-E PARTIAL-WAVE ANALYSES ISOLATE THE F15 WAVE
(OR AT LEAST ATTEMPT TO —Tl:E SIGNAL IS WEAK) ~ THIS MASS REGION IS
COMPLICATED AND POORLY UhDERSTOOO AND THE PEAKS MAY CONTAIN MORE THAN
JUST THE Y¹l(1915) ~ SEE ALSO THE NOTE TQ THE NEXT EhiTRY ~

46 Y¹1 ( 1915) MASS (HEV )

REFERENCES FOR Y¹1(1840)
LANGBE IN 72 NP B47 477
DE VE NI SH 74 NP 88 1 330
BAILLCh 75 NP 894 39
VA NHQRN 75 NP 887 145

ALSO 75 NP 887 157

+4AGNER ( MP IH ) IJP
DEVENI SHY FRQGGATT5 MART IN( DESY 9 NORD I TAP LOUC )
P ~ BA ILLGN 9P ~ J ~ LITCHFIELD (CERN9 RHEL ) I JP
AP J ~ VAN HORN (L BL ) IJP
A ~ J VAN HOR N (LBL) I JP

Z(1880) III
67 Y¹1(18805 JP=l/2+) I=1

SEE Tl'E )/INI-REVIEW AT THE START OF THE Y¹LISTINGS ~

SUCH A RESONANCE IS SUGGESTED BY SQ}(E BUT NOT ALL
PARTIAL-WAVE ANALYSES ACROSS THiS REGION ~ UNTIL THERE
IS MORE EVIDENCE9 WE OMIT THIS STATE FROH THE HAIN
BARYCN TABLE

M

M

M N

M

M

M

M 8
M 8
M.

H

M

M

M

H

M N

M

M AV

K-N TO LA MBDA P I 7/68
K-P TQ LAMBDA PI 7/70
K-P TO S I GMA P I 10/70
S I GTOT 5EL A S 5CHEX 1/71
K-N TQ LAMBDA P I 6/70
K-P TQ LAMBDA P I 7/70
K-N TO LAMBDA P I 6/70
KN--P I-SI G 12/72

1902 ~ 0 1140 SMART 68 DPWA -0
1910' 0 20 ' 0 8 ERTHON 70 DPWA 0
1900~ 0 15 ~ 0 BERTHGN1 70 DPWA 0
1936~ 0 (3 ~ 0) BRICHAN1 70 DPWA
1903 ' 0 10 ' 0 CGX 70 DPWA
1905 ' 0 30 ' 0 GALTIERI 70 DPRA 0
1895 ' 0 10 ' 0 L ITCHF I EL 70 DPWA -0

(1985 0) (21 ~ 0) ISI.AM 71 DPWA
DISCREPANCY OUE POSSIBLY TO INSUFFICIENT STATISTICS

1910~ 15 ~ L ITCHF I.E 71 DPWA
1925 ~ 0 8 ~ 0 KANE 72 DPWA 0
1920~ 30 ~ BA ILLGN 75 I PWA
1914~ 10 ~ HEMI NGWA 75 DPWA 0
1920~ 15 ~ 20 ~ VANHQRN 75 OPWA 0
1920. 10 ~ RLI C 76 DPWA

ERROR STATIST ONLY- NO ERROR DUE TQ PART ICUI AR P
~ ~ 4 ~ ~ ~ ~ ~ 4

ERAGE MEANINGLESS (SCALE FACTOR = 1 0)

K-P TQ KB AR N

K-P TO PI SIG
KBAR N TO LAM P I
K- P TO K BAR N

K- P TQ LAM P IO
KBAR N HULT ICHNL

4W ANAL' INCLUDED

46 Y¹1(191") WIDTH (MEV)

10/71
10/7 1
11/75¹
ll/75¹
11/75¹
1/76¹
1/71

67 Y¹1(1880) MASS ( MEV)

H 1882 ~ 0 40 ~ 0
H ( 18509 0)
M ABOUT 1850' 0
H 1950' 0 50 ' 0
M 1920 ' 0 30 ' 0
M (1772.0)
M 2 (1898~ )
M 2 ONLY UNCONSTRA INEG
H 1 ( 1960~ ) (30 )
M 1 FROM SOLUTION 1 OF
M 1985~ 50 ~

M ~ ~ ~ ~ 4 ~ ~

M AVERAGE MEANINGL ESS ( S C AL E FACTOR = 14 0)

67 Y¹1(1880)'WIDTH (MEV)

SMART 68 DPWA -0 K- N TG LAM PI
BA ILEY 69 DPWA 0 ELASTIC9 CH EXCH
ARMENTERO 70 IPWA 0 ELASTIC5 CH EXCH
GALTIERI 70 DPWA 0 K- N TQ LAM PI
L ITCHFI EL 70 DPWA -0 K- N TO LAM PI
KANE 72 DPWA K-P TG SIGMA PI
LEA 73 DP WA MULT I C HNL K HTRX

STATES FRGM TABLE 1 OF LEA73 ARE IN LISTINGS ~

BA ILLGN 75 I PWA KBAR N TQ I. AM P I
BA.ILLGN 75 ~ NQT PRE SENT IN SQLUT ION 2 ~

VANHGRN 75 DPWA 0,K- P TQ LAM PIO

7/68
10/70
6/70
7/70
6/70
1/73
9/73
9/73

11/75¹
1/76¹

11/75¹

W

W

W

W

W

W

'W

W

W

W

W

W

W

W

W

W

W

(20 ' 0)
25 0
20 0
20 ~ 0
12 ' 0
27 ' 0
20 0
15 ~ 0

(8040)
15
22 ~ 0
20 ~

15.~
18
10 '

PREVENTS FRQM
~ ~ 4 0

ESS (SCALE FACT

A (50 ~ 0)
52 ' 0
60 ~ 0
75 ~ 0

135~ 0
77 ~ 0
70 ~ 0
706 0

8 (159 0)
709

146~ 0
70 ~

85 '
102
130%

A LACK OF CATA
~ ~ ~ ~

AV ERAC E HEANINGL

ARMENTER1 67 DPWA 0
SMART 68 DPWA -0
BE RTHON 70 DPWA 0
BERTHON1 70 DPWA 0
BRIC}(AN I 70 DPWA
COX 70 OPWA
GALT I E R I 70 DP WA 0
LITCHFIEL 70 DPWA -0
I S LAM 71 DPWA
L ITCHF I E 71 DP WA

KANE 72 DPWA 0
BAI LLCN 75 IPWA
HEMINGWA - 75 DPWA 0
VAihlHORN 75 DPWA 0
RL I C 76 QPWA

DETERMINING UNAHB ~ THI S

OR = 1 4S)

ELASTI C 5 CH EXCH
K-N TO LA HBOA P I
K-P TO LAMBDA P I
K-P TO SIGMA PI
S I GTGT 5 EL AS YCHE X
K-N TQ LAMBDA P I
K-P TO LAMBDA PI
K-N TO LAMBDA P I
KN--PI-SIG
KP TO KBAR N

K-P TO PI SIG
KBAR N TQ LAM P I
K- P TO KBAR N
K- P TO LAH P IO
KBAR N HULT ICHNL
AHPLITUDE

11/67
7/68
7/70

10/70
1/71
6/70
7/70
6/70

12/72
10/71
10/7 1
11/75¹lj/75¹
11/75¹
1/76¹

11/67

l40 ~ )
140 ~

W

W

'W

W

'W

W

W 2
W 1
W

W ~ ~ 6 6 ~ ~ ~ ~

W AVERAGE HEANINGLESS (S

SMART
BAILEY
ARMENTERO
GALT I ERI
L ITCHF I EL
KA NE
LEA
BAILLGN
VANHORN

CALE FACTOR = 1 0)

68 DPWA -0
69 DPWA 0
70 IPWA -0
70 DP WA -0
70 OPWA -0
72 DP WA

73 DPWA
75 I PWA

75 OPWA 0

K- N TO LA M P I
ELAST IC9 CH EXCH
ELASTI C5 CH EXCH
K-, N TO LAH PI
K- N TQ LAM Pl
K-P TO S IGHA PI
MUI. TICHNL K-HTRX
K BAR N TO LAH P I
K- P TG LAH PIG

7/68
10/70
6/70
7/70
6/-70
1 /73
9/73ll/75¹

ll/75¹

Pl
P2
P3

46 Y¹l(1915)PARTIAL DECAY MODES

Y¹1(1915) INTO KBAR NY¹l(1915) I NTG LAMBDA P I
Y¹1(1915) INTO SIGMA Pi

DECAY HASSES
497+ 939

1115+ -139
1197+ 139
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Particle Data Group: Review of particle properties S229

Data Card Listings
For notation, see key at front of Listings.

Baryon s
Z(1915), Z(1940)

46 Y¹lt1915) BRANCHING RATIOS

ARMENTER1
BRIC MAN 1
CONFQRTO
L I TCHF IE
HEHINGWA
RLIC

67 DPWA
70 DPWA
71 DPWA
71 DPWA
75 DPWA
76 DPWA

(P1I
0 ELASTIC CH EXCH

S I GTOT y EL AS p C I-EX
0 ELASTI C e CH EXCH

K-P TQ KBAR N

0 K- P TQ KBAR N

KBAR iN MULTI CHNL

R2
R2
R2
R2
RZ
R2
R2
R2
R2
R2

Y¹1(1915) FROM
0«08

-0 ~ 1
«0 ' 09
-0 ~ ll-0 ~ 07-~ 087-~ 06
—~ 09- ~ 09

KBAR N

(0 ~ 02 I
(0 02}
(0 ~ 02)
(0 ~ 03I
{0 ~ 015)

( ~ 056)
( «02)
( ~ 02)'
( .03)

INTO LAMBDA P I
SMART 68
BERTHON 70
COX 70
GALT IERI 70
L ITCHF I EL 70
DE VEN I SH 74
BA ILLON 75
VA NHGRN 75
RLIC 76

SQRT {Pl¹P2)
DPWA -0 K-N TO LAMBDA PI
DPWA 0 K-P TO LAMBDA PI
DP'WA — K-N TQ LAMBDA PI
DP'WA 0 K-P TO LAMBDA PI
DPWA -0 K-N TO LAMBDA PI

0 F I XED T DISP REL
IPWA KBAR N TO LAM PI
DPWA 0 K- P TO LAM PIO
DPWA KBAR N MULTICHNL

Rl Y¹l(1915) INTO (KBAR N) /TOTAL
Rl A (0~ 12) ( ~ 01 )
Rj 0«18 ( 0 ~ 02)
Rl 0» 11 {0~ 03)
Rl 0 15 (0 ~ 04)
Rl ~ ll ( ~ 04)
Rl «05 ( «03)

11/67
1/71
6/70

10/71
11/75¹
1/76¹

7/68
7/70
6/70
7/70
6/70
4/75¹

11/75¹
ll/75¹
1/76¹

29 Y¹l( 1915) BRAhCHING RAT IOS ( PROD ~ EXP ~ )

Rl Y¹1(
Ri T
Rl
Rl
Rl
Rl 1 THI
Rl
Rl
Rl AVG
Rl STUDENT

1915) INTO (KBAR N)/TOTAL
HESE VALUES OF ELASTICITIES ASSUME J=5/2

0 F 06
0 ~ 07 0»02
0 ~ 07

S ELASTICITY ASSUMES
«62 F 08

~ ~ ~ « ~ ~ ~ ~ ~

0 ~ 10 0 ~ 13
0 ' 077 0 ' 022

(Pl)
8UGG 68 CNTR ASSUMI NG J=5/2 6/68
BRICHAN 70 CNTR 0 TOTAL AND CH EX 6/70
CGQL 70 CNTR K-Pr D 'TOTAL 10/70

J= 7/2 2/73
DADO 72 HBC 0 K-P ELSTC DCS 2/73

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 6«7)
AVERAGE USING STUDENT10(H/1 11) — SEE TE XT

10/69

10/69

R2 Y¹1(1915)INTO (KBAR N)/{SIGMA PI) (Pl) /(P3)
R2 ( ~ 37 } OR LESS BARNES 69 HBC + 1 STAN ~ DEV«

R3 Y¹1(1915) INTO (LAMBCA PI I/(SIGMA PI I {P2)/(P3)
R3 ( ~ 28) OR LESS BARNES 69 HBC + 1 STAN ~ DEV

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

R3 Y¹l(1915) FROM KBAR N INTO SIGMA PI
R3 A (0«00) (0 ~ 01) ARMENTERO
R3 -0 13 t 0 ~ 03) BERTHON 1
R3 0 06 (0 ~ 03) GALT IER1
R3 8 {0 06) (0»02I ISLAM
R3 -0 ' 137 (0 ' 015) KANE
R3 —~ 19 { 03) RLI C

67 OPWA
70 OPWA
70 CPW A

71 DPWA
72 DPWA
76 DPWA

SQRT (Pl¹P3)
0 K-P TQ 5 I GMA Pl
0 K-P TO SIGMA Pl
0 K-P TO SIGMA PI

KN—PI-SI G
0 K-P TO P I SIG

KBAR N MULT ICHNL

11/67
10/70
7/70

12/72
10/71j/76¹

BOCK 65 PL 17 166
COOL 66 PRL 16 1228

SUPERSEDED BY COOL 70 '
BUGG 68 PR 168. 1466
BARNES 69 PRL 22 479

REFERENCES FOR Y¹l(1915) (PROD ~ EXP ~ )

+COOP ER FR ENCHg K INSON y + {CERNpSACLAY )
+GIACOHELLI yKYCIAgLEGNTIC HALI g LUNOBYt+ (BNL ) I

+GILMORE v KNIGHT rOA Vl ES+ ( BIRHtCA VE e RHEL ) I
+FLAMINIO y MONT AhET» SAMIOS + ( BNL+SYRA I

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

RCFERCNCES FOR Y¹1(1915}
AGUI LAR 70 PRL 25 58
BR ICMAN 70 PL 318 152
COOL 70 PR Ol 1887
DADO 72 PRL 29 1695

AGUILAR BENITEZy BARNESp + (BNLt SYRA)
+FERRO LUZZI y PERREAUp+ (CERNgCAENgSACLAY I
+GIACOMELL I y KYCI Ay LEQNTIC y L I y + (BNL } I
+BIRMANg GOLCBERGgWEISS {HAIF) JP

ARMENT ER 67 PL 248 198
ARHENTEl 67 NP 83 592
SMART 68 PR 169 1330

BERTHQN
BERTHGN1
BR'I C HAN1
CO X

GALT IER I
L ITCHF I E

70 NP 820 476
70 NP 824 417
70 PL 338 511
70 NP 819 61
70 DUKE CONF 173
70 NP 822 269

,CONF GRTO 71 NP 834 41
lSLAM 71 P JSIR 14 305

PAK I STAN J ~ SC I ~ I NO»
LITCHF IE 71 NP 830 125
KANE 72 PR 05 1583
OEVENISH 74 NP 881 330

BAI LLCh 75 NP 894 39
HEHINGWA 75 NP 891 12
VA hHCRN 75 NP 887 145

ALSO 15 NP 887 157

ARHENTEROSgFERRQ-LUZZI+ (CERNgHEIDySACLAY I
ARHENTEROSyFERRO-LUZZI+ (CERNyHEID ~ SACLAY)
W H SMART (LRL ) IJP

+RAhGANg VRANAy +(COL FRANCE'S RHELy SACLAY) IJP
+VRANA e BUTTERWGRTH» + (CDEF t RHEL ~ SACLAY) IJ
+ F ERRO-LU ZZ I e LAGNAUX (CERN)
+ISLAM' COLLEYy + (BIRMtEDINyGLASyLOIC IIJP
A BARBARO-GALTIERI (LRI )I JP
P J LITCHFIELD (RUTHERFORD} I JP

+LEVI SETT I ~LASINSKI ~ ~ OBERLACK++ (EF I+HEIO) I JP
+COX y COLL EYy HEATHCOT 6 (BIRN) I JP

RES ~

L ITCI-'F IELDg ~ ~ ~ +LE SQUOY g+ ~ ~ (RHE L+CDEF+SACL ) I JP
0 F KANE (LBL ) IJP
DEVENI SHe FROGGATTeHARTIN(DESYtNOROITAt LCUC I

P ~ BAILLGN P ~ J ~ L ITCHFI ELD (CERN RHEL ) IJP
HEMINGWAY EAOES HARHSEN+ (CERN HEID HPIM) I JP
A ~ J ~ VAN HORN (LBL }I JP
A ~ J ~ VAN HORN (LBL ) IJP

PAPERS NOT REFERRED TO IN DATA CARDS

PRIMER 68 PRL 20 610 +GCLOBERG~ JAEGERe BARNES»DQRNAN + (SYRA ~ BNL)
SUPERSEDED BY BARNES 69 AND AGUILAR-BENITEZ 70 ~

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

~II I
98 Y¹l(1940~ JP=3/2-) 1=1

SEE TI.E MINI-REVIEW AT THC START OF THE Y¹LI STINGS

SUCH A RESCNANCE IS SUGGESTED BY SO&E BUT NOT ALL
PARTIAL-WAVE ANALYSES IN THIS REGION ~ THIS
EFFECT IS PERHAPS ASSOCIATED WITH THE BUMPS SEEN
1N PRODUCTION EXPERIMENTS NEAR THIS MASS ~ SEE
THE PRECED ING ENTRY ~

98 Y¹l( 1940) HASS {MEV )
RL IC 76 RL-75-182 (PRPNT ) CGPALs KALMUSe MCPHERSGN ~ROSS+ (RHEL+LOIC ) I JP

SMART 66 PRL 17 556
SUPERSEDED BY SMART 68 '

CGNFORTO 68 NP BB 265
SUPERSEDED BY CONFORTO 7j»

PAPERS NOT REFERRED TO IN DATA CARDS

H SMART yA KERh'ANyG E KALMUSg R P ELY (LRL ) IJP

+HARMSENg. LASINSKIg + (CHICAGO' HEIDEL )

¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

t915 @197 REQION —PRODUCTION AND STOT~ E~'Ts
29 Y¹1( 1915y JP= ) 1=1 PROC UCT ION EX P ER I ME hT S

SEE TI.E MINI-REVIEW AT THE START OF THE Y¹L ISTINGS ~

1940~ 0 50 ~ 0
1940 ' 0 40 ' 0
1940 ' 0 , 30 ' 0
}.985«0 (5«0

2 (1865 ' )
2 0 hL Y UNCGN STRAI NED

1940 ~
' 20 ~

1950~ 20«
1950' 30 '
1949~ 40 '
1920' 50 '
~ « ~ ~ ~ ~ « ~

AVERAGE MEANINGLESS (S

70 DPWA
70 DPWA

L 70 QPWA
72 DP'WA

73 DPWA
OF L EA73

74 DP WA

74 DPWA
75 IPWA
75 DPWA
76 DPWA

GALTIERI
GALTIE R I
L 1T C I'. F I E

) KA NE
LEA

STATES FRCM TABLE 1
LI TCHF 12
L ITCHF 13
BAI LLCN

60 ' VANHORN
RL IC

CAL E FACTOR = l«0)

98 Y¹1(1940) W IDT'H (MEV )

K- N TQ LAM PI
K-P TO SIGMA PI
K- N TO LAH PI

0 K-P TO PI 5 IG
MULTICHNL K-MTRX

ARE IN L IST INGS ~

0 K-P TO L{1520) PI
0 K-P TO KBAR DCL

KBAR N TO LAM P I
0 K- . P TO LAM PIO

KBAR N HULTICHNL

7/70
7/70
7/70

10/71
9 /73
9/73

10/74¹
10/74¹
11/75¹ll/75¹
1/76¹

SEE Tl-E NOTES TO THE Y¹1{1915) AND Y¹1( 1940) e WHICH
IMHEDIATELY PRECECE AND FOLLOW THIS ENTRY ~ HERE WE

LIST ONLY PARAMETERS OF PEAKS SEEN IN CROSS SECTICNS
ANG INVARIANT-MASS DISTRIBUTIONS ~ THE CROSS-SECTION PEAKS ARE AI.MOST
CERTAINLY ASSOCIATED WITH THE Fl5 Y¹i(1915) SEEN IN PART IAL-WAVE
ANALYSES ~ THE INVARIANT-MASS PEAKS SEEH MORE LIKELY TG BE ASSOCIATEC
WITH THE NOT-COHPLET ELY-ESTABL ISI.ED WITH THE 013 Y¹( 1940}~

29 Y¹1(1915) MASS {MEVI (PRGO EXP ~ I

20»

W 200 ~ 0 50 ~ 0
W 200 ' 0 50 ' 0
'W 280 ' 0 40 ' 0
W 208 ' 0 (22 ' 0 }
W 2 t 108~ 9)
W 60 ~ 20 ~

W 70 ~ 30 ~

W 150. 75 '
'W 160~ 70 ' 40 ~

W 300» 80 ~

~ ~ ~ ~ ~ ~ ~ ~ ~

W AVERACE MEANINGLESS (SCALE FACTOR

GALTIERI
GALT IER I
LI TCHFI EL
KAME
LEA
L I TCHF I 2
L I TCHF 13
BA ILLGN
VA NHORN
RL IC

2 ' 4)

70 OPIA
70 OPWA
70 DPWA
72 DPWA
73 DPWA
74 DPWA
74 DPWA
75 I PWA

75 OPWA
76 OPWA

K- N TQ LAM PI
K-P TO S I GMA P 1
K- N TG LAM PI

0 K-P TO Pl SIG
MULT IC HNL K-MTR X

0 K-P TO L(1520)PI
0 K-P TQ KBAR DEL

KBAR N TO LAM P I
0 K- P TO LAH PIO

KBAR N MULTICHNL

7/70
7/70
7/70

10/7 1
9/73

10/74¹
10/74¹
11/75¹
11/75¹

1 /76¹

M

M

M

M

H
M

H

M

M 1
M 1

M AV

CROSS SECT IGN PEAKS
1905' 0 5 ' 0 8 UGG
1906~ 0 6 ~ 0 BR ICMAN
1912' 0 10' 0 COOL

INVARIANT-MASS-DISTRIBUT IGN PEAKS
( 1942 ~ 0) (9 ~ 0 ) BOCK
1940' 0 11«0 AGUILAR

ELASTIC OCS
1931 9 ~ DADO

G7 INOICATEO BY LEGENDRE CQEFFS ~, G9 NQT
~ ~ ~ « ~ « ~ ~ ~

ERAGE HEANINGLESS {SCALE FACTOR = 1 9)

65 HBC
70 HBC +

72 HBC 0
RUL ED QUT ~

PBAR P 5 ~ 7 BE V/C
3 ~ 9 4»6 GCV/C K 5/70

2/73
K-P ELSTC DCS ~ 2/73

2/73

68 CNTR K-P 0 TOTAL ll/66
70 CNTR 0 TOTAL AND CH EX 6/70
70 CNTR K-Py 0 TOTAL 10/70

Pl
P2
P3
P4
P5
P6
P7

Y¹1(1940)
Y¹1(1940}
Y¹1(1940)
Y¹l (1940)Y¹l{1940)
Y¹1(1940)Y¹l{1940)

98 Y¹1t 1940 ) PART IAL DECAY MODES

INTO KBAR h
INTO LAMBDA P I
INTO SIGMA P I
INTO Y¹0(1520) PI P WAVE
INTO Y¹0( 1520) P I F WAVE
INTO KBAR DELTA(1232) S-WAVE
INTO KBAR DELTA ( 1232) D-WA VE

DECAY MASSES
497+ 939

1115+ 139
1197+ 139
134+1518
134+1518
493+1232
49 3+ 1232

29 Y¹1{1915) WIDTH (MEV) ( PRGO ~ EXP )
98 Y¹1( 1940 ) BRANCH ING RAT IOS

W

W

W

W

W

W 1
W

AV

CROSS-SECTION PEAKS
60 0 10 ~ 0
50 ~ 0 12«0

(30~ 0)
I NVARI ANT MASS-DISTR I BUT ION

t36 ~ 0) (20 ~ 0) (36 ~ 0)
90 ~ 0 20 ~ 0

EL ASTI C DCS
70» 14~

« ~ ~ ~ « ~ ~ ~ ~

ERACE MEANINGLESS ( SCALE FACTOR

8UGG
BRI CHAN
COOL
PEAKS
BOCK
AGUILAR

DADO

68 CNTR
70 CNTR 0 TOTAL AND CH EX
70 CNTR K~P p D TOTAL

65 HBC
70 HBC + 3 ~ 9-4 ~ 6 GEV/C K-

72 HBC 0 K-P ELSTC DCS

11/66
6/70

10/70

5/70
2/73
2/73

Y¹l(1940) FRO
-0 ~ 12
-0 ~ 14(-.11)
-»153- ~ 04- ~ 05-.06

Rl
Rl
Rl
Rl 2
Rl
Rl
Rl
Rl
Rl ~ ~ ~ ~ ~

Rl AVERAGE MEANINGL

H KBAR N

0 ' 04
0 ' 03

»070
02

~ 03
~ 03

INTO LAHBDA PI
GA/T I E R I 70
L I TCHF I EL 70
LEA 73
DEVENISH 74
BAI LLCN 75

~ 02 VANHORN 75
RL IC 76

~ ~ ~ ~

ESS (SCALE FACTOR = 1 ~ 5)

DP WA

DPWA
OPWA

IPWA
DP'WA

DPWA

5QRT ( P1¹P2)
K- N TQ LAH PI
K- N TO LAH PI
MULTIC HNL K-MTRX

0 FIXED T DI SP REL
K BAR N TO LAM P I

0 K-P TQ LAM PI 0
KBAR N MULTICHNL

7 /70
7/70
9/73
4/75¹

ll/75¹
ll/75¹
1/76¹

Pl
P2
P3

Y¹1(1915) INTO KBAR N

Y¹1(1915) I NTG LAMBDA PI
Y¹1(1915} INTO S IGMA PI

CECAY MASSES
497+ 939

1115+ 134
jj97+ 139

29 Y¹lt191 ) PARTIAL DECAY MODES (PROD ~ EXP, )

R2
RZ
R2
R2 2
R2
R2
R2 AV

Y "1(1940) FROM KBAR N INTO SIGMA Pl
-0 12 0 ~ 03 GALT IERI
-0 ~ 093 (0 ~ CC6) KANE

NOT SEEN LEA- F 08 04 RLIC
~ ~ ~ ~ « ~ ~ ~ ~

ERAGE MEANINGLESS (SCALE FACTOR = 1 ~ 0)

SQRT(Pl¹P3}
70 DP'WA K-P TO SI GMA PI 7/70
72 DPWA 0 K-P TO PI SIG 10/71
73 OP WA MULT IC HNL K-MTRX 9/73
76 DPWA KBAR N MULTICHNL 1/76¹
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S230 Particle Data Group: Review of particle properties

Baryons
Z(1940), Z(2000), Z(8030)

Data Card Listings
For notation, see key at front of Listings.

R3
R3
R3
R3
R3

Y¹1{1940) INTO KBAR N (Pj) 9/73
2 ( ~ 21} LEA 73 DP NA MULT I C HNL K-MTRX 9/73

L ESS T HAN ~ 04 RL IC 76 CPNA KBAR N MUl. TI CHNL 1/76¹
NQ SIGNAL FOR THIS STATE WITH X LARGER THAN ABOUT ~ 03 IN THE 11/75¹
ANALYSIS OF HEMINGWAY 75 11/75¹

R4 Y¹1 {1940) FROM KBAR N TQ Y¹0( 1520} FI P-WAVE SQRT ( Pl¹P4 )
R4 -«ll 04 L ITCHF I2 74 DPWA 0 K-P TO L( 1520) PI 10/74¹
R4 1 ASSUMES LAMBDA{ 1520 ) ELASTIC ITY22 ~ 45, SIGN RLTV TC S IG (2030) DECAY, 10/74¹

R5 Y¹1(1940l FROM KBAR h TG Y¹0(1520) PI F-NAVE SQRT(P1¹P5)
R5 1 -4 08 ~ 04 LITCHFI 2 74 DPNA 0 K-P TQ L{1520) PI 10/74¹
R5 1 ASSUMES LPMBCA{ 1520) ELASTICITY= ~ 45 SIGN RLTV ~ TC S IG {2030) DECAY% 10/74¹

R6 Y¹1{1940) FROM KBAR N TQ KBAR DELTA( 1232) S-bA VE SQRT ( P 1¹P6}
R6 3 - F 16 ~ 05 LITCHF 13 74 DPNA 0 K-P TQ KBAR DEL 10/74¹
R6 3 SIGN REL ATI VE TQ SI GIRJA ( 2030) DEC AY 10/74¹

R7 Y¹1(1940) FROM KBAR h TC K8AR CELTA(1232) 0-NAVE SQRT(Pl¹P7)
R7 3 -%14 ~ 05 LI TCHFI3 74 DPWA 0 K-P TQ KBAR DEL 10/74¹
R7 3 SIGH RELATIVE TQ SIGMA(2030) DECAY 10/74¹

47 Y¹1{2030) MASS (MEV)

(Z030 ~ 0
2032% 0
2030 ~ 0
2035 ' 0
2027 ' 0
2010 ' 0
2000%0
2022 ' 0
2025 '
2034%0
2025
2035%
2020 '
2035 ~

2038 ~

2042»
2040 ~

) (20 ~ 0
6 ~ 0

10 ~ 0
10 0
6 ' 0

15 ~ 0
20 0

4 ' 0
15 '

0
10
10 ~

30 '
15 ~

10 ~

11.
5 ~

NQ HL
SMART
BE RTHGN
BERTHQN1
CQX
GALTIERI
GALTICRI
L ITCHF I EL
L I TCHF I E
KANE
L ITCHFI 1
LI TCHFI 2
L ITCHF I 3
BAILLCN
HE M I NGNA
VANHORN
RL IC

~ % ~ ~ ~ ~ ~ ~

AVERACE MEAHINGLESS (SCALE FACTOR = 1%0)

66 HBC
68 DPWA
70 DPNA
70 DPWA
70 GPWA
70 CPWA
70 GPWA
70 GPWA

71 DPWA
72 DPNA
74 GPNA
74 DPWA
74 DPWA
75 IPNA
75 DPWA
75 DPWA
76 DPW A

0 K-P TQ LAM PI 0
K-N TO LAMBDA P I

0 K-P TQ LAMBDA P I
0 K P TO SIGMA PI

K-hl TO LAMBDA P I
0 K-P TO LAMBDA PI
0 K-P TO SIGMA PI

-0 K-N TO LAMBDA P I
K-P TQ KBAR N

0 K-P TO PI SIG
0 K-P TQ L ( 1815)PI
0 K P TO L{1520)PI
0 K- P TO KBAR 0 EL

KBAR H TO LAM PI
0 K- P TO KBAR N

0 K-P TO LAM PI 0
K 8 AR N MULT IC FNL

7/66
6/68
7/70

10/70
6/70
7/70
7/70
6/70

10/71
10/71
10/74¹
10/74¹
10/74¹
11/75*
11/75¹
11/75¹
1/76¹

GA LT IER I 70 DUKE C CNF 173
LITCHFIE 70 NP 822 269
KANE 72 PR G5 1583
LE A 73 NP 856 77

DEVENI SH 74 NP B81 330
L I TCHF I 2 74 NP 874 19
l ITC)4F I3 74 NP B74 39

REFERENCES FOR Y¹1(1940 }

A EARBARQ-GAI TIERI (LRL) I JP
P J LITCHF IELD ( RUT l-ER FORD ) IJ P

G F KAME (LBL l I JP
+MARTIN MQQRHOUSE+ (RHE'L+LQUC+GLAS+AARHUS)IJP

DEVENISl, 2 FRQGGATT2MARTIN(DESYYNQRDITAYLGUC)
L ITCHF IELDY l-EMINGNAY7BAILLCNY+ (CERN+HE ID) I JP
L ITCHF IELDYHEMIhGNAY7BAILLCN7+ (CERN+i. EID) I JP

BA ILLCh; 75 NP 894 39
VANHGRN 75 NP 88T 145

ALSO 75 NP B87 157

P. BAILLON P J ~ LITCtFIELC
A ~ J ~ VAN HQRhl
A ~ J % VAN HORN

(CERN7 Rl-'EL ) IJP
(LBL )IJP
(LBL ) I JP

RL IC

HEMINGbA 75 NF 891 12

PAPERS HQT REFERRED TG IN CATA CARDS ~

}.EM INGWAYY EAOES2 HARMSEH+ (CERNYHEIDP MPIM }!JP

76 RL-75-182 (PRPNT) GQPAL7 KALMLS2MC PHERSCHYROSS+ (RHEL+LGIC ) I JP

W

W

'W

W

W

W

W

'W

W

W

W

W

W

W

W

47 Y¹1(2030} WIDTH ( ME V l

(170 ~ 0)
160 ~ 0
165~ 0
150 0
158~ 0
115%0
100 0
170 0
200 ~

118~ 0
70% TO

160
200.
180~

172 ~

178
190 ~

16 ~ 0
30%0
20% 0
16 0
15 0
40 0
15 ~ 0
30 '
12 ~ 0

125»
20 '
30 ~

20%
15.
13
10%

15 ~ 0

WGHL
SMART
BERTHQN
BERTHCH1
CQX
GALTIERI
GALTI ERI
L I TCHF I E L
LITCHF IE
KA NE

L ITCHFI I
LITCHF I 2
LITCHF I3
BA ILLON
HEMINGWA
VA NHGRN
RL IC

~ % % ~ ~ 4 % ~

AVERACE MEANINGLESS (SCALE FACTOR = 1 7)

66 HBC 0
68 DPWA
70 DPNA 0
70 DPWA 0
70 DPWA
70 DPWA 0
70 DPWA 0
70 DPWA -0
71 DPNA
72 0PWA 0
74 DPWA 0
74 GPWA 0
74 DP'NA 0
75 IPWA
75 DPWA 0
75 DPWA 0
76 DPWA

K-N TO LAMBDA P I
K-P TO LAMBDA PI
K-P TO S IGMA PI
K-N TO LAMBDA P I
K-P TQ LAMBDA PI
K-P TO SIGMA PI
K-N TO LA)J BOA P I
K-P TO KBAR N

K-P TQ P I S IG
K-P TQ L( 1815)PI
K-P TO L{ 1520)PI
K-P TO KBAR DEL
KBAR N TG LAM PI
K- P TO KBAR N

K-P TQ LAM PIQ
KB AR N MULT I C HNL

7/66
6 /68
7 /70

10/70
6/70
7/70
7/TQ
6/TQ

10/7 1
10/71
10/74¹
10/74¹
10/74¹
ll /75¹
11/75¹
ll/75¹
1/76¹

Q2 Y¹l(2000} MASS (MEV)

2004 ~

1955.
40%
15~

VANHGRN
RLIC

75 CPWA 0 K-P TQ LAM PIQ lj/75¹
76 DPWA KBAR N MULTICHNL 1/76¹

W){)g ( QOOO) 02 Y41 (2000, JP=lll-) 7= 1 D $ $
Pj
P2
P3
P4
P5
P6
P7
PB
P9

Y¹1(2030)
Y¹1{2030)
Y¹l(2030l
Y¹1( 2030)
Y¹1(2030)
Y¹1(2030)
Y¹1(ZO30l
Y¹1(2030)
Y¹l(2030)

47 Y¹1(2030) PART IAL DECAY MODES

INTO K BAR
INTO LAMBDA PI
INTO SIGMA P I
I NTQ XI K

INTO Y¹0 ( 1815} PI P-WA VE
INTO Y¹0( 1520) P I D-NAVE
I NTO Y¹0( 1520) PI G-WAVE.
INTO KBAR DELTA( 1232) F-WAVE
INTO KBAR CELTA(1232 l H-WAVE

DECAY MASSE S
497+ 939

1115+ 134
1197+ 139
1321+ 497

134+1820
134+1518
134+1518
493+1232
493+1232

02 Y¹l(20QQ ) WIDTH (MEV}

116~

170
40
40 '

VANHORN
RL IC

75 DPWA 0 K-P TQ LAM PIQ 11/75¹
76 DPWA KBAR N MULTICHNL 1/76¹

P }.
P2
P3

02 Y¹j(20001 PARTIAl DECAY MODES

Y¹1(2000} INTO KBAR N

Y¹1(2000) INTO LAMBCA P I
Y¹1(2300) IHTQ SIGMA PI

DECAY MASSES
497+ 939

1115+ 134
1197+ 139

02 Y¹1(200Q) BRANCHING RATIOS

Rl
Rl
Rl
Rj

Y¹1(2000) FROM KBAR hl IhlTG LAMBDA P I
NQT SEEN BA ILLQN

+ 07 02 ~ 01 VANHQRN
08 03 RL IC

SQRT {P j&P 2)
75 IPWA KBAR N TQ LAM PI 11/75¹
75 DPWA 0 K-P TQ LAM PIG ll/75¹
76 GPWA KBAR N MULT ICHNl 1/76¹

BAILLGN 75 NP 894 39
VANHORN 75 HP 887 145

ALSO 75 NP 887 157

P BAILLQNP P ~ J LITCHFIELD
A ~ J ~ VAN HORN
AD J ~ VAN HCRN

(CERNP RHEL) I JP
(LBL }I JP
(LBL ) IJP

R2 Y¹1(2300) INTO (KBAR N)/TOTAL f Pl) 1/76¹
R2 ~ 44 ~ 05 RLIC 76 DPWA KB AR N MULT IC)'NL 1/76¹
R3 Y¹l (2000) FROM KBAR hl INTO SI CMA PI SQRT ( P 1¹P3} 1/76¹
R3 + ~ 20 04 RLIC 76 DPWA KBAR N MULTICHNL 1/76¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFERENCES FGR Y¹1(2000)

Rl
Rj
Rl
Rl
Rl
Rj
Rl
Rl
Rl
Rl

R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2
R2

R3
R3
R3
R3
R3
R3
R3
R3
R3

47 Y¹1(2030) BRANCHING RATICS

7/66
7/70
1/71

F 10/71
ll/75¹
1/76¹

Y¹j(2030) F
(0.20
+0% 21
+0 ~ 2
+0 ~ 19
+0% 16
+0 ~ 20
+. 19
+%18
+ ~ 20
+ ~ 18

~ % % ~

AV ER AC E MEAN IN

RQM KBAR H Ih}TG LAMBCA P I
) WQHL

0 01 SMART
0 ' 02 BERTHQH
0%01 CQX
0 ' 03 GALTI ER I
0 F 008 L ITCHF I EL

5 ~ 053 OE VENI SH
~ 02 BA!LLGN
F 01 VANHORN
F 02 RLIC

~ % ~ ~

GLESS (SCALE FACTOR = 1 ~ 0)

66 HBC
68 DPNA
70 DPWA
70 D P'WA

70 DPWA
70 DPWA
74
75 IPNA
75 OPWA
76 DP WA

SQRT ( P 1¹P2)
0 K-P TO I AMBOA P I

K-H TQ LAMBDA P I
0 K-P TO LAMBDA P I

K-N TO LAMBDA P I
0 K-P TO LAMBDA PI

-0 K-N TO LAMBDA PI
0 FIXED T D ISP REL

KBAR N TQ LA){ P I
0 K-P TO LAM P I 0

KBAR N MULT ICHNL

7/66
6/68
7/70
6/70
7/70
6/70
4/75¹

11/75¹
11/75¹
1/76¹

Y¹1(2030) FROM KBAR N INTO S IGMA PI
L (-0.09) (0%02) BERTHGN 1

-0 ' 052 0 ' 010 GALTI ERI
-0 10 0 ~ 03 L ITCHF I E

L LITCHFI E{.0 71 I S AN UP CAT E OF BERTHGN1
-0%086 0 ~ 014 KA NE

—~ 15 ~ 03 RLIC
~ % % ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR = 2%1)

70 DPWA
70 DP'NA

7}. DPWA
70

72 DPNA
76 DPWA

SQRT{Pj¹P3)
0 K-P TQ SIGMA PI
0 K-P TQ SIGMA PI

K-P TO SIG PI

0 K-P TQ PI SIG
KBAR N MULTI CHNL

10/70
7/70
3/72
3/72

10/71
1/76¹

Y¹1(2030) INTO {KBAR N)/TOTAL (P 1)
(0 25) NOHL 66 HBC 0 K-P CH EX

D (0 ~ 11} DAUM 68 CNTR K-P E LA 2 P OL 2 S IGT
0%17 0%04 CAMPBELL 71 CBC — K- NEUTRON El AST
0 ~ 18 0 02 LITCHFIE 71 DPWA K-P TO KBAR N

~ 18 ~ 03 HEMINGWA 75 DPWA Q K- P TO KBAR N

24 ~ 02 RL IC 76 DPWA KBAR N MULTIC)'NL
D GAUM 68 ASSUMES (J+1/2 l ¹P1VALUE SEEN IN TOTAL CROSS SECTION ~

~ ~ ~ ~ ~ ~ % % ~

AVERAGE MEAhlI NGLESS (SCALE FACTOR = 1 4)

RL IC 76 RL-75-182 (PRFNT) GQP2)LPKALMUS7 MCPHERSCN2RQSS+ (RHEL+LQIC }IJP R4
R4.
R4
R4

Y¹l(2030) FROM KBAR N INTO XI K

(0 05) OR LESS TRIPP
{0' 05) OR LESS BURGUN
(0%023) MULLER

S QRT ( P 1¹P4 )
67 RVUE 0 K-P TQ XI K

68 DP'WA 0 K-P TO XI K
69 DPWA 0

8/67
10/69
7/7 0

g(2O3P) 47 741(2030 JP=7/2+& l=l

SEE TI E MINI-REVIEW AT THE START OF THE Y¹ LISTINGS ~

THIS ENTRY ONLY INCLUDES RESULTS FRGN PARTIAL-HAVE
ANALYSES PARAMFTERS QF PEAKS SEEN IH CROSS-SECTIONS
AND INVARIANT-MASS GISTRIBUTIQNS ARCUND 2030 MEV ARE

GIVEN IN THE NEXT ENTRY. EVENTUALLY THE PARTIAL-HAVE ANALYSES SHOULD
GIVE THE BEST RESULTS2 AS Tl-EY ISOLATE THE F 17 'WAVE ~ THIS SUPER IORI TY
IS 7 HGWEVERP PROBABLY NCT YET ATTAINED7 AND 'WE RELY CN BOTH ENTR IES
FOR PARAMETERS GIVEN IN Tl-E MAIN BARYON TABLE

R5
R5
R5
R5
R5
R5
R5

R6
R6
R6
R6
R6

AVG
STUDENT

0 ~ 148
0 ~ 148

0 ~ 018 . AVERAGE ( ERROR IHCLUDES SCALE FACTOR OF 1 01
0 ~ {)20 AVERAGE USING STUDENT10(H/1 11) —SEE TEXT

Y¹l(2030) FROM KBAR N

2 14 ~ 03
2 ASSUMES LAMBDA( 1520)

3 ( 10) ( ~ 03)
3 UPPER LI MI 7

TO Y¹0(1520) PI D-NAVE
L I T CHF I 2 74 DPWA

ELASTICITY= ~ 45
CQRDEN2 75 DBC

SQRT(pj¹P6)
0 K-P TQ L ( 1520)PI

KB AR P I- NUCLEON

10/ 74¹
10/74¹
11/75¹
11/75¹

Y¹1(2030) FROM KBAR N TO Y¹0(1815)PI P-WAVE SQRT (P 1¹P5)
1 ~ 18 ~ 04 LITCHFI 1 74 DPWA . 0 K-P TQ L(1815)PI 10/74¹
1 ASSUMES LAMBDA( 1815) ELASTICITY=%6 10/74¹

%14 ~ 02 CORDEN2 75 DBC — KBAR PI- NUCLEON 11/75¹

R7
RT
R7

Y¹1(2030) FROM K BAR N

2 .02 ~ 02
2 ASSUMES LAMBDA( 1520}

TO Y¹Q(1520) PI G-WAVE SQRT{Pl¹P7)
LITCHFI2 74 DPWA 0 K-P TO L( 1520)PI 10/74¹

ELASTICITY= 45 10/74¹
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Particte Data Group: Review of particle properties S231

Data Card Listings
For notation, see key at front of Listings.

Bajyons
Z(8030), Z(8070), Z(8080)

R8 Y¹1(2030) FRCM KeAR h TG KBAR CELTA (1232) F-'WAVE SQRT ( P 1¹PB )
RB ~ 16 03 LI TCHF 13 74 DPWA 0 K-P TQ KBAR DEL 10/74¹
R8 3 {~ 17) (.03) CGRDEN2 75 DBC - KBAR PI- NUCLEON ll/75¹
RB 3 UPPER LI HET 11/75¹
R9 Y¹1(20301 FROH KBAR N TO KBAR DELTA(1232) H-WAVE SQRT(Pl¹P9)
R9 F 00 ~ 02 LITCHF 13 74 DPWA 0 K P TQ KBAR DEL 10/74¹
¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFERENCES FOR Y¹l(2030)
WOHL 66 P RL 17 107 C G WQHLi F T SQLMITZi M L STEVENSON (LRL )IJP
TRIPP 67 NP B3 10 + LEITHi + (LRL iSLAC iCERNiHEIOELi SACLAY)
BURGUN 68 NP 88 447 +MEYERiPAUL I,TALL ENI + (SACL+CDEF+RHEL )
DAUM 68 NP 87 19 +ERNE ~ LAGNAUXi SENSi STEUERiUDO (CERN }JP

CCNFIRMS THE SPIN-PARITY ASSIGNMENT
SMART 68 PR 169 1336 W M SMART (LRL }IJP
MULLER 69 THESISiUCRL 19372 R A HULLER {LRL)

I

Z(PPPP) 34 Y»1(207o JP=5/2+) I=1 Fge

34 Y¹j(2070} MASS (MEV)

(2070 ) ( 10 )
{2057~ 0 )

BERTHCNl 70 DPWA — K- P TQ SIG PI 1/71
KANE 72 DPWA K-P TO SIGMA PI 1/73

34 Y¹1{2C70} WEOTH (MEV)

THI S STATE HAS BEEN SUGGESTED BY ONLY ONE PARTIAL
WAV E ANALYSIS ACROSS THI S REGION I T NEEDS CONF IR'MAT ICN
THE RESCNANCE PRGPQSEO BY KANE IS TOG BROAD TO
BE LSED AS EVIDENCE ~

BERTHGN 70 NP 820 476
BERTHON1 70 NP 824 417
COX 70 NP 819 61
GALTIERI 70 DUKE CONF 173
L ITCHFIE 70 NP 822 269

+RANGANi VRANAi +(CGL FRANCEi RHELi SACLAY}IJP
+VRANAi BUTTERWQRTHi + (CDEF i RHELi SACLAY ) IJP
+ ISLAH i COLL EY i + ( BI RMi ED INi GLAS i LOIC 'I I JP
A BARBARO-GALT I ERI {LRL ) IJP
P J L I TCHF IELD (RUTHERFORD} I JP

(140» )
(906 ~ 0)

(20 ~ ) BERTHQNl
KA NE

l0 DPWA — K- P TO SIG PI 1/71
72 OPWA K-P TO SIGMA PI 1/73

CAMPBELL 71 NP 825 75
L ETC HF I E 71 NP 830 125
KA hlE 72 P R 05 1583

DEVENISH 74 NP 881 330
LI TCHF I j. 74 NP 874 12
LITCHFI2 74 NP 874 19
LITCHF E3 74 NP 874 39'

+MORTON NEGUS GOYAL, MILLER (GLASi LOIC) IJP
L ITCHF IELDi ~ ~ ~ t LE SQUOYi+» ~ (RHEL+CDEF+SACL) I JP
0 F KANE (LBL ) I JP

DEVENISHi FROGGATTiMARTIN f DESY iNQRDETAi LOUC }
L ITCHFI ELDi HEMINGWAY i BAILLONi+ (CERN+HEID 1 I JP
LITCHFIELD i HEMI NGWAY i BAILLCNi+

(CERN+HEED�

) IJP
L ITCHF I ELD i HEMINGWAY i BA ILLONi+ (CERN+HE ID ) I JP

Pl
P2

34 Y¹1(2070) PARTIAL DECAY MODES

Y¹i{2070) INTO K BAR N

Y¹l (2070) INTO SIGMA PI

34 Y¹1{2C70) BRANCHING RATIOS

CECAY MASSCS
497+ 939

1197t 139

BAIL} ON 75 NP 894 39
GORGE N2 75 NP 892 365
HEHINGWA 75 NP 891 12
VA NHORN 75 NP 887 145

AL SO 75 NP 887 157

P ~ BAE LLONi P ~ J ~ LITCHF I ELC (CERNi RHEL ) IJP
tCOXiOARTNELLiKENYONiONEALEiSUHOROK+ (BIRM) I JP
HEMINGWAY i EADES iHARMSEN+ (CERNiHE EDi HPIM) IJP
A ~ J ~ VAN HORN (LB} ) IJP
A ~ J» VAN HORN {LBL}IJP

Rl Y¹1(2070) FROM KBAR N TC SIGHA SQRT ( P 1¹P2)
Rl (+ ~ 12) { 02 ) BERTHGN1 70 DPWA — K- P TO SIG Pj 1/71
Rl (+0.1041 KA NE 72 DPWA K-P TQ SIGMA PI 1/73

RLIC 76 RL-75-182 (PRPNT) GOPALiKALHUSiMCPHERSCNiROSS+ ' (RHEL+LGIC}I JP

BERTHCNl 70 NP 824 417
KA NE 72 P R D5 1583

REFERENCES FOR Y¹1(2070)
+VRANA i BUTTER WORTHi+
D F KANE

{CDEFiRHELi SACLAY }IJP
(LBL)

M30 )LEV REGION —PRODUCTION ADD @TOT~ EXP'TS
28 Y¹1(2030i JP= ) I =1 PRCCUCT ION EXPERIMENTS

SEE Tl-E HINI-REVIEW AT THE START OF THE. Y¹LISTINGS

SEE Tl'E NOTE TO THE F17 Y¹1(20301i WHICH PRECEDES THIS
ENTRY» 1'ERE WE L IST ONLY PARAMETERS OF PEAKS IN CROSS
SECTIONS ANO INVARIANT-MASS OISTRI BUT EGNS T}'E CROSS-

SECTIQN PEAKS ARE AT LEAST DOMINANTLY ASSQCEATEO WITH THE Y¹l(2030)i
BUT HAY CONTAIN A SMALL CONTR ISUTIQN FROM THE SUGGESTEO BUT NOT ESTAB-
LISHED OTHER RESONANCES IN THIS REGION ~

z(~08o) )II
88 Y¹1(2080i JP=3/2+) I=1

SEE Tl E MINI-REVIEW AT 'THE START OF THE Y¹ LISTINGS ~

SUCH A RESONANCE IS SUGGESTEC BY SCME BUT NGT ALL
PARTIAL-WAVE ANALYSES ACROSS THIS REGION ~ UNTIL THERE
IS MORE EVI CENCE WE CMET THIS STATE FROM THE MAIN
BARYON TABLE

88 Y¹1( 2080 ) MASS (MEV 1

28 Y¹1(2030) MASS (HEV) {PROD ~ EXP )

BLANP IED
BUGG
BRICFAN
COOL
LU

(2022 ' 0) (20 ' 0)
2020 ~ 0 7 ~ 0
2049» 0 4 ~ 0
2025 ~ 0 10 ~ 0

(2025 ~ 0) (20 0)
~ ~ ~ ~ ~ ~ » ~ ~

AVERAGE HEANINGLESS (SCALE FACTOR = 2 8)

65 C NTR
68 CNTR
70 CNTR
70 CNTR
70 CNTR

0 GANJA P TQ K+ Y¹
K-Pi D TOTAL 6/68

0 TOTAL AND CH EX 6/70
K-Pi D TOTAL 10/70

0 GAMMA P TO K+ Y¹ 1/7 1

H

M

H I,
H 1
M 2
H 2
H

M

H AV

(2082 ' 0) (4 ' 0) COX
{2070 0) (30 0) LITCHF I EL
2120~ 40 ~ SAILLGN

FROM SOLUTION 1 OF EA ILI CN 75 ~

2140 ' . 40 ' BAILLCN
FROH SOLUTION 2 OF BAELLON 75 ~

2140» 30 BELLEFQ1
~ » ~ ~ ~ ~ ~ ~ ~

ERACE MEANINGLESS (SCALE FACTOR =. 1 ~ 0)

75 IPWA KBAR

75 OPWA 0 K- P

70 DP WA — K- N

70 DPWA -0 K- N

75 IPWA KBAR

TC LAH PI 6/70
TO LAM PI 6/70
N TQ LAM PI 11/75¹

1/76¹
N TQ LAM PI 1/76¹

1/76¹
TO L AM P I 0 11/75¹

28 Y¹1(2030) WIDTH (HEV ) ( PRCO ~ EXP ~ ) 88 Y¹1(2080) WIDTH (MEV)

{20~ 0)
10 ' 0
ll ~ 0

(120~ Ol
130~ 0
126~ 0
165~ 0
(80~ 0)

» ~ ~ » ~ »» ~ ~

AV ERA CE HEANE NGL ESS (S CAL E FACTOR

BLANP I ED 65 CNTR 0
8 UGG 68 CNTR 6/68
BR ICHAN 70 CNTR 0 TOTAL AND CH EX 6/70
COOL 70 CNTR K-P i 0 TOTAL 10/70
LU 70 CNTR 0 GAMMA P TO K+ Y¹ 1/71

1 0)

W

W 1
W 2
W

W

AV

{87' 0} (20 ' 0)
{250.0} (40.0)
240 ' 50»
200 ~ 50 ~

180~ 20 ~

~ » ~ ~ ~ ~ ~ ~ »

ERACE MEANINGLESS (SCALE FACTOR

COX, 70 DPWA — K- N TQ LAH PI 6/70
LITCHFI Ej 70 DPWA -0 K- N TO LAH PI 6/70
BA ILL'CN 75 I P'WA KBAR N TO LAM Pl ll/75¹
BA IiLLGN 75 IPWA KBAR N TQ LAM PI 1/76¹
BELLEFC1 75 OPWA 0 K- P TG LAM PIG 11/75¹

1 ~ 0)

28 Y¹1{2030) PARTI AL DECAY MCOES {PROD ~ EXP 1 88 Y¹1(2080) PARTIAL DECAY MCDES

Pl
P2

Y¹l(2030) INTO KBAR NY¹l{2030) INTO KBAR N P I

DECAY MASSE S
497t 939
497+ 939+ 139

Pl
P2

Y¹1(2080) INTO KBAR NY¹j(2080) INTO LAMBDA PI

DECAY MASSE S
497+ 939

1115+ 139

Rl
Rl
Rl
Rl
Rl

R2
R2

Y¹1(2030) INTO KBAR N P I
SEEN BOCK

(P2)
HBC

28 Y¹1(2030) BRANCHING RATE CS (PROD ~ EXP» 1

Y¹1{2030) INTO (KEAR Nl/TOTAL (Pl)
THESE VALUES OF ELASTICITIES ASSUME J=7/2

0 ~ 131 BUGG 68 CNTR
0»27 (0 ~ 02) BRICHAN 70 CNTR 0 TOTAL ANQ -CH EX
0 ~ 12 '~ COOL 70 CNTR K-P i D TQTA}

6/68
6/70

10/70

88 Y¹1 ( 2080 ) BRANCHING RAT I GS

Rl Y¹l(20801 FRCM KBAR N. TO LAMBDA PI
Rl (-0 16) (0 ' 03) COX 70
Rl (-0 09) (0»03) Lj TCHF I EL 70
Rl 1 -~ 13 ~ 04 BA ILLON . 75
Rl 2 ~ 13 ~ 04 BAELLCN 75
Rl + ~ 19 ~ 03 BELLEFQ1 75
Rl ~ ~ » ~ ~ ~ ~ ~

Rj AVERAGE MEANI) GLESS (SCALE FACTOR = 1 ~ 0)

SQRT( P 1¹P2)
DPWA — K- N TQ LAM PI 6/70
QPWA -0 K- N TQ LAM PI 6/70
IP'WA KBAR N TO LAM PI ll/75¹
IPWA KBAR N TO LAH PI 1/76¹
DPWA 0 K- P TO LAM PIG 11/75¹

BL ANP I ED 65 PRL 14 741
COOL 66 PRL 16 1228

SUPERSEDED BY COOL 7'
SUGG 68 PR 168 1466

BR ICHAN 70 PL 31B 152
COOL 70 PR Ol 1887
LU 70 PR D2 1846

tG ELMORE i KNIGHT i + (RHEL i BI RMi CAVE } I

+FERRO LUZ2I i PERREAUi+ {CERNiCAENi SACLAY )
tGIACQMELL I i KY CIA i LEQNT IC i LI i + {BNL 1 I
t GR EENSERG i HUGHES i MINEHARTi HQRI ~ + ( YALE 1

REF ERENCES FOR Y¹1(2030) ( PROD ~ EXP ~ )

+GREENBERGiHUGHES»KETCHING iLUi+ (YALE(CEAl 1

tGIACQMELLIiKYCIAiLEQNTICiLIiLUNDBYi+ (BNL} I
COX 70 NP 819 61
LITCHF I E 70 NP B22 269
BA ILLON 75 NP 894 39
BELLEFOl 75 NP 890 1

REF ERENCES FOR Y¹1(2080}
+ISLAM' CCLLEY i + (BIRMi EDEN' GLASi LGIC ) IJP
P J LITCHFIELD (RUTHERFORD)E JP
P ~ BAILLQNiP J» LITCHFIELC (CERNi RHEL )IJP
QE BELLEFGN& SERTHONi BRUNET+ {COEF~ SACL ) IJP

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹
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8232 Particle Data Group: Review of particle properties

Baryons
z(a~oo), z(aaso), z(a4ss)

Data Card Listings
For notation, see key at front of Listings.

z(2&oo)
J

26 Y*1(2100, JPe7/2-) I=1 G 17
SEE Tl E MINI-REVIEN AT T) E START OF THE Y¹LISTINGS

SUCH A R ESCNAhlCE IS SUGGESTEO BY SOME BUT hlQT ALL
PARTI AL-NAVE ANALYSES ACROSS THIS REC ION UNTIL THERE
IS NORE EVICENCEr HE OMIT THIS STATE FROM THE MAIN
BARYON TABLE e

26 Y¹1(2100) MASS (MEV)

Rl
Rj
Rl
Rl
Rl

RZ
R2
R2 8

,R2 8
R2 V

48 Y¹1( 2250) BRANCHING RAT I CS ( PROD ~ EXP a )

Y¹1(2250) INTO (KEIR N )/TOTAL
J IS NOT DETERMINED ~ THE FOLLOWING

{Oe47 l BUGG
f 0 ~ 16) (0 ~ 12) . BRICMAN
(0 ~ 42) C GGI

(P 1 l
IS (J+1/2)¹Pl

68 CNTR 6/68
70 CNTR 0 TOTAL AND CH EX 6/70
70 CNTR K-Pr D TOTAL 10/70

Y¹1(2250) FROM KBAR N TO LAHBCA PI SQRT ( P l¹P2)
(-0 18) (FQR JP=9/2-) . GALTIER I 70 DPWA K-P TQ LAMBDA PI 10/70

(+ 12) ( 03 l BELLEFQ1 75 DPNA D5 HAVE 11/75¹
09) ( 02) BELLEFG 1 75 DPWA G9 OR Kll WAVE 11/75¹

—~ 16 03 VAhlHQRN 75 DPWA 0 K-P TO LAM PI 0 ll/75¹
SEE THE NOTES ACCOMPANY IhIG THE MASSES QUOTED

(2060 0)
f2120 0)

(20 ' 0)
(30 ' 0)

26 Y¹1(2100) WIDTH (HEV)

{70e0) (30o0) GALTI ER I
(135' 0) (30 ' 0) GA LT I ER I

70 DPNA 0 K-P TO LAMBDA PI 7/70
70 DPWA 0 K-P TQ SIGMA PI 7/70

GALT IERI 70 OPHA 0 K-P TQ LAMBDA P I 7/70
GALTIER I 70 DPNA 0 K-P TO SIGMA PI 7/70

R3
R3
R3
R3
R3
R3

Y¹l(2250l FROM KBAR N TO SIGMA PI
(+0 ~ 07) (FOR JP=9/2-) GAL7IERI

+.06 e02 BELLEFCA
03 a 01 BELLEFQN

~ a a ~ ~ a ~ a ~

AVERAGE MEANINGLESS ( SCALE FACTOR = 1 3)

5QRT ( P l¹P3)
70 DPWA K-P TQ SIGMA Pl 10/70
76 DPHA 0 D5 NAV E 1/76¹
76 DPNA 0 G9 NAVE 1/76¹

R4 Y¹l(2250) INTO (KBAR Nl/(SIGMA PI) (Pl ) I (P3)
R4 (Oe 18) OR LESS BARNES 69 HBC + 1 STAN DEV LIMIT 10/69

26 Y¹1(2100) PARTIAL DECAY MODES

R5
R5

Y¹1(2250) I NTO (LAMBDA P I) /(5IGHA PI )
(0 ~ 18) OR LESS BARNES

(P2)/(P3)
69 HBC + 1 STAN OEV LIMIT 10/69

Pl
P2
P3

Y¹1(2100) INTO KBAR N

Y¹1 I 2100) INTO LAMBDA P I
Y¹1(2100) INTO S IGHA P I

DECAY MASSES
49 7+ 939

1115+ 134
1197+ 139

R6 Y¹l(2250) FRCH K- P TO XI¹1/2{1530)0 KO SQRT (Pl¹P5) 11/75¹
R6 1 ~ 09 a 02 BELLEF02 75 HBC 0 K- P TO Xl¹0 KO I I/75¹
R6 1 SEEN IN DD5 HAVE IN NEUTRAL Cl 'ANNE L ONLY r I SQSP IN UNDETERHINED ~ 1 1 /75¹

26 Y¹1(2100)BRANCHING RA7IOS

R 1 Y¹1(2100l FROM KBAR N TC LAMBDA PI SQRT( Pl¹P2)
Rl (-0 F 07) f0o02) GALTIERI 70 DPWA 0 K-P TO LAHBDA PI 7/70

BLANPI ED 65 PRL 14 741
BOCK 65 P L 17 166
8UGG 68 P R 168 1466
BARNES 69 PRL 22 479

REFERENCES FOR Y¹1(2250) (FRCD EXP )
+GREENBERGrHUGHESrKITCHINGr + (YALE{CEA) )
+COOP ER r FR EhfCHr K I NSON r + {CERhlrSACLAY)
+GILMQRE r KNIGHT r + (RHELr BI RHr CAVE ) I
+FLAHINIOr MONTANE T r SAMIQS + ( 8 NL+SYRA l

R2
R2

Y¹1(2100) FROM KBAR N TQ SIGHA PI SQRT ( P1¹P3)
(+Oe13) (Oa02) GALTIERI 70 CPHA 0 K-P TQ SIGMA PI 7/70

AGUILAR 70 PRL 25 58
BRICMAN 70 PL 318 152
COOL 70 P R Dl 1887
GALTIERI 70 DUKE CONF 173
LU 70 PR D2 1846

AGUILAR-BENITEZ r BARNES r + ( BNL r SYRA l
+ FERRO LUZZI r PERREAU ~ + ( CERN r CAENr SACLAY l
&GIACOMELLlr KYCIAr LEONTIC ~ Llr + (BNL ) I
A BARB A RO-GAL T I E R I {LRL)IJP
+GREENBERG r HUGHES r MINEHART r HGRI r 4 (YALE )

REFERENCES FGR Y¹1(2100l

GALTIERI 70 DUKC CCNF 173 A BARBARG-GALTIERI (LRL ) IJP
BELLEFG1 15 NP 890
BELLEF02 75 NC 28A 289
VANHORN 75 NP 887 145

ALSO 75 NP 887 157

OE BEl.LEFCN, BERTHGN, BRUhET+ (CDEF+SACL l I JP
DE BELLEFONr BERTHONr BILLCIIR+ {CDEFr SACL )
A J ~ VAN HORN (LBL ) I JP
A ~ J ~ VAN HORN (LBL ) IJP

BELl EFCN 76 SBMTD TO NP C E 8ELLEFGN, 8ILLQI R 8ERTHGN+ (CDEF+SACL ) I J P

z(aaso)
BUMPS

48 Y¹1(2250r JP= ) I =1 PRCCUCT ION EXPERIMENTS

S EE Tl E MINI-REV IEH AT Tl-E START OF THE Y¹L I STINGS

THE PARTIAL-WAVE ANALYSIS RESULTS ARE 700 WEAK TG
HARRANT S EP ARAT ING Tl. EM FROM THE PRO CUCT ION AND CRQSS-
SECTION EXPERI NENTSo

L AS I NSK I 7 1 IN K BAR Nr US Ih!G A PQ HERON+RESONANCES MODEL r AND

BELLEFON1 75r76 Ihl DPNA'S OF LAHBCA PI AND SIGMA PI SUGGEST THE
PRESENCE OF TWO RESONANCES AROUND THI 5 MASS VALUE

COOL 66 PRL 16 1228
5UPEREDEO BY COOL 70 a

DAUBER 66 PL 23 154
SUGGESTS J49/2 RESONANT

INCONSI5TENT H ITH
DAUH 68 NP 87 19
LAS I NSKI 71 NP 829 125
HEMINGHA 75 NP 891 12

PAPERS NOT REFERRED TQ IN DATA CARDS

+GIACOHELL I, KYC IA LECNTIC, LI r LUNDBY 4 (BNL l I

R r UDO (CERN )JP
(EFI ) I JP

( CERNr HE ID r MP IH }I JP

+SCHLE Ihlr SLATERr STGRKr TICHO (UCLA{LRL) l J
BEHAVIOR IN SIGMA- PI+ r BUT APPEARS
PARAMETERS OF CGGL 66

+ERNEr LAGNAUXr SENSr STEUE
7 A LASINSKI
HEHINGWAYrEADESrHARHSEN+

48 Y¹l(2250) MASS (MEV) (PROD'

EXP'�

)

(2245 ' 0)
(2299 0) (6 ~ 0 )
2250o 0 7 ~ 0
2280 ~ 14 ' 0
2237. 0 11 0
2255. 0 10 0

(2250o 0) (20 0)
(2260 ~ ) (30
(2215 ' ) (10 ' )

EVIDENCE FOR 2 RESONANC
2300 ' 30 ~

2251 ~ 30 ~

VANHORN72 VALUE FRGH
2270 ' 10 '
22 10 ~ 10 ~

~ ~ o o o e e ~ ~

ERAGE MEANINGLESS (SCALE

M

H

M

H

M

H

M 8
H 8
M 8

1
M V

M V

M

M

H

M AV

BLANPI ED 65 CNTR
BOCK 65 HBC
BUGG 68 CNTR
AGUILAR 70 HBC +
BR I CHAN 70 CNTR 0
C QQL 70 CNTR
LU 70 CNTR 0
BELLEFG1 75 DPHA
BELLEFGl 75 DPNA

ES IN THIS LAMBDA Pl DPWA
BELLEFQ2 75 HBC 0

20 ' VANHGRN 75 DPWA 0
A CPWA THAT F INDS JP-5/2+

BELL EFQN 76 DPWA 0
BELLEFGN 76 OPSIA 0

FACTOR = 2 0)

GA)IMA P TG K+ Y¹
PBAR P 5 ~ 7 BE V/C
K-Pr D TOTAL
K- 3 ~ 9-4 ~ 6 GE V/C
TOTAL AND CH EX
K-P r D TOTAL
G AHMA P 70 K+ Y¹
D5 WAVE
G9 OR I' ll WAV E

K- P TO XI¹0 KO
K-P TQ LAN P IO

05 WAV E
G9 NAV E

6/68
5/70
6/70

10/70
1/71

11/75¹
11/75¹
ll/75¹
11/75¹
11/75¹
1/76¹
1/76¹

53 Y¹1(2455) MASS (MEV) (PRCDe EXP ~ )

2455 ~ 0 7 0
2455a0 10 ' 0
~ ~ a ~ e ~ ~ ~ a

AVG 2455 ' 0 5 ' 7
ST UDENT2455 a 0 6 a 1

BUGG 68 CNTR K-Pr D TOTAL
ABRANS 70 CNTR K Pr D TOTAl

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
AVERAGE USING STUDENT10(H/1 11) -- SEC TEXT

53 Y¹1(2455 r JP= l I=1 PRQl:UCT ICN EXPERIMENTS

SEE Tl E MINI REV IEH AT THE START OF THE Y¹ L ISTINGSa
THERE I 5 ALSO SOME SLIGHT EVIDEhICE FGR Y¹STATES IN

THIS HASS REGION FROM THE REACTION GAMHA + P TG K+ + NISSING MASS
SEE GREENBERG 68

6/68
10/70

(150' 0)
(21 0)
230 ~ 0'
100~ 0
164 ~ 0

(170o0)
( 125 ~ 0)
(100 )
(60 ~ l
130
192
70 '
60e

W

W

W

W

H

H

W 8
H 8
H 1
H V

W

H

'H

W

~ a a e

AVG 102e 5
STUDENT 96 0

SEE

48 Y¹l(2250) WIDTH {MEV) (PROD EXP ~ l

(17 Ol
20%0
20 ' 0
50 ~ 0

(20 )
(40» l

20 ~

30»
20 ~

10 ~

~ ~ o ~ a

23 ~ 9
4

THE NOTES

( 21eOl

(20 )

BLANPIED
BOCK
BUGG
AGUI LAR
BR ICMAN
C GGL
LU
BELLEF01
BELLEF01
BE LLEF 02
VANHQRN
BELLEFCN
BELLEFCN

65 ChITR
65 HBC
68 CNTR
70 HBC
70 CNTR
70 CNTR
70 CNTR
75 DP NA

75 DPWA
75 HBC
75 DPNA
76 DP HA

76 DP NA

GAMMA P TG K+ Y¹
PBAR, P 5 7 GEV/C
K-P r D TOTA{

+ K 3 ~ 9 4e6 GEV/C
0 TOTAL AND CH EX

K-P r D TOTAL
0 GAHHA P TO K+ Y¹

D5 HA VE
G9 OR Hll NAVE

0 K- P TC XI¹0 KO

0 K-P TQ LA M PI 0
0 05 WAVE
0 G9 NAVE

AVE'RAGE ( ERROR INCLUDES SCALE FACTOR OF 3 ~ 5)
AVERACE USING STUDENT10(H/1 ill -- SEE TEXT

ACCOMPANY ING THE MASS ES QUOTED

48 Y¹l(2250) PARTIAL DECAY MCDES (PROD EXPo)

6/68
5/70
6/70

10/70
1/7 1ll/75¹

11/75¹
ll/75¹
11/75¹
1/76¹
1/76¹

53 Y¹1(2455l WIDTH {MEV) (PROD ~ EXP ~ )

100ao
140~ 0

20 ' 0 BUGG
ABRAMS

68 CNTR
70 CNTR K-Pr D TOTAL

53 Y¹1(2455) PARTI AL DECAY MCDES (PROD ~ EXP e )

P 1 Y¹l( 2455) INTO KBAR N

DECAY MASSES
497+ 939

Rl
Rl
Rl
Rl
Rl C
Rl C
Rj C

53 Y¹1(2455) BRANCHING RATIOS (PROD EXP ~ )

Y¹1(2455) INTO (KBAR N) /TOTAL ( Pl)
J I 5 NOT KNOWN ~ Tl-E FOLLOW ING IS ( J+1/2) ¹Pj

(0~ 3) BUGG . 68 CNTR
0 ~ 39 ABRAHS 70 CNTR K-Pr 0 TOTAL

(0 05 l f 0 05 l BRICMAN 70 CNTR 0 TOTAL AND CH EX
FIT OF TOTAL CROSS SECTION GIVEN BY BRICMAN 70 IS POOR IN
THIS REGION e

6/68
10/70

6/68
10/70
6/70

P1
P2
P3
P4
P5

Y¹1(2250l INTO KBAR N

Y¹1(2250) I NTO L AM BOA P I
Y¹1(2250) INTO SIG)rA PI
Y¹l(2250) INTO KBAR N P I
Y¹l(2250) INTO XI¹l/2( 1530) K

DECAY MASSE 5
497+ 939

1115+ 134
1 197+ 139
497+ 939+ 139

1533+ 497

BUGG 68 PR 168 1466
ABRAHS 70 PR 1D 1917
BRICMAN 70 PL 318 152

REFERENCES FOR Y¹1(2455) (PRODe EXP e)

&G ILMORE ~ KNIGHT r + (RHELr BIRHr CAVE) I
+COOL r GIACOHELLI r KYCIAr LEONTICr +- ( BNL l I
+FERRO LUZZI r PERREAUr+ (CERNrCAENr SACLAY)

PAPERS NQT REFERRED TQ IN CATA CARDS
ABRAHS 67 PRL 19 678 +COOLr GIACQMELLI rKYCI A rLEONTIC r Llr + (BNL)

SUPERSEDE D BY A BRANS 70 e
GREENBER 68 PRL 20 221 GREENBERGr HUGHESr LUr MINEHARTr + (YALE)

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ S¹¹¹¹¹¹¹¹
¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹
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Particle Data Group: Review of particle properties

Data Card Listings Baryons
For notation, see key at front of Listings. Z(2620). E(3000), EXOTIC HYPERONS, :-'s, =,=0

Z(2620)
Y*l{2620, JP= ) I=l PRODUCT ICN EXPERIHEhTS

SEE THE MINI-REVIEW AT THE START OF THE Y¹LISTINGS»

54 Y¹lt262C) HASS (MEV) {PROD ~ EXP ~ )

Note on " Resonances

The " resonance sit uat ion has long been unset-
tied. This is because 1) they can only be produced

as part of a final state, K +p ~ =* + others, and.

2620 ' 0
2542 '

15 ~ 0
22 0

ABRAHS 70 CNTR
OI 8l ANCA 75 DBC

54 Y¹l{2620) WIDTH (MEV) (PROD ~ EXP )

~ 4 ~ ~ 0 ~ ~ ~ ~

AVERAGE MEANINGLESS {SCALE FACTOR = 2 ~ 9)

K-Pq D TOTAL
XI K PI

10/70
1/76¹

2) they are so produced with very small cross sec-
tions (& 50 pb) . Thus the numbers of events avail-
able are small, and the analysis is more complicated
than if direct formation were possible. Only the

(175o0)
221 81 ~

ABRAPS 70 CNTR K-Py 0 TOTAL
DIBIANCA 75 DBC XI K Pl

10/70
1/76¹ " (1530) is really well established. There are

54 Y¹l(2620) PARTIAL DECAY MODES (PROD EXP ~ )

Pl Y¹1(2620) INTO KBAR N

DECAY MASSE S
49 7+ 939

54 Y¹1( 2620) BRANCHING RAT I OS ( PROD ~ EX P

Rl Y¹$(2620) I hTO (KBAR h) /TCTAL (Pl)
Rl J IS NOT KNOWN ~ THE FOLLOWING IS t J+1/2) ¹Pl
Rl (0 ' 32) ABRAMS 70 CNTR K-Pg D TOTAL 10/70
Rl 0 ~ 36 0 ~ )2 BRICMAN 70 CNTR 0 TOTAL AND CH EX 6/70

apparently at, least two " states in the 1800-2000
MeU region, and there are indications of several
more above 2000 NeU, but the situation is unclear.
Two large bubble chamber experiments reported at
the 1975 ANL Symposi. um on New Directions in Hadron

Spectroscopy (BLOKZI JL 75 and NORRIS 75) may be

DIG I ANCA 75 NP 898 137 0 I 8IANCAy ENDORF R

Z(3000)
BUMPS

59 Y¹1(3000 p JP= ) l=l PRODUCT ION EXPERIMENTS

SEE T);E HINI-REVIEW AT THE START OF THE Y¹ LISTINGS

ENHANCEMENT IN LAMBDA PI AND KBAR N INVARIANT MASS
SPECTRA ANO IN MISSING MASS QF NEUTRALS RECOILING
AGAINST KO ~ EVIDENCE NOT CONCLUSIVE ~ OMITTED FROH
TABLE

REFERENCES FOR Y¹1{26201 ( PROD ~ EXP ~ )

ABRAHS 67 PRI 19 678 +COCL yGIACOHELLI yKYCIAeLECNTICyLIy + (BNL. )
SUPERSEDED BY ABRAMS 70 '

ABRAHS 70 PR 1C 1917 +COOL 6IACOHELLI KYCIA LEONT IC + (BNL ) I
BRICMAN 70 PL 318 152 +FERRO LUZZI PERREAU + (CERN CAEN SACLAY)

able to clarify the situation. In the meantime,

we are forced to group together rather disparate
observations and await new results. Figures in the
listings point out disagreements among various
experiments. The table following this note gives
our evaluation of the status of the = resonances,
based on the data available at this time.

(3000 ' 0)

59 Y¹1(3000]MASS (HEV) (PROD ~ EXP I)
EHRLICH 66 HBC 0 PI~P 7~91 BEV/C 9/66

59 Y¹1(3000) PARTIAL CECAY MODES (PROD ~ EXP ~ )

STATUS. OF X I¹RESONANCES
THOSE ARITH AN OVERALL STATUS OF ¹¹¹ OR ¹¹¹¹ ARE INCLUDED IN ThE MAIN BARYON
TABI E ~ THE OTHERS AWAIT CONF IRHAT ION ~

STATLS AS SEEh IN

OVERALL
PARTICLE LI J STATUS XI PI LAH K SIG K XI¹PI OTHER CHANNELS

Pl
P2

Y¹lt3000) INTO KBAR h
Y¹1I 3000) INTO LAMBDA P I

DECAY MASSES
497+ 939

111 5+ 139

, REFERENCES FOR Y¹l(3000) (PROD EXP ~ )

EHRL ICH 66 PR 15 2 1194 R El'RLICHp W SELOVE e H YUTA (PEhh(BNL) ) I

XI(1320) Pll
XI(1530) P13
XI(1630)
XI ( 1820)
XI (19401
XI ( 2030)
XI(2250)'
XI(2500)

WEAK TO LAM PI

3-BODY DECAYS
3-BODY DECAYS
3-BODY DECAYS

EXOTIC HYPERON CROSS SECTION ULDTS

THIS IS NOT A COMPLETE LIST ~ WE TABULATE
ONLY F ROH 1970 GN ~

COOOg CLEARS AND UNMISTAKABLE ~

GOOD BUT IN NEED OF CLARIFICATION OR NOT ABSOLUTELY CERTAIN ~

NEEDS CONF I RMATION ~

WEAK ~

CS UNITS MICROBARNS
CS G t 20 ~ ) OR LESS
CS G ABOVE LIMIT FOR HASS
CS A (40 ) OR L ESS
CS A ABOVE LIMIT FOR MASS

GALTIERI 68 CBC K-N TO SG-PI —Pl C 7/70
2 ~ 15 GEV AND GAMMA & 60 HEV- (2~1 GEV/C K-) 7/70

GALTIERI 68 O'BC -- K-N TO SG-PI-PI 0 7/70
2 ~ 3 GEV AND GAHMA & 120 MEV- (2 ~ 7 GEV/C K-) 7/70

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

I=1/2 HYPERON STATES (")
REF ERENCES FOR EXOTIC HYPERONS

GALT IER I 68 PRL 21 573 A BARBARO-GALT IER I gCHADW ICK + ( LRL4SLAC)
22 XI-( 1321 JP=l/2 l l=l/2

SEE STABLE PARTICLE CATA CARD LISTINGS

23 XIC( 1314' JP=1/2 ) I=1/2

SEE STABLE PARTICLE CATA CARO LISTINCS

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹
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Particle Data Group: Review of particle properties

Baryons
:-(1530), :"(1630)

Data Card Listings
For notation, see key at front of Listings.

"(1530) 49 xI»g/2(1530, JP=3/2+} I=1/2 P$3
THIS IS TI-E ONLY REALLY WEI. L-ESTABLISHED XI¹~ TI-E
QUANTUM NUMBERS 3/2+ ARE FAVORED BY THE DATA ~

WE DQ NOT USE GET ERM INAT IQNS OF THE MASS AND Tl- E WIDTH OF THI S
STATE UNLESS THEY ARE ACCOMPANIED BY SOME DT SCL'SSION OF SYSTENATICS
AhD RESOLUTION

IMO
IM-

4 ~ 45
3»9

0 ' 35
1 75

LICHTENB 74 0 EXTRAP HABIBI 73
3 ~ 9 L ICHTENB 74 E XTRAP HAS I BI 73

49 X I¹1/2(1530) PARTIAL DECAY MODES

49 XI¹1/2(1530) IMAGINARY PART QF POLE POSITION 4/75¹
4/75¹
4/75¹

49 XI¹1/2(1530) MASS (I.EV I

Pl
CECAY MASSESXI¹1/2(1530) INTO XI PI 1321+ 139

OTHER STRONG DECAYS ARE FGRB I DDEN BY ENERGY CONSERVATION ~XI¹l/2( 1530} INTO XI GAMMA 132 1+ 0
M 55(1529' 0)
M ( 1532 ~ 0)
M- 38 1535~ 7
M- 334(1534' 7)
M- 185 1536 ' 2
M- 1535 ~ 3
M- 48(1540 ~ )
M- 1534~ 5
M- D ~ » ~

M- AVG 1535» 18
M- STUDENT 1535 18
M- F IT 1534 97
M0 76 1528»7
MO 59 )531~ 4
MO 1262 1532» 0
MO 324 1531~ 3
MO 286 1532 3
MO 1533.0
MO 97( 1533~ 6)
MO 1532 ~ 2
MO » ~ ~ ~

MO A VG 1531 78
M0 STUDENT 1531»84
MO F IT 1531~ 80

5 0)
2»0}

~ 2
1 1)
1 ~ 6
2-~ 0
3 ' )
1 2
» ~ ~

0 84
0 ~ 92
0 631.1
0 ~ 8
0 ~ 4
0 ' 6
0»7
1 ~ 0

(1~ 4)
~ 7

~ » ~ » ~

0»34
0 ' 28
0 ~ 31

PJERRQU
BAOIER
LONDON
BALTAY
KIRSCH
RQSS2
BERT HCN
BELLEFG2

62 HBC
64 HBC
66 HBC
72 HBC
72 HBC
73
74 HBC
75 HBC

-0 K-P 1 ~ 8 GE V/C
-0 K-P 3 GEV/C

K-P 2 ~ 24 GEV/C
K-P 1 ~ 75 GE V

K-P 2»87GEV/C
XI KBAR PI (PI}

0 QUASI 2 BODY CS
0 K-P TO XI- K Pj

SCALE FACTOR OF 1 ~ 0}
(H/1 1 1 l -- SEE TEXT

SCALE FACTOR QF 1»0)
0 K-P 2 24 GEV/C
0 K-P AT 3»95GEV/C
0 K-P 1 75 GEV
0 K-P 2 ~ 2GEV/C
0 K- P 2 ~ 87G EV/C

XI KBAR PI tPI)
0 QUASI 2 BODY CS
0 K-P TC XI- K FI

A VER AGE ( ERROR IhICLUDES
A VERAGE US I hlG STUDE NT10

FROM F IT ( ERROR INCL UDES
LQNDCN 66 HBC
BADI ER 72 HBC
BALTAY 72 HBC
BORENSTEI 72 HBC
K I R SCH 72 HBC
RQSS2 73
BERTHQN 74 HBC
BELI EFQ2 75 HBC

AVERAGE ( ERROR I NCI UDES SCALF FACTOR OF 1 .4)
AVERAGE GSING STUDENT10(H/1 ~ ill -- SEE TEXT

FROM F IT tERROR INCLUDES SCALE FACTOR OF 1 ~ 3)

7/66
1/73
2/72
2/74

10/74¹
11/75¹

7/66
10/7 1
1/73 '

2/72
2/72
2/74

10/74¹
11/75¹

49 X I¹1/2(1530} BRANCHING RATIOS (MEV)

Rl
Rl

X I¹l/2( 1530 ) INTO ( Xi GAMMA) /TOTAL
LESS THAN 0 ~ 04 KALBFLE I

t P2} j./76¹
75 HBC — 90 PCT CFONC LVL 1/76¹

PJERRCU 62 PRL 9 114
SCHL E IN 63 PRL 11 167
BAD I ER 64 DU BNA I 59 3
P JERRCU 65 PRL 14 275

REFERENCES FQR X I¹1/2( 1530 )

+PRGWS E r SCI'LE IN t SLATERt STORKr T ICHO ( UCLA ) I
+CARMQNY r P JERRGUr SLAT ERt STQRKt T ICHO (UCI A ) IJP
+DEMOUL IN t GOLDBERG t + I EPOL t SACLAYt AMST } I
+SC}LEIN r S LATER r SMITH t STORK r TICHQ ( UCLA )

BERGE 66 PR 147 945 +EBERHARD t HUBBARD, MERRILL, B-SHAF ERr + (LRL ) I
LGNDCN 66 PR 143 1034 +RAUr SAMIQSt YAMAMOTOt GOLOBERGt+ I BNL r SYRA) I J
MERR ILI 66 UCRL-16455 TI-ESI 5 D W MERRILL (LPL ) JP

BAD I ER 72 NP 837 429 +BARRELETt CHARLTCNr VI GEAU (EPQL }
BALTAY 72 PL 428 129 +BRIDGEWATER r CO OPER r G ERSH}I IN r+ (COLU+ 8 ING )

ALSO 73 NEVIS 199 (TI-ESIS ) HABIBI (CGI UMBIA )
BQRENST E 72 P R 05 1559 BGRENSTEIN r CANBURG tKALBFLE I SCH++ ( BNL r MICH ) I
K IRSCH 72 NP 840 349 SCHMIDT+CHANG t HEMI NGWAYt BRANrUMOrSYRAr TUFT ) I

D
D R

0
0
0 R
0 R

0
0
D

D

AVG
STUDENT
FIT

5 ~ 7
(7 0)

2 0
2 7

(3 ~ 9)
REDUNDANT
~ ~ ~ ~ »

2»92
2 ~ 90
3 ~ 17

49 ( XI¹) — ( XI ¹0) MASS 0IFF ERENCE (MEV )

-0 1 8-1 ~ 95 GE V/C
-0 2 24 GEV/C-0 1 7-2 ' 7 GEV/C
-0 K-P 1»75 GEV-0 K- P 2 ~ 8 GEV/C

3 ' 0
(4 0)

3 ~ 2
1 ~ 0

(1~ 8)
W ITH DATA

P JERRCU 65 HBC
LG NDGN 66 H BC
MERRILL 66 HBC
BALTAY 72 HBC
KIRSCH 72 HBC

IN MASS I ISTING ~

~ ~ ~ ~

0 91 AVERAGE ( ERROR INCI-UOES SCALE FACTCR OF 1 0)
0 ~ 99 AVERAGE USING STUDENT10t H/1 ~ 11} -- SEE TEXT
0 ~ 64 FRCM FIT (ERROR INCLUDES SCALE FACTOR GF 1 ~ 0}

7/66
7/66
7/66
1/73
2/72

ROSS2
BERT HQN
L ICHTE hB

ALSO
BELLEFG2
KALBFL E I

73 PURDUE CCNF ~ 355
74 NC 21A 146
74 P RD 10 3865
74 PRI V ~ COMM
75 NC 28A 289
75 PRD 11 987

RCSSr I I CYDr RADCJICIC (OXFORD)
BERTHGNtTRISTRAMr+ (COEF+RHEL+SACL+STRB) U
0 8 L IC}TENBERG ( INDIANA UNI VERS I TY )
0 8 L ICHTENBERG ( INDIANA UNIVERSITY )
DE BELLEFQNt BER THON t 8 ILLOI R+ (CDEFt SACL )
KALBFL E ISCHt STRAND r CHAPMAN t BNL+MICH)

PAPERS NGT REFERRED TQ IN DATA CARDS

(LRL ) JP

(CQLU)
(YALEtFNALt BNLr PITT)
(BRAN+UMDr. SYRA+TUFT)

SHAFER 66 P R 142 883 BLTTCN-SHAFERt L INOSEYr MURRAY r SMITH
A S PIN PARITY GET ERMINAT IQN ~

HABIBI 73 NEVIS 199 (TI-ES IS } I.AB IB I
HUNGERBU 74 PRO 10 2051 HUNGER BUHLER t MA JKA r+
BRIEFEL 75 PRD 12 1859 +GQURE VI TCH t KI R SC H+

WO

WO

WO

WO

WO

'WO

WO

WO

WO

WO »

WO AVG
WO STUDENT

7 0
7 ~ 0
8»5

ll ~ 0
9 ~ 0
8 ~ 4

ll ~ 0
9 ' 1
9 ~ 5

~ ~ ~

9 ~ 14
9 13

49 X I¹1/2(1530) 'WIDTH ( ME V)

2 0
7 ~ 0
3 5
2»0
0 ~ 7
1 4
1.8
2 4
l»2

SC Hi- E IN 63
BERGE 66
LONDON 66
BADIER 72
BALTAY 72
BORENSTE I 72
KIRSCH 72
RQSS2 73
BELLEFO2 75

HBC
HBC
HBC
HBC
HBC
HBC
HBC

HBC

0 1 ~ Br 1 ~ 95 C EV/C
0 1 ~ 5-1 7 GEV/C
0 2 ~ 24 GEV/C
0 K-P AT 3 ~ 95GEV/C
0 K-P 1» 75 CEV
0 X I- PI+ MODE
0 XI- PI+

XI KBAR PI (PI)
0 K-P TO XI- K PI

~ ~ ~ ~ »

0 ~ 48 A VERACE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)0.53 AVERAGE USING STUDENT10(H/1»11) -- SEE TEXT
( S EE IDEOGRAM BELOW )

7/66
7 /66

10/7 1
1/73
2/72
2/72
2/74

11/75¹

21 XI¹I/2( 1630 JP= } I=1/2:"(1630)
THIS EFFECT NEEDS CCNFI RMATI CN»
BARTSCH 69 SEE A SMALI r BROAD ENHANCEMENT hfEAR
1650 MEV — IT IS NQT CLEAR THAT IT IS THE SAME
PHENOMENON AS BMST 70t WHG FINO CS=3 ~ 6+-1 ~ 6
MICROBARNS AT 2 ' 87 GEV/C INCIDENT K- MOMENTUM

BGRENSTEIN 72 SEE NG EFFECT IN THIS REGION ~ THEY FIND
C S&2 MICRO BARN S AT 2 ~ 18 ~

ROSS 72 ARGUE THAT Tl E EFFECT T FEY SEiE I S NOT THE SAME AS THA j
SEEN BY BMST 70t ANO FINO CS=2+-1 MI CRCBARNS AT 3»3 GEV/C ~
BELLEFON 758 FIND A CS GF AROUND 10 MICROBARNS NEAR 2 GEV/C
BUT LESS THAN 3 MICRGBARNS ARGUNO 2 3 GEV/C ~

WEIGHTED AVERAGE = 9 ~ 14 + 0 .4E}
ERROR SCALED BY 1.0

21 XI¹1/2(1630} MASS (ME V)

40 1635»
29 1606 ~

34 1633~

~ ~ ~ ~

AVG 1616 7
STUDENT 1617~ 0

10
6 ~

12 ~

~ ~ ~ » ~

9 ' 7
7 ~ 2

BMST 70 HBC 0 INTO XI- PI+ 7/70
ROSS 72 HBC . 0 K-P AT 3» 1-3~ 7 3/72
BELLEFQ2 75 HBC 0 K-P TO XI- K Pj 11/75¹

AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 2»0)
AVERAGE USING STUDENT10(H/1» ll) -- SEE TEXT

0 5 10 15

~ BELLEFO2
ROSS2
KIRSCH
BORENSTEI
BALTAY
BADIER
LONDON

BERGE
CHLEIN

75 HBC
73
72 HBC
72 HBC
72 HBC
72 HBC
66 HBC
66 HBC
63 HBC

CHISQ
0 ~ 1
0 ~ 0
1.1
0.3
0.0
0.9
0.0

1 ~ 1
3.5

{CONLEV
=0 .EI33)

.
W

W

W

'W

W

Pl

21 X I¹1/2(1630) WIDTH (MEV)

40
29
34

AVG
STUDENT

57 ~

21
40 ~

~ ~ ~

28 0
27 ~ 7

18
7 ~

15 ~

~ » ~ ~ ~

8 ~ 7
7 ' 3

BMST 70 HBC 0 K-P AT 2 ~ 87
ROSS 72 HBC 0 XI-PI+ K¹0(890) 3/72
BELLEFG2 75 HBC 0 K-P TO XI- K PI ll/75¹

AVERACE (ERRCR INCLUDES SCALE FACTOR OF 1 ~ 5)
A VERAGE U SI NG STUDENT10 (H/1 1 1) —SEE TEXT

21 X I ¹1/2( 1630) PARTIAL DECAY MODE S

XI¹1/2(1630) INTO XI PI

SEEN IN K- P TO XI- P I+ KO AND XI~ PIG Ki ~

DECAY MASSES
1321+ 139

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

W

W-
W-
W- AVG
W- STUD E NT

REO
RE-

&&I}II1&2(1530)0 WIDTH (l1EV)

7 ~ 8
16 ~ 2

8 3
9»6

3 ~ 5
4»6
3 ' 6
2.8

7 ~ 8 BALTAY 72 HBC
Kj RSCH 72 HBC
RQSS2 73
BELLEFO2 75 HBC

K-P 1 ~ 75 GE V

X I- P IOt X IO PI-
XI KBAR PI (PI)

0 K-P TO XI- K PI

49 XI¹1/2(1530) REAL PART OF POLE PCSITIGN

1531' 6
1534.4

0 ' 4
1 1

LICHTENB 74
L ICHTENB 74

0 EXTRAP HABIBI73
EXTRAP HABIBI73

»» ~ ~ » ~ ~ ~ »

10»l 1»9 AVERAGE (ERROR INCLUDES SCALE FACTOR QF 1 ~ 0)
10~ 0 2 1 AVERAGE USING STUDENT 10 (H/1. 11) -- SEE TEXT

1/73
2/72
2/74jj/75¹

4/75¹
4/75¹
4/75¹

BMST 70 DUKE 317
ROSS 72 PL 388 177
BELLEF02 75 NC 28A 289

REFERENCES FOR XI¹1/2(1630)

BRANDE IS+MARYLAND+SYRACUSE+TUFTS CQLLABOR ~

r BURAN r LLOYD t MULVEYr RADOJ IC IC (QXF ) I
DE BELLEFCNrBERTHCNt 8ILI GIiR+ (COEFr SACL )

PAPERS NOT REFERRED TO IN DATA CARDS

APSELL 69 PRL 23 884 + ( BRANOE I St MARYLAND ~ SYRACUSE r TUFTS )
SUPERSEDED BY BMST 70 ~

BARTSCH 69 PL 288 439 + ( AACl-'EN BERLI N CERN LG IC VIENNA )
KALBFLEI 70 DUKE CONF 331 G R KALBFLEISCH (BNL) I

SLMMAR IZES EVIDENCE FGR ISCSPIN 1 (2 ~ )
BOR ENSTE 72 P R 05 1559 BORE NSTEI N t DANBURG t KALBFL E ISCH++ ( BNL ~ MICH ) I
SCHMIDT 73 PURDUE CONF 363 SCHMIDT (BRANDEIS)
HUNGERBU 74 PRD 10 2051 HUNG ERBUHLER r MA JKA t+ (YAL Et FNAL t BNI-t P ITT )
BR IEFEL 75 PRO 12 1859 +GGURE VI TCH tKI R SCH+ ( BRAN+UMD+SYRA+TUFT )

¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹
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Particle Data Group: Review of particle properties S235

Data Card Listings
For notation, see key at front of Listings.

Earyons
=-(leao), =-(194o)

50 XI¹l/2( 1820) JP= ) I=1/2
=-(seao)

AS THE ACCOMPANYING IOEQGRAMS ILLUST} ATE) THE SITUAT ICN
IS CONFUSED ~ UNTIL SOME

'

FUTURE CLARIFICATION) WE L I ST
UNDER XI t 1820) EVERYTHING REPORTED IN THE MASS RANGE
1750-1875 ME V ~ WHEN BRANCHING RAT ICS ARE REPORT EO WE

QUOTE THEM, BUT ONLY TI-E MOST QUAL I TAT I UE CONCLUSIONS ARE JUST IF I ED ~

P},
P2
P3
P4
P5

50 XI¹1/2(1820) PARTIAL DECAY MQDFS

XI¹1/2(1820} INTO LAMBDA KBAR
XI¹1/2(18201 INTO XI P I
XI¹1/2(1820) INTO SIC)(A KBAR
XI¹1/2{1820) INTO XI¹1/2( 1530) PI
XI ¹1/2(18201 INTO XI PI PI t EXCLUDING P4)

DECAY MASSES
1 1 15+ 497
1321+ 139
1197+ 497
1533+ 139
132 1+ 139+ 139

50 X I ¹1/2(1820 1 MASS (ME V )

M (1770' 0) HA} STEINS
M 30 1814~ 0 4 ~ 0 BAOI ER
M 29 1817 0 7 ' 0 SMI TH
M 40 1830' 0 10 ~ 0 AL!TTI
M 65 1795 ' 10 8 MST
M 55 1 820 ~ 12 ~ BMST
M 35 1854 ' 12 ~ BMST
M 65 1871 ll BMST
M 25 1830~ 0 10 ~ 0 CRENNELL
M 8 28 ]762»0 8 ' 0 BADIER
M 8 38 1838 ' 0 5 ~ 0 BAD}ER
M 8 BADIER 72 ADDS ALL CHANhELS ANO DIVIDES
M 1 30 1821» 5» ROSS 1
M 1 LESS SIGNIFICAhT ENHANCEMENT (M=1825) W=

M 100 1823 ~ 3 BLQKZI JL
M 1807 ' 27 ' DI BI ANCA
M ~ ~ ~ ~ ~ ~ ~ ~ ~

M AVERAGE MEANIhGI ESS (SCALE FACTOR = 3 1)
( SEE IDEOGRAM BELOW

63 FBC -0 K-FR 3 ~ 5 GEV/C
65 HBC 0 L AMBDA KBAR
65 HBC 0 L A)tBDA KBAR
69 HBC — LANg 5 IG KBAR
70 HBC 0 X I-P I+ ( 2»9 K-P 1

70 HBC X I(1530) PI
70 HBC — S I GMA- KOBAR
70 HBC 0 L AMBDA KOBAR
70 OBC -0 3 6) 3 ~ 9 GEV/C
72 HBC XI PI g XI2PI)K Y
72 HBC X 1 PI t XI2PI g K Y
PCAK IN LOWER. AND Hl GHER M

73 LAMBDA K-/KBARO
1001 SEEN IN XI {1530}+PI
75 HBC K- P AT 4 ~ 2 GEV
75 DBC XI 2PI g X I¹PI

9/69
7/70
7/70
7/70
7/70

10/70
10/71
10/7 1

2/74
2/74
1/76¹
1/76¹

50 XI ¹1/2(1820) BRANCHINC RAT I QS

Rl X I¹1/2(1820) INTO (LAMBCA KBAR} /TGTA{. (P 1)
Rl 0 0 ~ 15 AL ITT I 69 HBC

R2 XI¹1/2t18201 INTO (XI PI )/TOTAL {P21
R2 0 1 0 1 AL ITT I 69 HBC

R3 XI¹]/2(18201 INTO (SIGMA KBAR)/TOTAL
R3 (0 02) QR L ESS TRIPP 67 RVUE
R3 0»3 0 ~ 15 Al ITTI 69 HBC

(P3)

R4
R4
R4

R5
R5
R5

R6 X I¹1
R6
R6
R6
R6 AVG
R6 STUDENT

(P4) /{Pl)/2 (1820) INTO (XI¹(1530)PI }/(LAM KBAR)
0 26 0 ~ 13 SMITH 1 65 HBC

~ 77 »20 BLQKZI JL 75 HBC K P AT 4 ~ 2 GEV
~ ~ »» ~ ~ » ~ ~

0 ~ 4] 0 ~ 23 AVERACE (ERROR INCLUDES SCA} E FACTOR QF 2»1)
0 ~ 39 0 14 AVERAGE USING STUDENT]0(H/1 11) —SEE TEXT

XI¹1/2(182C) I NTC (XI¹1/2(1530) P I ) /TOTAL {P4)
0»3 0 ~ 15 AL ITTI 69. HBC

(0 ' 25) OR LESS DAUBER 69 HBC K-P 2 ' 7 BEV/C

XI¹I/2{ 1828) INTO ( XI PI }/(LAMBDA KBAR) (P2) / (Pl )
0 20 0 ~ 20 BADIER 65 HBC
( 42)+/ ~ 02) OR LESS BLOKZIJL 75 HBC K — P AT 4 ' 2 GEV

9/69

9/69

8 /67
9/69

9 /69
9/69

7/66
1/76¹

1/76¹

~ ~

~ ~ ~ o ~ ~

+ 0 ~ ~

OIBIANCR
BLOKZI JL
ROSS1

~ BAOIER
~ BADIER
CRENNELI

~ BMST
~ BMST
BMST
BMST
ALITTI

~ SMITH 1
BADIER

1700 1750 1800 1850 1900 1950
)(I+1i2 (1820) MASS (MEV)

75 DBC
75 HBC
73
72 HBC
72 HBC
70 DBC
70 HBC
70 HBC
?0 HBC
70 HBC
69 HBC
65 HBC
65 HBC

CHISQ

0.4
0 ~ 0

11.6
54.4
0.8

20. 7
7.6
0.0
6.8
0.8
0 ~ 3
3.1

106 .4
(CONLEV
=0 F 000)

R7
R7

XI¹1/2(1820} INTO (XI PI PI)/(LAMBCA KBAR) {P5)/ t Pl}
(0 ~ 1 1 QR MORE SMITH 1 65 HBC

RB XI¹l/2(1820) INTO (XI PI)/(XI¹l/2(1530) PI } (P2)/ (P4)
RB 1»5 0 6 0»4 AP SELL 70 HBC 0

HALSTEIN
BAOIER
SMITH 1
SMITH 2
TRIPP

LSES

63 S I EN A CONF 173
65 PL 16 171
65 PRL 14 25
65 ATHEN S CONF 251
67 NP 83 10
DATA OF S}gITH 1 ~

REFERENCES FOR XI¹1/2(1820)

HALSTE INSLID, + (BERGEN CEPh, EPQL RHEL LOUC) I
+DEMOULIN t GOLDBERG g + ( EPOL g SACLAYt AMST 1

+L INDSEY g BUTTCN-SHAF ER g MURRAY (LRL )I JP
G A SMITH) J S LINOSEY (LRL )
+ LEITHt + ( LRL )SLAC )CERNt HEIOELt SACLAY)

—AL ITT I
DAUBER
APSELL
BMST
CR ENNELL
BAOIER
ROSS]

69 PRL 22 79
69 PR 179 1262
70 PRL 24 777
70 DUKE 317
70 PR 10 847
72 h}P 837 429
73 PURDUE CONF ~

+BARNES FLAMINIO METZGER + t BNL) SYRACUSE) I
+BERG E t HUBBARD) MERR It L g MULLER (LRL
+ (BRANDEIS) MARYLAND) SYRACUSE) TUFTS) I
BRANOEIS+MARYLANO+SYRACUSE+TUFTS CQLLABQR.
+KARSHON) LAI) QNEALL) SCARR) SCHUMANN(BNL)
+EARRELET)CHARLTQN)VIDEAU {EPOL)

345 ROSS) LLCYD g RAQQ JI C IC (OXFORD)

R9 XI¹1/2(1820) INTO (XI Pl PI)/(XI¹1/2(1530) PI) (P5)/ tP4)
R9 0 ~ 3 0 ~ 5 APS ELL 70 HBC 0

R10 XI¹1/2(1820) INTO (SIGMA KBAR)/(LAMBDA KBAR) (P3) /(Pl)
R10 ~ 23 ~ {)6 BLQKZ I JL 75 HBC K- P AT 4 ~ 2 GCV

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

6/70

6/70

1/76¹
1/76¹

W

'W 65
W 55
W 35
W 65
W

W 8
W 8

1 30
W 100
W

W

W AV ERAG

50 X l¹1/2{1820 ) WIDTH (MEV )

{80' Ol OR LESS HA LSTE I NS 63
t 12~ 0) (4»0) BA DIER 65
30»0 7 ~ 0 SMITH 2 65
55» 0 40»0 20 ~ 0 AL ITT I 69
99» 31» 8 MST 70
82 ~ 42 ~ BMST 70
56 ~ 14 ~ BMST 70
58» 39» 8 M ST 70

1 03» 0 38»0 24»0 CR ENNEL} 70
51 0 13 ~ 0 BAOI ER 72
58»0 13» 0 BAOIER 72
12~ 4 ~ ROSS 1 73
19» 4 BLQKZI JL 75
85 ' 58 ' DIBIANCA 75

SEE Tl-E NOTES ACCQMPANYING THC
~ ~ ~ ~ ~ ~ ~ ~ ~

E MEANINGLESS ( SCALE FACTOR "-2 ~ 31
(S EE IDEOGRAM BELOW )

FBC -0 K-, FR 3 ~ 5 GEV/C
HBC 0 L AM BOA KBAR
HBC 0
HBC — LRM) SIG KBAR
HBC X I-P I+ (2»9 K-P)
HBC XI (1530) PI
HBC - S I GMA- KOBAR
HBC 0 LA&BOA KOBAR
DBC -0 3 ' 6) 3»9 GEV/C
HBC LOWER MASS
HBC HIGHER MASS

LAMBDA K-/KBARO
HBC K- P AT 4 ' 2 GEV
DBC XI 2PI g XI¹ PI
MASSES QUOTED

9/69
7/70
7/70
7/70
7/70

10/70
10/71
10/7 1

2 /'74
1/76¹
1/76¹

BLOKZIJL 75 AN} -HEP-CP 75 58
ALSO 75 PALERMO CONF

OI 8 I ANCA 75 NP 898 137

+OEGR DOT, HQQGL ANO+
+DE GRQOT g H DOG LAND+

DIBIANCAg ENDQRFR

(AMST+CERN+NI JM+QXF )
(AMST+CERN+NIJM+QXF )

(CARN)

MERRILL 68 PR 167 1202
WEAK EVIDENCE CONCERNING

APSELL 69 PRL 23 884
SUPERSEDED BY BMST 70

SCHM IDT 73 PURDUE CONf ~ 363
BR IEF EL 75 P RD 12 1859

PAPERS NQT REFERRED TQ IN CATA CARDS

D W MERR IL L g J BUTTON-SHAF ER (LRL )
JP ~

+ (BRANOEIS) MARYLAND) SYRACUSE) TUFTS)

SCHMIDT
i GQUR EV I TC H t K IR SC H+

t BRANDEI S )
( BRAN+UMQ+SYRA+TUFT1

52 XI¹1/2(1940 JP= } I=1/2

WE LIST UNDER XI ( 19401 EVERYTHING REPORTED IN THE MASS
RANCE 1875-2000 MEV ~

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹i¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

52 XI¹l/2(1940) MASS (MEV)

—50

~ ~

OIBIANCA
~ BLOK ZI JL
ROSS1

~ BADIER
~ BROIER
CRENNELL

~ BMST
BMST
BMST
BMST
RLITTI
SMITH 2

7S DBC
75 HBC
73
72 HBC
72 HBC
70 DBC
70 HBC
70 HBC
70 HBC
?0 HBC
69 HBC
65 HBC

250

CHISQ

1 ~ 1
7 ~ 7
7 ~ 2
4.6

5 ~ 5

1.0
27.1

( CONLEV
~0.000)

BADI ER
ALITTI
OA UBER
BMST
BMST
GQLDWA S SE
BADI ER
RQSSl
DI BI ANCA

35 1933~ 0 16» 0
27 1930~ 0 20 ~ 0
66 1894» 0 18 0

110 1954~ 9»
40 1961» 8 ~

21 1955~ 0 14»0
29 1956~ 0 6 ' 0
25 }.952 11~

1900~ 12 '
~ ~ ~ ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR = 2 ~ 0)
( S EE IDEOGRAM BELOW )

65 HBC
68 HBC
69 HBC
70 HBC
70 HBC
70 HBC
72 HBC
73
75 OBC

0 XI- P I+
0 XI- Pl+

XI PI
0 XI-PI+ (2 ~ 9 K-P )

X I (1530) PI
XI PI
XI PI)XI2PI )K Y
(X I PI )-
XI PI

11/68
11/68
7/70
7/70

10/70
10/71
2/74
1/76¹

&&I+1 &2 ( 1820) (WIDTH ( MEV )
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8236 Particle Data Group: Review of particle properties

Baryons
':"(1940), :-(8030), "(8850)

Data Card Listings
For notation, see key at front of Listings.

APSELL 69 PRL 23 884
SUPERSEDED BY BMST 70

SCHMIDT 73 PURDUE CONF 363
BR I EFEL 75 PRD 12 ' 1859

SCHMIDT
+GOUREVITCHwKIRSCH+

(BRANDE I 5 }
( 8 R AN+ UMD+S Y R A+ TUFT )

PAPERS NQT REFERRED TG IN CATA CARDS

+ . (BRANDE ISt MARYLAND' SYRACUSE@ TUFTS )

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

~ DIBIANCA 75
ROSS1 73
BADIER 72
GOLDWASSE 70
BMST 70
BMST 70
DAUBER 69
ALIT TI 6H
BADIER 65

20201H60 1900 1940 19HO

}(i3tt1~2 (1940) MASS (MEV)

DBC

HBC
HBC
HBC
HBC
HBC
HBC
HBC

CHISQ
15.7
0.2
2.0
0 ~ 3
2 ~ B
0 ~ 5
e.9
O. H

O. H

31.9
(CONLEV
=0 .000)

68 Xj¹1/2(2030} PASS (ME V)

42 2030 ~ 0
40 2058+ 0
15 2019
25 2129.

2044 '

10 0
17 ~0

7 ~

5 ~

8 ~

ALITTI
BART SCH
ROSS 1
BLOKZI JL
DIBIANCA

69 HBC
69 HBC
73
75 HBC
75 DBC

K P 3 ~ 9-5 BE V/C
K-P 1QGEV/C
SIGMA KBAR
K- P AT 4 ~ 2 GEV
XI 2PI XI¹P I

~ ~ ~ 0 ~ ~ ~ ~ 0

AVERACE MEANIhGLESS (SCALE FACTOR = 7 ~ 4}

68 XI¹1/2t203Q) WIDTH (MEVI

68 XI¹1/2 (2030 g JP.= ) I=1/2

Tl-;E STATE AT 2129 MEV REPORTED BY BLQKZI JL 75 IS REALLY
I NTERMECIATE BETWEEN Xl¹(2130) AND XI¹(2250)~ WE LIST
IT F ERE TEMPORARILY~

9/69
9/69
2/74
1/76¹
1/ 76¹

K
W

W

W

W

W

W

52 XI¹1/2t 1940) WIDTH (MEV )

35
27
66

110
40
21
29

140 ~ 0
80% 0
98 ~ 0

129m
42
56.0
35 ' 0
38 ~

63 ~

35 ~ 0
40 ~ 0
23 ~ 0
30 ~

35m
26 ' 0
11 0
10 ~

78 '

BADIER 65
ALITTI 68
DAUBER 69
BMST 70
BM ST 70
GOLOWASSE 7Q
BADIER 72
ROSS1 73
DI BIANCA 75

~ 4 ~ ~ & ~ ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR = 1 8 I
(SEE IOECGRAM BELOW )

HBC
HBC
HBC
HBC
HBC
HBC
HBC

DBC

0 XI- P I+
0 X I- PI+

XI PI
0 XI-PI+ (2+9 K P}

X I ( 1530) PI
X I P I
XI PjgXI2PI pK Y
(XI Pj )-
XI PI

11/68
11/68
7/70
7/70

10/70
10/7 1
2/74
1/76¹

W

W

W

W

AVER

15
25

45 ~ 0
57 ~ 0
33 ~

21 ~

60 ~

40 ~ 0
30 ~ 0
17
Bi

24

20 0 AL ITT I 69 HBC
BARTSCH 69 HBC
ROSS& 73
BLOK ZI JL 75 HBC
DI BIANCA 75 DBC

~ a ~ ~ ~ ~ o e ~

AGE MEANINGLESS (SCALE FACTOR = 1 QI

68 XI¹1/2(2030) PARTIAL CECAY MODES

Pl
P2
P3
P4
P5

XI ¹ 1/2 ( 2030) INTO XI PI
XI¹I/2(2030) INTO LAMBCA KBAR
X I ¹ 1/2 ( 2030) INTO S I GMA KBAR
XI ¹1/2(2030) INTO XI¹1/2( 1530) PI
XI ¹1/2(2030I INTO LAMBDA (QR SIGMAI KBAR Pj

SIGMA KBAR
K- P AT 4 ~ 2 GEV
XI 2PI p XI¹ PI

DECAY MASSE S
1321+ 139
1115+ 497
1197+ 497
1533+ 139jj15+ 497+ 139

9/69
9/69
2/74
1/76¹
1/76¹

68 XI ~ 1/2 (2030) BRANCH INC RAT I OS

Rl XI¹1/2(2030) INTO {XI PI )/(MODES Pl TO P4) ( P 1 I I ( P 1+P 2+ P 3+ P 4 )
Rl (0~30) OR L ESS AL ITT I 69 HBC — 1 STO DEV LIMIT 9/69

R2
R2

XI¹1/2(2030) INTO (LAM KBAR)/(MODES Pl TO P4) (P2)/tPj+P2+P3+P4)
0 25 0 ~ 15 AL ITT I 69 HBC 9/69

-50 50 150
)(II}t1&2( 1940) LIIDTH ( MEV)

DIBIANCA
ROSS1
BADIER
COLDLIASSE

~ BMST
~ BMST
DAUBER
ALITTI
BADIER

75 DBC
73
72 HBC
?0 HBC
70 HBC
70 HBC
69 HBC

6H HBC
65 HBC

CHISQ

1.B
2. 2
0.0
0.1
6.7
4.1
0 ~ 5
6 ~ 4

21.H

(COHLEV
=0.003)

R3 XI¹l/2(2030) INTO (SIG KBAR}/(MODES Pj TO P4) (P3l /(Pl+P2+P3+P4)
R3 0+75 0 ' 20 AL ITT I 69 HBC

R4
R4

XI¹1/2(?030) INTO (XI¹P I ) /(MODES Pl THRU P4) ' (P4l /( Pl+P2+P3+P4)
{0 ~ 15l OR LESS ALITTI 69 HBC — 1 STD CEV LIMIT 9/69

R5
R5

XI¹1/2(2Q30l INTO I AMBCA (OR SIGMA) KBAR PI (P5 I
SEEN BARTSCH 69 HBC 9/69

REFERENCES FOR X I¹l/2 (2030)

BLOKZ I JL 75 ANL-HEP-CP-75-58
AL SO 75 PAL ERMO CONF ~

DI 8 I ANCA 75 NP 898 137

+CEGROGTy HOCGLAND+
+OEGROOTgHOOGLANO+
GIB IANCA, ENDORFR

( A MS T+C ERN+N IJ M+0 XF )
(AMST+CERN+NI JM+OXF }

{CARN}

AL ITT I 69 PRL 22 79 +BARNESeFLAMINIOvMETZGERt + ( BNLv SYRACUSE ) I
BARTSCH 69 P L 288 439 + t AACHENg BERLIN' CERN' LOIC~ VIENNA)
RQSSl 73 PURDUE CONF 345 RQSSpLLGYDgRADOJICIC (OXFORD)

Pl
P2
P3
P4
P5

52 X I¹1/2(1940) PARTIAL DECAY MODES

X I ¹1/2( 1940 ) INTO X I P I
XI¹l/2( 1940) INTO XI¹(1530}PI
XI¹1/2(1940) IN (Q XI PI PI (EXCLUDING P2}
XI¹1/2(1940} INTO XIO PI-
XI¹1/2(1940) INTO XI- P IQ

DECAY MASSES
1321+ 139
1533+ 139
1321+ 139+ 139
1314+ 139
1321+ 134

ae 22 X I¹l/2 (2250' JP= )

THE EVIDENCE FOR THI 5 STATE IS WEAK ~ BARTSCH 69 SEE
A BUMP OF NGT MUCH STATISTICAL SIGNIFICANCE IN L AMBDA
K BAR-P I g S I GMA-KBAR-PI y AND XI -PI-PI MASS SPECTRA ~

GOLD&ASS ER 70 SEE A NARROWER BUMP IN XI-PI-PI AT A

HIGHER MASS ~ PERHAPS THEY ARE THE SAME STATEv PERHAPS
THEY ARE NOTg BUT SEE ALSO MORRIS 75 '

52 Xl¹1/2t 1940} BRANCHING RATIOS

THE Xl ( 1940) IS SEEN MAINLY I N XI PI AND SQh'E IN XI (1530) P I ~ IT
HAS BEEN LOOKED FOR IN OTHER CHANNELS BUT NOT SEEN ~

Rl XI¹1/2(1940) INTO (XI Pl)/(XI¹1/2(1530) PI) (Pl)1 (P2)
Rl 2 ~ 8 0 ~ 7 0 6 APSELL 70 HBC 0

XI¹1/2(1940I INTO ( XI PI PI II (XI¹1/2{1530) P I } (P3}/(P2 )
0 ~ 0 0+3 AP SELL 70 HBC 0

6/70

6/70

22 X I ¹1/2(2250) MASS (MEV)

M 35 2244 ' 0 52a0 BART SCH 69 HBC K-P 10 - GE V/C
M 18 2295 ~ 0 15 ~ 0 GOLDWASSE 70 HBC — K-P 5 5 GEV/C
M ~ ~ ~ ~ ~ ~ ~ ~ ~

M AVERAGE MEANINGLESS (SCALE FACTOR = 1 ~ Ql

9/69
10/70

R3 XI¹1/2(1940) INTO (XIQ PI-)/(Xj- PIQ) ( P4}I ( P5)
R3 1 25 2 ~ 6 6 ~ 1 6 ROSS1 73 (XI PI)-
R3 1 THI S BR I S 2 ~ 0(Q ~ 5 } FOR Ah I=1/2( l=3/2) XI¹( 1940) ~

2/74
2/74
2/74

22 XI¹1/2(2250) WIDTH (MEV)

130~ 0 80 ~ 0
LESS THAN 30 0

BARTSCH 69 HBC 9/69
GOLDWASSE 70 HBC — K-P 5 5 GEV/C 10/70

BAD I ER
AL ITT I
DAUBER
APSELI
BMST
GOLDWA SS
BAD IER
Rossl

65 PL 16 171 '

68 PRL 2 1 1119
69 PR 179 1262
70 PRL 24 777
70 DUKE 317
70 PR 1D 1960
72 NP 837 g 429
73 PURDUE CONF' 345

REFERENCES FOR XI¹1/2(1940)

+GEMGULINpGQLDBERGp + (EPQLgSACLAYp AMST) I
+FLAMINIOgMETZGER pRADOJIC IC g+( BNLg SYRACUSE I I
+8ERGEt HUBBARD' MERR ILLA' MULLER (LRL) I
+ t BRANDE I S g MARYLAND g SYRACUSE g TUFTS }
BRANDE IS~MARYLAND+SYRACUSE+TUFTS COLLABGR ~

E L GOLDWASSER g P F SCHULT Z ( ILLINOIS )
+BARRELET gCHARLTCNy VIDEAU ( EPQL I
RCSSg LLCYDg RADOJICIC (OXFORD)

Pl
P2
P3

22 XI¹1/2(2250) PARTIAL DECAY MODES

X I ¹1/2(2250') INTO X I P I PI
X l¹1/2(2250 ) INTO LAN BC A KBAR P I
XI ¹ 1/2(2250) INTO SIGMA KBAR PI

CECAY MASSES
1321+ 139+ 139
1115+ 497+ 139
1197+ 497+ 139

GIB IANCA 75 NP 898 137 DIBIANCAp ENDQRFR (CARN)
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Particle Data Group: Review of particle properties S237

Data Card Listings
For notation, see key at front of Listings.

Earyons
=-(aaso), =-(a5oo), n-

BARTSCH 69 PL 288 439
GOLDMASS 70 PR 10 1960

REFERENCES FOR XI¹1/2(2250)

+ (AACHEN y BERLI N, CERN, LQ IC g VIENNA )
E L GOLDMASSERy P F SCHULTZ ( ILLINOIS)

Rl
Rl

99 XI ¹1/2(2500l BRANCHING RATIOS

XI¹1/2(2500) INTO (XI PI ) /(MODES Pl THRU P4l (Pl)/(Pl+P2+P3+P4)
(0 ~ 5) OR LESS AL ITTI 69 HBC 1 STD DEV LIMIT 9/69

PAPERS NOT REFERRED TQ IN CATA CARDS ~

MORRIS l5 ANL-HEP-CP-75-58 MQRRISgQHqPARKERySMITHgMHITMQRE (MSU )

R2
R2

X I¹1/2(2500) INTO ( LAM KBAR) /(MODES Pl THOU P4) (PZ) / ( Pl+PZ+P3+P4)
0 ~ 5 0 2 ALITTI 69 HBC 9/69

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

R3 XI¹1/2(2500) INTO ( SI G KBAR) /( KODES Pl THRU P4) (P3) /( Pl+P2+P3+P4)
R3 0 ~ 5 0 2 AL I TTI 69 HBC 9/69

) /n
(4I 99 XI¹1/2(2500' JP= ) I=1/2

IT IS QUITE POSSIBLE THAT THE REASON THE EXPERIMENTS
DISAGREE ABOUT THE MASS AND MI 0TH I S THAT THEY ARE
SEEING DIFFERENT X I¹S FQR NOMe HOWEVER g ME GROUP

THEM TOGETHER'

R4
R4

R5
R5
R5

R6
R6

XI¹1/2(2500) INTO (LAMBCA (OR SIGMA) KBAR PI) /TOTAf
(P5)

SEEN BART SCH 69 HBC ~0 9/69

XI ¹1/2(2500) INTO (XI P I P I )/TOTAL
SEEN BARTSCH

(P6)
69 HBC -0 9/69

XI¹1/2(2500) INTO (XI¹ P I l/{MODES Pl THRU P4) (P4)/(Pl+PZ+P3+P4)
(0»2) OR LESS AL ITTI 69 HBC 1 STD DEV LIMIT 9/69

99 XI¹1/2(2500) MASS (MEV)

ALI TTI
BARTSCH
D I 8 IANCA

30 2430 0 20 ~ 0
45 2500» 0 10 ~ 0

2392» 27 '
~ ~ ~ ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR = 3 ~ 2)

69 HBC - K P 4»6 5 GEV/C
69 HBC -0 K-P 10 GEV/C
75 DBC XI 2P I

9/69
9/69
1/76¹ AL ITT I 69 PRL 22 79

BARTSCH 69 PL 28 8 439

DIBIANCA 75 NP 898 137 DIBIANCAg ENDORFR (CARN )

REFERENCES FOR XI¹1/2(2500)

+BARNESgFLAMINI 0 y METZCER g + ( Bh Lq SYRACUSE l I
+ ( AACI-ENp BERL IN g CERN g LOIC y V ICNNA )

99 XI¹1/2(2500) MIOTH (MF V)

150~ 0 60 ~ 0 40»0 ALITTI 69 HBC
59 ~ 0 27»0 BARTSCH 69 HBC
75» 69 ~ 0 I 8 I ANCA 75 CBC

~ ~ » ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR = 1 l. )

99 XI ¹ 1/2( 2500 ) PART I AL OEC AY MODES

-0
XI 2PI

9/69
9/69
1/76¹

¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹'¹
S=—3 I=O HYPERON STATE (0)

¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹

24 OMEGA-( 1675 ~ JP=3/2+ l I =0

SEE STABLE PARTICLE OATA CARO LISTINGS

Pl
P2
P3
P4
P5
P6

XI¹1/2 {2500)
XI ¹1/2(2500)
XI¹1/2(2500)
XI¹1/2(2500)
XI¹l/2(2500)
XI ¹ 1/2( 2500)

INTO XI PI
INTO LAMBCA KBAR
INTO S I GHA KBAR
INTO XI¹1/2(1530) PI
INTO LAMBCA (QR S IGMA) KBAR PI
INTO XI PI PI

DECAY MASSE S
1321+ 139
1115+ 497
1197+ 497
1533+ 139
1115+ 497+ 139
132 1+ 139+ 139
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Particle l3ata Group: Review of particle properties

The quantities of interest for making t ests of
theoretical predictions regarding t, he hi~i/8 rule for K

decay are usuaBy partial decay rates for single
channels or special sums of channels. It is not
possible tc compute the errors on sums, differences,
end ratios of partial decay rates from the information
given in the Table of Stable Particles because of the
presence of off-diagonal terms in the error matrix.
For this reason ~e give some of these quantities in

Table I. Throughout this Appendix, italics are used to
indicate t,het a quantity hes changed by more then one
(old) standard deviation since our previous edition,
end S gives the scale factor included in the quoted
error because of inconsist, encies In the data (see
footnote et end of Stable Particle Table for definition
of S).

Z. Three- pion decavs
Ne foBow here the tests done by Mast et al. ,3

based on the general analysis of K decays suggested by
Zemach. Bath decay rates (I') and slopes (g, the
energy dependence of the Daiitz plot distributions) are
used, The her=I/2 rule predicts that the following test
quantities ere ell equal to zero:

K (000) K (+-0)l

Test i =— -i,3 g

Test Z =—

Test 3 ~—

—i
—I

K (+-0)
Ag

These results seem to sho~ a less then ?a
disagreement arith the predictions, but the errors
should be regarded arith caution in vie~ of the internal
disagreements in the dat, a. (Note the ideograms in the
Data Listings for the charged K meson. )

Table L (000) and (+-0) refer t,o the sign of
the pions into which the Kt decays.

(6.483M. 090)tOs sec
i

gKo(+-0) +gK.+ Z gK.+

f' / I

G.663+Q.Gi8

= 3.PZVM. G83

= (I.Z.75M. I5)I.Os sec ~ 5 i. II ~ ~I'~ +I ~
I'Ks(~OO) / I y( 0)~ I.747&.OVO

The g are phase-space factors which have been
calculated es described in Mast et el.3 by use of a
relativistic forxnuletkon end the masses end slopes
from this edition. The factors labeled UDP are the
relative areas of the Delitx plots, assuming a uniform
distribution. The NUDP include the observed slopes
(see below). The CNUDP have been calculat, ed by
including the final-state Coulomb interaction.
The values are:

P)(000) ~
e.(+-0)-
e»(++-)-
e.(+00)-

g9Pi.489i.ZZii.GGGi.247

~the/
HV&Ei.489i.3GGi.GQGi. iSG

CNUDPi.444i.884i.GGGi. i44

I'Ke / &I'~ ~ I.OIR, a phase-space factor, s For convenience, ~e repeat the slope parameters
tabulated in the Stable Particle Table. They ere as
folio~s:

From Table i,
I'~ / Pi ~ ~ 0 .983 aO .0 I8

and

~ I.050a0. 038 .

~.8'i4+G. GQS

-G.Zi4+G. GGV

-G.Ri4LG. GG4

0.550~.OZO

g~( 0)
~ 0.&f6~.014
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Particle Data Group: Review of particle properties S239

A difference in the v and v slopes would be an
indication of GP violation in this decay. Since nc
difference is observed at this time, we average he two
and use this value in Test 4 and Test 5.

Ne use the CNUDP factors and the rates end slopes
reported in this edition to compute the five test
guantities which the h1=1/Z rule predicts to be zero
The results are:

Test i ~ 0.036a0.042
Test P. ~ -0.077M. OZ4

Test 3 0.ZZVM. OZi

Test 4 0.ND~. OXX

Test 5 ~ 0. i57M. Oi8

The thr —=-pion final state can be in isospin
states I i,2,3. Tests i and 8 test the existence of
isospin I ~ 3 in the final state. Since the rate test, s
(Tests 1, Z, and 3) could differ from zero by as much
as 0.i owing to the mass differences end t,he
occurrence of big slopes, no evidence for I~3 is

found. Test 4 is related to the I 8 amplitude in t,he
final state end indicates the presence of I R. Tests 3
and 5 give information on the Ai 3/Z part of the 1~1
amplitude relative to t,he hi 1/Z part. Both tests
indicate the presence of AI~3/Z.
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Appendix II

A. SU(3) CLASSIFICATION OF BARYON RESONANCES

Ness Formulae
Broken SU(3) gives:

Decuplet LL —Z = Z —:-=:- —0
Octet Z(N +:")= 3A+ Z

A —Me
sin 8=Octet-

Singlet
mixing Z(N+ =) —E

Me =

GNO

GNQ

(1)
(Z)

Mixing
angle ~ (3)
GMO (4)

Here GMO stands for the Gell —Mann-Okubo formula;
the particle symbol lndlcat es its mass The foI mulee

would be the same if squared masses were used. For
the nonet case, A is the "mostly-octet" particle, A' is
the "mostly-singlet" particle.

It is established that e symmetry higher then
SU(3) is necessary to classify the known baryon
resonances. Ho~ever, many higher-symmetry
schemes have been proposed, and even for SU(6)
various versions exist (for a review see Dalitzt). Since
it is not, clear which one of these schemes best fits the
dat, e, we do not review them here, but we report once
again fits of baryon states into SU(3) multiplets.

For t.he reader's convenience, we collect, here the
relevant formulae.

Exact SU(3) symmetry predicts that all the
members of a multiplet should have the same mess
end t,he same couplings for decays into other
multiplets. It hes been found, however, that the
members of the octet of stable berycns lie within BOX

of their mean mess; therefore a symmetry-breaking
interaction has been introduced by Gell —Mann c..nd

Okubo independently. In addition, for the isospin-0
vector mesons (~ and ii ), an additional

symmetry —breaking interaction hes been introduced

by Sakurai to take care of octet —singlet mixing. The

relevant formulae for masses and decay rates are
given below.

In terms of a reletivisticelly invariant matrix
element, T, t.he decay rate for two-body decay of e
resonance of mess MR is
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where R~~k/MR is the two —body phase space factor.
Since. the-numerator is an invariant, and since II' must
transform as i/E, we introduce the denominator MR.

For ~eon decays (see below) the rates are
calculated according to Eq. (5); for Qagv~o resonance
decays into I/2 baryons and O mesons, one next
takes into account the fact that spin sums in )T(

mtroduce another factore MR, cancelling the I/MR. We

are then left arith

(5")

The powers of the nucleon mass MN or MN have been2

introduced so that we can treat (g as dimensionless.
(T( contains centrifugal barrier factors, which we

cali 8~. We then have

Here cl are the SU(3) coefficients with the sign
convention adopted in this article [see note in the
Table of SU(3) Iscoscalar Factors and Fig. P, in the
text j. MN is the nucleon mass, MR is the resonance
mass for which I is calculated, k is the
center-Of-mass momentum for the channel being
considered, and g~ are the relevant couplings. For the
case of singlet —octet mixing, formula (8) has to be
used in conjuction with (6) and (7). G@ and Gl
represent the couplings for the multiplet, and A and A'

represent the couplings for the physical states.
The relation bet, ween go, gF. and the parameter m

Exact SU(3) predicts that the couplings g~ for all
the members of a multiplet are the same; however,
since the symmetry is broken for the masses, it is

probably broken for the w idths. In the case of the
3/2 decuplet, for broken SU(3$ a sum rule has been
derived by Becchi and by Gupta independently. It
~elates the g; fox the members of the decuplet by the
relation

Z(A + =) = 3Z (Aw) + Z*(Zw),

where Z (Aw) is the coupling for the Z(1385) ~ Aw decay
and Z (Zn') is the couplmg for the decay Z(i385) ~ Zw.

As mentioned in the text (Sec. IV 8) the
determination of the relative sirens of resonant
amplit, udes can be useful in making an SU(3)
assignment of resonances. In fact the resonant
ampVitude T «4'xex; «GeG;, where the subscript e
refers to the elastic channel and the G, Gl are the
coupllngs of Eqs. (6) through (9). Assuming that all gi
are positive, the sign of the G; are dependent upon the
sign of the Clebsh —Gordon coefficients c;. Once a sign
convention is adopted (we use the Levi —Set ti
convention, see Fig. 2 in the text) and the signs for a
Z state (I=I) and a A state (I 0) of known SU(3)
assignment have been chosen for reference, the signs
of all the other amplitudes can be usef ul in
determinmg multiplet assignments. For exact SU(3)
all the decays of members of a decuplet have the same
sign. For octets the relative sign depends upon the
value of gO/gF and the mixing angle, as seen from
Eqs. (7) through (9).

«b«yon de~ay rates within SU(3) can be
found in among others papers by Tripp
Levi-Sett, i, Samios, ~o and Plane. ~~ The most recent
fits were made by Barbaro-Galtieri~~ and Samios.

Kn fitting the data a choice for B~ has to be made.
Plane~~ tried two forms for B~'.

(a) The form B~ = (kr) D~(kr), r being the radius
of interaction and D~ the polynomials in kr given by
Blatt and Weisskopf. ~4 Usually r is taken to be
fermi.

(b) The form 8~ = k~~.
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However, for final results form (b) was chosen. A

discussion of the differences among these two farms
hes been given by Barbara-Galtieri. It turns out
that not only the values of the couplings, g~, depend
upon the form used for 8~, but also the value obtained
for the mixing angle. For t,he 3/Z singlet, A(1520),
and the isospin —0 member of the octet, A(1690), the
mixing 6.ngles obtained in the tw.a cases are

9 = (—16 1+' ) 8 = (-ZV 5+ . )

in disagreement by e few standard deviations. It
turns out that if e radius af interaction of r = 0.15
fermi is used for form (a), the two values of 8 agree.
This value of r does not fit resonance shapes when

used in the Breit —8'igner resonant form.
Samiost3 used form (b) for B~.
Table I is a summary of the fits made by us

(update of Barbaro-Galtieri ) using the barrier factor
form (a) and exact SU(3). A few comments follow.

arguments (i.e., the assumpt, ion that the axial vector
current remains en octet in the presence of symmetry
breaking) and it was advocated by Graham. t For the
1/8 nonet it was used in this form first by
Cell —Mann. ~

3/8+ Decu~t
The agreement among the coupling constants

obtained for the four rates in this decuplet is very
bad. The fit, made using form (b) for B& has g =50 for
3 degrees of freedom; the one made with form (a) for
Bg has g /DF=Z4/3. The broken SU(3) relation (11),
however, is very well setisified.

B. SU(3) CLASSIFICATION OF MESON RESONANCES

All af the discussion above applies, except that far
basons the GMO formula is usually applied to the
square of the masses, es apposed to the First power
for fermions. Thus for example, Eq. (8) becomes

1/8 Nonet (Servan-Ete Resonances)
For this nonet Eq. (7) was multiplied by the factor

MR —MB

MR —MB

where MB is the decay baryon end MR-MB=564 MeV is

the difference of the mean 1/8 and 1/8+ baryon
octet masses. This kinematic factor comes from PCAC

4K = 3g + fl'.

The symbol K wes introduced by Glasho~ end
Socalam far the sauere of the K mess, etc.

Because of the difference between Eqs. (5') and
(5"), there is also an extra factor of (MN/MR) in Eqs.
(6) and (7). The three established nonets (0 „1,2 )
and their mixing angles ere listed at the bottom of the
Meson Table.

8(deg)b
I

3+5
-M~4

I
I

N(1535) A(1670) Z(1750) [:"(1885)) A(1405)
N(1520) A(1690) Z(1670) [:(1815)) A(1520)
N(1670) A(1830) Z(1765)
N(1688) A(1815) Z(1915)

Q.934.i i
Q.3i+.95
i.iT+.04
Q.65+.03

1/a-
3/8
5/8
5/2+

Table &. SU(3) baryon multiplets with t, wo or more known members. Values of 9
and a [defined by Eqs. (8) and (10)) are the result of fits made to all the
tneesured t~o-body decay rates of each mutiplet.

l

gP Octet members~ Singlet CR

3/a+ A(ia3Z) Z(1385):-(1530)
7/a+ a(1950) Z(8030)

1.78-8.89 g~/DF~50/3

Masses in parentheses are the nominal masses used in the Baryon Table. The
members have masses as calculated by using formulae (1) and (P) wfith the

mixing angle 8 derived fram the decay widths.
bSee text for a discussion of the 3/2 mixing angle.

Coupling constants fram Ref. iR.
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TEST OF Ai~i/R RULE FOR HYPERON DECAYS

O. E. Overseth
University of Michigan

i. Nonleptonic decav Amplitudes
In this edition we again use the new convention

for the amplitudes A and B adopted in 1973. Some
t,heorist, s have suggested that dimensionless
amplitudes are more useful to them t,han the ones
appearing in the literat, urc. Serge used a convention
with A and 8 in units of sec ~~~. Samios~ used a
convention w hich gave A and 8 in units of
(MeV —sec) ~ . Following is the convention suggested
by'Jackson, which giv'es dimensionless A and B.

The effective Lagrangian density for nonleptonic
hyperon decays (Bi ~ B~ + w) can be written

L,ff = Gugtq(A+B75)tih,

where G= iO m is a coupling constant characteristicP
of first. -order weak decays, ps~ is the charged pion
mass, and A and B are dimensionless complex
numbers giving the relative amplitudes of the
parity —v'iolating and parity-conserving decays,
respectively. The matrix ys is to be taken in t.he Pauli
form, 75=( 1 0). The invariant amplitude for the
decay 1S

11.D. E. Plane et al. , Nuclear Physics B~Z, 93 (1970).
Also J. Neyer and D. E. Plane, Nuclear Physics Qg5,
428 (1971).
A. Barbaro-Galtieri, LBL—i366 and in Proceedings
of the i6th International Conference on High

Ener gv Ph~ics, National Accelerator Laboratory,
Vol. 1, page 159 (1972).
N. P Sam los M Goldberg 4%nd 8 T Meadows ln

Hadrons and SU(3): A Critical Review, BNL Report
BNL—17851 (1973).
J M Blat t, and V F Wclsskopf Theorct 1cal Nuclear
Phvsics, Filcy, New York, i95Z.

i5. A. Barbaro —Galtieri, in Properties of Fundamental
Interactions, Erice, July 8—26, i97i, edit, ed by A.

ZlchEchl, Edltl'lce Colllposllol l, page 533 (1973).
R. Graham, S. Pakvasa, and K. Remen, Phys. Rev.
163, 1774 (1&57).
M. Gell —Mann, R. Oakes, and B. Renner, Phys. Rev.
175, 8195 (1%i8).

ia. The formula has been calculated from analogy with
the formula for mixing Qf meson states f1rst put.
in this form by S. L. Glashow and R. H. Socolow,
Phys. Rev. Letters ~, 329 (1966). For the baryon
formula see A. Barbaro-Galtieri, Phenomenology of
Resonances and Par ticle Supermultiplets,
UCRL-17054 (1966).

N = Ggs([u(p)(A+875)u(P)],

where P is the 4—momentum of the decaying hyperon
of mass M, and p is the 4—momentum of the baryon
decay product of mass m. With the normalization
convention, ulu~ = Zml, the Pauli form Qf the matrix
element in the rest frame Qf the decaying hyperon is

~= Ge~&Xg[V'~M{E+m}A+ &aM(E-m) Blr-qlX1).

where E is the total energy of the final baryon and q is
a unit vector in the direction Qf motion of the final
baryon. Comparison with Sec. VI 9 of the text shows
that the amplitudes s and p defined there are
proportional, to A and 8:

P E-m 1~~ B (M-m)~-~~ 1~~ B
s E+nl A (M~m)~-pg A

Here ~ is the mass of the pion entering the decay.
The parameters a, p, and 7 can therefore be
expressed in terms of A and B, rather than s and p, if
desired.

P 4 ]M+m)~-ps~ p (M-m)~ —~
M~ M~
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where q is the c.rn. momentum of the decay products.
For reference, the dimensienless constant in this
expression has the value (G pic/Bw) = I.9488&IO

Table I summarizes the amplitudes A and 8 for t,he
nonleptonic decays of the A, Z, and:" byperons. These
amplitudes have been calculated by using t,he
experimental data fer mean lives, branching ratios,
and the decay asymmetry a given in the Stable
Par ticle Table of this Review. Time —reversal
invariance is assumed and final-state interactions are
neglected, se A and 8 are taken t,o be relatively real.
The subscript on the hyperon refers to the sign of the
decaying pion. The statistical correlation coefficient

(AAAR)

Here the AI=3/2 amplitudes are expressed relative to
t,he hi=i/2 amplitudes. The numerical values of the
coefficients depend on the rat, io 8/A. The
uncertainties in the coefficients are small compared to
t,he uncertainties in ha and hl . Final-stat, e mN

interactiens have been included in these relatiens but
have a very small effect. From the St,able Particle
Table,

ha = 0.006+0.066, hl = 0.058+0.OiZ,

(A3/A, ) - 0.027~0.008

(83/8 t) ~ 0.030a0.037.

is also given. The absolute signs of A and 8 have been
assigned, using the following convention. Taking A(h )
as pesitive, the ether 5—wave decay amplitudes are
chosen to give an approximate fit te the triangular
relationships

v 2A(EO) + A(Z ) = A(Z:) and v 3A(ED) + A(Ao) - 2A(:-:).

The signs ef the 8 amplitudes relative to those of t,he
corresponding A amplitudes are determined by t,he
sign of the appropriate a decay parameter.

Table

The possible 3% hi~3/2 A-wave amplitude ls due to the
disagreement of decay rates with prediction. At this
level the results are sensitive to electromagnetic
correct, ions. However, in A decay the phase space
correction and the other radiative corrections appear
to be about equal. in magnitude and have opposite
signs, ' and hence cancel each other in the
correction to the decay rates.

(b):" Decav
The analysis for = decay is very similar to that for

A decay. If the AI i/2 rule is valid, l'0(:" )/I' (:" )
0.50 and ao a . For this case the expressions linear
in hi 3/2 A- and 8-wave amplitudes are4

M ~m+~
A ~ p +
Alc ~n+ wo

Z+ +n+ m+

Zg ~ p + ff

Z ~n+m
=-3 ~A+ wo

~A+

8
i .48aO. Oi iO. i7%0.Z4

-i.08+0.OZ -7.88+0.59
0.060. GZ i9.OSLO. i6
i .48+0.05 -iZ. 04+0.59

-0.747
0.003
0.9i8

i.53%0.03 -5.90+i. ii
8.04+0.OZ -6.7i+0.38

0.347
G. i98

i.93+0.0i -0.65+0.08 -0.084

From the Stable Particle Table,

da = G. iZ+G.Zi, hl = 0.058+0.084,

(A3/At) = -0.035+0.OI7

(83/Bt) = -0.13+0.i5.

An = I.38 (A3/A, ) —I.36 (83/8, ),
Af' = —1.44 (A3/At) —0.06 (83/Bt).

Z. Tests of the hI~i/8 Rule

(a) A Decav
For A decay the AI=I/2 rule predicts that I'0/['

0 50 and ao a . In order to determine the
magnitude of possible AI=3/2 amplitudes present we

write the linear expressions4 for the AI=3/2 A- and
8-wave amplitudes in terms of ha, where ha is the
measured value of ao/a minus the predicted value,
and in terms of hl similarly defined. Evaluating these
we find

(c) Z Decav
The traditional test of the hi=i/2 rule in Z decay

is that the amplitudes satisfy the relatienship

Graphically this is eguivalent te closing the Z triangle
when the amplitudes are plotted on A, 8 axes.
Including AIR3/2 amplitudes in Z decay analysis, the
"Z triangle" relatienship becomes

v 2 AO + A+ —A = -3V 2/5 A3 +
V'I5

Aa = —i..53 (A3/A, ) + I.60 (83/8, ),
hl' = i.83 (A3/At) + 0.26 (83/Bt).
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w'here A3 and A5 are AI~3/2 and hI~5/2 amplitudes,
respectively. There is a similar eguation fer the 8
amplitudes. From Table I,

M2AO + A —A 0.22+0.09
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WZB0+ B+ —B 8.7 ai. i

If we neglect the iiI~5/2 ampHtudes and assume all

amplitudes to be real we can solve for possible Iii~3/2
amplitudes. The result is

-0.060+0.026A3

B3 = -0.074+0.030 .
8+

Thus for hyperon decay, present experimental data
limit hI=3/2 amplitudes to less than about 5%.

3. The Lee—Sugewara Relation
From Table I the Lee—Suga~ara relatmn, '8

v 3Z0+ Ao —8:" = 0, is satisfied to -0.05a0. 1Z for t,he
A amplitudes, and to 2.7+2.O for the 8 amplitudes.

Anpendix IY

GROWTH OF INFORMATION

From time to time we have presented figures
demonstrating the amount of experimental work
which has gone into spectroscopy, and the amount of
ne~ information available as a result. The 1976
versions of these figures are sho~n as Figs. i, 2, and
3.

Figure i is a simple count of the number of, meson
resonances listed in the Tables, categorized as those
"understood" —i.e., all quantum numbers are
believed known -- and those simply "listed". For the
f976 edition, there is an increase in both of these
categories because of the discovery of the J/+ and
related particles.

1. J. P. Serge, in Proceedinus of the 13th
International Conference on Hiuh-Eneruv Phvsics.
Berkelev. (1966} (University of CaHfornia Press,
Berkeley, 1967), p. 46.

Z. N. P. Samios, International Conference on Weak

interactions, Argonne, (1965), p. 189.
3. J. D. Jackson, private communication (1973).
4. See O. E. Overseth and S. Pakvasa, Phys. Rev. i84,

1663 (1969). The expression for l 0/f' for A decay
shouLd read

40

30—

20—

IO—

0

I I l I I ! I I

———Mesons listed in the tables
Understood rnesons I

I

f l J
I

I IJ
I

r—~
I I

I

I I I I I I I I I I I I I I

6l 64 65 67 68 69 70 7I 72 73 74 76
Year

1+3M'
t'0

~ S11S33cos(61—53)+P11P33cos(611 1531)

S~iiepi 1

5. See A. A. Belavin and I. l4. Narodetsky, Yadern. Fiz.

8, 978 (1968) [Soviet J. Nucl. Phys. Q, 568 (1969)].
6. G. If. Intemann, private communication (1973).
7. See B. lf. Lee, Phys. Rev. Lett. ~, 83 (1964).
8. See H. Sugawara, Prog. Theor. Phys. ~, 213 (1964).

Fig. i. Number of meson resonances listed in the
Tables (dashed Hne) and those for which aH quantum
numbers are known (solid Hne), as a function of year
of publication of the Review of Part jcle Proper ties.
Note abscissa omits years in w hich no publication
occurred.
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In Figure 2 we present similar information for the
baryon resonances, but concentrating here on the
"growth of understanding". That is, the number of
known baryons (we include for this figure only those
with known J ) has grown only very slowly with time
(dashed line); the real progress has been in the
measurement of the prooerties of those baryons.
Therefore we show as the solid curve a count of the
number of baryonic properties —mass, width, and

branching ratios. Most of these results are from
partial-wave analyses.

I I I I I [ [ I I I [ I I I I [ I I I [ I I [

-----Count of unstable baryons accepted

20p for table, with known J
Count of properties

18p (m, I', bran ching ratios)

for these baryons 75

160—

Finally, in Figure 3 we show a count of the number
of new results put in the Listings each year, shown
according to the type of detector that was used in

obtaining the result, and according to the type of
particle. N and Z particles have been omitted from
this figure, because for these we use mainly the
results of partial-wave analyses, rather than the
primary data.

The fall in productivity in recent years doubtless
reflects the tight budget situation and the declining
emphasis on spectroscopy. Intense activity on the
J/+ and related particles ls evident in the curve for
meson resonances.

I I I I I I I

I QQ —Stables
C

0 ~ J BC
e IJ

300—
Meson resonances

200—

120—
No publication

these years

CD
1PP 59 60 62 66

80—

60—

o IQQ—

0.„
200—

100—

0~,
500

Total of 5 above

E 400—

l CJ J

BC

C
I

lL
I

20 —,

500—

200—

I QO—

I I

C r—-q
I I J

I I JJ

I I0
1957 60

I I I I I I I I I I I I I I I I

65 70 75

Year of publication

0 1 I I I I I I I I I

[964 [965 [966 l967 [968 l969 1970 l97I l972 I975 l974 l975
Year published

Flg. R. Total amount of information (mass + width +
branching ratios) on baryon resonances listed in the
Tables, restricted to those w ith well-established JP
(solid line). Dashed Hne shows numbers of such
resonances listed. Abscissa shows year of publication
of Review of Particle Properties.

Fig. 3. The rate of production of data on particle
properties, as a function of year of publication of the
original result, based on data cards added to the
Listings. Solid line show s bubble chamber results,
dashed line counter or other electronic systems
results.
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