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I. INTRODUCTION) CREDITS) CONSULTANTS

This review is an updating through January 1971 of
our previous review (Particle Data Group, 1970).

In this version of the text we concentrate on topics
that are either new or essential. For complementary
information on our standard procedures the reader is
referred to our 1969 article (Particle Data Group,
1969).

We remind the reader that it is inappropriate to
make reference to this compilation instead of to an
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original work. In our Data Card Listings we provide
references to all original data quoted by us.

The responsibilities of the authors of this compilation
(who prefer to be quoted as the "Particle Data Group" )
can roughly be broken down as follows:

Stable Particles: A. Barbaro —Galtieri, N. Barash-
Schmidt, T. G. Trippe. Our eta meson consultant is
L. R. Price.

Meson Resonances: M. Roos, A. H. Rosenfeld,
P. Soding.

Baryon Resonances: A. Barbaro —Galtieri, C. Bricman,
T. Lasinski, C. G. Wohl.

Genera/: All Berkeley authors.
Consmltants: The three teams just mentioned must

come to a consensus on how to treat the data, and must
write a number of mini-reviews. It is impractical to
spread this responsibility over more than a few people
in each team, and still expect to meet publication dead-
lines. Hence we limit our number of authors (to ten in
this edition), but thereby leave gaps in our coverage,
both intellectual and geographical. To help us overcome
this deficiency, we have solicited the help of consultants:

~Chih-Yung Chien (Johns Hopkins University) and
~LeRoy R. Price (Lniv. of California at Irvine).

it is one of the following:

~The quantity was presented with no error stated.
~The result comes from a preprint or conference

report and has not been verified by its authors.
~It involves some assumptions that we do not wish

to incorporate.
~It is of poor quality, e.g. , bad signal-to-noise ratio.
~Two experiments give contradictory results, so

that it is senseless to average the data.

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 represent the output 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, how-
ever, the footnotes are less complete than are the
collection of notes and mini-reviews in the Data Card
Listings. The reader is therefore encouraged to famil-
iarize himself with the Data Card Listings, and ulti-
mately with the original experiments.

Further details about our selection of data can be
found in the text of the 1969 edition, (Particle Data
Group, 1969, Sec. III).

Mark Sakitt (BNL) has recently agreed to aid us in
the future, and we hope to add a few more consultants.

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

II. SELECTION AND ORGANIZATION OF DATA

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

(1) Stable Particles, immune to decay via the
sti ong interaction.

(2) Meson Resonances.
(3) Baryon Resonances.

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

(1) Tables of particle properties
(2) Da, ta Card Listings.

The Data Card Listings contain the original in-
formation (data, references, etc. ), weighted averages,
comments and "mini-reviews. " Immediately preceding
the Data Card Listings is an illustrated key thereto.

Data that have not been used in the averages are
set off in parentheses; our reasoning is then often given
in a footnote below the data. If the reason is not given,

III. CRITERIA FOR RESONANCES

An experimentalist who finds some evidence for a
peak in a mass spectrum 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 any substantial claim or evidence for a
new state.

For the Tables, on the other hand, we wish to be
more conservative, and to include only those peaks or
resonances that have a &90% chance of survival.
One's betting odds for survival are of course completely
subjective; they are influenced mainly by the amount of
information available (such as partial-wave analyses),
and somewhat by the degree of controversy over
interpretation and how long it will be before more
information is available.

More details on our acceptance criteria are as follows:

(1) Consider, first, peaks where there is bio partial-
wave information:

(1a) Most mesons and * peaks, plus Ã* and I'*
peaks above 2200 MeV. Unless the peak is experi-
mentally shaky, we put it in the table.

(1b) Peaks not far above some threshold, e.g. ,
A1~pir or A3~f~, and their E*counterparts Q and L.
These are at least partly explained by the "Deck
eGect, " or its more modern version "double-Regge-
pole (DRP) exchange. " But the notion of duality tells
us that "to explain is not to explain away, " i.e., the
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"explanation of a peak" with the DRP model need not
contradict its interpretation as an s-channel resonance.
So we put these four peaks on the Meson Table, but
add comments like "21 interpretation not clear;
160 MeV above pm threshold. " For more discussion of
this problem, see the A1 mini-review in the listings.

(2) Consider, next, peaks for which there are partial-
wave analyses. We can then 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 we11

above the resonance, showing that the speed again de-
creases. Indeed proper behavior of the partial-wave am-
plitude will a,ccredit a resonance even if its elasticity is
too small to ma, ke a noticeable peak in the cross section.

Of course, even if Argand plots are a,vailable, it may
still be a matter of opinion as to what behavior con-
stitutes a resonance. Such an example is the E+p peak
(near EA threshold) called Zi (1900), which is dis-
cussed in a mini-review in the listings. The Pi3 Argand
plots are displayed there, and most suggest a resonance;
however, there is disagreement between the various
analyses as to the speed of the amplitude, i.e. , as to
whether it has a Breit—Wigner type of behavior. In
addition, the errors on the amplitudes are still large, and
we prefer to wait a bit longer before we put Zi on
the table.

Approximate Breit—Wigner behavior of a partial-
wave amplitude appears to us to be the most satis-
factory test for a resonance, since after all a Breit-
Wigner amplitude is the Fourier transform of an
exponential decay of a state with a finite lifetime. We
are aware that this approximate Breit—Wigner behavior
could be accidental, but can only hope that such an
accident is improbable.

We now ask "How likely is it that peaks of class (1)
above (no way to check them with partial-wave
analysis) will eventually be confirmed as resonances?"
We know of no experimentally convincing peak that
has been shown to having nothing to do with a reso-
nance. But be warned that broad peaks may be mis-
leading: they may contain several resonances, or they
may include a resonance narrower than the peak, plus
some other complications.

~Before 1966 we might have tabulated the irP
bumps at 1512 and 1688 MeV as single resonances,
whereas partial-wave analysis shows that each contains
several resonances.

~Abrams ef a/. have reported broad peaks in the
VE total cross section at 2190, 2345, and 2380 MeV.
One of these indeed overlaps our tabula, ted U(2375)
meson, whose width is given as 30 MeV. But pp s-channel
experiments, which can study all the final states formed
at c.m. energies near 2345 MeV, show that the rest of
the pp(2345) peak, which is 140-MeV wide, must be
attributed to a, jumble of many diRerent, unresolved

eRects. So we do not accept as a single resonance the
whole LYLY(2345) peak, whose width is measured as
140 MeV.

Despite these cases where a resonance has turned out
to be narrower than a bump, and only partly to explain
the bump, most baryon enhancements have been
confirmed by partial-wave analysis. A relevant example
is the following:

~Before the E*(1470, P11) was confirmed in
partial-wave analyses, it was seen as a missing mass or
piro' peak produced peripherally in high-energy pp
collisions, and (like A1, Q, A3, and I.) was partly
explained by the Deck eRect and later by double-
Regge-pole exchange. Thus nowadays we say that the
s-channel resonance comfirrrts the production peak, and
that this supports one's confidence in duality.

In summary, we enter onto the tables experimentally
convincing peaks unless there is contradictory in-
formation; and we expect that most of these peaks will
eventually be confirmed as one or more resonances.

XV. PARAMETERS AND CONVENTIONS

A. Quantum Numbers

The symbols I~(J~)C represent:
I= isospin
G=G parity
J= spin
E= space parity
C = charge conjugation parity.

Mesons

G=C (—1)', (2)

where C„(n for neutral) is the eigenvalue C would
have if applied to the neutral member of the multiplet.
Thus, for a ir', 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-
antiferrnion, e.g. , gq, with orbita, l angular momentum
l, and with the two quark spins coupling to give a spin

*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 footnote
in Kallen (1964).

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 (iIrIy).

A neutral nonstrange state is a,n eigenstate of
exp (i7rI„) with eigenvalue (—1)i. Then we can write
the eigenvalue equation for the whole multiplet as
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S. Then one can show that the charge-conjugation
eigenvalue t"defined in Eq. (2)g is

Equations {2)and {3)combine to give

Q —( 1)i+8+i

The parity is

Equations (3) and (5) combine to give

C„p=—{—i)e

so all singlets ('So, 'Pi, ~ ~ ~ ) have C P= —1, and all
triplets ('Si, ~ ~ ~ ) have C„P=+1.

If, instead of qq, we consider the meson as a state of
boson anlib-oson (e.g., A2 +EE),—it turns out that some
signs cancel, and Eqs. (3) and (4) Lnot {5)!japply
Nnchaeged. Of course the mesons are usually spinless
and S is zero, but the equations are more general.
Equations (3) and (4) can be considered as selection
rules forbidding many decays.

For proofs see our 1969 text (Particle Data Group,
1969), and Appendix by C. Zemach. We repeat here
as the summary Table I that we used in 1969 as Table
II.

S. Particle Ãames

If a nsesae has a well-accepted colloquial name, we
use it. If not, we name it by a single symbol which
specifies its atomi'c mass number A (=0 for mesons),
its hypercharge I', its isospin I, and, for a nonstrange
meson, its 6 parity'. We choose

I=0;
I= f. p

if G is even, p if it is odd;

if G is even, e if it is odd;

BaryorIs amd Mesorss

Well-established quantum numbers are underlined
(except for stable particles, where most of the quantum
numbers are established). We have used flimsy evidence
to guess many of the remaining ones, and we have
indicated with "?" the ones for which there is almost
no evidence.

As is customary, we dehne 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.

known, but must be "normal" (0+, 1, 2+, ~ ~ ~ ), .g. ,
because K~ decays are seen, we use the subscript E.
Thus EN(1420). If such modes are not seen (and are
not otherwise forbidden), we guess that it is because J
is "abnormal, "and we write, for example, E~(1320).

For buryoes, no attempt has been made to attach a
subscript about J and P. The symbols are

Zg for I'= 2,

S for Y= i,

for I'= i,

for F=0,

for I'= G,

for V= —1,

0 for Y= —2,

I=O, i;
I= -'.

27

I 2 9

I=0.

I 1.
2 p

I=O.

C. Masses and Widths

In the Tables, columns are headed Mass M, and
Width F. Ke speak loosely of M as the position of a
resonant peak, and of I' as its full width at half-maxi-
rnum. Ke now want to make these statements more
precise. Values of M and F are extracted from data via
models, and we cannot average these values if the
models are dissirmlar. In the next few paragraphs we
discuss this point in slightly more detail, using the
example of an s-channel resonance.

An elastic nonrelativistic Breit—Wigner T-matrix
element is usually written

For stable baryons of each I and I we use the symbol
standing alone; for resonances, the mass is in paren-
theses Li.e., 1V(1688), h. (1405), Z(1765), etc.]. The
J assignment is reported in the Table as —,'+, —',—,2+,
etc. , and also by the symbols P», D», J'15, which refer
to the n.p, Ep, or Ep partial-wave amplitude where the
resonant state occurs (the first subscript refers to the
isospin state).

When two boryoes have identical quantum numbers
we warn the reader by adding a prime to the symbol for
the heavier one, e.g. , p, X'(1470, ~+). In the case of
baryon resonances described by Argand diagrams which
exhibit more than one resonance, we use one prime for
the first, two for the second, ~ ~ ~; thus the series of
which the proton is the stable member becomes:
p, S'(1470, —,'+), .V" (1780, -',+).

If there is only one resonance on an Argand plot, and
thus no need for distinctions, we use no primes.

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

(if ever estabhshed).
P/2

~11 3f ns iI'/2—- (6)

To crowd even more information onto thesymbol, we Here P(ns) is the width for decay into the channel 1,
add a subscript giving J~. Thus iso+(1070). If Js' is not with angular momentum t. It contains barrier-penetra-
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TABLE I. Ia( J~} of mesons from qq model. For the distinction between abnormal Jp and abnormal C, see text. I=-,' states share
the same values of J~ as the I=O and 1 states shown, but are not eigenstates of G. The middle column, which gathers
together (J )~, g CI', is a redundent intermediate step intended to make the Table easier to read.

qq State
CP CP

S4 0
td

S

(J ) CP

Nor mal or
abnormal

I (J )C

Jo (o )+

It (o-)+

Jo(t )-
I
t'(~-)-

Example s and cornrnents

D

il

F3

3
P0

3

D

D
2

3D
3

3F

F3
3F

N

(C )A

)A-

(' )A

(3 )N

(3')A-

(2) +

(3 )

(4 )

Jo (o")+
(i (0 )+

0(a )+

c(x)+
to'(z')+
gt (2 )+

0 &Z)+

l& (2 )+

3arne as S&

o-(z )-1
(2 )-)

J &2

same as P

s&z

etc.

g0g( 106 0)

m (1016)

A2

Regge recurrence
of ~S0, 0

Regge recurrence of
top abnormal-C state
below: (J )C = (0 )-n

Anothe r A2?

All exceptAbnormal C

state s

Have no qq are

ABNORMAL C STATES THAT CANNOT COME FROM qq MODEL

")A' ~0 (0 )-
(t+(o )-

S = 9It (t )+

„+, to (o+)-
C (0 )-

model
(& )N-

0 (2+)-
& (2 )-
0 (3 )+
& (3 )+

$ = normal,P

CP=-1
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tion factors which can vary rapidly with energy; near
threshold F (m) should start up as q"+', and then level
off. Various m dependences are used, mostly variants
of the general form

r (m) I C /Li+ (P)'3 I (V/m) (7)

For a choice of forms, see Jackson (1967), Pisut and
Roos (1968), and Barbaro —Galtieri (1968). Of course
the detailed shape of the amplitude wi11 depend on the
form chosen. So, although F is related to the full width,
it can be measured in terms of the behavior of T at
resonance. It is easy to show (Herndon et at. , 1970)
that the relation is

"Speed" (res') =

where the elasticity, x,= I',/F, is introduced next.
Further properties of "Speed" are discussed in the
baryon mini-review at the front of the baryon Data
Card Listings.

For an inelastic resonance feeding into channel p,

see the appropriate mini-review in the Data Card
Listings.

Resonances with mass M&2000 MeV have been
detected primarily in total-cross-section experiments.

We can use Eq. (11) to relate the height of the peak
at resonance 0.„, to the elasticity x,. At resonance, the
chaswzet cross section is

o„,(1—&p) =4m%'(J+2)x, xe,

and the total cross section is

(12)

0 "'""=47rV(J+—')x (13)

If J is known, we can solve for x,. IfJ is not known, the
product (J+—', )x, is given in the baryon table.

D. Muon-Decay Parameters

The p,-decay parameters describe the momentum
spectrum (p and )t), the asymmetry ($ and 8), and the
helicity (h) of the electron in the process y+~e++v+ v.

Assuming a local and lepton-conserving interaction, the
matrix element may be written as

-,'(r, r, )»& r/2
Tge = ———(xgxp) "' (9)M—m—iF/2 M—m —iI'/2 ' & (e I

r'
I t ) & I

r'(C'+C*'~ ) I ), (14)

where

r=gr, , xe ——Fe/r,

where the summation is taken over i=S, V, T, A, P.
Using the) definitions and sign conventions of Kinoshita
and Sirlin (1957), we have, for the momentum param-
eters:

and x& (called the elasticity) is often written x, .
The channel cross section o~e for the reaction I~p is

p=
I
3g~'+3gv'+6gT'j/D,

g =
I gs' —gp'+2gx' —2gv'7/D;

(15)

(16)
age ——4m%'(J+-,')

I
T,e I', for the asymmetry parameters:11

where J=l~—,'.
Resonances seen in production are even more

complicated. (F~)»' disappears from T, and must be
replaced with some model-dependent parametrization
of the production process.

In conclusion, we have seen that because of the
energy dependence of I' even the amplitude T for a
resonance does not have a full width at half-maximum
equa, l to F (but it does peak at or near M). Then
kinematic factors enter into the cross section for
formation [Eq. (11)j or production, and displace the
observed peak away from M. For quantitative examples,
see Barbaro —Galtieri (1968).

Most of the useful information on the iV, 6, A, and
Z baryon resoeaeces with M(2000 MeV has come from
partial-wave analysis. Masses and widths of most of
these states are dependent on the model, as well as
on the data used by the different groups that performed
these analyses; therefore, the masses in the main
baryon Tables are not averages, but plausible guesses,
and the errors are "external errors" based on the
consistency among different analyses. For the pro-
cedures adopted, different from resonance to resonance,

and for the parameter. describing the helicity of the
electron:

k= &L2gegP cos )t)SP—8gggv cos Qgv 6gT cos QTT j/D

(19)
Here

D=gs +gP +4gA +4gv +6gT,

g,'= Ic, I'+
I
c,'I',

cos P;, =Re(C,*C,'+C, 'C;*).

(20)

(21)

(22)

The quantities g; are defined to be real nonnegative
numbers, and the )t);, 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 )t)gv is the phase
angle between C~ and C~ in the complex plane.

(= I +6gsgP cos QsP 8gAgv cos )t)Av+ 14gT cos 4)TTj/D)

(17)

h= L 6gggv cos $4v+6gT cos QTT]/D$) (18)
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By using the above equations and the experimental
determinations of p, rt, $, 8, and h, limits can be placed
on ge/gv, gA/gv, gr/gv, gp/gv, and PAv. The results,
listed in the data cards, assume neither two-component
neutrinos nor time-reversal invariance. If, however,
two-component neutrinos are assumed, then sin &Av is
the amplitude of time-reversal violation. Note that
most experiments study only the upper end of the
spectrum where p and p are highly correlated, so they
can only report p for p—=0 and p for p

—=4. The values
for p and p we use here were obtained by combining
measurements of both upper and lower ends of the
spectrum and turn out to be nearly uncorrelated.

Note also that the radiative corrections are un-
ambiguous only when gz=g&=gp=0. The same limits
on gA/gv and &Av are obtained, however, as when gs,
gp, and gI are left free.

E. E-Decay Parameters

1. Datitz P/Ot fOr K~33r DeCayS

s;= (p» —p, )'= (m» m;)' —2m»T—,

sp = 3 P s;= 3 (m» +mI +m3'+m3 ).

i=i 23
(24)

(23)

Here the p; are 4-vectors, m; and T; are 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 s3 (or T3) of the Dalitz plot, while h measures
the quadratic dependence on s3. The coefficient j is
related to the asymmetry of the plot and must be zero
if CP invariance holds. Note also that if CP is good,
g must be the same for 7-+ and 7, and similarly for h.

At present there is no compelling experimental
evidence for either the h or the j term Dor upper limits
on the j term, see Section E.2(b) below). Thus we
stop the above expansion at the first term and list only
g. Since different experiments use different forms for
I
M I', in order to compare the experiments we have

converted to g whatever coefFicients have been meas-
ured. See the listings for details on this point.

The small deviation from uniformity of the Dalitz
plot for the 3m decay of the E meson is usually described
by a "slope parameter" (Dalitz, 1956). For the r and
7 decays of the charged E's, and the v-' decay mode of
the El.', we parameterize the Dalitz plot distribution
by the expression

I
3f I'~1+g(s3—

s)p/ m+ 3

+III (sp—sp)/m +3]'+j (s3—sI)/m +'+ ~ ~ ~, (23)

where m +' has been introduced so as to make the
coefFicients g, h, and j dimensionless, and

Relations among r+, v-'+, and v' are predicted by the
DI=~ rule. See Appendix I for these relations and a
discussion of this rule.

+ (CI' nonviolating terms), (27)

where T+ are the kinetic energies of the charged pions.
We have momentarily abandoned the form involving
the Mandelstam variables s, in favor of (27) because
the latter has been consistently used by experimenters
searching for CP violation. We list 0.~ among the
CP-violating parameters at the back of the EI.' data
cards. Note that only upper limits have been reported
for this quantity.

(c) Asymmetry irt the KL~Ir+t+v decays The quan. -

tity measured and compiled here is

r(KL—+3r l+v) r(KL~— +t—v)

r(KL~Ir l+v)+r(KL~7r+l v)
(28)

This asymmetry violates CP invariance. If CPT is
good, for a pure El. beam, 5 can be written as

1—Ix)'5=2 Re&,
I1—xI' (29)

where x is the d,S=BQ-violating parameter defined in

Sec. E.3, and e is the parameter of the expansion

I
KL& = t L (1+e)

I
K&—(1—3)

I
K&j/L2 (1+ I

~ I') j"'I
(30a)

I
Ks&= Ir (1+e) I K&+(1—e)

I
K&)/L2(1+ I

e I3)7"I.

(30b)

Z. CP Violation in E Decays

We list parameters for four different reactions in
which CI' can be tested Lokun and Rubbia (1967),
Steinberger (1969)].

('a) Ke—+Ir+7r Iro. The quantity measured here is the
ratio of amplitudes

A s(Ks +sr+sr=—IrP)/AL(KL +n+3r —srP)-=x+iy— (26).

If CPT invariance holds and there is no I=3 state
present, then x is zero, and one measures y, which is
the CP-violating part. In the Eq listings, we give the
results for (26) under Branching Ratio R4. Our pro-
cedure is to assume that x=0, and to list (Ae/AL)3 in
the form of a branching ratio.

(b) Charge asymmetry irt KL~33r decays. As men-
tioned above, the presence of a term in (sp —sI) in
Expression (23) describing the Dalitz plot distribution
for r+, ~' decays of E mesons would be an indication of
CI' violation. Rather than listing values of the (s3—sI)
coefircient j in Eq. (23), we choose to list o+ from the
equivalent expression
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(d) Ez~2sr decay. The relevant parameters are:

=A(Ez~7r+sr )/A(Es~7r+n)= .
~ g+ ~

exp (i&+ ),

X~, the energy dependence of the f~(q') form factor

(38)

(31) and $, the ratio of the two form factors

zoo= A (Ez~~'~')/A (Es~~'~') =
I y„ I

exp (iy«),

e, defined in Eqs. (30) above, and
(32)

e'= (i/K2) exp i (b2—bo) Im (A2/Ao). (33)

Here A, and 6, are the amplitude and phase of ~x
scattering at the E mass, defined by

(I=O
~

T
~

E)= exp (iboAO), (34a)

The quantity $ can be determined in different ways:

(1) by measuring the E»/E, 3 branching ratio and
comparing it with the theoretical ratio as given in
terms of $(0)=f (0)/f+(0).
I'(E„3+)/I'(E,3+) =0.6457+0.1264 Re $+0.0192

~ $ ~'

+1.4115K++0.4754K Re $+0.0080K+ Re $,

(I=2
~
T

~
E)= exp (ibaAz) . (34b) I'(E»')/r(E. 3') =0.6452+0.1246 Re (+0.0186

~ $ ~'

Wu and Yang (1964) have derived the relationships

(35a)

happ= 6 26 . (35b)

3. QS=QQ Rule i' E' Decays.

The relative amount of DSAAQ component present.
is measured by the parameter x, defined as

At present many models have been proposed to explain
the experimental results on CP violation, but more data
are needed before the cause of CP violation can be
ascertained.

We list 1/~ gpo, Ifl+, and Qpp. The phases are meas-
ured directly, whereas the magnitudes g+ and happ

are derived parameters. We use, as far as we can, the
directly measured quantities as input, and calculate
g+ and happ from the values given by our constrained
fits. Therefore, if one looks at the Data Card Listings,
most of the

~ g ~

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

~
goo ~' (Particle Data Group,

1969) in a separate list at the end of the CP-violating
parameters section of the EI.' Data Card Listings.

+1.3162K++0.4370K Re $10.0064K+ Re $. (40)

See CABIBBO 66 and FEARING 70 (for the charge-
dependent formulae) in the card listings. Note that the
first constant has been changed to 0.6457; the earlier
value was a misprint, *which we copied from CABIBBO
66.

(2) by studying the Dalitz plot of the E» decay.
The E,3 Dalitz plot distribution is only dependent upon
the )+ parameter, whereas the E„3 distribution is
dependent upon X, X~, $. Often experimenters have
measured only the momentum spectrum of either the x
or the lepton and compared it with the predicted spec-
trum. See note in the E+ Data Card Listings for a dis-
cussion of this method. For a formula relating the
Dalitz plot variables to f, see for example, BRENE 61
in the E+ card listings.

(3) by measuring the muon polarization in E„~
decay. In the rest frame of the E, the p is expected to
be polarized in the direction A with P=A/~ A ~, where
A is given (CABIBBO 64 in E+ card listings) by

A = ~i(k)p.—~2(~) } (p./~v) L(rN. —&-)

+(p- p.)(L.—~.)/I p, I')l+p }

s= A (E ~7r 4+v)/A (E ~z 4+v). (36)
+mrc Im $(q') (P & P„). (41)

We list Re Ix} and Im Ix}.

4. Form Factors iu Ei3 Leptonic Decays

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

If time-reversal invariance holds, $ is real, and thus
there is no polarization, perpendicular to the E-decay
plane.

See the note in the Listings, after E+ decays, for
discussions of experimental results.

F. Baryon-Decay Parameters
llf "f+(q') L (P~+P-).un'(1+») u.j 4/V ratio for baryon leptoeic decays. The baryon

+f (q~)L~&u&(1+»)u j (37) part of the matrix element for these decays may be
written as

where P~ and P are the four mornenta of E and ~
mesons, respectively; mg is the lepton mass; f+ and f
are dimensionless form factors which can depend only
on q'= (Prr P)', the square —of the momentum
transfer to the leptons. The parameters we list are:

(~r l V~(Cv —g»5) I &') (42)

* We thank Drs. H. W. Fearing and J. Smith for calling this
mistake to our attention.

where 8, and Bf represent initial and Anal baryons, and
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M =s+ P (o tl), (44)

where s and p are the parity-changing and the parity-
conserving amplitudes, respectively, o' 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
relations

~=2 «(~*p)/(I ~ I'+
I p I') (45a)

p= 2 Im (s*p)/(I s I'+
I p I'), (45b)

y= (I e I' —
I p I')/(I ~ I'+

I p I') (45c)

With the transition matrix (44), the angular dis-
tribution of the decay baryon, in the hyperon rest
system, is of the form

I= 1+cxP rtl, (46)

where Pr= (F'
I

a'
I
I') is the hyperon polarization.

In the notation of Lee and Yang (1957), the polar-
ization P& of the decay baryon is*

L(~+P'e) a+A(P» a)+ye ~ (P.~ e)j
(1+nPa" tl)

(47)

where Pz is defined in that rest system of the baryon
obtained by a Lorentz transformation along g from the
hyperon 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 p satisfy the relation

ce+P'+ v'= 1.
~ Note that Ref. 13 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.

g~ and gy the axial and vector coupling constants.
Here the Pauli representation is used for the y matrices.
The definition of g~/gr is

a~/gr= I g~/gv I

e" (43)

where 8 is 0+nor if time-reversal invariance holds (see
JACKSON 57 in neutron card listings).

In neutron beta decay the measurements are con-
sistent with time reversal, so g&/gr therefore 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 repre-
sentations, the value of g&/gr in neutron beta decay
is negative.

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

Asymmetry parameters in nonleptonic hyperon decays
The transition matrix for the hyperon decay may be
written as

It is then convenient to describe hyperon nonleptonic
decays in terms of the two independent parameters o.
and the angle P defined by

P= (1 n—')'t' sin P,

y= (1—u')"' cos g,

(49a)

(49b)

which has a more nearlv Gaussian distribution than P
or y. Evidently

for q&0, (50a)

V. STATISTICAL PROCEDURES

This section is a much abbreviated version of Sec. IX
in the text of our January 1970 edition (Particle Data
Group, . 1970), to which the reader is referred details.
See also the mini-review on K* masses and mass
differences in the Data Card Listings.

A. Con6dence Levels and Errors

Quoted errors represent one standard deviation (o)
Upper and lower limits represent 68.3% confidence
bounds (1o ), unless otherwise stated.

* This value for 5,—8„ is derived from the phase-shift analyses
by Roper et al. (1965). The error is our estimation of the un-
certainty.

+-,'s &P& 2m for y&0. (50b)

In discussing time-reversal invariance, the quantity
of interest is 6, defined by

~= 2
I

~ II p I
cos ~/(I ~ I'+

I p I')

&= —2
I

~ II p I
»»/(I ~ I'+

I p I'); (»b)
that is, 6 is the phase angle of s relative to p. Evidently

—-', 7r& 6&-,'n. for n) 0, (52a)

+-,'~& 3,&-,'7r for n&0. (52b)

Under the assumption of time-reversal invariance, the
angle 6 must satisfy the relation

(53)

modulo x, where 5, and b„are the pion —baryon scat-
tering 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= b, 8= (6.8+2—.0) deg. ~

On the data cards we list a and p 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 Particles
Table we give n, p, and 6 with errors; and for con-
venience we also give the central value of y, without
an error.
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The errors in the Tables and the errors of the averages
in the listings often include a scale factor S; see Sec.
V.B below.

Quantities that have changed more than 10 since our
January 1970 edition (Particle Data Group, 1970) are
italicized in the Tables. For a discussion see Sec. V.B
in the text of that edition.

B. Unconstrained Averaging, Scale Factors

In the absence of constraints, we calculate a weighted
average

xabx = (g (u;x~/Q (o;)+[1/ (Q (o;)'I'j;

(54)

where the sums run over E experiments. We also cal-
culate y' and compare it with its expectation value
of A"—f.

If x')Ã —1, we increase the error bx in Eq. (54)
by a factor

(55)

It is easy to design statistical tests for determining
whether one experiment (or a group of experiments) is
consistent with the other experiments. However,
statistics do not tell us who is wrong in case of con-
tradictions. When S&)f, one can conclude either that:

(1) some (or all) experiments are wrong or

(2) some (or all) experiments have underestimated
their errors, or

(3) the experiments do not measure the same
quantity (systematic errors).

We do our best to resolve these cases. If we cannot,
we assume that all experimentalists underestimated
their errors by the same scale factor. If we scale up all
input errors by this factor, x' returns to S—1, and of
course the output error scales up by the same factor.

If all the experiments have errors of about the same
size, the above procedure is straightforward. If, how-

ever, there are both precise and imprecise (large errors)
measurements of a particular quantity, one must be
very careful not to permit the imprecise ones to "dilute"
the scale factor. See our January 1970 edition (Particle
Data Group, 1970) for the prescription we use to handle
this effect.

Ke often plot an ideogram to guide the reader in
deciding which data he might reject before making his
own selected average.

For further discussion of ideograms and scale factors,
we refer the reader to Sec. IX of our January 1970
edition (Particle Data Group, 1970).

C. Constrained Fits

The information on partial-decay fractions P; and
partial widths F;=P;F&,&,& is frequently given by

branching ratios R;, say, Eq ——Pq/(Pq+P2), R2 ——P2/P3,
R3 ——P,/P2, R4 ——P3/(P~+P2+Pa), etc.*

The number of experimental inputs R; is often
greater than the number of decay modes. In these
cases we fit all available information on the P;, F, , and
E, subject to the constraint ZP; = f. When, in addition,
the input R; are contradictory so that scale factors may
have to be introduced, one has to resort to iterative
procedures.

The Data Card Listings give the values of the fitted
E;, P;, and F;, together with the error matrices of the
P; and of the F,. For details about this procedure the
reader is referred to the text of the January 1970
edition (Particle Data Group, 1970), Sec. IV.B.

VI. PARTICLE DATA GROUP PUBLICATIONS

To obtain a reprint of this report, or any of the items
listed below, write either Scientific Information Service,
CERN, or Technical Information Division, Lawrence
Radiation Laboratory, Berkeley, whichever is closer.

A. Pocket-Sized Particle Data Booklet

In addition to the present version of the Review of
Particle Properties available from CERN and LRL,
a pocket booklet is available. This contains the tables
only, plus some additional useful information, selected
for high-energy physicists. The complete pocket
version comprises the data booklet, a 16-month diary,
a mini-atlas, and a plastic cover. Any of these items
that you have requested in the past will automatically
be sent to you, but please note that our mailing lists
are self-cancelling; unless you return the request card
that is sent with each mailing, your name will be
removed from our mailing list. If you wish to order any
items in bulk we must charge 25 cents (US) for each
of the pocket-sized items.

B. Other Compilations

The following reports of the Particle Data Group
and of the CERN HERA Group are available from
both CERN and LRL:

1. Cross Sections

A Compilation of E+E Reactions, L. R. Price, N.
Barash —Schmidt, O. Benary, R. %. Bland, A. H.
Rosenfeld, C. G. Wohl, UCRL-20000 K+ V (September
1969).

A Compilation of I'X Reactions, O. Senary, N.
Barash —Schmidt, L. R. Price, A. H. Rosenfeld, G.
Alexander, UCRL-20000 V!V (January 1970).

Compilation of E/astic Scattering Data, G. C. Fox
and C. Quigg, UCRL-20001 (January 1970).

X1V artd ND Interactions (above 0.5 GeV/c) A-
Compilation, O. Senary, L. R. Price, G. Alexander,
UCRL-20000 NN (August 1970).

* We are also able to fit products of rates from formation experi-
ments as given in Eq. (12).
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A Compilation of Pion-ÃucleorI, Scat terilg Data,
G. Giacomelli, P. Pini, and S. Stagni, CERN/HERA
69-1.

Data Compilation of Antiproton pro-ton Reactions into
Antihyperon hype-ron, B. Sadoulet, CERN/HERA 69-2.

A Compilation of Total arid Total Elastic Cross
Sectiols, G. Giacomelli, CERN/HERA 69-3.

A Collection of Piorz Photoproductiozz Data. I—From
the Threshold to 1.5 GeV, P. Spillantini and V. Valente,
CERN/HERA 70-1.

Compilation of Cross Sections. I—Proto' Iriduced
Reactions, J. D. Hansen, D. R. O. Morrison, N. Tovey,
E. Flaminio, CERN/HERA 70-2.

Compilation of Cross Sections. II Arzti—proton
Induced Reactions, E. Flaminio, J. D. Hansen, D. R. O.
Morrison, N. Tovey, CERN/HERA 70-3.

Compilation of Cross Sections. III—E+ IrIduced
Reactions, E.Flaminio, J.D. Hansen, D. R. O. Morrison,
N. Tovey, CERN/HERA 70-4.

Compilation of Cross Sections. IV—sr+ Induced
Reacti orzs, E.Flaminio, J.D. Hansen, D. R.O. Morrison,
N. Tovey, CERN/HERA 70-5.

Z. Partial wane am-plitudes

zrX Partial-Wave Amplitudes —A Compilation, D. J.
Herndon, A. Barbaro —Galtieri, A. H. Rosenfeld,
UCRL-20000 zrX (February 1970).

Each of these reports in turn lists relevant references.
A further list of references can be found in: "Com-
pilation of Coupling Constants and Low-Energy
Parameters, " by G. Ebel et al. , LNucl. Phys. 317,
1 (1970), and Springer Tracts in Modern Physics,
Vol. 55, Sept. 1970 edition, edited by G. Hohler. j
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"Now go, write it before them in a table, and note it in a bookp

that it may be for the time to come for ever and ever. "
Isaiah 30:7-8

or at least until the next edition. ".
Particle Data Gx'oup

Barash-Schmidt, A. Barbaro-Galtieri, C. Bricman, T. J asinski,

A. Rittenberg, M. Roos, A. H. Rosenfeld, P. S5ding, T. G. Trippe and C. G. %oh}

(Closing date for data: Feb. 1, 1971)

For additional parameters, see Addendum to this table.

Quantities in italics have changed by more than one (old) standard deviation since January 1970

Partic/e Mass

{MeV}
Mass&

{GeY)2

Mean life

{sec)

CT

{crn)

Slode

Partial decay mode

f:ractiona
P of

Pmax
{MeY/c}

105.6599
+.001&

m = 0.0112
rn -m y = -33.916

m +'011

J 2

0, 1(1 ) 0(&Z. )10

ve J = —,
' 0(&60 eV)

v~ 0(& 1.6)

J =
2 0.5110041

+.00000 16

s tab j.e
s table

stable
() ZX1 02 1')
Z. 1983X1Q
+.0008
cv =6.590X104

s table

s table

s table

evv
e Y'Y

3e
ey

100
( &1.6
( &1.3
( &2.2

)10-5
)10-7
)10-8

53
53
53
53

1-(0-) . &39.576
+.011

m = 0.0195

1 (0) 134.972
+.012

m = 0.0182
rn +-m 0 = 4 6041

+.0037

2.'6024X1o
+.0024
cv =780,2
(~+-~ -)/~=
(0.05+0.07) /o

(test of CPT)

o.84X1o-16
+.10 S=Z. 1 '

cy =2.5X10

PV
ev
P, v'Y

Tr Oev

eve
eve e

'YV

ye+e-
'Y'('Y
e~e e+e

i00
1.24+0.03)10-4

'( 1.24~0.Z5)10-4
( 1.Oz*0.07)10-8

c( 3 0 gp 5 )10-8
(&3 4 )i0-8

( 98.84+0.04)%
( i.i 6+0.04)%
( &5 )10-6

3.47 )10-5

30
70
30

5
70
70

67
67
67
67
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«G(~pjc„ Mass

(IVleV)

Mass2

(GeV)2

Afleao life

(sec)

Mode

Partial decay mc)de

fractianl

g(0 ) 493.84
+0.44

rn2 0.244

mKy-m~ = -3.95
+0.13
S=4.0

"

4. 237fy10
~. OOZ6 S=~.9"

cv =370.8
v+-v-)/~=
.11+.09)%

{test of CPT)
S= 4.2-'"-

p. 'v

em~
mm-m+
%fr'Tr'

V

e'rr v
em+ e+v
Tt'rr+e +v
mtr+p, +v
ee+p.+ v
e&

.
T1''rr

Tl''rr

'fTe ~
'rre+e
mp p,

7rpp
'g VV

rrp

%S=
%S=
CO-5
40
~O-5

O
~O-5

3.ZONO. 11)
4.86+0.07)
33 +03 )

&7 )
0.9 +0.4 )

(&3 )
( 1.30ao. 18)

C(
C(
e{

(

C(

(
(

)10
)1O-5
)1O-4
)io-6
)io-6
)1O-4
) io-6
) 10-6

40 k4
y4

&0.4
g2 4
&0.4
&4.2

63.7?+O.Z8)% S=
Z0, 9Z+O. ZQ)%%uo S=
5.58+0.03)%%uo S=
4.68+O.94)'%

50%%u K, 50%%uo K ~

0.862XCO-&0
+.006 S= &.2"
c~= 2.58

497.79
+0.45

S=4.4"
rn2 =0.248

—'(0 ) %+i-
''e'
e+e
'rr

0 0 0

Tf+Tf

%p 'Lr

mev
m+m-
m'e~
m'm-~

p,+p,
e e

1 72x10
+ 0043

cv' = 4550

g(0 )

l (Kc;~m m "m )

I' (KL e m vr )
+ 0

(test of CP)

0.45

0+(0-)+ 548.8
~0.6

S= C.4"
rn2- 0.301

T'=(2.63+0.59) keV
Neutral decays

72 2 jo

Charged decays
27.8'%

m+Tr-~o
m+vr -y
TT

0

e+vr - e+e-
TT

TT TT

+

mK -rnK = 05398X40~0 '4 sec
S + 00033

68.7 () 5 )%
( 313 '

)%
( &,7 )gp" 5

( &35 ) 40"5

c( 2,3+0.8 )gp-3

( Z1.4 +0.7 )'%%uo S=i.i"
( 1Z.6 +0.3 )%
( 26.8 +0.6 )%
( 38.9 +0.6 )% S=i.i"'

0.157+.005)%
( 0.094+.019)% S=1.5"

&0.4 )10
( 5.6 +0.5 )10

) io-9
{ &1 9 )10

) io-9

{ 38.6 +1.1 )%)e{ 3.3 +1.1 )%!.
( 30.3 +1.1 )% iS=1.Z"
( Z3. 1 +1.0 )%%uo

~

{ 4. 7 +0.2 )% ~

{ &0 03 )%
( 01 F0 1 )%%uo

( &Q.z )%
( &O. Z

( 2 +C )&0-
( &5 )40

206
ZOQ
ZZ5
249
ZO6

1 3'
133
Zi6
229
Zo6
209
2Q6
24$
238
2ZS
249
274
258
480
175
236
258
236
475
236
253
244

1 (1+) 938.2592
+0.00 52

rn2= 0.8803

s table
(& 2Xi028y)

p(g ) 939.5527
+0.0052

rn = 0.8828
rn -rn = - &29344

+0.00007

(0.932+0.044) I 0
cw =Z. 79Xg 013

pe v i00 %%uo
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Particle lG(JP)C

0( )

IVlass

(IVIeV)

IVlass2

(GeV) 2

1115.59
+0.06

S= 1.3"
m = 1.Z45

1 189.4Z
+O. 1 1

S= 1.7"
m = 1 4fg

rn~+ -rn~ = -7.95
k. 12

S= 1.4"

IVlean life

{sec)

Mode

(cm)

2.5 f 7X10
+.024 S=1.2"
cg = 7.55

p tT

nm0

pev
pp, v

0.8 0 OX 1 0 pm
-10

+.006 n~+
cy = 2.40

nm+y
A e+v

l (~+ f+nv) {np+v&.035~,
, neI'(& ~4 nv)

Stable Particles
Partial decay mode

Fractiona

( 640
0 7 )%

( 36 0 '
)%%up

( 0.80+0.06) 10
( 1.35+0.60) f 0 4

( 517
8 )%

( 48 3 '
)%

( i. 24+o. l.8)10
i.30+0.24 ) 10-4

( Z. 02+0.47) 10
( &2. 4 )10-5
( & 1. 0 }1Q-5

p or

Pmax b

(Me V/c)

S=i 1' 100
104
163
131
189
185

S=1.4" ZZ5
185

72
2QZ
Z24

1192.51
+0.10

m2 — f 422

& 1.0X1Q
c7&3Xfp

Ay
A e+e

100
d( 5.45 )10

74
74

1197.37
+O. 07

rn = 1.434

m~0 -rn~ ——-4.8 6
+.06

1.489X10
+.022 S=1.8 '
c7 = 4.46

nm
ne v

nlj. v
Ae v
n'iT

100 /0

( i.09+0.05) i 0
( 0.45+0.04) 10
( 0.60+0.06)10-4

c( 1.Q +0.2 )10

193
230
210

79
193

1 (1+)f 1314.7
+O. 7

m = 1 7Z9
rn 0-m - =-6 6

+.7

3.03X10
+.18
cy = 9.08

pm
pe- v
Z+e v
Z e+v
g +IJ. v

lJ+ v

plj v

100
( &P.9
( &1.3
( &1.5
( &1.5
( &1.5
( &1.5
( &1.3

)10
)10
)10
)10
)fp 3

)10
) fp-3

135
299
323
119
112
64
49

309
1 (1+)f

3+ f
0(—)2

1321.31
+0.17

m2= 1.746

167Z.5+.5
mZ 2 797

i.660X10-10
+.037 S= f.1"
c7 = 4. 98

1 3 X10-0.3
cv = 3.9

A vr-

Ae v
0Z e v

Ap™v
Z IJ. v
nlT
ne

~0
tl

0

100
g( 0.67+0.23

( &0.5
( &1.3
( &0.5
( &1.1
( &f.p

Tot al of
28 events

seen

}1Q 3

}1Q
}f 0~3
)%
) 1Q-3
)%

139
190
123
163

70
303
327

294
290
211

2"S = Scale factor = + )( /(N-i), where N = number of experiments. S should
be = i. If S & 1, we have enlarged the error of the mean, 6x, i. e. , &x~S &x.
This convention is still inadequate, since if S » 1, the experiments are
probably inconsistent, and therefore the real uncertainty is probably even
greater than SI5x. See text and ideogram in data card listings.a. Quoted upper limits correspond to a 90% confidence level.

b. In de cays with more than two bodie s, Pmax is the maximum momentum that
any particle can have.

c. See data card listings for energy limits used in measuring this branching ratio.'d. Theoretical value; see also data car J listings.
e. See note in data card listings.
f. P for - and J for Q not yet measured. Values reported are SU(3) predictions.
g. Assumes rate for - ~Z" e v small compared with ~A e
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ADDENDUM TO

Stable Particles
Magnetic moment

1.001 159 644 e%
+.000 000 007 Zm ce
1.001 166 16 efl
+.000 000 31 zm c

li(

p Decay parameters

P = 0.752+0.003 TI = - 0.12 +0.21
( = 0.972+0.013 5 = 0.755+0.009 h = 1.00+os13

I gA/gV I =0.86
0 11 $ = 180' +15'

Mode

pv
1rvr'

m1 +m-

1r1T 1T

PTT V

e1T ov

Partial rate (s e c-1)
(51.55+0.25) 10 S=1.2"'
(16.91+0.24) 106 S=1.2'
( 4 51~0 02) 106 S
( 1.36+0.04) 106
( 2 59yo 09)106 s-1 8
( 3.92+0.06) 106 S= 1.2"

6l = —rule for K- ~ 3'+

2
1T 1T+1T g = -.206+.007

+1) — cg 194' 007
%+moro cg 527+ 017

See also listings and
Appendix I

Form factors for leptonic decays

See listings for X. , (

KL
1P mpmo

m m-m'

1Tlj V

1Te v
m+m-
Tro 1ro

( 4.14 +O. 13)10
( z.44 +o.o6) io
( 5.19 +Os12)10
( 7.52 +Os14)10
( 3.03 +Osip)10
( 1.82 +0.37)10

S=1.1 '

S=i.1 '

S=1.5"'

(0.796+.007) 10$1T 1T (0.364+.006) 101 S=1,3
l = —rule for K LP

-+ 3m
1
2

TT 1T 1T g=.60+.03 S=3.1"
See also listings@ App. I

ES= -AQ
Re x = -.003+.031 S=1.7'"
Im x = -.037+.043 S= 1.1'"

Charge asymmetry:
r (zp -~') -r(Ko -~-)

r(K' -~')+r (K' -~ )

=.33+.04
Form factors for
leptonic decays
See listings
for

CP violation parameters

I=(f.95+0.03)40, g =(44+3)'

I=2.2e0.2)i0, Q =(5fa30)'
S=1.5'"

Mode
p

'IT+ TT 1T

IT

Asymmetry parameter

(1.2+0.5)y. S=1.3-:
(1.1+is 3)%

Nlagnetic
moment

Decay parameters

Measured Derived A V V A
(et/Zm c)

P

2.79278Z
a.000017

-1.913148 pe v
+.000066

a $(degree) (degree)

1.231+0.010
[5=(181.1+1.3)']

-0.70
+.07

P1T
n1TO

pev

0.645+0.016 (-6.3+3.5)' 0.76 7.4 4'1
0.649+0.046

-O. S3 +O. 1S

g+ 2. 59
+.46

P1T

nTT

n1T

ne v
Ae

+o.o66+o. o 16

1 03 -,4Z

-0.069+0.0 08

(167~ zo)
S=i.1'"

(10+15) o.98

-0.991+0.019 ( 22+ 90)' o. iz (483 )
73+136

See listings
0.35+0.18

-0.35%0.08 (25~21)
S=i.3+

0.85 228+ 16

-0.40+0.03 (-4+8) '
S=i.1 '

0,91 7p+18
~ 17

S = scale factor. Quoted error includes scale factor; see footnote to main
Stable Particles Table for definition.

a. IgA/g 1 defined by g = lC I + IC' I, g = IC I + IC' I, and2 2, 2 2 2, 2

Z( e Ir i lij() ( v Ir;(C,+C ',.q5) lv~;
defined by cos ft) = - R (C+ C' +C' C )/g g [ for more details, see text].

b. The definition of these quantities is as follows [ for more details on sign convention,
see text]:

2 Is I IpIcos B gA/g& defined by (Bf Iy& (g&-gAy5) IB);
Is I +Ipl
-2 I s I I p I sinE

2 2
5 defined by g /g = Ig /g IeA V A V

Isl +Ipl

P = g 1-a sing;2

2
COS fthm ~

i2 ('3-'0&
c. The definition of the slope paratneter of the Dalitz plot is as fol»srs:

I I
= i + g(

2
m„+&
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~ .eaone
April 197k

Quantities in italics have changed bp more than one (old) standa&d deviation since Januaru 2970

Partia1 decay mode

~~' 0

+ ~IP

PIjp)c„
-', estab.

Mass

(Me Y)

Width
r

[MeY)

N
rNI')

(GeY)
Node Fraction

0 '

0

p or

(Mey/e)

~-(140)
Ir (135)

q(549)

1 (0)+

0 (0)+ 548. 8
+0.6

2. 70 keV
+.67 kev

139.58 0.0
134.97 7.2 eV

+1.2 eV

0.301
+.QQQ

All neutral»Ir+Ir Tr (
72
28

0.019483
0 018217. See Stable Particles Table

See Stable
Particles Table

or
(
700-) p+(p+)+ 100~ 750 » 100 & 0.6 IrIr

do seems to stay near 90' from 750 to 1150 MeV; see note in listings

p(765) 1 (1)- 765
10(c)

125
+20(c)

0.585
+.095

ITIr ~100
e+e .0060+.0008 (d).0067+.0012 (d)
For upper limits, see footnote (e)

356
382
368

M(784) o (1)- 783.9
+0.3„

S=1.4*

11.4
+0.9

0.614
+.009

Ir+Ir Ir' 89.8+4.0 328
Ir+Ir

' 0.93+0.25 (f) 366
m'Y 9.3+1.2 380
e+e- 0.0066+.0017 S=1.4 392
For upper limits, see footnote (g)

q' (958)
or X'

, 0, (, )+ 957.5
+0.8

J =0 or2

& 4 0.917
&.004

64.0+5.0 S=l.l
IT+Ir Y (mainl p'Y) 29.4+2. 7 S=l.2*

~ |note (h) 6.6+&.7
For upper limits, see footnote (i)

231
458
479

-'1 ( ) 962
+5

0.925
&.005

Observed in
missing mass

Widths incompatible

1(o)+Ir~(975) 975 58 0.950
+10& +ll .056

These three could be related; see note in listings.

Ir~(3.016) 1 (0 )+ 1016 =25 .f 1.032

~ KK
+10 +.025

&Ir possibly seen

K K
Qlr

Only mode seen
&80

315

111
342

Resonance, virtual bound state, or antibound state, still not distinguished.

y(1019) 0 (1)- 2028. 5 4.0
+0.8 +0.5

8= 2.5

1.039
+.004

K K

Kj KS

w+m w' (incl. pw)
e+e

For upper limits,

46.4+2.8
35.4+4.0

S=l.2*
S=1.6*

18.2+5.4 S=1.9*
.035+.003
.023+.005

see footnote (j)

125
108

461
509
498

q + (107Q) 0+(0 )+
or S*

& 65
& 35

150-300 (k) 1.141070
+3O&

if resonance Resonance an/ s cattering length both pos sible (k);
see notes in listing on g +(700-%000, IT&) and&N(1080, J) 0)

0

517
201

Al(1070) 1 (1 )+ 1070 50-200 1.14 3w [see note (t) on ps| = 100
+20~ dep. on bgr. KK & 0.25

J = 2 not excluded $G (-1) forbids KK for J = lj
Resonance interpretation slightly in doubt; only 160 MeY above pm threshold. See note (t).

488
201
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Name
t (jp)c„

) estab.
+ g p

Mass

(~eV)

Width
r

(WeV)

M
rM'"~

(Ge V)2
Mode

Partta1 decay mode

Fraction
p or
Pmax~'~
(He V/e)

B(1235) , 1, (1)- 1233
+10&

100
+20&

1.53
+ ~ 13

4)7r = 100
mm 30 Absence suggests
KK 2 JP = Abnormal
For other upper limits, see footnote (m)

350
602
371

f(1260) o (2). ~269
+10&

$54
ZS&

1.60
+.ZO

7rTr

Zm'27r

KK

= 80
7+2
5

618
554
391

D(1285) 33
+4.

0 (A)+ 1Z86 1.65
+4 +.04

S=1.4*
JP = 0 , 1+, 2 , with 1 favoured

A2 (1310) '1 (2 )+ (1310) (85) (1.72
Eithe r:

A2 .d (= 1300, & = 80) + A2N (= 1300, 1 = 10)

KKII [mainly vN(1016) ] Seen
7r7rg Possibly large
~N{975)~ Possibly seen
7r7r p Not seen

) ( ) = unsplit an'd unresolved avge.
p7r (= 76);—&8)

or: KK = 5)
A2 (= 1290, I =25) +A2 -. (=1340, I =25) q' (958)7f

Low ' High
Existing data can be explained by a pair of resonances which are either narrow-on-wide or possibly
side-by-side; three recent high-resolution expts. show no split. See note (n).

305
484
244
35Z

409
523
420
274

E(1422) 0 {0 )+ 1422
4

JP = 1+ not excluded
See note in listings

69
+8

2.02
+.10

K K + K*K

~ (1016)7r

7r7rg

7r7r p

50+ 10
SO+ 10

& 60
Not seen

153
'326
568
457

f'(1514) 0 {2)+ 1514
+5

73
+23
S=1.8*

2.29
+.11

KK
KR+ K*K

7r7r

$7r7r

72 +

10 +
& 14

18 +
& 40

12
'

10
(o)

10
l~

l

570
294
744
624
521

7r/p(l5403 1 (A) 1540 40 2.37
or Fy +5. +15 +.06

Evidence based on only one experiment

K*K + K*K Only mode seen 321

~A(1640

or A3

~ Resonance

o ~N(1650)

g p (1660)
or g

~R

1 (A)+ 1640
+10&

50-200
{t)

2.67
+.15

f7r

37r .

(l)7r7r {P)

Dominant
Possibly observed

310
792
597

2.83
+.23

p IT

3m

5'
Dominant 639
Possibly observed

10+40

1 (N)- 1660 & ZOO
+20&

.J = 1 , 3 , . . . with 3 favoured

2.76 2% Dominant
KK 7 + 3
Nearby peaks in 47r modes have been grouped
under p(1710) below. This does not imply that
pN{1660) and p(1710) are different resonances.

818
664

J = 2 preferred
interpretation in doubt; only 240 MeV above f7r threshold, see note (t)

0 (N)- l4l
+47

tg

4 p(1710)
o~ 47r
bQ
8

S4
N

1712
+103

1ZS
+25

2.93
+.21

See note under p (1660) above.
~7r mode has mass 1633 MeV, see listing.

47r

tr II~A2 (m II II')/all(II II II II')
ALII Io(~ II II')/all(II II II II')

&[p p'

~-y/~-~ ~ ~'
7r 27r 27r 7r'/7r 7r 7r 7r'

t[IIIIP

40 + 20]
25 + 10]
Seen ]
& 11
& 15
Seen

797
339

667

382

539

704
649
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Name

) estab.

P

Mass
M

[VeV] (VeV)

Mesons
M

rM~"~

[GeV)2
Mode

Partial decay mode

Fraction
0~

p or
&max~ ~

(wev/c)

See note (q) for states grouped as R(1750), p/p(1830), $/vr(1830)

S(1930) 1 (0 2)- 20
+15&

1929 mm

+14 pp

Seen in Tt p ~ PB) p, appears confirmed in pp ~ pp

Probably seen
Probably seen

955
226

See note (q) for states grouped as p(2100), T(2200), p(2275), and NN(2350) .

U(Z375) 1 ( ) Z37 4

+13
30

+20&
5.57
+.07

Seen in rr p+P&l) p and pp+KK rrrr.

See note (q) for heavier states.

K (494)
K (498)

1/2(0 ) 493.84
497.79

0.244
0.248 See Stable Particles Table

K' (89Z) 1/2(1 ) 892.8
+0.5

S=2. 8
(Charged

0.797
+.045

50.3
+1.1
S=1.3*

mode; m - m = 8 + 3)

Km

Km

= 100
0.2

288
216

i KA(1280 1/2(1 )
i to 1400)

See note1280 to
1400

KA(1240) 1/2(1 ) 1242 127
+10 & 25

seen in pp at rest and rr p ~ AKrrrr

q]

1.54
+.16

Kerry

it K"s

tLKp

Only mode seen
Large]

Seen]

Resonance interpretation unclear; only 270 MeV
above K Tt threshold; see notes (r) and (t)

K (14ZO) 1/2 (2 ) 1408
+105

See note (s).
J = 3 still possible

207
+25
8=2. 8

1.98
+.15

Kvr

K vr

Kp
IQ1)

Kq

58.9 + 4. 0
27. 4 + 8'. 2
9.2 + 3.5
4.5 + 1.8
2.0 + 1.8

S = 2.2, 609
S = 2.2„406
S = 1.2 311

291
474

L(1770) 1/2 (A) 1770
+10&

= 1+, 2 favoured

Resonance interpretation unclear;

3.1350-140 Kgm Dominant 791
(t) [K (1420}w Large; in K'p expts. dominant] 300

KTtmm Possibly seen 760

only 215 MeV above KN(1420)vr threshold; see note (t).
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Iwesons

The following bumps, excluded above, are listed among the data cards: a(410); M{953); H(990); nN(1080);
A1.5(1170)~ pp(1410); KqKS(1440); Rfi750); p or p(f830) ~ 4vr; ~17 or vr(1830) ~ ~vrvr; p(Zi00); T(ZZOO);
e)2275); NN1-1(2350); N)41-0(2375); x (2500); x (2620); x (2800); x (2880); x (3030); x (3075); x (3145);
X (3475); X (3535); KN(1080-1260); Kp, (1-g2) (1175); KA(1 3/2) (1265); K (1660); K (2240) YN. (See note {q).)

Quoted error includes scale factor S = lx'/(N-1). See footnote to Stable Particles Table.

Square brackets indicate a subreaction of the previous (unbracketed) decay mode.

(a)

This is only an educated guess; the error given is larger than the error of the average of the published
values (see listings for the latter).

FM is approximately the half-width of the resonance when plotted against M~.

(b) For decay modes into 3 particles, pmax 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)

(d)

(e)

The values given for M(p) and I'(p) and their errors
are not average values from various experiments,
but rather are intended to give the range where we
believe the actual values are most likely to fall.
Contrast the results tabulated in this note
(references in the listings).

M (MeV) I" (MeV)

p' 774+5 111+5 From e e -+ vr vr , fitted to Gounaris-
p' 768+10 140+14 Sakurai formula.

45 9
From physical region fits to vrN ~ vrvrN,

using energy-dependent width.

p 759+7 119+20
760 131 From pole extrapolation in vrN -+ vrvrN

„p
The e e branching ratio is from e e ~ vr vr experiments only. The (t)p interference is then due to up mixing
only, and is expected to be small. See note in listings. The p+p branching ratio is compiled from 3 experiments;
each possibly with substantial ~p interference. The error reflects this uncertainty; see notes in listings.
If eN universality holds, I'(p' ~ p+p ) = I'(p' ~ e+e ) x phase space correction.

+ o + + +
Empirical limits on fractions for other decay modes of p{765) are vr Y & 0 ~ 5o vr g & 0 ~ 8o vr vr vr vr & 0 15p,
vr'-vr+vr vr' & 0.2';.

Depends mainly on one experiment, YC ~ vr vr C. Uncertainties about p shape and production mechanism could increase
error.

Empirical limits on fractions for other decay modes of u(784) are vr vr Y & 5'o, vr'vT'Y & 1'-. , p + neutral(s) & 1 5o,
p+p & 0 ~ 02o~ vr p p & 0 ~ 2o ~

(h) This q' ~ YY value is from a constrained fit under the assumption that pvrvr, p'Y, and YY are the only existing
decay modes. Note that direct measurement of the q' ~ YY branching fraction gave the slightly different result

+ 4.4 ,of (9.9 3 9)'o.

Empirical limits on fractions for other decay modes of q'(958): vr vr & 2';, vr vr vr' & 5';; vr vr vr vr

vr+vr+vr vr vr' & 1'. , 6vr & 1';, vr+vr e+e & 0.6';, vr'e+e & 1.3';, qe+e & 1.1';, vr'p' & 4';, vr'z & 8';.

Empirical limits on fractions for other decay modes of {I)(1019) are vr vr & 5';, pY & 8'0, p + neutrals & 13';,
vr vr Y 4o, {t)Y& 5'o pY& 2o& vr Y& 035o

(k) Nidth of qp+(1070) ~ KSKS uncertain due to proximity of threshold. The data also allow a fit with scattering
length and effective range. See listings and W. Beusch's review, Philadelphia Conference 1970, p. 185.

pvr fraction of 3vr mode difficult to distinguish because p bands cover most of the Dalitz plot.

(m)

(n)

(o)

Empirical limits on fractions for decay modes of B(1235): vrvr & 30'0, KK & 2'-. , 4vr & 50'0, (I)vr & 1.5'0, pvr & 25'&,
(KK)-vr' & 8'o, KSKS vr- & 2'o) KSKI vr+- & 6';.

For an up-to-date discussion see K. W. J. Barnham and G. Goldhaber, UCRL-20293. They adjust the absolute
mass scale of different expts. by ™IOMeV, and then find that a broad continuum of parameters will fit the data;
the values above are typical. Unsplit and unresolved A2 peaks have the following m and l": pvr and pvr

modes--m = (1300+4) MeV, I =(84+4) MeV; KK mode--m = (13F6+3) MeV, I' = (60+45)MeV.

There is only a weak indication for a K*K + K*K mode of the f'(1514). If this mode does not exist, the KK
branching fraction will have to be reported as 80 + 13'-. (rather than 72 + 12'. as given in the table), and
qvrvr as 20 + 13'o.
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.&%Mw

(p) The possible AT( decay mode of the A3 has mass 1690 MeV and width 45 MeV, in agreement with R2.

We tabulate here Y = 0 bumps with M ~ 1700 MeV, for which no satisfactory grouping into particles is yet possible.
See listings.

IG M(MeV) I"(MeV) Decay modes observed Tentative
group&ng

KK(1740)
83(1750}
ivr (1764)
KKT {1820)
R4 (1830)
q/p (1830}
y/Tr{1830}

X (2086}
p(2120)

1
12

0,1,2
12

3 (')

1740
1748 + 15
1764 + 15

1820 + 12
1830 + 15
1832 + 6
1848 + 11
2086 + 38
2120

= 120
38

87+/
50 + 23
& 30
42 + 11
67 + 27

= 150
& 249

K K

{MM) ~1/3/&3 charg. part. &14/&80/15 R(1750)
7r+m

KSKo~o
{MM)" 1830
iT'Tr 5 m region
agrr vr , possibly (1)p

(MM} backward p(2100)
'rr 'Tr

7 pp

~~(2157}
NN(Z190)

T(2195) 1,2
3m(2207) 3 3
4m(2200) 1+,2,3

KKu)(2176j 0 ,1 2176 + 5

2260 + 18
2290

2350 + 10
2375 + 10

2500 + 32

X (2260)
p(zz90)

1/2
1 5 (')

NN(2350)
NN(2375}

X (2500)

X (2620)
4m(2676)

X (2800)

x (z880)
X {3025)
NN(3035)

1,2

12
(1,2,3)+

172

1,2
1,2

2620 + 20
2676 + 27

2800 + 20

2880 + 20

3025 + 20
3035 + 25

(odd)- 2157 + 10
2190
2190 + 10
2195 + 15
2207 + 13
2207 + 22

68 + 22
20-80
= 85
& 13
62 + 52
= 130
20+ 16

— 2

& 25
& 165

= 140
= 190
= 87

85 + 30
150

46 + 10
& 15
= 25
200 + 60

m'm'

p p rr 7 pp
Structure in NN total a
PÃ) ~ 3 charged particles =
5'm m'

p m m, ~ and q antise&ected

KsKs"

PR) backward
'rr Tr 7 pp

Structure in NN total a
Structure in NH totil o

{MM) backward

(MM

p s s, g and n antiselected

pg}
{MM)

(MM}
4m7 6m

T region
Seems to
require &1
resonance

p(2275}

2650
region

3030
region

x (3075) 1,2
x (3145)
X (3475) 1,2
x (3535) 1,2

3075 + 20
3145 + 20
3475 + ZO

3535 + 20

= 25
~ 10
= 30
= 30

(MM}

(MM)

(MM)

{hÃ)

(s)

See Q-region note in listings. Some investigators see a broad erdmxcenent in mass (Km) from 1250-1400 MeV

(the Q region), and others see structure. Only the KA(1240) or C seems well established, whereas possible
structures from 1280 to 1400 MeV cannot be disentangled. For the whole Q region the decay rate into K (892)vr
is large, and a Kp decay is seen. The Kp, 1', and KTr are less than a few percent.

The mass comes only from charged K~(i4ZOJ -+Km measurements7 since it is not well determined in the KTT~ system
with Q effect present; average of neutral K" mass .is 14Z3, but see typed note under K~(8&2) mass in listings.

Four bumps (Al, A3, Q, L) appear, in mass spectra, as broad enhancements (up to 200-400 MeV wide) centred about
200 MeV above threshold; they can be interpreted as either resonances or kinematic effects. Widths and branching
ratios are published, and compiled in the listing, but in some cases we do not average them because they are very
sensitive to difficult background subtractions. For more discussion, see notes in data card listings.

Mixing angles for SU(3) nonets: the small table which appeared here in earlier editions has been moved to
Appendix II.
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[See notes on N's and t)'s, on possible Z 's, and on Y 's at the beginning of those sections
the data listings; also see notes on individual resonances in the listings. ]

in

Particlea (~Pj

t — I estab,

~or K Seam Mass

T(GeVj
p(aeV/cj {lNeVj~~4' (mb)

Nhdth

~b
{NeV)

NI2

+flN
{GeV2) Nlode Fraction

Partial decay mode
p or

cl
&max

(MeV/c}

N' {1470)

1/Z(1/2 )

1/Z{i/Z+) P'11 T=Q. 53ep
p =0.66
g =27.8

938.3
939.6
1435 to 165 to

1505 400

0.880
0.883

2.16
+0.34

60
40

420
368

See Stable Particles

N' (1535)

i/Z(3/Z") D'1 3

1/2(1/2 ) S'ii

T=0.61
p =0.74
g =23.5

T=0.64
p =0.76
o =2K. 5

1510 to
1540

1500 to
1600

105 to
15o

50 to
16o

2.36
+O. 18

Nm

Ng
Qirm'

2.31
+me

[&(i236)w]
Ng

50 456
50 410

[dolnlnant] ZZ4
0.6
35 467
55 182
10 42Z

N{ 1670)~

N( 1688)i

N" (|700)i

N" (1780)i

N(1860)

1/2(5/2 } D15

1/Z{ 5/Z } F15

1/Z{1/Z ) S'11

1/2(i/2+) P"11

1/Z(3/Z+) P, 3

T=0.87
p =1.00
e =15.6

T=0.90
p =1.03
c =14.9

T=0.92
p =1.05
g =14.3
T"-1.07
p =1.20.
g ='l2, 2

T=1.22
p =1.36
g =10.4

1655 to
1680

1680 to
1692

1665 to
1765

1650 to
1860

1770 to
1900

105 to
175

2.79
+0.24

105 to
180

2.85
+0.21

100 to
400

2.89
+O.42

50 to
450

3.17
+0.51

180 to
330 go 57

Nm 40
Nmm 60

[b( 1236)s] [44]
AK & .3.
Nq & 13
Nm 6o
Nmm 40

[d {1236)+s]' [z6]'
AK &.2 .( 5J

Nm -65
AK 5
Nq

Nm 30
AK ~V

Nq ~ 1PJ

Nir 25
Nmm

AK
Nq 43

56o
525
357
200
368
572
538
371
231
388
580
250
340
633
353
476

685
657
437
545

N(21 90)

+{22ZO)

N(2650)

N(3030)

1/2(7/2 ) G17

i/Z(9/2 } H19

1/2( ? )

T=i.94
p =Z.07
o =6.Z1

T=2. 00
p=2. 14
o =5. 97
T=3.12
p =3.Z6

=3.67
T=4.27
p =4.41
~ =2.62

2000 to
226o

ZZOO to
ZZ45

265o

3030

270 to
3Z5

260 to
330

360

400

4.80
+o.67

4, 93
+o. 65

7.02
+0.95

9.18
+i.Z 1

{Jt 172)x
=0.45 &

(J+1/2)x
=0.05 &

888
868

905
887

1154
ii40

1366
1354

~(1236) 3/Z(3/2 ) P33 T=0.195 (++) 1230 t,o 110 to
p =0.304 1Z36 1Z2
0 =91.8

1.53 Nm
+O. 14 Nm+e

Ny

99.4
0

-o -6

231
89

Z62

~ (1650) 3/2{1/2 ) 'S31 T=O.83
p =0.96
0 =16.4

1615 to 130 to
1695 200

2.72 Nm
+O.Z8 Nme

Z8
72

547
511
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Saryons
Particlea (J )

I estab.

7r or K Beam Mass

T(GeV) Mb

p(GeV/c) (MeV)
o-=4~W2 (mb)

Width

Ib
(IVleV)

M2

+ I'IVI

(GeV2) Mode Fraction

Partial decay mode
p or

d
Pmax

(IVI eV/c)

Z {1670) 3/2(3/2 ) D T=O. 87
p =1.00
g =15.6

1650 to
1720

175 to
300

2. 79
+0.40

560
5Z5

Z (1890)

E (1910)

A (1950)

3/2(5/2+) F

3/2(1/2+) P31

3/2 (7/2 ) F37

T= i.Z8
p =1.4Z
o =9.88
T= i.33
p =1.46
o =9.54

T=1.41
p =1.54
g =8.90

1840 to
1920

1780 to
1935

1930 to
1980

Z30 to
4ZQ

3.65
+0,62

140 to
Z2Q

3.80
+0.39

135 to 3.57
350 +0.49

Nm
Nmm

17

Nvr 45
D (1236)m =5p
ZK 2
r. (1385)K 1.4

704
677

716
691

741
571
460
232

Z (2850)

Z (3230)

3/2(«/2+)

3/2( " )

3/2( 7 )

T=Z. 50
p =2.64
o =4.68

T=3.71
p =3.85
o =3.05
T=4. 94
p =5.08
g =Z. 25

23ZO to
Z450

2850

3230

Z70 to
350

400

44Q

5.86
+0.75

8.1Z
+i.14

1Q.4
+1.4

11
&20

( J+1/2)x
=0.25 f

(J+1/2)x
=0.05 f

10Z3
1006

1Z66
1254

1475
1464

Z' Evidence for states with hypercharge 2 is controversial.
discussion and display of data.

See listings for

A (1405)

A'(15ZO)

A' (1670)

A A" (1690)

0(1/Z )

0(1/2 ) S

0(3/2 ) D03

0(1/2 ) S'

0(3/2 ) D"
3

p«K p

p=0. 389
0 =84.5

p =0.74
0 =Z8. 5

p =0.78
0 =Z6. 1

1115.6

1405
p5g

1518
~2g

1670

169Q

4Q
~10 g

16
+zg

15 to
38

27 to
85

1.Z4

1.97
+0.06

Z. 30 NK
+0.02 Z ~

A mTr

[Z{138
Zme

NK
Aq
Zm

NK
Qm
Am+
Z. mm

2.79
+0.04

2.86
0.09

See Stable Particles

100

46+1
41+1

9.6+.7
5)~] [ 39+10]

1.0+. 1
20

g 35
45

237
260
25Z

75
144
41Q

66
393

429
409
415
35Z

3Ph
w 4Q

ZO

1Q

A {1815)

A (1830)

A {21QQ)

A (2350)

0(5/2 ) F05

0(5/2 ) D

0(7/2 ) G

0( ~ )

p =1.05
o =16.7

p =1.09
cr =15.8
p =1,68
o =8.68

p =2.29
a=5. 85

1820
p5g

1835

Z100

235P

64 to
100

3.3Q
+0.15

74 to
150

60 to
140

3.37
+0. 20

4.41
+0.Z2

140 to 5 52
324 +0.55

NK
Zm
Z (1385)m

gK
Zm

NK
Zm
Aq
~K
Au)

NK

10
~3Q

Z5

3

&10

(J+1/2)x
-0 yf

537
504
358
550
515
748
699
617
483
443

913
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Particlea (JP)

I estab.

~or K Beam

T(Gev) Mb

p(Gev/c) (Me V)
47ry2 {rnb)

Width

rb
{MeV)

M2

~rM'
(GeV2) Mode Fraction

Partial decay mode
por

d
pmax

(MeV/c)

Z (1385)

1(1/z+)

1(3/2 ) P13

{+)1189.4
(p) 1192.5
(-)1197.4

p& 0 K p (+) 1383+1
5=1.3"

(-)1386+2
S=Z.2""

{+)36+3
S=i. 9 '

(-)36+6
S=3.5 "!

1.41
1.42
1.43

1.92
+0.05

90+3
10+3

S=1.4"

208
117

See Stable Particles

Z' (1670)k 50

Z'(1750) 1(1/2 ) S" p =0.91
0 =Z0. 7

175Q 50 to
80

3.o6

Z {1765) 1(5/2 ) D p =0.94
o =19.6

1765
p5g

1ZO 3.12
+0.21

Z (1915) 1(5/Z ) F'

Formation and production
Z (2030) 1(7/Z+) F17

p =1.25
0 =13.0

elope r ime nt s

p =l..52
o =9.93

1910 3.65
+0.13

do not agree on Z~/A~ ratio.
2p3p 100 to 4.12

170 +0.27

70

Z (2250)

Z (2455)

1( ~ )

1( ~ )

p =2.04
0 =6.76

p =2.57
g =5.09

2Z50

2455

100 to
Z30

120

5.06
+0. 37

6..o3
+0.29

Z (2620)

- {1530}~

1( ~ )

1/Z(1/2+)

1/z(3/z+)

p =2.95
o =4.30

26zo 175

(0)1314.8
(- )1321.3
(0)1528.9+1.1 7.3
( -)1533.8+1.9 +1.7

6. 86
+o. M
1.73 .

1.75

2.34
+0.01

1(3/Z ) D13 P =0.74 1670 2.79
o =Z8. 5 +0.08

Mass, width and elasticity are the values obtained
in partial wave analyses for a D~3 resonance. For
more results see the listings an8 footnote k.

NK
Zm
Am
Z mm

[a (1405)e
A arm

NK
Am
Zq
NK
Am
A (1520}m
Z (1385)~
Zvr

NK
A sr

Zm

]e

~15
seen
seen
44

~ 15
~ 14
t%st 13

41Q
387
447
3Z6
207
397

483
507

55

518
187
315
461
613
619
568

NK
Am
Zm

NK

100 144

10 to Z7 7pp
14 to 38 7pp

65Z
& 2 412

( J+1/2)x 49
=O. 31

(J+1/Z)»
=O. zf

(J+1/Z)x 1064
-p 3f

See Stable Particles

- {1820)~

(1940)P

p-wave

1/2( 7 ) 1795 to 12 to
1870 99All four decay modes have

been seen. Branching ratios not quoted because
there may be more than one state here.
1/2( 7 ) - - .1894 to 4Z to

1961 14o
Seen in both final states; not
cle'ar if one, or more, states present.

3.31
gp. 10

3.72
+0. 18

AK

- (1530)m
ZK

"=(1530)&

396
413
Z34
3o6

. 499
336

0(3/2+) 1672.5 Z. 80 See Stable Particles
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Quoted error includes an S(scale) factor. See footnote to Stable Particles Table.
An arro~ at the left of the Table indicates a candidate that has been omitted because the
evidence for the existence of the effect and (or) for its interpretation as a resonance is
open to considerable question. See listings for information on the following: N(1700) D~3,
N( 'L990) F, N(2040) D~~, N(3245), N(3690), N(3755), E(f690) P", E(f960) Dl7'
Q(2460) P"', Z (4780), Z (4865), Z~(4900), A(4330), A(f750) P ~, A(4860) P, A(f870) S"~,

(2040)D&Q(2020)F7&A(2400)F05&Q(2585)f'Z{ f440)fZ(f480)&Z('1620)S&Z(1620)P'g07t
Z(1660) D', Z(f690), Z(f880) P", Z(f940) D", Z(2070) F", Z(2080) P, Z(Zi00) Gl3
.Z(3000), - (1630), - (2030), - (2250), (2500).

a. For the baryon states, the name [such as N&(1470)] contains the mass, which may be different .
for each new analysis. The value chosen is the rounded average from Table II of the note
on N's and E's in the baryon listings. For Y 's and - 's, the mass is an educated guess
obtained by looking at the reported values. The convention for using primes in the names
is as follows: when there is more than one resonance on a given Argand diagram, the first

. has been designated with a prime, the second with a double prime, etc. The name (col. 1)
is the same as can be found in large print in the listings.

b. See note on N's and E's in baryon listings. For M and I of most baryons. we report here an
interval instead of an average. .Averages are appropriate if each result is based on inde-
pendent measurements, but inappropriate here where the spread in parameters arises
because different models or procedures have been applied to a common set of data. Where
only one value is given it is either because only one experiment reports that state or
because the various experiments agree. An error is quoted only when the various experi-
ments averaged have taken into account the systematic errors.

c. For this column M is the rounded average which also appears in the name column. For the
N's and &'s, I is the average quoted on Table II of the N's and E's note in the baryonlistings;
for the Y ' 's and - 's, l" is taken as the center of the interval given inthe column labeled "I '.

d. For decay modes into&& particles pm» is the maximum momentum that any of the particles
in the final state can have. The momenta have been calculated using the averaged central
mass values, without taking into account the widths af the resonances.

e. Square brackets indicate a sub-reaction of the previous unbracketed decay mode.
f. This state ha. s been seen only in total cross sections. J is not known; x is I&1/1".
g. . This is only an. educated guess; the error given is larger than the error of the average of

the published values (see listings for the latter).
h. Reported values of elasticity range from .I8 to .34, each with a small error', x=.30 is only

a guess. All the other branching fractions are dependent upon this choice. The reported
values of x xe for the other channels favor the large value of x. An x=. 25 or lower would
violate unitarity.

i. Only information coming from partial-wave analyses has been used here. For the produc-
tion experiments results see the listings.
Value obtained in an energy-dependent partial-wave analysis which uses a t-channel-poles-
plus-resonance parametrization. The values of the couplings obtained for the resonances
may be affected by double counting.

k. In this energy region the situation is still confused. Formation experiments suggest two
states: Pit(16ZO) decaying mainly into Es, and D13(1670) with branching fractions Zs(40%),
Am(40%), Zzm(& 14%). Production experiments report four states: Z(4620) seen only in the
A~ mode, Zg(4660) with appreciable Am and Z~ modes, Z2(1660) with main decay mode
A( 4405)+m (that is, E'~m), and Z(1690) seen in the &~ mode. Of these four, Zg and Z2 seem
to be on firmer ground than the other two and both seem to have JP = 3/2 like the D13(1670)
seen in formation experiments. Two resonances of the same spin and parity have been
hypothesized as the origin of much of the complexity observed in production experiments.
With the addition of the Pgg(1620), there are three candidates that eventually might be
r equir ed to clar ify the s ituation.

g. 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 reso-
nant effects if they have at least a four-standard-deviation statistical significance and if
they are seen by more than one group. So "(2030), with main decay mode ZK, reported as
a 3.5-standard-deviation effect, is not tabulated. See the listings for the other states.

rn. See note on Q(1236) in the baryon listings. Values of mass and width are dependent upon
resonance shape used to fit the data.

n. This p value is. the average value obtained by folding over the two Breit-signer shapes.
o. The preliminary results of DIEM 70 quoted in the listings have been revised so that they

are now in agreement with the values quoted in the present table (6, Smadpa, private
communication).
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PHYSICAL AND NUMERICAL CONSTANTS"

PHYSICAL CONSTANTS

k8oltzmann

365.256 days = 3.1558X10 sec (= mX10 sec)7 = 7

1.205 mg cm (at ZO C, 760 mm)
-3

980.62 crn sec (sea level, 45 )
-2

6.673Z(31)X10 crn g sec-8 3 -1 -2

1 ye ar (s ide re al)
density of dry air
acceleration by gravity
gravitational constant
1 calorie (therrnochernical)
1 atmosphere
1 eV per particle

4. 184 joules
1033.2275 g crn

11604.85(49) 'K (from E = kT)
NUMERICAL CONSTANTS

N 6.02Z169(40)X1023 mole (based on A 12 = 12)
10c 2.99792 5 Q( 10)X10 c rn s ec

e 4.803250(21)X10 eau = 1.6021917(70)X10 coulomb-10 -19

1 MeV i.6021917(70)X10 e rg
-6

6.582183(Z2)X10 MeV sec-22

i.0545919(80)X10 erg sec-27

t)c 1.9732891(66)X10 . MeV cxn = 197.32891(66) MeV fermi-11

0.6240088(21) GeV xnb
2

A e /hc = 1/137.0360Z(Z1)2

1.380622(59)X10 erg K
-16

8.61708{37)X10 MeV K = 1 eV/11604. 85(49)K
-11

0..5110041(16)MeV = 9.109558(54)X10 kg
-31

e
m 938.259Z(52) MeV = 1836.109(11)m = 6.7ZZ11(63)rn

p e 1 vr

1.00727661(8)rn (where rn =1 arnu=- rn 12=931.4812(52)MeV)
2 2

1 1Z G
r e /m c = 2.817939(13) fermi (1 fermi = 10 cxn)

ft/xn c = r cx = 3.86159Z{1Z)X10 cxn

a /xn e = r cx = 0.52917715(81)A (1A = 10 cxn)
2 2 2 -8

~ Bohr 8 2 -24 2
3 II r= 0.665Z453(61)X10crn= 0.665Z453(61)barnsThorns on 3 e
et'/Zxn c = 0.5788381(18)X10 MeV gaussBohr e -18 -1

I e%/Zm c = 3.152526(21)X10 MeV gaussnucle on p 6 -1. -1
e/Zrn c = 8.794014(27)X10 rad sec gausscyclotron e

z u&P = e/2xn c = 4.789484(27)X10 rad sec gausscyclotron p
Hydrogen-like atom (nonrelativistic, p, = reduced mass):

2 2 4 2 2v ze E L 2 Iz e nW
c rrns nhc' n Z

2 &
Z' n2(nfl) fLze

R = xn e /2% = xn c xx /Z = 13.6058Z6(45) eV (Rydberg)
4 Z 2 Z

pc = 0.3 Hp(MeV, kilogauss, crn); 0.3 (which is 10 c) enters because there-11

are = 300 "volts" /eau volt.

ln 2

log

3.1415927
2.7182818
0.693147Z
0.3010300

1 rad

1/e
ln 10

"gio

57.2957795 deg
0.3678794
2.30Z5851
O. 4342 945

i.7724539
MZ = 1.4142136
M3 = 1.7320508
~iO = 3.1622777

ixr

Compiled by Stanley S. Brodsky, based mainly on the adjustment of the
fundamental physical constants by B. N. Taylor, %. H. Parker, and D. N.
Langenberg, Rev. Mod. Phys. 41, 375 (1969). The figures in parentheses
correspond to the 1 standard deviation uncertainty in the last digits of the
main number.
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CLEBSCH-GORDAN COEFFICIENTS AND SPHERICAL HARMONICS

Note: A ~ is to be understood over every coefficient; e. g. , for -8/15 read -$8/15. Notation:
~ ~ ~

1/2" 1/2 „', cos g
0 3

4m

+1/2 +1/Z 1 p 0

+1!2 -1/2 1/2 1/2 1

-1/2 + 1/2 1/? - 1/2 - 1

-1/2 -1/2 1

1 / 3 sing e4 8&

0 /S 3 Zcos g-—44~ 2 2

1x12 "j'
3/Z i/Z

+1 +1/2 1»/2»/2
+1-1/2 1/3 2/3

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

-1 +1/2
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SU(3) CONVENTIONS
for Isoscalar Factor Table on net page

Since January 1970 we have used the convention that the first particle shall be a baryon,
the second a meson (R. Levi Setti, Proceedings of Lund Conference, 4969, p. 339 and Table II).
Note, for comparison, that the de Swart table of 8X8 is merely labeled with symbols like
(I = i/2, Y = i, I = i, Y = 0), which can be read either as (Ne) or (K&). Since there
are no decuplet mesons, however, his 8X10 table is unambiguous; it must be read with the
me son fir st.

The de Swart convention violates the other convention that the N, Nm coupling shall be D + F
(as opposed to -D+ F). To get D + F one must use the first line of the "N" table, which

reads. . . 3~5/i0 l8D) + i/2 l8&) as opposed to. . . -3~5/i0 ~8D) + i/2 l8&) . The first
line must then be labeled N~ rather than K&, i. e. , with the baryon first.

Levi Setti further advocates the convention of writing the baryon first for SU(2) as well as
SU(3). For example, the sign of the amplitudes as plotted on his and our Argand plots comes
from using our SU(2) Clebsch-Gordan coefficients (Condon Shortley notation) and writing the
baryon first. To make it easier to abide by this universal convention we have changed de Swar&'s
8X i0 (SU(3) table to 10X8, with the help of his Eq. (14.3):
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SU(3) ISOSCALAR FACTORS

Adapted trotn Z. Z. de Swart, Rev. Mod. Phys. 35, 916 (i963)
{See note on previous page concerning conventions)
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The phase factor (g = +i, from de Stuart' s
Table I, enters in his syrnznetry formula (14. 3):
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self-consistent calculations', it enters when you
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C.M. ENERGY AND MOMENTUM VS. BEAM MOMENTUM
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ill 51
T(PI)
12 ' 3D
13~ 04
13~ 74
19~ 4G
30 ~ 65
T(PI )

PP

2 77
2 AD &3

2 ' S9
2 ' 96
3 ' 02

PBEAM
3 CB
3 14
F 19
3»25
3 ' 31

PBEAM
3 ' 36
3 42
3 47
3 ~ 52
3.58

PREAM
3 ' 63
3 68
3 73
3 ' 78
3 83

PBEAM
F 87
3 92
3 ~ 97
4 ' 02
4.0e

PSEAM
ll

4 15
4 ~ 20
4 24
4 ' 29

PREAM
4 ~ 33
4 ' 37
4 ' 41
4 46
4 ' 50

PBEAM
4 ' 54
4 ' 64
4 F 74

84
4 ' 93

PBEAPI
5»03
5 ' L2
5»21
5 ' 30
F 39

PBEAV
5 ~ 47
5 ' 64
5 81
5 ' 97
6 12

= PerAN
6 ' 27
6 ' 56
6 ' 84
F 11
7 37

PBFAN
7 ' 62
7.86
8 ~ 10
8 ~ 33
8 55

PBEAV
8 ' 77
8 98
9» 18
9.39
9 ' 58

PREAN
9 ' 78

10 25
10' 69
11 12
11 54

PBEAM
12 32
I '3 ~ 06
13 16
19 42
30 F 66

PBEAM

'YP

ep
ep

1»10
I ~ 14
1» Le
I 22
1 26

1
1.29
1 ~ 33
I 36
1 ~ 40
1 ~ 43

1
1 ~ 46
l»49
I ~ 53
1 56
1.59

1
I 61
I 64
1 67
I ~ 70
1 13

1
I 15
1 78
1 ~ 81
l»&3
1 86

1 88
1 91
I ~ 93
I 95
I 98

~ 1

2 00
2 ~ 03
2 ' 05
2»07
7»09

~ 1

F 12
2 ' 17
2 ' 22
2 28
2»33

1
2 38
2
2 47
2»52
2 ' 57

~ 1
2 ~ 61
2 ~ 7Q
2 78
2 ~ 87
2 ' 95

1
3»C3
3 Le
3 32
3 ~ 4'6
3 59

1

3 ~ 72
3.85
3 ~ 91
F 08

20
»1

4 ~ 31
41

4 ~ 52
4.62
4 72

1
4 82
5.oe
5 ~ 28
5 ~ 53
5 ~ 11

1
6 11
6»48
6 AD &3

9 67
15~ 3L

1

Kp

L»CB
I 12
1 ~ 16
1 2Q
1» 24

37 CEV
1 ~ 27
1 ~ 31
1 ~ 34
I ~ 38
1 ~ 41

38 GEV
l ~ 44
1 ~ 48
1.51
I ~ 54
1 ~ 57

&8 GEV
1 60
1 ~ 63
I 65
L.ee
1 71

38 GEV
1 ~ 74
I 76
1 ~ 79
1 82
1 84

3& GEV
1 ~ 87
I ~ 89
1 ~ 92
I 94
l.9e

38 GEV
I 99
2 ~ Cl
2 ~ 03
2 C6
2 ~ Ce

39 GEV
2 1G
2»16
2 ~ 21
2 26
2 ~ 31

39 GEV
2 36
2 ~ 41
2 ~ 46
2 ~ 51
2 ~ 56

39 GEV
?,60
2 ~ 69
2 ~ 77
2 ' eb
2 ' 94

39 GEV
3 ~ C2
3.17
3 31
3 ~ 45
3.59

39 GEV
3 ~ 71
3.84
.3 96
4 ~ Ce
4. 19

'39 GE V

4 ~ 3Q
4 ~ 41
4 ~ 51
4 ' 62
4 72

'I9 GEV
4 ~ 81
5 C5
5 ~ 28
5 5C
5 ~ 71

39 GEV
6 10
6»48
6 ~ 83
9.67

15 31
40 CEV

PP

1 07
1 ~ 06
1 ~ lo
1 14
1 ~ 18

1 ~ 22
1 ~ 26
1 29
1 ~ 33
1 ~ 36

1 40
1 43
1 ~ 46
L»49
1 ~ 52

I» 55
1 ~ 58
1 ~ 61
1» 64
1 67

1 ~ 70
1 72
1 ~ 75
1 ~ 78
1 ~ 80

83l.85
1 ~ 88
1 90
1.93

1 95
1 97
F 00
2 ' 02
2»C4

2 07
2 12
2 18
7 23
2 ~ 28

2 ~ 33
2 ~ 38
2 43
?~ 48
2 53

2 ~ 57
2 66
2 75
2 ~ 83
2 91

2 ' 99
3 14
3 29
3 ~ 43
3 ~ 56

3 ~ 69
3»82

4 ' 06
4 I '1

4 ~ 28
39

4 ~ 50
4 60
4.70

4. BQ
5 G4
5.26
5 ~ 48
5 ~ 69

6 ~ 09
F 46
6 ~ 82
9 66

15 ~ 30
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SPECIAL RELATIVITY, PHASE SPACE, AND CROSS SECTIONS

Notation.
Solid- angle

2 2 2 2
p = w - p = m is an invariant. Cross section 0 is invariant.

Lorentz Transformation

4-vector in c.m. p = (w, p); in lab P "-(W, P), T = W-m.
element d~ = z~d cos 8; dQ= 2nd cos e.

Invariant Volume in n-Body Momentum Spacep

i 4 Z 2 rd n r p d~p~d~ 1 r-
A useful invariant is) d p 6(p - m ) = j~ = ) = —) ~p tdwd(a.Zw 2w Z

RZ = m)Pi i/AI s, R3 = m ) dw dwZ = (s /4s) j dm dm12 23'

If 8 and 8 are measured with respect
to the t1ansformation axis x, Recur r ence Relation for Factoring R (see e. g. , Hagedorn, p. 93 ):n

IP1sine
x -pW+ y ~P )cos8

If particle 1 is beam, 2 is target, then (WZ, P ) = (mZ, 0) and

y = (Wi™)/~s' ~ = &~ I 11/~s' tpi I lpz I ~mz IPi l 2/~s'
Form =mZ, y =1+T /2m

—2

General Lorentz Transformation [characterized by f, with y = (1-{3 )
-1/z

-+ +and. q = yP]: w=yW- t7 ~ P; p=P-q y+1

(2)

Write N ~ 1, Z, ~ ~ ~,

N~K, k+1,
t 1, z,

oras N ~K, L
~k+ i, , n (R)

~ 1, 2, ''', k {R )

then

( R = f d(m )d(rn )R R)
2 2 (KL}

Cross Sections and Decay Ratest

k, k+1, , n (R),n
~ ~ ~, n (R k+1), then

~ ~ ~, k (Rk) R = j d(mK)R R

Invariants. Notation: 1 + 2 ~ 1' i 2'.
2 2 2s = (pi+ pz} = mi+ rnz+ 2{wiwz - p ~ p },
2 2 (2. t = (p'. - p. ) = rn. + m'. - 2(w. w'. — p. ~ p'. ), (i = 1, 2),

u = (p' - p ) = (p' - p ) [use (6), below].

General relation: s+ t + u = mi + m' + m + m'2 , 2 2 , 2
2 2

In lab system PZ = {rn, 0}, and writing W = m+ T,
2 2 2s = m +mz +2W m =(m +m) +2T mz, (3,lab)

2
m' -2W'm =

2 -2T22 2
'

In c.m. system dt = + 2 [pi i (p'ii d cos 8. (4,cm)
For elastic scattering (m = m', m = m' ), (4) and (5) in c.m. become1' 2 2'

~2 ~Z . 2t = -Zp (1 - cose) = -4p sin 8/2, (4,el)
2 2 2 2 22 ~2 2u = (mi - mZ ) /s - 2p (1+cos 8) = (mmi - mz ) /s - 4p cos 8/2 ~ (5,el)

For elastic scattering, using (4,lab), (4,el), and (2),

z . ZreiT'2 =
s

sin 2) {useful for calculating g-ray energies). (7)

(3)

(4)

(5)

(6)

Two-Body States. Energies and momenta in c.m.
2 2

Pi = P2 4 [ mi™ ~ 1™2)l ~

ZAI S

3- -and 4- Body States. Let m. . = (p. + p.), etc. ; then
2 2
ij i j

A Useful Transformation: Consider two 4-vectors Q= (E, Q) and q = (e, q).
In the rest frame of Q [Q' = (M, 0)], q becomes (q ~ q')

e' = Q ~ q/M and q' = q - fQ
where Q = M and f = (e + e')/(E+ M). These equations follow from example

2 2

(b), p. 34 of Hagedorn. They are particularly useful when Q is a sum of

four-vectors that 'correspond to a resonant state.

For a system of n particles with overall four-momentum p and final
momenta qi, ' ', q [q. = (e. , q. )], define Lorentz Invariant Phase Spacen i i' i

3
4 4 1 n d

dLIPS(s;q r '', q ) = (2&) 6 (p - Zq.)—i (2 }3n . Ze.

Note that R = (Zm} d LIPS.n
For 1 + 2 ~ n particles or 1 ~ n particles, in general ~i) ~ if)

tJif 4F f I
T.fl d LIPS(s;qi, ' ' ' n

r 2 (12)

whe r e T.f is
1f

factor, F
F = wiwz ~vi
F — fP (m

= z' fi';~i ' "-1'« "' &-' (13)

an invariant matrix element. F is Mit{ller's invariant flux
2 2 2

(p ~ p ) -p p . In every system where pi and p are collinea1,
- vZI. (v= p/w). If 1 is beam, 2, target (pz = 0}, then

tpi tAit s

d LIPS 1 IP1 IFor elastic scattering in c.m. , and(1Z) y1elds
(4m) At s

lT
I g~ I

T
I

(Bm} 64m
] p

(14)

The normalization is such that the optical theorem reads

Im Ti = Zip ~AJs o (15)

The choice of Eq. (11) implies a particular normalization of any spinors
that may occur in T. The advantage of this normalization is that it greatly
simplifies the structure of T by putting factors such as 3

—into the
(Zm) 3 2E

phase space where they really belong. In addition, the labels, i, f, refer to
specific spin (helicity) states, so that the usual "average and sum" rule is
implicit.

Z m. . = Zm. + m = const. (i, j = 1,2, 3) [follows from {6)]
2 2 2
lj 1"3 2 2= ZEm. +m 3

= const.1 (i, jyk 1e Zr 3 4 }
m. ,k

= Em. + 2mi234- const.ljk 1
J

(9)

(10)
R. Hagedorn, Relativistic Kinematics, W. A. Benjamin, New York, 1964.
See, for example, Chaps. 1 and 2 of H. Pilkuhn, The Interactions of
Hadrons, John Wiley 8a Sons, New York, 1967.
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CONFIDENCE LEVEL VS. y FOR nD DEGREES OF FREEDOM

2 3 456 810
I~~I Il

I I 1~ I I~L It ~L- II

tL

II
IL

20 30 40 5060 80 Ipp

CD

0

~L

\
IIL

.4— \

0.06 =
0.04 =
0.03 =

0.02 =

0.006—:
0.004 =
0.003—
0.002 =

0.00 I

V= ~ZX' —&Zn, -
I

I I I

I i I!
illElk I I0.000 I

2 3 4 56 8 IO 20 30 40506080

0.3

riD = ~ I 'g2 's3'sI
g6 $8'(lp QI5 $20')5)30 'imp('&I&

' L

I 1t I
L li t I

I l
1 \ \ l I l

1I l 1I l
1, l \ l I

1. C 4 \ L l 1 \ L l
\ l l \ I l l

\ l \ \ l '~ l
'E 4 X X ) l \ 1 'L 5 1,
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00 II II II II II a II II L J I I I i II I I II II L II
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\ \ tl \ \ l L l

1, l l l l l I
'l l1 l I l l l
\ l 'I 0 I L l 1 1

\ I 'l \ l 1 I l l l 1

i \ \ l l l l l l
\ \ l l l l l l l I l

\ l \ \ t l
\ 'I

i

i

'R t t
I ~ t It t ~ t t I

\ \ l l t ~ ~ ~

0.0006—:
p ppp4:cL ~ f exp (— ) d& ==

0.0003:
0 0002 with

IL

lL

Ipp

y1
= (X - nD)/VZnD has unit s. d.2

A better approximation, due to Fisher, is that x, not x
2

is normally distributed, specifically

y = V ZX - 42n -1 has unit2 s. d.

2 2 2For any nD (X ) = nD, ~(X ) = + 2nD. For large nD,
becomes normally distributed about nD. Thus in the notation
of the box in the figure,

GAUSSIANI IKE DISTR I BUTIONS

The distribution

2n+1 x2

n, 2n+2
2 n!0

is normalized so that fp PZn+1(x)dx 1; the normalization
is valid for n ) -1 and not necessarily integral ((z}!= ~~/2).
For n = -1/2 it reduces to the Gaussian distribution.
Through a change of variables it yields the x distribution
for nD degrees of freedom:

One sees then that y& underestimates small
for n = 50 and X = 85, y1 = 3.0 and C. L.
y2 = Z. 7, C. L. = 0.35%.

C. L.'s. Thus
0.13% vs.

(x)=2
n n /Zn

I

2

2 nD/2-1
(x )

I

2
exp - x /2

R. A. Fisher, Statistical Methods for Research Workers,
Oliver and Boyd, Edinburgh.

Relation be'tween standard deviation 0' and mean deviation u:

ZQ = ~u; 0' = 1.4826 probable error.2 Z.

Odds against exceeding one standard deviation = 2.15:1;
two, 21:1;three, 370:1; four, 16,000:1; five, 1,700.000:1.
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ATOMIC AND NUCLEAR PROPERTIES OF MATERIALS

Ma. te rial
H

D

He

Li

NZ

Ne

Cu

Sn

Pb
U

Z A

1.01
1 2.01

4.00

3 6.94

4 9,01

6 iz.oi
7 14.01

10 Zo. 18

26.9s
26 55.85

29 63,54

50 118.69

74 183.85

82 207. 19

92 238.03

Cross Section
g a

barns

0.063

0.100

o. 16

O. Z3

0.28

0.33

o.36

o.465

0.57

0.92

1.OO

1.55

2.02

2.20

2.42

50.4
55.0
60.4
63 ~ 6

72.1

79.2
101.2
105.4
129.7
150.8
156.Z
163.6

94, 3

29.9
f

78.9
6o 1'
29.3
12.8
11.8
1$.8
7.80

13.8
=s.63

Collision Length
b

coil
g cm 2 cm

26.5 374

33.4 20Z

42.0 336

1.69

1.60
1.78

1.7 3

1.62

1.48

1.44

1.28

1.17

1, 13

1.09

0.902
2.96

f

1.46'

Z. OSe

4.37

11.6
12.9
9.4

22.6

1Z.S

=20.6

Minimum
-dE/dx

MeV g cm MeV cm
4.13 O. 292

Z. 07 0.342

1.94 0.24Z

crn

819
703

683

58.0

85.4

Density
P

g cm

O. 0708

o. 165

0. 1Z5

78.7

63.7

42.4
37.8
Z9. ii
24.0

13.9
1Z.O

8.89

6.89

148
34.7

46.7'
24. 2ei

8.9
1.8
i.34

0.36

0.5 34

1.848
f=i.55

0.808
i 1 Zooe, k

Z. 70

7.87

8.96

19.3
6.5Z

6.13

0.58 11.35

=0.32 =18.95

Radiation+ength
rad

g cm

Air 64.6 5362og 1.81 O. OOZZg 36.5 30Z90g 0.001205g

Freon (CF3Br)
HZ (bubble chamber, 27 K)
H- Ne mixtur e (bubble chambe r )~

H 0
Ilford Emulsion

LiF
Mylar (C H 0 )

NaI

Polyethylene (CH )

Polystyrene (CH)
P r opane (C 3H8, bubbl e chambe r)

87.1

26. 5

67.3

57.2
103,0
63.8
59.1

119.0
51.0
54.9
48.9

=58.0
442

96.1
57.2
27.0
24.2

4Z. 8

3Z.4

=55.5
=52.3
119.3

1.52

4.13
1.83

2.03

20.9

1.9 1

1.3Z

Zs09

Z. 03

2.28

=2.3
0.248

1.28

Z. 03

5.49
4

2.64

4.84

=1,9Z

=Z. 14

0.935

16.6
58.0

Z9 8i

35.7
11.2

39.6
9.58

43.4
44.6

970
42. 51

35.7

2.91
14.8
Zs. 7

Z. 61

109

=1.5
= o.o6o"

.70

i.00

3.815
2.64

1.38

3.67

=0.92
=1.05

0,41

|T (8/m c) X A = 62.8 rnb X A

From W. H. Barkas and M. Z. Berger, Tables of Energy Losses and Ranges of Heavy Charged Particles,
NASA SP- 3013 (1964),

d. Mainly from High Energy and Nuclear Physics Data, Handbook, W. Galbraith and W. S. C. Williams, Ed.
(N. I. R. N. S. , Rutherford Lab. , Chilton, Didcot, Berks. ) 19b4.

e. For liquid phase at 1 atm. and boiling temperature.
f. Density variable.
g. At 20' C.
h. May vary by about +3%, depending on operating conditions.
i. From F. R. Huson, Ionization Loss, Range, Straggling and Multiple Scattering, BNL 11386 (1967).
j. 53. 7 atomic percent Ne. -3 -3
k. Density of Iyas at STP = 0. 900X10 g cm, i. e. , 0. 75&&10 times the density (i. 200) of the boiling liquid.

Typical scrntillator' , e. g. , PILOT B has an atomic ratio H/C = 1. 1.

MULTIPLE COULOMB SCATTERING" RADIOACTIVITY AND RADIATION PROTECTION

The rms projected angle 9 due to multiple Coulomb
scattering (only) of a particle of charge z (in units of
electron charge), momentum p (in MeV/c), and velocity
v (in units of c) is

15 I L
z —g (i + e) radians;proj pv L

where L = length in scatterer.

For L )~ i/&0 L»d, e is generally ( 1/10. The distri-
bution of 6 is not truly Gaussian. 4

The rms projected displacement y on traversing an
absorber of thickness L is

yrrns proji&
&it'

Mainly from 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 (l95l).

Unit of activity = Curie:
1 Ci = 3.7X101 disintegrations/sec

Unit of exposure dose for x and y radiatior = Roentgenr
i R = i esu/cm = 87.8 erg/g (5.49 X 10 MeV/g) of air

Unit of absorbed dose = rad:
i rad = 100 erg/g (6.25X40 MeV/g) in any material

Unit of dose equivalent (for protection) = rem:
i rem (Roentgen equivalent for man) = I radXQF,

where QF (quality factor) depends upon the type of radiation
and other factors. For y rays and HE protons, QF = i; for
thermal neutrons, QF = 3; for fast neutrons, QF ranges up
to i0; and for n 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 iR in carbon:

3 X 107 minimum ionizing singly char ged particles
0.9X109 protons of i MeV energy

(These fluxes are correct to within a factor of 2 for all
materials. )
Natural background: 120 to &30 millirem/year

cosmic radiation (charged particles + neutrons) 25
cosmic radiation (y rays) -25
radiation from rocks and air (y rays) 73

gCosmic ray background in counters: - i/sec/cm2/ster
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RANGE AND ENERGY LOSS IN COPPER
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RANGE AND ENERGY LOSS IN LIQUID HYDROGEN

I Q.Q

8.0
=-]:]=I--4h8:=—-- '

t]4 -&0 g:===---W=-M~-+:-~+@=
—-~ III'' ======~'-==--:-T-:-V--

6.
F--

t

I—f-—r ——

s I

I r

I

. I r

f———,F.

N

I I
I

t

a I

I
I

--—+-+cl-

C.

2.0 :- g

I.O ==-. =

0.8:::=

0.6 =—.
—

0.4:-t

0.3=:-=::

0.2:::

O.l 0UJ

~~0.08
~ 0.06

0.04

I

t t

(
I

j.=. =-:=:t]

I

'I,

I I
ilIti ~ .

I $ I
I

;:-' - --j
r e

———
r II/ /

l I !I / I /, l
I '. ll / / / I

UJ

10
8

O

3 Z

-:--' it] -I!, "6,-="=:];:=:-=-=--=--t- 3'l--'!I- fl]~A, -.I& ki!
II'

--t
~- -=-- lItl- IV--'& ' I"t

j0.6
t; O.4

x
o

UJ

I I Ij I I

I

I

tt--. .--"I

-,-=.=- &, 't™C--

=----,--g"--'I l-l;-I.-I'-"-ft'-:—;
—

IIII(==I=a'-=Tfr'-:—.
=- '-:.

' a I I e m a ~ -LI-. - Il II.(Il

r, ] ' ll' I li /:!"-. — --, ' — — —.
l .=, l'](t}'I~=-.=W,--=- - f==

==== ---]---- :—:]; Ni~-r - .
—]-—=,—r.A=II' j'.T lT- 3&f f-=': 1 I-l AII(I ']I ~--~~-.= =--=-==

';-' "--='="'jl']". "„—Z-7--j --&j";j's tIiII--&==-fjj--===-====

Nrd j t " -'-'-- ='&---$-+t-i-I.t! Ie&
'

.. .c l+

'--, ====-'-'-j'---= j' II - ~:=f-'-:==-:=:-=g-'=:=:-'-I ---:i-"- - - -I'I 4 8-'--L& )lf-' t!'l l'1 ~=-&--=-&-'= =~=-5='=-= —'&I= h--'-:-:;I'l. ! iI +,—. -g, ---=&-==-y-. i I:--l -tsFr& g-If-' II!l' ='-- '-=
@I

= O—

0.02

O.OI QI

I l ' l. l. . '. . . :m:.::I' I Oo
I

! Q=,
,

—-- -~=.=-j I-.'I]'l '-i-I—',-~ F-l-
—--;---'~4=.:~sic;.--: -r-' -'! f- 3-+--- -I- I.H

I ~ .J. . I, l~

lit l-.l'I '—l--—-- --'--. " l-

[|II}l'-+-, I-- --l -I-Il--
'l[ I

600800 I,OOO 2,000

% w r es si ~

6Q 80 100 200 300 400
P (MeV/e)

20 30 40

..J t, l l I'.

---I--IiT—

t l! tt )P,t tjtl I I
'--t-t--

Range and energy loss in liquid hydrogen bubble chamber, determined by
a p+ range of 1.403+0.003 cm from the z+ ~ p+v decay. Liquid hydrogen
conditions: T = Z7. 6a O. i K; P = 48+ 5 psia; p = (5.86+0.06}iO ~g/cm3.
(Data by Clark and Diehl, UCRL-3789, i957. } Bubble chamber
phy~icists: note that the number of bubbles per cm. is proportional to
i/I3, not to dE/dx.
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Illuatr~tad Kmy
Name of particle as it

appears in table.

Arrow indicates this particle
omitted from table.

XX(1200) /XX MESON t 1200 ~ JPG= -) [=[/

OR IG fNALLY CALL EO X

ON I T TEA FRAM T ABLE

Particle name, and quantum
numbers (if known).

Particle code (for internal
use only).

General comments on
particle.

Quantity tabulated below.

Code for quantity tabulated
L

(M=mass, W=width, etc. ) P

Symbols used to key together
'

data card and related
comments.

Numb er of eve nt s above
background.

/1 216~

74 /XX( 1200) MASS (MFV)/

11 ~ /MF- RR [ LL 66JHRC 0 3 ~ 2
LYNCH 67 HRC +- 2 ~ 7

UEST [ANABLE BACKGROUNA SU)3TRACT ION
7 e/ P I FR C F. 6 R /A SP K/ + 2 ~ 1

FFNNER 69 HBC 0 4 ~ 2
SM I TH 70 MMS — 3 ~ 5

K-P

K-P
Pf+P
PI -P

ER RFSULT

A VERA GF ( LRROR I NC(UOES SCALE FACTOR OF 1 0)

7/66
6/67

9/68
9/69
2/71¹

'Abbreviated reference for
this result; full reference
given below.

'Measurement technique
(see abbreviations on
next page. )

Charge(s) of particle
detected.

Measured values (paren-
theses indicate value
not used in average).

+ Error in measured value
(- field blank if error
symmetric; parentheses
on error only indicate
data not used in average
due to problems with
error estimation).

Average value (and error)
of quantity measured.

Vertical bar indicates
average; width of hori-
zontal bar on top is error
(scale d) in ave rag e.

1200) Wf t}TH ( MFV)

MERR ILL
Pf FRC F.

F E N)t(E R
SMITH

66 HBC 0/3 ~ 2 K- P
68 ASPK + 2 1 K-P
69 HBC 0 4 ~ 2 P I+P
70 MMS — 3~ 5 Pf-P

WEIGHTED AVERAGE = 38.4 d: 6.0
ERROR SCALED BY 1.3

A VFRAGE ( ERROR INCLU(}ES SCALE F AC TOR AF/1 3P
IDEOGRAM BELOW 1

Reaction producing particle,
or co mme nt s.

'Date this result punched
(asterisk indicates result9/69

/— ~ 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
Gaus s ian = i/e r ror;
width of Gaussian =
+ error).

Value and error for each
experiment. I

-20 20 60 100 140
(CDHLEV
=0 .179)

'Contribution of experiment
to X2 (if no entry present,
experiment not used in
calculating X2 or scale
factor because of large
error).

)()& (1200) l)IDTH (fiEV)

74 XX(1200) PARTIAL AECAY MODES

Partial decay mode
(labeled by P1).

XX( 1200'I INTO 3PI/
XX ( 1200) INTO K KBAR

OECAY MASSFS
139+ [39+ 139
49 3+ 493

Branching ratio (labeled
by R)).

Value (and error) of quantity
measured, as determined
from constrained fit (using
all measured branching
ratios for this particle).

Rl
Rl
Rl L
Rl L
Rl

0 ~ 675
~ ~ ~ ~

0 ~ 012/ FRAM F [T (FRROR [NCLUAES SCALF. FACTOR OF 1 ~ 3)

) INTO KKBAR/TATA(
~ 35 ~ 05 PIERCE

(P2 ) /TOTAL
68 A SPK + 2 ~ ). K-P

e ~ ~

0 ~ 325
~ e ~ ~

0 ' 012/ FROM FIT (FRROR INCLUO'ES SCALE FACTOR AF 1 ' 3)

) INTA KKBAR/3P I.50 ~ 03
~ 41 ~ 04

FFNNER
SMITH

/(P21/(P1)
69 HBC 0 4 2 PI+A
70 MMS — 3 ~ 5 P I -P

74 XX( 12001 BRANCHING RAT! AS

XX(1200) I)t(TO 3PI /TATAL / (P1) /TOTAL
~ 66 e02 MERRILL 66 HRC 0 3 ~ 2 K-P

t ~ 68) ( ~ 031 LYNCH 67 HBC +- 2 ~ 7 P[-P
LYNCH (}ATA HAS QIJEST IONA RLE RACK GAOUNA SUBTRACT IO!(

7/66
6/67

9/68

9/69
2/71¹

!
Branching ratio R& in terms

of partial decay modes
Pt above (X sometimes
used for P total)

0 46 8
0.480

~ ~ ~ ~

0 ~ l343 AVER AGsE ( ERROR INC[ UOES SCALE FACTOR OF 1 ~ 8 )
0 026/ FROM F I T (FRRAR INCLUOES SCALL= 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).

L

/M ERR I L(.
LYNCH
PIERCE
FFVNER
SMI TH

66/PRL 16 143
67 PR 155 61 0
68 PL 278 230
69 NC 61& 372
70/PRL 24 14/

RE'FERENCES FOR XX( [200)

A ~ MERRILL
B ~ LYNCH

/N ~ P IERf E/
0 ~ FENNERgBe BEANE
J ~ SMITH

( SAC
(BNL )
(LRL 1

t NYSE+ AMEX }
/(SLAC)/

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

Author (s )

'Institution(s) of author(s)
(see abbreviations on
next page).
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Abbreviatians
Journals

llluatrmtmcl
CONT'D

Key

Measurement techn1que s

APAH
ADVP
ANP
ARNS
BAPS
JETP
JETPL
LNC
NC
NP
PL
PPSL
PR
PRL
PRSI
RMP
SJNP
ZPHY

Acta Phys. Acad. Hungarica
Advances in Physics
Annals of Physics
Annual Reviews of Nuclear Science
Bulletin of the American Physical Society
English Translation of Soviet Physics JETP
Letters to Soviet Physics JETP
Letters to Nuovo Cimento
Nuovo Cimento
Nuclear Physics
Physics Letters
Proceedings of the Physical Society of London
Physical Review
Phys ical Re vie w Letter s
Proceedings of the Royal Society of London
Reviews of Modern Physics
Soviet Journal of Nuclear Physics
Zeitschrift fur Physik

ASPK
CC
CNTR
DBC
DPWA
EMUL
HBC
HEBC
HLBC
IPWA
MMS
MPWA
OSPK
RVUE

Automatic spark chambers
Cloud chamber
Counters, electronics
Deuterium bubble chamber
Energy-dependent partial wave analysis
Emulsions
Hydrogen bubble chamber
Helium bubble chamber
Heavy liquid bubble chamber
Energy-independent partial wave analysis
Missing mass spectrometer
Model-dependent partial wave analysis
Optical spark chambers
Review of previous experimental data

Conference s

Conferences are referred to by the location in which they
were held (e. ge y DUBNA, BOULDER, LUND, etc. ).

Institutions
Names of institutions are frequently abbreviated. We use mainly the four-letter code proposed by the HERA group a& CERN

in 4969; however, starting in January '197 f we have revised some of the US entries to follow more closely the abbreviations in
common usage, e. ge I LSU instead of LOUI for Louisiana State University. Revised and new entries are marked by an asterisk.
We have not yet revised the older cards and apologize for the temporarily double entries.

AACH

AERE
AHF. 5
ANL
ANNA

A;l [E
A[EN
ATHD
BAR[
BELG
SLKG
HCRK
BLRL
BJ.:RN
SCNA
8 IKM
BNL
SDHA
BONN
BRAN

+SK15
BK O'W

SKUX
SUCH
BUFF
CAE)J
CAL T

CARL
CARH
CASE
CAVE
CCNY
CDEF
Cf. A

CERN
CHIC

+C I T

COLD
COLU
C(!RN

tCRAC
+CUNY
~CURL

CWr
DARE
DART
OESY
DUKE
DURE

+EF 1

EF IN
EPDL
ETHZ
F I Al
F(.AS
FL(JA
FAAS

+FSU
GENG
GLVA
GLAS
GRAZ
HA(yB

HARV
HA'Wh

HE I 0
HEL 5
IIT
ILL

+ILLC
IND
INRC
IOWA
IPN
I PNP
IPPG
IKAG
IRVN

+[SU
1[EP

tJACL
JHOP

+JHU
JINR
KANS
KARL
KRAK
LANC
LASL
LEBG
LEHI
LL' [0
LHE 8
LIVP
LJCP
LOIC

+LOG)!
LOUC
LDU I
LRL

'yL SU
LUNG
HADA

TECHNISCHE UNIV AACHEN
hf(1MIC LNFRGY RES tSTAB
t(iWA Staff UNIV ~
AR GONNE NA I ~ L 48 ~

UK IV OF MICH[CAN
UN t V OF AR I ZONA
NUCLEAR RES ~ CENTRE OEMOKAITOS
OHIO UNIV ~

UNIV ()EGL I STUOI DI SARI
I'(ST ~ INTERUNIV ~ DE. SCI KUC ~

FYSISK INST ITUTl
UNIV OF CAL IF AT BERKELEY
INST' HOCHENERGIEPHYS Ohli
UNIV BERN
UNIVe 0[ HOLOCNA
8 [ AtyINCHA(e UNIV ~

BROOKHAYCN NATIONAL LAB ~

N[LL5 BOHR INSTITUTE
UNIV ~ PONN
HRhe(DE I 5 UNIV
H ~ H ~ W ILLS PHYS ~ LABe ~ Ue OF 8(l t STOL
BK OWN UV I V

UNIV L IBKE DE BRUXELLE5
BUCHARF. ST STATE UNIV ~
STATE UNIV ~ OF NEW YORK AT BUFFALO
LAB. DE PHYS. CORPUSCULAIRE
CALIF INSTITUTE OF TECHNCLOGY
CARL TOV UN I V ~

CARNEGIE-JyELLON UNIV ~
CASE WESTtKN KESEKVF UNIV
CAVENDISH LAB ~ ~ CAMBRIDGE UNIV ~

CITY CI)LLLGE OF NEW YORK
CDLLECE DE FRANCE
ChMBRIOGE ELECTRON ACCEL
E(JROPEAN ORGY FOR NUCe RESe
UNIV OF CHICAGO
CALIF INSTITUTE OF TECHNOLOGY
UN IV ~ OF COLORADO
C(I'LUMSI A UNIV ~

C(IKNELL Uy(I V

INSTe FOR NUCLEAR RESEARCH
C I TY UNIV ~ OF NEW YORK
LABOKATO [RE JOLIOT-CURIE
CCLLEGE OF WILL IA)y AND MARY

DhKESBURY NUT PHYSI LAB ~

DARTMOUTH COLLEGE
CEUTSCHES LLEK1RONEN-SYNCH ~

DUKE UNIV
UNIV ~ OF ()UAHAM
ENR ICO FtRHI INSTe FOR NUCL ~ 5fUOIES
ENRICC FCKHI INST FOR NUCL SfUDIES
ECOLE POLY f t:.CHNIQVE
E IDENOSSISCHE TECH ~ HOCH ~

U'(tV ~ 01 FIKENZE
FL()R [Oh 51'A TE UNIV e

UNIVe OF F LORIOA
LABe NAZIONAL I DEL 5INCROTRONE
FLORIDA 514 TE UNIV
VNI Ve Dl GENOVA
UNIV' DE CENEVf.
LIVIV OF GLASGOW
UN[Ye GRAZ
UNIV' HAMHURG

HARVARD UNtV ~

UNIV ()F HA Wh I I
UNIV ~ HEI()ELBERG
HLLSINCLN YLIDPISTO
[LL INDI 5 INST OF TECH
UN IVe OF ILLINOIS
VNIVe OF LLL INOIS AT CHICAGO
UVIVe OF INDIANA
[MS' FGR NUCLEAR RESEARCH
UN[Ye OF IOWA
INSTe VE PHYSI NUCLEAIRE
INSTITUT DE PHYSIQUE NUCLEAIRE
INSTITUTE DF PHYSICS' CSAV
INSTITUTC DU KAGIU(y
UNIV OF CALIF A f LRVINE
ICWA STATE UNIV ~

IVST FDR TEOR ~ AND EXP ~ PHYS ~

JAGtLLONIAN UN[Ye
JCHNS HOPKINS UNIV ~

JOHNS HOPKINS

UNIVAC

JOINT INST' FOR NUCL RESEARCH
UNIV ~ OF KANSAS
TtCHNI SCHE LNIV KARL SRUHE
JACELLONIAN UNIV ~

LANCASTFR UNIV'
U C LDS ALAKOS SCIENT IF IC LAB
LtBEDEV PHYSICS I "(51~

LtHIGH UNIVe
INST ~ LORt. Nll
LAB OES Hh(. TES ENERGIES
L I VERPUOL UNIV
LAHORA ID[RE JDLIOT-CURIE
[MPERIAL COL OF SCI AND TECH
QUEEN MARY COLLEGE
UNIVERSITY COLLEGE
LOUISIANA STATE UN[Ye
U C LAWRENCE RADIATION LAB
LOUISIANA STATE UNIV ~

UNIV ~ I LUNG
JUNTA DE FNERGIA NUCLEAR

AACHEN ~ GERMANY
HARWELL ~ BERKS' EHGLANO
AMESy ICWAy USA
ARGONNE ~ LLLey U54
ANN ARBCR ~ MIC(' ~ USA
TUSC04 ~ ARIZ ~ LSA
ATHENSy GREECE
ATHENS' OHIO' USA
BAR I y ITALY
BR UXEL L E 5 ~ BELG IUH
BERGENy NORWAY

BERKELEY' CALIPERS USA
ZEUTHEH/BERLIN ~ OOR
BERNe SWITZERLAND
BOLOGNA' 11ALY
BIRMINGt AHy ENGLAND
UPTON' LE t ~ ~ Ne Yet USA
COPENHACENy DENMARK
BONN ~ CERHANY
WALfHAM ~ MASS ~ USA
BRISTOL' ENGLAItD
PROVIDEhCEy RE I ~ ~ USA
BR(JXELLES~ BELGIUM
BUCHAREST' AOHANIA
BUFFALOS N ~ Yey USA
CAENO FRANCE
P AS AO EH 4 ~ CAL I F e ~ USA

OTTAWA' CANADA
PITTSBUAGHy PAe ~ USA
CLEVELAJ(0 ~ OHIO ~ USA
CAHBRICGE ~ ENGLAND
NEt( YORK' N ~ Yet USA
PARI Se fRANCE
CAHB(i[CGEr MASS ~ ~ USA
GENEVA' SWITZERLAND
CHICAGO ~ ILLe y USA
P A 5 A 0E Ii b ~ C 4 L I f e ~ U 5A

BOULDER COLO' t VSA
NFW YORK' N ~ Ye ~ USA
ITI(ACAy He Y ~ USA
CAACOW ~ POLAND
NEW YORK' N ~ Ye ~ USA
PARISH FRANCE
W ILLIAI'SBURGy VA ~ ~ USA
DARESBURYy ENGLAND
HANOVERy N ~ HE y USA
HAMBURG GEKMAh(Y

DURHAM' N C ~ USA
DURHAMe tNGLAND
CH I C AGO ~ I LL ~ ~ USA
CHICAGC e ILL ~ USA
PARIS! FRANCE
ZURICt( ~ SWITZERLAND
F IRE NZL y ITALY
TALLAHASSEE! FLA ~ ~ U54
GAINSVILLE ~ F Lacy USA
FRASCATI ~ ITALY
TALLAHASSyEE FLA ~ USA
GENOVA ~ ITALY
GENEVA! SWITZFRLAHO
GLASGDWy SCOTLAND
GRAZy ALSTRIA
HAHBURGy GERMANY
CAMSRICCE ~ MASS ~ ~ USA
HONOLUL(. y HAWAII' USA
HEIDELBERGy GERMANY

HELSINK I y F INLAND
CHICAGC ILL ~ USA
URHANA! ILLA' USA
CHICAGC ~ ILLe ~ U54
BLOOHINGTOHt IN' ~ USA
CRACOWy POLAND
IOWA CITY' IOWA ~ USA
ORSAY ~ FRANCE
PARISH FRANCE
PRAGUE! CZECHOSLOVAKIA
PARISH FRANCE
IRVINF. y CAL IF ~ y USA
AMESe ICWA ~ USA
MOSCOW! USSR
CRACOWy POLAND
BALT IMCRE ~ MD y USA
BALT IMCRE ~ MD ~ USA
DUSNA ~ L!SSR
LAI(RENCE ~ KANSASy USA
KARLSKUJ:E ~ GL'AMANY

KRAKOW ~ POLAND
LANCASTERt ENGLAND
t.OS ALAPOS, N. Mey VSa
MOSCOWy USSR
BETHLEI!EH~ PA ~ y USA
LEIOENy Nf. THtRLANOS
HRUXELLES ~ BELGIUM
LIVERPGCLe ENGLAND
PARISy FRANCE
LONDOHt ENGLAND
LONOONy ENGLAND

LONDON' ENGLAND
BATON ACVGE ~ LA y USA
BERKELEY' CALIF' USA

. BATON RCUGE ~ LA ~ USA
LUNDy St!EDEN
MADRID ~ SPA IN

MANH

MANE

LHASA
+MASS

MASS
MCGL
MCHS
MICH

+MICH
H[LA
M I HH

AM[OH
. HIT

HODE
MP [M
MSNA

+HSU
M()OX
NAGO
NAL
NAPL
NUAV

NE AS
NCV I
Nl JJ(
NOR C

NOVO

NWC 5
NY(J
OHIO

+OH [0
OREG
ORNL
OKSA
OSLO

tOSU
OTTA
OXF
PADO
PENN
PISh
PITH
PI TT

KAPPA

PPPA
tPRAG

PR IH
PVKO
QMCL
Rt: HO

RHEL
RISO
RIVS
ADCH
R(JMA
RUTG
SACL

tSEAT
StRP

oSETC
SHAM

SLAC
SOF I
SPC
ST AN

STEV
STLO
STOH
5TOH
STRB
SUSS
SYR

+SYKA
Tt.LA
TENN
TNTO
TVK 1
TKST
T(JF1

+UCH
+UC[

UCLA
+VCR

UCSB
UCSC
UCSD
UMD

UPNJ
UTAH
UVC
VAND

tv I EN
+VIRG

VP I
WAR 5
NASH
W I EN

tWLLL
MISC
WPLA

AWV SL
YALE
Z t E II

MANHATTAN COLLEGE
UNIV HA INZ
UN[Ye Of MASSACHUSETTS
UNIVe OF MASSACHUSETTS
UNIV OF MASSACHUSE115
MCGILL UN[V
UNIVe MANCHESTER
IIICHIGAN STATE UNIV
UNIV OF MICHIGAN
UN[Ye Dl M[LAND
UNIV ~ OF HLNNESOTA
Mt AM[ UNIV
JehSSACHUSFTTS INSTe OF TECHNOLOGY
ISTITUTO DI FISICA DELLA VNIVERSITA
JehX-PLANCK- INST' FUR PHYS -ASTROPHYS ~

INS Vl FIS ICA CELL UNIV
JyICHIGAN STATE UN [Ve
M 1 AM[ (JNL Ve
HACOYA UNIV'
NATIONAL ACCELERAfOR LAB
UN I V. 0 t Na POL I
UNIV ~ Of NOTRE DAME
HORTHEhSTERN UNIV
NF VIS LABe
R ~ K ~ UNIVe Nl JIIEGEN
NORD[ 5K INS ~ FOR TEOR ~ ATCIIFYS
INST» OF NUCL* PHYS
NORTHWESTERN UNIV ~

NEW YORK UNIV
OHIO STATt UNIV
OHIO UNIV ~

UNIV ~ OF OREGON
OAK RIDGE NATIONAL LAB
UNIV ~ DE PARIS ~ FAC DES SC I e

OSLO UNI Ve
OH[0 STATE UN IVe
NATIONAL RESEARCH COUNCIL
OX(. ORD UNIV'
UN[Ye OF PADOVA
UNIV OF PENNSYLVANIA
Uy(IV Dl PISA
PHYS[K ~ INST ~ DER TECH ~ HCCHSCHVLE
UVIVe OF PITTSBURGH
PRINCE TON-PENV PROTON ACCEL ~

PK INCETON-PENNe PR010N ACCEL ~

INSTI TUTt OF PHYSICS ~ C SAY

PRINCE TON UNIV ~

PURDUE UN I V

QUEEN MARY COLLEGE
WEIZHANN INSTe OF SCle
RUTHERFORD HIGH ENERGY LAB
RESEARCH tSTABe RISO
UNIV ~ Af CALIF AT RIVERSIDE
UNIV OF ROCHESTER
UNIVe DEGL I STUD[ DI RDHA
RUfGERS UNIV'
CNTR ~ D'ETUDES NUCe SACLAY
St Al f L E PAC IF IC COLLEGE
I (ST~ OF HIGH EN ~ PHYS ~

SETON HALL UNIV ~

UJ(IV OF SOUTHAMPTDN
STANF()RD LINEAR ACCEL ~ CENTER
BULGARIAN ACAO ~ OF SCIL
SLATTLE PAC [F IC COLLFGE
STANFORD IJNI V ~

STEVENS INST ~ OF TECH
WASHINGTOJJ UN[Ye
STOCKHOLM UNIV
STATE UNIV OF NEW YORK AT STONYBROCK
CLNTKE DES RE'Se NUCLEAIRtS
SUSSEX UNIVe
SYRACUSE UNIV
SYkACUSE (INLY ~

UN[Ve OF TEL-AVtV
UNIV ~ OF fFNNESSEt
UNIV OF TORONTO
UNIVe Dt TOR [NO
UNIV. OF TRIESTE
TUFTS UNIV
UNIV OF CALIF AT BERKELEY
UNIV» OF. ChLIFe AT IRVLNE
UNIV ~ OF CAL IF AT LOS ANGELES
UNIV OF CALIF AT RIVERSIDE
UNIV OF ( ALIF AT SAVTA 84RBARA
UNIV ~ OF CALIF ~ AT SANTA CRUZ
LINIV OF CALIF e Af SAN DIEGO
UNIV OF MARYLAND
UPSALA COLLEGE
UN[V ~ OF UTAH
UNIVe OF VIRGINIA
VANDERBILT UNIV ~

INST ~ FOR HIGH EN ~ PHYS ~ ~ A ~ 4 5 ~

UNIV OF VIRGINIA
VIRGINIA POLYTECHNIC INST
UNIVe OF WARSAW

UN[Ye ()F WASHING f DN

Uy( IV MIEN
CDLLEGF. OF WILL I 4)y AND HARY

UNIV Of W I SCDHS IN
H ~ He WILL 5 PHYS ~ LABe ~ U OF BR[ STCL
WASHINGTON VNIVe
YALE UNIV ~

ltt:MAN LAH ~ ~ UNIV ~ OF AMSTERDAM

NEll YORK' N ~ Ye ~ USA
HAIN' GERMANY
AHHERSTy HiSS ~ y USA
BOSTOHy I(ASS ~ y USA
4HHERST ~ H4SS ~ USA
HONTREAL ~ CANADA

MANCHESTER' ENGLAND
EAST LANSINGy MICHey USA
ANN ARBCRy MICHey USA
MI LAND y ITALY
MINNEAPCL I 5 ~ MINNe ~ USA
OXf ORD ~ OH I Dy USA
CAMBRICCEy HASSLE! USA
MODEMS ITALY
MUNICH ~ GERMANY
MESSINA y ITALY
EAST LAhSIHGy MICH' USA
OXFORDy OHIOy USA
HAGOYA ~ JAPAN
BAT AV I A ~ I L L ~ USA
NAPOL[y ITALY
NOTRE GAHE ~ IHD y USA
BOSTON' MASS ~ y USA
IRVINGTCN-ON-HUGSONy Net ~ US4
NIJHEGEhy NtTHERLANDS
COPENHAGEN' DEHJIARK
NOVOSIBIRSKy USSR
EVANSTONy ILLA' USA
NEW YORK' N Ye ~ USA
COI.UMBUS ~ OHIO' USA
ATHENS' OHIOy VSA
EUGENEy ORE at U54
OAK

RIGGERS

TENNey USA
ORSAY ~ FRANCE
OSLCy NCRWAY

COLUMBUS' OHLOy USA
OTTAWA' CANADA

OXFORDS ENGLAND
PADOVAe 11ALY
PHILADELPHIAN PA ~ ~ USA
PISAy 11ALY
AACHEN ~ GERMANY

PITTSBURGH' PAe ~ USA
PRINCETCN ~ N Je y USA
PRINCE TCN ~ Ne J ~ ~ USA
PRAGUE' CZECHOSLOVAKIA
PRINCETCNy N ~ J ~ USA
LAFAYEfTE ~ IND ~ USA
LONDON' ENGLAND
REHOVOTt. y ISRAEL
CHILTDHy OIGey BERKS ~ ENGLAND
ROSK[LCE ~ DENMARK
RIVERS ICE y CALIF e ~ USA
ROCHESTER' N ~ Y ~ ~ USA
ROMEO ITALY
NEW BRUJ(SWICK ~ WE Je ~ USA
GIF-SUR-YVETTEy FRANCE
SEATTLEy WASHY USA
SERPVKOVy USSR
SOUTH CRANGEy N ~ J ~ USA
SOUTHAJ!PTONy tNCLAND
STAHFDAC ~ CAL IF ~ e USA
SOFIA! BULGARtA
SEATTLEy WASHY USA
STAHFORCy CALIF' USA
HOBOKEN ~ N ~ J ~ ~ USA
STe LOUIS ~ MO ~ ~ USA
STOCKHCLM ~ SWEDEN
STOhYSRCOK ~ L Iey N Y y U54
STRASBCURGy FRAKCE
SUSSEX' ENGLAND

SYRACUSE' N ~ Ye ~ USA

SYRACUSE' N Y ~ USA
TEL AVIV ~ ISRAEL
KNOXVILLEe TENN~ ~ USA
TORONTO' CANADA

TORINO ~ ITALY
TALESTE ~ ITALY
MEOFORD ~ MhSS e USA
BERKELEY' CALIF y USA
IRVINEy CALIF ~ U54
LOS ANGELES' CALIF ~ USA
RIVERS ICE ~ CAL IF et USA
SANTA BARHARAy CALIF' USA

SANTA CRUZ' CALIF' y USA
LA JOLLay CALIF ~ USA
COLLEGE PARK ~ I!CD ~ USA
EAST ORANGEy N J ~ USA
SALT LAKE CITYt VTAHt USA
CHARLOTTESVILLEe VAe ~ USA
NASHVILLE' TENN ~ ~ USA
VIENNA ~ AUSlR I 4
CHARLOTTESVILLE' VAe ~ USA
BLACK'SBL'RGB VA ~ USA

WARSAW' POL4NV
SEATTLE WASHY USA
WIEhi ALSTR IA
WILLI AMSBURG ~ Vh ~ USA
MADISOHy WISC ~ ~ U54
BRISTOL' ENGLANC
ST LOUIS ~ MO ~ USA
NE)(

HAVEN'T

CONN' USA
AMSTERDAI(y NETHERLANDS
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~table
(Immune to Strong Deoay}

For notation, see illustrated Jtey at beginning of data card listings

CODE EVENTS QUANTITY
ARnvE

RhCKGROUND

ERROR+ FRROR- REFFRFNC E YR TECN S IGN CORMFNTS DATE
PUNCHED¹¹¹¹¹4¹¹¹¹¹44 4 ¹ ¹¹¹4¹¹44¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

4 ¹¹¹¹¹ ¹¹4¹¹¹¹¹¹¹4¹¹¹¹44¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

0 GARI44 (0 ' J=1) 3 ELEC)'RON MAGNETIC MOMENT( E/2ME)

(6 ~ ) OR L FSS
(6 ~ ) OR LESS
(7. ~ 3) OR LESS

PAT EL 65
Gf NTSBURG 64
CeOLDHABE R 68

0 GAMMA MASS ( IN UN I TS OF 10¹¹-21MEV )

SATFLLITE DATA
SAT FLL ITE DATA
SATELL I TE DATA

10/69
10/69

~ 10/69

MM ( le00116091 ¹-(241¹10¹¹-7SCHUPP
MM (1~ 0011596221 +-(27) ¹10¹¹-9WILKINSON
MM ( 1 ~ 001168) +-(221¹10¹¹-6RICH
RM R ( 1 ~ 0011'59557) +-( 30) ¹10¹¹-9RI CH

RM R RICH 68 IS RFFVALUATION OF HI( KINSON 63
MR ( 1 ~ 0011596389)+- ( 31 ) ¹10¹¹-10TAYL OR

1 ~ 001159644 +-( 7) ¹ 10¹¹-9HE SLFY

61 CNT R

63 CNT R

66 CNTR + POSITRON
68 CNT R

69 RVUC
70 CNTR — NEW MEAS ~

8/66
8/66
6/68

2/7 14'
6/&0

REFERENCES

0 GAMMA

GINTSBUR 64 SOV ~ 4STR ~ AJ7 &36 M, A ~ GINTSBURG
PATEL 65 PL 14 105 V ~ L ~ PATFL
GOL DHABE 68 PRL 21 567 4 GOL DHABFR M ~ N'I ETO

( ACAD SC I r USSR 1

( DURHAM )
(STONY BROOKl

V8 1 F-NFUTRINO (Or J=l/2)

1 F-NEUTRINO Mh SS (KFV1

¹4¹¹¹4¹¹¹¹¹¹¹¹¹ ¹¹4¹4¹¹¹4¹¹4¹¹¹¹4¹ ¹¹4¹4¹¹¹¹ ¹¹¹¹¹¹4¹¹ ¹4¹¹4¹¹¹444¹¹¹¹¹¹
¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

SCHUPP 61
HILKINSO 63
cnHFN e5
MOE 65
R ICH bb
RICH 68
TAYLOR 69
WESLEY 70

PR 121 1
PR 130 R52
RMP 37 537
PR 140 8 992
PRL 17 271
PRL 20 967
RMP 41 375
PRL 24 1 320

RFFERENCFS
3 EL ECTRON ( 0 ~ 5 J= 1/2)

4 4 SCHUPP sR H P IODe H R CRANE (MICH(GAN)
0 T W ILK INSONsH R CR ANE (M ICH I GAN )
E R COHEN J H M DUMOND (NAASC+CALTFCH)
M K MOF F RF INES (CASE INST TECHNOLOGY)
A RICH ~ H R CRANE (MICHIGaN)
A RICH ( MI C HI GAN 1

+PARKFR ~ L ANGFNBERG ( PR IN+UC I+P ENN )
J ~ C ~ HESI EYrh ~ RICH (ANN41

(0 251 OR LFSS LaNGFR 52 CNTR
(0 15) 0& L FSS H4 MI LTON 53 CNTR
(0 ~ 55) OR LESS +OR- 0 ~ 28 FRIEDRAN 58 CNTR
0 ~ 06 OR LESS CL ~ 90 BERGKVIS 69 CNTR EL ~ STAT fC ~ MAG ~ SP 1 1/69

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

4 MUON ( 106~ J=1/21

M(ION MASS (MFv)

RE FFRF NC F S

1 E-NFUTRINCI (0, J=1/2)

( 105 ~ 6591 (0 ~ 0021
105~ 6599 ~ 0014

FE INBERG
TAYLOR

63 RVUF
69 RVUE USING NFW F/H 7/70

L ANGER 52 PR 88 689
HAMILTON 53 PR 92 1521
FR IEnMAN 58 PR 109 2214
BERGKVIS 69 CFRN 69-7 &I

L M LANGERgR J 0 MOfFAT ( I NDIANA 1

D HAMILTON W P ALFORD L GROSS (PRINCETON)
LFW IS FR IEDRAN ~ L I NCCILN G SMITH (BNL)
KARL-ERIK BERGKV I ST (UNIV STOCKHOLM)

2 RIJ-NFUTR INn (0 J=1/21

2 MU-NEUTR INO MASS ( MEV)

¹¹¹¹¹¹ 4 4¹¹¹4¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

T
T

T
T
T
T
T AVG

4 MUON LIFETIMF. (UNITS 10¹¹-b)
2 ~ 198
2 ~ 203
2 202
2 ' 197
2, 198

0.001
0 ~ 004
0 ~ 003
0 ~ 002
0 ' 002

0 ~ 001 F'AR L EY
LUNDY

0 ' 003 ECKHAUSE
0 ' 002 MFYER
0 ~ 002 ME YE R

6? CNTR
62 CNTR
63 CNTR
63 CNTR +
63 CRT R

CONLEV= ~ 98 11/67

7 /66
~ e ~ ~ ~ ~

2 1983
~ ~ ~

0 ~ 0008

RATIO OF L IFET IME OF MU+ TO MU-

Oe 0008 AVERAGE ( ERROR I NCL ~ SCALE FACTOR OF I e 01

M

R

R

M

R
M

M

(3~ 5)
(4 ~ 0)
( 3.6)
(3 ~ Ol
(2 51
(2.1)

1 ~ 6
2 ~ 2

(0~ 461

OR LESS
OR L ESS
OR LE SS
()R I ESS
OR LESS
OR LFSS
OR LFSS
OR LFSS,

(0 ~ 64)

RAPKAS
DUDl [AK
FE INRERG
ALLCOCK
BARDON
SHAFER

CL= F 90 BOOTH
CL= ~ 90 HYMAN

(0 46) FRANK

56 E MUL

59 CNTR
63 RVUE
65 RVUE
65 ASPK
65 (NT R

67 CNTR
67 HERC
68 CNTR

7/66
7/66

CONF LEV = 68PCT 7/66
3/68

0 ~ K- HE 11/67
PREL IMI NARY 9/68

REFERENCFS
MU-NE UTR I NO ( 0 J=1 /2 )

¹¹¹¹4¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹4¹¹¹¹¹ ¹¹¹¹¹¹¹¹

DT

MM

MR

RR
MR

MM

MM AVG

1 F 000 0 ' 001 ME YER 63 CNTR L IF CTIME RU+/MIJ-

1162~ 0 5 ~ 0
( 1165~ 75) (0 ~ 71 1

( 1166~ 251 ( 0 ~ 241
F RROR S ST AT I ST I CAL.
1166' 16 0 ' 31
~ e ~ ~ ~ ~ ~ ~ e
1166' 14 0 ' 31

CHARPAK 62 CNTR +
BAILEY 68 CNTR + STOR ~ R IN('S
BAILEY 68 CNTR — STOR ~ RINGS

VALUES COMB INFD TO GIVE RU+- VALUE BFLOW
BAILEY 68 CNTR +- STOR ~ RINGS

AVFRAGE ( ERROR INCLUt)FS SCALF FACTOR OF 1 ~ 0)

4 MUON ANOMALOUS MAGNA MOMENT ( 10¹¹-6¹E/(2¹MUONMASS))

7/66

5/69
5/69
5/69
5/69

RARKAS 56 PR 101 778
DIJDZ IAK '59 PR 114 336
FF. INBERG 63 ARNS 13 431
ALLCOCK 6~ PPSL 85 R&5
BAR DON 65 PRL 14 449

W H BARKAS ~ W BIRNBA(JRrF M SMITH (LRL)
H F OUDZIAKrR SAGANFrJ VEDDER (LRL)
C FC INBERG L R LEDERMAN ( COL UMB I A )
G R ALLCOCK (L IV ERPOOL )
BARDON 'VORTON PFOPLES + (COLUM+STONY BROOK)

SHAFER
BOOTH
HY RAN

FRANK

65 PRL 14, 923 R E SI(AFERrCROWE sJFNKINS (LRL)
67 PL 261 39 BOOTH JOHNSrDN HI LL IA RS HORMALD (LIVERPOOL )
67 PL 25 8 376 +LOKEN PEWITT RCKENZ IE KEYES+(ARG+CARN+NWU)
68 VIFNNA AHS ~ 365 FRANK' GAME Tr LAKI N

'
( SHAM+i. I VP+STAN)

P1
PZ
P3
P4

MUDN ~aRT(a(. nEcav RDDES

MUON INTO E ( F. -NE U) ( MU-NEU )

MIJCIN INTO E 2GARRA
MUON INTO 3EL ECTRONS
MUCIN INTO F. GAMMA

4 MUON BRANCHING RATIOS

DECAY MASSFS.5+ 0+ 0.5+ 0+ 0
~ 5+ ~ 5+ ~ rs

n4. 0

3 ELFCTRDN (0~ 5 J=1/21

3 ELFCTRON MASS (MEV I

( ~ 511006)(.00002)
~ 5 110041 ~ 0000016

COHE N

TAYLOR
65 RVUF
69 RVUE US ING NFW E/H

«¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹4¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹4¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

7/70

Rl
Rl

RZ
RZ
R2
R2
R2
RZ
R2
R2

MUON INTO 3E ( IN UNITS OF 10¹¹-7)
F ~ 0)OR LFSS C ~ L ~ ~ 90 PARKER
F (1 ~ 3)OR LESS C ~ L ~ = ~ 90 ALIKHANOV
F (1 ~ 5)OR LESS C ~ L ~ = ~ 90 FRANK EL 2
F (1~ 25)OR LESS C L ~ = ~ 90 BABAEV
F FOUR ABOVE EXPFR IMENTS EVALUATED UPPER LI MI

V-4 NEUTRINO LI7OP Df AGRAM ~ LIMITS NOT S IGNf
ASSUMING A CONSTANT MATRI X ELEMENT ~

(P3) /(Pf )
6? CNTR
62 OSPK
63 CNTR
63 OSPK
TS ASSUMING A SECOND ORDER
F I CANTL Y CHANGED BY

MUON INTO F+2GAMMA ( IN UNITS OF 10¹¹"51 (P2) /(P1)
(1 ~ 6)DR LESS C ~ L ~ = ~ 90 FIIANKEL1 63 OSPK

rJVFR

3 ELFC TRON LIFETIME (UNITS 10¹¹21YR)

2 ~ 0 ROE 65 CNTR

R3
R3
R3

6/66 R3

MUON INTO E+GARMA ( IN UNITS Of 10¹¹-8)
4 ~ 3 OR LESS C ~ L e= 90 FRANKEL1
2 ~ 2 OR LESS C ~ L e= ~ 90 PARKER
2 ~ 9 OR LESS C ~ L ~ = ~ 90 KORENCHEN

(P4)/(Pl)
63 OSPK
64 OSPK
70 nspK + 2/71¹
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For notations, ee illustrated key at beginning of data card listings
Stable Particles

RHt)
RHQ
RHAP
RHAP
RHA

RHA
RHQ
RHA
RHQ
RHA
RHA
RHO
RHO
RHO
RHA

RHO
RHA

C

9213

C 2276
D

0
n
D

C BOOK
C 280K
C 1&OK
C

C

AVG

4 MUAN DECAY PARAMETERS

RHA PARAMETFR (V-A THEORY
(0 ~ 741) (0 ~ 027) DUOZIAK
0, 745 0 025 PLANO

TWA PARAMETFR FIT TA RHA ANO ETA
& 0 ~ 7~1) (0 ~ 034 I BLOCK
(0 ~ 64) (0 ~ 04) RARLOW

& 0 ~ 661 I (0 ~ 016) SARI. OH

(0 ~ 867) & 0.035 I PANTECORV
RF SUL TS IN DOUBT

(0~ 7503) &0 ~ 0026) PEOPLES
(oe760) &0 ~ 009) SHE RW ODD
{0~ 762) (0 ~ 008) FRYBfRGER

ETA CANSTRA[N EA =0 ~ THESE VALUES INCA
PARAMETER F [T TO RHO ANO FTA BY OEREN

0 ~ 7518 0 ~ 0026 DERENZO
~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 7517 0 ~ 0026 AVERAGE (ERROR IN

PR FDIC TS RHO=O ~ 75)
59 CNTR + 20-53 MEV E+
60 HBC + WHAL E SP ECTRUM

62 HEBC - WHOL E SPECTRUM
64 CNTR — HHAL F SP ECTRUM
64 CNTR + WHQLF. SPFCTRUM
64 CC

66 ASPK + 20-53 MEV E+
67 ASPK + 25-53 MEV E+
68 ASPK + 25-53 MFV E+
RPARATEO INTO 4 T'WO

ZO 69 '
69 RVUE

CLUDES SCALE FACTOR OF [eo)

[O I'69
10/69

10/69
10/69
10/69
10/69
10/69
10/69
10/69
10/69
10/69

10/69

F. TA FTA PAR 4MFTFR
ETA P 9213 (-2 ~ ol &0 ~ 9)
FTA P THA PARAMETER FIT TO RHO

FTA 0 800K &Oe 0~I {0~ 5)
ETA C 280K {-oeT) (0 ~ 6)
ETA C [70K &-0 7) (0 ~ 5)
FTA C RHO CANST RA [NED =0 ~ 75
ETA 6346 -0 ~ 12 0 ~ 21

( V-A THEORY
PLANO

ANO FTA- PLANO
PEOPLES
SHERWOOD
FRYBERGER

PREDICTS ETA=O)
60 HBC + WHQL E SPECTRUM
60 DI SCOUNTS VALUE FOR ETA
66 ASPK + 20-53 MEV E+
67 ASPK + 25-53 NFV E+
68 ASPK + 25-53 MEV' F. +

10/69
10/69
10/69
10/69
10/69

Df 'RENZO 69 HBC + 1 ~ 6-6 ~ 8 MEV E+ 10/69

XSI
X St 9K
XS[ 8354
XSI A

X 5[ A

XSI G 6FK
XSI
XSI G

XS[
X SI AVG

XSI PARAMETER (V-A THEORY PREDICTS XSI=1)
0 97 0 ~ 0'5 BAROON 59 CNTR BROMQFORN TARGET
0 ~ 93 0 ~ 06 PLANO 60 HBC + R ~ 8 KGAUSS

& 0 ~ 903) (0 ~ 027 I AL f-ZADE 61 EMUL + 27 KGAUSS
t)EPALAR IZATION BY MEDIUM NOT KNOWN SUFFICIENTLY WELL

(0~ 975) {0 030) GURF V ICH 64 EMUL 140 KGAUS S
0 975 0 0[4 GUR'Ev ICH 67 EMUL

Gl)R FV ICH 67 SUPERCEEOS GUREVICH 64
~ ~ ~ ~ ~ ~ ~ ~ ~

0 972 0 ~ 013 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ ol

10/69
10/69
10/69
1O/69
10/69
10/69
10/69

DEL
DEL 8354
OEL
DF L 490K
AEL
AEI.
DEL 4VG

10/69
10/69
10/69
11/69

DELTA PARAMETER (V-A THEORY PREDICTS DELTA=O ~ 75)
oe 78 0 ~ 05 PLANQ 60 HBC ¹ WHOLE SPECTRUM
0 782 0 ~ 031 KRUGER 61
0 ~ 752 0 ~ 009 FRYBERGER 68 ASPK + 25-53 NEV E+

VOSSL ER 69 HAS MF ASUREO THE A SYNII&ETRY BELOW 10 MFV
~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 7551 0 ~ oor)5 AVFRAGE (FRRAR INCLUDES SCALE FACTOR OF 1 ~ 0)

PAPERS NOT REFERRED TO IN DATA CARDS

F[SHER
ASTBUR Y

OEVANS
LATHROP
L ATHRAP
REITER
TELEGnt
CHARPAK
HUTCHI NS
SHAPI RO
FA(RLEY

5 9 PR&. 3 349
60 RACH CONF 60
60 PRL 5 330
60 Nc 17 109
60 Nc I 7 114
60 PRL 5 22
60 ROCH CONF 60
61 PRI. 6 128
61 PRL 7 129
62 PR 125 1022
66 Nc 454 281

F I SHER r L EONT tC r L UNDBY ~ NFUN [ER r S TROAT ( CFRNI
542 ASTBURY ~ HATTERSLEYrHUSSAIN + (L IVERPOAL)

DEVANS GIAAL LEAER MAN ~ SHAPIRO (COLUNB IA I
J LATHROPr R 4 LUNOYr V L TELFGD[ + t EF [NS I
J LATHROP R A LUNDY S PFNMAN + (EFINSI
RE ITER ~ ROMANOWSK I v SUTTON + ( CAR IIIEGIE I

713 V L TELEGOI (CERN)
CHARPAK ~ FARLEYyGARW[N ~ M&ILLERySFNS + (CFRN)
0 P HUTCHINSAN, J NENCS + (CALUMB [4)
G SHAP I ROr L M L EDERM AN ( COLUM B I A I
FAIRLEY ~ BAILEY BROWN GIESCH + (CFRN)

8 CH4RGEO PION I 140e JPG=O--I I=1

8 CHARGED PI MASS (NEV)

M

M

M

M M

M

4I

M AVG
M FIT

139 37
139,68
139' 577

(139 550l
THIS VALU
CREPANCY
~ ~ ~ ~ ~

139~ 577
139e 576

0 ~ 20 CR OWE 54 CNT R

0 ~ 15 BARKAS 56 FMUL +
0 013 SHAF ER 67 CNTR MF SONIC ATOMS

f 0 ~ 008) MAL SBURG 71 PR EL I M[NARY

E DIFFERS CONSIDERABLY FROM PREVIOUS VALUE ~ THIS D[$-
IS BEING INVFST[GATED ~ VALUE MOMENTERALY NOT USFO ~

~ ~ ~ ~

0 ~ 013 4VERAGE ( ERROR INCLUDES SCALE FACTOR QF 1 ~ 0)
0 011 FROM F IT (ERROR INCLUD'ES SCALE FACTOR OF 1 0)

8 Pl+ Mu+ MASS DIFFERENCE (MEV)

0

0
0
D

0 4VG
0 FIT

34, 00
33e 89

145 33~ 881
33 ~ 925

33e 915
33~ 916

0 ~ 076
0 076
0 ~ 035
0 ' 025

0 ~ 019
0 ~ 011

BAR KAS
BAR KAS
HYMAN

BAQTH

56 E MUL

56 E "(UL
67 HERC + K-HE
70 CNTR + MAGNETIC SPFCT ~

AVERAGE ( ERROR fNCLUDES SC4LE FACTOR OF 1 ol
FROM F IT (ERRAR INCLUDES SCALE FACTOR AF 1 0)

8 ({MASS Pf+)-{MASS Pl-) I /AVERAGE tPFRCENT)

¹»¹¹¹¹¹¹¹»¹¹¹¹¹¹¹¹¹»¹¹¹¹¹¹¹»¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹»¹¹¹¹¹¹¹¹»
¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹*¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

6/68
2/71¹
2/71¹
2/71»

2/7 1¹

2/71¹
2/71¹

2/71¹

DM 0 ~ 02 0 ~ 05 GREENSERG 69 CNTR 5/70
HEL
HFL
HF. L
HCL 0
HEI. A

HEL
HEL
HEL
HEL 29K
HEL
HEL AVG

GS
GS

GA
GA

FAV
FAV

GT
GT

GP
GP

HEL I CITY OF DECAY FLFC TRAN
(V-A THEORY PREDICTS HFL IC[TY=+-1 FOR E+- RESPFCIVELY)
HF. HAVF. FLIPPED THE SIGN FOR E- SO OUR PROGRAMS CAN AVERAGE

(0 ~ 28 I (0 16) DICK 63 CNTR + ANNIHtLAT ION
IN DOUBT- PAS ITRANS POSSIBLY OEPALARI ZFO IN SE MODERATOR

1~ 05, 0 ~ 30 BUHLER 63 CNTR + ANNIHILAT [ON
Oe 94 0 ~ 38 BLOOM 64 CNTR + BREMS TRANSMISS
1 04 De[8 DUCLOS 64 CNTR + IIHABHA SCATT
0 ~ 89 0 ~ 28 SCHWARTZ 67 OSPK — 'ROLLER SCATT

~ ~ ~ ~ ~ ~ ~ ~ ~

1.00 0 ~ 13 AVERAGE (ERROR tNCLUDES SCALF. FACTOR OF 1 ~ 0)

SCALAR COLIPLI NG CONSTANT [N MUON DECAY l IN UNITS OF GV)
(oe 33) OR LESS AERFNZQ 69 RVUE

AX&ALVECTOR COUPLING CONSTANT IN MUON OFCAY t IN UNITS AF GV I
0. 86 0 ~ 33 0 11 AERENZA 69 RVUE

PHASE BETHFFN VECT;)R ANO AX [ALVECTOR CAUPL INGS I DEGREES)
180e 15 ~ DERENZO 69 RVUE

TENSAR COUPLI NG CONSTANT IN MUON OFCAY ( IN UNITS OF GV I

(oe28) OR LESS AERENZO 69 RVUE

PSEUDASCALAR COUPLING CONSTANT [N MUON DECAY ( IN UNITS OF GV)
(0~ 33) OR LESS OERENZQ 69 RVUE

REFERENCES
4 MUON ( lobs J=l/21

10/69
10/69
10/69
10/69
lo/69
10/69

10/69

10/69

10/69

10/69

10/69

8 CHAR ~ Pl L IF ET INE (UNITS 10¹¹-9)
CR OWE

ANDERSON
ASHK[N
FC KHAUSF
BAROON
OUNAITSEV
KINSEY
THIS EXP ~

LOf)KOHI C Z

NARDBERG
GR EE NSF RG

25 ~ 6
25 ~ 6
2'5 ~ 46
26 ~ 02
25 ~ 6
25e 9

(26 ~ 40
SYSTEMATIC

26e 67
26 ~ 04
26 ~ 02

T
T
T 8000
T
T

0 ~ 5
0 ~ 8
0 ~ 32
0 F 04
0 ~ 3
0 ~ 3

I (0 F 08)
FRRQRS IN CALI

0 ~ 24
0 ' 05
Oe04

57 RVUE
40 CN TR
60 CNTR +
65 CNTR +
66 CNTR
66 CNTR
66 CNTR +
'I)ISCUSSED SY NQRDBFRG 67
66 CNTR
67 CNTR +
69 CNTR

0 ~ 5
0 ~ 8
0 ~ 32

9/66
6/bb
6/68
6/66
II/67
9/66
8/67
5/70

T N

T N

T
T

T
T

T AVG

BR ~ IN

~ e ~ ~ ~ ~ ~ ~ ~

26 ~ 024 0 ~ 024 0 ~ 024 4VERAGE ( ERROR INCL ~ SCALE FACTOR OF I ~ 0 I

8 MEANLIFE OIFFERfNCE (+)-{-)/AVGE ~ (PERCENT)

DT N THIS QUANTITY tS A ME4SURE QF CPT INVAR[ANCE IN W I

DT
DT L
OT
DT
OT
DT
DT AVG

0 ~ 23 0 ~ 40 LABKOWICZ 66 CNTR SEF. NOTF L
48AVE IS THE MOST CONSFRVAT IVE VALUE QUOTED BY AUTHORS 9/66

0, 4 0 ' 7 BAROON 66 CNTR 7/66
-0 ~ 14 0 ~ 29 PETRUKHtN 68 CNTR 8/68

0 ~ 055 0 ~ 055 oe071 AYRES 69 CNTR NFW EXPERIMENT 10/69
~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 053 0 ~ 061 AVFRAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)

{COLUMBIA)
{LRL)

(COLUMBIA I
(USSR)

tLRL)

ALIKHANO
BL')CK
CHARPAK
FARL EY
LUNDY
PARK ER

62 CERN CONF 423
62 NC 23 1114
62 PL 1 16
62 CERN CONF 415
62 PR 125 [686
62 NC 23 485

4 I AL IKHANAV 4 BABAEV + l I TFP MOSCOW)
BLOC K ~ F[AR INI, K I KUCHI+ ( DUKF r BOLOGNAy MI LAND )
G CHARPAKrF J M FARLEYsR L GARWIN + (CERN)
FARL EYy MA SSAM y MULL ER ~ Z [CHICHI ( CERN)
RICHARD 4 LUNDY {EF INS)
S PARKER r S PENMAN {FFINS)

BARAAN 59 PRL 2 '56 M RAROONy 0 BERLEYy L LEOERMAN
OUDZ [AK 59 PR 114 336 DUDZ IAK ~ R SAGANE J VEDDER
PL4NA 60 PR 119 1400 R J PLANA
ALI-ZAOE 61 JETP 40 452 AL I-ZAOE iGUREV[CH ~ NIKALSK[
KRUGER 61 UCRL-9322 (UNPUBI H KRUGER

P1
P2
P3
P4
P5
P6

CHAR ~ P ION
CHAR ~ P fON
CHAR ~ PION
CHAR ~ P I O'(
CHAR P ION
CHAR ~ P ION

8 CHARGED PION PARTIAL DECAY MODES

INTO MU & MU-NEU I
I NTO E ( E "Nfu)
INTO MU & Mu-NEVI GAMMA

[NTO P fo E t E-NEU)
INTO E NEU GANM A

INTO E NFU E+ F-

0
0
05¹

DFCAY NASSFS
105+ 0

e5+ 0
105+ 0+
134¹ ~ 5+.5¹ 0+

~ 5+ 0+

BAR AEV
BUHL ER
DICK
ECKHAUSE
F E I NI) E R G

F RANKEL1
FR4NKEL2
MEYF R

63 JETP lb 1397
63 PL T 368
63 PL 7 150
63 PR 132 422
63 ARNS 13 43[
63 NC 27 894
63 PR 130 351
63 PR 132 2693

BA RL OW

8 nnN
OUCL OS
GURFV ICH
PANT ECOR
PARKFR

64 PPS 84 239
64 PL 8 87
64 PL 9 62
64 PL 11 185
64 DUBNA CONF
64 PR 1338 768

PEOPLES
GURFvtcH
SCHWARTZ
SHERWOOD
BA [L EY
FRY BFRGE

66 NFV IS-147 (UNPUB )
67 [ AE 1297
67 PR 162 1306
67 PR 156 1475
68 PI 288 287
68 PR 166 13T9

DER ENZO 69 PR 181 1854
TAYLOR 69 RNP 41 37'5
VOSS& ER 69 NC 634 423
KOR FNCHE 70 J INR P 1-5251

+BOOTH ~ C ARROL ~ COURT DAV IES FOHARDSa ( L [VP I
+OICKsFEUVRAI Sr HENRYeNACO ~ SP IGHE&. {CERN)
+HF INTZE sOE RUJULA rSAERGEL {CERN)
GUR Ev I CH y NAKA RI YNA+ (KURCHATOV ~ MOSCOW)
PONTECORVOeSULYAEV (NOSCA'W I
S PARKER rH & ANOERSONr C REY ( EFINS)

J PEOPLES
GUREvtcHi MAKARI YNA ~ MISHAKOVA+
D N SCHWAR TZ
8 4 SHFRWOOD
+SARTL VAN BOCHMANN BROWN FARLEY
0 FRYBERGER

(COLUMB[A)
(KURCHA['OVI

& EFINS)
(EF[NS)

+ I CERN)
(EFINS)

S OERENZA f F FINS )
+PARKERsLANGENBERG {PRIN+UC I+ PENN)
C VOSSLER (EF INS)
KARENCHCNKO KOSTIN MICHELMACHER + ( JtNRI

RABAEV rBALATSeKAFTANAV ~ LANOSBERG + ( ITEP I
+CAB I BBA yF IOECAROr NASSAMy MULLER+ {CERN)
DICK ~ FFUVRA I 5 r SP IGHEL {CERN)

ECKHAUSE ~ T 4 F IL IPPAS + {CARNEGIE )
GERALD FF INSFRG ~ L N LEDFRMAN (COLUMBIA)
S FRANKEL ~ W FRAT I ~ J HALPERN + t PENNA I
S FRANKEL ~ W FRAT I ~ J HALPERN + (PENNA )
S L NE YER ANDERSON BLES ER ~ LEDER4IAN+ (COLUM )

R2
R2
R2
R2
R2 AVG

CHAR ~ PION [NTO E NELI

1 ~ 21 0 ~ 07
le247 0 ' 028

~ e ~ ~ ~ ~ e ~ ~

1 242 0 ~ 026

(UNITS 10¹»-4l (P2) /& Pl )
ANDERSON 60 CNTR
Df CAPUA 64 CNTR

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 0)

R3
R3
R3
R3
R3
R3
R3
R3 AVG

CHAR ~ P [ON [NTO
36 Oe 97
38 1 ~ 07

1.1o
1 1
1 ~ 00

P[0 E NFU
0 ' 20
0 ~ 21
0 ' 26
0 2
0 ~ 08

(UNITS 10¹¹-8)
84RTLETT 64
BACASTQW 65
BFR TRAN 65
DUNAITSFV 65

0 10 DE POMM[E R 68

{P4)/(P1)
OSPK
OSPK +
OSPK
CNTR
CNTR

~ ~ ~ ~ ~ ~

1 e 023
~ ~ ~

0 ~ 069 AVERAGE (ERROR [NCLUOES SCALE FACTOR OF I 0)

br bb
7/66
3/68

R4
R4

CHAR ~ PION INTA E NEU GAMMA & UNI TS 10¹¹-Bl (P5I/(P1)
143 3 ~ 0 0 ~ 5 DFPOMMIE R 63 CNTR GAM KE 50-90 IEV 6/66

R5 CHAR ~ P ION INTO E NEU F+ F.— ( UNITS 10¹¹-8) t P6) /(Pl)
R5 (3~ 4)OR LESS CeL ~ = ~ 90 KORENCHEN 70 ASPK +

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹*¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹»»¹¹¹¹¹¹¹¹

2/71»

8 CHARGFD PION BRANCHING RATIOS

Rl CHAR ~ PION INTO NU NEU GAM (A (UNITS 10¹»-t) (P3) /(Pl )
R1 26 1 ~ 24 0 25 CASTAGNAL 58 EMUL E(MU) ~ LT ~ 3 ~ 38 Mv
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For notationse, e illustrated key at beginning of data card listings

table Particles

CROWE '54. PR 96 470
84&KAS 56 PR 101 778
CRflWE 57 NC ~ 541
CAST AGNO '58 PR 112 1779

REFERENCES
8 CHARGED PION l 140t JPG=O I 1=1

K M CRf)WEBER H PHILLI PS {LRL )
W H BARKAS ~ W BIRNBAUM ~ F M 5MITH (LRL I

K M CROWE ( STANFORD HE PL )
C CASTACsNOL I r M MUCHNIK (ROMF, I F )

9 NEUTRAL P(ON PARTIAL DECAY MODES

Pl P IO INTfl 2CjAMMA
P2 P IO INTO E+ F.- GA~MA
P3 P ID INTO 4ELFCTRONS
P4 P IO f NTCI 3 GAMMA

0
5y
0

DFCAY MASSES
0+ 0

~ 5+ ~ 5+
~ 5+ ~ 5+

0+ 0+

ANDFRSON 60 PR 119 2050
ASHKIN 60 NC 16 490
DEPOMMIE 63 PL 7 285
BARTLETT 64 PR 1368 1452
DI CAPUA 64 PR 133R 1333

RACASTOW 65 PR 139 8407
RERTRAM 6" PR 139 R 617
DUN A ITSF 65 J ETP 20 '58
FCKHAUSF. 65 PL 19 348

H L ANDERSON' T FUJII rR H MILLER + (FFINS)
ASHKIN ~ FAZZINf |FIOFCARO ~ LIPMAN + (CERV I
P DEPO! ( I ERs HE INTZ EyR!IBBt A i SAERf&EL ( CERN I

RARTLETTyOEVONSqMEYFRqROSEN (COLUMBIA)
Df CAPUA GARLAND PONDROM STRELZOFF {COLUM)

+GHESQUI ER E, W IEGANO, LARSEN (LRL+ SLAC )
RER TRAM ~ MEYERy CARR IGAN+ ( MIC H+CARNEGI E )
Ol)NA ITSEiV PETRUKHI N, PRf)KOSHK IN + ( DUBNA)
FCKHAUSF, HARR I 5 ~ SHUL ER+ l WILL I AM AND MAR Y )

NEUTRAL PION BRANCHING RATIOS

P 10 INTO ( GAMMA E+ F.—) /(2GAMMA)
(0 ~ 01191 THEOff FT ~ CALC ~ JOSFPH

27 0 ~ 0117 0 ~ 0015 RUDAGOV
3071 0 ~ 01166 Oe 00047 54 MI (15

5 54MIOS VALUE USES PANOFSKY RATIO

Rl
Rl
Rl
Rl
R 1

Rl
R 1 AVG

{P2) /( P I I

QUANTUM FLECT ~

P I-P TO P IO N

60
60 HBC

HRC
1 ~ 62

~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 0117 0, 0004 4VERAGE ( FRRfJR INCLUDFS SCALE FACTOR OF I ~ 01

9/66

BARD'lN 66 PRL 16 775
BUNA I TSE 66 PL 23 283
KINSEY 66 PR 144 1132
LOBKOW IC 66 PRL 17 548

BAROON ODOR Fr DORFAN, KR IEGER + (COLUMR I A)
+KUTYI N PROKOSHK I N RASUVAEV ~ S IMONOV (DUBNA 'I

Kf NSEY LORKOWICZ NORDBFRG (ROCHESTER UNIV)
LOBKOW IC Z MEL I SS INf)S NAGASHI MA+ (ROCH+BNL )

R2
R2
R2

PIO INTO (3 GAMMA)/{2 GAMMA) (UNITS 10¹¹-6) tP4)/{PI I

0 ( 5 ~ 0)OR LESS DUCLOS 65 CNTR CL=90 PERCFNT
(5 ~ 0) f)R L ESS KUTIN 65 CNTk 90 PCRCNT CaL ~

6/ hh
3/hA

HYVAN 67 PL 2'5R 376
NOROBERG 57 PL 24R 594
SH4FER 67 PR 163 1451

S FF. AL SO P RL 14 923

+LOKEN PFWITT ~ DFRR(CK + lANL+CARN+NWES)
NORDBERG LORKOW ICT ~ BURMAN (ROCHESTER UNIV)
ROBERT E ~ SHAFER (LRL )
SHAFER ~ CROWED JENKINS {LRL )

P IO INTO (E+E+8-E- I/t 2 GAMMA) (UNITS 10¹¹-5)
l 3 ~ 471 THEORF T ICAL CAL ~ KROLL 55

146 3e 18 0 ~ 30 SA MI OS 62 Hf)C
480VE VA(. UE USES PANOFSKY RAT l0=1.6?

R3 ( P3) /l P 1 )
R3 QUANTUV ELE(:T 9/66
R3 SFF NOTF N RFLOW 6/66
R3

DE P fl&MI E

PF T RUKHf
AYRFS

ALSO
AL 50

GREEVRFR
ROflTH
KDR F. NC HE
&ALSRURG

68 NUC P HYS 84 189
hR JI NP-P 1-3862
69 t)CPL-I 8369
67 PR 157 1288
68 PRL 21 261
6& PRL 23 1267
70 PL 328 723
70 JINR P1-5250
71 THES I 5

DE POMMI ERr DUCLOS y HF INTZ E sKLE INKNECHT+ (CERN )
PF TRUKHI Ns RYKAL I Nr KHAZ INS sC I SCK {f)UBNA'I
OAVfD 5 AYRES (THFSIS) {LRL I
AYRES CALDWELL ~ GRFENBERG KENNEY KURZ+ (LRL )
AYRES. CORMACK GREENRERG KENNEY+ (LRL UCSRI
+AYRE 5 CORMACK KENNFY, CALDWFLL++ (LRL UCSB)
+J OHNSON, WI (.L I AMS s WORMAL0 (L IVP I

KORE NCHF NKOq KOST I N ~ MICHELMACHER + ( JINR)
C ~ VOV DER MALSBURG {HEIDELRERf )

PAPERS Nf)T REFERRED TO IN DAT4 CARDS

P ANOF SKY
C HI NOWSK
K ROLL
CASSEL 5
HADDOCK
HILLMAN

51 PR f) I 565
54 PR 93 586
55 PR 98 1355
59 PPS 74 92
)9 PRL 3 478
'59 NC 14 887

REFERENCFS
9 'NEUTRAL PtOV ( 135gJPG=O--) I= 1

W K H PANOFSKYqR L AAMODTi J HAOLFY (I RL I
W CHf VDWSKY ~ J STF INR FRGFR (COLUMBIA)
N KROLL yW WADA (COLUMRI A+NRLWI
CASSELS JONES MURPHY, O NF ILL (L IVFRPf)OL )
HADDOCK ~ ABASHIANrCRf)WE ~ C 2 IRR (LRL)
HILLMAN MIDDELKOfJP ~ Y AMAGATA ZAVATT INI ( CFRN)

MF RRI SON 62 AOVP 11 1
SHAPI RO 62 PR 125 1022
CZI RR 63 PR 130 341

A W MERR I SON
G SHAPIROyL M LEDFRMAN
JflHN 8 CZfRR

(L tV ERPflOL I

t COLUMBIA)
(LRL )

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹ ¹ ¹ ¹¹ ¹ ¹¹¹¹¹ ¹¹¹ ¹ ¹¹¹¹¹¹ ¹¹¹¹'¹¹¹¹¹¹¹¹¹'¹¹¹¹¹¹¹¹¹¹¹¹'¹¹¹¹ ¹¹¹¹'¹'¹¹¹¹

BUOACOV
JOSFPH
GLASSER
SAM IOS
SAMIOS
T I ETGE

60 JETP 11 755
60 NC 16 997
61 PR 123 1014
61 PR 121 27'5
67 PR 126 1844
62 PR 127 1324

BUOAGOVsVIKTORrDZHELFPOVrERMOLOV + l JINRI
0 W JOSFPH (FFII
R G Gl ASSER rN SEEMAN r8 ST ILLFR (NRL I

N P SAM{05 {CDLUMR(A+RNL)
SAMlf)5 ~ PLANO ~ PRO DCLL + (CDLUMRf A+RNL I
J T t ETGF ~ W PIIESCHEL {MAX PLANCK INST)

n
f)
0
0
0
D

0
n
0
n AVG

('5 ' 371
4 ~ &0
4 67
4 ~ 60
4 Rn

4 ~ 60 )6
4 59
4 ~ 6034

~ ~ ~ ~ ~

4 ~ 6041

9 VEUTRAL P I ON ( 135 ~ J PG=O ) I = 1

9 PI MASS DIFFERENCE (Pl+-I-(PIO) (NEVI

51 CNTR
54 CNTR

C NTR
59 CNTR
'59 CNT R

63 CNTR
63 CNTR
66 CNTR

PANOFSKY
C Hl NOW SK Y
HADDOCK
HILLMAN
CARS EL 5
CZIRR
PETRUKHIN
VA Sl LE VSK

( I ~ 0)
0 ~ 31
0 ~ 05
0 04
0 F 07
0 ' 0055
0 ' 03
0 ' 0052

~ ~ ~ ~

0 ' 0037 AVFRAGE (ERROR INCLUDES SCAlE F4CTOR OF 1 0)

9/66

CZ IRR
KOLL E R

K OLLF R
PETRUKHI
VON f)ARD

SHWE 64 PR 1368 I f)39
RELLETTI 65 NC 40' 4 1139
DUCLOS 65 PL 19 253
EV4NS 65 PR 139 8 9f)2
KUTIN 65 JETP LETT 2 243

ST4MER 66 PR 151 1108
VA SILE VS 66 PL 23 281
BELL ET T I 70 NC 66 A 243
KRYSHK IN 70 JETP 30 1037

H SHWE ~ F M SMITH ~ W H BARKAS (LRL I
RFLLFTTf NI rBEMPORADr RRACC INI+( Pf SA+F IRFNZF )
DUCLOS FREYTAG HEINTZE + (CERN+HE(f)EL BERG)
0 A EVANS ( 0XFO RO I
K(IT IN ~ PETRUKHI Nr PROKOSHK IN {JINR)

STAMER ~ TAYLOReKOLLERr HUETTFR+ (STFVENS)
VASILF VSKY r VI SHNYAKOV ~ DUNA ITSEV + ( DURNA )
RELLFTTINI gREMPORADr LUBELSMEY+ (P ISA+BONN)
+STERL f GOY ~ USOV ( TOM SK)

63 PR 130 341 JOHN 8 CZIRR (LRL)
63 NC 27 1405 F. L KOLLER 5 TAYLOR T Ht)ETTER (STEVENS)
63 SEE AL 50 STAMER 66
63 5 IENA CONF 208 V I PETRUKHIN, YU 0 PROKOSHK IN ( JINR)
63 PL VON DARDEL DEKKERS ~ MERMOD VAN oUTTFN+(CFRN I

9 P IO L IFF TIME ( UNITS 10¹¹-161 ¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

T N 76 (1 9) (0 5) (0~ 5) GLASSER
T N 45 (2 ~ 3) (1 ~ 1) ( I ~ 01 TIFTGF.
T N 88 (2 ~ 8) {0 9) (0.9) KOI LER
T 1 05 0 18 0, 18 VON DARDE
T N 75 (1~ 7) (0 ~ 5) SHWE
T 0 ~ 730 0 ~ 105 BELL E7T I N

T N 67 (I e6) {0~ h) l Oa5) EVANS
K 232 1 ~ 0 0 ~" STAMFR

T 0 ~ "6 0 ~ 06 BELLFTTIN
T 0 ~ 9 0. 068 KRYSHKIN
T N 0 (.0 F. MULS I ON MF. ASUR EM FNT5 NOT (ISED 8 FCA!lS
T N SHIFT Tfl LARGER L IF FT I ME V4LUES
T K INCLUf)FS EVF)VTS OP KOLLER 63
T ~ ~ ~ ~ I ~ ~ ~ ~

T AVG 0 839 0 103 0. 092 AVERAGE (
( 5 F F. IDEOGRAM BFLOW )

61 EMUL
62 EMUL.
63 EMUL SEE STAMF. R 66
63 CNT R
6& E MUL

65 CNTR
65 EMUL
66 E Mf)L
70 CNTR PRIM ~ EFF ~ ON NUC
70 CNTR PRI&AKOFF EFFECT
E OF POSSIBLE SYSTEMATIC

6/66
6/66
sI/67
7/70

12/70¹

ERROR INCL ~ SCALE FACTOR OF 2 ~ 1'I

M

M

M

M AVG
FfT

493 ~ 9
493 ~ 7
493 ~ 78

493 ~ 8 1
493 ~ 84

10 CHARGED K ( 494 s JP= 0- ) I= 1/2

10 CHARGED K MASS (MEV)

0 ~ 2
0 ' 3
0 ' 17

COHEN 57 RVUE ¹

RAR KA5 63 F MUL

GRE INER h'5 EMUL + VIA TA'0 DFCAY

0 ~ 12 AVERAGF. (ERROR INCLUDES SCALE FACTOR OF 1 0)
0 11 F'RO { F IT (FRROR INCLUDFS SCALE FACTOR OF 1 ~ 01

7/66

2/71¹

(WEIGHTED AVERAGE = 1 .19 + 0 .14
ERROR SCALED BY 2 . 1

CHARGED K CONSTRAINED F f T
OVFRALL FIT OF L IFETIME ~ WIDTHS AND RRANCHING
RATIO5 USES 46 OA)'4 POINTS TO DETERM f NE SFVEN
QU ANTI T I FS ~ OVERALL F IT HAS CH I S Q=73 ~ 9 ~ MA I N

CONTRIBUTION (13 ~ 51 COMES FROM R19 0F HA IDT
71 l WF SEF. NO REASON TO RE JECT Tkl S EXPEP, IMENT
AT THIS TIME )

10 CHAR ~ K L IF ETIME (UNITS 10¹¹-81

CHISQ
0.9
9.4

-KRYSHKIN 70 CNTR

BELLETTIN 70 CNTR
. STAINER 66 Ef1UL

BELLETTIN 6S CNTR

VON OAROE 63 CNTR
0.8
2.0

'13.1
(CONLEV
=0.004)0 1 2 3

NEUTRAL PI DECAY RATE(UNITS 10&+16SEC-1)

CHAR ~

t
2

3M
OLO FXP

~ ~

T

T 0
T 0 '5

T
T 0 33
T 0
T 0 51
T 793
T
T

T
T
T
T
T 0
T
T AVG
T F'fT

K L IFETIu!E
0 ~ 951 (0 ~ 361 t 0 ~ 25) ILOFF 56
I eh0) (0 ~ 31 (0 ~ 3) &(SENRERG 58
I ~ 21 0 ~ 06 Oe 06 BURRO WE 5 5&
1 38) l0 24) (0 24) FRFDEN 60
1.25) (0.22) (0.17 ) BARKAS 61
la 27) l0 ~ 36) l 0 23) BHDWMIK 61
1 ~ 31 0 ~ 08 Oe 08 NORD f N 61
1 24) l0 071 NORDIN 61
1 ~ 231 0 ~ 011 0 ~ 011 RflYAR SKI 62
fe 2443 0 ~ 0038 F ITCH 65
lo 221 0 ~ 011 FORD 67
I i 2272 0 ~ 0036 LOBKO'W IC Z 69
1 23 80 0 ~ 0016 OTT 71
ER IMENTS WITH LARGE ERRORS EXCLUDED

~ ~ ~ ~ ~ ~ ~

I + 2370 0 ~ 0032 Oo 0032 AVERAGE {ER
1 ~ 2371' 0 ~ 0026 FROM F IT 'l FRROR I'NCt

( SE E IDEOGRAM BELOW I

E MUL

E MUL

CNTR
EMUL

E MUL

FMUL
HRC
RVUE
CNTR +
CNTR + K AT REST
CNTR +-
CNTR + K IN FL IGHT
CNTR + STOPPING K

FROM AVER4Cs(NG

6/66
8/67
9/56
2/71¹
2/7 I ¹

ROR INCL SCALE FACTOR OF 2 ~ 4)
HOES SCAL'E FACTOR OF 1 ~ 91
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For notation, see illustrated Jtey at beginning of data card listings
gt~ble Particles

LIE IGHTEO AVERAGE = 0 .8084 + 0 .0021
ERROR SCALED SY 2.4

10 CHARGED K BRANCHING RATIOS

R 0 OLD DATA FXCLUAEO

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, fsx,
and scale factor, which are differ-
ent from the values shown here.

OTT 71
-LOSKOLIICZ 69
FORO 67

-FITCH 65
.BOYARSKI 62
-N(jROIN 61
BURROL(ES '59

CNTR

CNTR

CNTR
CNTR'

CNTR

HBC

CNTR

CHISQ
0.4
7.3

3.7

11.4
(CONLEV
=0 .003)0.70 0.75 0.80 0.85 0.90 0.95

CHARGEO K OECAY RATE (UNITS 10%%8 SEC-1)

Rl
Rl
RL
Rl
Rl

R2
RZ
R2
RZ
R2
R2
R2
R2

R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3

CHAR ~ K INTO MU NE(J f MU2) f UNITS Lpn't-2) (P 1 ) /TOTAL
0 {58 ~ '5) I 3 ~ 0) R I RGE Se EMUl +
0 (56e9) (2 ~ 6) ALEXANDER 57 EMUL +
0 OL0 fXPERIMENTS NAT INCLIJOED IN AVERAGfNG

~ ~ ~ ~ ~ ~ ~ ~ ~

63 ~ &7 0 ~ 28 f ROM f I TF IT

CHAR e
0
CJ

0 EARL

F IT

K INTO Pl P I 0 (Pl 2) I UNITS Lpt't'-7 ) I P7}/TOTAL
(27 ' 7) {7' 7) 8 IRGE56 EMUL +
{23 2) f2 2) ALEXANDER '57 EMUL +
IER EXPER I "IENTS NDT AYCRAGEA
(Zl ~ 0) (Oee) CALLAHAN 65 HLRC SEF. R17
(21e6'I (0 ~ 6) TR ILLINC. 65 RVUE

~ ~ e ~ ~ ~ ~ e
20 ~ '92 0 ~ 29 FROM F IT

CHAR ~

0
0
0
0 EARL

2 332
540

44
693

P INC(. U0
e

AVG

FIT

K INTO Pl P I+ Pl-(TAUI (UNtTS Lo*n-Zl (P31/TOTAL
{'5~ 6) (0 ~ 4) Rf RGE 56 FMUL +
(6 ~ 8) (0 4) Alf XANDFR 57 F&iJL +
{s~ 2) {0 3) TAYL OR '59 EMUL +

IER. EXPFR IMFNTS NAT AVERAGED
5 ~ 7 0 ~ 3 ROC 61 HL BC +
5 ~ 54 0 12 CALL AHAN 64 HLBC +
5el 0 ' 2 SH AKL EE 64 HLRC +
ST 71 0 ~ 15 DF. MARCO 6& HBC
6 ~ 0 0, 4 YOUNG 65 E M(IL +
5e34 0 ~ Zl PANOOUt. AS 70 EMUL +

FS FVFNTS OF TAYLOR 59
e e e ~ e ~ ~ ~

5 ~ 521 0 ~ 098 A VERA GE ( ERROR I NCLUAES SCA(. E F ACTOR OF 1 3 )
5 ~ 583 0 ~ 030 FROM f IT (FRRAR INCLUDFS SCALC FACTOR OF 1

el�)

{SFE IDEOGRAM BELOW )

1/7fs

9/66
elf 6
6/t 6

10/~pn

AT
DT
DT
OT AVG

0 47
pe 090

e ~ ~ ~ ~ ~

0 ~ 114

0 ~ 30
0 ~ 078
~ e ~

0 ~ 0'jl 3

FORD 67 CNTR
LOI)KAW I C Z 69 CNTR

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 2)

10 AECA Y RATE 5 I}IFF ~ 'I+ )-(-) /AV tPE'RCENT)

Dl 0[FFERFNCF. tN K IsUZ RATES ((Wl+)-(Wl-) ) /Wl
01 -0~ 54 0 ~ 41 FORD 67 CNTR

0 t FFERFNCE IV-0.50
F (-0 ~ 04)
F ZV (0 ~ 10)

0 OR
F THE LAST I 5 THF

02
DZ
07
CJ2

D2
r)Z
02
02 AVG

Tnu ~ATES
0eQD

(0 e? 1)
(Oel4}

0 ~ 12
COMB IVED

~ ~ e ~ ~

0 ' 07
~ ~ ~ ~

n. 12

( ( W2+ )-(W2-) ) /W2
Ft. ETCHER 67 OSPK
FARO 67 CNTR SFE ROlE F
FORD 70 ASPK SEE NOTE f
FORD 70 ASPK SEE NOTE F

RFSULT OF FORD 6~ AND FORD 70

AVERAGE I FRRAR INC(. tl. f 5 SCALE FACTOR Of 1 0)

t}3
03

D[ffFRENCF. IN TAU PRIMF RATFS ({W4t)-(W4-))/AVERAGE
LROZ -1 I 1 ' 8 HEREO 69 ASPK

04
04

DIFFFREVCE IV K PI2 RATFS I (W2+)-(WZ-) )/AVERAGE
0 ~ 8 teZ HEREO 69 OSPK

10 L f FET [ME Off FERENCE e (+) ( ) /AVGE ~ (PFRCENT}

AT N THI 5 QUANTITY IS h MFASURE OF CPT INVAR [ANCE IN W ~ I ~

8/67
LZ/70t

R/67

R/67
8/67

I L/70''
L L /70''

s/70

5/70

CHISQ
. PRNOOULAS 70 EMUL 0 .7
YOUNG 65 EMUL 1.4

ARCO 6S HBC 1.6
LEE 64 HLBC 4.4
AHAN 64 HLSC 0.0

61 HLBC 0.4
8.6

(CONLEV
=0.127)4.5 S.O S.S 6.0 6.5 7.0

CHARGEO K TAU B.F. PI+PI-PIO (UN 10%%-2)

LIEIGHTEO AVERAGE = 5.521 + 0.098
ERROR SCALEO BY 1.3

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.

10 CHARGED K PAR T14L DECAY MAOFS

Pl .
'

.CH4P ~ K INTA VIJ (NFU)
P2 CHAR ~ K INTO PI PIO
P3 CHAR K INTA PI P I+ P I-
P4 CH4R ~ K IVTO PI 2P IO
P5 CHAR K INTO MU P [0 NEU
P6 CHAR ~ K fNTO F P[0 NEU
Pj PASI T ~ K INTO P I+ P I- E+NEU

POS IT, K INTO Pt+ P I+ F.-NFU
PQ POSIT. K INTA Pf+ Pf- MU+ NFU
Pl(l POSf 7 ~ K INTO PI+ P I+ MU- NEU
P11 CHAW ~ K INTO E NFU
PLZ CHAR K INTO MU NFU GAMMA
P13 CHAR ~ K INTO P t P ID GAMMA
P 14 CHAR K INTA P I P 'I+ PI- GAMMA
P15 CHAR ~ K INTO P f E+ E-
P 16 CHAR ~ K INTO P [ MU+ &U-
P17 CHAR, K fNTO P [ GAMMA GAMMA
Pl'I CH4R. K INTA P I F NEUTR I NO GAMMA
PLQ NEG K INTA PI+ E«E-
P20 CHAR K INTO Pt NEU NEU
P2L CHAR K INTO E NF. U GAMMA
P27 CHAR ~ K INTO Pl GAMMA

K MU2.
K P[2
TAU
T AIJ P R '[ ME

K Mt}3
K E3
K E+ 4
K

K+MU+ 4
K+MU- 4
K E 2
K VU RAO
K P I RAO
TAU R AD
PI E E
PI VU MU

P I GAM GAM

P I E NFU GAM

Pl+E-F.-
Pf NEU NEU
K E2 RAO
K PI GAM

AECAY
}OS'+: .0
139t 134
139+ 139+
L39+ 1.34+
105+ 134+

~ S+ 134t
139+ 139+
139t 139+
139+ 139t
139+ 139+

~ 5+ . 0
105+ 0+
139t 134t
139+ 139+
139+ ~ 5+
139+ L05+
I 39+ Ot
139+ ~ 5t
139+ e5+
139t 0+

~ 5+ {}+
139+ 0

MASSES

139
134

0
0

~ 5+
~ 5+

l05+
L05+

0
0

139+
~ '5

105
0
0+

~ 5
0
0

R4
R4
R4
R4
R4
R4
R4
R4 P
R4 'P

R4
R4
R4

CHAR ~ K INTO PI
(2 ~ 1)
I2 ~ 2)
(1 5)

FARL I FR EXP FR I
le 7

108 1 ~ 8
1QB 1 53

INCLUDE5 EVENTS
~ e ~ ~ ~ ~

AVG Le@f3
f I' T' ' 1 ~ 677

0
CI

0
O

R5
R5 0
R5 0
R5 0

A
RS
R5 f IT

CHAR ~ K INTO MU P[0 NEU (
(? eRI fl ~ 0)
(5 ~ 9} t 1 e3)
(2 8) (0 4)

EARL IFR FXPER IMF NTS NOT

~ ~ ~ ~ ~ ~ ~ ~ ~

3 20 0 11 FRAN( f fT

MU3) (UNITS Lptt-2) {P&)/TOTAL
8 I RGF "6 FVUL +
AL EX ANOER 57 EMUL +
TAYLO(I &9 EMUL +

AVF. RAGFD

2P[0 ( TAU PRIME I(UNITS toter-2 I {P4)/TOTAL
{0~ 5) 8 IRGE 56 EMUL +
t 0 ~ 4) At. E XANDF. R 57 FMLJ I. +
tp ~ 2) TAYLOR 59 EMUL +
'4ENTS NOT AVERAGED

0 ~ 2 ROF 61 HLBC +
0 7. SHAKlFF 64 HLBC +
Oe11 PA NOOUlA 5 70 EMUL +

OF T AYLOR S9
e e e
0 ~ 087 AVI=R4GE (ERROR [NCLUDES SCALE FACTOR Of 1 ~ 0)
0 044 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 0)

11/67
11/67
LO/70+

10 CHARGED K DECAY RATES

Wl (UN, I 0++6 SEC-1) (P 1)
WL FORD 67 CNTR +-
Wl ~ ~ ~ ~ ~ ~ ~ ~ ~

WL FIT 51e 55 0 ~ 25 fRO~ f IT ( fRROR I NC\. UOES SCALE FACTOR AF 1 ~ 2)

8/67

Re CHAR.
R6 0
Re 0
Re 0 EARL
Re
Re 429
R6
Re AVG
R6 F IT

K INTO E P[0 NEU (E3) (UNI TS Lptt-2 I (P6) /TQTAI.
{3e2} (1 ~ 3) 8 I R GF 56 F MUL +
('5 ~ 1} (1 e3) AL EX ANOC R 57 EMUL +

f ER EXP FR [MFNT5 NOT AVERAGEA
5 ' 0 0 ~ 5 ROf 61 HLI}C +
4 ~ 7 0 ~ 3 SHAKLEE 64 H( BC +

~ ~ ~ ~ ~ ~ ~ e
4 ~ 78 0 ~ 76 AVLRAGF (ERROR INCLUDES SCALC FACT(1R OF 1 0}
4 ~ 855 0 070 f ROM F IT ( ERR 3R INCLUDES SCALE FACTOR OF 1 I I

11/67
11/67

RG. K INTO PI Pt+ Pt — (TAU) (UN. Lot te SEC-I} {P3)
t 4e 496) I 0 ~ P30 ) FORD 67 CNTR +- SFE NOTE F
(4 529) (0.032) FORD 70 ASPK SEE NOTE F
4e'51[ 0 ' 024 FORD 70 ASPK SEE NOTE

L45T IS THL COMBINED RESULT Of FORD 67 AND FORD 70
e ~ ~ ~ ~ ~ ~ ~ ~

4. S13 0 ~ 023 FRAM F IT (ERROR INCLUDES SCALE FACTOR OF 1 1)

W2 C H!\

WZ

W2 'F 2M
W?
W2 F THF.
W2
W2 FIT

C HAR ~ K INTO I TAU I - ( TAU PRIME }
USCD ' FOR OFI.TA [=1/2 TFST

~ ~ ~ ~ ~ ~ ~ ~ ~

3e158 0 ~ 039 FROM F IT

W3 I (INI TS f0++6 SEC-1) ( P3-P4 }
W3
W3
W3 f [T

8/67
11 /70a'
LI/704'

R7 CHAR ~ K INTO {P[2 + MU3}/(TOTAL'I ( PZ+P 5 }/T Dl AL
R7 WF. COMB IV F. THESE TWO MADES FOR FX PTS ME ASL}R ING THFM I N XENON RC
R7 BFCAIJSF OF DIF F IC&ILTIES OF Sf PARAT fNG THFM THERF
R7 Z3 ~ 4 1 I RAF 61 HLBC +.
R7 886 25 ~ 4 0 ~ 9 SH 4KL EE 64 HL BC +
R7 ~ ~ ~ ~ ~ ~ e ~ e
R7 AVG 24 ~ 60 0 ~ 98 AVERAGF. ( FRRAR INCI. UOES SCAL E FACTOR OF 1 4}
R7 FIT 24e12 D ~ 29 FROM f IT (CRRAR INCLUDES SCALE FACTOR AF 1 ~ 2l

RB P05[T ~ K INTO P[+ PI+ E- NEU (UNITS LORY+-7} {PRI/TOTAL
R!} {20' ) DR (.ESS 8[R('E 65 FBC + 95 PER CT CONF
RR 0 (6 ~ 9) OR LESS ELY 49 HLIIC t Q5 PER CT CANF

1 '1/67

11/67
11/67

8/66
10/69

W4 CHAR ~ K INTO (MU PIO NFU) t {E PIG NEU) (UNITS Lptte SEC-1 I {P5+P6)
W4 IISEO FOR DFLTA I~1/2 TFST
W4 ~ ~ e ~ ~ ~ ~ ~ ~

F IT 6 SL 0 12 FRO& FIT

R9
RQ

POSIT. K INTO PI+ Pl- MU+ NEU (UNITS LOt-SI
0 ~ 77 0 ~ s4 0 50 CLINF 65 f BC

R10 POSIT ~ K INTO Pf+ PI+ MU- NEU {UN ITS LO'tt-6)
R 'LO 0 (3 0}OR LESS 8 I RGC 65 FBC

(PQ) /TOTALt
(Plp) /TOTAl
+ 95 PFR CT CONF 8/66
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For notation, see illustrated key at beginning of data card listings

Stable Particles
8 11
R 1 1

R11
R1 1
R 11

R12
812
R12

( HAR ~ K INTO E NFU ( UN t T S 10*¹-'5) t P 11)/ TOTAL

( 160~ 0) OR L ESS 80RRF ANI 64 HBC + CONL FV=O ~ 95
2 ~ 1 1 ~ 8 1 ~ 3 BOWEN 47 OSPK +

BOWFN RFSI)LT SHOULD BE CORRECTE0 TO 1 9(+1 7 —1 21 BECAUSE OF
K+ TO E+ NFU GAMMA OFCAYS BEFORE COMPARING WITH BOTTFR ILL 67 RZR

CHAR, K INTO P I GAMe(A GAMMA/TOTAL (UNITS 10¹¹-41(P 17) /TOTAL
(1~ 1) OR LFSS CHEN 68 OSPK + T(P I )*0 TO 90MEV
(0 ~ 4) 0R L FSS KLEMS2 70 OSPK + T(P I)GT 117 MEV

11/67
8/67

5/68
12/70¹

R25
RZ&
R25
R25
R25
R25
R25
R25
R25 AVG
R25 FIT

CHAR ~ K I NTO ( F P I 0 NEU) / I MU NEU 1 (P6)/(Pl)
472 0 ~ 0797 0 ~ 0054 AUFRBACH 67 OSPK +
THE VALUE ~ 0785+- ~ 0025 GIVEN IN THF. ABOVE REF IS AN AVERAGE OF
AUERBACH 67 R25 AN0 CESTER 66 R23
960 ~ 0 7 75 ~ 0033 BOTTERt 1 68 ASPK +
561 0 ' 069 0 006 GARLAND 68 OSPK +
350 0 069 0 006 ZELLER 69 ASPK +

~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 07%3 0 0025 AVFRAGE tERROR INCLUDES SCALE FACTOR OF
0 ~ 0761 0 0011 FROM F IT I ERROR INCLUDES SCALE FACTOR s)F

8/67

5/68
4/68

10/69

R13
R 1 3
R13
R13

R14
R14

CHAR ~ K INTO P I P IO GAMMA

18 (2 2) (0.7)
0 (1 9) 0R LESS

90 PER CENT CONF I OFNC E

( UNITS 10¹¹-4) {P13) /TOTAL
CL INE 64 FBC + P I+ KE 55-80 MEV 8/66
EMMERSON 69 OSPK PI+ 55-80 MEV 10/69

10/69

8/66
CHAR ~ K INTO PI PI+ PI — GAMMA(UNITS 10¹¹-4) (P14)/TOTAL

1 ~ 0 0.4 STAMER 65 EMUL +

R26
R26
R26
R26
R26
R26 AVG
R26 FI T

CHAR ~ K I NTO
3 10 0 ~ 060?
424 0 ~ 055
240 0 054

~ ~ ~ ~ ~

0 ' 0569
0 ' 0502

( MU P 10 NEU)/{MU NEU) ( P51/(P 1)
0 0046 AUERBACH 67 OSPK +
0 ' 004 GARLAND 68 OSPK +
0 F 009 ZF. LLER 69 ASPK +

~ ~ ~ ~

0 ~ 0029 AVERAGE tERROR INCLUDFS SCALE FACTOR OF
0 ~ 0018 FROM F IT (ERROR INCLUDES SCALF. FACTOR OF

leo)
1 8)

8/67
4/68

10/69

Rl&
R15
R15
R15

R16
R16
R16

C HAR

1

CHAR

K INTO P( E+ F-
{ 1 ~ 1) OR LFSS
(0 ~ 4) OR LFSS
(4 4) OR L ESS

~ K INTO P I MU+ MU-

( 3 ~ 0) OR LFSS
(2 ~ 4) 0R LESS

( l)NITS 10¹¹-61 ( P 151/TOTAL
CAMFR INI 64 FRC +
CL I NF 67 FBC +

8 I S I 67 DBC + 90 PER CT CONF

(UNITS 10¹¹-61 (P161/TOTAL
CAMFRINI 65 FBC + 90 PER CT CONF

BISI 67 DBC + 90 PER CT CONF

8/66
11/67
11/67

8/66
11/67

R27 CHAR ~ K INTO (MU NEU)/(TAU) (P 11/ (P 3)
R27 R 427 (10' 38) (0 ' 82) YOUNG 65 FMUL +
R27 R DELETED FROM OVFRALL FIT BECAUSE YOUNG 65 CONSTRAINS HIS RESULTS
R27 R TO ADO UP TO 'I ~ ONLY YOUNG ME ASURF 0 MU2 0 IR FCTL Y ~

R27 e ~ ~ ~ ~ ~ e ~ ~

R27 FIT 11~ 421 0 ~ 085 F ROM F IT

9/66

R17
R17
R17
R17
R17
R17

('.HAR. K INTO ( PI PI, l )/TAU
134 3 ~ 24 0e34

1045 3 96 0. 15

(P2)/(P3)
YOUNG 65 EMUL +
CALLAHAN 66 FBC +

AVG
F IT

3 ~ R4
3 746

0 ' 27
0 ' 058

AVERAGF. (FRROR INCLUDES SCALE FACTOR OF. 1 9)
FRO& FIT I ERROR INCLUDES SCALE FACTOR OF 1.2)

~ 8/66
9/66

R28
RZ8
RZB
R28
R28
R28 AVG

~ e ~ e ~

2 ~ 04
~ ~ ~

0 ~ 28 AVFRAGE I FRROR INCLUDES SCALE FACTOR OF 1 0)

CHAR. K INTO I F NFll) /(MU NEU) {UNITS 10¹¹-'51 (Pll) /(Pl)
10 le 9 0 7 0 ~ 5 BOTTERILL 67 ASPK +

8 1 ~ 8 0 ~ 8 0 ~ 6 MACEK 69 ASPK +
66 2 ~ 15 0 ~ 35 CLARK 70 OSPK

11/67
4/69

I I/70¹

R Is)
RIB
R18
R IB
R18
R18

R19
R19
R19
R19
R19
R19
R19
R I&
819

CHAR ~ K INTO (P I 2PI 0)/TAU
2027 0 ~ 303 0.009 81 St

17 0 393 0 099 YOUNG

(P4)/(P3)
65 H+HL t
65 EMUL +

AVG

FIT
0 ~

0 ~

~ ~

3037
3004

0 ~ 0090 AVFRAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)
0 ~ 0078 FROM F IT ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

CHAR
2175

38
H 1505

H1505
H

AVG
FIT

(MU P 1 0 NFU) /TAU (P5) /
0 035 BISI 65 H+HL +

0 ~ 16 YOUNl 65 FMUL +

{0' 017) EICHTEN 68 HLRC +
0 ~ 019 HA I DT 71 HL RC +

IS h RFANALYSI S OF EICHTEN 68

~ K

Oe
0.

(0
0 ~

HA I

INTA
632
90
510)
503
OT 71

{P3)

0 ~

0 ~

~ ~ ~ ~ ~ ~

536 0 ~ 0'54 AVERAGF. t ERROR INCLUDES SCALE FACTOR OF 3 ~ 21
573 0 ~ 019 FROM FIT (ERROR INCLUDES SCALE FACTOR OF I ~ 8)

I SEE IOCOGRAM RELOW )

~ 8/66
8/66

~ 8/66
8/66

11/68
12/70¹

R29 CHAR ~ K INTO (MU P IO NEU) /I E P IO NEU) (P5)/(P6)
R29 C1509 0 ~ 703 Oe 056 CALLAHA1 66 HLBC
R29 5601 0 667 0 ~ 017 80TTERt2 68 ASPK +
R29 A 1398 (0 604) (0 ~ 0221 E I C HTE N 68 HL BC
R29 A t 0 ~ 5')61 ( Oe 025) HAIDT 71 HLRC +
R29 COMMENTS
R29 H HA I DT 71 IS A RCANALYSI S OF F. ICHT FN 68
R29 A ONLY tNOIVIOUAL RATIOS INCLUDE0 IN FIT--SEF R19 AN& R20--
R29 C FROM THIS FXPER IMENT WE USE ONLY THE MU3/F3 RATIO AND 00 NOT
R29 C INCLUDE Ie( THE FIT THE RATIOS MU3/TAU AND E 3/TAU, S INCF THEY
R29 C SHOW LARGE OISAGREFMENTS WITH THE RFST OF THE DATA ~

R29 ~ ~ ~ ~ ~ ~ ~ ~ ~

R29 AVG 0 670 0 ~ 016 AVERAGE. (ERROR INCLU lES SCALE FACTOR OF

R29 FIT 0 ' 659 0 ' 022 FROM F IT {ERROR INCLUDES SCALE FACTOR OF

R30 CHAR ~ K tNTO PI E NEU GAMMA/PI E NFU ( P 1'I ) / (P6)
R30 8 0 ~ 012 0 ~ 008 BELLOTT1 67 HLRC +
R30 8 GAMMA ENFRGY GRFATER THAN 30 MEV

1 0)
1 ~ Bl

6/68
6/6 s)

10/68
IZ/70¹

1 I /68

11/67

L)EIGHTED AVERAGE = O. S36 4 O. OS4

ERROR SCALED BY 3.2

R31
R31
R31

K- INTO PI+ E- E-/TOTAL t UNITS 10¹¹-5) (P19) /TOTAL
TEST OF LFPTON NUMBFR CONSFRVAT ION

(1 51 OR I ESS CHANG 68 HBC CL = 3/68

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 xf 5xs
and scale factor, which are differ-
ent from the values shown here.

R34 CHAR ~ K INTO P I ('eAMMA / T 3TAL ( UNITS 10¹'¹6) t P22) /TOTAL
R34 4 ~ OR LESS ~ CL= ~ 90 KLEMS 70 OSPK + I/71¹

R32 CHAR ~ K INTO PI NFU NFU/ TOTAL {UNITS 10¹¹-6) (P20)/TOTAL
R32 ( 100.0 ) OR L FS S CL= ~ 90 CAMER INI 69 HLBC + TEST NFUTR. CURR ~ 5/70
R32 K I ~ 2 OR LESS Kl FMS 70 0SPK ". /70
R32 K ASSUMES P I+ SP ECTRUM SAMF. AS P IO SPFCTRUM t N KE3 DECAY

R33 CHAR ~ K INTO E NEU GAMMA / TOTAL (UNITS 10¹¹-5) (P21)/TOTAL
R33 M (7»1) OR LESS MACEK 70 OSPK + P( F) 234 TO 247 1Z/70¹
R33 M ABOVF IS MEASUREMFNT OF STRUCTURE-DEPFNDFNT DECAY ONLY

R3 5 CHAR ~ K INTO ( T AU ) / ( T AU P R I ME )
R35 USED FOR DELTA I=1/2 TFST
R35 ~ ~ ~ ~ ~ ~ ~ ~ ~

R35 F IT 3~ 329 0 ~ 086 FR04l F IT

(P3/P41

0.2 0.6 1.0

HAIDT
YOUNG

.BISI

1.4

CHISQ
71 HLBC 3.1
6S EHUL

6S H+HL 7.S
10.S

(CONLEV
=D .001)

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 listings

1
above; only those Pi appearing in the matrix are assumed in the fit to be nonzero and
are thus constrained to add to i.

R20
R20
R20
820
RZO
R20
R70
R20
R20
R20

R21
R21
R21
R21
R21

R22
R22
R22

R23
R23
R23
R23
R23
R23

CHARGEO K INTO (AU PIO NEU) r (TAU)

CHAR

230
37

854
H 4385

H43 85
H

AVG
F IT

K INTO
0 ~ 90
0 ~ 90
0 ~ 94

(0 ~ 846)
0 ~ 850

HA IDT 71

( F P IO NFU) /TAU
n. 0/.
0 16
0 ' 09

(0 ~ 021)
0 ~ 019

IS A RFANALYSI S

(P6) /{P3)
RORRE 4NI 64 HBC +
YOUNG 65 E MUL +
BELLOTT2 67 HLBC
FICHTEN 68 HLBC +
HAI OT 71 HLBC +
0F E ICHTFN 68

0 ~ 858
0 ~ 8&0

~ ~ ~ ~

0 F 018 AVFRAGE (ERROR INCLUDES SCALE FACTOR OF I 0)
0 013 FROM FIT (ERROR INCLUDFS SCALE FACTOR OF 1 el)

~ 8/66. 8/66
11/67
11/68
12/70¹

POSIT ~ K INTO (PI+ PI- E+ NCU)/TAU(UNITS 10¹¹-4)t P71/(P3)
t9 6 ~ 7 l. 5 8 I RGF 6 FBC +

269 5 ~ 83 0 ~ 63 ELY 69 HLBC
8/66

11/68

AV G

~ ~ ~ ~ ~

&6
~ ~ ~ ~

0 ~ r 8 AVFR AGE ( ERROR INCl UDES SCALE FACTOR OF 1 0)

8/66
11/67

8/67
3/68

AVG
F IT

~ e ~ ~

6 02
5 ~ 733

~ ~ ~ ~

0 15 AVFRAGF (FRROR INCLUDES SCALE FACTOR OF 1 ~ 0)
0 ~ 090 FROM F IT I ERROR INCLUDFS SCALE FACTOR OF 1 ~ 1)

POSIT ~ K INTO tP I+ PI- MU+ NFU)/TAU(UNI TS 10¹¹-4)t P9) /(P3)
1 (2 5) APPROX GREINER 64 FMUL +

7 2 ' 57 1 55 Bl SI 67 DBC +

CHAR. K INTO (F PIO NEU) /(MU2+P12) (UNITS 10¹¹-2)(P6)/(Pl+P2)
1679 5 ~ 89 0 ~ 21 CESTFR 66 OSPK +

5110 6 ~ 16 0 ~ 22 ESCHSTRUT 68 0SPK +

P 4 P 5P 1 P 6
P 1 ~ 638+- ~ 003
P 2 F 850 ~ 209+ ~ 003
P 3 — 138 —~ 062 ~ 056+- F 000
P 4 —e 127 —~ 051 ~ 14~ . ~ 017+- ~ 000
P 5 - 257 - ~ 188 e 083 e 002 ~ 032+ -~ 001
P 6 —~ 230 —~ 198 ~ 168 ~ 009 ~ 481 ~ 04 9+- ~ 001

P 2

FITTED PARTIAL DECAY MODE RATES

G
0 1 .515+-.003
G 2 - ~ 669
G 3 —~ 106
G 4 —~ 099
G 5 - 213
G 6

G 2 G 4 G 5 6

169'- ~ 002
—~ 038 ~ 04'5+- ~ 000
—~ 041 ~ 1 39 ~ 014+-.000
—~ 176 ~ 083 ~ 002 ~ 026+-.001

173 ~ 165 ~ 010 ~ 482 ~ 039+- F 001

The matrix below is the branching fraction matrix above, transformed into rate

space; i. e. , G. =— F. = F IP. , 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-diagonal

1 1 1 1 1
elements are the normalized correlation coefficients (6G.6G.)/(6G. ~ 6G.). Note that,

because of the error in F, the errors and correlations here are not directly derivabletotal'
from those above.

R24
R24
R24
R24
R24
R24

CHAR ~ K INTO (PI PIO)/tMU NEU)
0 ~ 37 53 0 ~ 0065 AUER 1ACH

0 306 0 F 018 ZELLER1600

t P2)/(P11
67 OSPK +
69 ASPK +

AVG
FIT

0 ' 32 30
0 3280

~ ~ e ~

0 ~ 0065 AVERAGF. (ERROR INCLUDES SCALE FACTOR OF 1 ~ 11
0 ~ 0059 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 2)

8/67
10/69
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@table Particles
Slope Parameter for K~3m Decays and

For the 3z decays of the K rnesons we list the

slope parameter "g" which is defined. by

2 {s - s0)
)Mf rr 1+ g

-c a
g — ~ with cy v

y y

2m

2 m Q

where

2 . 2s. = {p — p. ) = {rn — rn. ) — 2 rn T.i K i 1 1

eO = —Ps. = —(m +m&+m +m3)2 2 2 2
0 3 1 3 (3)

(b) For the analysis of K decay the expression often
used ls:

iMi = I + 2sr 2 (2T3 - T3 )
rI1

with
p, p. are the four-vectors for the K and—K' —i .ththe i pion, and the index 3 refers (4)

to the odd pion.
T3 max

2 2 2m +m3-4m
2M 3

We refer to the three possible charged decays as ~,
0

+K ~ mme
oo+~ m mom

0 + o~ mme2

where the odd pion is the third one.

There is no strong evidence so far that a second
order term is needed in Eq. (i). Most of the experi-
rnenters have fitted their data with a second order term,
which turned out to be consistent with zero. We use
the value of g obtained when the second order term

The relevant transforrnations are

+ —(1+ &)3 0 Q
3 2 3

arid

'M 2
, w1th ct =

2 j3 (1+&) - T l ~

m +

For the reader's convenience we give a table of
numerical values for Q, T3. , D, c and c, obtained3 max' '

y
using the masses from our August 1970 edition.

was dropped from the fit. HEUSSE 70 have studied
the K ~ m z & decay where only a second order term
could explain deviation from uniformity of the Dalitz
plot. They also get results consistent with a zero

Q

74.96
84.24

83.54

T
3 max

48, 15

53.27

53.92

-0.0789

c
y

0.7894
0.7025

0.0798 0.7028

0.0924
-0.0778
0.3C 76

coefficient.
In the literature other definitions of slope pararn-

eters have appeared. We have converted to the defi-
nition of g in Eq. (1) whatever experimental quantiry
has been reported. We give the conversion to the
definition (1) for two of the most widely used parame-
trizations and tabulate the conver sion factors for the
reader's convenience.

(a) For analysis of charged K's the expression often
used 18+

Some K authors use the above form of matrix
element:

but define

The relevant transformation is then

with

= I+A~
y

-2a
with c)+a c uu u

0.2272.
m +

qT

3T -Q
g=m -gm. .

Older K analyses were done using

T3I+A
The relevant formulae are:

s -s II1 -m m +m
Y = - — +A, with&= {2- —

)

The relevant transformation is then
- c a

V V
i+ d

V V
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For notation, see illustrated Jtey at beginning of data card listings.

with

cv

2m + 0.0393
2 2

and d = (1 + ~) = 0.0604.
v 3

10 CHARGFO K ENERGY DEPENDENCE OF OAL ITZ PLOT

AVIATRIX

E( Eu(ENT SQUARED = I + G (53-50) /( MPI see2)

GT+ L INEAR

GT+I 5428
GT+ 9994
GT+ 2M
CT+ Gt7t)98
GT+ 39819
GT+ G

GT+ l ALSt)
GT+
GT+ AVG

GT- L I NEAR

GT- F 1347
GT-M 5778
GT- 50919
GT- F s(t) RA
GT- M ALSO
GT-
GT- AVG

ENERGY DFPFNOENCE (G) FOR TAU DECAYS CHARGED K INTO PI Pl+PI-
THESE FXPTS F I T Mee2=1+AYeY ~ MF LIST G IN THF. MAIN L ISTING ANO

GIVF AY AT R IGHT ~ Ge-1 ~ 5eAYe(MP I ee2) /(MKeQ) ~ SEE NOTE ABOVE ~

-0 22 0 ~ 024 Z I NCHENKO 67 HBC + AY"-'0 ~ 28+- ~ 03
-0 ' 218 0 ' 016 BUTLFR 68 HBC + AY=0 277+- ~ 020

(-0 223) (0 004) FQRO 70 A SPK PRELIMINARY

(-0 ~ 196) (0 ~ 012) GRAUMAN 70 HLRC + AY 0 ~ 228+- ~ 030
Oa 201 0 ~ 008 HUFF MASTE 70 H( BC + INCLUDFS GRAUMAN

EM(JL S. DATA AODFD - ALL EVENTS INCLUOFO BY HOFFMASTER 70
INCLUDES OBC EVENTS

~ t ~ ~ ~ ~ ~

0 ~ 20 57 0 ~ 006 9 A VFRAGF. ( ERROR INCLUDES SCAL F. FACTOR OF 1 ~ 0)

ENFRGY OEPENOFNCE (G) FOR TAU DECAYS CHARGED K INTO PI PI+PI-
FOR &EF INI Tl ON AF AY SEC N()TE UNDER SIOGT+
(-0' 220) ID' 035) FFRRO-( UZ 61 HBC — AY=0 ~ 28+- ~ 045
-0 ' 190 0 023 MOSCOSO 68 HBC - AY=0 242+- ~ 029
-0F 194 Oo007 MAST 69 HBC - AY=0 ~ 247+- ~ 009

DI ATIVE CORRECTIONS INCLUOEO
INCLUDES OBC FVENTS

~ 4 ~ ~ s ~ ~ ~

-0 1937 0 ~ 0067 AVFRAGF. (ERROR INCLUDES SCALE FACTOR OF 1 0)

10/69
10/69

t/71»
8/70s
I /71e
1/71e

10/69
1 0/69
10/69 (

OG ((GT+)-(GT-) ) /( (GT+) +(GT-) ) IN PERCENT

OG 2M -0+70 0 ' 53 FORD 70 ASPK it/70e

GTP L IN F AR

GTP 1792
GTP 1874
GTP 4048
GTP 1157
GTP 1527
GTP
GTP
GTo AVG

ENFRGY DEPENDENCF
0 ~ 48 0 ~ 04
0 586 0.098
Oo 516 0 ~ 020
0 ~ 602 0 ~ 049
0 602 0 ~ 061
Oe 516 0 ~ 074

( G) FOR TAU PRIME
KALMUS
Rl Sl
DAVISQN
A(JBERT
AUBFRT
PANOO(JLAS

DECAY CHA ~ K INTO PI PI OP 10
64 HLBC +
65 HL BC + AL SO HBC
69 HLBC a At SO EMU).

70 HLBC + USFS PI+ SPECT ~

70 HLBC + (JSES GAMMAS ALSO ~

70 EMUL +

10/69
10/69
10/69

1/714'
I/71»

10/704'

0~ 527 0 017 AVERAGE (FRROR INCL(JOES SCALE F ACTOR OF 1 ~ 1I

Note on K and K Form Factors

4) Radiative corrections are not serious; they change

by about 0.005 (GINSBERG 67 and 70).
Momentum tr ansf e r dependence of (. From Eq.

(38) and Eq. (39) in the main text, it is clear that in

the first approximation one has

1(q ) = ((o)li + (& - &+)tf

where t = q /m . This shows that the three parameters2 2

((0), k, and k can be highly correlated. Many of the

The definition of all the variables listed in this

section can be found in the text. As in the past we keep

the values of ( as obtained in p, polarization rneasure-

rnents (8 ) separated from the values obtained from

branching ratios and spectra ((A), but combine them

in order to display in an ideogram the discrepancies

in Re (.
Many appraxirnations are usually made ta extract

these parameters from the experimental data:

1) Scalar and tensor currents. There is no evidence

for scalar or tensor currents so pure vector current

is usually assumed.

2) Im ( so far is consistent with 0, and this is usually

assumed in most of the experiments.
2

3) The q dependence of the f form factors is

assumed to be linear, as in Eq. (38) in the main text.

Q feg) (e Pe I'4l cles

old experiments have assumed k = k = 0; however,

recently it has become clear that in order to eliminate

the discrepancies between gA and (, k and k shouldB'
be included in the fits. We discuss each method of

determining ( separately.

a) Branchinz ratio analysis. From Eq. (40) in the

main text it is clear that ddk+
Therefore for k = 0.05, &( = - 0.55. The old hypoth-

+
esis k = 0 certainly is not very good.

b) Dalitz plot analysis. From Eq. (37) in the main

text, it appears that the Dalitz plot distribution of the

K 3 decay is essentially dependent only upon k and
e3 +

independent from g; therefore, the values of k obtained

from K 3 data can be directly averaged.
On the other hand for the K 3

Dalitz plot, all three
p, 3

parameters are involved and they are correlated. For

example, CHIEN 70 (in a neutral K experiment) find

that k is not sensitive to ( and k variations, whereas

E and k are highly correlated. HAIDT 74 (in a K

experiment) find that the uncorrelated parameters are

E(0) and F(6.8). Because of these correlations, we list
the values of k from K 3 decays separately from those

p, 3
obtained from K 3 decays and do not list k at all.

e3
refer the reader to the original papers for discussion

of the k parameter.
c) Muon polarization analysis. The p, polarization

depends only on ((q ); the k and k parameters do not2.
appear explicitly in Eq. (44) in the main text. For

2
large statistics one could determine g(q ) and then derive

F(0), k, and k . This has not been possible -with the
+S

statistics available so far.
In addition to the most carnrnon correlatian among

k, and k, there are many experimental difficulties.

For example, in the Dalitz plot both ( and k are most

sensitive to the low E region, which happens to be the

least populated area; hence, the parameters are deter-

mined with a very small fraction of the data. Many

experiments are sensitive only to part of the Dalitz plat.

Others fit only one projection of it, which may yield

more than one solution.

In conclusion, due to var'ious experimeatal "diQicu1tie~.

and inhomogeneous treatment of the data by the various

experiments, in this edition we continue our past policy

of not quoting 'average v'alues; -and limit -our review to

a listing of experimental data. Again, as in the past,

the table does not include any values for k and (.
For a recent review on K&3 form factors, see

Gaillard and Chounet.
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gt~gle Particles
For notation, see illustrated key at beginning of data card listings.

Reference IX I
IXI

IMAGINARY PART OF Xl (TEST OF T REVERSAL)
Orl 0 ~ 4 0 3 RETTELs 68 HLRc RALAR[zar[DN 10/69

M. K. Gaillard and L. M. Chounet, K&3 Form Factors,
CERN 70-44 (May 4970), and Phys. Letters 32B, 505

(1970).

FS FS/F+ RATIO OF Sch{.hR TA F+ COUPLING S ( ARS ~ VAL{JF. )

FS
FS
FS

{~ 18) OR LFSS
( ~ 30) OR LESS

{0~ 23) OR LESS

BFL{.OTT2 67 HlBC 90 PERC CONFLFV 10/69
KALHUS 67 HLRC + 95 PFRC ~ CONFLEV 10/69
SorrERt{.1 68 ASPK CL=90 PFRCENr 8/66

FT Fr/F+ RATIO OF TFNSOR TO F+ COUPLINGS t ARS ~ VAL(JF)

10 CHARGFD K FARM FACTORS R/67

FT
FT
FT

{ 58) AR LESS
( 1 ~ 1) OR LESS
( 0 ~ 58) OR L ES'5

BFLLDTT2 67 HLRC
KALMUS' 67 HLBC
ROTTFRIL 1 68 ASPK

90 PE RC ~ CANFL EV 10/69
+ 95 PERC ~ CDNFLEV Lo/69

CL=90 PERCFNT 8/66

F+ AND F- ARF FORM FACTORS FOR THE VECTOR MATRIX CLEMENT

F 5 AND FT REFER TA THE SCALAR AND TENSOR TERM

L+E
L+F.

LAMBDA + (LINFAR ENERGY DFPENDENCF. OF F+ IN KE3 AFC4Y)
FOR RAD, CARR ~ TO Tt{F DAL I TZ PLAT ~ SFF. 0 INS SERG 67,

X[4
XIA
x)4
Xlh
X[4
XI A

XI 4

XI A = F-IF+ ( DFTERHINED FROM SPECTRA ANO KHU3/KF3'

SORE OF THE OLDER EXPERI&{ENTS HAVE EVALUATED XI ASSUMING THAT IT I S

INDEPFNAENT OF THE MOMENTUM TRANSFER I T) e I ~ Er e THEY SET L+&L-no ~

ATHFRS HAVE ASSUMED A VALUE FOR L+ ANO USED L- 0 ~ ONlY RECENTLY

RATH L+r L- AND XI (0) (OR THRFE RELATED PARAMF TER'5) HAVE SEEN

INCLUD-

EDD IN TH'E F ITS ~ SEE Hh IOT 7L ~ '(OR CHIEN 70 FOR KOL) ~

X[A L 76 (+1~ 8) t Lrb) BRAWN 62
Xl A L 87 (+0~ 7) (0 ~ 5) GlacOMELL 64
X[A L (-D ~ 1) {0 7) JENSF.N 64
XtA L (-O. 17) (O.75) (O.99) SHAKLFF 64
X IA L (+0~ 6) {0 ~ 5) 81St 1 65
X[A STWN +0 ~ ? AND +1 ' 4 CUTTS 65
X(4 L 1509 (+0 ~ 4) (0 ~ 4) CALLAHAI 66
X Ih 2648 0 ~ 0 1 1 0 ~ 9 CALLAHAL 66
X I 4 «4 e 0.72 0.RO Call aHa1 66
Xla L {e0.75) {0.50) AUFRSACH 67
XIA F. 1398 {-0F 60) {0' 20) ElcHTEN 68
X I 4 F. E ICHTEN bi) RF PLACED RY HA[AT 71
Xf 4 8 560[ {-0+08) (0 15) BATT ER IL 2 68
x th L 78 (-0.5) (0.9') El SLER 68
Xf 4 L 976 (+1~ 0) {0 ~ 6) GARL AND 68
X{A 0 ~ 9L 0 ~ 82 ZElL ER 69
Xt 4 8 -0 ~ 35 0 ~ 22 BATTFR[l 70
XIA Q 3240 {-0&RO) {0~ 50) HA[AT 71
XIA 3240 0 ~ 50 1 ~ 5 HA I DT 71
X[4 [505 -0&72 0 ~ 21 HAIDT 71
X[4 Q VALUES AT T=O 4ND AT T=b ~ R ARE .UNCARRELATE

xf a 8 r=o RATTFRIL 69 ts REFVA). var[ON OF BATTER
X{4 E T=4 ASSUMES L+= ~ 0?3+-~ 008 - INSFNSIT IVC
XIA L L+ AND L- ASSUMED rA t)E ZERO — NAT AVERA

X I A Z T=o ZELLER 69 ASS{JMFS 1+=0~ 023 L-=0
XI 4 ~ ~ ~ ~ ~ ~ ~ ~ ~

XIA AVFRAGF MFANINGLFSS (SCALE FACTOR 1 3)

XEBC +
EMUL +
XESC +
XESC +
HBC +
OSPK +
FRRC +
FRRC +
FRRC +
OSPK +
HLBC

NU+rPIO SPECTRA
'4U+ SPECTRUH
HUM P[0 SPECTRN
KMU 3/KE 3
KMU3/KE3
e(U+ SPECTRUM
KMU3/KE3
HU+ SPECTRUM
P+0 SPEC ~ FtX MU

KMU3/KF3
KMU3/KE3 Tn4 ~

ASPK +
HLSC +
OSPK +
A5PK +
OSPK
HLSC +
HLBC +
HLBC +

0
IL2 68 W

TO L-
GED

KH3/KE3 ~ LM+= ~ 023
PI 0 SPECTeLM+-=0
KHU3/KE3&LM+-=0
KH3/KE3 NOTE Z

KM3/K E3 ~ L M»n ~ 045
Or P Le~ ~ 055 e T=7
0 ~ P ~ L+ = ~ 05'5 e T= 0
KH3/K E3 e L+e& ~ 029

I TH 0 I FF ~ L+

XIB 2100
XIS 397
XIR 2950
XI i) Rbooo
X IR 86000
X I 8 3133
Xt R R RETT
XIB
XI 8 AVER AGE

2 ~ 4
1 ~ 8
0 ~ 9
I ~ I
or 3
0&3

VALUF 5 AT

1 ~ 8 BORREANI
CALL 4HA1

3 ~ 3 CALLAHAL
BETTELS
RETTEL S
CUTTS

T =0 AND T=4e 9 ARE

+1 2- lr 4
-0~ 7
-0 ~ 6-I ~ 0
-Oa 9&

FL5 68
~ ~ ~ ~ ~

GLESS (SCALF FACTOR = 1 0)
~ ~ ~

MEAN I N

+ POL ARIZ ATION
FRRC» TOTAL POL 4- ~

66 FRSC + lANG POLAR ~

6R FRBC + TATAL POL ~ T=0
68 FR BC + TOTAL POL ~ T =4e 9
68 OSPK + TOTAL POL ~ T=3

UNCORRELATEDr

X IR X IS = F-/F+ ( AETFRMINFD FROM MU PAL A'Rl ZATION IN KHU3)

XIR THF MU POLAR[ ZATIAN [5 A MEASURE OF Xl{T) ~ NO ASSUMPTIONS ON I+-
X f8 VFCFSSARY T SHOULD BC SPECIFIE{l~

8/67
8/67
8/67
8/67
8/67
8/67
8/67
8/67
8/67
8/67

Lo/eB

6/68
6/68
4/68

10/69
10/69
2/7 14'
2/7 L»
2/71»
2/71»

10/69

8/67
8/67
RI67

11/69
11/69
6/68

L+E
L+E
L+E
L+E
L+E
L+E
L+F.
L+E
L+E
L+E
L+E AVG

217
407
230
RC4

1393
515
9eo

90
14.& 8

+or 036
-orolo
-0~ 04

0 ~ 045
+o.ole
+0 ~ OZA

{~ 05)
-0 02

~ 045

~ 045
o29

~ 05
0 &017

~ olb
~ 013

( ~ 04)
0 ~ 08

~ 015

RR OWN

JE NSF. N

RDRRFANI
0& 018 RFLLOTT2

I HLAY
&014 KALHUS

BATTE R IL
0 '12 E[5LFR

8 ATTE R IL

0&0286 0&0074 AVFRAGE (ERROR

62 XESC +
64 XFRC +
64 HBC +
67 FBC +
67 05PK +
67 FBC +

1 68 ASPK +
68 H( SC +
70 OSPK

Pto SPFC, NO R.C.
t&IO SPEC NO ROC
F+ SPEC&NA RE CD

DLTZ PLT, R. CD
ALTZ PLT&NO RE CD

F ~ Pl SPEC NO RE CD

E SPEC USF. S R ~ C ~

P IO SPEC &NO R ~ C ~

P f0 5PFCT RUM RC

INCLUDES SCaLF FACTOR AF 1.0)

I+M L AMRDA + (L INFAR ENFRGY AEPENDENC E OF F+ IN KMU3 DECAY )
L+M FOR RAD CARR ~ TO Dh{ (TZ PLOT AF KHU3 SEE GINSRFRG 70

L+H 0 ~ 055 0 ~ 025 HA[AT 71 HLRC KulU3 OAL ~ PL{lT

8 IRGE
IL OFF
ALEXANAE
COHEN
E ISFNRFR
SURROWES
TAYLOR

FRFAEN
BARKAS
RHOWHIK
FERRA LU
NORD I N

RAE
ROYARSKI
BROWN

BARK AS
BORRFANI
CALLAHAN
CANER IN[
CL INF.
GI ACOME{
GREINER
JE'4SEN
KALeeUS
SHAKLFE

56 NC 4 834
56 PR 102 927
57 NC 6 478
57 FUND ~ CO'4S ~ PHYS ~

'58 NC R 663
59 PRL 2 117
59 PR 114 359

60 PR 1 1t) 564
6 1 PR 124 1209
el Nc 2o 857
61 Nc 22 1087
61 PR 123 2166
61 PRL 7 346

PR 128 2398
62 PRL 8 450

63 PRL 11 26
64 PL 12 123
64 PR 136 8 1463
64 PRL L3 318
64 PRL 13 101
64 NC 34 1L34
64 PRL 13 284
64 PR 136 81431
64 PRL 13 99
64 PR 136 8 1423

REFERFNCF. S
10 CHARGED K (494& JP=O ) t=l/?.

SIR GE PERKINS, PETERSON STORK, WHI TEHEA (1RL )

IL OFF GOLDHARFR LANNUTT I ~ Gl(. BERT + (LRL )
AL CXANAE R ~ JOHNSTON ~ ACF ALLA IGH ( AURL IN INST )'

E R CA){FN, K M CROWE, J DUMONA lht+LRL+Clr)
F ISENRFRG ~ KOCHeLOHR~ANN ~ NIKOllc + ( RERN)
BURRO)(ES ~ CALDWELL& FR [SCH ~ HILL + (HIT)
5 TAYLOR, HARR [5 ~ ORF AR ~ LEE SAUi(EL ( COLS Jr(BI A )

5 C FRFDFN&F C GILBFRT ~ R 5 WHITF (LRL)
SARK AS ~ IlYER ~ MASANr NORRf 5 & NICKf)LS, SMIT {LRL )
R SHOWN[K ~ P C JAIN ~ P C HATHUR (DELHI UNIV)
FERRO-LUZZI MILLFR MURRAY ~ ROSENFELD+ (LRL)
PAUL NARDIN JR {LRL)
ROE e SINCLAIR e BROWN &GLASFR + ( MI CH eL RL )
BOYARSKI LAH, N[FMFLA RITSON (MIT)
BROWNe KADYK ~ TRILL I NGe RDF+ {LRL r MICH )

W H BARKAS ~ J N DYER& H H HFCKMAN {LRL )
G RORREA&4[ G RINAUDO 4 WFRSRO{JCK (TURIN)
A CALL AHAN ~ R MAR CH ~ R STA RK (WISCONSIN)
CAHFRINI CLINF. FRY PAWFLL (WISCANSIN+LRl)
0 CL INE& W F FRY (W I SCANS IN)
Gf ACOHELL I ~ HONTI QUAREN[+ ( BOLOGNA

MUNICH�)

0 GREINFR W OSRORNE W RARKAS (LRL)
JENSEN ~ SHAKLFE &ROF &SINCLAIR {Hf CHIGAN )
+KERNANr PU ~ POMELLr DAWA ().Rl e MI SC )
SHAKLFE JENSEN RAE. Sf NCL AIR (MICHIGAN )

»»4»4»»»»»4»4»»»4 4 4»»4»»»4»4 4 4»»»»»»»»»»»»»»»»»»»»»» 4»4»»»»» e»*»»»»4

8/67
R /67

I)./67
8/67
RI67
6/68
6/6 8

10/69

2/71»

RXI RFAL PART OF XI (COMBINED X[A ANA XIB)
Rxf 2100 +1 2 2 ~ 4 I ~ 8 BARR E AN I 65 H(. BC

RX I 2b48 0 0 LE I 0+9 CALL AHA[ 66 FRSC
RXI 444 +0 ~ 72 0 F 37 CALLAHAN 66 FRBC
RX[ 397 -1 4 1 ~ 5 CALLAHAN 66 FRBC
RXI 2950 -0 ~ 7 0 3 ~ 3 CALLAHAN 66 FRBC
R X I B6000 -0 ~ 6 1 ~ 1 RETTELS 68 FRSC
RX I 3133 -0+95 0 ~ 3 CUTTS 68 OSPK

RXI 0 ~ 91 0 F 82 zELLER 69 aspK
RXI R -Or 35 oe22 ROTTERIL 70 OSPK
hx I 3240 -oa 50 1 ~ 50 HA[AT 7L HLBC
RX I 1505 -or 72 0 ~ 21 HA I Ilr 71 HLBC

RXI ~ ~ ~ ~ ~ ~ ~ ~ ~

RXI AVERAGE MFANINGLESS (SCALE FACTOR 1 7)
( SE E IDEOGRAM BELAW )

+ MU POL
+ MU+ 5P.
+ Plo SP ~

+ r(U POL (TOT ~ )
+ HU POL ILONC& ~ )
+ &(U POL T=O
+ HU POL T=3
+ R R

KH3/KE3 ~ L (+r& ~ 0 e5
+ DAN Len ~ 055&T=O
+ KM3/KE3 ~ L+» ~ 029

10/69
2/714'
2/7L»

8 IRGE
BI 5 I
SISI 1
RORR FAN{
CALLAHAN
CAMER INI
CLINE

DE MARCO

AL 50
F ITCH
GRF I NER
5 T Ae{ ER
TR ILLI NG
7 RILL I NG

YOUNG

A{.SO

65 PR 139 R 1600
65 NC 35 768
65 PR 139 R 106R
65 PR L40 81686
65 PRL 15 129
65 NC 37 1795
65 PL 15 293

65 PR 140 R 1430
68 PR 169 1045
65 PR 140 8 LOR R

65 ARNS 15 67
65 PR 138 8 440
65 UCRL 16473
6'5 [5 UPOATFD FRAM

65 UCRL 16362
67 PR 156 1464

8 IRGE ELY ~ GIOAL CAMER INI CL INF. + (LRL+'W I 5)
RI SI R{lRRFAN[ ~ CFSTER ~ FERRARO + l TURIN)
R I 5 I,MAR ZAR I-C Hl ES 4, R I NAUDA ( TUR INA, INFN ')

RORRFAN[ r G I DAL eR INAUDO ~ C AFAR [O+ ( SARI e TUR IN )
A CALLAHANro CLINF ('W I SCONS I I4 )
C4HFR I Nl r CLINE ~ G ID AL ~ KAL MUS ~ K FRNAN {W[5+LRL )
A CL INEr W F FRY {MI SCANS IN )

OE MARCO, GROSSO ~ Rf NAUDO ( TUR INO+CFRN )
SAYER ~ SE ALL& DEVL [Nr SHE PHARD+ ( &A+PPA+PA{.MER )
F I TCH Q{)ARLFS WILK INS ( PRINCETON+i&ir HOLYK )
QUDTEA BY 84RKAS {LRL )

STAMER rHUETTER ~ KOlLER ~ TAYLOR ~ GR4UMAN {STEV )
GEORGE H TRILL ING (LRL )
1965 ARCDNNE CONF P AGF 5
POH-SHIEN YOUNG (THF5 IS ~ BFRKELFY)
P-S YO{JNG ~ M Z ~ OSBORNE ~ W ~ H ~ RARKAS

HAI0T
~ HAI0T
~ BOTTERIL
~ ZELLER
-CUTTS
~ BETTELS
-CALLAHAN
~ CALLAHAN
.CALLAHA)4

CALLAHA1
.BORREANI

71 HLBC
71 HLBC
70 GSPK
69 ASPK
68 06PK
68. FRBC
66 FRBC
66 FRBC
66 FRBC
66 FRBC
66 HLBC

CHISQ
1.9
0.1
2. 7
3.0
0.0

9.7
0.2

ADER BACH
SELLOTTL
BFLLOTT2

ALSO
8 IS
BOTT ER f).
SATTERIL
ROWF. N

67 PR 155 1505 +OORRSeHANN ~ MCFARL ANCeWH [TF {PFNN& PR IN)
67 HEIOELRERG CO)4F SELLOTTI &PULL IA (e{[LAN)
67 NC 52A 1287 RELLOTTI FIOR IN[ ~ PULL[A (MILAN )

be Pl Zo 69o BELLATTI, FIORINI PULLI A+ (H IL AN )
67 pL 2 58 572 SIS I C ESTER ~ CHIESA eVI{'ONF t TAR I NO )
67 PRL 1'9 982 ROTTER tLL BROWN ~ CORBFTT CULL IGAN e (OXFORD)
67 SEE 4L SA ROTTER ILL 68
67 PR 154 1314 SOWFN e(ANN ~ MGFARLANE ~ HUGHES+( PENN-PRI NCETD )

CL[NE 67
FL ETCHER 67
FORD 67
I ML AY 67
KALHUS 67
Z INC HENK 67

HE [DFL SERG CDA)F

PR). 19 98
PRL 18 1214
PR 160 1203
PR 159 1187
RUTGERSt THES IS)

CL INEe HAGGER TY ~ 5 INGL ETON&FRY+
FLFTCHER REIER FDWRAAS, +
+L ENON ICK, NAUENBF'R G, P IROUE
I MLA Y e E SCHSTRi JT){r F R ANKL I N+
KALMUS&KERNAN
Z INCHENKO

( W I SCCINS IN )
(tLLtNOtS)

(PRINCETON)
(PRINCETON )

(LRL )
{RUT C&ER 5 )

SETT ELS 68
BOTT ER IL 68
ROTTER I 1 68
BOTTER[2 68
BUTL FR 68
CHANG 68

Nc 56A 1106
PR 171 1402
PR 174 1661
PRL 21 766
UCRL-18420
PRL 20 510

AACHEN-8 AR I-BERGEN-CERN-EP-Nl JMF GEN-OR SAY+
BATTER[lL BROWN CORRETT&CULL IGAN+ (OXFORD)
ROTTER II.L e BROWN ~ CL EGG& CDRBFTT e+

(OXFORD�

)

RATTERILL BROWN CLEGG CORBETr + (OXFORD)
+RLANOr GOLOHABER rGALOHARERr Hl RATA+ (L RL )
CHANG ~ YOAH FHRLtCH, PLANA+(MARYLAND RUTGERS)

CALL AHA[ 66 PR 150 1153 CALL AHA N ~ CANER INI+ ( Wl SC e LRL& RIVERS IDE r SARI )
CALLAHAN 66 NC 444 90 4 C CALLAHAN t WIS{:ONSIN)
CESTER 66 PL 21 343 CE STER e F SCHSTRUTH ONE ILL + {PR I NC FTON P'ENN )
CFSTFR 66 SEF. ALSO FAATVOTE 1 OF AVE RSACH 67

0 2 4 6

COC)BINEO F-~F+ US IN(v BOTH XIA AND )(IB

17.6
I CONLEV
=0 .007)

. CHEN 68
CUTTS 6(f

ALSO 65
also 69

EICHTEN 68
E ISLER 68
E SCHSTRU 68
raRlaND bt)
NOSE OSO 68

P R{. 20 73
Pl{l"20"955
PR 138 8969
PR 184 1380
PL 278 586
PR 169 1090
PR 165 1487
PR 167 122 5

THFS[5

CHFN&CUTTS ~ Kl JEMSKI ~ STIENING + {LRL&HIT)
C'UT'TSr STICNING ~ MIEGAND& DEUTSCH (LRL ~ MIT)
CUTTSe EL[OFF ST IENING {LRL )
+ST[ ENINGe WIFGANOe DEUTSCH ((.RL ~ HIT )
AAC HEN-BAR I-C E RN-E P-OR 5 AY-P 4 DOVA-VALF Nc [4
E I SLER F UNG MARATECK ~ teEYER ~ PLANO (RUTGFRS )
E SCHSTRUTH e FRANK L I N'r HUGHE 5+( PRI NC ETON ~ PENN )
+T 5 I P I Se OF VON 5 ROS FN+ ( COLUMS I A RUT G ~ W ( SC )
H L MA5C O5O (UNIV PARI 5 ARSAY )

CA "{ERIN[ 69 PRL 23 326
DAY I SON 69 PR 180 1333
ELY 69 PR 180 1319
EHHERSON 69 PRL 23 393

+L Ji)NG& SHEAF F e CL INE {W I SCANS I &4 )
+RACASTOW ~ SARKAS ~ E VANS ~ FUNGr PORT FR+ {R I VS )
ELY&GIDAL ~ HAGOPI AN eKALMUS+ lUCL ~ W[S eLRL )
E MHE RSON r QU I R K (OXFORD)
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For notation, see illustrated key at beginning of data card listings

@table Particles

HFRZQ
LnBKnwrc

ALSO
&AC F. K

MAST
ZFLL FR

AUBF. RT
BOTT FR IL
CLARK
F QRfl
GRAUMAN

AL SQ

69 PR 186 1403
69 PP 185 1676
66 PR L 17 '548
69 PRL 22 32
69 P R 183 1200
69 PR 18?. 1420

70 LAL-1238 (K IFV)
70 PL 318 325
70 UCRL 20079
&0 PRL 25 1370
70 PR Ol 1?77
69 PRL 23 737

+BANNERrBEIERrBERTRAM|EDWARDS + {ILL)
+MEL I 5SI NQS NAGASH IMA TE WKSBURY+ (RQCH BNL )

LQBKOW [C Z + ()
MACEK MANN MC FARL ANF. RQBERTS+{PENN ~ TEMPLE)
+CFRSHWIN ALSTON-GARNJQST BANGERTER+ (LRL l

ZELLER HADDUCKrHELLAND PAHL+ (UCLA ~ LRL )

+HEU55E ~ PASCAUQr VI ALLF r V [LAIN+ (ORSA+ BRUX )

+BRf)WN CLEC'G CORBETT CULLIGAN+ {OXF )
+CORK r EL IOFF r KER THe MCREYNOLD5+ {LRL)
+PIROUFrREMMFLi5MITHrSQUOFR (PR IN)
+KOLLER, TAYLOR, PANDOULAS+ (5TCV SETCIN LEHI )
+Kf)LI ER TAYLOR PANI)OULAS+ (STEV SETON LEHI )

HQFFMAST 70 SIT-P256
KLEMS 70 PRL 24 1086
KLFMS2 70 PRL 25 473
&AC FK 70 PR Ql 1249
PAND()UL A 70 P R 02 1205

HQFFMASTER KQLLE R TAYLOR+
+HILOFBRANO STIENING
KL FMS, Ht LnEBRAND, S T IFNING
+MANAI MCFARLANF. rRQBERTS
+TAYLQRrKOLLEPrGRAUMAN +

(STEV+SHU+LFH[l
{LRL ~ CHIC)
(LRLrCHIC)

{PENN)
( 5TEV r SF TCI )

HA f IlT
ALsn

OTT

71 P& 03 10
69 Pl 298 691
71 PR 30 52

AA C HEN+8 AR I+C ERN+ F P+ NI J ME G EN+OR 5 AY+ P ADQV A+

+( A4CH r BAR I r C ERN ~ E POLI N I JM ~ ORS AY r PADOr TOR I )
OTTr PR I TCHARO {QMCL)

QUANTUM NUMBFR OFTFRMINAT[f)NS NQT REFERRED TO IN THE DATA CARDS

8Lf)CK 62 CFRN CONF 371 BLOCK LEND INARA ~ MONARI \ NWU+BQL QGNA )

PAPFRS VOT REFERRED TO IN DATA CARDS

K
T
T Q

T
Q

T 0
T
T
T
T
T
T

T 8
T 5
T 19
T 20
T B

H

T AVG

T FIT

12 SHORT LIVED NEUTRAL K {498r JP=D-) [=1/2

6/68

9/66
8/67
6/66
9/66
6/66
6/68
6/68
6/68

12 KOS LIFFTfMF (UNITS 10¹¹-10SEC )
KOS L IFE TIMF.

90 (1~ 07) (0 13) (0~13) BQLDT 58 CC
'512 0 94 0 ~ 05 0 ~ 05 CR AWFOR(l 59 HBC

63 {1,09) (0 ~ 18) (0~ 15) BOWEN 60 CC
QLO EXPTS WITH LflW STAT I ST ICS NQT I NCLUOEO IN AVERAGE ~

378 0 ~ 94 0 ~ 05 0 ~ 05 BERTANZA 62 HBC
503 0 87 0 ~ 05 CHRETIEN 63 HLBC
545 0 86 0 ~ 04 KR EI SLER 64 QSPK

0.866 0.016 ALFF-STEf 66 OS~K
572 0 ' 90 0 ' 06 0 ' 05 AUERBACH 66 QSPK

4500 0 ' 92 0 F 04 BAL TAY 66 HBC
( 0.904) (0 ~ 024) BOTT-BODE 66 OSPK

000 0 ~ 843 0 ~ 0 13 Kl R SCH 66 HBC
994 0 ~ 856 0 ~ 008 DQNALf) 68 HBC
000 0 ' 865 0 ' 009 HILL 68 OBC
KOS L IF ET IME NQT THE PR f MARY QUANT I TY MEASURED IN THI 5 EXPT ~

HILL 68 Gf VFS A f)ETA ILED DISCUSS fflN OF SYSTEM4TICS FNCQUNTERED
IN THI 5 TYPE OF EXPFR I MENT ~

~ ~ ~ ~ ~ ~ ~ ~ ~

Oe 8619 0 ~ 0062 0 ~ 0062 AVERAGE ( ERROR I NCL SCAL E FACTOR OF 1 ~ 2 I

0 ~ 8619 0 ~ 0058 FROM F IT {ERROR INCLUDES SCALE FACTOR' OF 1 2)
t SCE IOEQGRAM BELCIW )

WEIGHTED AVERAGE = 1.1602 + 0.0084
ERROR SCALED SY 1.2

61 NP 2? 5'5 3
63 PRL 11 3&
64 PL 12 67
64 PL 9 352
64 PL 11 360
65 PL 14 72
66 BERK FL EY CONF 33
67 PR 16? 1570
67 HE[DEt. BERC, 273
58 V[FNNA CONF 241
69 PL 2 98 696
70 PR 03 542
70 PR Dl 229

BR ENF.
8 IR CiE

404)R
CARIRBf)

ALSO
ALSO

CAB (RRO
GIVSBERC
W I I.. L I 5
CRQN IN
HA I DT
FE4R ING
G[VSBERG

BR FNF r E GARDT s QV I ST {NORD)
B[RGE, ELY ~ G[DAL CAMER [NI + (LRL+WI 5+BAR I )

ADAIR q LF I PUNER {YAL E ~ BNL )
CAB IBBQ, ~AKSYMQWICZ (CERN)
CABIRRQ, MAKSYMQW IC Z {CERN)
CAB[BBO, MAKSYMOW[CZ {CERN)
CAB[8[)f) (CERN)
EDWARD S GINSBERG (U ~ M455 BOSTON )

W J WILLIS -RAPPQRTEUP TALK {YALE)
RAPPORTEUR TALK (PRINCETON)
+5 T E I N+ {4 4 C H+ 8 AR I + C FR N+ F POL +N I JM +0 R 5 + P 4+ TO )

+F I Sl HBACK r SMI TH (SUNY+BOHR)
E 5 GINSBFRG ( I I T HAI FA)

11 NFUTRAL K ( JP=O-) I =1/2

1 1 KO MASS (MEV)

M 22?3
4" 00

M

AVG
F IT

498 ~ 1
497 44
49-I ~ 9
497 44

. 497 87
497, 79

Oi4
0 ~ 33
0 ~ 5
0 ~ &0

0 ~ 32
0 ~ 15
( SFE

CHRISTENS 64 QSPK
KI M 65 HRC KO FROM PBAR P

RALTAY 66 HBC KO FROM PBAR P

F I TCH 67 OSPK

AVERAGE t ERROR [NCLUf)ES SCALE FACTOR OF 1 5)
FROM F tT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)

I f) E0 Cr R A M 8 F. L OW )

¹e¹¹¹e¹e¹¹¹¹¹¹¹¹¹e¹e¹¹¹¹¹ee¹¹¹e¹¹¹e¹¹¹¹e¹¹¹eee¹¹ee¹¹¹¹¹¹eee¹e¹e¹¹¹¹¹
eee¹e¹¹ee¹¹ee¹¹e¹e¹¹¹e¹¹¹e¹¹¹¹eeeee¹¹¹¹¹¹¹¹¹¹ee¹¹e¹e¹e¹¹¹eee

6/66
6/66

11/67

2/71¹

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, bx,
and scale factor, which are differ-
ent from the values shown here,

HILL
DONALD

KIRSCH
. SALTAY
AUERBACH
ALFF-STEI
KREISLER
CHRETIEN
SERTANZA
CRAWFORD

68 OBC

68 HBC

66 HSC

66 HSC

66 OSPK

66 OSPK
64 OSPK
63 HLBC

62 HBC

59 HBC

0.95 1.05 1.15 1.25 1.35

KOS DECAY RATE (UNITS 10sfsf10 SEC -1)

CHISQ
0.1
0.5
2.0
2. 4

0.1
0.0

2.9
2.9

10.9
(CONLEV
=0.142)

WEIGHTED AVERAGE = 497.87 + 0.32
ERROR SCALED BY 1.5

e of weighted average,
scale factor are for the
nvenienc e only. The
ctually processed by a
fit program, which
s own values of x, (lx,
ctor, which are differ-
values shown here.

67 OSPK

66 HBC

65 HBC

ISTENS 64 OSPK

CH

TAY

CHISQ
0.7
4.3'
1.7
0.3
7.0

( CONLEV
=0 .072)496.5 497.5 498.5 499.5 500.5

NEUTRAL K f1ASS (C)EV)

12 KOS PARTI AL DECAY MflDE5

PI
P2
P3
p4
P5

K 0 S I NTO PI+ P I—
KOS INTO P[0 PI 0
K OS I N TO MU+ MU-

KOS [NTO F+ E-
KOS INTO PI+ PI — ( AMMA

DECAY M ASSES
1 39+ 139
134+ 134
105+ 105

~ 5+ ~ 5
I 39+ 13&+ 0

KOSRl
RI
Rl
Rl U

Rl U 1648
Rf U

Rl
R1 AVG
Rl FIT

INTO (PI+
0 ~ 68
0 ~ 70

{0 ~ 740)
Di684

ANDERSQN

0 ~ 684
0» 6865

K05R2
R?
R2
%2

1066
R2 198
R2
R2 AVG
R2 FIT

[NTI) ( P[0
Oi 27
0 ~ 26
0 ~ 30
0 ~ 3 3'5
0 ' 288

0 ~ 316
0 ' 3135

P[0 )/TOTAL (P?)/TOTAL
0 11. HBC

0 ~ 06 60 HLBC
0 ' 035 61 HLRC

0 ' 014 63 HL BC

0 ~ 021 63 HL8 C

~ ~ ~ ~

0 014 AVFRAGC ( ERROR INCLUDE 5 SCALE F ACTOR OF 1 ~ 3 )

0 ~ 0045 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 3)
t SEE IDECIGRAM BFLQW )

CR AWFQRD
BAGL IN
BROWN
BR OWN

CHPE TI EN

WEIGHTED AVERAGE = 0.316 + 0.014
ERROR SCALED SY 1.3

12 KOS BRANCHING R AT[OS

P I- ) /TOTAL {P 1 ) /TOTAL

0 ~ 04 CRAWFORD &9 HBC

0 ~ 08 CQLUM8[ A 60 HRC

(0' 024) ANDFRSQN 6? HBC

0 ' 011 DOYLE 69 HBC Pt-P TO LAM ~ KO

RFSUL T VQT PUBLISHED EVENTS ADDE(l TO DOYLE SAMPLE

~ ~ ~ ~

0.011 AVFRAGE (ERROR INCLUDES SCALE FACTOR OF 1.0)
0, 0045 FRO"I F [T (ERROR INCLUDES SCALE FACTOR OF 1 3)

2/71¹
2/71¹

0
n
0
0
0 4
D

0 AVG
0 FIT

11 KO-K CH ~ &455 DIFFFRENCE t MFV)

3 ~ 9
4

9 3 ~ 90
7 3 71

17 3 ~ 95

0 ~ 6
I ~ 1
0 ~ ?5
0 ' 35
0 21

ROSENFELO 59 HBC
CRAWFORD 59 HBC
BURNSTEIN 6'5 HRC
Kf& 65 HBC
HILL 68 DBC

K- P TO KO N

+ K+0 TQ KOPP
~ ~ ~ ~ ~ ~ ~ ~ ~

3 ~ 92 0 ~ 14
0 ~ 13

AVERAGE (ERROR INCLUDES SCALF FACTOR OF 1.0)
FRO& F IT ( FRRQR INCLUDES SCALF FACTOR f)F 1 1)

6/68
3/68

2/71¹

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,

e¹¹¹ee¹¹¹«¹¹ee»¹¹¹¹e¹ee¹«e¹¹e¹¹e»e¹¹¹¹¹e¹¹¹e¹e¹¹ee¹¹¹¹¹e¹¹e¹¹e¹¹¹¹ee

CRAwFQRD
RQSENFFL
CHR I S TF N

BURNSTF I
KIM
BAL TAY
FITCH
HILL

59 PRL 2 1 1?
'59 PRL 2 110
64 PRI 13 138
65 PR 138 8 895
6& PR 140 8 1334
66 PR 142 9&2
67 PR 164 1711
68 PR 168 I n34

REFERENCFS
11 NEUTRAL K t JP=O-) I=I/2

CRA WFQRD ~ CRF ST I GOOD, STEVE NSQNr T'f CHQ (LRL )

4 H ROSENFELDrF SOLMITZrR 0 TRIPP (LRL)
CHRI STENSON ~ CRONINrFITCHr TURLAY (PRINCETON l

R 4 BURNSTEINrH 4 RUBIN (MARYLAND)
J K KIMr L KIRSCHrD M ILLER {CQL UM8 I 4)
BALTAYrSANDWEISSrSTONFHILL + (YALE+BNL)
F ITCHr Rf)THr RUSS r VERNON {PR I NC ETON )
HI LL ROBINSON SAK I TT ~ C4NTFR {BNL ~ CARNEGIE )

0.15 0.25

CHRETIEN
BROWN

gROWN

SAGLIN
CRAWFORD

63 HLBC
63 HLBC
61 HLBC
60 HLSC
59 HBC

0.550.35 0.45

CHISg
1.8
1.8
0.2
0.9

4. 7
(CONLEV
=0.195)e¹¹e¹¹¹e¹¹ee¹¹¹¹¹¹¹ee¹e¹eee¹¹eee¹¹e¹e¹e¹¹eeee¹e¹¹e¹ee¹¹¹ee¹¹e¹¹¹¹¹¹¹¹ee¹e¹e¹¹¹¹ee¹e¹¹¹ee¹eeee¹eeee e¹¹¹e¹¹ee¹¹e¹¹¹ee K SHORT B.F. INTO 2 PIO & TOTAL



For no tati on, see illustraterated itey at beginning of data card listings
Stable Particles

S45p ARTIcLE D ATA GRpUP g evzem o I'article properties

267
30 16
3700

R3
R3
R3
R3
R3
R3 AVG
43 PIT

Kos tNTO
2 ~ 12
2 ~ 285
F 10

~ ~ ~ ~ ~

2, 196
2 189

(PI+ PI-I/(P to P lo I
BAZQKI
GOAB I
MARF IN

~ ~ ~ ~

0 ~ 065 AVFRAGF ( ERROR
0 ' 046 FROM FIT (ERROR
( SEE InEAGRAM AELQH )

(P 1/P2)
69 HLBC
69 ASPK K+N TA KQP
69 HLAC K+N TO KAP

IN
I NCLUDES SCALE F ACTOR

CLUOES SCALE FACTOR OF
OF l.e)

1.3)

L)EIGHT ED AVERAGE = 2 .2.196 + 0.06S
ERROR SCALED BY 1.6

5/70
5/69

10/69

LONG-LIVED NEUTRAL K (498 g JP =0- I I = 1/7

PAPFRS NOT RFFERRED TO IN DATA CARD

8(RGF 60 ROCH C'WF 601 R H

OAT A CAR Ds

MULLER 60 PRL 4 418
TCHOP PIRQUE R PFRKI NS

CRAWFORD 62 CERN C

GOOD MATSFN MULL FR P IC

AU ER BACH 65 PRL 14 192

~ ICC!ONI +

TRILL ING 65 UCRL 16473
E"

(LRL I

T 3 GEORGE H TR I( I

il)G, ~

IS UPDATED FRAM 1965 ARGONNE CANF, PAGF. 115
(LRL )

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ *¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹¹¹¹¹¹»¹¹¹¹¹¹¹¹¹ ¹¹»¹¹¹¹¹¹¹¹¹¹

0

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹

¹¹¹¹ ¹¹¹¹¹¹¹¹»¹¹¹¹¹¹¹¹

L
13

bove of weighted average,
nd scale factor are for the

s convenience only. The
e actually proc e s s ed by a
ned fit pr og ram, which
s its own values of x, 5x,

e factor, which are differ-
the values shown here.

ORFIN
OBBI
OZOKI

1.9 2. 1 2.3 Z. S

K SHORT B ..R. (PI+PI-) i(PIO PIO)
2. 7

69 HLBC
69 OSPK
69 HLBC

CHISQ.
2.6
2.6
0.2
S.4

(CONLEV
=0 .06EI )

P. 4

R4
R4
R4
R4 C
R4 C

R4 4
R4 M

RC
R5
R&

R5
R5 S
R5

(KOS INTO Pt+ P f — P I 0) /( KOL I
TEsT oF CP vrnLAT

INTA P I+ P I- P I Al

CPT ASSU4IEn VAL I fl
T ION - SEE TETEXT FOR DEFINITIONS

18 (3 81 OR LE SS
Llfl — (I E, RE(AI=D) — 0

ANDF. R.
HERE

C3
0 ~ 45 OR LESS

NLY ( IMA I¹¹2QUOTFD HE .

BEHR
SON 6'5 HRC 90 PFRC

(1 ~ 7) AR LESS
66 HLBC 90 PER CT C

ENT CL

0 8 AR LFSS
'HEBBER 70 HBC 90 P

THIS I 5
WFBBER 70 H

90 PERCENT CL

THE COMA INEn RF SUL T OF
HBC 90 PERCENT CL

50 (1 2) OR LESS C
THE

L= ~ 95 4EISNER 7
OF ANOER SON 65 AND WEBAE R 70

A)= 2 75+- 65 ABOVE

KOS

~ r AVE VALUE AT RF. (A I =0

I NTO (MU+ MU- I /CHARGE
(10~ 0) OR LESS

En (UNITS
BOTT-

S 10¹¹-5l (P3)/(

( 2O 0) AR LFCS

Pl I

(
80 HM

-BonE 67 nsr K 9o p

1 07) OR LESS
69 QSPK 90 PFR CT CO

P ER CT CONF

( 32 ~ 6) OR LESS
HYAMS 69 ASPK 90 P

VALUE C
S STUTZ KE 69

2 ~ 3 INST Ehn OF 1 EVENT ', 90 PERC. CFI

10/ 69
8/66
8/70¹
8/70¹
2/71¹
2/71¹

8/67
2/71¹

10/69
5/69

10/69

R rs

Re
R6

R7
R7

KAS NI Tl ( PI+ P I — GAMMA I / (
27 NO PATIO ('I VEN

PI+ Pt-I (UN' 10¹¹-3)
10 3 ' 3 1 ~ 2

BELLQTTI 66 HBC
WE 88 ER 70 HBC

05 INTO (F+ E-)/CHARGED
(50 ~ O'I OR L FSS

( UN I T S I0¹¹-5I
BOHM 69 A SPK

(P5)/(Pl I
PG GT 50 MEV/C
oG GT 50 MEV/C

(P4) /(Pl)
90 PER CT CONF

10/69
I.0/69

2/71¹

58 PRL 1 150
59 PRL 2 266

60 NC 18 10 43
60 PR 119 2030
60 ROC H CONF 72 7

BOTT-Bnn 67 PL 24 8 194
DONALD 68 PL 278 '58

68 PR 171 1418

8AHM 69 THFS I 5
BOZQK I 69 PL 308 498

CRL 18139-THFS I 5nnYLE 69 U

GOAB I 69 PRL 22 682
HY AMS 69 PL 298 521
4IARF fN 69 PRl 23 660
STUTZKE 69 PR 177 2009

WFBAER 70 PR Dl 1967
ALSO 69 UCRL 19226 THES I S

ME I SNF R 71 PR 30 59

A, 8OHM
+F E NYVF 5 ~ G OM Br) 5 I r N AGY y SUR

( AACH)

GOBB(g GR EENr HAKEL r MQFFETT
(LRL I

KOCH PATTER VO
RF IN CINCLAI

~ i N L INDERN

+A 8 ASH I A N ~ JCINE S ~ MA NT SCH
(ANN ARBOR)

~ NTSCH ORR 541TH( ILLINOIS)

+SQLMI TZ, CRAWFORD, ALSTON-
8 R 'WEBB ER

e ON-GARNJOST (LRL)

+MANN |HERTZBACH ~ KQFLER +
(LRL)

(M AS A+BNL+ YAL E )

REFERENCES
12 SHA'RT-L IVEA NFUTRAL K (498

Bnl nT

L K (498r JP=O-I I =1/2

CRAW FORD
E BALDT, D 0 C 4LOWFLL ~ Y PAL
CR A WFORnr CRE S T I g OAUGLA 5

(MIT I

BAGL IN

LASS ~ GOAD ~ T ICHO + (LRL I

BAWEN
AAGLIN, ALOCH BRISSAN, HENNFSSY +

CQLUMB I 4
BOWFNr HARDY' REYNOL DS ~ SUN

SCHWAR TZ +
~ SUN ~ MOORE+ (PR INCE+ANL )

ARAWN el NC 1

(COLUMBIA)

A

AWN RY N rBU 519 ll 55 BR
J A ANDERSANgF 5 CRAWFORD +

(BERTANZA UNPUAL ISHED
AFRTANZA rCONNQ

Rn + (LRL I

00 BUT RFCERTIF IEO BY

BRAWN 6

0 Y AUTHORS' AUGUST 66)

63 PR 130 769
CHRET IFN 63 PR 131 2208

BRAWN, KADYK, TRILLING, RAE + (LRL+M
08 CHRETIFN+ (BRANAE IS+8
1074 M KREISLER 0 OVER

PRL 14 475 + RAWFQR, GOLDEN, STFRN, BI
I NCF TON I

ALFF-STE 66 PL

+ RA F, , INFARD + tLRL+'WI SC I

66 PL 21 595 AlFF-
AUERBACH 66 P& 149 10~

-5 T E IN BFR GER r HEUFR g K LE
5 2 A E AC

BAL TAAY 66 PR 142 932 BAL . e ILL

NN )

STAY i SANDWE I 5515 TONEHILL +

BELL QTTI 66 vc 45
BFHR ARI SSQN PFTI AU

BATT-AQn 66 PL 23 277

r U+ ( EP ~ MILAN P

K IR SCH 66 PR
BOTT-BUDENHAUSEN DE 8

R 147 939 I KIRSCH ( COLUMB I A I

BOTT-BQDENHAUSEN ~ OF. BOUA

(BNLrCARNEGIEI

Note on K -K Mass Difference
L

WEIGHTED AVERAGE = 0 .S39898 + 0.0033
ERROR SCALED SY 1.0

. CARNEGIE
ARONSON
CULLEN
FAISSNER
BOTT-SOD
f1ELHOP
CARNEGIE
BALATZ
IiISCHKE
CANTER

. JOVANOVIC
»»f T I »if

& ~ aw&\» R 1
UJII

CHANG
C A fi E R I N I
BALDO-CEO
ALFF-STEI
CHRISTENS
BALDO-CEO
AUBERT
»»n»»»»»»»'
4»» I I L I i J. I 1 J

n»»»»
V U LJ LI

70 CNTR
70 ASPK
70 CNTR
69 ASPK
69 OSPK
68 OSPK
68 HSC
68 OSPK
67 OSPK
67 DBC
66 OSPK
66 HSC
66 OSPK
66 HBC
66 HSCs
66 HLSC
66 OSPK
6S OSPK
6S HLBC
6S HLBC
62 HLBC
61 HLSC

CHISQ
0.9
0.10.1
0 6
0.1
1 3
0.2

0.4

Because the mass difference ii erence is now known almost
as precisely as the K lifetime we S 3. etirne, we no longer give the
ma s s diff e r ence inin units of inver se K 1'fz etimes.
Following the convnventzon of recent mass difference
experiments (FAISSNER 69, CULLEN 70, ARONSON

70), vv» uovv give &M j% iu units of iO sec . For
ease of corn arisonn, older experiments have been
converted to these uese units by dividing b the K

e ave used, the value of th KS
' ' g'ven in thiso e S lifetime given in this

review (0.862X i0 sec ii0 sec) in those cases where the
au.hor's value is not given.

13 KOL-KOS MASS
MASS OIFFFRENCE / HBAR) tN

n T

MA . . IN UNITS OF 10»»10 SEC-1

( 2.20) (0~ 35)
D 0 ~ 84 0 ~ 29

F ITCH 61 CNTR

G TABLE 1 OF CAMER INI 66 )

D 0 ~ 26 0 ~ 36
AUBERT 65 HLBC

8 /67

D T 4
0 ~ 36 0 ~ 26 AL IN) C F 0 65 HLBC ~ .
0 ~ 12

4SS ~ CP CONC
6/66

D A CHR I STENSQN 65
Rf STENS 65 QSPK

~ .

0 T
RECTEn FOR I NTERF ERENCE BY F I TCHHAS BFEN CARRE

6/66

0 V 130 (0~ 89)

I TC 6 o /

0 V

~ o ~

K C ~ Ef /ee

n
ORRECTFO FOR IN ERFERENCE EFFECTS

0 8 0 42

3/68

D 8
~ 0 ~ 74 0» 36 BALDO-CEA 66 HLBC KO+N INTO H

6/66

D

( 0 ~ 027 I AQTT-BODE 66 QSPK

N 72 (+ 0»64) (0 18l
CAMERINI 66 HBC DBC Ko+V INT

9/66

n N FRROR IGNORES UN

CA NTER 66 DBC KO

0
RES UNCERTAINTY OF PHASE SHIF Ts

0
~ 0 ~ 16 CHANG 66 HBC

D

~ 0» 17 FU JI I
Ko+P INTA HYPFR ~ 8/67

0 ~ 74 0 ~ 34
66 OSPK IRAN REGFN

0 Ml + SIGN FA VQVQRED
ME I CNFRl 66 HBC

D 0» 38 0 ~ 16
ME I SNF R 2 66 HBC

SEF. NQT E 6/66

0 T 136 + o.e4 o. 19
JOVANQVIC 66 OSPK C+URANI

9/66

0 0.65 0»
CA NTFR 67 ABC K

0 0 ~ &20
BALATZ 68 ASPK

~ 11/67

D T +0 ~ 487
~ 0 ~ 044

L EG . E T /6

0 8
o.o4e MELHOP

68 HBC CaAP MFTHnn 3/68

0 ~ 547 0 ~ 024
68 OSPK ST ~ ST EFL RE

0 8 BOTT-800 69 IS 4 R

BOTT-BOD 69 OSPK C

EGEN 6/68

0 F 4
4 REEVALUATION OF BOTT-80

C REC»EN

0 F E57 I 4ATED 400 f T fAN4L 5YSTE AT IC UNCERTI ANTY LESS THAN TWO PERC
10/69

D

D 0 0 ~ 534 0 ~ 006
o.ooe ARON SON 70 ASPK G4P METHAD

1/71¹

D 0 CHANC»ED FROM KIEV CONF
CARNEGIF 70 CNTR

I/71»

0 T
0 T A KOS L IFIF ET IME OF 0 ~ 862 10¹¹-10 S

ONF

DEVALUE

BY AUTHORS
2/71¹

5 . o C

3/71¹

0 T

TS OF INVERSF Kos lIFETIMES T

OR HERE CQNVFRTEO Us (N
I T H FR W ER F. G I V F. N I N A 8 5

n ~ ~ ~ ~ ~ » ~ ~ ~

OF THE KOS L IFF TIME ~ 1/7

0 ' 5398 0 ~ 0033~
— AVERAGE ( FRRAR tNCLUAES 5

OF THE K ~ 1¹
I S E E IDEOGRAM BELOW

0.60.2 0 4

()ASS DIFF (KDL-KDS

0.8 1.0 1.2
) rHBAR (10ww10 SEC-1)

3.8
(CONLEV
=0.799)
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For notation, see illustrated Jtey at beginning of data card fistings
+table Particles

NEUTRAL K CONSTRAINED FIT
OVFRALL FIT OF L IFFT IMF WlATHS

'
AND BRANCHING

RATIOS USFS 56 DATA POINTS Tll DETERMINE SEVEN
QUANTITITES ~ OVERALL FIT HAS CHISQ=49 ~ 5 ~

VALUES OF WIDTHS AND L IFFT (ME CHANGED MeA(NLY

BECAUSE OF NEW T MFASUREMFNT (VOSBURG 71 I ~

Rj
Rj
R 1
Rl
Rl
R 1

Rl
Rj

AVG

FIT

KOL INTO (Pl 0
24 Oe24

549 0 ~ 251
444 oe 2 77

29 0 ~ 31
~ ~ ~ ~ ~

0 ~ 260
0 ~ 2T4

13 KOL BRANCHING RAT I OS

PIO P lo
0 ~ OR
0 ~ 014
0 F 021
0 F 07

) /C HARGF D

4NI K I NA 64 CC
PIUC? AGOV 68 HLBC
BUDAGOV 68 HLBC

0 ~ 06 KULYUKINA ba CC

{P1) /(P2+P 3+P4 I
6/66

(lRSAY 4FASUR e 10/ea
FC ~ POLYTFC eMFAS 10/68

2/71¹
~ ~ ~ ~

0 ~ 011
0 ~ OLL

AVERA( E (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
FROM F IT (FRRDR INCLUt)ES SCALE FACTOR OF 1 1 I

T

T

T
T
T
T 1
T
T L
T
T L
T

AVG

T FIT

KDL L IF ET I MF

34 8 ~ 1
A SSlJJEFD DS =DQ
15 5e 1

5 ~ '3

700 6¹1
5 15

(5 ~ 0).44 5 ~ 151
Sl?'E CJF PARTIAL

5el56
5 172

KOL L IFET tHE (UNITS jo¹¹-8SEC)

3.2 2e4
AND OF L T 4 t =1 /2

2 ~ 4 1.3
0 ~ 6
le5 Le2
0 ~ 14

(0 ~")
0 ' 044

OFCAY P ATES

RARf)ON
CRAWFORD
DAR MDN

FUJI I
ASTBlJR Y3
DEVL IN
LljWYS
VOSBURG

58 CNTR
59 HBC
62 FBC
64 OSPK
65 CNTR
67 CNTR
67 HLBC
71 CNTR 0 2/71¹

~ ~ ~

0 ~ 042 oe 042 AVFR AGE ( FRROR INCL ~ SCALE F4CTOR OF 1 col
0 ~ 043 FROM F IT (ERROR INC( UOES SCALE FACTOR OF 1 ol

R2
R2
RZ
RZ
RZ
RZ
R2
RZ
R2
R2
R?
R2
RZ
RZ
R2

KOL
59
79
75
66

326
566

1729
126

1402
558

AvG
F IT

INTO ( P I+
0 ' 185
0 ~ 151
0 ~ 157
0 ~ 15
0. 159
Oe 178

(0 ~ 144)
0 162
o. jel
O. L67
0. ). 57

Oel612
0 ~ 1608

PI- P IO I

0 ~ 038
0 ~ 020
0 ' 03
0 ~ 03
0 ~ 015
0 ~ 017

(0 ~ 004I
0 ~ 015
0 005
D.oje
0 ~ 010

/CHAR(;ED
ASTIER
ACJ 4) R

oe 04 LUE RS
0 ~ 04 ASTBURY

AS TB(JRY
CiU I Df)NI
HOPK I NS
HAWKINS
HOPKINS
KULYUKI
EVANS

61
64
64

1 65
2 65

65
el;
66
67

NA 68
69

(P2) /(PZ+P&+P4)
CC
HBC
HBC
CC
CC
HBC
HBC SFE HOPKINS 67
HBC
HBC
CC
HLRC

0 ~ 0038 AVFRAGE (FRROR tNCL(Jf)ES SCALE FACTOR OF 1 ~ 0)
0 0035 FR()4 F IT (FRROR INCLlJDES SCALE FACTOR c)F 1 0)

8/eb
8/66
8/ee
8/66
6/66
6/ee
6/66
6/ee
sl/67
2/71¹

10/69

PL
P2
P3
P4
ps
Pb
P7
PB
P9
Plo
Pll

KOl INTn
KOL INTCI
K OL INTO
K OL I N Tf)
KDL INTO
KOL tNTD
KOL INTO
KOL INTO
KOL INTO
KOL INTO
K OL INTO

3PIO
PI+ Pl- Plo
Pl MU NEUTRINO
P I F. NEUTR I NO
PI+ Pt-
MU+ MU-
E+ E-

Mlt

TWO GAMMAS
P I+ PI- Ci4MMA

PIO Pl 0

TAU 0 PRIME
Tnu O

KL MU3
KL E3
KL PI+ P I-
KL 2MU
KL 2E
KL EMU
KL 2G AMMA

KL Pl +-G
KL 2P Io

13 KOL DECAY RATES

13 KOL PART(AL DECAY MflDES

DECAY MASSES
134+ 134+ 134
139+ 139+ 134
139+ 105+ 0
139+ '5+ 0
139¹ 139
105+ 1 05

~ 5+ .5.5¹105
0+ 0

139+ 139+ 0
134+ I. 34

R3
R3
R3
R3
R3
R3
R3

R4
RE
R4
R4
R4
R4
R4

R5
R5
R5
R5

( P3I/( P2 +P3+P4 )KOL I NTfl (Pl MU NEUTR (NO) /CHARGFD
C 251 (0~ 356) ( 0 ~ 07) LUFRS 64 HBC

C 172 (0 ~ 39) '(0 ~ 08) (oe lo ) AS TBUPYL 6'5 CC

C 330 (0 ~ 335) (0 ~ 05&) KULYUKINA 68 CC
C TH t S MflOE Nf)T ME ASUR EO INDE P FNCJENTL Y FROM R2 AND R 4

~ ~ ~ ~ e ~ ~ ~ ~

FIT 0 ~ 342'5 0 ~ 0066 FRO4 F IT

KOL INTO (PI F.

NEUTRINO�)/CHARGFD

(P4) /( P?+P 3+P4)
1 53 Oe 487 0 ~ 0'5 LlJF RS 64 HBC
202 0 ~ 46 0 ~ 08 0 ~ 10 ASTBURY j 65 CC
". 00 0 ~ 49S 0 ~ 052 KULYUKINA 68 CC

~ ~ ~ ~ ~ ~ ~ ~ ~

0 488 0 0 33 AVERAGE ( ERROR INCL UDES SCALE FACTCJR OF 1 ~ 0 I

0 ~ 4968 0 ~ 0067 FROM F IT ( ERROR INCLUDES SCALE FACTCIR OF 1 0)
AVG
F IT

KOL INTO (PI E NFU) /( {PI E NEU I+( PI MU NEU) ) {P4)/(P3+P4)
320 0 ~ 415 0 ~ 120 ASTIER 61 CC

~ ~ ~ ~ ~ ~ ~ ~ ~

FIT 0 ~ 5919 0 ~ 0076 F ROM F I T {ERROR INCL UOES SCAL F F ACTOR &)F 1 eO I

7/66
2/71¹

7/66
2/7 1¹

Wl KOL INTO PIO P(0 Pto {(JN I TS 10¹¹6SFC-1) ( P 1)
Wl 54 '5 ~ ?2 1 ~ 03 0 ~ 84 BFHR 6b HLBC ASSUMES CP
Wl ~ ~ ~ ~ ~ ~ ~ ~ ~

Wl FIT 4 ~ 14 0 ~ 13 FROM F IT {ERROR INCLUDES SCALF. FACTOR OF 1 1)

8/66
R6
R6
R6
Rb

KOL (NTO( Pl+ Pt- Ptol /TOTAL (P2) /TOTAL

~ ~ ~ ~ ~ ~ ~ ~ ~

FIT Oe 1 259 0 ~ 0028 FROM F IT

W2
W2

M2
M2
WZ

W.2
W2
WZ

W2

W2 AVG

W2 F IT

KDL INTA P I+ P I- Po (UNITS 10¹¹6SEC-1) (P2)
18 3~ 26 0 ~ 77 ANDERSON 65 HRC
14 1 ~ 4 0 ~ 4. FRANL I NI 65 HBC

1 36 2e 62 0 ~ 28 0 ~ 27 BFHR 66 HLBC 4SSUMES CP
?e54 0,43 Hl LL 66 DBC

IN THE OVFRALL F t 7 THI S RATE IS WELL DETFRMINFD BY THE L IFET IME ANO
THE BRANCHING RATIO R2 ~ FOR THIS REASON THE DISCREPANCY BFTWEEN THE
W2 4EASUREMENTS DOES NOT AFFECT THF SCALE FACTOR OF THF OVFRALL FIT

~ e ~ ~ ~ ~ ~ ~

2 ~ 36 0 ~ 32 AVFRAGF. (ERROR INCLUDES SC4LF FACTOR OF 1 ~ 7)
2 ~ 435 0 ~ 057 FROZE F IT (ERROR INCLUDES SCALE F ACTOR OF 1 ~ 0)

(SEE IDEOGRAM fEELOW I

8/66
6/66
8/66

R7
R7
R7
R7

Ra
RR
RS
R t)

RS
RB
RB
RB
RB

KOL INTf){ LEPTON PI NEUTRINO)/TOTAL

~ ~ ~ ~ ~ ~ ~ ~ ~

FIT 0.6573 0 ~ 0066 F ROM F IT

(P3+P4)/TOTAL

C

K

C
K

AVG

(P9) /TOTAL
OSPK
OSPK
OSPK
f)SPK NOR4 ~ TO 3PI(C+Nl
DSPK KOL 1.5-9 f;FV/C

KOL INTO
(le 3)
6, 7

33 {7~ 4)
40 5
23 Ae5

CR IEGEE
CRONINL
~ ~ ~ ~

5 ~ 13

(2 (;A4MA) /TOTAL (UN lo¹¹-4)
(o.e) CR IEGEE 66

2 ~ 2 TQDDRDFF 67
(F 6) CRONIN 1 67

1 1 KUNZ 6f)
1 ~ 0 E NSTRUM 70

66 REPl ACED BY TODOROFF 67
67 RFPLACFD BY KUN? 68 ~

REPL ~ CR IFGEE66

0 ~ no AVERAC'F (FRROR INCLUflES SCALF FACTCfR OF 1 ~ OI

ar 66
11/6 t)

11/67
2/71¹
2/71¹

11/68
2/71¹

j(EIGHTED AUERAGE = 2 .36 + 0 .32
ERROR SCALED BY 1.7

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, t?x,
and scale factor, which are differ-
ent from the values shown here.

.HILL

.BEHR
~ FRANZINI
.ANDERSON

66 DBC

66 HLBC
6S HBC

6S HBC

CHISQ
0.2
0 e9
S.7
1.4
8.2

(CONLEU
=0.042)

K LONG RATE INTO PI+PI-PIO (10++6 SEC-1)

W3 KOL I NTfl Pl E NFUTRINO {UNITS 10¹¹6SEC-1) (P4)
W3 7 ~ 52 0 85 0 ~ TZ AUBERT 65 HLBC OS=DQ ~ CP ASSUMED 8/67
W3 ~ ~ ~ ~ ~ ~ ~ ~ ~

W3 F IT 7 ~ '52 0 14 FJ(DM F IT {ER R t)R INCLUDES SCALE F ACTOR OF 1 ~ 0)

R9
R9
R9
R9
R9
R9
R9
R9

R 10
Rjo
Rlo
Rlo
R 10
RLO
Rlo
RLO
RLO
R 10
R 10
Rlo
RLO
RLO

KOL4¹
54

AVG
F IT

K OL

?73

770

8
8 8EIL

1309
3548

AVG
F I T

I NTC) ( P I+
2 ~ 0
2e08
1 ~ 93
1 ~ 993

~ ~ ~ ~ ~

1 ~ 99?
F 001

( P" I/( P?+P3+P4)
nSPK ETA +- =

DSPK ETA ¹-= 2 ' 02
CJSPK ETA +- = 1 ~ t)6
DSPK ETA +- = 1 935

INTO (P I M

oe RL
0 ~ 82
oe7
0. RL
0 ~ 71
Oeb7

{0~ 71)
L IERE 69 I

Oe 648
0 ~ 68

U NEU)/(PI 8 NEUI {P3)/(P4)
0 19 Af)A I R 64 Hf)C

0~ 10 OEBOl)AR D 67 OSPK
0 ~ 2 HA WK tNS 67 HBC
0 ~ 08 HOPKINS 67 HBC
0 F 05 BUDAGOV efl HLBC
Oej3 KULYUKINA 6R CC

{0 ~ 04) BE I LL I ERE 69 HLBC
A SCANNING EXP T US ING SAME F XPIlSURF AS BUDA Gf)v 68
0 ~ 030 F VANS 69 Ht BC
0 F 08 BA'StLE 70 CISPK

~ ~ ~ ~

0 ~ 024 AVER4GE ( ERROR tNCLUDES SCALF. FACTOR OF 1 ~ 1)
0 022 FROM F IT {ERROR ING UDES SCALE FACTOR AF 1 0)
{SF E IDF. OGRAM BELOW I

0.e87
Oeb89

j)EIGHTED AUERAGE = 0 697 + 0.024
ERROR SCALED BY 1.1

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 factor, which are differ-
ent from the values shown here.

P I- )/CHARGED (UN I T 10¹«-3)
0 ~ 4 CHRI STENS 64
0 35 GAI BRA 1 TH 6"
0 ~ 26 BA SILE 66
0 ~ DRO BOTT-f)DDE 66

~ e ~ ~

0 ~ 073 AVERAGE ( ERROR (NCLUDES SC4LE FACTOR f)F 1 ol
0 ~ 063 F ROlE F IT ( ERR C)R INCLUDFS SCALE FACTOR DF 1 0 I

9/66
9/66

6/66
11/67

8/67
f)/67

10/68
2/7 1¹

10/69

10/69
lo/70¹

W5

Ws
W5

W5 C
W5
W5 C

W5
M5 Avo
W5 FIT

KDL I NTCI LF PT ON I
109 9e 4

11 3
335 (10~ 3)
393 LL ~ 6
CHO 70 INCLUDES

~ ~ ~ ~ ~ e
LO
12 Tl

C {KMU3+KE3) IIJNITS 10¹¹6SEC-I ) ( P3+P4)
1 ~ 3 FRANZINI 65 HRC
1 ~ 9 GOLD'EN 66 HBC
0 ~ 8) HILL 67 DBC K+N TO Ko P
0 CHO 70 OBC K+N TO KOP
EVFNTS OF HILL 67
~ ~ ~

o
0 ~ lb

AVER4GF (ERROR IN(;LUDES SCALE FACTOR OF 1 ~ 0)
FROM F IT {ERROR INCLUDES SCALE FACTO'R OF 1 1)

W6 KOL INTO PI MU NEUTRINO UNITS 10¹¹6SEC-1) (P3)
W6 19 4 54 1 ~ 24 1 ~ 08 LOMYS 67 HLBC
M6 ~ ~ ~ ~ ~ ~ ~ e ~

Wb F IT 5 ~ 19 0 ~ 12 FROM F tT (ERR()R INCLUDES SCALC FACTOR OF 1 ~ 0)

W4 K OL IN TO CHAR GFf) (3-Bf)DY) ( UNI TS 10¹¹6 SEC-1 I ( P2+P3+P4)
M4 98 15 ~ 1 1 ~ 9 AUERBACH 66 CISPK
W4 ~ ~ e ~ ~ ~ ~ ~ ~

F IT 1 & ~ 14 0 ~ LS FROM F IT tERROR INCLUDES SCALE FACTOR OF 1 1)

8/67

6/66
9/66
8/67

10/70¹

8/67

BASIL E

EUANS

KULYUKINA
-BUDAGOU

HOPKINS
HAL(KINS
DEBOUARD

.ADAIR

0.4 0.6 O. B 1.0 1.2
KOL INTO (PI AU NEU) r (PI E NEU)

70 OSPK
69 HLBC
6B CC

69 HLBC
67 HBC

67 HBC

67 OSPK
64 HBC

CHISg
0.0
1.7
0.0
0.2
2. 4

6.1
(CONLEU
=0 300)



For notationse, e illustrated JMy at beginning of data card listings

PARTIcLE DATA GRQUP Review of Particle Properties S47

Stahie Pal'tlc lee

tt 11
Rl1
Rl1
Rll
R1 1

Rll

KOL INTA {MU+MU-) /CHARGED
{100 0)OR LFSS

{50 ~ 0) AR LESS
(250 ~ 0) OR L FSS

(2 ~ 0) OR LFSS
( 35 ~ 0) OR L ESS

( UNITS 10¹¹-6)
ANIKI NA 65
ABASHI AN 66
AL FF-STE I 66
BOTT-BADE 67
FITCH 67

( Pf. )/ ( P2+P3+ P4)
CC
OSPK 90 PER CT CONF
OSPK 0 ' 90 CONF' LFVEL
OSPK 90 P ER C T CONF
OSPK 90 PER CT CONF

else
8/66
9/66
8/67
3/68

R23 KOL INTO {E+ E- ) /{ PI+PI- ) {UNITS LO¹¹-&) (P7) /{P5)
R23 0 t10 ~ 0) AR LFSS CL = ~ 9 FOFTH 69 ASPK 90 PCFNT CONF

RZ3 0 0+ LO OR LESS CL = ~ 9 CLARK 70 ASPK

R24 KOL INTO (FMU )/ (PI+ PI —) t UNITS 10¹¹-5) {PB) /{ P5)
R24 {0.10) OR LESS CL = .O CLA~~ 7O ASPK

e /70
11/70¹

11/70¹

R12
R12
R12
RLZ
kl2

R 13
RL3
Rf l
R13
R13

R 14
R14
R14
R14
R14

R15
R 15 A

Rl & 0
RLS
R15 O
R15
Rls 0

KOL INTA {Pf+ P I-
(15~ 0)OR LESS

0 { '5 ~ 0) OR LESS
1 t 3 0)AR LESS

(0 ~ 4) AR LFSS

i:AMMA)/TOTAL (UNITS 10¹¹-3)
AN(K I NA 65 CC
RELLATT I 66 HLBC
NEFKENS 66 ASPK

CL= ~ 90 THATCHER 68 OSPK

{P10)/TOTAL

GAM K E 40-1 30 MV

GAM KF. 120 MFV
GAM KE 20-170 MV

KOL INTO (F+ E-) /CHAR GFO
{1000~ 0) AR LESS

{50 ~ 0) ilR LE SS
(200 0) OR LFSS

(23 0) AR L ESS

KOL tNTA {E Mit) /CH4RGEO
{10~0) OR L FSS

{1 0) DR LFSS
(0.107)OR LESS
(0 OB) OR LFSS

(iJNITS 10¹¹-6)
ANIKI NA 65 cc
ABASHI AN 66 ASPK
ALFF-STE I 66 OSPK
BOTT-BADE &7 ASPK

( UNIT 5 10¹¹-4 )

ANIK I NA 65 CC
CARPENTER 66 ASPK
BOTT-BODE 47 OSPK
F ITCH 67 OSPK

(P7)/{P2+P3+P4)

90 PRC T CONF
90 P RCT C ONF

90 PER CT CONF

(PB) /{ P2+P3+P4)

90 PER CT CONF
90 PER CT CONF

90 PER CT CONF

KOL
97

R 94.
153&

L OW

SEE

INTA(E+ Pl- NEU) /(F- PI+ NFU)
(0 90) (0 ~ 18) NF AGU 61 CC
( joOI ) (Oi je) LUF R 5 64 HBC
(0 ~ 99 ) (0 ~ 023 ) KU( YUKINA 66 CC
{1 06) t0 F 05) VERHEY 66 OSPK

PRFC I SII)N FXPTS NOT AV(R AGED ~ FOR MARE PREC I SF. VALUE
S13A2 (I)ENNFTT 7 Oe MARX 70)

6/f 6
8/67
6/66
2/71¹

6 /66
e/66
6/66
8/67

6/66
8/66
8/67
3/68

8/66
9/66
8/67

P 1
P 1,214+- ~ 007
P 2 - ~ 22&
P 3 - ~ 439
P 4 - ~ 560
P 5 —~ 267
P 1 1 ~ 148

2 P 3 P 5

126+-.003
—, 101 , 268+- ~ 006
—~ 108 - ~ 397 ~ 389+ ~ 006

~ 026 ~ 121,1 54 ~ 002 ~ 000
- ~ 043 - ~ 076 - ~ 098 - ~ 047 ~ 00 I+- ~ 000

FITTED PARTIAL DECAY MODE 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, , 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 listingsi j i 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 f.

KOL
32 AO

lM

SEE

Rjss
R16
R16
R16
&16
Rl 6 AVG

INTI)(MIJ+ P I- NEU ) /( MU- Pt+ NFU)
je02 0 ' 04 ABASHIAN 66 OSPK
1 OABL A 0027 AORFAt4 67 ASPK

ALSO 513A2 ANO 5 13AL (N THE CP VIOLATION SFCTtAN
~ ~ ~ ~ ~ ~ ~ ~ ~

1 ~ 0082 0 ~ 0027 AVFRAGE {ERROR INCLUOF5 SCALE FACTOR OF 1 ~ 0)

8/66
11/67
2/71¹

The matrix below is the branching fraction matrix above, transformed into rate

space; i. e. , G. 1". = 1 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-diagonal

1 1 1 1 1
elements are the normalized correlation coefficients (6G.6G.)/(6G. ~ 6G.). Note that,

because of the error in F, the errors and correlations here are not directly derivabletotal'
from those above.

R17
R17 C

R17
RL7
R17
R17
kl7 FIT

KOL INTO (P f 0 P IO ) /TOTAL (UNITS 10¹¹-3) (P 11)/T()TAL
7 {1~ 2) { I ~ &) t lo2) CRIEGEE 66 OSPK

CRIEGFE FXPT NAT DESIGNED TO MEASURF 2 PIO DECAY MODE
I v{9 (2 ~ 51 ( 0 ~ 8) ('AtLLARO 69 OSPK E00=3 ~ 6+-0 6

LATEST RF SUL T OF THIS F XPERI MENT GIVEN BY FAI SSNFR 70 R19
~ ~ ~ ~ ~ ~ ~ ~ ~

0 94 0. 19 FROM F IT

R LB
RIB
R18 10
R 1st
RLB AVG
RLB FIT

{P 1 ) /(P2 )KOL INTA (3PI 0) /{ PI+PI-PI 0)
BB 2 ~ 0 0 ALFKSANYA 64 FBC
10 1 o 80 0 ~ 13 BUDAGOV et) HLBC

~ ~ ~ ~ ~ ~ ~ 0 ~l. t)1 0. 13 AVFRAGE (FRROR (NCLUDE5 SCALE FACTOR OF 1 0)
1 701 0, 072 FRAM F IT (ERROR INCLUDES SCALE FACTOR OF 1 1)

7/66

5/69
1/71¹

9/66
10/68

G 1
G 1 ~ 041+- F 001
G 2 — 113
G 3 - ~ 293- ~ 360
G .' —~ 183
Gll ~155

2 G 3 0 4 G Gll

~ 024+-oOOL
~ 028 ~

~ 052
~ 102

—~ 025

05 2+- ~ 001
1 7 5 ~ 07'5+ ~ 00 1

~ 1 96 ~ 2 39 ~ 000+ - ~ 000
—~ 055 - ~ 067 —~ 034 ~ 000'- ~ 000

13 NEUTRAL K ENFRGY OFPENOFNCF OF OAL ITZ PLOT

{UNITS 10«¹-2
CRONIN 1 67
CRONIN 2 67

ANALYS IS OF CROW I Nl
BANi'4E RZ ( ¹

BARTLETT 68
CFNCE 49
BARMIN 70
RUOAGOV 70
FAISSNER 70

AMF 2PI0 FVENTS AS GA

R19 K

R19 C 1
R 19 ('.

R to C

R19

9 1 0
RLQ
RL9
R1 9 F
R19 F F
R 19
Rlo AVG
RL9 FIT

AL INTO (2P I 0) /( 3P IO)
09 {l.«) {0.31)

{1 ~ 36) ( 0 ~ LA)
CRANIN2 IS FJRTHFR

"8 0 ' 46 Oejj
NO FVFNTS SFEN
33 l. 31 Ae 31
29 0 ~ 37 0 ~ Ot)
30 0 32 0.15
?2 0 ~ 90 0 ~ 30
41%SNFR 70 (.ANTA INS S

(Pll)/(Pl)
0SPK E TA00¹4~ 9+-0 ~ 5
OSPK ETA00=3 ' 92+-0 ' 3

vNAW BATH WITHDRAWN
ASPK F TA00=2 ~ 3+-0 ~ 3
ASPK SEE EOO BELOW
OS&K ETA00=3 ~ 7+-0 ~ 5
HL BC F TAAO =2 ~ 02+-0 ~ 23
HLBC ET ADO=I ~ 9+-0 ~ 5
OSPK ETA00=3 ~ 2+ 0 ~ 5

ILLARD 69 R17

8/67
11/67
1 l /68
10/68
11/68
10/69
12/70¹
10/70¹
12/70¹

0.439
0 ' 439

LJEI{;HTED AUERA{ E = 0.439 ~ 0.098
ERROR SCALED BY 1.7

Values above of weighted average,
error, and scale factor are for the
reader'I s convenience only. The
data were actually processed by a
constrained fit program, which

its own values of x, gx,
factor, which are differ-
he values shown here.

0 ~ 098 AVERAGE ( FRR'lR 1NCL UOES SCAL F F ACTOR OF 1 ~ 7)
0 ~ 089 FROM F IT ( FRRAR INCLUDES SCALC FACTOR OF 1 6)
{ SFF. IDFAGRAM BELOW )

GTO 79
GTO 77
GTO 66
GTO 310
GTO 280
GT0 I 26
GT0 13 '50
GTO 1198
GT0 2446
GTO 29000
GTO 8 36K
GTO 4400
0 TO 8
GTO 8
GTO 8
GTO
GTO AVG

HBC A V=-7 ~ 6 +- I ~ 7
HBC AV=-7 ~ 3 +- I ~ 6
CC AV=-5 5 +- I 5
CC AV=-(7 ' 3 + F 6 — 8)
CC AV=-(8 ~ 2 + ~ 9 -1 ~ 3)
HRC AV- 8 ~ 6 + Oe7
HBC AT=-A~ 294 +- ~ 01 8
OSPK AU 0 ~ 20 t + ~ 025
OSPK AT=-0 ~ 188 +- ~ OZO

ASPK AY=-0 ~ 862 +- ~ 015
ASPK AU¹-0~ 261 +- ~ 007
ASPK AT=-O 297 +- .024
QUADRATIC F fT WITH

SFO HERE IS FOR A LINFAR

0 ~ 23
0 F 20
0 ' 13
0 ' 09
0 ' 17
0 ' 12
0 ' 044
0.055
0 ~ 045
0 ~ 012
0 ~ 016
0 058
GIVES
ERROR

LUDE5

ADA IR 64
LUF RS 64
ASTBURYL 65
ASTBURY2 65
AN I K I NA 66
HAWK INS 66
HOPKI NS 67
NE FKFN5 67
BA 5ILE2 68
AL BROW 70
BUCHANAN 70
SM I TH 70

A=O ~ 257 +- ~ 005 FOR

5 ONLY ~ THF. A VALUF U

SY STEMAT IC ERRORS ~

0 ~ 55
0~51
0 ~ 32
0 ~ 51
O. e4
0 ~ 70
0 ~ 649
0 ~ 428
0 400
0, 651
0 5FQ
0 ~ 656

s)UCHANAN 70
STATI ST ICAL
F IT ANO INC
~ ~ ~ ~ ~ ~

O. e03 0 ~ 028 AVERAGE (FRROR INCLUOFS SCAl C FACTOR r)F 3 1)
( SE E IDE()GRAM BFLOW )

IAEI&HTEO A(JERA{vE = 0.603 e O. 028
ERROR SCALED SY 3.1

MATRI X ELEMENT S{)UAREO = 1 + G (53-50)/(MPI+¹¹2)

GTO L (NEAR ENERGY DEPENOENCF. (G) FO'R TAU DECAYS KLONG INT'l PI+ Pl- P I 0
SEE NOTE ABOVE FOR DEF INIT I ONS OF AT AU ~ ANO AV ~

3/7 I¹
3/71¹
3/7L¹
3/71¹
3/7 I¹
3/71¹

1 0/69
3/7L¹
3/71¹
1/71¹
3/71¹
3/71¹
3/71¹
3/71¹
3/71¹

0.5

KOL INTO (2PIO) i (3PIO)
1.5

RZO KOL
RZA 309
RZO 525
R20
RZO 4 V(
R20 FIT

CHISQ
70 OSPK 2. 4

70 HLBC 0.6
70 HLBC 0.7
69 OSPK 7.9
6B OSPK 0.0

11.7
(CONLEV
=0.020)

ISSNER
DA(oOIJ

Rf1IN
NCE

NNERZ

2.5

IN&O ( P
2 ~ 51
2

I+ PI-)/(KF3 + KMU3) {UNI TS 10¹¹-3) (P5)/(P3+P4)
0~23 OFBQUARD 67 OSPK
A ~ 19 F I TCH 67 OSPK ET4+-=1 91+- 06

0 1& AVERAGF. (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
5 0 076 FRAM F IT ( ERROR INCLUDES SCALE F ACTOR OF 1 ~ 0)

~ ~ ~ ~

2 ~ 41
2 ~ 38

6/68
6/68

Sf1ITH
+ ~ . . . BUCHANAN

ALSROL{
BASILE2
NEFKENS

-{-I- . HOPKINS
.HAL4K INS
ANIKINR
ASTSURY2
ASTBURY1
LUERS

0.0 0.4 O. B 1.2
TAU 0 SLOPE PARAMETER

70 OSPK
70 ASPK
70 ASPK

68 OSPK
67 QSPK
67 HBC

66 HSC

66 C(M(

65 CC

65 CC

64 HBC

64 HBC

CHISg
0.8
9.1

15.8
20. 4
10.2
1.1

SB.S
(CONLEV
=0.000)

R21 KOL
921 16
RZL 8 115
R21 B THIS
R21
R21 4VG

~ ~ ~

2 ~ 28 0 ~ 26 AVERAGE {ERROR INCLUDES SCALF FACTOR OF I 0)

INTA (2GAMMA) /(3 PIO) (UNITS 10¹¹-3) (P9)/{Pl)
2 ~ 5 0 ~ 7 ARNOI D 68 Ht BC VACUUM DECAY

2 ~ 24 0 ~ 2(t BANNFRL 68 O'SPK SEE NOTE 8
I 5 NEW FXPER ~ -NOT TA BF. CONF ~ WITH RB OF CRONINL 67-

11/68
11/68
11/68

R22 KAL INTO {MU+MIJ-) /{PI+PI- )
RZZ 0 14~ 0 OR LESS CL
R22 0 0 12 OR LESS C(.
R22 0 je8 OR LESS

{UNITS 10¹¹-5) (Pe)/{P5)
FQETH 69 ASPK 90 PCENT CONF

~ 9 CL ARK 70 ASPK
AARRIULAT 70 ASPK 90 PCENT CONF

5/70
11/704'
11/70¹
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For notation, see illustrated key at beginning of data card iistings
%tmkslm &mrtimlma

13 CP VIOLATION PARAMFTERS IN KOL OFCAYS

SEF TFXT FOR DEF INITI ONS nF CP VIOLATION PARAMETERS

IJEIGHTEO AVERAGE = 4 .9 s 1 .0
ERROR SCALED SY 1.6

-13 CHARGF AS YMME TRY IN T AU DECAYS
TFX T SFC 7 ION IV E.2

SFF SCR IRANn 70 FOR DEF INtT ION (HIS SIGMA+-I A=1 FOR MAX ASYMMETRY
{4) ¹¹2= 1+ 5 tG+- ( 2/SQRT(3 ) ¹({T+I-{T-) ) / TMAX I AS SCRI RAND 70

DFCAY ASY&MF TRY PARAMETER FOR PI+ PI- Pl 0 {UNITS 10¹¹-2)
~ 3M I 8 OR LESS CL =.90 RLANP (ED 68 CNTR 0 CAL ~ RY SCRIBANO ~ 1/71¹

3M 0 ~ 6 OR LFSS CL= ~ 90 SCRIRANO 70 CNTR 0 1/71¹
44oo 8. 2 nR LEss C{.=.9o SMITH 70 OsPK 0 Ca{ CULaTFD BY Us. 1/71¹

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

es its own values of x, gx,
e factor, which are differ-

the values shown here.
-13 CHAR('E ASYMMETRY IN LE PTONIC DECAYS (PERCENT)------

TFXT SECTI»)N IV F ~ 2

SUCH A SYMMF TttY Vt ()ABATES CP ~ IT I S RELATED TD REAL ( EPS ILON) ~

A2 KOL INTO ( E+P I
A? 8 I OM (0 ~ 224)
A2 R ) 0& 0 246
A2 I OM 0. 346
A7 R THF. 7NO VALUF. L
A2 THAT FX&T SEE
A2 ~ ~ ~ ~ ~

avc 0 ~ 322

NUl t E PI+NO)/( E+o I NU)s{E PI+NU)
(0 ~ 036) RFNNFTT 67 CNTR SFF NOTE 8

0 F 05& RENNETT 67 CNTR
0 ' 033 MARX 70 CNTR

I S TED FOR RENNET& 67 RF SUL TS FROM A RFANALYS tS OF
H. SAAL» THESIS»COLUMBIA UNI V ~

~ ~ ~ ~

0 ~ 043 A VERAGE (ERROR I NCLUDFS SCALF FACTOR OF 1 ~ 5)

11/67
10/70¹
10/70¹

Al KOL INTO (MU+P I-NU )-(MU-P I+NU)/( MU+P I-NU)+(MU-P I+NU)
A1 0 1M (0 403) (0 ~ )34) DORFAN 67 OSPK DER IVED FROM R16 11/67
A I 0 1M 0 490 0. 160 t)ORF AN 67 OSPK 10/70¹
Al 0 THI- 2N') VALUE L I 5 TED Ft)R OORFAN 67 RESULTS FROM A REANALYSIS OF THAT
Al FXPT ~ SFF. M ~ A ~ PACIOTTA»THFSIS ~ U C RFRKELEY ~

-10
ETAOO»2

10 20

AISSNER
HOLLET
UOAGOV

ARr1IN

ENCE
ARTLETT
ANNER2

70 OSPK
70 OSPK
70 HLSC
70 HLSC
69 OSPK
6B OSPK
6B OSPK

CHISQ
2.1
1.6
0.5
0.9
7.3

0.0
12.4

[CONLEV
=0 030&

AL

AL
AL 0
AL

AL
AL AVG

Ki)L INTO ( (L+'I-(L-l I / (( L+) +t L —) I (COMBINED Al AND A2)
10M 0 ~ 246 0 ~ 059 RENNF TT 67 CNTR

1M 0 ~ 49 0 ~ 16 DORFAN 67 OSPK
)OM 0 ~ 346 0+033 MARX 70 CNTR

0 ~ 042 A VERAGF ( ERROR INCLUDE 5 SCALE F ACTOR OF 1 5)
( SFF. IDEOGRAM RFLOW l

0 ~ 327

2/71¹
2/71¹
2/71s'

F+-
F+-
F+-
F+-
F+-
F+-

PHA
OM

WF.

US
JE

SE nF ETA +- (DEGREES)
IS (KOL-KOS MASS DIFFERENCE / HBAR) IN UNITS OF 10¹¹10SEC-1

SFF SFCT ION 0 OF KOL L I STI NGS FOR LATFST VALUE
HAVE ADDED THF MASS DEPENDENCF AND PROP AGATED THF. ERROR IN OM

ING DM=O ~ 5398+-0 ~ 0033 FOR RENNETT 69 BOHM 69 FA I SSNFR 69 AND

NSEN 70 ~

2/71¹
2/71¹
2/71¹
2/71¹

MEIGHTEO AVERAGE = 0 327 ~ 0.042
ERROR SCALEO SY 1.5

F+-
F+-
F+-
F+-
F+-
F+-
F+-
F+-
F+-
F+-
F+-

F+-
F+-
F+-
F+-
F+-
F+-
F+-
F+-
F+-
F+-
F+-

N

C
R

F
J

AVG

6& OSPK
66 HBC
67 OSPK
67 OSPK
68 CNTR
69 CNTR
69 OSPK
69 ASPK
70 ASPK

45 ~ 0 50 ~ 0 FITCH RF. REGEN
30~ 0 45»O F I RE STONE
70 ~ 0 71 ~ 0 BOTT-BODE C REGEN
25 ~ 0 35 ~ 0 MISCHKE CU REGEN

{51~ 0) ( 11~ 0) RF NNETT2 CU REG. USES
34 ' 5 10 ' 0 BENNETT CU REGEN
47 ~ 6 12 ~ 1 ROHM VACUUM RF. GE N

46 ~ 2 7 ~ 4 FA I SSNE R CIJ REGFN
43 ~ 2 . » 4 JFNSEN VACUUM RFGFN

~ ~ ~ ~ ~ ~ ~ ~ ~

43 ~ 6 3 ~ 3
COMMON Ts

BFNNFTT 69 USFS MFASURFsIFNT OF (F+-I-(PHIF) OF ALFF-STF I 66
RENNFTT 69 F+-= 34~ 9+-10 0 NOT INCLUDI NG ER'ROR IN OM

DM DFPFNOENCE OF BENNFTT 69 I 5 69¹(OM-0 ~ 545) OEG
B()HM 69 F+-=41+-12» NOT INCLUDING ERRt)R IN DM

0M DEPENDENCF OF BOHM 69 I $479¹{OM-0 ~ 526) DEG
FA I SSNFR 69 ERROR FNLARGED TO INCI UDE FRROR IN REGENFRATOR PHASI.
FAISSNER 69 F+-s49 ~ 3¹-7~ 4 ~ NOT INCLUDING FRROR IN OM

OM DEPENDENCE OF FA ISSNER 69 I 5 205¹(DM-0 ~ '555) DEG
JFNSEN 70 F+-=42 ~ 2+-4 ~ 0» NOT tNCLUD ING F»IROR IN DM

OM DEPENDENCE t)F JENSEN 70 IS 576¹(DM-0 ~ 538) DEI:
RENNFTT 69 IS A REEVALUAT ION OF BENNETT2 68

11/67
1 l. /67
11/67
7/6R
R/6»I
2/71¹
2/71¹
2/71¹
2/71¹

2/71¹
2/71¹
2/71¹
2/71¹
2/71¹

11/69
2/71¹
2/71¹
2/7 1'¹
2/71¹

11/69
CHISQ

70 CNTR 0.3
67 OSPK

T 67 CNTR 1.9
2. 2

(CONLEV
=0 .136)0.0 0.2 0.4 0.6 O. B

CHARGE ASYCIPIETRY — KOL INTO LEPTONS

Superweak Model Predictions

The supe r weak model of Wolf ens tein, Phys.

Letters 13, 562 (1964) predicts that

TEX T SFCT (ON IV E ~ 2
13 PAR AME TE RS FOR KOL INT 0 2P I DECAY

s

FTA+- = A( KL TO PI+ Pl —'I /A(K 5 Tn P I+P I- I

FT400 = A(KL TO P IOPIO) /A{KS TO PIOPIOl

&HF. MAGN I TUDF 5 OF F TA+- AND OF ET Aoo ARE OFR IVED FROM RR ~ RAT I OS
Fn& THF QUANTITIFS MEASURED RY THE INDIVIDUAL EXPFR (MENTS SEE LISTINGS
OF 513R9 A»{D 513R 2 ( ETA+-) AND OF S13R17 AND 513R19 ( FTAOO) ~

FOR THE READER ~ 5 CONVFNIFNCF WF. LIST HERE THE DERIVED QUANTITIES ETA+-
( CALL FD E+- BFL OW ) AND ( ETA00 )¹¹?( CALL ED Eos BELOW l

and

ReE = q

F05
FOS
EOS
FOS F
Fos
Eos
EOS
F. OS
Eos F 172
EOS F FA I
Eos
Eos AVG

EOS F IT

(F

0
I t»0

133
29
30

TAOO l¹¹2
5. o6
2 ~

{13 )
14 1
4. OR

3 61
11 03

9 ~ 9
SSNER 7 )

~ ~ ~

4 ' 9
5.0

(A(KL
1 ~ 4
7 ' 0

(4 ~ )
'3 ~ 4
0
1 9
4 ' 3
3 ~ 4

CONTA IN

ll¹¹2 tUNITS 10¹¹-6)
68 0SPK
68 OSPK
69 OSPK
69 OSPK
70 HL RC
70 HLRC
70 OSPK Cil REG ~ »» C»AMMAS

70 OSPK
GA ILL ARO 69

Tt) 2P I 0) /A(KS TO 2P t 0
RANNE R2
BARTLFTT
GAILLARD
CENC F.

i3ARM I N

RU{)A GOV
CHOLLET
FAI SSNER

5 SAsIF 2PI 0 EVFNTS AS
~ ~ 0 4

1 ~ 0
1 0
(SE

AVERAGE f ERROR INCLUDES SCALE FACTOR OF 1»6)
FRO~ F IT {FRROR INCLUDES SCALE FACTOR OF 1»5)

E IDFDGRAM RFLOW I

10/69
10/69
1O/69
10/69
12/70¹
lo/70¹
1 0/70¹
12/70s'

2/71¹
and

(I)po = (42 94 + 0. 26)'

Re E = (1.428 + 0. 023) )& l0

The KP -K mass difference, the K lifetime,

and
~

»I (
given in these tables result in the predic-

tions that

F+-
F+-
E+-
E+-
F+-
F+-
F+-
F+- F IT

ETA
4n
»;4

TO PI+PI- I
C HR I S TF. N S
GaLRRa I TH
RA St LF
BOTT-RODE
F ITCH

+- = A(KL TO P I+7 I-I/A{KS
(1» &4)
{2 ~ 02)
( 1 86)
(1.935)

1 ~ 91 F 06

UNITS 10¹¹-3
64 OSPK
65 OSPK
66 OSPK
66 OSPK
67 OSPK

10/69
10/69
10/69
10/69
10/69

ER
FR

RATIO OF FTAOO OVER ETA+-
1 09 0 F 09 RUBRI A 70 CNTR PRELIMINARY 2/71¹

F00 PHASE OF ETA 00 (DEGREES)
Foo F IRST QUADRANT PREFFRRFD
FOO 51. 30~

GOBB I
CHOLLET

69 OSPK 11/69
70 OSPK CU REG» ~ 4 GAMMAS 10/70¹

~ ~ ' ~ ~ ~ ~ ~ ~ ~

1 ~ &5 0 ~ 03 FROM F IT (ERROR (NCLUDFS SCALF FACTOR OF 1 0) 2/71¹

These can be compared with the experimental values
= (43. 6 + 3. 3)'

{lapp = (5i + 30)'
Re & = (I. 64 + 0. 24) g 40

-3

where & has been computed from 5, the cha~ge

asymmetry parameter for leptonic KL decays, and

(Re x, Im x), the AS = -EQ amplitude, using Eq. (29)
I

. of the text.



PARTIcLF. DATA GRQUP Re'vsew of Partscle ProPert$8$ S49

+tamale Partlc lee
For notation, see illustrated key at beginning of data card hstings

13 X =(OS=-DQ AMPL ITUOE /DS=+OQ AMPLITUDE)

R F. X REAL PART nF X

C 152
1&6

F 109
116
335

K+ CHARGE EXC HNG
K+ CHARGE EXCHNG
PBAR P
PI-P TO KO LMBDA
%+0 YIELDS KOPP

L(EIGHTED AVERAGE = -0 .003 ~ 0 .031
ERROR SCALED BY 1.7

RFX 0 ~ 06 0 ~ 18 0 ~ 44 BALOO-CE 65 HLBC
REX 0 ' 035 0.11 0 13 AUBERT 65 HLBC
RFX -0 F 08 0 ' 16 0 ' 28 FRANZINI 65 HBC
IBEX 0 ~ 17 0 e 16 oe 35 FELO lAN 67 QSPK
RFX N ( 0 ~ 17 ) ( 0 ~ 101 HILL 67 DBC
RFX B to ~ 03) (0 ' 031 BENNETT1 68 CNTR
REX 1?1 0 ~ 09 0 ~ 07 0 ~ 09 JAMES 68 HSC
REX 8 -0 ~ 020 0 ~ 025 SENNETT 69 CNTR
REX 686 0 ~ 09 0 ~ 14 0 ~ 16 LITTENBER 69 OSPK
REX 215 0 ~ 12 0 ~ 09 CHO 70 DBC
R FX I 079 -0 ~ 069 0.036 SC IUL( I 70 OSPK
R EX 2 "2 Oe 75 ~ 07 o 09 WEBBER 71 HBC
REX 8 t)FNNETT 69 I S A REANALYSI S QF BENNETT1 68
RFX C 'BALDO-CE 65 G IVES X AND THETA ~ CQNVERTEO BY US TQ REX ANO IMX
REX F FRANZ IN( 65 GIVES X ANO THETA FOR REX AND IMX SEC SCHMIDT 67
RFX N CHQ ~0 I S JI EANALYS IS OF HILL 67 USING ONLY lJNAMSI G(JOUS EVENTS
R F. x ~ ~ ~ ~ ~ ~ ~ ~ ~

&FX 4VG -0 ~ 003 0 ~ 031 AVERAGE. (ERR()R INCLUDES SCALF FACTOR OF 1 7)
(SEF. IDEOGRA~ BELOW 1

11/67
11/67
11/67
11/67
11/67
7/68
5/69

10/69
4/69

10/70»
11 /70»
10/69

11/67
1 1. /67
2/71»

13 KOL FORM FACTORS

FOR DISCUSSION OF FORM FACTORS SEF NOTF. PRECFOI NG K+ FORM FACTORS

XI 4 X IA = F-/F+ (DETERMINED FROM SPECTRA AND K'4IU3/KF31
X( 4
XIA
XIA
XIA
XI A

XIA

XI A

XIA
X IA
XIA
XIA
XIA
XI 4
XIA
X IA
XI 4
X IA
X IA
XI A

XI A

XIA

L 389 (+1 1) (0 ~ 9)
L (+Oo66) (0 ' 9)
L 1371 (+1 2) (0 ~ 81

C 1371 -0 ~ 82 0 ~ 6
-0 ~ 2 0 ~ 8

770 +0, 3 +0 ~ 4
1309 -0 ~ 22 0 ~ 30
3140 -3~ 9 0 e4
3548 —0, 50 0 ~ 5

H 26K -0 680 0 ~ 12
C 2ND CARPENTER VALUF
H CHIEN 70 VALUE AT L-=0

L LM+ ANO LM- ASSUMED TQ
~ ~ ~ ~ ~ ~ ~ ~ ~

AVERAGE MFANINGLES5 (SCALE

( 1 ~ 31 ADAIR 64 HBC
( 1 ~ 3) LUERS 64 HSC

CARPENTER 66 QSPK
CARPFNTFR 66 QSPK

I ~ 2 KUL Y(JKI NA 68 CC
SlJOAGQV 68 HLSC
EV ANS 69 HL BC
BASILE 70 QSPK +
BAS ILE 70 QSPK +

0 ~ 20 CHI EN 70 ASPK
ALLOWS ENFRGY OEP OF F+

peF-

~ L- ANO XI(0) ARE HIGHLY CORRELATED
SE ZERO - NQT AVER AGFD

KMU3/KF3
K4IU3/KE3
&UePI SPECTRA
ollJyPI SPECTRA ~ CD
'(UePI SPECTRA
KM3/KE3eLM+=e023
KM3/KE3

BALM+=

A 02
DLTZ PLOT l. += ~ 02
KM3/KE3eLM+=o02
OAL ~ PLT ~ L+= ~ 08

FACTOR = 3 ~ 8)

SOME QF THE OLDER EXP ER IMFNTS HAVE EVALUATED XI ASSUMING THAT I T I S
INOFP ENOENT OF THE MOMENTUM TRANSFER ( Tl I .E ~ THEY SET L+=L-=0 ~

OTHERS HAVE ASSlJ&FO A VALUE FOR L+ AND USFD L-=0 ~ ONLY RECFNTLY
BOTH L+r L- AND X I(01 (QR THREE RELATED PAR AMETFRS'1 HAVE BEFN IN( LU-
OEO IN THL FITS ~ SFE CH( EN 70 ~

8/67
I)/67
8/67
8/67
2/7 1»

11/68
10/69
10/70»
10/70»
2/71»

2/71»

X IB
XIB
XIB

X IS = F-/F+ (DETERM INFO FROM MU PQLARI ZAT ION IN KMU31
THE MU POLARIZATfON IS A MFASURE OF XI (T) NQ ASSUMPTIONS QN I+-

NECESSARYRY

T SHOULD BE SPEC IF IEO ~

XI 8
X(B
XIB
XI 8
X I 8

2608
638

-1 ~ 2
-1 ~ 6
-F 81

0 ~ &

0 e;

0 ~ '50

AUFRBACH 66 OSPK
ABRAMS 68 QSPK

0 ~ 26 LQNGQ 69 CNTR

AVERAGE MEANINGLESS (SCALE FACTOR = 1 ~ Ol

POLARIZATION
POLAR I ZAT ION
PAL ~ T=2 ~ 65

8/67
5/69

11/69

—0.4 0.0 0.4

L(EBBER 71
SCIULLI 70
CHO 70
LITTENBER 69

.BENNETT 69

.JANES 6B
FELDHAN 67
FRANZINI 65

.AUBERT 65

.BALDO-CE 65

O. B

HBC

OSPK
DBC
OSPK
CNTR

HBC

OSPK
HBC

HLBC
HLBC

CHISQ
10.0
3.3
1.9
0.4

0.5
1.4

0.1

17.5
(CONLEU
=0.ODB)

RXI
RXI
RXI
RXI
RXI
Rxf
RXI
RXI
RXI
RXI
RX I
Rxf
RXI

REAL PART OF
1371 -0 ~ 82

-0~ 2
+Oe3
-lo2
-lo6
-0 ' 22
-le 81
-3 ~ 9
-0 ~ 50
-Oe 680

770
2608
638

1309

3140
3548

H 26K
~ ~ ~ ~ ~ ~

AV ER AGE ME AN I NGLE 5

Xt (COMBINFD XIA ANO XIB)
0 ~ 6 CARPENTER 66
0 ' 8 I ~ 2 KULYUKINA 68

+0 ~ 4 SUOAGQV 68
Oo5 AUFRB4CH 66
0 ~ 5 ABRAMS 68
0 ' 30 EVANS 69
0 ' 50 0 ~ 26 LONGO 69
0 ' 4 SASI LE 70
0 ~ 5 BAS ILE 70
0 ~ 12 0 ~ 20 CHIFN 70
~ ~ ~

S (SCALE FACTOR = 3 ~ 0)
( SEE IDEOGRAM SEl OW 1

OSPK
cc
HLBC
QSPK
QSPK
HLBC
CNTR
QSPK
QSPK
ASPK

MU Pl q SP ~

MU Pf r SP ~

SORY
PQL ~

P Ol. ~

8 ~ R ~

PQL ~ T=2 ~ 65
DLTZ T=O
SORY
DAL ~ PLT ~ T=0

10/70»
10/70»
2/71»

REAL PART OF .X (DELTA S = -DELTA Q AMP)

I&X I NAG INARY PART QF X (ASSUMES M(KL)-M(KS) POS IT IVF. -- SEE S13O)

I 'lX C 1 52
(MX 196
[et X F 109
I MX 116
I MX N 335
fMX 121
IMX 6 Re
I &X 215
I &IX 1079
(@IX 2%2
IMX C

I Mx F
I MX N F TNQT
IMX N CHQ
'l M X

I MX 4VG

K+ CH ARGF EX C HNG

K+ C HARGE EXCHNG
PSAR P
PI-P TO Ko LMBOA
K+0 YIELDS KOPP
PBAR P
K+N TO KOP
K +D TO KOPP
P I-P
K-P TO KBAR

US TO RE X ANO IMX

(MX SEE SCHMIDT 67
(PRIV COMM)

IG(JI)US EVENTS

-0 ~ 44 0 32 0 19 BALDQ-CE 65 HLRC

-0 21 t). I I 0, I '5

AUBERGE

65 HLSC

+0 24 0 ~ &0 0 30 FRANZI NI 65 HBC

0.0 0.25 FELOMAN 67 OSPK

(-0 ~ 70) ( 0 ~ 101 HILL 67 OBC

+Oe22 0 ' 37 0.29 JAMES 68 HSC

-0 11 0 ~ 10 0 ~ 11 LITTENBER 69 QSPK
-0 ~ 08 0 ~ 07 CHQ 70 OBC

0 108 0 092 0.074 SC IULLI 70 OSPK

0 ~ 0 oos) WF BBER 71 HBC

BALOQ CF. 65 GIVES X ANO THFTA ~ CONVERTED SY

FRANZ IN I 65 GIVES X AND THFTA ~ FOR REX ANO

E 10 OF HILL 67 SHOULD RE40 +0 ~ 58 NQT -0 ~ 58
70 I 5 REANALYSIS OF HILL 67e USING ONLY UNAMB

~ ~ ~ ~ ~ ~ ~ ~

-0 ~ 037 0 ~ 043 AVERAGE (FRRQR INCLUDES SCALE FACTOR OF 1 1)
(SEE tOCOGRAM BELOW 1

3/68
3/68
3/68

I, 1/67
11/67

4/69
).0/70»
11 /70»
10/69
ll/67
11/67
3/68
2/71»

BA SILE
CHIEN
BASILE
LONGO

EUANS

ABRAflS
AUERBACH

BUOAGOV

KULYUKINA
CARPENTER

70 OSPK
70 ASPK
70 05PK
69 CNTR

69 HLBC

6B OSPK
66 OSPK
68 HLBC
6B CC

66 OSPK

CHISQ
O. B

2.5
55.0
5.3
5.7
1.8
0.3
9.5
0.5
0.0

B1.4
(CONLEU
=0.000)

COf(BINED F-rF+ USING XIA AND XIB (KDL)

WEIGHTED AUERAGE = -0.037 ~ 0.043
ERRDR SCALED BY 1 .1 IXI

I XI
IXI
IXI
IX I AVG

I MAGINARY PART OF XI
-0~ 2 0 ~ 6
-0 ~ 02 0 ~ 08

~ ~ ~ ~ ~ ~ ~ ~ ~

-0 ~ 07. 3 0 079

(TEST OF T RFVERSAL)
ABRAMS 68 QSPK
LONGO 69 CNTR

MU POL4RI ZAT ION
Pr)L. T=2. e5

AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 0)

10/69
11/69

FS FS/F+ RATIO OF SCALAR TQ F+ COUPLINGS ( ABS ~ VALUE)

FS (0 ~ 15) OR LE SS KULYUKIN A 67 Cc et) PFRCFNT COCLE 10/69

F T F T/F+ RAT IO OF TENSOR TO F+ COUPL INGS ( ARS ~ VALUC)

FT ( 1 ~ 01 OR LESS KULYUK IN A 67 CC bt) PERCENT CO ~ LE I 0/69

L(EBBER
SCIULL I

-CHO

LIT TENBER
. JAMES
.F E L 0 ll A N

FRANZINI
BERT
LDO-CE

71 HBC

70 OSPK
70 DBC

69 OSPK
68 HBC

67 OSPK
65 HBC

65 HLBC
65 HLBC

—1.0 —0.5 0.0 0.5 1.0
IflAG. PART OF X (DELTA S = -DELTA Q AI1P)

CHISQ
0.2
3.0
0.4

0.5
0.6
0.0

1.8
2.5
9.0

(CONLEV
=0.251)

L+E LAMBDA + (LINEAR ENFRGY OFPFNOENCE OF F+ IN KO E3 OFCAYl

L+E FOR RAO CORR. TO THF. DAL ITZ PLOT OF KE3 SFE GI NSBFRG 67 ~

L+C
L+E
L+E
L+F.
L+E
L+ F.

L+E
L+E
L+E AVG

1 '53
577
762
531
240

1000
4800

+0, 07
+0. 15
-0 ~ 01
+0. Ol
+0 ~ 08

0 ~ 02
+0 ~ 023
~ ~ ~ ~

0 ' 0172

F 06
F 08
~ 02
~ 015
F 10

0 ~ 013
0 ~ 012

LUERS 64
F I SHER 65
F I RE STONE 67
KAOYK 67

~ 08 LOWYS 67
ARQNSON 68
SASI LE 68

HBC
OSPK
HBC
HSC
FBC
QSPK
OSPK

OLTZ PLOT NO R ~ C

DLTZ PLT, NQ R.C.
OLTZ PLY NQ ROC
EePI SPEC ~ NQ ROC
P I SPEC e RAO COR
P I SPEC TRUM

DLTZ PLTeNI) RE CD

~ o ~ ~

0 ~ 0070 AVERAGF. (ERROR INCl. UDES SCALE FACTOR OF 1 0)

I+M LAMBDA + t LINEAR ENERGY DEP ENI)ENCE OF F+ I N KMU3 DECAY)

L+M FOR RAOe CORR ~ To OALITZ PLOT OF KMU3 SEE GINSSFRG 70

L+M C 26K 0 ~ 07 0.02 CHIFN 70 ASPK 0 K&U3 DALI TZ PLOT

L+M C CHIEN 70 VALUE AND ERROR HAVE SEEN CHANGFO FROM 0 OA +- 0.01 TQ

I+M C INCLUDE SYSTEMATIC EFFECTSe

8/6 &

8/67
8/67
I)/6 ~
5/69
3/65

3/71»
3/71»
3/71»
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For notation, see illustrated Jtey at beginning of data card listings
SCahle Partic lee

RAk AQN

CRAWFOPA
AST I FP
FITCH
G At)0
NF ACT U

58 ANP ". 156
59 PPL 2 361
61 4 IX CONF 1 227
61 NC 22 1160
61 PP 124 1223
61 PPL 6 552

M RARDAN K LANDE L LEOFRMAN (CQLUMBIA+BNL)
CP AWFORO, CREST[, I)OUGLA SS,GOOD + (LRL)
ASr IEP, BLASKAV tC, R tVEr, S t AUO + t PAR t S+EI )
V FI TC Hi P Pl ROUE ~ R PERKT NS (PRI NC FTON 1

GAODrMATSENrMULLERrP ICCIQNI ~ POWELL + {LRL )
NFAGU OKONAV PFTRAV RASANOVA RUSAKOV ( JINR)

CANER fN I 62 PR 12 8 367
AARMON 62 PL 3 57

CAMERINtrFPY GAIDQSrBIRGE ELY + (WISC+LRL)
J 04RMONr A ROUSSETr J SIX l PAR I 5+EP 1

REFERENCES
13 LANG-LIVED NEUTRAL K (498 JP=O-1 [=1/2

BE tLL I FR
BENNETT
RAHW

ALBA
4I)TT-RQA
CFNCE

EVANS
F AI SSNER
FAFTH
GAILLARD

AL SO
GARB I

69
69
69
68
69
69

69
69
69
69
67
69

PL 3 08 202
PL 298 31 7
NP 89 605
PL 278 321
CFRN 69-7 32 9
PRL 22 1210

PRL 23 427
PL 308 204
PL 308 282
NC 59A 453
PRL 18 20
PPL 22 685

RE ILL I ERE i BAUTANG, Lt MON {FPOL)
+N YGk EN ~ SA AL i S T F [NO C RGE R+ (COLUiBNL)
+AARR IULAT GPQSSA KAFTANAV+ tCERN)
BOHM DARRI(JLAT GROSSt) KAFTANAV {CF. RN)
BOTT-Bt)DFNHAIJS ENrOE ROIJARD ~ CASSFL+ {CFkhl )
CENCE, JANF 5 PFTFRSQN STFNGEP& {HAWA I I LRL )

EVAriS, GOLDEN, MUIR, PEACH+ (FDINBURGH, CERN)
+FOE TH STAUAE, T ITTEL i (AACHiCERNi TORI )
+HOI. DER RA!)ERVACHEP + {AACHFVi CERN TAR I NO)
r' Cr A L 8R A I T H i HU 'S SR I r J A N E + {C E P hl ~ R U T H ~ A A C H F h! 1

+KR IEhIENiGALBRAI TH r HUSSR I+ (CFRN+RUTH+AACH )
+GRCFN ~ HAKEL ~ eIQFFE TT ROSEN GAZ+ (RQCH+RUTG)

ADAIR
ALEK SANY

SEF. AL
4 r{t K I NA

CHRISTFV
FU J I I
LUERS

ANIK INA
ANDE Rs AN

AST BURY 1
ASTBURYI
ASTBURY7
ASTRIJRY3
AURFRT
AUB ER T
BAL AA-CF.

CHR I 'ST FN

F I SHFP
FiTCH
FRANZINI
G4L BRA I T
GU I 0')NI
HAPKfhls
VISHNFVS

ABASH[AN
AI. FF-STF.
ANI K INA
AUFRBACH
AUF. RRACH
AUFRBACH
BAL nn-CF.
BAS ILf

R K AAAIRr L 8 LE I PUNER l YALE+SNL 1
AL EKSANYAN AL IKHANYAN VARTAZARYAN+ {ERFVAN)
ALEK SANYAN+ {L EB FOEV+MAS ENG PHYS+ FR EVAN )
ANIK I VA ZHURAVLEVA+ (GFORG ACAA SC I+ AURNA )
CHR I STFNSON CRONIN F ITCH TURLAY ( PR I NCEThI I
FU J I I, J AVANOV ICH, TURKAT+ ( BNL, MARYLAND, MI T )
L UFR SiMI TTRA ~ WILL I Si YAMAMOTA (RNL )

64 PL 12 67
64 AUBNA 2 ls)2

SO J ET P 19 1019
44 JFTP 19 42
64 PRL 13 138
64 OUBNA 2 146
64 PR 133 8 1276

6& J I NP P 2488 AN I K IN A r VAR 0 ENGA i 2 HUR AVL E V 4 r KQ r L YA+ ( AUBNA )
65 PRL 14 475 ANDERSON ~ CRAWFORD GOLDEN STERN + (LRL+W[SC)
65 PL 16 80 ASTBURY F INACCHI ARA REIJSCH + (CERN+ZIJRICH I
65 SFE ALSO M PEPIN Hf LV ~ PIIYS ~ ACTA 39 523
65 PL 18 175 ASTBURY iMICHEL INI i BFUSCH +
65 PL 18 178 AS TRIJRY e Ml CHEL IN I e BEIJSCH +
65 IeL 17 59 AUBERT r BEHP e CANAVANiCHAUNET+
65 SEF. AI. SO LOWYS 67
65 NC 38 684 BAL DA-CCOL INiCAL IMANIiCIAMPOLfLLO + (PAAVA)

I C ERN+ ZUR I CH)
(CERN+ZURICH)
(P 4R I S+ARSAY)

CHR I STENSQNiC RON[ NiF I TCH ~ TURL4Y (PRI NCETQN)
F ISHFR i ARASHIAN ~ ABR AMSiCARPENTFR+ {ILL INDI S )

F I TCH ~ R!)TH i RUSS r VERNON {PR I NC FTAN )
FRANZ INI iK IRSCHr PLANO + t CALUe(BIA+RUTGEP S)
GALBRAI THi M4NNING, JONFS + ( AFRE+BRIST+RHEL 1

+BARNFS FAEL SCHE FFP BEL F[RF STA+ l BNL+YALF. I
H W K HOPKINS r BACQNr EI SLER I VAND+RUTGERS I
V I SHNEVSKY GALAN I NA ~ SEMFNOV + (MASCOW)

65 PR 140 8 74
ANL 7130 83

65 "RL 15 73
65 PR 140 8 127

PRL 14 383
65 ARGANNF. CONF
65 ARGANNE CONF
65 PL 18 339

49
67

ABASH[ AN, ABRAM5 ~ VE RHEY+
ALFF-STE Ih)BERGfR HEUFR RUSBI A +
AN f K INA r VAROENGA r ZHUR AVL EVA+
AUER BACH ~ MANNi MC FARL 4NF ~ SC I ULL I
AUERBACH OORBS LANDE MANN SC IULL I+
192
BAL DD-C FAL IN, CAL I MANI, C [AMPALI LL 0+
BAS fLErCRQNINe THEVENET

(URBANA)
(CERN)
(JINR)
(PENN)
( PENN)

t P AQUA)
( SACLAY)

66 BERK EL EY 28
bh PL 21 595
66 SJNP 2 339
66 PRL 17 990
66 PR t49 1057.
66 SEE. ALSO PRL
hh NC 454 733
66 BAL ATAN CQV F

14

L ITTFNBE 69
LANGO 69

AI. BROW 70
ARAN5AN 70
BAPMIN 70
BAS ILE 70
8!JCH4NAN 70

PRL 22 654
PR 181 1808

PL 338 &16
PRL 2 r 1057
PL 338 3&7
PR 02 78
PI 338 623

CARNE(r IE 70
ALSO srP [ V

CHI CN 70
ALSO PRIV

CHA 70
ALSO 67

CHQLLET 70
SEE ALSO

CLARK 70
AL SA 71
AL SO 70

CULLEN 70

K IEV CONF
4TE COMMUN[CAT [ANr

PL 338 627
4TE CQMMUNICAT tON,

PR Af 3031
PRL 19 668
PL 318 658
CERN 69-7 309
UCRL 202 89
IJCRL 20264- THF. 5 I S
UCRL 19&09-THFSIS
PL 328 "23

DARR IULA
E NSTRQM
F AI SSNFR
JENSFN

ALSO
MARX

ALSO
RUSSIA
SC IULL I
SCR [BAND
SMI TH

70
n 0
70
70
69
70
70
70
70
70
70

PL 338 249
SL AC 125 ( THFS IS )
NC 70A 57
THF5 I 5
PRL 23 615
PL 328 219
THFS IS,NEVIS 179
BAPS 15 1'587
PRL 25 1214
PL 328 224
PL 328 133

ALSO PRIVATE COMMUNIC4T tAN,
BUDAGOV 70 PR A2 815

ALSO 6 8 PL 288 21 5

L I TTFNBERGiF IELAiP [CCI ON[ e MFHLHOP+ {IJSCA)
M J LANGO K K YOUNG J A HE~LLANt) t ANNA, UCLA)

+ASTON ~ SARBEkiBIRDiFLL ISQN + (MCHS+OARF)
+EHRL fCH HAFER JENSF N+ (FF I I LLC SLAC ')

+RARYLAN ~ BORISAV ~ RYSHEVA+ {I TEPi JINR)
rCRANIN, THEVF NT, TURL AYr ZYLRER4JCH & ( SACI 1
+OR ICKEY ~ 'RIJAN(CKt SHEPARO+ {SL ACr JHOPr UCLA)
8 ~ CQXi FFB~ 71
+CUNDY ~ MYATTrNEZRICK+ (CFRN ~ OPSA ~ FPOL 1

+CUNOY, MYATT rNEZRICK+ (CF RN r QRSAYr EP )

+CFSTERiF I TCHi STRA VINKrsULAK (PRINCETON)
V ~ F ITCHi FEH 71~
C- Y ~ CHIEN COX ETTL I NCER + ( JHIJ+ SL AC+UCI. A )
8 ~ CDXi FEB ~ 71 ~

+ORALLE, CANTER, ENGLFR, Fl SK+ (CARN, RNL ~ CASF )
HILL LUERS ROBINSON SAKI TT + ( BNL CARN)
+GAILLAR Dr JANE r RATCL IFFE i REPELL IN + {CI:khl)
+GAILLARD JANE RATCL IFFE REPELLIN + (CFRN)
+Fl [OFF F IE(.O FR I SCH JOHNSON KERTH + (LRL I
HFNRY FRISCH (LRL )
RALLAND JOHNSON (I.RL )
+OARRI UL AT i DEIJTSCHr FQETH + ( AACHiCEPNi TOPI 1

+FERRERO ~ GROSSO HOLDFR + (AACH CFRN TARf 1

J E Fh)STPAM ( SL AC)
+RE I THLERi THOMF. ~ GA[LLA'RO+ ( AACHi CERN ~ RHFL 1
A A ~ JENSEN {EFI)
J FNSEN i ARANSAN i EHR L ICHr F RYBERGER+ I EF IN r ILL )
+NYGRFN PFAPLES ST Ft hIBERGER+ (CI)L HARV ~ CFRN )
JAY MARX {CALUMB I A )
kUBS I 4+ (CF.RN)
+GALL I VANi SINN I E GOM EZ ~ &ALLARY PECK+ l CALT )
+M4hINE( L'I eP IERAZZ IN[ e MAP X+ (P ISA eCQLUr HARV)
+WANGr WHATLEY iZORN ~ HARNBQSTEL (UMOiRNL 1

SFHR
BFLLOTTI
BATT-BOA
CA&ER [NI
c4VTER
CAR P ENTF
C HAhIG

bh PL 22 540
eh NC 45A 737
66 PL 23 277
66 PR 150 1141
66 PRL 17 942
66 PP 142 871
66 PL 23 702

PE HR r BR I SSANi 8AL DO-C FOL IN ~ AIJBFRT+ I PA QUA i EP 1

SELLOTTI ~ PULL I Ai SALDO CEOL IN+ ( Mf LANr P AQUA )
BATT-BADFNHAUSFhl ~ DE BQIJAROrCASSFL+ (CERN)
CAMFR INI iCL INE ~ ENGLI SH ~ F ISCHBE [N+'W I SCANS IN
+CHA ENGLER F [5K HILL + I C ARNE C& I F +BNL I
CAR PEN Tf RiABA5HAN, ABRAMSrFISHFR ( ILLINOIS)
CHANGr BASSANOiK IKUCHI ~ DADO+ l SYRACUSE ~ BNL 1

VOSBUP G 71
WERRER 71

4LS'J 68
4LSO 69

PREPRINT I PUTS) +DFVL IN ESTEPL ING, GAZ iBRYMAN+ (RIJTG+MASA)
PR 30 64 + SALMI TZ ~ CRAWFOPO GARNJAST tLRL)
PRL 21 498 WEBBFR ~ SALMITZ ~ CRAWFORD ALSTONGARNJOST (LRL 1

UCRL 19266-THFS t S 8 R WEBBER (LPL )

PAPFRS NOT REF ERRFO TO IN DATA CARDS

CRIES EF
F IRFSTAV
F I RE STAN
FUJII

I FUJ[I
Gr)L r)EN
HAWK INS

ALSO

JOVANAVI
KULYUKI N

MF I SNF. Rl
ME I S NFR2
NEFKENS
Vf RHE Y

66 PRL 1 150
66 PRL 16 556
66 PRL 17 116
hf PRL 1 3 253
66 IS THE CARRFCTEO
66 SFRKELFY 78
66 PL 21 238
67 PR 156 1444

66 PRL 17 1075
66 BERKELEY 28
66 PRL 16 278
bb PRL 17 492
66 PL 19 706
66 PRL 17 669

(LRL )
( YALE)
( YAL F. )

JOVANOVICH, FUJI I, TURKAT, ZORhI + (BNL+MD+MfT)
KULYUK [NA ~ MESTVI R I SHVIL I ~ NEAGUr PETR+ ( JINR 1

G W ME I SNER ~ 8 8 CRAWFORD f CRAWFORD (LRL )
G r{F. I SNF R ~ 8 CRAWFORD F CRAWFORD {LRL )
NFFKENS ABASH[ AN A BR AMS CARPENTER+ ( ILL )
VERHEY eNEfKENSr ABASH14N+ (UP SANA )

RENNFTT
Rorr-800
s)ATT-BOA

ALSO
ALSA

CAVTFR
CRONIN 1
CRONIN 2
OEBAUAPA

ALSO

67 PRI. 19 993
67 PL 248 1 94
67 PL 248 43R
46 PI. 20 21 2
66 &L 23 277
67 THES IS
67 PRL [et 75
67 PP INC CONF(11/67)
67 NC 52 4 662
65 PL 15 58

BENNETrrNYGREN ~ SAALiSTFINBFRGER +(COLUMBIA)
BOTT BOAFNHAUS EN ~ OFBOUARD ~ CASSEL + l CERN )
BOTT-BODEh(HAUSEN DEBOUARD DEKKERS+ ( CERN I
BOTT-BODENHAUSFN ~ AEBQUARoe CASSEL+ (CERN )
BOTT-BOOENH4USFN DEBAUARA CASSEL+ I CERN)
J ~ M ~ CAVTER

(CARNEGIE�

)
+KUNZ ~ R I SK ~ WHEFL FR t PRI NC F. TON 1

+KUNZ iR [ SK ~ WHEELFR l PR I NC E TON 1

DFBAUARO DEKKfRS JORDAN MFRMAA + (CFRN)
OE BOUARoi AEKKERsi SCHARFF+ t CERN+ORSAY+MPI )

+FAX FRAUENF FLDFR HAh)SON ~ MOSC AT+ ( ILL I NO[ 5 )
F IRF STAVE iKI Mr LACH ~ SANAWE I SS+ ( YALE ~ RNL 1
F IRF STONF, ~ Kl M ~ L ACH ~ SAND'WE I SS+ I YALE ~ BNL )
FUJIIi J')VANOV ICHi TURKOT r ZORN (BNL+MARYLAND)

VALUF. G I YEN SY JOVANOVICH+ 661
R ~ GALOEN F ~ CRAWFORD 0 STERN
C J 8 HAWK INS
C J 8 HA WK INS

ALFXANOE
JOVANOVI
STFRN
8EHR
MESTVIRI
TRILLING
TR ILL INC,
G INSBFRG

62
63
64
65
65
65
6"
67

RUr)8 I A

ALSO 1
ALSO 2
ALSO 3

SCHMt Dr
CRONIN
Gl NSBE RG

HEIJSSE

G ALEXAh)DERiS ALME IOAiF CRAWFORD (LRL 1

JOVANOVICi f [SCHFRrBURRIS + IBNL+MARYLAhID)
STERN i 8INFARD et I NOi ANDERSON + (Wl SC+L RL )

59 IIEHRr BR I SSONr BELLOTT f+ ( EP+ If L4NO+PADOV4 )
MFSTVIRISHVIL I hlYAGU PETROV PIJSAKOV+ I J INR)
GEORGE H TR ILL I NG (LRL 1

FROM 1965 ARGONNE CQh)f, P AGF 11'5
EDWAR0 5 GINSBERG (U, MASS BOSTON)

PRL 9 69
BNL CONF 42
PRI. 12 459
APGANNE CONF
JINR P 2449
UCRL fe473

15 UPOATFA
PR 162 1 570

67
66
he
66
67
68
70
70

PL 248 531
PL 20 207
PL 21 595
PL 23 167
h)E V I 5 160( THI 5 I 5 1

VIENNA CONF P ~ 281
PR 01 229
LNC 3 449

C.RURB IA i J ~ STE I NBERCiF R {CFRN+COL )
ALFF-STE f NAERGER, HEUER, KLE (NKhIFCHT t ( CERN)
ALFF-5 TF INRERGER iHFUEP ~ KLE lNKNECHT+ t CERN)
C ~ RIJBB IA J ~ STE tNBERGEP t CERN+COL)
P ~ SCHMIDT (CQLU4I) IA)
CRONI Nr RAPPORTEURS TALK ( PR I NC ET AN I
F S GINSBERG {IIT HAI FA)
+AUSE R T ~ PA SCAUt) ~ V I AL LF (ORSAY)

14 ETA (549i JPG=O-+) I =0

g FOR C ~ BALTAYS R EV IFW OF THF FTA MF'SON ~ SFE PROC ~ IJV[V ~ OF PFhlhl ~
CONF ~ AN MF SQN SPECTROSCOPY ( W ~ 4 ~ BEN JAM [N ~ N ~ Y ~ r 1 9681

DEVLIN
DARF AN

F F. L I) MA N

F IRF STAN
F ITCH
HAWK I NS
HI L L

HAPKIVS
KADYK
K UL Y UK I III

LAWYS
MI SCHKF
NF. FK ENS
TOOC)RAFF

67 PRL IR 54
67 PRL 19 9s)7
67 .PR t&5 1611
67 PRL 18 176
67 trR 164 1711
67 PR 156 1444
67 PRL 19 668

67 PRL 19 185
67 PPI 19 59&
67 PREPR I r(r
67 PL 248 75
67 PRL 18 138
67 PP 157 1233
67 THESIS

DE VL IN SOLOMON SHE PARD, BEALL+ IP R INC+MARY, I
DORFAN, ENSTRAM RAYMOND, SCHWARTZ +t SLAC+LRL)
FELQMAN FRANKEL HIGHLANC)iSLOAN tU OF PENN)
f lk E STONE r KI MiLACHiSANDWE ISS r+ (YALE ~ BNL )
FITCH ROTH RUSS ~ VE "NON ( PRI NC ETON)
C J 8 HA WK INS ( YALE )
HILL r LUERS Rt)BI NSON CANTER+ (SNL, CARNEGlf 1

HAPK[NS, RACON, F. I SL ER t BNI. 1

KADYK rCHAN eDR I JARD rORENi SHEL DAN (LRL )
KULYUKINA+MESTVIR ISHVILI+NEAGU + {JINR)
LOWYS AUBERT CHOUNET PASCAUD+ (EP ', )RSAY 1

M I SCHKE ~ ABASH[ AN ~ A BRAMS+ ( ILL I NOI 5)
+ARASH[AN ~ ABRAMS ~ CARPENTFRiF ISHER+ ( ILL I
JOHN 4 TADARAFF t [LLINQf5)

M 53
35
91

M

148
M 325

M 2&0

M AVG

549 ~ 0
546' 0
548 ~ 0
549r 3

0
552r 0
'548e 2
5'55 ~ 0

548r 82

14 ETA ."(ASS IMEV'I

1 ~ 2
F 0
1 ' 0
2 ' 9
0 ' 7
3 ' 0
o.e5
2r0

BAST I EN
P I CKUP
ALFF
OE LCOURT
FQELSCHF
KRA F. ME R

FOSTER3
JAMES

62 HBC
62 HBC
62 HBC
63 CNTR
64 HBC
64 ORC
65 HBC
66 HBC

0 ~ 56 AVER4GF f CRRAR INCLUDES SCALE F ACTOR AF 1 4)
t SEE IDEOGRAM BFLAW 1

7/66
bibb

ARRAMS
ARNOLD
4RAhlsAN

AL SA
BALATZ
BANNER1

BANNFR2
4L SA

BAR TL ETT
SAS ILf,
845 I LE 2
RENVETTI

68 PR I 76 1603
68 PL 2SB 56
6 8 PRL 20 287
69 PR 175 1708
68 Pl. 268 32 0
68 PRL 21 1103

68 PRL 21 1107
e9 PR 188 2033
68 PRL 21 558
68 PL 268 547.
68' PL 288 58
68 PL 278 244

+ABASH[ ANiMISCHKE ~ Nf FKENSr SMITH+ t ILL INDI S)
4 RNOL 0 ~ BI IOACpOV ~ C UNDY i AUBERT+ \ C ERN+0 RS AY I
5 Hr APONSOh) ~ K ~ WaCHEN {PRI NC ETON )
S H AR ANSQN ~ K W C HEN ( PR [NC ETON 1

BAL ATZ SERF 2 f N V I SHNFVSKY ~ GAL ANI NA+( MOSCOW )
BANN ER i CR ON[ N r L I V r P I LCHF R I PR I NC ETON )

BANNER iC RONIN ~ L I V ~ P[LCHFR t PP I NC ETON )

BARTLETT ~ CARNEGI Ei F ITCH+ {PR[NCETAN)
845[LE rC RAhllNr THEVF NET ~ TURLAY+ t SACL AY 1
+CRANINr THEVENETi TUkl. AY r ZYL8ERAJCH+t SACLAY)
RENNFTT r NYGRF Nr STE INI)ERGER+ {CO{ UMBI 4+CERN )

91 (10r0) OR
149 l10 0) QR
31 I 12 ~ Ol QR

l4 ~ 0) OR

l ~ 91 OR
AL SO Sf E ETA DECAY

LESS
LESS
[.ESS
LESS
LESS
RATES

ALFF
FAFLSCHF
JAMES
SAI. TAY
JQNE 5

l BELOW) ~

14 ETA WIDTH ( MEVl

62 HRC
64 HBC
66 HRC
66 08C
66 CNTR

6/eb
7/66

r 95 CONF r Lf VEL 8/67

BFVNE TT2
I[L Ah)P[ EO
BUDACiAV

AL St)
CARNEGIE
JAMF. S

AL SA
KIJLYI JK I N

K UN 2.

MELHAP
THATCHER

68 PL 278 248
68 PRL 21 le50
68 NC 574 182
68 PL 288 21 5
68 PR INC TR44 THFS IS
68 NP 88 365
68 PRI. 21 257
68 JETP 26 20
68 THESIS (PU 46)
he) PR 172 1613
68 PP 174 1674

BENNETT NYGRFNr STE INBFRGER+ I

COLUMBIA+CERN�)

BLA NP I ED iL F V I 7 iENGEL S+ {CASE+HARV+MCGf )
BUOACrOVi BIJRMEI STER ~ CUNAY+ICFRN ORSAY PARIS)
+C UNDY i '{YAT T ~ NE ZR I CK+ (CERN ~ ARSAY EP )
R ~ K ~ CARNEG IE {PR[NCETAN)
F JAMF5i H BRI AND (PARISiCERNI
HFLLANA ~ LONGOrYOUNG ( UCL 4 ~ Ml CH I GAN )
KUL YUK INA r ME STY[ R I SHY I L I r NEAGU+ I J I NR)
P F KUh)Z (PRIM)
Mf LHAP r(URTY BOWLES BURNETT+ I LA JOLLA)
THATCHERiASASHIANiABRAMsiCARPENTER + {ILL)



PARTIOLE DATA GRQUP Reo$eto of Particle Properties $5)

For notation, see illustrated key at beginning of data card iistings
%tmRalm P'mi Cic:lma

LIEIGHTED AVERAGE = S4B.BZ 0.56
ERROR SCALED BY

- JAf1ES
FOSTER3

.KRAEI1ER
FOELSCHE
DELCOURT
ALFF
PICKUP
BASTIEN

66 HBC

65 HBC

64 DBC
64 HBC

63 CNTR

62 HBC

62 HBC

62 HBC

540 545 S50 555 560 565
ETA MASS (/1EV)

CHISQ
9.6
0.9
1.1
0.1
0.0
0.7

0.0
12.4

(CONLEV
=0.054)

The discrepancies are displayed in the ideogram
below, in which all ten relevant experiments have been
converted to a common ratio, s YY/neutrals. Also
upper limits, & x, have been converted to 0 + x. The
confidence level for consistency of all ten is & IO !

In previous editions we were able to point out that
it was the older experiments which gave the & 20%

values, whereas the more recent experiments had been
giving & 4%. However, the recent experiment of COX

70 gives about 8+ 3%%uo, so the controversy is not yet
settled.

L)EIGHTE0 AVERAGE = 0 .066 4 0 .034
ERROR SCALED BY 2.4

Pl
P2
P3
P4
P5
P6
P7
PR
P9
P10
P 11
P12
P13
P14

Wl
W. I

14 ETA PARTIAL OECAY MOOES

F. TA INTO 2GAMMA
FTA INTO 3P 10
ETA INTO P I+ PI- PIO
E TA INTO PI+ Pl- GAMMA

E TA INTO E+E-P 10
F TA INTO F+E-P I +P I-
E TA INTO P 10 2GAMMA

F TA INTO E+F-GA MMA

E TA INTO 2P 10 GAMMA

F TA INTO Pl +PI -PI 0 GAMMA

ETA INTO Pl+Pl- 2GAMMA

E TA INTO MU+MU-

E TA IN TO MU+M(J- GA MMA

F. TA INTO MU+MU-PI 0

V IOL ATE 5 C IN E M

V I OLAT E'S C

FCAY MASSES
0

l34+ 134
139+ 134
139+ 0.5+ .5
139+ .5+

0+ 0.5+ 0
134+ 0
139+ 134+
139+ 0+
105
105+ 0
105+ 134

0
0+

1 34+
139+
139+
134+
1 34+
I 34+

~ 5+
I 34+
139+
139+
105+
105+
105+

~ 5

(Pll
67 CNTR PRIMAKOFF EFFFCT ll/67

14 ETA OECAY RATFS

FTA INTO 2GAMMA (UNITS KEVl
(0 43) (0 ~ 2) BFMPORAO

-0.2 0.0 0.2 0.4

SCHflITT
.DEVDNS

C O)(

BUTTRAM
.JACQUET
-FELDHAN

BALTAY1
.LIAHLIG

-GRUNHAUS

-DIGIUGNO

0.6 O. B

70 OSPK
70 OSPK
70 HBC

70 OSPK
69 HLBC
67 OSPK
67 DBC
66 OSPK
66 OSPK
66 CNTR

CHISQ
1.1
0.9
1 ~ 2
4.4

0.7
12.7
0.9

4.2
18.4
44. 4

(CONLEU
=0.000)

ETA B.R. INTO (PIO 2GAI10A) &NEUTRALS

r
y YY

totalr 0.380+ 0.083 keV

(private communication from C. Bemporad). Thus

our new value of

I' /1 = 38.6a i.i%total

would give

r = 0.99 + 0.22 kev
YY

and

r = 2o63 + 0.59 keV.
total

The shove value for I' assumes that r /I
YY total

34.4%. However, the results of that experiment

may be stated more generally than is given in the

paper, as

14 ETA BRANCHING RATIOS

( P 1+P2+P7) /( P3+P4)Rl E' TA INTO

NEUTRALS�/CHA

RGEO

Rl N 10 (2 ~ 5l (1 ~ 0) PICKUP 62 HSC

Rl N 53 ( 3 ~ 20) (1 o26) BAST (EN 62 HRC

Rl N (2 ~ 7) (ooB l SHAF FR 62 HBC

Rl 2 ~ 6 ~ 4 BUSCHBECK 63 HBC

Rl N 280 (4 ~ 5'l (1 ~ 0) JA MES 66 HRC

Rl N THESE FXPERIMENTS HAVE NOT SEEN USFO IN COMPUTING THE AVFRAGFS

Rl N AS THEY WFRF UNARLE TO CLEARLY SFPARA'TE PARTIAL MOOFS (3) ANO (4)
Rl N FROM EACH OTHFRo THE RFPORTFO VALUES THUS PROBABLY CONTAIN

Rl N SOME ( UNKNOWN ) FRACT ION OF MOOE (4)
Rl 2 ~ 64 0 23 BALTAY2 67 ORC

Rl ~ ~ ~ o ~ ~ ~ ~ o

R 1 AVG 2 ~ 64 Oo 22 A VER AGF. ( ERROR INCLUOE 5 SCAL C FACTOR OF 1 ~ 0 I

Rl FIT 2 ~ 59 0 15 FROM F IT ( ERROR INCLUOES SCALF. FACTOR OF 1 2)

7/66
6/66

11/67

W'e feel that we should consider all ten experiments

on an a priori equal basis, and then follow the pre-
scription of deleting large X experiments until the

confidence level rises to some reasonable value. If we

remove the Feldman and Diaiugno experiments,

decreases from 45 (for all ten) to about 9 (for the

remaining 8). Accordingly we have removed those 2

experiments and used the remaining eight experiments

in our overall fit.

ETA DECAY INTO NEUTRALS

As is well known, there are great inconsistencies
among the various experiments that report etas decay-
ing into neutrals. The controversy is over whether
the mode g 71 YY is = 0 (as some experiments indi-
cate) or &~ 20% (as other experiments indicate).

(Pll/ lP3+P4)
'R2 E TA INTO 2G AMMA/CHAR GEO

R2 0 ' 99 0 ' 48 CRAWFORO 63 HBC

, R2 ~ ~ ~ ~ ~ ~ ~ ~ ~

RR FIT I 387 0 ~ 084 FROM FIT (ERROR INCLUOES SCALE FACTOR OF 1 ~ I)
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For notation, see illustrated key at beginning of data card listings
+table Particles

R 3

&3 S
R3
R3
R3
R3
R3
R3
R3 S
R3
R3
kl
R3 R

R3 R

R3 F
R3 F
R3 E
R3
R3 AVG
P3 FIT

R4
R4
R4 M

R4 M

R4
R4
R4
R4
R4
R4
P4 7
R4
R4 AVG
R4 FfT

FTA INTfl (P f+ P
0 ' 14

24 (0 ' 73)
THI 5 EXPFRIME

I T IS NOT CLFAR
0 ~ 30

~ 10
~ 196
~ 25

Oe2 8
250 201

0 ~ 2041
0 2040

I- GAMMA)/(PI+ PI — P IQ) (P4 )/(P3)
0 F 08 FUELSCHE 64 HBC

(0 ' 25) PAUL I 64 DBC
NT HAS NOT f)FEN INCLUf)ED IN THE AVERAGES SINCE

T I)AT THF I R CL ASS 8 EVFNTS ARF. ACTUALLY FROM E TA5 ~
0 ~ 06 CRA'W FORD 66 HBC

F 10 KRAEMER 64 DBC
~ 041 FO ST ER 3 65 HBC
~ 035 L I TCHFI EL 67 DBC

0 04 BALTAY2 67 DI3C
~ 006 GORMLFY 70 ASPK

~ ~ ~

0 ~ 0079 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 4)
0 ~ 00&6 FROM FIT {ERROR INCLUDES SCALE FACTOR OF 1 ~ 31
( SEE IDEOGRAM BELOW )

ETA INTO (PI 0 7GAM'IAI /NEUTRALS ( P7 ) / {P 1+P 2+P 7)(0 375) (0 ~ 072) D I G I flGNO 66 CNTR ERROR DOUBLED
THE ERRORS OF DIG IUGNQ+ 66 HAVE BEEN INCREASED BY A FACTOR

r)F TWfl Tfl TAKE I NTO ACCOUNT POSSI BLE SYSTFMAT IC FRRQRS, AS
SUGGESTFD BY THF. AUTHORS,

~ 77 ~ 10 GRUNHAUS be OSPK
( ~ 02t31 ( 0441 f)UNIATOV 67 OSPK

2441 ( 05) FELf)MAN 67 OSPK
5 FE THF NOTE ON FTA DECAY INTO NEUTRALS ABOVE

~ 02 6 019 BUTTRAM 70 OSPK
~ 122 ~ 052 ~ 04 4 CO X 70 Hf)C

( 071 .IR LESS DEVONS 70 OSPK ~ 9 CONF ~ LEVEL
16 F 016 F 047 SCHM I TT 70 OSPK

SCHsf I TT 70 IS A RFANALYSI 5 BUNI ATOV 67
(Quill (0 ' 03) STRUGALSK 70 HLBC

THIS MEASURFMENT HAS BEFN EXCLUDED BECAUSF THF ERROR APPEARS
TO f)F SERIOUSLY UNDERESTIMATED

~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 042 0 073 AVFRAGE {ERROR I NCLUDES SCALF. FACTOR OF 1 ~ 4)
0 ~ 045 0 ~ 017 FROM F I T (FRROR INCLUDES SCA(. E FACTOR OF 1 3)

6/66

8/67
11/67
8/67

12/70»
6/70

12/70»
L2/70»

2/71¹
2/71»
2/71»

6/ee
7/66
7/66
8/67

11/67
6/70

R12
R12
R12
R12
R12
R12
R12
R12
R12
R12
R12
R12
R12
R12

R13
R13
R13
R13
R13
R13
R 13
R13
R13
R13
R13
R13
R13

R14
R14
R14
R14
R14
R14

(Pl)/{Pl+P2+P7)
66 CNTR FRROR DOUIIL Ef)
66 flS PK
67 OSPK
BOVE ~

66 CNTR
FROM TWO Df f-FERENT EXPTS ~

67 OSPK
70 OSPK
70 HBC
70 HLBC

fNTO 2 GAMMA/NEUTRALS
S {0 4161 (Qe044) 0 I Go I UGNO

~ 44 ~ Q7 GRUI'IHAUS

5 ( 579) ( o0521 FELDMAN
5 SFE THE NOTE ON FTA DECAY INTO NFUTRALS A

T (0 ~ 391 {0 ~ 061 JONE 5
T THI 5 RESULT FROM COMBINING CROSS-SFCT TONS

~ 033 BUNI ATOV
~ 535 F 018 BUTTRAM
~ 486 e036 COX

0 F 57 0 ' 09 STRUGALSK
~ ~ ~ ~ ~ ~ ~ ~ ~

AVG 0 ~ 53" 0 ~ 018
FIT 0 ' 535 0 ' 013

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 31
FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 21

6/66
8/67
f) /6 7

8/67

11/67
12/70»
6/70
2/7 1»

6/66
8/67
8/67

11/67

12/70»
6/70
2/7 1»

P

F I T

ETA INTA P tQ {2GAMMAI /2GAMMA

( ~ 5) OR LESS WA HL I G

0.0 0.14 BALTAYl
( 0 ~ 051 (0 ~ 04) 8ONAMY

{PT I /( Pl )
66 SPRK ~ 9 CONF LEVL 7/6&
67 OBC 11/67
67 SPRK PRELIMINARY RESULT 11/67

~ ~ ~ ~ ~ ~ ~ ~ ~

Q ~ 08'5 0 ~ 033 F ROM F IT ( ERROR INCLUDES 5CALF. FACTOR OF 1 3 'I

ETA INTO 3P IQ/NEUTRALS (P21/(P 1+P2+P71
5 {0' 2091 (0 ' 054) ntGIUGNO 6h CNTR FRROR DOUBLED
R (.29) ( .10) GRUNHAUS 66 OSPK
5 ( ~ 1771 ( .035) FELDMAN h7 OSPK
S SFE THE NOTE ON ETA DECAY INTO NEUTRALS ABOVE'

~ 41 ~ 033 BUNIATQV 67 OSPK
R REOfjNI3ANT INFJRMATION FROM THI 5 EXPFRIMENT
R ( ~ 4391 ( .024) Bl)TTRAM 70 OSPK

~ 392 ~ 042 COX 70 HBC

0 ' 32 0 ' 09 STRUGALSK 70 HLBC
~ e ~ ~ ~ ~ ~ ~ ~

AVG 0 ~ 397 0 ~ 025 AVFRAGF ( ERRO'R INCLUDES SCALF FACTOR OF 1 ~ Ql
F IT Q ~ 420 0 016 FROM F fT (ERROR INCLUDES SCALE FACTOR QF 1 ~ 2)

WEIGHTED AfJERAGE = 0.2041 ~ 0.0079
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, 5x,
and scale factor, which are differ-
ent from the values shown here.

R15
R15

'R15

R16
Rlh
R16
Rlb

R 17
R17
R17
R17
R17

ETA INTO (Pl+PI-P 10 GAMMAI/{PI+PI-PIQ)
( ~ 07) OR LESS FLATTE 67 HBC
( ~ 009)OR LFSS PR I C E 67 HBC

016)OR LESS BALTAY2 67 DBC
{0 ~ 017) QR LESS ARNOLD ef) HLBC

(P10) /(P3)

.95 CONF LEVL.9 CONF LEVF. L

R18
RLB
R18

fNTO (P I+Pl- 2GAMMA)/(PI+Pl-PIO) (P11)/(P3)
009)OR LESS PRICE 67 HBC

( ~ 016)OR LESS BALTAY2 67 DBC ~ 95 CONF LE VL

ETA I NTO (E+E-PI())/TOTAL (UNITS 10»»-21 (P51 /TOTAL
(0 7) OR L ESS Rf TTENf3ER 65 HBC
(0 ~ 084)OR LESS f)AZIN 58 OBC ~ 9 CONF LEVL

ETA INTA 2GA4IMA/( 3P IQ + P I 0 2GAMMA) (P 1 ) /( P2+P7)
Oo f)0 o25 BACC I 63 CNTR

~ ~ ~ ~ ~ ~ ~ ~ ~

F IT 1 149 0 062 FROM F IT (FRRf)R INCLUDES SCALE FACTOR OF 1 21

h/66
6/68

7/ bh

8/67
8/67

11/67
9/68

8/67
11/67

.GORf1LEY 70
BALTAY2 67
LITCHFIEL 67

.FOSTER3 6S

.KRAEI1ER 64

.CRAWFORD 66

.FOELSCHE 64

—0.1 0.1 0.3 O. S

ETA INTO (PI+ PI — GAUf1A) & (PI+ PI — PID)

CHI SQ
ASPK 0.3
DBC 3.6
DBC 1.7
HBC 0.0
DBC
HBC
HBC

S.6
(COHLEfJ
=0.131)

R19
R19
R19
R19
R).9
R19
R19

R20
R20
R20
R2Q

R21
R21
R21
R21

R22
R22
R22
R22

ETA

199

INTO 3P IQ/ (Pf + PI — P 101
1 3 ~ 4 BAGL I N2
1 ~ 47 0 ~ 20 Qe 17 BULLOCK
1 ~ 50 ~ 1 5 29 f)AGL IN

(P21/(P31
67 HLBC
68 HLBC

HLBC

AVG

FfT
1 46
1 ~ 312

~ ~ ~

0 ' 13
0 083

AVERAGE ( ERROR INCLUDES SCAL. E FACTOR OF 1 0)
FROM FIT (ERROR tNCLUDFS SCALE FaCTOR OF 1.2)

ETA INTO 2GAMMA/( ( 3PI 0)+2/3(PI 0 2GAMMA) I ( P 1 1 /(P2+2/3P7)
I ~ 10 0 ~ 5 MULLER 63 OBC

~ ~ ~ ~ ~ ~ ~ ~ ~

FIT 1 188 0 ~ 059 FROM F IT ( ERRflR INCL(IDES SCALF. FACTOR OF 1 21

ETA INTO (P IZRO 2GAMMA) /TOTAL (P7)/TOTAL
( ~ 121 OR LFSS JACQUET 69 HLBC ~ 95 CONF LEVEL

~ ~ ~ ~ ~ ~ o ~ ~

F IT 0 ~ 033 0 ~ 012 FROM FIT

E TA INTO NF UTR AL 5/TOTAL (PL+P2+P7)/Tf)TAL.79 ~ 08 BUNIATOV 67 OSPK
~ ~ ~ ~ ~ ~ ~ ~ ~

FIT 0 ~ 722 0 ~ 012 FROM F IT {ERROR INCLIIDES SCALE FACTOR OF 1 ~ 2)

8/67
9/68
7/69

7/66

11/67

6/ 70

R5
R5
85
R5
R5
R5 AVG
R5 FfT

ETA INTfl (3P I 0)+ 2/3( P I 0 2GAMMA) / PI+PI-P IO {P2+2/3P7) /P3
0 ~ 83 0 ~ 32 CRAWFORD 63 HBC

2 ' 0 1 ~ 0 F OF.L SC HE 64 Hf)C
0 ' 90 0 ' 74 F OSTE Rl 65 HRC

~ ~ ~ ~ ~ ~ ~ ~ ~

0 91 0 19 AVERAGE (ERROR INCLUDE'5 SCALE FACTOR OF

1 ~ 406 0 ~ 091 FRflM F IT t ERROR I NCLUOES SCALE FACTOR OF
1 ~ 0)
1o3)

7/66
7/66
7/66

R23
R23

R24
R24

ETA INTO MU+M(I-/2GAMMA tUNITS 10¹»-5)
5 ' 9 2 ~ 2 HYAMS 69 OSPK

P(12)/{P1 I

F TA INTO MU+MU-/TOT AL t UNITS 10¹¹-51 (P121/TOTAL
0 (2 ~ I OR LESS WFHMANN 68 OSPK ~ 95 CONF LEVEL

E TA INTO MU+MU-Pl 0 /TOTAL (UN I TS 10¹¹-41 {P14)/TOTAL
{5,I OR LESS WEHMANN 68 OSPK

4/68

4/6 8

7/6&
(P2) /(P11

CHRETtEN 62 PBC
BALTAY1 67 DBC
CENCE 67 OSPK
DEVONS 70 QSPK

ETA INTO 3PIQ/2GAMMA
( ~ 90) OR MORE

0 ~ 88 0 16
1 ~ 1 0 ~ 2
0 ' 75 0 ' 09

Rb
R6
R6
Re
R6
Re
Re Av f'

R6 F IT

ETA
N

N

N

N

N

F IT

R26
R26
R26
R26
R26
R26
R26
R26

INTO (PIQ 2GAMMAI/{3PIO + PIQ 2GAMMA) (P71/(P2+P7)
0 ~ 1 0 ' 3 KANOFSKY 70 OSPK

WE HAVF. CHAN('FD THE ERROR ON THIS FXPER IMENT FROM +0 ~ 3 «0 ~ 1
TO THE ABOVC +0 ~ 3 -0 ~ 3 SINCE IT I 5 CLEAR FROM F IGURE 7 IN
THE ARTICLE THAT A CENTRAL VALUE OF 0 ~ 0 IS ABOUT AS PROBABLE
AS THF QUATE& VALUE OF 0 ~ 1

~ ~ ~ ~ ~ ~ e ~ ~

0 ~ 097 0 ~ 035 FROM F IT ( ERRf)R INCL UDES SCALE FACTOR OF 1 ~ 3 )

11/67
1/68

12/70»

0 ' 085
0 ' 040

0 ~ 824
0 ~ 785

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 2)
FROM F IT {ERR f)R INCLUDES SCALE FACTOR OF 1 21

(PL)/{ P3)
FOSTFRL 65 HBC
BAGL IN 69 HLBC

R7
R7
R7
R7
R7 AVG
R7 FtT

ETA INTO 2GAufMA/( P I+ PI- PQ I
L ~ 61 0 ~ 39

401 1 ~ 72 ~ 25 7/69 I FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 Ql
FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 2)

0 ' 21
0 10

1 ~ 69
1 ~ 67

Pl+ PI- PIQ) t P 1+P2+P71/(P31
KRAF. MER 64 f)BC
PAULI 64 OBC
ALFF-STE I 66 HBC
FLATTE2 67 HBC

F.TA
280

INTO NEUTRAL/(
3 6 0 8
3 ~ 8 1 ~ 1
2 ' 89 0 ' 56
3 ' 6 0 6

RB
R f)

Rs
R f3

RB
RB
RB AVG
RR FIT

7/66
9/66
1/68244

~ ~ ~

3.35
3~ 12

0 ~ 35
0 18

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 01
FROM F IT t ERROR INCLUDES SCALE FACTOR OF 1 2)

P 7P 3P 2P 1 P 4
I .386+- ~ 011
2 - ~ 200 ~ 303+- ~ 01 1
3 - ~ 464 —~ 234 ~ 231+-F 01 0
4 —~ 378 —~ 202 700 ~ 047+-.002
7 - ~ 351 - ~ 5 )4 - ~ 179 - ~ 135 ~ 033+- ~ 011

( Pl+P I-PIO) (UNITS 10¹»-21 (P5) /(P3)
PRICE 65 HBC
FAST ER2 65 HBC
BAGLIN1 67 HLBC
BILL ING 67 HL BC

FTA INR9
R9
R9
R9
R9

TO ( E+E"PI QI /
(1 1 I OR LESS
(0~ 77) OP LESS

( e421 OR LESS(.161 f)R LESS
FL 8/67
EL 11/67

~ 9 CONF ~ L EV
~ 9 CONF' LEV

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. =
lfII (eP, 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 listings

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.

2/71»
2/71¹
2/7 1»
2/71»
2/7 1»

R10
RLQ

ETA INTO (E+F.-PI+PI-I/TOTAL tUNITS 10'»¹-21 (P61/TOTAL
(0~ 71OR LESS R ITTENBER 65 HBC er ee

Rl1
Rll

ETA INTO (E+E-P I+P I- I / ( P I+P I-GAMMA)
1 Qe 026 0 ~ 026 GROSSMAN 66 HRC

{P61/(P4)
6/ee



For notation, see illustrated key at beginning of data card listings

PmTtcLE DATA GRovp Review nf Particle Properties 553

Scable ParCicles

r)ECA Y A

13"1

705
10665
1300

36800
1 0709

11 38
349

4
A

A

A

4
A

A

A

4
A AVG

14 ET A C-NONCON SERVING DECAY PARAMETFR

SYMHE T
7~ 2

-6 1
0 3
5 ' 8
I 5

~ 3
-1

3~ 2

RY PARAMETER FnR
7 ~ 8
4 ' 0
je0
3 ~ 4

jel
3 ~
cj 4

PI+ PI — P ID
BALTAY
LARRIBF
CNOPS
CLPWY
GORML EY3
MULLE R

CARPENTR
OANRURG

( UN I TS 10ee- 2 )
66 DSC
66 HBC
66 OSPK
66 HBC
68 ASPK
69 QSPK
70 HBC
70 DBC

LIEIGHTEO AVERAGE = 1.21 ~ 0.54
ERROR SCALED BY 1.3

~ ~ e ~ ~ ~ e ~

leZ1 0 ~ 54 AVERAGF. (ERROR INCLUDES SCALE FACTOR OF 1 ~ 3)
( SEE IDEOGRAM BELOW I

8/66
8/67
8/67
8/66
6/68
9/6 9
6/70
2/7[¹

ALFF-STE 66
BAL TAY 66
CRAWFORD 66
0 I GIUGNO 66
GROS 5M AN 66
GRUNHAUS 66
JAHFS 66
JONES 66
WA HL IG 66

PR 145 1072
PRl. 16 1224
PRL 16 333
PRL 16 767
PR 146 993
THE S I S
PR 142 896
PL 23 597
PRL 17 221

SAC&L[Nj
BAGL INZ
BAL TAY1
8AL TAY2
BEMPORAD

AND

RtLLING
BONAMY
BUNIATQV
CENCE
FELDe(AN
FLATTE
FLATTEZ
L I [CHF IE
PRICE

67 PL 248 637
67 BAPS 12 567
67 PRL 19 1495
67 PRL 19 1498
67 PL 258 380

PRIVATE COMMUN IC
67 PL 258 435
67 HEIDFL BERG CONF
67 PL 258 560
67 PRL 19 1393
67 PRL 18 86S
67 PRL 18 976
67 PR 163 1441
67 Pl 248 486
67 PRL 18 I 207

ALFF-STE INBERGFR BERLEY+ (COLUMB IA+R(ITGERS I
+FRANZ IN[ ~ K [Mr K I RSCH+(COLUMBIA+STONY BROOK I
F ~ S ~ CR AWFORD ~ L ~ R ~ P R I C E (LRL I
0IGIUGNO ~ GIORGI ~ S[LVESTRI+ {NAP+TR5T+FRASC I
R GROSSMAN ~ L PRICE ~ F CRAWFORD (LRL I
J ~ GRUNHAUS (COLUMB I 4 I
F E JAMES ~ H L KRAYSf LL I YALE+RNL I
JONES r BINNI E ~ DUANE rHORSEY r HASONe+( tCL+RUTHI
WAHL IGr SHI RATA r MANNELL I ( M I T+ P I SA )

BAGL IN BFZ AGUET DECrR ANGE + {E ~ POLY+UC)
8AGL I N, 8EZ A GUET, DF GRANGE, + ( E P OL Y+UC I
BALTAY r FRANZ IN[, K[M NFWMAN+ {COLUM+BRAND)
RALTAY ~ FRANZ INI e KIM ~ NFWMAN+(COLUM+STONY RK)
BEMPORAD ~ BRACC INI ~ FOAr LURELSMEY+ (P I SAe BONN)

ATI ON

8 ILLIG ~ BULLOCKrESTEN GOVAN + {UCL ~ OXF I
BONAHY r SONDERECrGER ( SACL 4Y I
BUNI ATDV Z AVATT INI DE INE T + {CERN KARLS)
CENCEePETERSONr STENGERrCH[U+ lHAWAII+LRL)
FELDHANeFRATf rGLEESQNeHALPERNr + {PENN )
S ~ HeFLATTE (LRL )
S ~ M ~ FLATTF AND C ~ G ~ 'WOHL {LRL I

L I TCHF I ELt) r RANGANe SEGAR ~ SMITH+ (RUTH+SACL AY)
L eR ~ PR ICE ~ F ~ 5 ~ CRAWFORD (LRL I

ARNOLD
BAZ IN
BULLOCK
WE HMANN

68 PL 2 78 466
6 8 PRL 20 895
h8 PL 278 402
68 PRL 20 748

+PATY, RAGI !N e 8 INGHAM+ ( ST R 8+M ADR+EPOL+8 ERK I

BAZ INr GOSHAWr ZACHERe+ ( PRINCETONr QUEENS I
+ESTFN ~ FLEMING ~ GOY ANeHENOFRSONr OWEN+ {LOUC )
WFHHA NNe ENGEL Sr+ (HAR V+CA

SF

+5�L�AC+COR+MCG�(
LL )

DANBUR&

-CARPENTR

-[CRULLER

&ORflLEY3
CLP j(Y
CHOPS
LRRRIBE
BALTAY

70 DBC

70 HBC

63 OSPK
68 ASPK
66 HBC

66 OSPK
66 HBC

66 DBC

—15 -5 5 15 25

E T A INTO P I+P I -P I0 A 6 Y ll ft E T R Y P R R A f1E T E R

CHISQ

0.8
0.7
0.3

0 ~ 8

4.6
7.2

(COHLE{J
=0.1271

RAGLI N 69 PL 298 445
AL SO 70 NP 822 66

HYAMS 69 PL 298 125
JACQUF. T 69 NC '58 743

BAGL IN BEZ AGUET + l EPOL BFRK ~ HADR STR8)
+BEZAGUETeDEGRANGF ~ MUSSFT +(FPOL ~ MADR ~ STRB)
HYAHSrKOCHePOTTER ~ VON LINDERNr+ (CERNe HPIH)
JACQUETrNGUYEN-KHAC ~ HAATUFT+ (EPOLrSERGI

BUTTRAH
COX
DEVONS
GORe{LEY

AL SO
KANOF SKY
SC HMITT
STRUGALS

70 PRL 25 1358
70 PRL 24 534
70 PR {DI 1 1936
70 PR 2D 501
70 NEVIS 181(THESISI
70 NC 68 413
70 PL 328 638
70 J INR "Ej-5256

+KRE tSLER ~ M ISCHKE
COX FARTNEY GOLSON
+GRUNHAUSr KOZ LOW SK[r NEMFTHY +
GORMLEYeHYMANeLEE NASH ~ PFOPLFS«
MICHAEL GORHLEY
A ~ K ANOF SKY
+ BUN I 4 TOY r I 4 V A T T I N I ~ 0F I NE T +
5TRUGALSKI rCHUV I L() eGE HESY ~ +

(PR IN)
( OUK F )

(COLUeSYR)
t CQLU+BNL I

{COLU)
(L EHI )

I CERNr KARL )
( Jl NR I

BAST IFN 62 PRL 8 114
C ARMONY 62 PRL 8 117
ROSENFEL 62 PRL 8 293

BAST IFN SERGE ~ DAHL ~ FERRO-LUZZI HILLER+(LRL)
D C4RHONY 4 ROSENFELD VAN DE WALLE (LRL)
4 ROSENFELD ~ D CARMONYr VAN OE WALLE lLRL)

QU4NTUM NUMBFR OETFRMINATIONS NQT REFERRED TO IN THF. DATA CARDS

AY ASYMMF TRY PAR AMFTER FOR Pl+ Pl — GAMMA (UNITS 10«e-21
'33 -7 ~ 17 ~ CRAWFORD 66 HSC

-4 8 ~ L I TCHF I EL 67 DBC
h20 je5 2 ' 5 MULLFR 69 OSPK
SAVE EXPERIMENT IS SENSIT(VE ONLY TO UPPER ~ 4 OF GAHHA-RAY SPFCTRUH
257 I 22 je56 GORMLE Y 70 ASPK

~ ~ ~ ~ ~ ~ ~ ~ ~

1 1 I, 3 AVERAGE ( CRROR INCLUDES SCALE FACTOR OF 1 0)

8 'lEC
8
8
8 N 1
8 N A

8
8
8 AVG

11/66
8/67
9/69

6 /70

««sees «s««see«e s«esesse««sees¹«e» ee¹seeeee «see«sess sees«sees

H. Yuta and S. Okubo [Phys. Rev. Letters 2l, 78(
(1968)] have pointed out that an asymmetry in the decay

+
p ~ Tf Tt m" of about 2/0 need not imply a breakdown of

C invariance, since an asymmetry of this amount

could be caused by an interference between the r] and

the 3rr background. Gormley et aj. [Phys. Rev. Let-
ters 22, 498 (1969)], however, believe that this effect
can account for only 4 0.23/0 in their experiment

(above). Also see: A. Frenkel and G. Vesztergombi,
"C-Violation in g-Decay, " Nucl. Phys. B45, 429

(4970) and K. Taggart, Asymmetry and Background
in q ~ 37I, " Phys. Rev. D Z, 1960 (1970).

REFERENCFS QN ETA ASYH&FTRY P4RAMETERS

BAL TAY 66 PRL 16 1224
CNOPS bb PL 22 '546
CRAWFORD 66 PRL 16 333
LARRf RE 66 PL 23 600
CLPWY 66 PR 149 1044

ROW FN
L I TCHF IF.
GORML EY3
MUL LER
C ARPENT R
DANBURG

67 PL 248 206
67 PL 248 486
68 PRL 21 402
69 THFS I 5
70 PR(D) 1 1303
70 PR(D) 2 2565

SALTAYr FRANZ IN[ rKIHr KIRSCH+(COLUM+STONY BK)
CNOPS F[NOCCHIAR Sr LASSALLE, +(CERN+ZUR+SACL I
F ~ S ~ CRAWFORDr(. ~ R ~ PRICE (LRL)
LARP (8Er LEVEQUE r HULLF R ~ PAULI ~ + ( SACL+RUTH)
CQLUHB f 4 ~ LRL r PURDUE r Wt SCONSINe YALE

SOWFN ~ CNOPS ~ FINOCCHIAROe+ (CFRN+ZUR+SACL)
L I TCHF IELD RANGAN ~ SEGAR ~ SMITH+(RUTH+SACLAY)
GORMLEYrHYMANrLFE ~ N45HePEOPLES+ (CQLU+RNL I

ARMAND MULLER ( STRB)
CARPENTER r 8INKL EY rC HAPHANrCOX e DAGAN+ ( DUKE I
+ABOL I NS, O AHL r {IAVI ES ~ HO{:H K I RZ + (LRL I

{938~ 256) {0 ~ 005)
938e 2592 ~ 005Z

COHF. N

TAYLOR
65 RVUF.
69 RVUE USt NG NEW F/H

7/6 6
7/70

16 PROTON L IFET IHF. (UNITS 10««26 YR)

T
T

T

T

10«¹20 YRS OR MORE
{0~ 002 I OR HQRE

{1 ~ 5) QR MORE
(60.01 OR MORE

(200» 0) OR MORE
KROPP ANO BACKENSTOSS

GQLDHABE 54 TH 232 FISS ~ MOOF INDFPFN
Fj FROV 57 TH 232 FISS ~ IODE INDEPEN
BACKENSTO 60 CNTR
KROPP 65 CNTR
GURR 67 CNTR DEPT DN DECAY MODE

SENS I TIVE TO PART ICULAR DECAY s(ODES OF PROT

16 PROTON MAGNET ~ MOMENT( E/2 MP )

MM

{2 ~ 792 763( 0 ~ 0000301
2 ~ 792782 000017

COHEN
TA YLt)R

65 RVUE
69 RVUE USING NEW FIH 7/&0

ess»ee «¹¹e«sees see««sess ««»esses«s«sss«»e¹ ¹ee¹¹ss«es¹«¹eses¹see«see»¹e¹¹¹s«¹¹esse»esse »esse»¹¹¹¹s¹¹ee«se¹¹«e»«¹e¹
jb PROTON (938 r J=l/2) I =1 /2

16 PROTON MASS l HEV)

PEVSNER 61 PRL 7 421

A( FF 62 PRL 9 322
BASTIFN 62 PRL 8 114
CHRFT I EN 62 PRL 9 127
PICKUP 62 PRL 8 329
SHAFER 62 CERN CONF 307

SACC I
RUSCHBEC
CRAWFORD

AND
DELCOUR&
MULLER

63 PRL I I 37
63 5 I ENA CONF 1 166
63 PRL 10 546

PR I 16 907
63 PL 7 215
63 5 I ENA CONF 99

FOELSCHE 64 PR 134 t3 1 138
KRAFHER 64 PR 136 B 496
PAUL f 64 PL 13 351

H W FOEL SCHF r H L KRAYBILL
KRAEMER ~ MAOANSKYr F [FLDS +
F PAUL I ~ 4 MULLER

{YALE I
(JHU+NW U+WOODI

(LPCHE+SACLAY)

REFERENCFS
14 ETA {5 r9 ~ JPG=O-+11=0

PEVSNERrKRAEMERe NUSSBAUMeRICHARDSON + l JHU)

Aj.FF r SFRLEY, COLL EY rSRUGGER + (COL+RUTGERS)
BAST I EN BFRGF DAHL FERRO-LUZ 2 I + (LRL )
CHR ET I EN+ ( BRAND+BROWN+HARVARD+HI T+P ADQV4 )
F P I C KUP e ROB I N SON r 5 4 L ANT {NRC+C AN+SNL )
J SHAFERrFFRRO-LUZ Zl r HURRAY + (UC+LRL )

SACCI ~ PFNSOeSALVINI + (ROHE U¹CNEN FRASCA)
BUSCHBECK-CZAPP COOPER + {V'[ENNA+CERN+AMS I

F S CRAWFORD LLOYD FOWLER (LRL+DUKF )
F 5 CR 4'WFORDe L LLOYD r E FOW ER ( LRL+ DUKE I

DFI COURT, LEFRANCQIS ~ PEREZ Y JORBA+ (ORSAY)
HIIL LE R r P AUL t + ( L PC HE+ 5 ACL A Y t F +ROME+ INF N I

sees««»»s see¹«»¹ss»«se««see «esse«eee ¹s««esses ¹¹««see¹«ses«¹¹e«

GQLDHABE
F LE ROV

BACKFNST
COHEN
KROPP
GURR
HARRISON
TAYLOR

54 PR 96 11%7 FNOTF2
57 SOV PHYS DOK 3 78
60 NC 16 749
65 RMP 37 537
65 PR 137 8 740
67 PR 158 1321
69 PRL 22 1263
69 RMP 41 3 75

RFFERENCES
jb PROTON (938 r J=j/2) I«1/2

GOLDHARER, F RE INES+ tLOS ALAMOS ~ BNLI
FLEROV KLOCHKOV SKOBKIN TERENTEV (USSR)
BACKENSTOSSeFRAUENFELDERrHYAHS + (CERNI
E R COHEN J W M OUMQND {NAASC+CA{ TECH)

R KROPP F REINES {CASE INST TECHNOLOGY)
BURR KROPP REINES ~ MFYER (CASE ~ JOHANNESBURG)
HARR I SON SANDAR S ~ 'WR I GHT ( C L ARE NDON OXFO RD)
+PARKFR ~ LANGENBERG ( P R I N+UC I + P ENN )

16 PROTON ELECTRIC DIPOLF HOMFNT (IN UNtTS OF 10e«-23 F CMI
NQNZERO VALUF. IMPLIES V I OLAT[t)N OF T ANO P IN EH I NTF&ACT ION

EDH 1G 700 ~ 900 ' HA RR I SON 69 HBR [0/69

FDSTER1 65 PR 138 8 652
FOSTFR2 65 ATHENS
FOSTER3 65 THESIS
PRICE 65 PRL 15 123
Rl TTFNBF 65 PRL 15 556

FOSTERr PETERS rMEER eLOEFFLER
FOSTER r GAODr HEER
M ~ C ~ FOSTER
L ~ R ~ PRICEr F ~ S ~ CRAWFORD
R I TTEN BERG ~ KALBFLE ISCH

+ (W't SC+PUROUE I
(WISCONS[NI
( W ISCONS IN)

{LRL )
(LRL+SNL I

0 H

D

0 M

0 M

17 NF UTRON l939 r J=l/21 I =1/2

17 NEUTRON-PROTON HASS DIF ~ (HEY I

1 ~ 29344 Oe 00007 MATTAUCH 65 RVUE
WF. HAVE CONVERTED MATTAUCH NEUTRON-HYDROGEN MASS DIFFERENCE TO
NEUTRON-PROTON MASS DIFFERENCE US ING CURRENT VALUE OF ELECTRON MASS
AND 4 HYDROGEN Rf ND ING ENERGY OF 13~ 6 EV

3/71«
3/71»
3/7 js'
3/7 je
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For notations, ee illttstrated key at beginning of data card listings
@tackle Pam'tielee

MM —1 ~ 913148 0 ~ 000066 COHEN 56 RVUE

17 NFUTRDN MAGNETIC MD'4FNT (MAGNETONS 938 ~ 2 MEV)

7/66

LIEIGHTEO AVERAGE = 1115.544 4 0 .075
ERROR SCALED BY 1. .4

FDM

17 NFUTRON ELFCTRIC DIPOLE MOMENT l IN UNITS OF 10¹e-23 E CMI
TFST OF C V IDLAT lf)N IN THE EM I NTER ACTI ON

(5 ~ I OR LFSS BA I R 0 69 MBR

17 NEUTRON L IFF TIMF (UNI T S 10'««3 SEC I

THE MEA SUREMFNT OF THE NFUTRON L IFET t MF. BY SOSNOVSKI I 59 HAS
BEEN DISCARDED S INCE 1 ~ IT DISAGREES 'WITH THE BETTER AND MORE
RECENT RESULT OF CHR ISTENSFN 67 ~ 2 ~ THE VALUF OF GA/GV DE-

:

RIVEDD

FROM' THE NEW VALUE f)F THE LIFETIME AGR'FFS WELL:WITH .THE
G4/GV VALUE OBTAfNEO FROM THE FREE 'NEUTRON DATA ~

10/69

ve of weighted average,
scale factor are for the

onvenience only. The
ctually processed by a
fit program, which

ts own values of x, 5x,
actor, which are differ-
e value s s h own he re.

( 1 ~ 012) (Oo021) SOSNDVSKI 59 PILF SEE NOTE E
F ERROR CHANGFO BECAUSE ERROR IN CROSS SFCT ION FOR NEUTRON ABSORPTION
E I N C 3LO HAS BEEN RFDUCEO

0 ~ 932 0 ~ 014 CHRISTENS 67 P(LE

17 BETA DECAY CDUPL ING CONSTANTS

7/68

3/68
UR

ON

IOT
f1IK

67 Ef)UL

66 HBC

65 HBC

63 RVUE

CHISQ
1.6
1. .5
0.8
3.9

AV

AV 8
AV

AV

AV 8
av C
AV 0
AV

AV AVG

GA/GV l SEE TFXT FOP, SIGN CONVENT ION)(-1 18) (0 ~ 02) RHALLA 66 RVUF-1 ~ 250 Oo044 CONFORTO 67 RVUE SEF NOTE C BFLOW-I ~ 23 0 ~ 01 CHP I STFNS 67 CNTR SEE NOTE 0 BELOW
~HIS VALUE Nf)T USED Sl NCF CORRFSPONDING L IFFT IME H4S BEFN DISCAROE

Cf)NFORTt) VALUE COMBINES ALL FREE NEUTRON DECAY DATA
CHR ISTENSON MEASUREMFNT NOT SENSITIVE TO SfGN OF GA/GV
~ ~ ~ ~ ~ ~ ~ ~ ~

1 ~ 2310 0 ~ 00'98 AVERAGE f ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

11/67

11/68

1.115.0 111S.4 111.5.8

LAMBDA f)ASS (f)EV)

1116.2 (CONLEV
=0 .142)

F
F C

F 5
F C
F
F
F AVC.

«¹«¹ee««ee«e«»e e«««««eee eeee««»e«

R E F E R F. N C ES
17 NEUTRON (939r J=l/2) I =1/2

PHAS 8 ANGL E OF CoA R FLAT I VE TO GV ( DEGREES I
176~ 1 6 ' 4 CONFORTO 67 RVUE
1st ~ 3 1 ~ 3 EROZ(ILIMS 70 CNTR POLAR' NFUTRON

VALUE DERIVED FROM FRFE NEUTRON DECAY ONLY
ONLY STATISTICAL FRROR QUOTEI)

~ ~ ~ ~ ~ ~ ~ ~ ~

181 1 1 3 AVFRAGE (FRROR tNCLUDES SCALE FACTOR OF 1 ~ 0)

11/68
10/69

5 1147
T 5 972

2213
T 585
T
T
T 8342

2600
T 1059
T 5
T
T AVG

(2 ~ '50) (0 14)
(2 ' 70I (0.20)

2 ' 452 0 ' 056 Oe054
2 ' 68 0 ' 13 Doll
2 ~ 44 0 ~ 15
2 ~ 55 0 ~ 15
2 ~ 535 0 ~ 035
2 ~ 47 0 ~ 08
2 ' 39 0 ~ 10

ERROR PURELY STATIST ICAL
~ ~ ~ ~ ~ ~ ~ ~ ~

2 ~ 51 7 0 ~ 024 0 ~ 023
l SEE IDEOGRAM 8

C HIE N

CH(EN
FNGELMANN
AUERBACH
BAD( ER
BAD( ER
CoR IMM
HEPP
DEMI DOV

66 HRC
66 HBC
6& HBC
67 OSPK
67 Ht)C
67 HBC
68 HRC
68 HBC
70 HL BC

6 ~ 9 PBAR P
6 9 PBAR PoANTI

2 ~ 4 PBAR P
2o4 PBAR Pe ANTIL

PI-P ~ 3 ~ 86 GEV/C

9/6 7
9/67
9/66
8/67
6/68
6/68
6/68
8/68

12/70«

A VERAGE I ERROR INCL ~ SCALE FACTOR OF 1 2)
ELOW )

Cr)HEN 56 PR 104 283
SOSNOVSK 59 JFTP 9 7 17

V W COHEN C DRNGOLD RAMSEY (RNL+HARVARO I
SDSNOVSKI I, SPI YAK PROKOFEV + ( IAE MOSC(IW)

'94TTA(ICH
BHALLA
CHRISTEN
CONFDRTfl
84(RO
TAYLOR
F RDZOL IM

AI. SD

ES NP 67 1
66 PL 19 691
67 PL 268 11
67 AP AH 72 I"
69 PR 179 1285
69 RMP 41 375
70 SJ NP 11 583
68 PL 778 557

+THIFLE ~ WAPSTRA (M ~ PI. ANCK INST CHFM ~ ~ +I
C P BH ALLA fALABAMA)
+NIELSEN e BAHNSFNe BROWN oRUSTAD(RI SO-DENMARK I
G CONFORTO ( CERN)
+MILLERyDRFSS4RAMSEY (ORNL ~ HARVI
+PARKEReLANCoENBERG (PR IN+UC I+PENN)
EROZOL IMSK I RONDARFNKO + (KURC Mt)SCOW)
EROZO(. IMSKY HONDARFNKO + (KURC IN MOSCOWI

PAPERS NDT REFERRED TO IN DATA CARDS

J4CK SON '57 PR 106 "17
COHFN 65 RMP 37 537

JACKSON TRF I MAN WYLD (PRINCETON)
E R CDHF. N DUMDND (NAASC+CAL INST I ECH)

18 L AMRDA ( 1115e JP=1/2+I (=0

1R LAMBDA MASS ( IEVI

N 5 INCE OUR F INAL VALUES FOR THF. SIGMA AND LAMBDA MASSFS COME FROM
N DOI NG AN OVERALL FIT Tfl ALL I4FASUREO MASSES ANO MASS DIFFER FNCFSr
N WE H4VE USED THF UN(:O'RRFLATFD &EASURFMENTS FROM SCHMIDT 65 RATHER
N THAN THE ONES CllI4 tNC FROM THE OVERALL F IT R EP(lRTED IN THAT PAPER ~
N S I NCF. THI..R F. SEF MS TO RE NO CDNV INC ING ARGUMFNT AS TO WHY ONE SHOIILO
N ( GNDRF DAT A US fNG & ANGE MEASUREMENTS ~ WE HAVE INCLUDED HFRE VALUE S
N DFPEND(NG ON PRIlTON AND P ION RANGES ~

M

M

M

S 1
S

M

M

M AVG
8 Ff7

1115~ 44 0 ~ 12
ABOVE LAMBDA MASS HAS
t NCRFASE IN PRllTON &4
63 )( 1115' 86) (0 ' 09)
488 1119~ 63 0 ~ 07
147( 111'5~ 74) (0 ~ 04l
972(1115 69) (0 05)

1115o 6 0 4
(1116~ 0) (0 ~ 2)

195 )115~ 39 0 12
FRROR PURELY STAT
~ ~ ~ ~ ~ ~ ~ ~ ~

1115.544 0 075
1115 596 0 ' 063

( SFE

BHDWMI K 63
BEEN RA(SFO 35 KEV TD

SS AND 1 1 KEV DECREASE
RALTAY 65
SCHMIDT 65
CHI E N 66
CH I EN 66
LONDON 66
BADI ER 67
MAYEUR 67

ISTICAL

RV(IC + SEE NOTE L BFLD'W
ACCf)UNT FOR 46 KEY
IN CHARGED PION MASS ~

HRC FRRDR I S STAT IS ~

HBC SFE NOTE N

HBC 6 ~ 9 PBAR P
HBC 6 ~ 9 PBAR PANT IL
HBC
HBC 2 ~ 4 PBAR PeLl BAR
E MUL

AVFRAGE t ERROR INCLUOFS SCALF. FACTOR OF 1,4)
FROM FIT 't ERROR INCLUOFS SCALE FACTOR OF I 3)

IDEOGRAM BELOW I

«e««4««««««e«e«e«e«ee«e» eee«eeeeee«e¹¹e«ee ¹ee«««eee eeee¹eeee «eeee4ee
4 ¹e«ee «e¹«e«ee» «4 e»ee««» «ee««e«»e eee«eeee««««4 ¹«¹4«e¹44 4 «4 »4 4 ¹4¹44 ««

6/66
6/68
9/67
9/67
6/66
8/67

11/67

2/7 14'

DT

(JEIGHTED AVERAGE = 0 .3974 ~ 0 .0037
ERROR SCALED SY 1.2

OE f) I OOV
HEPP
GRIf) f)
SAOIER
BADIER
AUERBACH
ENGELflAN
BURAN
HILL
BALTAY
SCHLJARTZ
KREISLER
HUBBARD
CHRETIEN
BLOCK
HUf)PHREY
CHANG
SOIJE N

CRAWFORD
BOLOT

70
68
68
67
67
67

N 66
66
65
6S
64
64
64
63
63
62
62
60
59
58

0.30 0.35 0.40 0.45 0.50 0.55

HLBC
HBC
HBC
HSC
HBC
OSPK
HBC
HLBC
OSPK
HSC
HSC
OSPK
HSC
HLBC
HEBC
HSC
HBC
CC
HBC
CC

CHISO
1 4
0.3
0.3
0.1
0.2
2.1
1.3
3.0
0.7
0.0
1 2
3.6
0.7
1.8
6.0
2.8
0.1
0.6
1. .9
0.3

28.5
( CONLEV
=0.075)

18 L IFFTIME DIFFERENCEr(LAMBDA-ANTILAMf)A)/AVFRAGE

0 ~ 044 0 ~ 08 & BADI ER 67 HBC 2e4 PRAR P

18 LAMBDA MAGNET(C IOMENT f MAGNETONSr938 ~ 26 MCV)

LAf)SOA DECAY RATE (UNITS 10»10 SEC -1. )

8/67

DM

OM

DM

OM AVG

18 LAMt)A - ANTIL AMBDA MASS DIFFERENCE (MEV)
Oe05 ' 0 ~ 06 CHIEN 66 HBC 6 9 PBAR P
Oo29 0 ' 15 BAD( ER 67 HRC 2 ~ 4 PBAR P

~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 083 0 ~ 083 AVERAGF (FRROR INCLUDES SCALE FACTOR OF 1 ~ 5)

18 LAMBDA L IFET (ME I UN ITS 10¹e-10)

9/h7
8/67 i)553

1'51

900

MM

MM

MM

MM

MM

MM AVG

-1 5
0 ~ 0-I ~ 39

-0 ~ 5
-0~ 77
-0 ~ 70

0 ' 5
Deh
0 72
0 ~ 28
0e27
0 ~ 07
o e ~

0 ~ 065
~ ~ ~ ~ ~ ~

-0 ' 704

COOL
KERNAN
ANDFRSON
CHARRIERE
HILL
DAHL-JENS

67 OSPK
63 CC
64 HBC
65 F. MUL
65 OSPK
70 EMUL P UL SE 0 M A CeN E T

AVFRAGC ( L'RROR (NCLUOES SCALF FACTOR OF I ~ OI

9/66
2/71¹

T
T
T

T
T
T
T

T
T
T

T
T
T

198
825
140' '

186
799

2239
706
794

22 ho
13 78
F35

2534
916

2 ~ 63
2 ~ 7Z
Ze 72
2 ~ 60
2 ~ 69

3h
2 76
2 ~ 59
Ze 31
2 ~ 59
2 ~ 51
2e6
2 35

0 21
0 ~ 16
0 ' ?9
0 ' 28
0 ' 11
0 F 06
0 ' 20
0 ' 09
0 ~ 10
0 ~ 0&
0 ~ 16
0 ~ 1
0 09

0 ' 21
F 16
0 ~ 27
0 ' 20
0 ~ 11
0.06

BDLD 7
CRAWFORD
BDWE N

CHANG
HUMPHREY
8(.OCK
CHRE T I EN
HUBBARD
KRE I SLER
SCHWARTZ
BALTAY
HILL
BURAN

58 CC
59 HBC
60 CC
62 HBC
62 HBC
63 HEBC
63 HL BC
64 HBC
64 OSPK
64 HBC
65 HBC
65 OSPK
66 HL BC

6/66

6/66

Pl
PZ
P3
P4

18 LAMBDA PA'RTI AL DECAY MODES

L AMI)f)A INTO PROTON Pl-
LAMBf)A INTO NEUTRON P ID
L AMBDA INTO PROTON MU- NEUTR I NO
LAMBDA INTO PROTON F.— NFUTRINfl

DECAY MASSES
938«139
939+ 134
938+ 105+ 0
9 38« ~ 5+ 0
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For notation, see illustrated key at beginning of data card listings

5&able PaI'tie &@a

. 18 LAMBDA BRANCHING RATIOS

R1
Rl
Rl
Rl U

Rl U

Rl
Rl U 6
Rl
RL AVG

Rl FfT

RZ
RZ
RZ
RZ
RZ
RZ
RZ
n2 AVG
R2 F IT

R3
R3 0
R3 0
R3
R3 D
R3
R3
R3 ')
R3
R3 4VG

R4
R4
R4
R4
R4
P4
R4
R4
R4 AVG

LAMBDA fNTO (
1 &0 2)
1 (1~ 0)
2 (1 ~ 0)

RETWEFN 1 ~ 3
3 1 3

1 ~ 35

P MU- ME\I) / T OT AL

OR GREATFR
nR LF 55
OR L ESS
AND 6 ~ 0

0 ' 7
La2

(UNITS
COon
4L STON
KERNAN
l IND
L I ND
RONNF.

A VERAGE ( ERROR
~ ~ ~ ~

0 ~ 60

10««-4)
62 HRC
63 HBC
64 FBC
64 HRC

64 RVUE
64 FBC

{P3) /& PL+P2)

INCLUDES SCALE FACTOR OF 1.0)

LhMBDA INTO 't P PI-)/( {P PI-)+f N PIO) )
0 ~ 627 0 ~ 031 CRAMFORD 59 HBC
0 ~ 65 0 ~ 05 COL&)e&BI A 60 HBC

(0 ~ 685) (0 e017 ) ANOER50N 62 HBC
ANDERSON RES&lLT NDT PUBLI SHFne EVENTS ADDED TO DOYLE SAMPLE

903 0 643 0 016 HUMPHR EY 62 HBC

0 F 007 DOYLE 69 HBC nl-P TO LAM ~ KO

~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 6361 0 ~ 0062 AVERAGF. (ERROR INCLUOFS SCALE FACTOR OF 1 ~ 0)
0 63 96 0 ~ 0067 FROM F I T ( ERROR INCLUDES SCALE FACTOR OF 1,1)

L hNtBDA INTO (N P I 0) /( (P P I-)+t N PIO) ) (P2) /(P 1+P21
0.23 ne0? E I SLER &7 HLRC

0 ~ 43 0 ~ 14 CRAwFDRD 59 HRC

0 ~ ZR 0 F 08 BAGLIN 60 HLRC

Oe 35 0 ~ 05 BROWN 63 HLBC

0.291 0 ' 034 CHRE T I EN 63 HL SC
~ ~ ~ ~ ~ 0 ~ ~ ~

0 ~ 304 0 ~ 025 AVFRAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)
0 ~ 3604 0 ~ 0067 FROM F fT (ERROR fNCLUDES SC4LE FACTOR OF 1 ~ 1)

LAMBDA INTO (P F.— NEU) /TDTAL (UNITS 10««-3) (P41/(Pl+P2)
1'5, (2 ~ 0) (Oe") HUMP HR EY 61 R VUE

8 (2 ~ 9) {1 5) { 1 2) AUBERT 62 FBC
150 0 ~ 82 0 ~ 12 0 ~ 13 FLY 63 FBC

20 (1 '55) t 0 34) LIND 64 HBC

102 0 ~ 78 0 12 Bh&iL f N 64 FBC
143 0 80 0 ~ 08 MALONEY 69 HSC

LOW STATIST ICS FX PER IMF NTS ~ NOT AVFR AGFD

~ ~ ~ ~ ~ ~ ~ 0 ~

0 ~ 800 0 ~ 059 AVERAGE {ERROR INC LUDFS SCALE FACTOR OF 1 0)

2/71«

2/71«

10/e9
7/70

7/66

ANDERSON
8AGL I N

HUSSAR 0
KERNAN
KRF I SL F R

LINn
RONNE
5CHMARTZ

RAGL IN
BAL TAY

BARLOW
C HARRIFR

ALSO
CONFORTD
ELY
HILL
5C HM IDT

SERGE
BURAN
CHIEN
ENGF. LHAN

L O NOON

ADER BACH
BAD I ER
MAYEUR

c t. F. L 4 Nn
OVERSF. TH

ANDFRSSO
GR I Me{

HEPP
MERRILL
DAUBER
DOYLE
MAL ONF Y

BAGGETT
CHU
DAHL-J FN
OEM I OO V

DLSEN

e4 pRL
64 NC 35 977
64 PR 135 8 183
e4 PR 133 8 1271
64 PR 136 8 1074
64 PR 135 8 1483
64 PL ll 357
64 UCRL 11360 THESI 5

65 NC 3 & 977
65 PR 140 8 1027
6'5 PL 18 64
65 &L 15 66

NC 46A 2 05
65 EC I NT HER ZEGNOV I
65 PR 137 81302
65 PRL 15 85
65 PR 140 R 1328

66 RERKELF Y 46
h6 PL ?0 318
66 PR 152 1)71
66 NC 454 ) 038
66 PR 143 1034

67 NC 474 19
67 PL 2 58 152
67 UeL I BR ~ RRUX ~ AUL 32
67 PL 268 45
67 PRL 19 391

68 Vf ENNA ARS 270
68 NC '54 A I 87
68 ZPHY5 214 71
68 PR 167 1202
69 PR 179 L 262
69 UCRL LRL 39-THES IS
69 PRL 23 425

70 KIEV CONF
70 KIEV CONF
70 NC {TO BE PURL ~ )
70 SJNP 10 61L
70 nRL 24 843

J A ANDERSON ~ F 5 CRAWFORD (LRL )
BA'GL IN eB INCeHAM+ ( E P+ C E RN+UC L 'lND+RHEL+ BERG )
Ht)SBAP 0 BFRGF. KALRFLFI SCH SHAFFR + {LRL )
KFRNAN POWFLL SANDLER + {LRL+UN-COLL-LOND)
M N KREI SLFRen OVERSCTHe J CRONIN (PR INCF l

L IND 8 INFORD GDOO ~ STERN & el I SCONS tN)
RONNE+ (CERN+EP «UCOL-LONDON+UNIV ~ RERGFN')
JOSFPH ADAM SCHWARTZ

BAGL IN + (FP CFRN t)C LONDON RUTH BERGFN)
BALTAY SAN'IWEI SS CULWICK KOPP t & YALF+BNL)
J BARLOW BLAIR e CDNFORTD+ (CERN+RUTH+PFNNA)
CHARRIFRF. GIBSON+ (EPUL+BRIST+CFRN+4IP()
CHARRI F'RE, GIBSON + {EPUL ~ RRI ST, CFRN ~ MPf )
G CONFORTO &CFRN)
ELY Gt DALeKhLMUS POWFLL + (LRL ~ UC LONDON )
0 A HILL eK K LI e JENKINS & BNL+M IT )
P SCHMlnT {COL&)MB I 4 )

SERGE e CAR I BBO ( RVUE )
BURAN, EIV INDS&lN, SKJEGGFSTAD TDFTF + t llSLO)
+L ACHe SANDWFISSe TAFTe YEHeOREN + {YALE+BNL)
E NGE L H ANN S- I L THU TH ~ A L EXA ND ER+ ( HE I 0 BG+W F I ZM )
LONDON, RAU, GOLDBFRG, L ICHTHAN+ (BNL+SYR ACUS)

AUER BACHe BOWENe DOBBSe LANDE ~ MANN+ {U OF PA )
+BONNET ~ SR t ANOET ~ SADOULFT (FP (PARI Sl )
C ~ MAY F ~)R ~ F ~ TOMPA e J ~ W 'f C KEN 5 (UL ~ SRUX+UC ~ L ON l

CLFLAND .SI ENLF IN CONFORTO+ &CFRN GVA LUND)
0 E DVERSFTH ~ R F RUTH (MICHIGAN+PRINCFTON)

ANOER SSON, RIENLF. IN ~ CLFLAND +(CFRN, GVA, LUND)
H ~ -J ~ GR I MH ( HE I DEL BF.RG l

V ~ HEPP e H ~ SCHLE I CH ( HE IDEL BERG)
MFRR ILLe SHAFFR
+SFRGF HUBBARD HERR I LL ~ MILLER &LRL )
J.C. noYLF (LRL )
MALONEY ~ SECH(-ZDRN {UNIV MARYLAND)

+BAGGETT EISELE FILTHUTH FRF HSE + (HE ln)
C HU+ & ARGONNF CHI C, rtHI 0, Mh SH )
DAHL- J ENSEN+ (CERN+ANKARA+LAUSAN+MPIH+ROMA)
+K IR ILLOV-UGRYUMOV PONDSOV ~ PRDTASDV+ ( ITEP )
+PONDROM, HANDLER L IMON SMITH + (W I SC ~ ANNA )

18 LAMBDA DECAY PARAMETER S

A- AL PHA
A- 1156
A-
4- 101 30
A- M 2529
A- 3520
4-
A- AVG

AL PHAOAO

40
AO 0 4760
40 tl DO NE SY
AO
AO AVG

) /COS(PHI ) =SFTA/GAMMA) & DEGRESS)
CRONI N 63 DSPK LAMBDA FROH p I-p
OVERSETH 67 &)SPK LAMBDA FROH P I-P
CLELAND 67 DSPK REP SY ANOERSSON
ANDERSSON hR OSPK

hvFR AGE ( FRRDR INcLUDES 5CALF. FACTDR oF 1 ~ 0)

PHI ANGL F.

1L56 13 0
10130 -Re 0

7377 (-9 2)
-6 7

F-
F-
F-
F-
F-
F-
F- AVG

&SIN{PHI
17 0
6 ~ 0

(". 2
4 ~ 5

~ ~ ~ ~ ~ ~ ~ ~

3 c-6 ~ 3

LAMBDA- (LAMBDA INTO PI- PROTON)
0 ~ 62 0 ~ 07 CRONIN 63 CNTR L AMBDA FRflM P I-P

{0 ~ 663) (0 ~ 027 ) RFR C E 66 RVUF INCLUDE 5 ABOVE

0 ' 645 0 ' 017 DVERSETH 67 OSPK &. AMRDA FROH P I-P
(0 ~ 747) {0 086 ) MERRILL 68 HBC RFPL BY DAUBER 68
0+67 0 06 OAURER 69 HSC FROM Xf DECAY

~ ~ ~ ~ ~ ~ ~ ~

0 645 0 ~ 016 AVERAGE f FRROR INCLUDFS SCALE FACTOR OF 1 ~ 0)

/ALPHA- FOR LAMBDA &L INTO P t0 N/L INTO Pl- Pl
I ~ 10 0 ~ 27 CORK 60 CNTR

0 068 ')LSFN 70 OSPK PI+e( TO Kt L AMBDA

COMP4RfNG PRAT DISTRIB MfTH N OISTRIB FROM LAHBDA DECAY
~ ~ ~ ~ ~ ~ ~ ~

1 006 0 ~ 066 AVERAGF ( ERR lR INCLUDES CALE FACTOR OF 1 0)

8/67
9/66
8/67
6/68
6/68

5/70

11/67
11/67
11/68
1 L/68

«««««««¹«««««««««««««««««««««««««« ««««««««
«««¹««««« ««««««««« ««« ««««««««« ««««««««

19 SIGMA+ t 1189,JP=L/2+) t=l

SIGMA+ MASS (MEV )

M N SEE NOTE PRECEDING LAMBDA MASS L IST INGS

144 1189~ 38 0 15 SAP KA 5 63 E MUL + SEE NOTE 5 BELOW

~ 22 BHOMMIK e4 EMUL + SEE NOTE 5 BELOW

AAOVE 5 IGMA+ HASSF. S HAVE SEEN RA I SFD 30 KEV TO ACCOUNT FOR 46 KEV

INCREASE IN PROTON MASS ANO 21 KFV OECRFASE IN PION e&ASS

4205 1189 ~ 68 0 ~ 10 SCHMIDT 65 HSC SFE NOTE N

1189e16 0 ~ 12 HYMAN 67 HEBC
~ 0 ~ ~ ~ ~ 0 0 ~

1189~ 45 0 13 AVFRAGF. t FRROR INCLUDES SCALE FACTOR OF 1 9)
1189~ 42 0 ~ 11 FROM F IT (ERROR INCLUDES SCALE FACTOR OF L ~ 7)

{SEE IDEOGRAM BELOW )

M

M 5
M 5
M

M

AVG
M Ff7

PAPERS NOT REFERRFD TO IN OATh CARDS

ARHFNTER 62 CFRN CONF 236 ARHENTEROS+(CERN+EP+LDNOON+BIRM+CEN-SA
CERN CONF 233 BALTAYeFOWLFReSANOWF ISSe CULWICK+ t YALF¹BNL )

+ — CLAY)

BERGE 63 THFS IS (SERKELFY) J PETFR SERGE {LRL)

6/68
6/68

2/71«

AL
AL

ASY«ETRY PAR AMET ER IN ELECTRON — L AMBDASPIN CORRFLAT ION
0 ~ 06 0 ~ 19 BARL ow 65 OSPK 7/66 WEIGHTED AVERAGE = 11B9.45 — 0.13

ERROR SCALED SY 1.9
AV

AV ('.

AV

AV C
AV C
AV

AV M

AV 8
AV 8
AV
AV R
4V M

AV C
AV
AV AVG

GA/GV FOR LAMBDA BETA DECAY (SEE TEXT FOR SIGN CONVENT IDN)
22 (-1~ 03) L I ND 64 HSC

102 {0 6) OR GREATER lABS ~ V) BAGLIN 65 HLBC NO SIGN GIVEN
RFTe& 0 ~ AND -1~ 1 BARLDW 65 OSPK

102 (0, 7) OR GREATER (ASSAY) ELY 65 HL BC CL u ~ 95
-1 14 0 ~ 23 0 ~ 33 CONFDRTD 6'5 RVUE

148 -0» 72 0 ~ 14 0.19 MALONEY 69 HSC
270 {-0~ 71) {0 11) ( 0 14) BAGGETT 70 HBC STOP ~ K- ~ PRELIM ~

110 (0 ' 35)
(+0 6 1 ) (0 13 l ( 0 1 1 ) BAGeGETT 70 HRC STOP K- PREL I

(0 ' 35) (0 27) CHU 70 OSPK PRF&. f HINARY
BAG ETT 70 CANNOT DET ERM f NE THE 5 IGN ~ AND GFTS 2 SOLUT IONS

MALDNEY 69 MEAsUREs THF. ARSDLUTE YALUE oF 4/v
FXPTS (NCLUDFD IN CONFDRTO 65 RVUE

~ ~ ~ ~ ~ ~ ~ ~ ~

-0 83 0 ~ LB AYERAGE (ERRAR INcLUDEs scALE FAcT0R oF 1 3)

6/68
1/71¹
6/68
1 /71«

11/67
10/69
11/70«
11/70¹
11/70«

6/68

s above of weighted average,
and scale factor are for the

r ' s convenience only, The
were actually processed by a
rained fit program, which
lates its own values of x, t)x,
cale factor, which are differ-
om the values shown here.

FIR& ER 57 NC
BDLDT 58 PRL
CRAWFORD 59 PRL

5 1700
148

2 266

RF F ERE NC FS
18 LAMBDA (1115 JP"-1/2+) I=O

El SLER nLAND SAMIOS SCHWART Z + &COLUM+BNL )

E RDLDTen 0 CALDWELL ~ Y PAL (Hl T )
CRAAFDRD CRFSTI DOUGLASS GOOD + (LRL )

60 NC I 8 1043
60 PR 119 2010
60 PR 120 1000
60 ROC H CONF 72 6
61 PRL 6 478

BAGL IN
ROWEe{

C DRK
CnLUMB I 4
HUMPHREY

BAGL I N RLOCH BRI SSON ~ HENNESSY + l PAR15-EP )
BOWEN ~ HARDY ~ R FYNOL DS e SUN + {PRI NC ETON )
CORK KERTH WENZEL, CRONIN COO& {LRL+PR+BNL )
M SCHWARTZ + (CO&.UMBIA)
HUMPHREY ~ Kf RZ ~ ROSENFELDe RHFF + (LRL+SYRAC )

««««««««««««««««««««««««««««««««««««««««¹««««««««««««««««««« CHISQ
67 HESC 5.9
65 HSC 5.2
64 EHUL 0.0
63 EftUL 0.2

11.4
&CONLEV
=0.010)

f&AN

H/RIOT

OWftIK
RKAS

11BB.B 11B9 2 11B9.6 1190.0 1190.4
SIGgtA + TIRSS f llEV)

4 NOE RStlN
AURFRT
CHANG
COOL
GODD
HUMPHRFY

6? CERN CONF 832
62 NC 25 479
52 THESIS DUKE
62 PR 127 2223
62 PRL 9 518
62 PR 127 1305

ANDERSON CR4MFORO ~ GOLDEN LLOYD + {LRL )
AUBERT ~ Sk I SSON ~ HENNESSYe Sl X + (PARIS-EP )
CHUEN C'HUEN CHA'NG

' ' ' '
( DUKE )

COOL e HILL e MARSHALL + (BNL+MI T+NYU+ANL )
L GOOD e V G L IND (WISCONSIN)

M F HUMPHREY e R R ROSS (LRL )

Note on & Lxfetxme Errors

ALSTDN
BHr)WMIK
BLOCK
RROWN
CHRETIEN
CRnNIN
F. t. Y

KF. R NAN

63 t)CRL 10926
63 NC 2 8 1494
63 PR 130 &66
63 PR 130 769
63 PR 131 2208
63 PR 129 179fi
63 PR 131 868
63 PR 129 870

AL STON K fRZ NEUFFLD SOLMITZ ~ WOHLMUT tLRL )
8 RHOWMIK ~ 0 P GOYAL t DELHI )
BLDCKeGESSAROLI eRATT I ~ KIKUCHI + {NW+BLGNA)
BR'lWN KADYK TRIL(. ING RDF + (LRL+Hl CHIGAN)
CHR ET I EN eC ROUC H+ ( BRAND+BROW"{«H ARVARD+M I T )
J W CRDNI N n E OVERS ETH (PRINCETON)
EL Y ~ GIDA L KALHUS e OSWALO ~ POMELL + {LRL )
KERNANeNOVEY e MARSH AW ~ MATTFNBERG (ANL+ILL )

%hen combining lifetimes, we first convert mean

lives v to decay rates I, since for small numbers of

events the distribution of the decay rates is more nearly

Gaussian. However, in checking input data it is useful

to bear in mind the theoretical minimum statistical error

{Q in the mean life itself. This is
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For notation, see illustrated Jtey at beginning of data card listings

Qgagl@ Particles

m1n
WEIGHTED AUERAGE = 0 .240 ~ 0 .ELLE

ERROR SCALED E)Y 1.4

N = N I-x2
eff

x

T
T 127
T 41
T 117
T 54
T ?3
T 49
T 140
T 192
T 456
T 203
T 181
T 900
T C 1300
T 5 125
T S 117
T 3 III
T 10664
T 7. OK

T C

T S
T
T AVG

19 SIGMA+ L tFE T IMF (UN t TS 1 o¹¹-10)
GLASFR 58
PUSCHEL 60
FVANS 60
FREDEN 60
KA PLON 60
CH I F Sh 61
BFRTHFLOT 61
BARK AS 61
C»R AR 0 62
HUMPHREY 62
BHOWMI K 64
BALTAY 65
CARAYAN 65
CHANG 66
CH I F. N 66
CHIEN 66
COOK ee
BARLOUTAU 69
Ef5FLE 70

Y US ~ SFE NOT

RVUE
EMUL
E MIJL

E MUL

E MUL

E MUL

HL BC
FMUL
HBC
HBC
EMUL
HBC
HBC
HBC
HBC +
HBC
OSPK
HBC
HBC

E PRECEQ

0 ' 12
0 ' 20
0.11
0.067
0 ~ 14
0 ~ 09
0.0&
0.052
P Q4
F 08

0 98 0 16
0 82 0»34
0 85 0 14
0» 80 0 ~ 10
0 76 0 22
0 ' 75 0 ~ 13
0 ~ 82 0 10
0 749 0 056
0, 765 0 ~ 04
0 ' 84 0 ' 12
0 ' 84 0 09
0»76 0 ' 03
0 83 0 032

{0 86) (0 15)
(1~ 10) {0~ 74)
0 80 0 F 07
0 803 0 F 008
0 ' 795 0 ~ 010

CHANG FRROR 0 ~ 018
ERROR PIJRE{ Y STAT

RAI SED 8
ISTICAL

0 7997 0 0059 0 ~ 0058 AVFRAGE ( ERROR INCL

6 ' 9 PBAR P
6 9 PBAR P ANTI

K-P ~ 4-1 ~ 2 GEV/C
K-P AT REST

[NG SIGMA+ LIST ~

6/66
6/66
6/66
9/67
9/67
7/66

11/69
2/71¹

11/69

~ SCALE FACTOR OF 1 ~ 0)

where N = number of decays seen over the time inter-
val Et and ss = t)t/r.

Thus we have checked the errors quoted in the

various experiments for consistency with this minimum

error. CHANG 66 turned out to have underestimated
+his errors in both the & and the & lifetimes. We

have therefore redone his X minimization, using his
published data, and found the errors that we now quote.

R5
R5 E
R5 F
R5 E
R'5 E
R5
R5 UA

R5 U

R5 U
R'5 U

R5 A

R5
R5
R5

R6
R6 E
R6 E
R6 U

Rb
R6
R6
Re
R6

H 69 HSC

69 HBC

66 HBC

0.1 0.2 0.3 0.4 O. S 0.6

CHISg
0.5
1.0
2.6
4.1

[CONLEU
=0 .126]

6IGf1Q+ IHTO {P GAPING{[-) ] & (P
SIGMA+ INTO (N E+ NEU)/(N Pl+) (IJNI TS 10¹¹-5) (P7)/(P2)

0 16220 EFFECT IVE DENOM ~ COURANT 64 HBC SEF. NOTF. E

0 2720 EFFECT IVE DENOM ~ MURPHY 64 HBC SEE NOTE E

1 9690 EFFECT IVF. DEN!!M~ NAUENBFRG 64 HBC SFE NOTE F.

FFFCCT IVE DC NON ~ TAKFN FROM F I SEL E 67
0 ( 32406) EFFECTIVE DENOM ~ Bl ERMAN 58 HBC

0 {80400) EFFFCTIVE DFNOM ~ EISELEZ 69 HBC + STOP K-

1 30000 EFFECTIVE DENOM ~ NORTON 69 HBC

0 110200 EFFECTIVE DENOM ~ EBENHOH 70 HBC STOP K-
EFFECT IVE DENOM ~ CALCULATED BY US

F. ISCLF2 69 REPLACFD RY ERENHOH 70
~ ~ ~ ~ ~ ~ ~ ~ ~

4 ~ 0 2 ~ 0 OR LESS C ~ L "- ~ 90 OU& AVERA CE USING ALL ABOVE

NUMBER DF EVENTS INC RF ASED TO 4» 0 FOR 90PC CONF IDENCF LFVFL

11/67
ll/67
6/68

11/67
6/68
6/68

1}./69
12/70¹

12/70¹
2/71¹

11/67
I I/67
11/67
6/68

11/68

tl/69
2/71¹

S IGMA+ INTO (N Mu+ NEO ) /(P t+N) ( UNI T S 10¹¹-'5) (Pb) /( P2)
1 {120) ANALYSFO EVFNTS GA'LT IER I 62 FMUL NO RATIO QUOTED

0 10150 EFFFCT [VE DENOM, COURANT 64 HBC SEE NOTE E

0 . 1710 EFFFcT IYE DFNDM ~ NAUFNBFRG 64 HBc sEE NDTF E

2 62000 FFFEC TIVE DFNOM ~ F I SFLE2 69 HBC

0 33800 EFFECTIVE DFN )M ~ BACGETT 69 HBC

~ ~ ~ ~ ~ ~ ~ ~ ~

'5 ~ 3 4 ~ 9 OR LESS C ~ L= ~ 90 OUR AVERAGE USING ALL ABOVE

NUMBER OF EVENTS INCREASED TO 5. 3 FOR 90PC CONF IDENCF. LEVEL

SFE NOTES ACI OMPANYING R5

381
52
)I
69

29333
955

M&I

MM

MM

MM

MM

MM

41M AV C,

I 5
3 ~ 5
3 ~ 0
3 5
2 ~ 1

67
~ ~ » ~ ~ ~

2 ~ 59

1 1
1 5
1 ~ 7
1 2
1 ~ 0
0
~ » ~

0 ~ 46

COOK
KOTELCHUC
SOLL I VAN

COMBE
MAST
ALLEY

66 OSPK
67 EMUL
67 EMUI
e8 FMuL
68 HRC
'rf OSPK

K-P AT 1» 158EV/C
PHOTOPRt]DUCT I ON

K-P AT ~ 4 GEV/C
1» 28 GEV/C P I+P

A VERAGE I ERROR [NCL{JOES SCALE F ACTOR OF 1 ~ 0')

19 SIGMA+ PARTIAL DECAY MODES

Pl
P7
P3
P4
P5
Pb
P7
PR

SIGMA
S I GMA

S IGMA
SIGMA
SIGMA
SIGMA
SIGMA
5 [I,MA

PROTON P [0
NE UTRON PI+
NF UT RON P[+ GAMM A

L AMBDA E+ NEIJ
PR OTON GAMMA

FUT RDN Mu+ NFUTR I No
NEUTRON F+ NEUTR INO
PROT ON E+ F.—

+ INTO
+ [NTn
+ INTO
+ tNTO
+ INTO
+ INTO
+ INTO
+ INTO

DFCAY MASSES
938+ 134
939+ 139
93 9+ 139+ 0

1115+ .5+ 0
938+ 0
939+ 105+ 0
939+ ~ 5+ P
938+ .5+

19 SIGMA+ MAGNF T IC MOMENT ( MAGNETONS ~ 938 ~ 26 MFV )

7/66
8/67
8/67

lo/e8
6/68

10/70¹

R7
R7
R7
R7
R7
R7

SIGMA+ INTO LFPTONS / 5 [GMA- INTO LEPTONS
0 0 ~ 034 OR LESS BAGGETT 67 HBC

1 0 ~ 08 OR LESS NORTON 69 HBC

~ » \ ~ ~ ~ ~ ~ ~

e.7 o.o35 OR LESS C{. .9o nuR AvcRAGc ustNG RF ANO Rb

NUMBER OF EVENT5 INCRE ASFD T 0 6 ~ 7 FOR 90PC CONF IDFNCE LEVEL

RB
RB
RB A

RR A

R9
R9
R9
R9
R9

R 10
R)0 E

Rlo
Rlo E

Rlo
Rlo
R10

5 f GMA+ INTO ( N MU+ NU)/ S IGMA- INTO ( N Mu- Nu)

2 0 ~ ob 0 ~ 045 0 ~ 03 E I SELE2 69 HBC +- STOP K-

' ~ ~ ~ ~ ~ ~ ~ ~

5 ~ 3 0 095 OR LESS CL= 90 OUR AVERAGF USING Rb

NUMBER OF EVENTS [NCREASED TO 5 ~ 3 FOR 90PC CONFIDENCE LEVEL

5'[GMA+ f NTO ( N F+ NU) / 5 IG&h fNTO (N F NU)

0 (0 ~ 03) OR LESS CL= ~ 90 Et SELF2 69 HRC +- STOP K-
0 0 019 OR LESS CL= &0 ERENHOH 70 HRC STOP K-

E I SEL E2 RFPLACED BY EBENHOH 70
~ ~ ~ ~ ~ ~ ~ ~ ~

4 ~ 0 0 ~ 016 OR LESS CL= ~ 90 OUR AVFRAGE USINC' R5

NUMBER OF EVENT5 IN{:REhSEO TO k ~ 0 FO& 90PC CO&F [DENCE LPVFL

19 SIGMA+ DFCAY PARAMETERS

SIGMA+ INTO (PROTON F+ E-)/ TOTAL (UNIT lo¹¹-6)(P8)/TOTAL
7 ~ 0 OR LF SS AN(; 69 HBC STOP K-

ANG 69 FOIJND 3 E+E- EVENTS IN AGREEMENT W ITH GAMMA CONVERSION OF

PROTON GAMMA DECAY -L [M IT GIVFN HERF IS FOR NEUTRAl. CURRENT

6/6 8
I.0/69

2/71¹
2/71¹

10/69

10/69

2/71¹
2/71¹

10/69
12/70¹

2/71¹
2/71¹

19 SIGMA+ BRANCHING R AT I OS

Rl
Rl
R 1
Rl 1
Rl
R1 AVG

( P2) /(P 1+P?)S IGMA+ INTO (NEUTRON

PI+�)

/(NIJCL EON P I )
308 0» 4&0 0 ~ 02k HUMPHRFY 62 HBC

534 0»46 0 ~ 02 CHANG 66 HRC

331 0 ~ 488 0 ~ 010 BARLOUTAU 69 HBC K-P ~ 4-1 ~ 2 GFV/C

~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 4833 0 ~ 0084 A VERA{'E t ERROR I NCLU{)ES SCALE F ACTOR OF 1 0)

6/eb
11/69

5'[GMA+ fNTO (NFUT PI+ GAM) /(PI+N) {UNI TS lo¹¹-3)(P3) /(P2)
R? I 1 8) AB3UT BA2 I N2 65 HBC P I+ L T 116 MF V/C 8/67
RZ 29 0 27 0 ~ 05 ANG 69 HRC P I+ LT 110 MF. V/C 11/68

A+0 AL

A+0
A+0
A+0 0 3500
A+0 0 26 00
A+0 0

PHA+/ALPHho FOR Sl GMA+ [ SI G+ TO Pl+ N) /( S[G+ TO

+0 ~ 04 0 ~ 11 CORK 60 CNTR

(+0 ~ 20) (0 F 24) TR I PP 62 HBC +
(- ~ 014) (0 ~ 052) BANGERTFR eb HBC +

~ 047) t ~ 07 l BcRL FY eb HBC +

OLD RESULTS r HAVE BEFN REPLACED ~ SEE BELOW

Plo P)
S IG+ F ROM P I+ P
REPLAC»BY RANGER
StG+ FROM K-P

[G+ FRO I K —P
&/66
9/eb

A+
A+ 35
A+ 4
A+
A+ AVG

K-& AT 400 MF V/C I I /bq
12/70¹

ALPHA 5 I GMA++(SI G+ TO P I+ N)
000 0 ~ 069 0 ~ 017 BANGERTFR 69 HBC

101 0 ~ 037 0 ~ 049 BERLEY 70 HBC

o, nee o.o le AVFRAGE (FRROR [NCLUOFS SCALE FACTCIP OF 1 ~ 0)

R3 S IC»MA+ I NTO

R3 W 4 {3 3)
R3 W

R3 6 2 ~ 0
R3 5 I 6
R3 10 2 ~ 9
R3 ~ '~ ~ ~ ~

R3 AVG 7 ' 02

{LAMBDA
I 1 ~ 7)
FVENTS

0 ~ 8
P 7
1»o

~ ~ ~ ~

Q ~ 47

E+ NEU)/TOTAL (UNIT 10¹¹-5){P4)/TOTAL
WILLI 5 64 HBC STOP ~ K-

FROM THIS EXPERIMENT ~ INCLUDED [N EISELE1 69
BARASH 67 HBC STOP K-
BALTAY 69 HBC STOP K-
FI SELEI 69 HRC STOP K-

AVFRAGE I ERROR I NCLIIDES SCAL F FACTOR OF 1 ~ 0)

9/66
11/69
8/67

11/69
10/6&

Ap ALPHA 5IGMAO
Ap -0 ~ 80
Ao {-0 90)
AO n BAZOO (-O. 986
AQ 32000 - 0 999

33& -0 ~ 98
F CAY PROTON S

~ ~ ~ ~
—0.991

( 5 IG+ INTO PI 0 PROTON)
0» 16 BEALL

(0,25) TR IPP
) {0 072) BANGERTE R

0 ~ 022 BA NGER TE R

0 ~ 05 0 ~ 02 HARRIS
SCATTERED r!FF CARBON

62 CNTR
62 HBC

66 HBC
HRC

&0 OSPK PI+o TO 5 IG+ K+

REPLAC. RY RANGE
K-& TO SIG+ ~ I—

AP H

AP H 0
AQ

Ao AVG
~ ~ ~ ~ ~

0.019 AVERAGF ( ERROR INCLUOFS SCALE FACTOR OF 1.0)

7/bb
10/69
5/70

R4 S [GMA+ INTO
R4 1 (0 68)
R4 24 0 ~ 37
R4 4 (0 ~ 17)
R4 45 0 21
R4 31 0 ~ 276
R4 ~ » ~ ~ ~

R4 AVG 0 ~ 240

tP GAMMA

OR LESS
0 ~ OR

) /(P P [0 ) luN ITS 10¹¹-2) (P5) /(P 1)
CARR AR A 64 HBC
BAZIN 65 HBC
OUARENI 65 EMUL

ANG 69 HBC
GERSHW IN 69 HBC

STOP K-0 03
0 ~ 0"1

0 035 AVERAGE (ERROR INCI (]DES SCALE FACTOR OF 1 ~ 4)
I SEE IDEOGRAM BELOW )

6/ee
10/69
10/69

PH I + AN GL E
O 370 ( 180. )

560 143.
C1054 1R4 ~

C

Ft
F+
F+
F+
F+F¹ ~ » ~ ~

F+ AVG 167 ~ 3

( SIG+ INTO N Pl )

{30' )

29 ~

24 ~

C HANGED

SIN{ PHI }/CD 5{PHI ) =RETA/GAMs(A {DEC&REE )

BF RLFY 66 HRC + NFIJTRON RFSCATT ~

BANGER T1 6+ HBC
BERLEY 70 HBC K-P AT 400 MEV/C

FRO& 176 TO 184 TO AGRFE WITH SIGN CON

20 ~ 1 AVFRhGE {ERROR INCLUDES SCALE FACTOR OF 1 1)

AG
AG

Fp
Fo H

Fo H

ALPHA SIG&AG ( S I G+ tNTO PROTON GAMMA)

61 -1 ~ 03 0.52 0 ~ 42 GFRSHWIN 69 HBC K-P TO 5 IG P I

PHIQ ANGLE I S IG+ INTO PIQ P R&TON) SIN(PHI )/COS{ PHI ) =8FTA/GAMMh (r)E( )

22 ~ 0 90 ~ 0 HARRIS 70 OSPK Pl+P TO SIG+ K+

DECAY PROTONS SCATTFR Er) OFF CARBON

¹¹¹¹¹¹ ¹¹¹¹S¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

9/66
10/69
11/69

II /6'a

5/70



PARTIcLE DATA GRQUP Renew of Particle Pro perties S57

For notation, see illustrated key at beginning of data card listings

Stable Particles

&VANS
FRF DEN
KAP CON

CORK
PUSCI{CL

60
60
60
60
FI 0

BF ALL 62
GRARO 62
GALT IF. RI 62
HI)M PHR E Y 62
TR[ PP 62

84RKAS 61
BFRTHELQ 61
CHIESA 61

NC 15 873
NC 16 611
ANP 9 139
P R 120 1000
NP 20 254

P R 124 1209
NC 2). 693
NC 19 1171

PRL 8 75
PR 12 7 607
PRL 9 26
PR 127 1305
PRL 9 fe

REFERENCFS
5(GMA + (1189 JP=1/2+'1 t=l

f)R I ST+RRUS 5+[AS-U CQL-DUBL IN+LON+MIL AN+(raff
5 FREDENrH KQRNBLUM ~ R WHITE (LRL )

KAPLQN ~ A MFL I SSINQS YAMANDlfCHt (RQCHES)
CORK r KERTH ~ WENZEL r CPON [Nr COOL {LRL+PR I+BNL )

PUSCHEL ( MAX PLILNCK INST )

BARK AS r DYER r MASQNr NICHOL 5 ~ SMI TH {LRL)
BERTHEL()TeDAlfo[NeGOUSSU + (SACLAY+QRSAY)
CHIESA rQUA SSI ATI rR INAlfDO t fNFN-TURIN)

BE ALL r CORK KEEFF MURPHY WEN ZFL {LRL)
F GRARDrG A SMITH (LRL)
BALT IER Ir SARKASr HECKMAN ~ PATRICK ~ SMITH (LRL )
W E HUMPHRFY r R R ROSS (LRL )
R 0 TRIPP ~ M 8 WATSONrM FERRO-LltZZI (LRL)

T
T
T 45
T 41
T 1208
T C 3767
T 5 61
T 5 64

5oe
T 10253
T ~ 1M

T C
T S
T
T AVG

20 SIGMA- LIFET IMF. (UNI TS [0¹¹-[0)
1 ' 67 0 ~ 40
F 89 0 ~ 33
1 ~ 35 0 ~ 32
1 ~ 75 0 ~ 39
1 ~ 58 0 ~ 06
le666 oe075

t2 F 08) (0 ' 22)
(1 ~ 46) (0 ~ 31)

1 ' 38 0 F 07
472 0 016

1 F 485 0 ~ 022
C HA NG E RR(IR 0 026
CRRQR PUR EL Y STAT

HLBC
H). RC
E MUL

EMUL
HBC
HBC
H 8(.
HBC +
HBC
HRC
HBC

E PR ECEf) I

0 28 BROWN )8
0 ~ 25 F I SLFR '58
0 ~ 17 CH I ESA 61
0 ~ 30 BARKAS 61
oe06 HUMPHREY 62

CHANG 66
CH I EN 66
CH [EN 66
WHITES IDE 68
SAR} DUTAU 69
E I SELE 70

RAISEO BY US ~ SEF NQT
ISTICAL

5 TOP ~ K-
STQP ~ K- '

6 ~ 9 PBAR P

ee9 PBAR Pr ANTI
STOPe K-
K-P 4-1 ~ 2 GEV/C
K-P AT REST
NG SIGMA+ L I ST ~

6/66
9/67
9/6 7
6/&8

11/69
2/71¹

11/69

~ ~ ~ ~ ~ ~ ~ ~ ~

1 F 489 0 ~ 022
( SEE

0 ~ 022 AVERAGE (FRROR INCL ~ SCALE FACTOR OF 1 ~ 8)
IDE()GRAM BELOW 1

BARK 45 63
ALSO 61

PRL 11 76
UCRL 9450

BHQW i4[ K
- CARRARA

COURANT
MURPHY
NAUFNRER
WILLIS

64
64
64
64
64
64

53 22
Pl 12 72
PR 136 8 1791
PR 134 8 188
PRL 17. 679
PRL 13 291

W H 84RKASr J N DYERr H H HECKM4NN
JOHN DYER ( CHES I 5 8 ERKELE Y)

{LRL 1

(LRL)

8 8HOWMI K ~ P JAI Nr P MATHUR r LAKSHMI I DELHI )
CAR RARA, CR ES T I, GR [GOLF TTO PF RU? Z 0+ ( P AOOVA 1

COURANT FILTHUTH+ (CERN+HE IOLB+MD+NRL +BNL I

C THORNTON MURPHY ( W [SCONS I N )
NAUENB ERG ~ MAR AT FCK BLUMENF ELD+ ( CQL+RUT+PR 1

WILL I 5 ~ C f)URANT r E f(GELMAN+ ( BNL+CERN+HE I 0+MD)

IJEIGHTEO A(JERAGE O. R717 + 0.0099
ERROR SCALEO BY 1.B

RAL TAY
'BAZ IN
84? [r(2
CARAYAN
QUAR ENI
SC Hu( I DT

RAN GERTF
BERLFY
C&ANG

Al SQ
CHf EN
C ntIK
BAGGETT

ALSO
AL50

BAR ASH
E I 5ELE
HY MAN

K(ITFLCHU
SULLIVAN

ALSO

65
65
6"
65
65
65

66
66
66
65
66
66
67
68
68

67
67
67
67
67
64

140 8 102~
PRL )4 154
oR 140 81358
PR 138 8 433
NC 40 A 928
PR 140 8 1328

PRI 17 495
PRL 17 1071
PR 151 1081
NEVIS 145 THESIS
PR 152 1171
PRL 17 223
PRL 19 145 8
V I ENNA ABS ~ 374
PRIVATF COMM ~

PRL 19 18 1
ZPHYS 205 I+09
PL 25 8 376
PRL 18 1166
PRL 18 1163
PRL 13 246

BAL TAY ~ SANDWE t 55 r( UL WICK r KQPP + t YAL E+BNL )
BA 2 [Nr BLUMFNF ELDr NAUENBERG + ( PR INCE+COLUM)

SA? INr PLANOr SCHMIDT+ (PRINCE rRUTG rCOLUM'1
CARAYANNOPOULOSe TAUTFEST ~ W[LLMANN (PURDUE)
QUAR FN[r CAR TACC I + t SQL+F IR+GEN+PARMA )

SCHMIDT {COLUMBIA)

BANGERTFR BALT IERI ~ BERGE ~ MURRAY+ {LRL)
+HER ZSACHr KQFLER r Y AMAMQTO + (BNL+MASS+YA[. E )
CHUNG YUr( CHANG ( Cf)LUMB I 4 I

CHUNG YUN CHANG {COLUMBIA)
+LACHr Sar{OWE I SSr TAFTr YEHrQREN + (YALE+BNL)
V COOK EWART MASEK ORR, PLATNER (WASHINGTON)
SAGGETT DAY GLASSFR KEHOE r KNQPr' t MARYLAND)
BAGGFTTr KEHDE ( MARYLAND)
N ~ BAGGETT (MARYLAND1

BARASH DAY GLASS ER KEHOC KNOP + {MARYLAND)
+FNGFLMANN FILTHUTH FQLI SH HEPP+ tHE[DELB 1

+LQKENr PEW ITTruICKEN? IE rKEYES+(ARG+CARN+NWU)
KQTELCHUCK ~ GQZAr SULLIVANr ROSS t VANDERBILT)
SULL I VAN ~ MC I NTURFF r KQT ELCHUCH ( VAND ER 8 Il T I

A 0 MCINTURFF ~ C E RODS ( VANDFRB ILT I p. 4 0.6 O. B

.EISELE

.BARLOVTAU

.LJHITESIOE
~ CHANG
- }-IUf1PHRE Y

BARKAS
. CHIESA
EISLER
BRO[JN

1.0

70 HBC

69 HBC

6B HBC

66 HBC

62 HBC

61 ENUL

61 Ef(UL
SB HLBC
SB HLBC

CHISQ
0.0

2.1
7.0
2.6

12.7
[CONLEU
=0 .01.3)

8 I FR 44N
COMRC
uf 4 5 T

68
68
68

PRL 20 145 9
Nc 57A '54
PRL 20 1312

8 I ERMANr KOUNQSUr NAUFNRERG + t PRINCETON)
C E RN-BR I 5 T QL-LAU 5 4 NNE-MUN I CH-ROME- COL L AOR
MA STr GFRSHW IN r AL STON-GARNJQST + f LRL)

SIGf1A — OECAY RATE (UNIT5 10&W10 SEC -1)

69
69
69
69
69
69
69
69
69

SO
69

A r(G

RAGGFTT
BALTAY
I) 4 N G FR T E

BAN Gi FR 7 1
BARL OUT 4
E ISFLF1
E ISELE2
f'E RSHW[ N

SEF AL

NORTON

?PHYS 228 151
MDOP-TR-973
PRL 22 615
UCRL- 19244
PR 187 1821
NP 814 153
ZPHYS 221 1
?PHYS 221 40 I.
PR 188 2077
UCRL 19246 THF, SI
NFVIS 175 (THESI SI

+EBENHOH, E[5ELE,ENGELMANN, F ILTHUTH+ t HF IO)
N V BAGGETT ( THE 5 I 5) (MO)
BALTAY r FRANZ INI r NEWMANrNORT()N4 (CQLU ~ STON)
ROGER QDELL BANGERTER {THESIS) (LRL )
SA NGFR TE R r GiA RN JO ST r GAL TI ER I ~ GERS HW IN+ t LRL )
BARLQUTAUD BFLLEFQN GRANET+{SACL+CERN+HEID)
+ENGELMANNrFILTHUTH ~ FQHLISCHrHEPP+ (HEID)
+ENGELMANN F ILTHUTH FOHL ISCH HEPP+ (HE[0)
+AlSTON-GARNJOST BANGERTER + (LRL 1

LAWRENCE K GERSHWIN {LRL )
HERBERT NnRTON {COL VMS I A )

Pl
PZ
P3
P4
P5

5 [GMA — INTO
SIGMA — INTO
5 IGMA - INTO
5 IGMA - INTO
SIGMA — INTO

20 SIGMA- PAR T I AL DECAY MODFS

NEUTRON PI-
NEUTRON PI — GAMMA

NEUTRON MU- NF. UTRINO
NEUTRON F- NEUTRINO
L 4 Mf) Da E- NE UTR [NO

DEcaY Masses
939+ 139
939+ 1 39+ 0
939+ lo'5+ 0
9 39+ ~ 5+ 0

1115+ .5+ 0

RERL EY
FR ENHQH

ALSO
E IS FLE
HAP R [5

ALLEY

70
70
70
70
70

71

PR f)1 2815
K I FV CONF
ZPHY 228 151
ZPHY 23ff 372
PRL 24 165

PR D3 75

+YAM[N ~ HFRTZBACHrKQFLFR + (SNLr MASS ~ YALE)
+EISELE FNGELMANN FILTHUTH FOHl[SCH+ (HEID)
ANGr E t CELE r E NGEL MANNr F [LTHUTH + ( HE I 0)
+F 'fLTHUTHrHFPPr PRE SSCR ~ ZFCH (HEIDELBERG)
+OVERSETH ~ PONDROM OETTMANN (ANNArWISC )

+BENBRO()K COOK GLASS r GREENr HA('UE + t WASH)

PAPERS NOT RFFERRFO TQ [N DATA CARDS

GLASER FRN CONF 270 GLASER GOOD MOR'RISQN (MICH+LRL )

QUANTUM NU&BFR OETERMtNATIQNS NOT REFERRED T(3 tN T. (E DATA CARDS

TRI PP
ALFF

Al SQ
COURANT

62
63
65
63

PRL 8 175
5 [ENA CONF 1 205
PR 137 8 1105
S[ENA CONF 1 73

R TRIPP rM WATSONrM FFRRO-LUZZI (LRL )
Al FF ~ N AUFNBFRGr K IR SCHr BCRL EY+(CQLU+RUT+BNL )
AL~F rGFLFANDr BRUGGERr BFRLEY+I cf)LUM+RUT+SNL )
CQURAN T F tlTHUTH BURNSTE f N DAY+

{CERN+MARY�)

20 SIGMA t 1198rJP=1/2+) I=l

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹*¹¹¹¹¹¹¹¹¹¹¹¹¹¹4i¹¹¹¹¹¹¹ifi¹¹¹ifi¹¹¹¹ifi4i
¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹4¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

Rl
Rl
Rl
Rl
Rl
Rl
Rl
Rl

RZ
R2
R?
R2
RZ
R2
RZ
R2
R2
R2
R2
RZ
R2

20 SIGMA- BRANCHING RATIOS

S IGMA
22
11
56
72
13

AVG

MU- NEU)/(N PI-) t UNITS 10¹¹—3) f P3
0 ~ 1'5 COURANT 64 HBC
0 ~ 20 BAZ [N 65 HBC
0 ~ 09 SAGGETT 69 HBC

O. 06 ANG I 69 HBC
0 ~ 13 NORTON 69 HBC

~ ~ ~

0 ~ 043 AVERAGF t ERROR I NCLUDES SCAL

I N Tf)
0 ~ 66
o.5e
0
0 ~ 43
0 ~ 38

) /(Pl )

FROM STOP ~ K-
STOP K-
STOP K-
STOP ~ K-

E FACT[IR QF 1 0)

)/(Pl )

0 ~ 450

0¹¹-3) (P4
64 HLBC
64 HBC
64 FBC
64 HBC
e8 HBc
68 HBC
F9 HBC
69 HBC
70 HSC

5 IGMA - INTO
9 1 ~ 0

16 1 ~ 3&
16 1 15
31 1 ~ 4

180 I ~ 1 1
f le 11)

4 331 (1 ~ 02 )
58 0 ~ 97

601 I ~ 09
A 4NG1 REP

~ ~ ~ ~

1 F 092

PRELI Mf NARY

STOP K-

5 TOP K-

E FACTOR OF 1 ~ 0)AVG

(N E- NEU)/(N P [—) (UNITS
0 ~ 4 0 ~ 3 MlfRP HY

0 ~ 34 NAUENBERG
0 ~ 4 M[LLFR
0 ~ 3 COURANT
0, 09 8[cavaN

(0 ~ 15) SECH[?OR
(0 ~ 08) ANG 1

0 ~ 13 NORTON

0 ~ 06 EBENHOH

LACED BY FS ENHOH 70
~ ~ ~ ~ ~

0 ~ 045 AVFRAGE ( ERR()R INCLUDES SCAL

6/66
sore&
I.0/69
10/69

6/68
10/68
10/69
10/69
12/70¹
2/7[¹

70 SIGMA- MASS (MEV)

3000 1197 4 7 0 ~ 11
M ~ ~ e ~ ~ ~ e e ~

M F IT 1197e375 0 ~ 072

SCHMIDT 65 HBC SEE NOTE N

FROM F IT t ERROR INCLUDE'5 SCALE FACTOR OF 1 el)

M N SEF NOTE PRECEDING LAMBDA MASS LISTINGS

6/68

2/71¹

R3
R3
R3
R3
R3
R3
R3

R4
R4
R4

5 IGMA
11
35
31
31

AVG

5 I GMA

23

INTO
0 ~ 75
0.64
oeb9
0 ~ 52

(L AM SDA E-
0 28
0 12
0 12
0 ~ 09

~ ~ ~ ~

0~ 060
~ ~ e ~

oeb04

NEU)/tN PI-I (UNI TS 10¹¹-4){P5)/{Pl)
Cf)URANT 64 HBC STOP ~ K-
BARASH 67 HBC STOP K-
F I SELF. 1 69 HBC STOP K-
BALTAY 69 HBC STOP' K-

AVERAGE {ERRQR fNCLUOES SCALF. FACTOR OF 1 0)

8/67
IO/69
4/69

INTO (N PI — GAMMA)/(NPI- I (UNITS lo¹¹-31(P21/tPl)
( I ~ 1)APPROX IM ~ BAZ [N 65 HBC Pf- lT 166 MEV/C 8/67

0 ~ 10 ~ 02 ANG 2 69 HBC P(P [-1 LT 110 10/69

ZO 5 I GMA- MASS DIFFER ~ (-)-t+) (MEV)

87
2500

8 25
8 ~ 25

0,
D

0
I) A VG
0 FIT

~ ~ ~ ~ ~

8 ' 25
7e 95

0 e40
0 ~ 25

~ e ~ ~

0 ~ 21
0 ~ 12

84RK AS 63 EMUl
DOSCH 65 HBC

AVERAGE t FRROR INCLUDES SCALE FACTOR
FROM F IT ( ERROR INCLUDES SCALE FACTOR

OF 1 ~ 0)
OF 1 4 ) 2/7 14I

20 (SIGMA-) - (LAMBDA) MASS DIFFERENCE (MEV)

DL N SFF NOTF. PRECEDING LAMBDA MASS L [STINGS ~

DL
DL
nl
Dl
Dt. AVG
DL F IT

85
22 79

81 ~ 70
81 ~ 80
8[ 64

81~ 666
81 ~ 789

0 ~ 19
0 24
O O9

0 ~ 077
0 ~ 065

BURN STE [ N 64 HBC
SCHMIDT 65 HBC SEE NOTE N

HE PP 68 HRC

9/66
6/68
8/68

AVFRAGE (ERROR INCLUDFS SCALE F4CTOR OF 1 ~ 0)
FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 1) 2/71¹

20 5IGM4- DECAY PARAMETERS

A-
4-
4-
A-
A-
A-
4-
A-
A-
A-
A- AVG

AL PHA S I GulA

{-0.161 (0 ~ 21. )
t-0 F 010) (0 ~ 043)
(-0 ~ 1041 ( 0 ~ 041
-0 ~ 071 0 ~ 012

f -0 ~ 1 34) ( 0 ~ 034 'I

-0 ~ 067 0 ~ 011
OLD RESl)LTS rHAVE

BERLEY 70 RFPLACED

REPLeBY 84NGERTE
K-P TQ 5[G- PI+
K P TO S[G- P I+

TR[ PP
BANGERTER
SERL EY
BANGERTER
RERLEY
BQGERT

BEEr{ RFPLACED
BY Bf)GERT 70

62 HRC
ee HBC
67 HBC
69 HBC
70 HBC
70 HBC

Q 6500
n (Oe8

51000
8 5978

6 0000
0
8

K-P AT 400 Mf V/C
K-P AT 400 MEVI C

~ ~ ~ e ~ ~ ~ ~ ~

-0 ~ 0688 0 ~ 0081 AVERAGE ( ERROR INCLUDES SCAL E FACTOR QF 1,0)

F- PHI ANGLE (SIN{PHI)/COS(PHI)=SETA/GAMMA) (OFGRFES)
F- Q 1006 t +22 ~ ) (30 ~ ) BERLEY 67 HSC K-P TO SIG- Ptr
F- 1385 14~ 19 BANGFRT1 69 HBC
F- C 1092 + 5 ~ 23 ~ BFRLFY 70 HBC NEUTRON RESCATT ~

F- C CHANGED FROM -5 TO +5 TO AGRFF WITH 5 IGN CQN

F- ~ ~ ~ e ~ e ~ ~ ~
F- AVG 10 ~ 3 14 ~ 6 AVCRAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

7/66
11/67
10/69
2/71¹

17/70¹
2/71¹

11/67
10/69
11/69
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For notation, see illustrated key at beginning of data card listings
Stab is Particles

CV/GA FAR stGMA TA LAMBDA BFTA DECAY {SEE rEXT FOR SIGN CQNVENTtANI
PREAICTFA TO BE ZERO BY CONSERVED VECTOR CURRENT THEORY

0 ~ 31 0 ~ 30 BARASH 67 HBC

BAR45H 67 MEASURED ABSOLUTF. VALUE
+0 ~ 27. 0 ~ 28 Ef SELEL 69 HBC

0 ~ 7 Oo4 BALTAY 69 HBC USING 5 IG+-
Sl GN CHANGFA TO AGRFF WITH OUR CONVENTION

~ o ~ ~ ~ o ~ ~ ~

0 ~ 35 0, 18

AV

AV

AV

AV

AV

AV
AV

AV
AV AVG

8 45
8
5 8L
5 51
5

AVL GA/GV FOR SIGMA TA NEUTRON BETA DECAY (SFF TEXT FOR SIGN CANVENTIA)
AV1 57 ( 0 ~ 05 I ( 0 ~ 23) {0 ~ 32 'I GF RSHWI N 68 HBC REPLACED BY GER ~ 69
4VI C 49 0.23 0 16 COLLERAIN 69 HBC NEUTRON SCATTfR ~

AVL C 33 0 ~ 37 0 ~ 26 0, 19 Fl SELE2 69 HBC NFUTRON SCATTER ~

AV1 61 +Do 19 0 ~ 20 0 ~ 17 GERSHWIN 69 HRC POLARIZED St GMAS

AVL 63 -0 33 0 30 0 ~ 85 BAGERT 70 HBC K-P Ar 400 MEV/C
AV1 C CALLERAINE ANO Et SFLE MEASURE THE ABSOLUTE VAl. UE OF GA/GV
AVl GERSHWIN 69 AhlA BAGERT 70 MEASURE THC SIGN HOWEVFR NE(THFR HAS A

AVL DEFI NI TE SIGhl DETFRMINAT IQN AND THF. TWO TOGETHER ARE CONSI STENT
AVL Wf TH 4 ZERO VALUE QF GA/GV SINCE THF 5 {GN IS UNDFTERMIy{ED THE
AVL AVERAGE AF THE FOUR VALUES IS y{EANINGLFSSo
AVl ~ ~ \ ~ \ ~ ~ ~

AV1 AV ER AGF lFANINGLESS {SCALE FACTOR = 1 01

»e¹¹e¹»»¹¹»¹¹¹»»»eeee»e¹¹e¹e¹¹¹¹¹¹¹¹ee¹¹»e»»««»»««¹ «e«¹¹«eee»»»»«¹»«

R f. F ER E N C F. 5

11/67

10/68
4/6 9

6/68
10/69
10/69
10/69
10/70«
11/68

Rl
R'1

21 SIGMA 0 BRANCHING RATIOS

SIG(4 0 INTA(LAMBDA E+ F- I/TOTAL {P21/(Pl¹P21
{0 ~ 00541 THFORE r ~ CAL ~ FE INBERG 5R QUANTUM FLECT ~ 9/66

Ff I NBERG 58 PR 109 1019
DAVIS 62 PR 127 605
BURNSTE I 64 PRL 13 66
ADSCH 65 PL 14 239
SCHMIDT 65 PR 140 8 1328

REF fRE NCES

21 SIGMA 0{1193rJP=1/2+) t=l

Cr ofE I NBERG (BNL)
0 DAVIS R SFTTI M RAYMOND, G TOMASIN (CHII
BURNSTF IN r DAYr KEHOEr SECHI ZARNy SNOW ( MARY}
DASCHr ENfoFLMANNr F I LTHUTHr HEPP yKLUfoE¹ t HE ID)
P SCHMIDT {COLUMBIA}

COURANT 63 PRL 10 409

PAPERS NAT RFFERRFA TA IN r)ATA CARDS'

CAURANT ~ F ILTHUTHrFRANZINI+ (CFRhl+UMA+USNRL I

QUANTUM NUy{RER AFTFRMINATIQhlS hlQT REFFRREA TO IN THE DATA CARDS

ALFF 65 PR 137 81. 105 ALFF, GFLF AND r NAU EN BF RG+ {COLUM 8 I A+RUTG+BNL ) P

¹ »»«»«««¹» »»»»»«»»« ¹e¹»¹e¹»ee¹»»¹e¹»»¹¹¹¹¹¹¹¹¹ e¹¹»»«¹»«¹ee¹»«eee¹eeee eeee»ee»» ee»¹¹eee» «e¹eeee»e «¹¹¹ee»e»«»»¹eeee» ee¹»ee¹»

«¹¹e¹¹¹»»»»»¹¹»»»»»»»»«» e»¹»»»¹»»»e»e»«»»» ¹»»*¹e»¹¹¹¹¹»¹¹»¹¹¹»¹»»»¹»

BRAWN
F Is{.ER

58 CERN CONF 270
58 NC S ER 10 10 150

20 SIGMA ( 1198r JP= I/2+) I=I

BRAWN GLASER GRAVES PERL CRONIN + (MICH)
E ISLER BA SSI ~ CONVFRS I + I COL+BNL+BOL+Pl SA)

y¹ 22 XI- (1321rJP=L/2 ) t=l/2

22 XI- MASS {MEV I

BARK AS
BURNSTEI
COURANT
MILLE R
MURPHY
NAU'CNBFR

63 PRL 11 76
64 PRL 13 66
64 PR 136 8 1791
64 PL 11 262
64 PR 134 8 188
64 PRL 12 679

BAZIN
DDSC H

ALSO
SCHMI &T
RANGERTF
CHANG
CHI EN

65 PR 140 8 1358
65 PL 14 239
66 PR 151 1081
6'5 PR 140 8 1328
66 PRL 1 & 495
66 PR l&l LAy}l
66 PR 152 1171

BARK AS 61 P R 124 1209
CH( ESA 61 Nf. 19 1171
HUMPHREY 62 PR L27 1305
TRI PP 62 PR{. 9 ee

BARKA5y DYERy M45ANr NICKOLSy SMITH (LRL)
A M CHIESA 8 QUASSIATI G RINAUDO (TURIN)

E HUMPHREY r R R ROSS {LRL I

R 0 rR IPP ~ M WATSON rM FERRO-LUZZ I {LRL )

W H BARKAS ~ J N AYERr H H HFCKMAN (LRL )
Bl}RNSTE IN ~ OAYy KCHOEy SECHI ZORNy SNOW ( MARY)
COURANT, F ILTHUTH+ {CERN+HF IDLB+MA+NRL+BNL I

MILLER r STANNARD BE ZAGUET+ (LAND+PARI S+ BERG)
C THORNTON MURPHY {WISCONSIN)
NAUENBFP Gr SCHM t DT y MARATECK+ (COL+RUT+PR INC )

BAZ INr PLAhloy SCHMIDT + (PR Iy{C+R')TG¹COLUM'I
DOSCH EN{'ELMANN ~ F ILTHUTH HEPP KLUGE+ {HEIA)
CHUNG YUN CHANG (COLUMBIA)
P SCHMIDT ( COL UM8 I A )
BANC&ERTER r GAL TIER I r BERGE y MURRAY+ (LRL I
CHUNG YUN CHANG (CALUMSI4}
+LACHrSANOWF{ssrTAFTrYEHrOREN + {YALF+SNL)

M H Ll(
M H 18(

H (O{D
M 517

62
M 241

ALL
M 149
M 5
M 6

299
M G 195

G USES L
M

M 4VG
F IT

1317o 01 (2 ~ 21 WANG 61 HLBC
1317o 9) {Io91 FOWLER 61 HLBC
DATA AND LOW STATISTICS DROPPEO ON SUGGESTION OF J R HUBBARD)
1321~ 4 0 ~ 4 JAUNEAU 63 FBC
1321 1 0 ~ 65 SCHNEIAER 63 HBC
1321~ 1 0 3 BADI FR1 64 HBC
MASSFS ABOVE WERE RAISED 0 ~ 09 MEV SECAUSF. LAMBDA MASS RAI SEO
1321~ 3 0 ~ 4 P JFRROU 65 HBC
1320~ 69 0 ~ 93 CHIEN 66 HBC + 6 ~ 9 PBAR Pr ANT I
1321' 67 0 ' 52 CHIEN 66 HSC. — 6 ~ 9 PRAM P
1321~ 4 1 1 LO NDON 66 HBC
1321~ 87 0 ~ 51 GOLOWASSE 70 HBC 5 ~ 5 K-P
AMAA MASS OF 1115~ 589«M( XI I I 5 1322 ~ 18 IF M( LAMBDA) I S 1115~ s)4
~ ~ ~ ~ ~ ~ ~ ~ o

1321 32 0 ~ l7 AVFRAGE (ERROR INCLUDFS SCALE FACTAR AF I ~ 0)
1321~ 31 0 17 FRAM F IT t ERROR INCLUDES SCALF, FACTOR OF I ~ Ol

I I/67
9/67
9/67
6/66
8/70¹

2/7 Le

BARASH
RF.P.L EY
8 I E RMAN

GFRSHWI N

Hf PP
SEC Hf ZAR
WHI TFStn

67 PRL 19 181
67 PRL 19 979
6 8 PR L 20 1459
68 PRL 20 12&0
et) ZEIT ~ PHYS ~ 214 ~L
68 TA RE PUB{.~

68 NC 54A 537

BARASHrOAYyGLASSER yKEHOE ~ KNAP + (MARYLAND)
SFRLEY HERTZR4CH KAFLER + (BNL MASS YALF)
BIERMAN KOUNOSU NAUENSERG + {PRINCETON I
GERSHWIN ~ ALSTAN-GARNJOsrrBANGERTER+ (LRL)
V ~ HFPP ~ H ~ SCHLE ICH ( HE IDEL BERG I
OAY GLASSFR KNAP+ Vt ENNA 375 (MARYLAND)
H WHITESIDE J ~ GOLLUB (011ERL IN I

22 XI+BAR MASS (MFV)

Ml 1(1322~ 0) (1,3) BROWN
Ml 5 12( 1321 o 7) {0 ~ 61 SHEN
Ml 34 1321~ 2 0 ~ 4 STONE
Ml S THE ERROR f S STATIST ICAL ONLY

62 HBC
67 HBC
70 HBC

ANTI-X{A-

NTII-Xt-
7/66

10/67
10/70¹

ANG 1
ANG 2
BAGGETT
BALTAY
BAy{frfRTE
RAhlC, E RT1

69 ZP HY 223 103
69 Z PHY 228 1 51
69 PRL 23 249
69 PRL 22 615
69 UC&L-19244
69 PR 1 87 1821

ANG, FI SELF. ENGELMANN FILTHUTH + (HEIDI
+EBENHARyEISFLF ~ ENGELMANN ~ F{LTHUTH+ (HFIDI
BAGGETT KEHOE ~ SNOW (UNIV MARYLAND)
BALTAYyFRANZINIr NEWMANrNARTON+ lCOLUr STAN}
ROGER AOELL BANGERTER ( THESIS) tLRL}
BANGERTFR ~ GARNJAST GALT IFR I GE'RSHW IN+ (LRL I

DM 1 ~ 0

MAS5 DIFFFRFNCEr(XI —)-(AN&I-XI-) IN MfV

CH{fN 66 HBC 6 ~ 9 PRAR P 9/67

BARL OUTA
COLL ERA I
E ISFLE1
E IS ELE2
GE~ SHW IN
hlOR T i)N

69 NP 814 1 53 BARLQUTAUOrBFLLEFQNr GRANET+( SACL+CERN+HF I 0)
69 PRL 23 19t} COLL ER 4f NE AAY GLA SSFR KNOP+(UNI V MARYLAND)
69 ZPHY 221 1 +E NGE L MA NNr F I L THUTHr FOHL I SCH ~ HEP P+ ( HE I 0 )
69 ZPHY 223 487 E I SFLE rENCrELMAhlNr F ILTHUTHy FOHL ISCH+ ( HE I 0)
e9 UCRL-t9246 LA WR ENCE K ENNFTH GER SHW IN ( THESIS ) (LRL )
69 NEVIS 175 (THESI 5) HERBERT NORTAN (COLUMBfA)

MM 2724 -0 1 2 1 8 I NCoHAM 70 OSPK K P AT 1 o 8 GEV/C 2/7 I '»

22 XI — L IFET IMF {UNITS 10«»-10}

22 XI- MAGNETIC MOMEhlT (MAGNE TONS, 938 26 MEV)

BFRL FY
BOGERT
Ft) FN HAH

F. {SF.LF

70 PR Dl 2015
70 PR D2 6
70. KIEV CONF
70 ZP HY 2 39 372

+YAMINrHERTZBACHrKOFLFR + (BNLy MASSy YALE I
+LUCAsr TAFTr WILL IS rBERLEY + (SNL ~ r{ASsy YALE)
+F I SELE ENGEL'MANN FILTHUTH' FOHL' I SCH+ ( HE ID I

+F I LTHUTH, HEPP ~ PRESS ER r 7 ECH {HE IDFL BERG I

BRAWN 57 PR 10s) 1036

PAPFRS NQT REFERRED TO I N DATA CARDS

J BRAWN 0 GLASER M PERL f MICH {GAN + BNL )

21 Sf(iMA 0 (1193y JP=L/2+) I=1

ee«¹»e e»y y ¹ee¹eeeeeee¹e»»»»»»»»»»»¹¹««»»»«»»»«»»»»«»»»»¹»¹e««»«»»»¹»
ee¹e»»¹»¹¹»»»««»»»»¹e«»»«»¹ »»»»»»»»¹ ¹¹ee¹¹e¹

T H 11 {3~ 5} {3~ 41
T H 18 . {1 28) (0 ~ 411
T H (OLD DATA ANO 'LOW. STAT
T 517 1 ~ Bb 0 ~ 15
T 62 1 ~ 55 Oo31,
T 356 ( 1 ~ 77} {0~ 12)
T 794 1 ~ 69 0 ' 07
T 246 1 ~ 70 0 ' 12
T S 6 (1~ 37). (0 F 51)
r 299 1 80 0 16
T 2610 1 ~ 61 0 ~ 04
T 5 (1~ 671 t 0 ~ 07)
T 5 THE F. RROR I 5 'ST'4'TI ST
T ~ ~ ~ ~ ~ ~ ~ ~ ~

T AVG 1 ~ 660 0 ~ 037

f 1 ~ 23) WANG

{0 ~ 25) FOWLF. R
ISTICS'ORAPPEO ON

0~ 14 JAUNE AU

Oo 31 SC HNE {DE
CARMONY
HUBBARD
PJERROU
CHIEN
LONDON
DAUBER
BURGUN

fCAL ONLY

HL BC
HL RC

EST ION OF J R HUBRARDI
FBC
HBC
HRC
HBC
HSC
HBC — 6 ' 9 PBAR P
HRC
HBC
HBC K-P AT lo 3-1 ~ 8

61
rot

SUGG
63'

R 63
64
64
65
66
66
69
68

RFP BY PJFRRAU 65

LL/67
9/67
6/66
6/68
2/71«

0 035 AVFR AGE ( ERROR INCL ~ SCALE FACT()R OF 1 11

01 N

21 {SIGMA- I — ( SI GMAO 'I MASS DIFFERENCE ( MEV I
SEE NOTE PRECEDING LAMs)DA MASS LI ST I NGS ~

22 XI+SAR L I FE T I ME (UNITS 10«e-10)
Dl
01
01
Dl
01 AVG
01 F IT

18 4 75
37 4 ~ 87
12 4 ~ 99

4 ~ 849
4, 865

0 I
0 ~ 12
0 ' 13
~ ~ ~

0 ~ 069
0 ~ 065

BURNSTEIN 64 HBC
AASCH 65 HRC
SCHMIDT 65 HBC SEE NATE

AVER AGF. ( ERROR INCLUDES SCALF FACTOR OF 1 0)
FRCIM F IT (FRROR INCLUDES SCALE FACTOR OF 1 ~ 0) 2/71»

Tl 5 5 {lo 51) (0 ~ 551 CHIEN 66 HRC + 6 ~ 9 PBAR P ANTI 9/67
TL S 12 {1~ 9) (0 ~ 71 (Oo51 SHEN 67 HBC ANTI XI 10/67
T 1 34 1 ~ 6 0 ~ 3 STONE 70 HBC 10/70¹

21 (SIGMA 01 — (LAMBDA) MASS DIFFERENCE I MFV)

DL N SCE NATF PRECEDING LAMBDA MASS L I ST INGS ~

AL 2 08 76 ~ 63 0 ~ 28 SCHMIDT 65 HBC SEE NorE N

DL o o o ~ ~ o o o ~

DL F IT 76 924 0 ~ 089 FRO& F IT (FRROR INCLUOFS SCALE FACTOR OF 1 ~ 01

e/68

2/71¹

Pl
P2
P3
P4
P5
P6
P7

XI-
XI-
X I-
XI-
X I-
X I-
XI—

22 Xf — PARTIAL DECAY MODES

INTO L AMBOA P I-
INTO L AM t)DA E- NEUTR I NA

INTO NEUTRON Pf—
I N TO L AMBt)4 MU- NEUTR I NO
INTO SIGMAO E- NEUTRINO
INTO S IGMAO MU- NEUTRINO
I NTA NEUTRON E- NFUTR INO

DECAY MASSES
1115+ 139
Ll{n+ ~ 5+ 0
939+ 139

1115+ 1 05+ 0
1192+ ~ 5+ 0
1192+ 105+ 0
939+ .5+ 0

Pl
P2

1 ~ 0 OR LESS 04V Is 62 EMUL

21 SIGMA 0 P ARTIAL DECAY MADE S

SIGMA 0 INTO LAMBDA GAMMA

SIGMA 0 INTA LAMBDA F+ E-

21 StGMAO LIFETIME {UNtrS 10«e-14}

DECAY MASSES
1115» 0
1115+ .5+ .5

Rl
Rl
Rl
Rl
Rl
Rl
Rl
RL
Rl

22 Xt — BRANCHING RA Tl os

XI- INTO (LAMBDA E- NFU} /( LAMBDA P I-) t UNITS 10»»-3 'I {P2) /( PL I
1 {155}EFFECTIVE AENOM ~ CARMANY 63 HBC
0 (260) EFFECT IVF DENOM JAUNEAU 63 HBC
0 I 220)EFFFCTI VE DENAM ~ BERGF 66 HBC
1 {155) EFFFCT IVF. DENAM LANDON 66 HBC
0 ( 717)EFFECT IVE DENQM ~ TRI PPE 67 HBC
2 (1976}EFFECTIVE DENOM HUBBARD 68 HSC

1 ~ 1 5 0 ~ 90 ' 0 ~ 55 HUBBARD 68 RVUF.
HUBBARD 68 (RVUE) INCLUDES ALL ABAVE EVENTS

11/67
LL/67
11/67
11/67
11/67
6/68

6/6 8



PARTICLE DATA GROUP Rcv$8& of Particle ProPerties S59

For notation, see illustrated Jtey at beginning of data card listings
Stable Particles

RZ
RZ
R?

X I- INTA (NEUTRON PI —I/(LAMBDA PI-1 (UNITS 10¹¹-3)(P3) /(Pl)
t 5 ~ 0) OR LESS FF RRA-LU Z 63 HRC
{1 1) AR LESS DAUB F. R 69 HRC

6/68
6/68

wo 23 XI 0 t 1314~ JP=1/2 ) I "-1/2

23 XI 0 MASS I MFV)

R3
R3
R3

XI- INTO (LAMBDA HU- NEUTRINO)/TOTAL {UNITS 10¹¹-3)(P4)/TOTAL
( 12~ 01 OR LFSS RFRGF 66 HBC

I 1 ~ 3) OR LESS DAUBFR 69 HBC
6/68
6/68

1 1313~ 4 1 ~ 8 PALMER 58 HBC 3/6R

~ e ~ ~ ~ ~ ~ ~ ~

F IT 1314~ 75 0 ~ 70 FROM F IT ( ERROR INCLUDES SCALF. F ACTOR OF 1 01 ?/71¹

R4 X I INTA (S IGMAO E NELITR INO) /TOTAL (UNITS 10¹¹3) ( P51 /TOTAL
R4 {3 01 OR LESS BERCrE 66 HBC
R4 (0 5) AR I FSS DAUBER 69 HBC

6/68
6/68 23 XI HASS DIFFERENCE (-I-f0 1 (MFV)

R5
R5

Rs
ab

R7
R7
R7 0
R7 D
R7 0

I X1- INTA {SIGMAO MU- NEUTRINO)/TOTAL
{0~ 0051 OR LFSS SFRGE 6( HBC

(P6)/TOTAL

X I- INTA (N F- NEUTRI N(J) / t LAMBDA P I-I ( P71/ (P 1)
{0 01) OR LESS 8 INGHAM 65 RVUE CANFeLIMI T 0 ~ 9

XI INTO ( SICrHAO F NEIJ + LAMBDA E NFU)/TOTAL t lo¹¹3) {P2 +P'5)/TATA{
14 oe62 0 ~ 20 0 ~ 30 DUCt AS 68 OSPK PREL ~ SFE NOTE 0

THf S FXPERIHENT CANNOT DIST INQlISH SIGMAO FRAM LAMBDA ~ THF CAR{BRA
THEORY EXPECT 5IGMAO RATE ABOLJT 4 FACTOR 6 SMALLER THAN THE LAMBDA
TO GF T 4 VALU F FOR THF. TABL E R7 HAS BFEN AVERAGED WITH R 1

7/66

9/66

10I68

AVG

F IT

23 6 ~ 8
45 (se 11
88 6e 1
29 6 ~ 9

~ ~ ~ ~

6 ~ 34
6 ~ 57

1 ~ 6
t I.s I

0 ' 9
2 ~ 2

JAUNEAU
CARMONY
P JF RROU
LONDON

63 FRC
64 HBC RFP BY PJFRRAU 65
65 HBC 11/67
66 HRC 6/66

~ ~ ~ ~ ~

0 ' 74
0 ~ 68

23 Xl 0 L IFET IHF. I UNITS 10¹¹-10)

AVFRAGE ( ERROR INCLUDES SCALF FACTOR OF 1 Ol
F'RAM F IT (ERROR lhlCI. UAES SCALE FACTOR OF .1 01 2/71¹

22 XI- DECAY PARAMETERS

4 ALPHA X I-
A 0 (-0 44) ( 0 121 JAUNFAU 63 FBC SEF NATE 0
4 0 62 (-0~ 73) {oe231 SCHNEIOER 63 HBC SEE NATE 0
A 2 40 -oe '5 0 ~ 38 RAOf ER1 64 HBC SEF. NOTE 0
A 3 56 -Oe 62 0 ~ 13 CARMANY 64 HAC SEE NOTE 0
A 1004 -0 ~ 365 0 ' 068 SERGE 66 HBC SEE NOTF. 0
A L' 364 -oe47 0 ~ 13 L')NDAN 66 HRC SEE NOTE 0
A

' {-0~ 391) (0 ~ 0321 SERGE 2 66 RVLIE INCLUDES ALL
A H 2529 I-0~ 375) (0 ~ 051) HERR ILL 68 HRC
4 278t -O. 391 0.045 DAUBER 69 HBC SFE NOTE 4
A 2724 -0 383 0 ~ 065 RINGHAH 70 QSPK
A 4 USED ALPHALAMRDA = 0 ~ 647 PLIJS AR MINUS 0 ~ 020
A 0 ERRORS HULTIPL IED BY 1 ~ I AUE TO APPROXIMATIONS USED FOR XI
A 0 POLARIZATION {5FF DAUBER 69 FOR DETAILED Al SCUSSIAN)
A L LONDON f. s USFS ALPHA-LAMBDA = 0 ~ 62
A M DATA OF MERR IL L 6R INCL UDED IN DAUBER 68 ~

A A ALD DATA NOT INCLIJDED IN AVERAGE.
A ~ ~ ~ ~ ~ ~ ~ ~ ~

A AVG -0 402 0 ~ 031 AVFRAGF. (ERROR INCLUDES SCALE FACTOR OF

BELOW
BELOW
BF LAW

BELOW
8 FLAW
BFLOW
ABAVE

RFLOW

1 ~ 0)

6/6 8
6/68
6/68
6/68
6/68
6/68
9/66
6/68

10/70¹

6/68

Pl
P2
P3
P4
P5
Ps
P7
PB

24 3 ~ 9
45 (3~ 5)

101 2 5
80 3 ~ 0

340 3 ~ 07

I e4
tl ~ ol
0 ~ 4
0 ~ 5
0 ' 22

0 80
(0 ~ 81
0 ~ 3

Oe20

.J.A UNE AU

CARMONY
HUBBARD
PJF. RRAU
DAUBER

63 FRC
64 HBC
64 HSC
65 HRC
69 HRC

REP RY PJERROlJ 65

lt/bT
6/68

AVG
~ ~ ~ e ~

3 ' 03
~ e ~ ~

0 ~ 18

23 XI 0 PARTIAL DFCAY MODE5

X I 0 I NTA LAHRDA
XI O INT{) PROTON
X I 0 IN TO PROTON
XI 0 INTO SIGMA+
Xf O INTA SIG~A-
X I 0 INTO 5 IGMA+
X I 0 I hl TD 5 I GMA-
X I 0 INTO PROTON

Plo
PI-
E- NEU
F- NFU
E+ NEU
MU- NFUTRI NO

MU+ NFUTRI NO
MU- NFUTRINA

DECAY ulASSFS
Ill&+ 134
938+ 139
938+ ~ 5¹ 0

1189+ .5+ 0
1197+ ~ 5+ 0
1 1 8 9+ 1 0'5+
1197+ 105e

9'.I R+ 1 05+ 0

0 16 AVERAGF (ERROR INCL ~ SCALE FACTOR OF 1 0)

SF. 'E NOT E

SFE NOTE
SFE NOTE
SEE NCIT F.

SFE NOTE

SEE NOTE

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

REFERENCES

22 XI — (132leJP=I/2 I l=l/2

F PHI AhlGLF {SIN(PHI ) ICOS(PHI )=SETA/GAMMA I (DEGREES)
F 0 ( -16~ 0) t 45 ~ Ol JAUNFAU 63 FBC
F 0 62 {45~ 01 (36 01 SC HNE I DE R 63 H BC
F 3'56 54 ~ 0 30 ~ 0 CAR H ANY 64 HBC
F 1004 oe 12 ~ BERGF 66 HRC
F L 3fr4 0 0 20 ~ e LONDON 66 HBC
F M 2529 (9, 8) ( 11~ 6) MF RR I LL 68 HBC
F 2781 -14 11 DAUBER fr9 HSC
F 2724 -?6~ 0 30~ D BINGHAH 70 OSPK
F A IJSEO ALPHALAHBDA = 0 ~ 647 PLUS t)R MINUS 0 ~ 020

0 ERRORS MULT IPL I FA BY 1 2 DUF. TO APPROX I MAT! ONS USED FOR XI
D POLARIZATION ~ (SEE DAUBER 68 FOR DETAIL ED Of SCUSSIONl

F L LONDAhl 66 USF5 ALPHA-LAHBDA -" 0 ~ 62
F H DATA OF MERRILL 6R INCLUDEO IN DAUBER 68 ~

F O ALD DATA NOT INCLLIDED IN AVFRAGF ~

F ~ ~ ~ ~ ~ ~ ~ ~ ~

F 4VCr -4 ' 3 8 ~ 1 AVERAGE {ERROR INCLUDES SCALE FACTOR

0 BELD'W

0 RELAW
D BELOW
0 BELOW
0 BELOW

4 BELOW

OF 1 e 1 1

6/68
6/68
6/68
6/68
6/68
6/68

I OI70¹

Rl
Rl
Rl
Rl

RZ
R2
R?
R2

R 3
R3
R3
R3

R4
R4
R4

R5
R5
R5

23 XI 0 RR ANC HING RAT f AS

XfO INTO tPRATON PI-)/(LAMBDA PIO) (UNITS 10¹¹-31(P21/(P1 1

(27 ~ ol OR LESS T ICHO 63 HRC

(5 ~ ol OR LESS HUBBARD 66 HBC

t 0 ~ 9) OR LESS DAlJBER 69 HRC

XIO INTO (PROTON E- NEU)/(LAMBDA Plo) (UNITS 10¹¹-3){P31/(Pl)
127 ' 0) AR-LESS T I CHO 63 HRC

(6 ~ 0) OR LESS HUB84RD 66 HBC

t 1 ~ 3) OR LFSS DAUBER 69 HRC

XI 0 INTO (SIGMA+ E- NEU)/(LAMBDA Plo) (UNITS 10¹¹-3)(P41/(Pl I

(13~ 0'I OR LESS TICHO 63 HBC
(~e0) OR LESS HUBBARD 66 HRC

t 1 ~ 51 OR LESS DAUBER 69 HSC

XI 0 INTA (SIGHA- E+ NEVI/(LAMBDA Pf0 1 t UNITS 10¹¹-3)(P5) /{ Pt)
(6 ~ ol OR LESS HUBBARD 66 HRC

(1 ~ 51 AR LESS DAUBER 69 HRC

Xto INTO (SIGMA+ MlJ- NEU'I/TOTAL (UNITS 10¹¹-3)I P6) /TATAL
(7 ~ Ol OR LFSS HU RBAR D 66 HRC

(1 51 OR LESS DAUBER 69 HSC

6/6 8
6/68
6/68

6/6 8
6/68
6/68

6/68
6/6R
6/68

6/68
6/68

6/68
6/6R

FAWLFR
WANG

BRAWN

61 PRL 6 134
61 JETP 13 512
62 PRL 8 255

CARHONY 63 PRL 10 381
FERRALU fr3 PR 130 15&R

JAUNFAU 63 5 IENA CONF 4
ALSO 63 PL 5 261

SCHNF I OF 63 trL 4 360

FOWLFR, B IRGE, ERERHARD ELY ~ GOAD PAWELL+ (LRL )
K WANG ~ T WANG ~ VI RYASOV ~ T ING ~ SOLOVEV+ t J INR I

RR OWhl, CULW ICK ~ FOWL ER ~ GA ILL DUD + ( RNL+YALF )

CARHANYe PJERRAU {UCLA)
FFRRO LUZZ fr ALSTON ~ RASFNFELD ~ WOJCICKI {LRL )
JAUNEAU+ I PAR IS+CERN+LAND+RUTH+BERGEN)
JAUNEAUe MORELLET+ (EP ~ CFRN LANe RUTH BERGEN)
H SCHNE IDER (CERN)

Rb
Rb
R6

R7
R7
R7

XIO INTA (5 IGMA- HU+ NFU)/TOTAL t UNITS 10¹¹-3)t P7) /TOTAL
(6 ~ 0) r)R LESS HUBBARD f 6 HBC

t 1 ~ 5) OR LFSS DAUBER f..9 HRC

X I 0 f NTO (PROTON MU- NFU) /TOTAL IUNI TS 10¹¹-3)t PR) /Tt)TAL
t 6 ~ ol OR LESS HUBBARD 66 HRC

(1 ~ 31 AR LE SS DAUBER 69 HBC

6/68
6/f 8

f.. /68
6/6R

CARMONY
RAD I ER1
HURRAtt 0
8'fNGHAH
P JF RRAU
PJF RRAU

64 P RL 12 482
64 DUSNA C INF I r93
64 PR 135 8 I R3
65 PRSL 285 202
65 PRL 14 27'5
65 THES IS

CARMONY PJFRRAU ~ SCHLFIN SLATER STORK+(UCLA)
BAD IFR e DF MAUL I hie BARLOUTAUA+ {PAR I S+SAC+ZF E )
HUBBARD e SERGE eKALBFLEI SC He SHAFFR + (I-RL )
H H SthIGHAH t CERN)
+ 5( HL E t N ~ SLATER e SMITH ~ STORKe TICHO ( UCL4)
G M PJ ERROU {UCLA)

BERGE
RER CrF 2
L AND CJN

CHI EN
SHFN
TR[ PPF

66 PR 147 945
66 8ERKEL EY CONF
66 PR 143 1034
66 PR 152 1171
67 PL 25 8 443
67 PR IVe COHMe

SERGE EBFRHARD HUBBARD MERRILL + (LRL )
46 SERGE CAR IBRO {RVUE)

LONDON ~ RAU GALDBFRG LICHTMAN¹ (RNL+SYRACUS)
+LACH ~ SANDWEI SSe TAFTeYEH, OREN + {YALF+BNL)
8 C, SHENeA F IRESTONEeG ~ GOLDHARER (UCB+LRL)
T ~ TR IPPE {UC{.A 1

RUR(iUN 68 NP RR 447 +HEYFR e PAULI e TALL INI e + ( SACL+CDEF+RHEL)
DUCLOS 68 CERN W I 69-7 163 DUCLOS FREYTAG+ VIENNA 2'53(CFRN HFIDELRFRG)
HURRARA 68 PRL 20 465. HURR ARD ~ SERG E e DAUB FR {LRL)
HERRII. L 68 PR 167 1202 HFR RILL e SHAF ER (LRL ) J

AAIIBFR 69 PR 179 1272
8 I NGHAH 70 PR 01 3010
GAL DWASS 70 PR Al 1960
STONE 70 PL 328 515

+RERGF e HlJBSARDe "IER RILL e HILLFR (LRL)J
+COOKeHUHPHREYeSAhlDEReWILL IAMS+ (UCSD ~ WASH)
GOLDW4SSER e SCHULT Z {ILL )
+8FRL INGHI ER I, RROMBERG, COHEN, FER BEL + t ROCH)

QIJANTUM NUMRFR DFTFRMINATIONS NOT REFFRRFD TO IN THE DATA CARDS

CAR MONY 64 PRL 12 482 CA RMONY PJ ERRAU SCHL FIN SLAT ER

STORK+�(

UCLA ) J

?3 XI 0 DECAY PARAMETFR

ALPHA XI 0
-oe 09 0 ~ 46 PJFRROU 65 HBC

146 -0 ~ 13 0 ~ 17 BFRGE 66 HBC

L 46 -0 ~ 2 Oe4 LONDON 66 HSC
490 t-0 ~ 33) (0 ~ 11) MF. RR ILL 66 HRC

A 739 0 ~ 43 0 ~ 09 AAlJBER 69
A USED ALPHALAMRDA = 0 ~ 647 PLUS OR MINlJS 0 ~ 020

0 ERRORS Hill T IPL IFD RY 1 1 DUE TA APPROXIMAT IONS USFD FOR XI
D POLARIZATION ~ (SEE A4UBER 69 FOR DETAILED DISCUSSIDNl

L LANDON 66 USES ALPHA-LAHRAA = 0 ~ 62
HERRI{ I 66 REPLACED BY DAUBER 69

~ ~ ~ ~ ~ ~ ~ ~ ~

AV G -0 ~ 3'5l 0 ~ 077

SFE NATE
SEF NOTE
SEE ROTE
SFE NOTE
SEE NOTE

AVERA('E {ERROR INCLUDFS SCALE FACTOR

PHI ANGLE (5 IN( PHI 1/COS( PHI ) =SETA/GAMMA) {OECrREFS )

146 -8 ~ 30 ~ SERGE 66 HBC SEE NOTE

M 490 (107~ ol (46eo) MF RRILL 66 HRC SFF NATE

A 739 38 ~ 19, DAUBER 69 HRC SEE NOTF
A USED ALPHALAMRDA = 0 647 PLUS OR MINUS 0 ~ 020

0 ERRORS MULTI PLIED BY 1e2 DUF. TO APPROX I HAT'IONS USED FOR XI
0 POLARIZATION ~ (SFF. DAUBER 69 FOR DETAILED OI SCUSSI ON)

M MERRfLL 66 REPLACED BY DAUBER 69
~ e ~ e ~ ~ ~ ~ e

AVG 24 ~ 8 20 8 AVERAGE ( FRRAR INCLUDES SCALE FACTOR
t SEE If)EOGRAM BELOW )

D BElOW 6/68
0 RE LOW 6/6 8
0 BELOW 6/68
D RFLOW 6/68
A RFl.OW

OF 1 ~ 01

D BELOW 6/fsS
D RELAW 6/68
A BELOW

OF 1 ~ 31
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For notation, see illustrated key at beginning of data card listings
+gable Particles

(JEIGHT ED AVERAGE = 24 .8 20 .8
ERROR SCALED BY 1 3 24 'OMEGA- Lf FET IMF (UNI TS )0¹¹-10SEC)

-100 -50 0 50

F I ANGLE (DEGREES) ){I 0

AUBER

ERGE

100 150

69 HBC

66 HBC

CHISQ
0.5
1.2
1.7

(CONLEV
=0.195)

T A

T A

T A

T A

T 4
T A

T 4
T A

T A

T 4
T A

T A

A

T A

T A

T 4
T 4
T 4
T 4
T

T

T

{1' 63)
1 (0 ~ 7)
1 (1 4)
1 (1 ~ 85)
I ( I ~ 5)
1 (0 ~ 93)

(2 ~ 6)
1 {1.6)
1 (0 ' 21)
1 (1 ' 20)
1 {0~ 06)
1 (0~ 63)
1 {0~ 25)
1 (0 ' 30)
1 (0 ~ 71)
1 (0 ~ 08)
1 {F04)
1 {2 38)

ALL I SON INCLf)
21 I ~ 31

I (2 ~ 3)
(0~ 31)

DES ALL ABOVE +
0 ~ 37 0 ~ 24

ABRAMS
BARNES 1
RARNES 2
CALLF. Y
RICHARDSA
ARCLV COL
ARCLV COL
ABCLV COL
ABCLV COL
SC HULT 2
SCHULTZ
SC HULTZ
SC OTTER
SCATTER
SC OTT ER
SCATTER
SCATTER
SC OTTE R

3 MORE RhlL E
ALLISON
SPETH
SPETH

64 HBC
64 HBC
64 HRC
65 HRC
65 HRC
68 HBC
68 HBC
68 HRC
68 HRC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
68 HBC
VFNTS r UNP UBL I SHFO ~

68 RVUF
69 HBC
69 HBC

P I AMF GA I NTA L AMROA K-
P2 OMEGA INTO XI 0 P I—
P3 OMEGA I NTO X I- PI 0

DF. CAY MASSF. S
1115+ 493
1314+ 139
1321+ 134

24 flMEGA- PARTIAL DECAY MADES

7/66
7/66
7/66
7/66
7/66

11/67
Il/67
11/67
11/67
11/67
11/67
11/67
6/68
6/68
6/68
rs/68
6/68
6/68
6/68
6/6 8

10/69
10/69

C 4RMANY
HURRAP A

P J F. RRAU
P J FRRAU

64 P RL 1? 482
64 PR 135 8 183
65 PRL 14 275
65 THFS IS

Al VAREZ '59 PRL 2 215
JAUNEAU 63 SIFNA CONF 1 1

AL Sfl 63 PL 4 49
T ICHA 63 BNL C!)NF 410

RFFERFNCFS

23 XI 0{1314rJP=I/2)1=1/2

AL VARF Zr EBERHAROr GOODr GRAZ IANO r T ICHO+ (LRL )
J Af)NEAU+ l P AR I S+CFR hi+LAND+RUTH+ BERGEN )
JAUNEAU+ {P AR IS+CERN+L AND+RUTH+ BERf FN )
HAROLD K T ICHO

CARMONY PJERRAU SCHLEIN SLATERr STARK+(UCLA)
HUBBARD ~ BFRGE KALBFL E I SCH, SHAFErR + (LRL )
+ SCHLEIN, S{ ATER r SMITH, STARK» TICHO (UCLA)
G M PJERROU ( UCLA)

Rl
Rl
Rl
Rl
R),

24 OMEGA- BRANCHING R AT I 0 S

PALMER
SCHULTZ

AMBI G. X (0 Pl- SCATTER
SPFTH

68 HBC
68 HBC
68 HBC
69 HRC

P1

27 EXAMPLFS OF OMEGA - DECAYS HAVE BEEN REPORTED 16 HAVE
DFCAYED INTfl LAMRDA K- ~ 9 INTO X IO P I- 2 INTO XI- PIO

1 BNL EVENT HAS NflT BEEN DESCR (BED ~

I AMBDA K-OMEGA- I NTfl
2 EVFNTS
3 EVENTS
5 EVFNTS 1
6 EVENTS

11/69
11/69
11/69
11/69

RERGE
HUf)RARA
LONAAN
MERRILL

ALSO

66 PR 147 945
66 UCRL I I 5 I 0
66 PR 143 1034
66 BERK EL EY CONc
66 UCRL 16455

BERGE EBFRHARD HUBBARD ~ MERRILL + (LRL ')

J RICHARD HUBBAP 0 I THE'Sl 5 ~ BERKE{.EY) (LRL)
LA NOON r RAUr GAL ABER Cay L I CHT MAN+ ( BNL+SYR ACUS )
MFRR ILL SHAF ER BFRGF
OEANF MERRILL (THFSI Sr BFRKELEY)

R2
R2
R2
R2
R2

OMEGA- IN TO

1 EVFNTS
4 EVFNTS
3 FVENTS
1 EVENT

X10 P I-
ABRAMS
PALMER
SCOTTER
SPETH

64 HBC
68 HRC
68 HBC
69 HBC

P2
11/69
11/69
11/69
11/69

PALiNFR
OAUBFR

68 PL 268 32 3
69 PP 179 1262

PALMER RADOJIC IC ~ RA() RICHARDSON+ {BNL SYR)
+8 ERGE, HUBBARD, MERR I LL, M IL LER (LRL )

R3
R3
R3

OMEGA- INTA X I- P 10
1 EVENT
1 F.VF. NT

PA LINE R

SCflTTER
68 HRC
68 HRC

P3
11/69
11/69

»»¹»»»¹¹¹»¹¹»»»¹¹»»¹»»¹»»¹»¹¹¹»»»¹»¹¹¹¹»»¹¹¹»¹¹¹»»¹»»¹¹»»¹»
»»¹¹¹¹»»»¹¹¹»¹»¹¹¹¹¹¹¹¹¹¹»¹»»

¹¹»¹¹¹»»¹»»¹¹»»¹»¹¹»»»¹¹¹¹¹¹¹¹»¹¹»¹¹¹¹»¹»¹¹¹¹»» ¹¹¹¹»¹¹»¹¹¹¹»¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹»¹¹¹¹¹¹¹¹»¹¹¹¹¹»¹»¹»¹»»¹¹¹¹¹¹¹¹¹

M

M

M

M

AVG

24 AMF GA- ( 1675 J P= 3/2+) 1=0

DUANTUM NUMBERS ASS IGNEA FROM Sf)3

24 OMEGA- MASS (MEV')

1( 1620 0)
1 1673 0
3 1673~ 3
3 1671 8
5 1674 ' 2
6 1671,9

~ ~ ~ ~

I 67? ~ 49

(25 0)
RED
1 ~ 0
0 ~ n

1 ~ 6
I ~ 2

~ ~ ~ ~

0 ~ 52
(SEF

{10 0 1 EISCNBER!: 54 EMUL
ARRAMS 64 HBC
~AL~ER 68 HBC
SCHULTZ 68 HB(.
SCATTER 68 HBC
SPETH 69 HBC

INTO X I- P ID
K-P 4 ~ 6 r5 ~ G'EV/C 11/69
K-P 5 ' 5 GEV/C 11/69
K-P 6 ~ GEV/C 11/69
K-P 10 ~ GEV/C 11/69

AVERAGE (ERROR INCLUDFS SCALE FACTOR OF I ~ 0)
IDEOGRAM BELD){ )

THFRE ARE 28 RFPARTFD OMEGA- EVENTS
SEF PREVIOUS EDITIAN (RMP 41 109) FOP MORE DFTAfLS

RFFERFNCFS
24 OMEGA-{ 167'5 r JP=3/2+) I=0

E IS FNBFR 54 PR ssb 541 Y E I SFNBERG
ABRAMS 64 PRL 13 670 + BURNST I

(CORNELL )

BARN ES 1 64 PR L 12 204 V F BARNFS A

+ BURNSTE IN»GLASSER + (MARYL AND+V SNRL )

BARNFS 2 64 PL 12 134 V E BARN E
~ C NNOLLYt CRFNNFLL OCUL WICK+ ( RNL )

COLLEY 65 PL 19 152 COLL EYr DODD +
5 yCANNOLL Yr CRE NNE LL q CUL W I CK+ ( BNL )

R ICHARDS 65 BAP 5 10 115
( 8 IR+GLA+ I C+MUN+OXF+RHFL )

SAMIOS 65 ARGONNE CONF 189 N P SAMIOS
R ICHARDSAN»BARNES ~ CRENNEL+ (BNL+SYRACUSE)

{ (RVUF ) RNL )

At)CLV CO 68 NUC PHYS 84 326 AACHEN+BERL IN+CERN+LONDON IMP COLL ~ +Vl FNNA

ALL I SON 68 PRI V ~ COMM ~ JOHN ALL IS ON

PALMFR 68 PL 26R 323
(LANCA STER )

SCHUL TZ
PAL MER ~ RA OD J IC I C r R AU o R I C HAROSON+ {RNL ~ SYR )

SCOTTF R 68 PL 268 474
T 68 PR 168 1 509 SCHUL T?+ LL r ARGONNE, NORTH'WE STERN, W I SC )

SPETETH 69 PL 298 252
8 PL 268 474 SCATTER+(RIR'N GLASGOW IC LONDON MUNICH OXF )

SPETH+ {AACHEN BERLIN CERN LANDON VIENNA)
~ ~

¹¹»»¹¹¹»»¹»¹¹¹»»»¹»»»»»»»¹¹¹ »»»»¹¹»»» »»»»¹»»»¹¹»¹»¹¹»¹¹¹¹¹¹¹»¹¹¹¹¹¹»¹¹¹¹¹¹¹¹¹»»»¹ »¹»»»»»»

{WEIGHTED AVERAGE = 1672.49 ~ 0.52
ERROR SCALED BY 1.0

.SPETH
-SCOTTER
.SCHULTZ
-P ALP{ER

ABRAP)5

1665 1670 167S 1680 168S
OP)EGI-I — PlASS

69 HBC

68 HBC

68 HBC

68 HBC

64 HBC

CHISQ
0.2
1.1
0.7
0.7

2.8
(CONLEV
=0.426)
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For notationsee , illustrated ikey at beginning of data card listings

««««¹¹«¹¹¹«¹¹¹¹¹¹¹¹««¹¹¹¹¹¹¹¹¹¹«¹¹«¹«¹¹¹«¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹

P I MESON ( J PG=0-- I I =1

SFE L I STING OF STABLE PARTICLES

¹«««¹¹¹¹«¹¹¹¹¹¹«¹«¹¹¹¹¹¹«¹¹¹¹¹¹¹e¹¹«¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹«¹¹¹¹¹¹¹¹¹¹¹¹¹¹«¹¹¹«¹¹««¹¹¹¹¹¹¹¹¹ ¹¹¹¹«¹¹«¹¹¹¹««¹¹¹¹¹«¹¹¹¹¹¹¹¹¹««¹¹¹¹¹«¹¹«¹¹¹¹
0 {410) 7 OLD SIGMA MESCIN (410 JPG=O++) I = 0

NCI EV I DFNC F FOR RE SONANCE

OMITTED FRO& TABLE ~

SEE NATE ON FTA 0+(700-1'000'I
SEE REVIEW OF MORGAN AND PISUT 70 ~

CCIDE FVENTS QUANTITY ERROR+ ERROR- REFERENCE YR TECN SIGN COMMENTS DATE
A BOY F PUNCHED

8 AC K GROUND

region 650-900 MeV. However there was an ambigu-
ity between two sets of phase shifts which crossed at
about 700 MeV, leading to four possible tracks,
called "down-up, " "down-down, " . . . . The "down-
up" solution, preferred by MARATECK 68 and

SCHARENGUIVEL 69, leads to an "E {720)" resonance,
with I about 150 Me V. Experiments on the ~ TT

system {BROWN 68, SMITH 69, DEINET 69,
SONDEREGGER 69) have not yet removed this ambi-
guity. For a review, s ee MORGAN 70.

SANIIDS rr2 PRL 9 139

RL "IKHINT 63 JETP 17 IIO

Rfl )TH 63 PR 132 2314
KIRZ 63 PR 130 2481

JAC. OBS 6' PRL 16 669
Kf)P EL M 4'I 66 PL 22 11 8
LOVELACE 66 PL 22 332

ANDERSCIN 67 PRL 18 89
CORBETT 67 PR 156 1451
MAL AMUD 67 PRL 19 1056
WALKER f 7 PRL 18 630

BANOFR 68
8ISWAS 68
E I SENHAN 68
FOSTFR 68
JONES 68
MARATECK 68

PR 168 1679
PL 27 8 513
PRL 20 75II
NP 8 6 107
PR 166 1405
PRL 2I. 16 I, 3

DAV I SCIN 69 PR 180 1333
FLY 69 PR 180 1319
GUT AY 6'I NP 8 12 31
HALL 69 NP 8 12 573
ROBFRTS 69 PL 29 8 368

84~ ISH 64 PR 135 8 416
CR4WFORfl 64 PRL 13
DFI. FABIAN 64 PRL 12 674
K 4LMUS 64 PRI I 3 99

BIRGE 65 PR 139 8 1600
BR OWN 65 CDRAL GABL FS 219

REFERENCES ON SIGMA

+BACHMAN ~ LEA+ l BNL+CCNY+CO+KY)

+SELOVF
+ALLEN, GDDDEN MARSHALL +
LOVFLACErHEINZ ~ DDNNACHIE

(LRL )
(COLORADO+ IOWA )

(CERN)

+FUKUf+KESSLER+ {CHIC+ANL+OTT+MCGfLL+QMC)
+DAMERELL+MIDDLEMAS+NEWTON (OXF+RUTHERF I
F ~ MAL AMUD + P ~ E ~ SCHL EIN (UCLA)
+C ARRDLL ~ GARF INK FL rOH {W I SCONS IN I

M ~ BANDERr G ~ L ~ SHAW r J ~ R ~ FULCO {UC f+UCSB I
«CASON JOHNSON KENNEY POIRIER+ (NOTRE DAME I
E I SENHANDLF 8 r M f STRYg MOST EK + (CORNELL )
+GAVI LLET+LABRDSSF+MONTANFT+ (CERN+PARIS I
+CALDWFLL+ZACHAROV+HARTING+BLEULER+ (CERN)
+HAGDP IAN + (PENN+LRL+COLO+PURO+TNTD+Wl SC I

+ BACA S TCIWr BARK AS ~ + (RfVS+BFRKI
+GIDAL rHAGOPIANr+ {8ERK+LOUC+Wl SC )
+CARMONY, CSONKA, LDEFFLER, MEIERE t PURDUE)
+MURRAY RIDDIFCIRD ( 8 I R M I N GH A IIII )
R ~ C' ~ ROBERTS F ~ WAGNER lCERN)

BLDKHINTSEVA, GR E IB tNN IK ZHUKOV + (OURNAI
« ABASH(AN (LRL I
+ SCHWA RTZ + TR I PP (LRL )

BARISH KUR2 PEREZ-MENDEZ SOLOMON (LRL)
+GROSS MAN, LLOYD & PR ICE, FOWL ER (LRL)
OEL FABRnr OE PRF Tt S, JDNFS+ tFRASCATI)
+KERNANr PU rPOWELLr DOWO (L RL+W I SCONS IN I

+F L Y+G IOAL+KALMU 5+ CA MER IN I + (L RL+'W I SC I
BRDWN+FA IER (NCIRTHWESTERNI

I80 I
I

I
I

I
I

I

In the figure we have collected recent results
0on the S-wave phase 50 from analyses where the S

wave is permitted to be inelastic, as required by
direct measurements of KK production {HYAMS 70).
BATON 70 now rule out the low- ene rgy "up" solution,
and their "down-down" solution is mildly preferred
because it has a rather big inelasticity compatible
with that reported by HYAMS 70 at 1 GeV; moreover,
above 1 GeV their "down-down" solution more-or-
less agrees with that of OH 70 and BEAUPRE 70.

In the threshold region, MAUNG 70 have deter-
rnined the scattering length to be a = 0.28 + 0.24,
in agreement with the previous most probable value,

a0 0 ~ '16 + 0 04 {MORGAN 70) ~

8 R 3DY 70 PRL 24 948 +GRf)VFS ~ VANBERG 4IAGL IC+( PENN+RUTG+UPNJ+ANL )
MAUNfr 70 PL 33 8 52 1 +MASEKrMILLERrRUDERMANrVERNONr+ (UCSD+LRL I
MORGAN 70 SPRINGFR TRACTS MOD ~ PHY 5 ~ ~ VOL ~ 55 P ~ 1 ~ MORGAN P ISUT(RHEL+CERN)

«¹'«¹¹¹¹¹¹¹«¹¹¹«¹¹¹¹¹¹¹¹¹«¹¹¹'¹¹¹¹'¹¹¹¹¹¹¹¹¹¹ ¹'¹¹¹¹¹'¹¹¹¹'¹¹¹¹¹¹¹¹
¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹«¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹«¹¹¹¹¹¹¹¹¹¹

FTA ( 549r JPG=O-+) I =0

SFE L (STINGS OF STABLE PARTICLES

«¹«¹¹¹¹¹¹¹¹«¹¹¹¹¹¹«'«¹¹¹¹¹¹¹¹¹«¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹«¹¹¹¹¹¹«'¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹«¹¹¹¹¹«¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹'¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

D
90

OO
40

BEAUP«» ——
& 90

q„{voo-oooo)
OI' 6'

14 ETA 0+I 700-1000 r JPG=O++ I I =0

ALSfl CALLED EPSI(.ON l 720)

70

Information about the TTTT system in the I = 0

S wave comes mainly from phase - shift analyses of
+the reaction TT p ~ TT Tr n. Although no method used

is free from serious objections, all analysts in the

past {BATON 65, BATON 67, GUTAY 67, JOHNSON

67, WALKER 67, BISWAS 68, MARATECK 68,
MALAMUD 69, SCHARENGUIVEL 69) have agreed
that the S wave is near the unitarity limit in the

/0 ti —
I I I I I I

0.4 0.6 0.8
I.O

I- KK threshold
I i I i I

I.O l.2 I 4
I.O

0.5— 0.5

q+ (f070)=snwRK
Z.

0.4 0.6 0.8 I.O I.2 I.4
M~~- (GeV)
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liaisons
For notationse, e illustrated key at beginning of data card listings

BATON 65 NC 36 1149
nuRANn 65 pRL 14 329
LOVFL ACE 66 PL 22 332

RFFERFNCES

J ~ P ~ SA TON ~ J ~ R EGN[ ER
L ~ nljR AND AND Y ~ T ~ CHIU
L{)VELACE rHEINZ ~ DONNAC HIE

l SACLAY)
( YALE)
{CERN)

R4TON
SATAN
CL EGG
C ORB ETT
GUTAY
J t)HN SnN
'WALKER
W4LKER

SANDER
StSWAS
RRAUN
OUTT 4-Rn
FOST FR
JnNF. 5
J nHN5nN
lnV FLACF
MARATECK

57 Pl. 2'5R 419
67 NP 8 3 349
67 PR 163 1664
67 P R [5/r 1451
67 PRL 18 142
67 PR 163 1497
67 PRL 18 630
F7 RMP 39 695

68 PR 168 1679
68 PL 2& 8 513
68 PRL 21 1275
68 PR 169 1357
68 NP 8 6 107
68 PR 166 1405
68 P R 176 1651
sr) PL ?8 8 264
68 PRL 21 1613

J ~ P ~ RATnN ~ G ~ LAURENSt J ~ REGNIER l 54CLAY I

J P, BATON ~ {;~ I AURENS J REGr4[ER {SACLAY)
A ~ 8 ~ CL Efr{r (LANCASTER)
+nAMERELL+MIDOLEHA'5+NEWTON IOXF+RUTHERF)
+JOHNSnN+LOEFFLFR+MC ILHAIN+ (PURDUE t UCRL )
+GUTAY t E I SNF R ~ KLE I N ~ PET F RS t SAHNI r YFN+ ( PURD )
+CARROLL tGARFINKELtOH {WISCONSIN)
W. D. WALKER (H I SCONS IN )

+SHAW ~ FULCCI ( UC IRVf NE+S ~ BARBARA)
+C ASON J nHNSON K ENNEY Pn[R I FR+ ( NDAN I

SRAUN ~ CL INE ~ SCHF RER ( 'H I SCDNS I N )

8 ~ OUTTA-ROY, I R ~ LAP IOUS ( HUSOKEN NJ I'

+GAVILLET+LABROSSE+HONTANET+ {CERN+PARIS )
+CALDWELL+ZACHAROV+HARTING+BLEULFR+ t CERN)
+PC) I RI ER BI SHA 5 GUTAY DC RAnn+I ND+PURD+ SL AC )
C ~ LDVELACF. ( CERN)
+HAGOP IAN ~ + {PENN+LRL+COLO+PURD+TNTO+Wf SC I

OF. I N ET
FFLOMAN
Crt)T AY
HDPK I NSr)
NAL AMUD

MOR{r AN

ROBERTS
SCHARFN[
SCHARFN2
SMI TH
5 nNDF RF G
STR VIALS

AL Sn
WAGNER

+MENZIONF ~ MULLER, STAUDENMAIER, + (KARL+CERN)
+FRAT t, GLEESDN ~ HALPERN ~ NUSSBAUM ~ + ( PENN)
+CARHONYtCSONKAtLOEFFLER ~ MEIERE (PURDUE)
J ~ HOPKINSANt R ~ G ROBERTS ( CERN )

~ P 93 E ~ MALAMUDt P ~ SCHLF [N (UCLA)
D ~ MORGAN tG ~ SHAW (RHEL I

R ~ G ~ RDSERTSt F ~ WAGNER {CFRN'I
~ 306 SC HARF NGUI VE L {PURDUE)

SCHAR FNGUI VEL{ PURD+LRL+CFRN+COLn+ PFNN+ TNTD)
f ~ A ~ SMITH ~ R ~ J ~ MANNING {MI CH+L RL )

RT CONTR ~ Tn LUND ~ Pe SONDEREGGERtP ~ SONAMY t SACl AY)
+CHUV[ln tF ENYVES r + t WARS &JINR+BUDA)
STRUGALSKI, CHUVILA, FENYVES, C, EMESY, + ( DUBNA)
F ~ WAGNER {CERN)

69 PL 30 8 359
69 PRL 22 316
69 NP 8 12 31
69 NC 59 4 181
69 4RGONNE CONF
69 NP 8 10 261
69 PL 29 8 368
69 ARGUNr{E CONF
69 PR 186 1387

PRL 23 335
69 SACLAY RFPD
69 PL 29 8 518
7p NP 8 24 358
69 NC 64 A 189

SAR TSCH
BATON
BfhuppE
nf A?
HYhMS
MAUNG
MDR Gr AN

nH
SHI RATA

70 NP 8 22 1 +KEPPEL r GENSCHt MORRI SONr+ {AACH+BERL+CERNI
70 Pl 33 8 528 +L AURFNS ~ RE IGNI ER ( SACLAY I

70 CE'RN PHYS 70 42 +nEUTSCHMANN, GRAESSLER + l AACH+BERL+CERN I

70 NP 8 16 239 +GAVILLE T ~ LABRDSSE t HONTANET+ (CERN+CDEF )
70 PHIL An. CANF ~ P ~ 41 +KOCH SEUSCH, JOHNSDNICERN+MUN+FTH+IC+HAHA[ )
70 PL 33 8 5?I +HASFK r MILLFR RUDERHAN VERNCIN + (UCSQ+LRL)
70 SPRINGER TRACTS Mnn ~ P&IYS ~ t Vnl, 5'5 ~ P 1 MARGAN P I SUT ( RHEL+CERN )
70 PR 0 1 2494 +GARF I NK FL t MORSE r W ALKF R ~ PREN T ICE ( W I SC+ INTO I

70 PRL 7. ~ 1227 +FR[ SCHt W AH{. f G (MIT)

/ (&65) 9 RHD (765 t JPG = 1-+) [=1

RHn MASS {HEV)

THE Fnt LOWING FNTRIFS ARE THF MUST SIGNIF I CANT ONES ~ THEY ILLUSTRATE
THF nISCREPANCIFS AND AR E ALSO REPEATED IN FOOTNOTE (C I OF THE MESON

TABLE

D(
DZ
t&3

D4
C»r

De
t&7

ts r)

ts9

BATON 67t 70 t RHrl-0 FRnM POLE EXTRAPnLATION)
HYAM5 68 ( RHD 0 'FRCIM PHYSICAl REGION F IT
HARA TECK 68 (RHO 0 FROM P{)lE FXTRAPOLAT ION)
trI SOT 68 (RHn-0 FRn I PHYSICAL REGION F IT
A{)GUST IN2 6& (RHO 0 fNTERFERING Hl TH DMEG4 rF
AUSLENDER 69 (RH{) 0 FRnM F- E+ COLL tOING BFA
Mhl. 4MUD 69 (RHD 0 FROM PHYSICAL REGIAN F [T
RnnS 69 {COMP ILAT I ON OF RHO 0 FRDM F+ E

SCHARENGU[VEI 69 (RHO 0 FROM POLE EXTRAPOLAT

5)
ROM f+C- Cnt. l ~ SCANS)
NS)
5)

COLL [DING SEAMS)
ION)

M+
M+
~I+
et+
M+
M+

M+

H+

CH4RGF. PLUS ON

{760 ~ 0)
760e

R I 765 ~ 0)
R ( 783 ~ 0)
R ( 758 ~ 0)

777 P

LY
{9ep)
10 ~

{5~ 0)
(6 ~ 0)

{10 ' 0)
7 ' 0

CAR MONY

ARMENI SE
ALFF-STE I
JAMES
JANE'S
ABC COLL ~

~ ~ ~ ~ ~ ~ ~ ~ ~

AV E&AGF. NEANINGlESS (SCA{.C FACToR = 1 ~ 4)

64 HBC,
s5 HBC
66 HBC
66 HBC
66 HSC
68 HBC

3~ 5 Pt+P t TCUT 4
2 ~ 8 P I+I

Pl+ P
PI+ P

2 ~ 1 Pl+t TCUT2 ~ 5
8 PI+& TD P+3PI

THFRF ARE W IDE FLUCTUAT lnNS IN THE MF AS{IRFD VALUES FOR MASS AND WIDTH nF
THE RHD DUF TO Ol FFERFNCES IN PRODUCT ION MECHANISMr BACKGROUNDr t{ETHDD
OF AN4LYSI 5 AND PARANETRIZAT ION ~ {)NCERTA INTIES IN THEORY GIVf. Rf SE Tn
SYSTf M4TIC ERRDRS nf ABOUT 20 MEV IN MASS AND WIDTH ~

s/ee
6/ee
8/66
5/68

MQ

MP

Mp

Mp

Mp

Hp
Np
MP

Mp

Mp

Mp
Mp

Mp

Hp
MP

MQ

Mn
Hp
MO

NP
Np

Q

Mp
Mp

Np
MQ

MQ

Mp

Mp
Mp

Np
Mp
MQ

Mp

NQ

MQ

Mp

Mp

Mp

Mp
Mp

Mp
Mp
MQ

HQ

Mp
Mp

Mp

Mp
MP

Mp

Mp

MP

HO

Mp
Mp
Np

Mp

MQ

MO

Mp

Mp
r{0
MO

Mp
NQ

NEUTRAL
190

R 300
160

R 500

5

R

5
P
5

R

R 7760
R 4207
R

R

327
0 240
0

R

R

2250
5
5
5
5
5
5
5
5

P
F.

E

F

5

C

C12630

4 ~ 7 P I-P
P I+P

3 ~ 3 P I-P
3 7 P I+P
2 2 K- P
I ~ 5 PI-P
2.0 PI-
5 7 PBARP
2-3 PI+ P
0 ~ 0 PRARPI.p-s. p rhMMA P
7 ' 0 PI- P
3 0 P I-

14 P I-P
2 ~ 1 Pt tTI UT 12
2-3P [-
2 —3P [ ~ T CUT 20
Ze1 Pl+ P

1 P I-
Gal {4 + PR

I ~ 7 P I-P
I ~ 2 PRAR P

p pq P, s P I
3 ~ P PS Pr7 PI

ONLY
( 750. 0)
t 760. 0)
( 775 ~ Ol
( 770, 0)
( 73'5 ~ OI
( 750 ~ 0)
( 750 QI
768.0

(750 ' 0)
(751 ' )
( 728 ~ OI
{773 ~ 0)
( 775e 0)
( 770 ~ 0)
t 770 ~ )
t 763e 3)
( 758 ~ Ol
{76'5 ~ 0)
( 760 ~ OI
76 r ~

t 768 ~ Ol
745 ~

750
{7'57 ~ )

SEL ECT InN
( 761 ~ I

t 770e 0)
( 777 ~ 0)
770.0

( 775 e 0)
763 ~

745 ~ 0
776e
775 ~ 0

( 765 0)
t 745. 0)
t 760 ~ OI
t 749, 0)
(761~ 0)
t 750 ~ 0)
{780 ~ 0)
(760.OI

766 '
( 740 ~ 0)
(770.0)

773 ~ 5
AUGusTtv
INCLunES

( 754 ~ 0)
SEE AL SO

(768 ~ )
HAI SSINSK
768 ~ 4

(755 ~ 0)
771~ 0
770e 0

t 759e 0)
76'5 ~ 0

( 760 0)
765 ' 0
760. 0
767.7

{765 0)

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

HRC
HRC:

HSC
HRC
DBC
nSPK
HSC
HBC
HSC
HSC
I{r)C

HRC
HBC
HSC
HBC
HBC
HSC
HSC
HSC
CNTR
HRC
HBC
HSC
HSC:

62
63
63
64
65
6&

hs
66
66
66
66
66
66
66

66
66
66
67
67
67
67
67

SAM[ 05
ASOL I NS
GU I RAGOS S
GnlDHARE 8
ALYEA
CLARK
G{ITAY
ACCENSI
ALFF-STE [
BALT AY

CA NBR IDGE
CA SON
HAGOPI AN 1
HAGOPIAN2
Hh GDP I AN 2
JACnRS
JAcnRS
JAMF 5
HE ST
AS BURY 2
RACON
SARLOW
nANYsz
nANYsz

{20' 0)
{10 O'I

{10 O'I

( Ip 0)

(15 0)
14 0
(5 ' 0)
(6 ~ I
(8 ~ Ql

()2 0)
0)

{5 0)
(5 )
(6 0)
l7.5)
(8 ~ 0)
(3 ' 0)

5 ~

(2 ~ 0)
9 ~

10 ~

( 10 ~ 'I

ON OMEGA e

{3' I

(4 ' Ol
t5 0)

3 ~ 0
{2' 0)
15 '

5 ~

3 ' 0
{6' 0)

{13 ~ 0)
(9 ~ 0)
(5 ~ 0)
(6 ~ 0)
{8~ 0 I

( 10.0)
(5 ~ 0)
4 ~

( 10 ~ OI
{4~ 0)

~ 4
2 TAKFS AC

nhT A OF Au
(9 ~ 0)

H4[SS [NSKI
(10 ~ )
I 69 IS F[

2 ~ &

(1 r ~ Ol
3 ~ 0

Q

(vep)
10 ~ 0

HBC
HBC
HSC
HBC
OBC
HBC
HBC
HBC
OSPK
DSPK
OSPK
OSPK
OSPK
QSPK
DSPK
OSPK
HBC
HBC
CNTR
QSPK
OSPK

INTER

2.4 P I-
2 ~ 7 PI-, T CUT20
8 ~ 0 PI- P
8 P I+P TD Pt 3P[
'5. 1 PI+0
GAMNA P (BREMS)
1 ~ 2 PB P ~ 4 PR ~

P BAR P AT R EST

67
67
sv
68
68
sr 8
68
68
68
68
68
68
68
68
sr)
68
68
68
68
69
69

0
0
0
0
0
0
0
0

l{UHF
NI LLFR
Pnf Rf FR
ABC COLL e

AR MF N I S f.
BL ECHSCHM
DONALD
FOSTFR

DeZ HYAMS

JONF S
JONf. 5
JANE 5
JONES
JONE 5
JONES
JDNF 5
KEY
LAMSA
LA N? EROTT
AUGUST t 1

D'5 hurt UST I 2
C OUNT nF RHO-0MF.
GUST IN 1 ~

D 6 AU 5 L F. NO E R

69r HHn F I TS AU

HA I S5 I NS K

T Tn AUSL F. NDER 6
0'7 MA l A Mu 0

HCITT

R FYNOLDS
DBRnoS
D95CHARFN

AlVENSLE B
D) SA TDN

RINGHAM
GINGHAM
81 GGS
GALLOWAY

011 2 P I- P
12PI-, T LT 2 5
18P I-t T I. T 2 ~ 5
18P t- ~ T2 ~ 5 Tn
12P I- ~ T 5 Tn 10
1 RP I- ~ T 5 TD 10
12PI-, T10 Tn 15
18PI —r Tlp TO 15
3 ' 0 PI- P
8 ~ 0 P I-P
GAMMA Pt BREWS)
EtF- COLL ~ RF. AMS

E+E- COLL ~ BF ANS

0
0
0
0
0
0
0
0
0
0
0
n

r, a F ERENCE ~ AND

69 t)SPK
SLENDER

Rvuf
ATA

RVUE
HBC
HBC
RVUE
HBC
CNTR
HSC
HBC
HBC
CNTR
HSC

0 F. +E- COLL. B{'.ANS
nhTA
0 Ft E- COLl ~ RFAMS

2-4 PI-P
4 ~ 1-5 ~ 5 K«P
2 ~ 26 P I- P
E+E- COLL ~ RfartS
2-4 P[- P
GAMMA AfBRENS)

8 P[- P

? ~ 8 GAMMA P

F 7 Ghr(r{A P
3 ' 0
3ep
I ~ 9

(6 ~ Ol
0&HDTnp RnnucT I QN

0 ~ ~ 97 P I- P

~ ~ ~ e ~ ~ ~ ~ ~

AV FR AGE MFAN [N(iLESS (S CAL C- FACTOR = 1 ~ 8)

MIXEn CHARGES
240 ( 752 ~ 0)
290 t 755 ~ 0)

744. 9 ~

77r ~ 0 2 ~ 0
~ e ~ ~ ~ ~ ~ ~ ~

AV ERAGF. MEANINGLESS t SCALE

I 6 P I-P
0 ~ 0 PGAR P
3-4 PBAR P

3 7-4 ' 2 P[- P

63
63
67

HRC
HRC
HSC
HSC

AL [TTI
CHAD'W I CK
FRFNCH
JOHN'5 ON

-0
+-Q
+-0
-0

FacvnR = 1.0)

--ND TE 5-

FROM POL E EXTR APrIL AT ION
INGLunEn IN Rnns 69 RvuF
PHOTOPRnnuCT lnN UNCQRR FCT FD FOR PRODUCTION F.-DFPENDENCE

GR BACKGROUND I NTERFE RENCE
INCLUDED IN P[SUT 68 RVUF.

S-WAVE RRF [1-W ISNFR FIT, CANNOT Rf COMRf Nf 0 HI TH nTHFR VALUF S

(MFV)9 RHD(0) — RHO{+-I MASS n[FFFRENCE

6/6 r.

6/66
f-/66
6/6 6
&/66

10/SF
9/66
6/es
9/67
2/67
6/68
6/68
6/ss

10/66
8/67
9/67

11/66
7/67
6/68

7/67
9/66

11/67
~ 5/6 8

6/e8
6/68
9/68
6/68
9/68
5l68
5/6 8
5/68
5/6 8
5/68
5/68
5/68
5/68

11/67
10/66

4// 9

6/68

9/69

5/70
7/69
5/70
9/69
'5/70
5/70
I/vto
5/70
'5/70
6/&0
I /7 [t'

6/67
7/69

2 ' 4 2 ' 1 PI SUT RVUE Pl N Tn RHD N 6/68

N+
M+

M+
M+

CHAR CrE PLUS AND MINUS
5 (7&0~ 0) (3epl

755 ~ 10'
730 ~ 11 '
782 ~ 5 ~

SALTAY 66 HBC
ALLE 5-BOR 67 HBC
BARL nH 67 HSC
F OSTE R 68 HSC

0 ~ 0 PSAR P
'5 ' 7 PSAR P
1 ~ 2 PSAR P
PBAR P AT REST

12/66
11/66
6/68

RHn WI DTH {MFV I

~ ~ ~ ~ ~ ~

AV EP AGE MF. ANIN{;LF. S
~ ~ ~

5 (Sf, AL E F ACTOR = 3~ 3)
SEE NATE ON RHO MASS ASDVE

130
R

M-

M-

R

R

R

R 6014
R 2775
R

r. vsse

R

R

R

R
12773

4127 73
4 FR

M- CHhRGF r{I NUS ONLY
( 748 0)
t 775 ~ 0)
( 768 ~ 0)

772 P
t 760 0)
(770 Ol
( 76 "r ~ 0)
{757 as)
( 7'53 ~ 5) t
t 749 ~ 0)
752, 0

{755 ~ 0)
751
764

t 777 ~ 0)
( 775 ~ 0)
(768 ~ 0)
t 773e 0)

764 3
t 764e 3)

RARs ARE 2 s
&76 0

{5en)
p

~0)
(Bep)
t ".. -0)
(6 ~ 6)
10 ~ I
(3 ~ 0)
14 ~ 0
\ '5 epl

5 ~

4 ~{6.0)
{5~ Ol
{5' 0)
(2 ' 0)

1 9
19~ 2)
TD ANO

4 ' 0

KENNE Y

fr{J IR AGO55
BLI EDEN
F IDFCARO
HAGDP I AN[
HAGOPIAN2
HAGOPIAN2
JAC;nBS
JAcnss
HE5T
BANNER

D[RATON
CLEAR
F. ISNER
MILLER
MILLER
Mt LL FR
BATON

1.8 D4 Pl SUT
(3.3)t 4 pl suT

INC L{IOE 5 Y STFMAT I C
RE YNOLDS

62 HSC
63 HBC
65 MNSP
66 nSPK
66 HBC
66 HBC
66 HBC
66 HRC
66 HBC
66 HRC
67 MMS

67 HSC
67 HBC
67 HBC
67 HSC
67 HSC
67 HGC
68 HBC
68 RVUE
68 RVUE
UNCERTA
69 HBC

INT

1 ~ 2 PI-P
3 ~ 3 PI-P
3-5 PI- P
2 ~ 5 Pl —r T CUT18
3 ~ 0 Pf-
2e14 PI-P
2 ~ 14 P I- t TCUT12
2-3P I-
2-3PI-rT CUT 20
F 1 PI — P
1 ~ 8 Pl-P t P+MH

2 ~ 8 Pl- P
3 PI — P
4 ~ 2 P I-P
2.7 p[-, T cuT 5
2 ~ 7 PI-t T CUTIO
2 ~ 7 PI-r T CUT20
2 ~ 8 Pl-t T CUT13
I ~ 7-3 ~ 2P I tC Tlp
1 7-3 2P I r CT10

I E S F ROH THEORY
2 ~ 26 P I-

slee
1 1/66
6/es
9/67
9/67
6/68
6/68

10/66
9/67

10/67
7/67
9/67
9/SS
9/66
9/66
7/69
6/68
6/68

5/70

H+
W+

H+
W+

W+
H+
W+
W+
W+

W+

'H+

W+

H+
H+
H+
H+
W+

H+

CHARGF. PLUS nNLY
90 ~ 0

R {77 0)
160e

R tippy 0)
R {177~ 0)
R {147e 0)

149~ 0
~ ~ ~ ~ ~

AV ER AGE MEAN[ NGLF

10~ 0
(20 ' 0)
lp ~

(15.0I
( 19~ 0)

22 ~ 0

Sh{:LAY
CARMONY
AR MEN[ SF.
ALFF -STE I
JA MES
JA H'f. 5
ABC COiL ~

CHARGE PLUS ANO M

5 ( I'50 ~ 0)
5 (150.0)

146
130~

145 '
~ ~ ~ ~ ~

AV ERAGF. M'E AN[ NGL E

I NU5
{30~ Ol
t 30 ~ 0)

31 ~

25 '
10'

SALTAY
RALTAY
ALLFS-BDR
BARLOH
FOSTER

~ e ~ ~

S5 {SCAl E FACTAR = I 0)

~ ~ ~ ~

SS {SCAL F. FACTOR = 3 ~ 6)

63
64
65
66
66
66
68

/is
se
67
67
68

HRC
HBC
HBC
HBC
HSC
HB{'.
HBC

HSC,
HBC
HBC
HBC
HRC

+-
+—

2 ~ 8 P I+P
3 ~ 5 PI+Pt TCUT 4
2 ~ 8 P I+P
2-3 PI+ P
2 1 PI+
2 ~ 1 P I+t TC{ITZ~ 5
8 P I+P Tn Pt3P I

0 0 P SAR P

0 ~ 0 PRARP
7 P BAR P

1 2 PRAR P
PB4R P AT RE ST

6/66
&/66
8/66
'5/6 8

6/66
6/66

12/66
11/66
6/68

e ~ ~ ~ ~ ~ ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR = 2 ~ 3)



PARTIcL1- DATA GRQUp Revzez~ of Particle Pro pertses S63

== esons
For notation, see illustrated key at beginning of data card h sti'ngs

W-
W-
W—

H-

W-
W-

W-

W-
W-
W-

WO

WO

WO

o(0
WO

WO

WO

olQ

WQ

WO

WO

Wo

WO

WO

WO

WO

»IO

WO

WO

Wo

HIQ

HO

WO

WQ

WO

WO

Wo
WO

Wo

WO

WO

WO

WO

WO

WO

WO

WO

WO

HO

WO

Wo
WO

WO

'WO

WO

WO

WO

Wo

0
WO

WO

Wo

WO

WO

WO

WO

WO

Wo

WO

Wo
wlQ

Wo

WO

WO

WO

WO

Wo

CHAR GF
130
98

R

R

R

6014
R 2&75

766&

R

R

R

12»3

&INUS ONLY
(1Z5 ~ 01
(180» 0)
(17.7.01
(190 01
( 130~ 0)
(135.0)
(1 39. '5)
I 137~ 1)
I 149» 0)

100~ 0
(110' 0)
133~

( 137~ 0)
( 145 ~ 0)
( 153»ol
(150~ 0)

147~ 3
151~ 0

("»01
(20»0)
(20 ' 0)
(70 ' 0)
(15 ' 0)
(20»0)

(13' Ol
30 ~ 0
(Q. o)
llo

t 17 ~ 01
( 12 ~ 01
(13»01

(5 ~ 0)
4 ' 0

10 ~ 0

GU IRA GO 5 5
RQNDAR
BLIEAEN
HAGQP I AN1
HAGQPIANZ
HAGQPIAN2
JACOBS
JACQBS
WF ST
BANNF. R

DI BATON
E I SNFR
MILLE R

IILLF. R
MILLER
SATAN

3 ~ 9 0'4 P I SUT
REYNOLDS

63
64
66
66
66
66
66
66
F, 6
67
67
67
67
67
67
68
68
69

HBC
HRC
MMS P
HBC
HSC
HSC
HBC
HBC
HSC
MM5

HBC
HBC
HRC
HRC
HBC
HRC
RVUF
HBC

3 ~ 3 PI-P
4 ~ I P I-~
3-'5 P I- P
3 ' 0 Pl- P
2 ' 14 PI
2 ~ 14 P I- r TCUT12
2-3P I-
2-3P I- ~ T CUT 20
F 1 PI-
1»8 Pt-Po P+MM

2»8 Pl- P
4 ' 2 Pl-P
2 ' 7 Pl- T CUT 5
2 ~ 7 Pl-r T CUT10
2 ' & Pl-y T CUT20
2 ' 8 P'I- P
1 ' 7-3 ' 2PI-oCT10
2 ~ 26 Pl-

6/66
e/66
9/67
9/67
6/68
6/68

10/66
9/6 7

10/67
9/67
9/66
9/ee
9 /66
7/69
6/68
5/70

~ ~ ~ » ~ ~ ~ ~ ~

AVER AGF. WFANINGLF SS ( SCAL F. FACTOR = I 0)

NE UTR AL
1QO
300
160
500

ONLY
( 150~ 0)

(90' 0)
(175~ 0)
( 130~ 01

110» 0
( 130» 0)

(RQ 0)
72 ~ 0

( 100~ 0)
( 174» I
(175»01

(57~ Ol
(120~ 0)
( 130~ 0)
(135» 0)
(136 4)
( 172~ 21
( 103.01
( 173.0)

130~

( 148 ~ 0)
Q2»

135,
(RO ~ )

SELECT
( 152~ )
(160 01
( 135~ 0)

165 ~ 0
( 167~ 0)

126
150 013'
145~ 0

( 12Q ~ 01
t 169» 01
I 175» 0)
( 157.0)
(157~ 0)
I 107 0)
(157~ Ol
&113 01

111
(160 0)
( 105 OI

122»0
(111' 0)

110~ 7
AUGUST(N
I NCLUDES

(10 & 01
SFE ALSO

( 140» I
ARQVF.

132.0
( 130 0)

127» 0
(119~ 0)
140~ 0

( 131.01
132 ~ 0
141 0
146 1

( 120 ~ 01

62
63
63
64
65
6"
65
66
eF
66
ee
66
66
eb
66
66
bb
ee
Fb
67
F7
67
67
67

0 4 ~ 7 Pl-P
0 3 ~ 5 P I+P
0 3 ' 3 PI-P
0 3 ~ 7 PI+ P

0 2 ' 2 K-
0 1 ~ 5 Pt-P
0 2 ~ 0 PI—
0 5 ' 7 PBARP
0 2-3 Pl+ P
0 0 0 PRARP
Q 5-6 GAM P
0 7 ~ 0 PI — P
0 3 ~ 0 PI — P
0 2»14 P t-P
0 7 14 Pl-PoLQW T
0 ?-3P I-
0 2-3PI-pT CUT 20
0 2 1 Pf+
0 2 ~ 1 PI- P
0 l»AHMA + PB
0 1 7 Pf-P
0 1 ~ 2 PBAR P
0 3 ~ 0 PB Pse Pt
0 3 ~ 0 PB P ~ 7 Pl

( 7. 0 ~ 0 I
(10 ~ 0)

HBC
HRC
HBC
HSC
DRC
QSPK
HBC
HBC
HBC
HRC
HBC
HRC

HBC
HRC
HBC
HBC
HBC
HRC

HSC
CNTR
HBC
HBC
HBC
HBC

SAMtAS
aSALINS
GUIRAGQSS
GQLOHABER
ALYFA
CLARK
C»UTA Y
ACCENS I
A LFF -5TE I
8 ALTA Y
CA«R IDGE
CASON
HAGAPI AN1
HAGQPIAN2
HACAPIANZ
JACOBS
JACOBS
JAMES
WFST
ASRURY 2
BACON
BAPLQW
DANYSZ
naNYSz

R

R

5

5
p
5
R

R

R

R 7760
4707

R

R

327
74Q

A

R

R

R

22 50
5
5
5
5

5
5
5

5
Ct&990

F

F

F
(!

5

C

C12630

5

AVERAGE

20 ~ 0

I 15 ~ 0)
30 ~ 0

(31.)
(25 ~ 0)
I 10 ~ 01
(20»0)
(20 ~ 0)
I 12 ~ 0)
( 1'5» OI
( 13 ~ 01
( 13 ~ 0)

(8 ~ 01
47 ~

25 ~

(30 ~ )
ION ON AH

(15 ~ I
( 15 ~ 01
t 10 ~ 0)

10 ~ 0
(6 ~ 0)
20.
13 »0
10 ~

9 0
(19~ 0)
( 41 ~ 0 I

I 30.0)
(16»0)
(1Q Ol
(25 ~ 0)
(31 »0)
t 16 ~ 0)

8 ~

(10 ~ 0)
( 15.0)

7 ~ Q

(6 ~ 0)
'5 ~ 3

? T AKFS
DATA OF
( 20.01
HA I SS IN
(14~ I

LUE FRAM
13.0

( 40 ~ 0)
7 ' 0

( 20 ~ 01
5»0

t 15 ~ 01

EGA
HUWE

MILLER
PAIRI ER
ABC COLL'
AR MF. NI SF.

RL FCHSCHM
DANAI. A

FOSTER
l&2 HYAMS

JONES
J0NF. 5
JQNE 5
JANES
JANES
JONES
JQNF 5
KEY
L 44154
LANZERQTT

D 3 MARAT FCK
6.O C BRQAS

AUGUST I 1
k5 AUG(IS T I 2

ACCQIINT OF RHQ-AMEG
AUGUST IN 1 ~

b bauSLENAER
SK I 69 o WHA F I TS AUS

HAI SSINSK
F IT TA AUSL FNDER 68

I&7 MALAMUD
HATT
RFYNQLOS

C'9SCHARFN
ALVENSLEB

t IRaTQN
RINGHAH
RINGHAM
RIGGS
GaLLQWaY

HBC
HBC
HBC
HBC
DBC
HBC
HBC
HBC
OSPK

0 2 ~ 4 Pl- P
0 2 ~ 7 P I- ~ T CUT20
0 8 ~ 0 Pt- P
0 8 Pl+P TA P+3PI
0 5 1 Pl+0
0 GAMMA P (SREHSI
0 1 ~ 2 PR Pt4 PR ~

0 PSAR P AT REST
011' 2 PI- P
O 12PI-, T t. T 2.5.
0 18PI r T LT 2 ~ '5

0 18P I- ~ T2 ~ 5 TQ 5
0 12PI- ~ T 5 TQ 10
0 18PI-yT 5 TQ 10
0 12PI- ~ Tl0 TA 15
0 I Bp I-e Tl0 TO 15
0 3 ~ 0 Pl- P
0 RE 0 Pl-P
0 GaMMA p
0 1»9-3' 0 Pl- P
0 E+E- COLL ~ BEAHS
0 E+E- CQLL ~ RFAMS
0 E+E- COLL BEAMS
FNCEo ANO

67
67
67
68
68
68
68
68
6R
68
68
68
68
68
68
68

ASPK
QSPK
&SPK
QSIK
QSPK
ASPK
ASPK
HBC68

68
68
FA

HBC
CNTR
HRC

69 RVUE
69 OSPK
69 ASPK
4 INTERFER

69 05PK 0 E+F.— COLL ~ BCAMS
LFNDFR 69 DATA
69 RVUE

DATA
69 RVUF
69 HBC
69 HBC
69 HBC
70 CNTR
70 HBC
70 HRC
70 HBC
70 CNTR
70 HBC

0 E+F- CALL ~ SEAMS

0 2-4 PI-P
0 4 ' 1-5 ' 5 K- P
0 2 ' 26 Pf- P
0 2-4 PI-
0 GAMMA A(RRFMS)
0 2»8 Pl- P
0 2 ~ 8 GAMMA P
0 4»7 GAMMA P
OPHQTQPRADIJCT ION
0 5 ~ 97 PI- P

6.0
0

2 ' 9
(? ~ 0)

~ ~ ~ ~ ~ ~ ~ ~ ~

MF ANINCLF SS t SCAL C FACTOR "-2 1)

I X ED CHARGFS
790 (110 0)

98 '
154~ 0

CHADWICK
FRFNCH
JOHNSON

HRC
HRC
HRC

63
67
68

+-0 0 ~ 0 PBAR P
+-0 3-4 P BAR P
-0 3 ~ 7-4 ~ 2 Pl- P

30 ~

6 ~ 0

6/66

6 /66
6/66
6/ee
6/66
9/66
9/66
6/66
9/67
9/67
6/68
6/68
6/6F

10/66
8/67
9/67

11/e6
7/67
6/68

7/67
9/66

11 /67
5 /68
6/68
6/68
9/68
6/68
9/68
5/68
5/68
5/68
5/68
5/68
5/68
5/68
5/68

11/67
5/68
9/68
9/69
4/69
8/69

6/68

9/69

5/70
7/69
5/70
5/70
5/70
1/71«
5/70
5/70
6/70
1/71«

6/67
7/69

Rl
Rl
Rl
Rl
Rl

RHQ 0 INTO (Pf+ PI- PI+ PI-) / (Pl+ Pl-)
I 0 ~ 008)QR LESS JAMES 66
(0 ~ 002)QR LESS CHIING 68
( 0 ~ 002) AR LF. SS C ~ L ~ =0 ~ 9 HIISAN 68
(O. OO15) AR LFSS,CI =O. 9O CERHAN Cn 69

HBC
HSC
HLRC
I I 8C

0 2»1 Pt+P 6/66
0 3 ~ 2 ~ 4 ~ 2 PI-P 7/67
0 16 ~ 0 PI- P 1/71«
0 2 ~ &-5 ~ R GAMMA P 1Q/67

R 2 RHA I NTO PI GAMMA/2P I
R2 M (0~ 02)OR LESS LANZERATT 65
RZ (0~ 005) OR L ESS F IAECARQ bb
R2 ( 0 ~ 00& ) OR L F. S S HUSQN 66
RZ M (0, 002)DR LESS CL=O ~ QO GFRMAN CQ 69
R2 M QNF. PION EXCHANGF. MODEL USFD IN THI 5

R3 RHQ INTO( E+ E-) /(PI+P I-) ( UN ITS 10¹¹-4)

CNTR GAMMA Pt RR FM5)
QSPK — 0.97 CONF LFV
HLBC — 15 P I-PS
HSC — 3 ~ 5-5 ~ & GAMMA P
EST IMAT ION

tl/bb
10/bb
6/66
9/69

Note onp ~ e e

R3 P
R3 P
R3 H

R3 H

R3 4
R3 4
R3
Rl E
R3
R3 F
R3 C

R3
R3 AVG

33

(0 65) (0 14) ASBURY 1 67 CNTR PHQTAPRAAUCT ION

POSSIBLY LARGF. RHA-QHFGA I NTERFERENCF
to ~ 65) (1 1 ) (0 ~ 5) HERTZBACH 67 QSPK ASSUME SU(31+MIXING.

NOT SEP ARATEA FROM I)MEGA OFCAY ~

(0 531 (0 11) ASTVACATU 68 QSPK ASSUME SU(3)+MIXING
NAT SEPARATFD FRUH OMEGA DFCAY ~ ERROR STATISTICAL ONLY ~

0 ~ 663 0 085 AUGUSTtl 69 ASPK E+F- CALLIA. SEAM

45'SUHING RHO WIDTH ill MEV

0 ~ 50 0 ~ 10 4USLENOE'R 69 QSPK E+I:.— COLlfo RFAM

(0 ~ 49) (0 121 ( 0 I& I 8IGGS 70 CNTR PHATOPRQDUCT ION
ASSUMING RHA Hl DTH 140 MEV ~ FRRQR STATISTICAL ONLY ~

~ ~ ~ ~ ~ ~ ~ ~

0 ~ 595 0 080 AVERAGE (FRRQR INCLUDFS SCALE FACTOR OF 1 2)

9/F 7

lo/ee

4/69

9/68
6/?0

R4
R4
R4

RHA fNTQ (P I ETA) /(2PI I
(0»03)DR LF. SS
I 0 ~ oosl) AR LFSS

DEUTSCHMA 66 HRC + 8 ~ 0 PI+ P e/eb
FERBEL 66 HSC +- oft- P ABOVE 2 5 11/66

R5
RR
R'5

R5
R5 H

R5 H

R5 R

R5 R

R5 R
R5'
R5 W

R'5 W

R5 W

R5 W

R5
R5 AVG

RHO INTA t HU+ HU- I/ I Pl t Pl —I (UN 10««-4)

SFE NATE UNOFR RHA INTA E+E- ARQVF.

0»9& 0 ~ 31 0 ~ 33 HYAMS 67 USPK 11 PI- L I H

HYAMS 'MhSS RFSQL I 5 20 HEV ~ THE OMEGA REGION H45 EXCLUAEO ~

0 ~ 82 0 16 0 ~ 36 RQTHHFLL 69 CNTR PHQTQPRQAUCT IQN ~

PDSSIBLY t. ARGE PHA-OMEGA INTFPFERFNCE L FAQS US +A INCREASF.
THF MINUS FRROR
0 56 0 ' 15 HEHMANN 69 QSPK 12 PI- AN C ~ FC
RES'ULT CONTAINS (11 +- 111 PER CENT CORRECTION USING SU('lI
FOR CFNTRAL VALUE ~ THC FRRQR ON THE CARRFCTIQN TAKES ACGQIINT

OF PASSI BLF RHA-QMFGA INTERFERENCE AND THE UoPFR 'L' tM IT AGREES
HI TH THE UPPFR L I MI T OF (Q4IEGA I NTO MU+ MU-) FROM THIS EXPT ~

~ ~ ~ ~ ~ ~ ~ ~ ~

0 67 0 12 AVFRAGE (ERROR INCLUDES SCALE FACTOR OF 1 0)

6/6 7

4/70

7/69

«¹¹««¹¹«¹«¹«««««¹¹¹«««««¹««¹¹««¹««««¹¹¹«¹¹¹««¹¹«««¹¹¹¹¹««¹«¹«¹«¹«¹¹¹
REFERFNCES FOR RHQ

ANOE RSQN 61 PRL 6 365
FRW IN 61 PR 6 628
KF. NNEY 62 PR 126 736
SAM(AS 62 PRL 9 139
XUANG 62 PR 128 1849

ANAFRSAN ~ RANG ~ SURKF ~ CARMQNY SCHMI TZ (LRL )
A ~ R ~ oR ~ MARCHoH» 0 ~ WALKFR»E WFST - . (Hf SC)
V P KFNNEY yW D SHFPHARO ~ C 0 GALL (KENTUCKY)
SAMIA S g BACH&AN o L EA+ ( BNL+CCNY+CALUM+KENT )
NGUYFN HUU XUQNG g C»ER ALA R LYNCH (LRL I

Extraction of a rati;o for p ~ e e is complicated

by interference with QJ decay. In photoproduction,

yA ~ e e A, there is substantial interference between
0 +the allowed (p, Qo) ~ e e decays. The interference

+
in the colliding-beam reaction e e ~ 71 71 is due to

0 parity violating mixing of the overlapping p and QQ

resonances; it alters the results for the rate
+I'(p ~ e e ) only by a small amount. Therefore we

use at present, for the average, only the values from
+

the e e ~ m z experiments.

AV FP AGF. MFANINGL F 55 ( SCALF FACTOR = 1 0)

----—----NATE s-------—-
F ROM PQL E FX TR AP AL AT ION
INCLUAEA IN RQAS 49 RVUE
INCLUDED IN Pl SUT 68 RVUF
PHOT:lPRQDUCT IQN ~ UNCQRRECTFD ( SEE NQTF P UNDER RHQ MASS)
5-WAVE RREIT-WICNER FIT ~ CANNOT BE CQMBINFD 'Hl TH OTHER VALUF5

ABQL INS 63 PRL 11 381
AL ITTI 63 NC 29 515
CHADWICK 63 PRI 10 62
GUIRAGAS 63 PRL 11 85
SACLAY 63 5 IENA CONF 1 239

BQNQAR 64 NC 31 729
CAR&ANY 64 AUBNA CONF 1 486
GALDHABE 64 PRL 12 336

ARQLINSr LANDER ~ MEI(LHApeNGUYENo YAGFR (UCSD)
AL ITT t BATON ARMENISE+t SAC+ARSAY+BAR I+SOLO)
CHADHICK ~ DAVIFS ~ DERR ICK CRFST I + (AXF+PAA)
ZA VEN GU IRAGQSSI AN (LRL I

SACLAY+QRSAY+BAR I + BOLOGNA- CALL4RQRATIQN

BQNOAR+ t AACHEN+BIRM+BANN+DESY+I MP-CQL+MP I I

CARHDNY ~ HQA L AND ER ~ NG ~ H ~ XUQNG YAGFR t UCSD I
GALQHABFR BRQ'W'N ~ KAOYK SHEN TRILL ING(LRL+UC)

Pf
P2
P3
P4
P5
Pe

Rl

Rl
Rl
Rl
Rt
Rl

RHA PART I AL D'ECAY MODES

RHA BRANCHING RATIOS

RHO INTO 4P I/2P I

RHAt- INTA (PI+- Pl+ Pl- Pf0)
(0 ~ 026)AR LFSS
(0 ~ 011QR LESS
(0 ~ 007. )AR L ESS

0» 0035 0 ~ 004

/ (PI+- P IO)
RL IEAEN 66
OEUTSCHMA eb
FERSFL 66
JA ME 5 be

RHQ INT(l 2P I
RHQ I NTO 4&I
RHA INTO P I C& AMHA

RHA IN TA E+ F-
RHQ INTA PI ETA ( VIQI. ATES G I
RHA INTO MUt MU-

MMSP
HRC
HBC
HSC

DECAY MASSF5
139t 139
139t 139+ 139t 139
139+ 0.5+ .5
139t 548
105+ 1 05

3-5 PI- P 6/ee
+ 8 ~ 0 PI+ P 6/66
+- Pt+- P ABOVE 2 ' 5 10/66
+ 2 ~ 1 P I +P 11/66

ALYEA
ARNIENI SE
SL t F.DF. N

CL ARK
GUTAY
LA NZERQT
ZDANIS

6'5 PL 15 82
65 NC 37 361
65 PL 19 444
65 PR 139 8 1556
65 NC 39 381
65 PRL 15 210
65 PRL 14 721

ACCFNS I
ALFF-STE
8 AL TAY
BLIEOEN
C 4MRR I DG

CASQN
DEUTSCHH
FERREL
FIOECARQ
HAGAPI Al
HAGQPI A2
HUSON
JACOBS
J Ao(E 5
HEST

66 PL 20 557
66 PR 145 I 072
66 ~R 14 5 1103
66 NC 43 71
66 PR 146 994
66 PR 14R 1282
66 PL 20 82
66 PL 21 ill
66 PI. 23 163
66 PR 145 1178
66 PR 152 1183
66 PL 20 91
66 UCRL-16877
66 PR 142 896
ee PR 149 lo89

ALYEAoCRITTENDENrHARTIN»RHODE + ( INOIANA I
SACLAY+QRSAY+SAR I+BALQGNA COLLABORATION
CFRN HISSING MASS SPECT'RAMFTER GROUP t CERN)
A CLARK, CHR I STEN SON, CRONIN, TURLAY(PRINf E TA)
GUTAY ~ LANNUTTI TALI ( FLORIDA I
LANZERQTTI BLUMENTHAL ~ EHN FAI SSLER +(HARVDI
ZAANI S o MAOANSKY ~ KRAEMER + ( J HU+BNL I

ACCENS I ALLFS BQRELL I ~ FRENCH &R I SK+ I CERN)
ALFF-STEINBERGFR ~ BERLFY ~ BRUGGERt (CQLtRUTG)
+FRANZINI ~ LUTJENS ~ SF VFRINS TYCKO+(COLUMBIA)
CERN MISSING &ASS SPECTRQMFTER GROUP (CFRN)
CAHBR IAGE RUBBLE CHAMBER GRQIJP (HIT+HARV+ I
N M CASAN (WISCONSIN)
AEUTSCH&ANN ~ STFINBER(' + (A4CH+BERL IN+ CERN)
FERBFL ( RAC HE ST FR I
G+M F I AFCARQ, J PAIR IER P SCHI AVON I CERN)
HAGQPI AN ~ SFLOVE AL ITT I RATANt (PENN+SACL AY)
HACoopl AN ~ PAN (PENNSYLVANIA ~ LRL-BERK EL EY I

HUSQN ALLARD DR I JARO HENNF, SSY t (ARSAY+EP )
L ~ D J ACQSS (LRL I
F E JAHESoKRAYSI LL (YALE+BRQQKHAVFNI
WEST ~ BOYD» FRWIN ~ HALKER I W I 5CQ N 5 I N 'I
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For notation, see illustrated key at beginning of data card listings

ALL ES-An
4 SA! IRY 1
ASAURY
AACnN
BANNER
Ah&&I nw
AATON

ALSn
CLEAR
t) AhlYS/
F I SNER
FRPNCH
HFRTEAAC

(SPE
HUW F.

HYA HS
MILLFR
Pnt Rf FR

ABC COLL 68
AR'IENI SE 68
ASTVACAT SA
AATnN 6A
ALECHSCH 6A

( SFE ALSO
C HI I Nti 6 &)

nnNALO
FOSTFR 68
HURON 68
HY4HS 6A
JONFS 68
J OINSON eA
KFY
LA&54 6A
LANEEROT 6A
HARATFCK 6A
PI SOT 68

NP 84 5QI
NC 544 999
PL 27 8 45
PR 176 1574
NC &3 A 1045
NC 52 4 134A I

PR 165 1&9 I
NP 8 6 174
NP 8 6 107
PL ?88 708
NP 8 7 1
PR 166 ) 405
PR 176 16'51

166 1430
PR166 1395
P R Iee 1365
PRL 2 1 1613
NP A 6 325

67 NC 50 A 776
PRL 19 869

67 PRL 19 A65
PR 1¹71263

67 PL 2& 8 300
67 NC 5 PA 701
67 PL 2" 8 419
67 NP 8 3 349
67 NC 494 399
67 NC ". 1 A Apl
67 pR 164 1699
67 NC 52h 44?
67 PR 155 1461

ALSn EDAM I 5 65 )
67 PL 248 2'52
67 PL 248 634
67 pR 1'5 3 1423
67 PR 163 1462

ALLES-AORELL I & FRENCHrFRI SK&+ tCERN+BONNI
+ 8FCKERt AERTRAM+ JOOS+ JORDAN+TING+( DE SY+COL )

+BECKER+AERTRAM+ JOOS+ JORDAN+ 7 ING+t OESY+COL )
+F ICK INGER Hf LL HOPKINS ROBI NSON+ (BNL)
+FAYOUX i HAHEL i ZSEMBERYqCHEZE+ l SACLAY+CAEN I

+L I LLF STOL+ MONTANE T+ (CERN+COF+ IR K IVERPOOL I

J ~ 8 4 T0N r G ~ L 4 UR F- N S r J ~ R E I G N,l E R (SACLAY)
J BATON G LAURFNS J RF. IGNIER (SACLAY)
+J OHNST &M+COOPER+MANNER+

WALKER+�

( TO+ANL+W I S )
DANY51+FRENCHtS IMAK (CFRN )
+JOHNSON+KLE IN+PETFRS+SAHNI+YEN+ (PURDUE)
+K t NSON+ MCOONAI 0+R lOAf FORD+ (CERN+BIRH )
HER TZ BACH& KR AE HER r MAOANSK I q ZDANI S+ ( JHII+BNL I

+MARQUf 7+OPPE NHFIHFR+SCHULTZ+WILSON t COL I
+KnCH+PFLLETT+POTTFR+VONLINDFRN+ lCERN+MUN)
Mf LLER GUTAY JOHNSnN LOEFFLFR + (PURDUE)
+8 I SWA SiCASON s DFRA Ooi KENNEY+ (NOTROAM+ PENN)

AACHFN+8 ERL IN+CERN COLL ABORA T ION
+GH ID I Nt F OR I NO+ ( BAR I+BOLOGN+F IRENZ+nR SAY)
ASTVACATURnV, AEIMOV, BALD tN+ (J tNR+MOSCnW)
J ~ P ~ BATONS G ~ L AURF. NS ( SACL AY 'I

BLECHSCHMfDT DOWD, ELSNER ~ + (OESY+MANCH)

S.U. CHUNG, O. I.DAHL, J.KI RZ, D. H. Mt LLER . (LRL )
+FOWARDS iFROOESENi BETT INI+ (LIVP+OSLO+PAOO)
+GAVILLET+LAAROSSE+"IONTANET+ (CERN+PARIS I
+1 UAATTI SIX VE ILL FT ~ + (nRSA+MIL A+(ICLA )
+KOCH POTTER WILSON VON LINDERN+(CFRN+MPIM I
+ALEULER iCAL O'WFL(. i FLSNFR & HART ING+ ( CERN )
+POI RI ER, 8 I SWAS, GUTAY, OERAnn+( NO+PURD+ SLAC)
+PRFNT ICE+COOPER+a ANNER+WALKER+( TD+ANL+'W I 5 'I

+C A SON+8 t SWAS+OERA OO+O'ROVES+ (NOTREDAHE)
LANZEROTT I ~ BLUMENTHAL s EHN ~ FA I SSLER + (HARVD'I
+HAGOP I AN + ( PI. NN+LRL+COLO+PURP+TNTO+Wl SC)
J ~ pl sUT H Rnos ( CERN I

778 782 786
OMEGA MESON MASS (MEV)

MATTHEWS
CASON
BIZZARR2
BIGGS
ATHERTON
ABRRMOVIC
DANBURG
DANBURG
DANBURG
DANBURG
0 I-I N B U R G

ANBURG
IZZ ARRI
EY
ALTAY
AMES
ILLER D

RAEMER
RMENTERO
LFF

790

71 DBC
70 HBC
70 HBC
70 CNTR
70 HBC
70 HBC
69 OBC
69 DBC
69 DBC
69 DBC
69 DBC
69 DBC
69 HBC
68 HBC
67 HBC
66 HBC
65 HBC
64 DBC
63 HBC
62 HBC

1 OMEGA PARTIAL OFCAY MODES

WEIGHTED AVERAGE = 783.86 + 0.30
ERROR SCALED BY 1.4

CHISQ
0.0
2.0
0 ~ 2
0.2
0.0
0.0
0.3
1 ~ 3
4.6
0 ~ 0
4 ~ 6
0.0
8.5
0.7
0.4
4 ~ 6
2 ~ 1
2 ~ 0
0.0
3 ~ 5

35.2
(CONLEV
=0.013)

AUGUST I 1
AIJGI 1ST f 2
AUSLFNOE
GFRHAN C
HA I SS INS
JUHALA
&AL AH(ID
Hf LL E P.

MOTT
REYNOLDS
ROO5
RnT Hw FLL

. SC&IAR FN
WE«ANN

69 PL 28 8 50A
69 LNC 2 214

SJNP 9 69
69 PR 18A 2060
69 ARCinNNE CON& ~ 37 3
69 PR 184 1461
69 ARGONNE CONF P.93

PR Ir8 7061
69 pR 177 1966
69 PR 1A4 1424
69 Np 8 10 563
69 PRL 23 1521
69 ARGONNE CONF. 306
69 PR 178 2095

+8 I ZOT+BUON+HAISS IN'SKI+LAL ANNE+ (ORSAY)
+L EFRhNCClf S& LFHMANNi MARIN ~ + (ORSAY)
AUSLENI)F&I&AUDKFR PANTUSOVA PESTOV+ ( NOVO)
GFRHA& BUBBLE CHAMBER COLL' ( OESY)
J ~ HA I SS 'INSK I (OR5AY)
+L EACO('. K RHODE. KOPELMAN ~ LIBBYe+ ( AMES+COLCII
F i MAI A MUD i P ~ SCHL E IN (UCL A)
R ~ Hf LL ER iL IC HTM AN i W I LLMA NN t PURDUE I
+AMMAR, OAV IS ~ KRDPhc sLATE ~ DAGAN+ lN'wEs+ANL )
+Al BR IGHT, BRADLEY, BRUCKE R, HARMS+ ( FL AS I
H. RrJOS, J, P f SUT (CERN+BRAT I SL AVA I

+CHA 5E s EARLF 5 & GETTNER ~ GLASS& WE INST EI+( NEAS )
SC HAR EN GU I V EL (PURDUF. . I
+FNGELSr WILSON ~ + I HARV+CASE+SLAC+CORN+HCGI )

Pl
P2
P3
P4
P5
Pe
P7
P8
99
P 10
Pll

OMEGA
OHFGA
OMEGA
OMEG4
OMEGA
OMEGA
OHF. GA
CIRE('i A

nMEci A

OMFGA
OMFGA

INTO PI+ PI- PIQ
INTO PI+ Pl — (VIOI ATES G)
INTO Ptp GAMMA (ONLY NFUTRAL INPUT
tNTO P I+ Pl GAMMA

INTO 2P I 0 GAMMA

INTO ETA GAMMA

INTO E+ E-
[NTO MU+ HU-
INTn ETA P IQ (VIOLATFS Cl
INTO 3 GAMMA

INTA P I 0 MU+ MU-

TO F I T I

DECAY HASSE5
139+ 139+ 134
139+ 139
134+ 0
13'9+ 139+ 0
134¹134¹ 0
548¹ Q

i5+ ~ 5
105+ 1 05
'548+ 1 34

0+ 0+ 0
134+ 105+ 105

ALV FNSLF 70 PRL 24 786
BATnN 70 PL 33 A 528
AIGCiS 70 PRL 24 1197
Bt NCiHAM 70 PRL 24 f55
GAI. LnwAY . 0 PR 0 1 .)077

ALVFNSLE BEN BECKER BFRTRAM, CHFN COHEN( OESY)
+LAURENS iRFI GNIFR ( SACLAY I

+BR ARED, CL I FFT,GAB ATHULER ~ K I TCHI NG+ ( 04RF )
+PRFTTFR rHOFFE IT i BALI AH+ (LRL+SLAC+ TUFT)
+MOTT, ALYA, LFF, MARTI N, PRICKETT ( INO)

1 OMEGA BRANCHING RATIOS

Note on the br anching fractions of ~{784)

to(784) I OMEGA ( 784 Jpp= 1--1 I=p

1 OMEGA MASS (MFV)

HERE WE I IST ONLY EXPER IMENTS IN WHICH THE EFFECTS
nf MASS RESOLUTION HAVE BPEN EVALUATED ~

CROM Kl-Kl HnOE
64 779~ 4

I 55 77c&

781 0

F 4
I
0.6

ARHENTERO 62 HBC
AARASH 67 HBC
AI EZ ARR2 70 HBC

0 ~ 0 PAAR P K 1K 1
0 ~ 0 PBAR P K1K1 11/66
0 ~ 0 P PAAR KIK1 I/71¹

M AVG 780iep 0 ~ &2 4VER AGE (FRROR INCLUDES SCALE FACTOR OF I Ql

M

M

M

M

N

H

H

M

FROM OTH
400

34
220

FR THAN K

782 0
784' 0
781 0
785 ~ 6
786. 0
783~ 4
784 ~ 8
782 4
784,
786 ~

7A4 ~

786 ~

795,
785 ~

784 ' I
784 ~ 0
783~ 2
783 ~ 4
781.0
784 ~ 0

666
2198

2400
250
".00
600
500
400
200
750

260
369

I-K I Hn

I ~ 0
) 0
7. ~ 0
1 2
1 ~ 0
0 ' 7
1 1
0 ~ '5

1
1
I ~

1
Ii
2 ~

I 2
0 ~ 7
1 6
1 ~ 0
2 0
1 4

OE ~

ALFF
ARMF. NTF. RO
KRAE MFR
HILLER 0
JAMES
RALTAY
KFY
BI ZEAR'Rl
nANBURG
DANBU&G
DANBURG
OANAURG
DANAUR(i
nANAURG
ABR4HOVIC
ATHFRTON
AIGGS
8 tEZARR2
CASON
MATTHEWS

6? HBC
63 HBC
64 DBC
65 HAC

66 HBC
67 HBC
68 HBC
69 HAC

69 DBc
69 DAC
e9 oBC
69 nBC
69 DBC
69 OBC
70 HBC
7p HBC
70 CNTR
7p HBC
7Q HAC
71 DBC

2 ~ 3-2 9 P I +P
0 0 PAAR P
1 ~ 2 P I+0

SEEN Wl TH K+K-
2. 1 P I+P

0 ~ 0 PBAR P
3 PI-P
0 P BAR P

1 ~ 2 Pl+ 0
1 4 PI+ 0
I ~ 7 PI+ 0
1 ~ 9 PI+ 0
2 I Pl+ 0
2 ~ 3 Pt+ 0
3 ' 9 PI- P

3 ~ 6 P BAR P ~ 7 P I
PHOTOPRODUCT ION

Q ~ Q P PBAR K+K-
8 ~ 0 PI-P i4P I
6 ~ 95 P I+ 0

e/ee
9/ee

11/67
9/69
9/69
9/69
9/69
9/69

9/69
6/70
5/70
6/70
1/71¹
2/71«

AVG 783 ' Ae 0 30 AVFRAGE l ERROR INCLUDES SCALE FACTOR OF 1,4)
( SEE IDEOGRAM BELOW I

1 OMEGA FULL WIDTH (MFV)

34
w

'w

W

W

i(
AVG

666

750

36 9

9 0
13~ 4

( 20 ~ 01
( 12 ~ 3)

16~ 2
R ~ 8

1 ti 2
10~ 3
12~ 8
14r 0

11' 46

OR

(

3 ' 0
2 ' 0
LESS
2 0)
3 ~ 2
3 ~ 0
2 ~ 7
1 ~ 4
3 ~ 0

1

0.8e

4RME NTERn
MILLE R 0
JA II\E 5
RARA SH
AUGUSTI1
ABRAHDVIC
ATHFRTON
BIEEARRZ
At 1E ARR2
MATT HF W5

63 HBC
65 HBC
ee HAc
67 HBC
69 OSPK
70 HBC
70 HBC
70 HBC
7P HRC

71 DBC

0 ~ 0 PBAR P
SEFN W IT H K+ K-

2 1 PI +A

SEF.N WITH Kl Kl
F+ E- COLL ~ BEAMS ~

3 ' 9 PI- P
3 ~ 6 PAAR P, 7 PI

0 ~ 0 P PBAR K1K1
0 ~ 0 P PA4R K+K-
6 ~ 95 PI+ 0

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 Ol

6/ee
6/66
4/69
6/70
5/70
1/71¹
1/71¹
2/71¹

eeeeee eeeeeee¹¹*eeeeeee¹ eeeeee¹e¹e¹¹¹eee¹ee¹eeee'e¹¹
eeeeee ee¹eeeeee eeee*eee¹ eeee*eee¹ ee¹eee¹¹¹

P I- P to I
ARHENTERn 63
AUSCHBECK 63
KRAEMFR 64
ALFF —STE I 66
0 I G I UGNO 66
FI ATTF. 66

p, 02 JAHFS
AhRA5H 67

I NTO NEUTRAL/(PI+
p. 17 0.04
P. 11 Qe 02
0 ~ 08 0 ~ 03
0.10 0 ~ 04
p, 134 0.026
p, 097 0 F 016
p. pe 0.05
0 ~ 10 0 F 03

R 1 OMEGA

Rl
R 1 20
Rl 35
Rl 6'5

850
Rl 348
Rl
Rl 19
Rl
Rl AVr,

R1 F IT

HBC 0 Q PAAR P

HAC 1 ~ 5 K-P
DBC 1 2 PI+0

COPR BY SCHULT/(COL)
CNTR 1 4
HBC 1 ~ 8 K-P
HBC 2 ~ I PI+P

0 ~ 0 PAAR P

UOES SCALE FACTOR OF 1 ip)
%CALF FACTOR OF 1 ' 0)

P ~ IP43 P ~ Q09), AVERAGE t ER'ROR INCL
0 1037 0 ~ 0070 FROH F IT (ERROR INCL

9/66
9/66
9/66
'.&/66
7/67

R2
RZ
RZ R
R2
R2 F
RZ F
R2
RZ
R2 R
RZ R

R2
R2
R2 F I T

nHE GA I NT 0 ( P I+ P I- ) / ( P I+ P I — P Ip ) ~ S E E AL Sn R 15
(0 ~ 011)CIR &ORE sC ~ L ~ =0, 95 AARAHOVIC 70 HAC 3 ~ 9 PI- P

(Qi0351OR LFSSiC ~ L ~ =0 ~ 9& Bf EZARRI 70 OAC PBAR N AT REST
(0.019)OR MORE C. L =0 ~ 95 CHAPHAN 70 HBC 1,6-2 ~ 2 P PBAR
l 002 ) nR MORF. s C ~ L ~ =0 ~ 9 FL ATTE 70 HBC 1 ~ '5

FLATTE 70 SFFS NO SIGN4L AT 1 7, 2 1 2 6 GFV/C
(0.00?610R MORF CL= 84 HAGOPIAN 70 HAC 2 ~ 3 PI- P

( 0 ~ 0401 OR LESS CL = A4 HAGOP I AN 70 HBC 2 ' 3 PI- P

0 ~ 022 0 ~ 009 0 F 01 RnnS 70 RVUE
Rnn5 70 CD NB INFS ABR AMOV ICH 70 AND 8 I Z ZARR I 1 70

l 0 0015)OR MORE CL= ~ 95 HAGOPIAN 71 HBC 2 ~ 3 P I- P

~ ~ ~ ~ ~ ~ ~ ~

0 ~ 0104 0 ~ 0028 FROM FIT (FRROR INCLUDES SCALE FACTOR OF I 0)

6/70
6/70
6/70
8/69

1/71¹
I/71¹
6/70.

I/71¹

nHEGAR3
R3
R3
R3
R3 FIT

INTO (P IP GAMMAI / (P I+ PI- P lp)
(0 ~ 125) lp ~ 025)nR GRTR ~ AARHIN 64 PXBC 2 ~ 8 Pl-P

0 ~ 13 0 ~ 04 JACQUET 69 HLBC
~ ~ ~ ~ ~ ~ ~ ~

pi1037 0.0070 FROM F tT (ERROR INCLUOFS SCALE FACTOR nF 1,0)

10/67

Note that the errors of the decay branching frac-
tions xn the Meson Table are different from their

values below {under "FROM FIT"), the table values
being more conservative. The CONSTRAINED FET

+ p +only takes into account the decay modes z z Tr, Tt

and ne) als, the latter defined as ~ y. In the Meson
Table we have also taken into account the upper limits,
L. {one-standard-deviation values), on the qy, m TT1
and z m y decays by treating them as if they were mea-
surement results of value O+ L ~

R4
R4

OHEGA INTO (P I+ P I- G4MHA )/( P I+ PI- P f0)
(P. 051 OR LFSS FLATTE 66 HBC 1 ~ 8 K-P 9/ee

R6
R6
Re
Re

OMEGA INTO (HU+ MU-I/(P f+ PI- PIP I (UNITS 10¹e-3)
(1 2) OR LESS GALT I ER I 65 HBC
(1 ~ 7)nR LESS FLATTF. 66 HBC

(0 ~ 2) OR LESS wtLsoN 69 nspK

7 K-P
1 ~ A K-P
12 PI- ON C ~ FE

9/66
9/6 9



For notation, see illustrated Jtey at beginning of data card listings

PARTIcLE DATA GRQUP Rettteto of Particle Properties 565

..%n%

R7 A&ECrh fNTA (2P f 0 GAHH) /( P IO GAMMA I

R7 (0 ~ 1) OR I FSS BARMIN 64 PXBC 1 ~ 3-2 ~ 8 PI-P
R7 (Oe45) (0 ' 331 STRUGALSK &9 HLBC 2 34 PI+ N

RII AMEGA INTO(ETA PIO +ETA GAM)/(PI+Pl-PI 0)
Rt) (0 ~ 017) AR t ESS FLATTE 66 HBC

RB ( Oe 045'IAII LESS JACQUET 69 HLBC
1 ~ 8 K-P

CLn 0 ~ 95

RID AMEG4 INTO t 2PIO GAMMA) /(PI+Pl-P IO)
R10 {0.08) AR LFSS JACRUET 69 HLBC CLn0 ~ 95

Rll AMEGA INTD (ETA GAMHA)/(PIO GAMMA)

R11 (Oe 58) {0 ~ 30) STRUGALSK 69 HLBC 2e34 P I+ N

R 12 ATE( 4 INTO {PIO MU+ HU-1 / TOTAL ( UN fT S 10««-31
R12 (2 ~ ) AR LESS WEHHANN 68 ASPK 12 PI- FE

0MECeh

3
(4TA (E+ E- )/TOTAL (UNITS 10¹«-4)

2 ~ 1 ~ 2 8 INN I F. &5 OSPK PI-P NEAR THLD ~

MASS RESALIJTION OF 8INNIE 65 I S ABOUT 1'5 MEV ~

( le0 ) ( 1 e7 1 ( Oe 7. ) HERTZBACH &7 OSPK ASSU (E SU(31+MIX INGe
NAT RFSOLVFD FRAM RHO DEC4Y ~

(0' 65) (0 ' 131 ASTVACAT{J 68 OSPK ASSUME SU(3)+HIXING
NOT RESOiVFA FROM RHD DECAYe ERROR STATISTICAL ONLY ~

Oe40 0 ~ 21 BIJLI I Nl 1 68 CNTR 1 ~ 7P I-P ~ NOTE Z

MASS RESOLUTION AF ROLL( Nl 1 I 5 +-10 HEV ~ HIS ERROR IS +- 15
W I THOIJT RHO-0& EGA INT'ER PER ENCE ~ COMPLETE INTERJ=ER ENCE WOULD

CHANG'E VALUE BY +-35 PFR CFNT THEREFORE WE INCREASED ERROR ~

0 ~ 7& 0 ~ 14 AUGUSTI1 &9 OSPK SEE NOTE E

F+ E COLL (DING BEAMS ~ ASSIJu(NG OMEGA Wf 0TH 12 ~2i-f, 3 MEV

0 ~ 66 0 ~ 17 AVERAGF. (ERROR INCLlJDES SCALF FACTOR QF I 4)
t SEF IDEOGRAM BELOW )

R13
R13
R13 8
R13 H

R13 H

R13 A 33
sf 3 A

R13
R13 Z

RI3 7
R13 Z

R13
Ri'3 E FRO&
R13
R13 AV6

WEIGHTED AVERAGE = 0.66 + 0 ~ 17
ERROR SCALED BY 1.4

R9 AMEGA INTO (NEUTRALS) / (CHARGED)
R9 Oe 124 0 ~ 021 FFL'DMAN 67 ASPK 1~ 2 Pl P

R9 ~ ~ ~ ~ ~ ~ ~ ~ ~

R9 F IT 0 1027 0 ~ 0070 FRAM F IT (ERROR INCLUDES SCALE FACTOR OF 1 01

8/69

9/66
4/70

3/67

4/70

8/69

6/68

6/66

10/66

6/68

9/68

9/68
4/69

MAGL IC 61 PRL 7 178
PFVSNER 61 PRL 7 421
XUONG 61 PRL & 32 7

AL FF 62 PRL 9 325
ARMFNTER 62 CERN CONF o0
STEVENSIl 62 PR 125 687

ARMENTER
BAR NIN
BFRTHELO
BU SCHB EC
GELFAND
MURRAY

63 SI ENA CONF 1 296
63 5 t ENA Ct)NF 1 207
63 SIENA CONF 2 60
63 5 fFNA CONF 1 166
&3 PRL 11 43&
63 PL 7 358

BARMIN 64 JETP 18 1289
BFZAGUET 64 PL 12 70
KR AEuIER &4 PR 1 3& 8 4'16

BALTAY 67 PRL 18 93
BARASH 67 PR 156 1399
FEI DHAN 67 PR 159 1219
HFRTZRAC 67 PR 155t 1461

(SEF. ALSO ZDANIS 65)

ASTVAC AT

BOLL INI
BOLL I NI 1
KEY
PISUT
WF HHANN

68 PL 27 8 45
68 NC 56 4 531
68 NC 57 4 404
68 PR 166 1430
68 NP 8 & 325
68 PRL 20 748

BINNIE 65 PL 18 348
GALTIERI 45 PRL 14 279
MILLER 0 65 CU-237(NEVIS 1311

MILLER 65 INCLUDES DATA OF
ZAANIS 65 PRL 14 721

ALFF-STE 66 PR 145 1072
DIGIUGNO 66 NC 44A 1272
FLATTE 66 PR 145 1050
JAMES 66 PR 142 896

REFERENCES FOR OMEGA

8 MAGLIC ~ ALV4RE/tRASENFELDtSTEVENSON (LRL)
PEVSNERtKRAEMERt NUSSBAUM ~ R ICH4RD+ ( JHU+NW)
NGUYEN HIJU XlJANG t CeERALA R LYNCH (LRL)

ALFFt BERLEYt COLL EY ~ GELFAND + (CALU+RUTGERS)
R ARHENTEROS tR BUDDE + {CFRN+COLL+FRANCF)
STEVENSON t ALVARF 7 ~ MAGLICt RASENFFt 0 (L RL 1

ARMENTEROS, EDWARDS, JACORSEN+ (CERN+PARIS)
BARHIN DOLGALENKD KRESTNIKOV+ f ITEP)
A BFRTHELOT (CEN-SACLAY)
BUSCHBECK CZAPP+ (VIENNA+CERN+AMSTERDAM)
GELFAND ~ MII I FR NUSSBAUH RATAU+ {CALUM+RUTG)
HURRAY tFERROLUZZ I ~ HUWFt SHAFERt SAI HITZ+(LRL 1

BARHIN DOLGOLENKO ~ KRESTNIKOV + . ( ITEP)
BEZAGUET NGUYEN KHAC RAUSSET+ t PAR+BERG+LD)
KRAEMER ~ HADANSKY ~ MFERtFIFLDS+ ( JHU+NW+WOOD)

8INNIE ~ DUANE ~ JANFt W JONES+ ( IC-LOND+MANCHS)
4 BARSARO C&ALTIERI tR D TRIPP (LRL)
DAVID C MILLER (THESISI ( CALUIIIB I 4 )
GELFAND 63 ABOVE
ZAANIS HADANSKY KRAEMER HERTZBACH+t JHU+BNL)

AL FF-STEINSERGERt BERLEY ~ BRUGGER+ t CQL+RUTCe)

Dl GfUGNA PFRUZZ I TRD I SE+ ( NAPL+FRAS+TRST)
+HUWE MURRAY BUTTON-SHAFFR SALMITZ+ (LRL )
F E JAHFS ~ KRAYBI LL (YALF+RROOKHAV FN)

+FRANZ INIt SEVERIFNS ~ YEHt ZANELLA (COLUMBIA)
BARA SH ~ K I RSCH ~ &I LLER ~ TAN (COLUMBIA)
+FRATI GLFESON HALPFRN NUSSBAUM+ {PENNA)
HERTZ BACH tKR AEMER ~ HA DANSK I t ZAAN I 5+ ( J HU+BNL )

ASTVACATUROV ~ AZ I MOV t BALD IN+ ( J I NR+MOSCOW )
+RUHLER ~ OALP IAZt MASSAM+ {CERN+BGNA+5TRB 1

+BUHLER ~ DALPIAZt MASSAH+ (CERN+RGNA+STRB)
+PRENTICE+COOPFR+MANNER+WALKER+(TO+ANL+W I S 1

J ~ PISUTtM ~ ROOS (CERN)
+ENGELS+ IHARVARD+CASE+SLAC+CARNELL+HCGfLL )

AUGUST t 1
AUGUSTI2
RfZZARRf
DANBURG
DE I NET
ERWIN
GOLDHABE
JACQUET
JUHALA
MILLER
5TRUGAL 5
Wft. SON

69 PL 28 S 513
69 LNC 2 214
69 NP 8 14 169
69 VCR L-19275
69 PL 30 8 426
69 NP 8 9 364
69 PRL 23t1351
69 NC 63 A 743
69 PR 184 14&1
69 PR 178 2061
69 PL 29 8 532
69 PR I V ATE CORM ~

+BENAK SASt BUON ~ GRACCO ~ HA ISS INSKI t+ (ORSAY)
+LEFRANCAIStLEHMANNt MARINt+ {ORSAY)
+FOSTERtGAVILLET ~ MANTANFTt+ (CERN+CDF)
JFROME 5 ~ DANSURGt THESIS (LRL)
+MFNZIANEtMULLERtBUNIATAV+ {KARL+CERN)
+'WALKFR Gt)SHAW WEINBERG (WISC+PRIN+VAND)
+BUTLE RtCOYNE tHALLt MACNAUGHTONt TRILI NG(LRL)
+NCtUYEN KHAC ~ HAATUFT tHALST E INSL I ( EPOL+SERG)
+LFACOCK ~ RHAOE ~ KDPFLMAN ~ LIBBY,+ t AMES+COLO 1

R ~ MILL ER t t. ICHT MAN ~ Wl LLHANN {PURDUE)
+CHUV I LO t F ENY YES ~ + ( WhR S+J INR+BIJDA 1

RICHARD WILSON (SFE ALSO PR I&8 209&lt HARV)

CHISQ
AUGUST I1 69 OSPK 0.5
BOLLINI 1 68 CNTR 1 .6
BINNIE 65 OSPK

2.0
(CONLEV
=0.153)—1 1 3 5

Ot(EGA f1ESON INTO (NEUTRALS) r' (CHARGED)

ABRAMOVI
ANGELOW
ALLISON
ATHERTAN
8 I GCeS

Rt ZZARRI
Bf ZZARR2
CASAN
CHAPMAN
FI.ATTF
GALDHABE
HAGAPIAN
RAAS

70 NP S 20 209
70 YADeFfZe 12 788
&0 PRL 24 61 8
70 NP 8 18 221
70 PRL 24 1201
70 PRL 25 1385
70 CERN PHYS 70-35
70 PR D 1 t)51
70 NP 8 24 445
70 PR n 1 1
70 PHILA ~ CONF ~ P ~ 59
70 PRL 25 1050
70 04PL /R7 P ~ 173

HAGOPI AN 71 SAPS 16
&ATTHEWS 71 PRL ?6 400
MAFFE I T 71 UCRL-19753

ABRAMOVICH BLUMENFELDtBRUYANT + (CERN)
+GRAMENITSKYtKANAS(RSKYtKFRATSCHFWt+ {Jt NR)
+COOPERt FI FLOSt RHI NF 5 (ANL )
+BLAIR CE{.NIKER DOMINGO FRFNCH+ (CERN+I PN)
+CLI FF Tt GABATHUL FR t K ITCHINGt RAND {DARE)
+C IAPETTI t DARE ~ GAS PERAt GUIOONI+ t Rt)MA +SYR )
+HONTANET NILSSONt 0-ANOLAU + (CERN+CDEF)
+ANDRFWS BISWAS GRDVFS HARRINGTON + {NDAH)
+DAVIDSON ~ GREENt LYS ~ RIJE VANDER VELOF. (MICH)
STANLE. Y H ~ FLATTE ({.RL)
GERSON GOL DHAB FR t R EV I E W {LRL)
5 ~ AND V ~ HAGOP t AN AOGART SELAVE ( FSU+PENN)
RFVIEW TALK AT DARFSBURY 70 {CERN)

5 ~ HAGDPIAN ( F SU+ PENN 1

+PRENTICE ~ YOAN CARROLL WAI. KER t (TNTQ+WISC)
+8 INGHAM t FRETTER t BALI.AM+ {LRL+UCB+SL AC+ TUFT)

«««««e«»¹ «««««««¹«««««««»«
»«ee«« e es»eeee» «e«»»««e» ««««»«»e« «¹«««««»» ««e»eee«» «¹¹«eee«e «»«««¹¹¹

M(953) 59 M t 9531 G=+ I
OMEGAR14

%14
R14
s 14
R14
R14 AVG
R14 F IT

R15 OMEGA

R15
R15
R I 6
R15
R15

AVC,
F

R15
R15
R15 FIT

INTO NEUTRALS / TOTAL

0 ~ 084 0 ~ 01'5
0 ~ 079 0 ~ 019
0 ~ 075 0 ~ 02'5

~ ~ ~ ~ ~ ~ ~ ~

Oe 081 0 ~ 011 AVERAGE

0 ~ 0931 0 ~ 0057 FROM F IT

ROLL I Nl
DE I NE T

SIZZ ARR2

68 CNTR 2 1 P I- P
69 OSPK 1 5 PI- P

70 HBC 0 ~ 0 P P BAR

{ERROR INCLUDES SCALE FACTOR OF I ~ 0)
(ERRAR INCLUDES SCALE FACTOR OF 1 ~ 0)

6/68
9/69
1/71«

E+E- CALL BEAHS 8/69
3 ~ 7 4 ~ 0 Pl+P 11/69

1e3 1 ~ 7 PBAR P ~ 6/70
PHOT()PRODUCTION &/70

2/71«

INTO (PI PI )/{TOTAL) ~ SEE ALSO R2
0 ~ 032 0 028 0 ~ 019 AUGUST f2 69 OSPK

( 0 ~ 003)OR MORE t C ~ L ~ =0 ~ 95 GALDHABER 69 HBC

(0 ~ 014)OR &ORE, C L ~ =0 95 ALLISON 70 HBC

0 0080 0 ~ 0028 0 ~ 00228IGGS 70 CNTR

0 ~ 0083 0 ~ 0025 AVERAGE (ERROR INCLUDES SCALF FACTOR OF 1 ~ 0)
OR COMPILATIONS SEE GALDHABER 70 AND RODS 70
t 0 ~ 0041AR &ORE CL= ~ 84 MOFFE IT 71 HBC 2 ~ 8 4 7 GAMMA P

0 0093 0 ~ 0025 FRAM F IT {ERROR INCLUDES SCALE FACTOR OF 1 01

59 4 HA 55 {MEV)

68 953~ 0 2 ' 0 AGUILAR 70 HBC 3 ~ 9-4 ~ 6K-P P K M I/71«

59 4I WIDTH {MEV)

WHILE HASS ANO WIDTH ARE CONS ISTFNT WITH THOSE OF

THE ETA PRI MEt 9&I)1 ~ THF {PI+ PI — GhM4IA) DECAY 00'ES
NAT SHOW 4 RHOD Sf GNAL UNLIKE THE ETA PRIME ~ THIS IS TAKEN AS FVI DENCE

FOR 4 NEW PARTICLE ~ WHI(. E THIS OIFFFRENCF IN OAL ITZ PI. OT Df STR (BUT lfjNS
APP EAR 5 5 I GNIF IC ANT I T ST ILL NFEDS FURTHF R CONF I RHATI ON TO BE REGAR DFD

AS WELL ESTABL ISHEDe
OMITTED FRAM TABLE

R 16 OMEGA INTO f ET A GAMMA) / \ ALL NEIJTRALS)
(Oe24) OR LESS {CL=O~ 91 DFINET 69 OSPK

R17 OMEGA INTO t 2 P IO GAMMA ) / (.ALL NEUTRALS)

(Oe19) OR LESS {CL=O~ 9) DFINET 69 OSPK

RIP OMEGA INTO {PI0 GAHMAl / {ALL NEUTRALS)

{De 81) OR GRFATER{ CL=Oe&) DE (NET 69 OSPK

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error matrix for the fitted artial decay modeP

branching fractions, P., as follows: The diagonal eleme nts are P. + SP., where
1 1

SP, = y' SP.SP./ while the off-diagonal elements are the normalized correlation coeffi-
/ e

see the listin s
(6 .SP. ) /(SP. ~ SP.) For the definitions of the individual P.~ see '

g1

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 1 P 2 P 3

P 1 ~ 8&8+- ~ 006
P 2 - ~ 382 ~ 009+- ~ 003
P 3 - 914 - 024 ~ 093+-~ 006

9/69

9/69

9/6 9

'59 H PARTIAL DECAY MODES

Pl
P2
P3
P4
P5

M INTO P I + P I- GAHMA

INTO RHAO G AMMA

H I NTI3 Pl+ Pf — ET A

INTO PIO ETA
N INTO PI+ Pf- PIO

DECAY MASSES
139+ 139+ 0
7&5+ 0
139+ 139+ 548
134+ 548
1 39+ 13o+

59 H BRANCHING RATfOS

Rl M INTO \RHOO GAMMA)/(ALL P I+ PI- GAMMA)

Rl 58 0 ~ 05 Oe1 AGUI LA R 70 HBC

R2 H INTO (PI+ PI — GAMMA)/(Pl+ PI- ETA NEUTR ~ )
R2 58 1 ~ 2 0 ' 3 ACeUI LAR 70 HSC

3 ~ 9-4 ~ &K-Pt P K-M 1/71«

3 ~ 9-4 ~ &K-Pt P K-M 1/71«

R3
R3

INTO ( P le P I- P I 0) /TATA(.
58 NOT OBSERVFD AGUILAR 70 HBC 3 ~ 9-4 ~ 6K-P ~ P K-~ I/71«

R4 M INTA

!
R4 58

«««««« ««««««

{P IO ETA NEUTR ~ ) /TOTAL
NOT OBSERVED AGUILAR 70 HBC 3 ~ 9-4 ~ 6K-P ~ P K-M 1/71«

e««e«»««¹e«««««««e«e«e«««e««e«««e«««««» e¹««ee«»«

68 {10 0) OR LESS CL= ~ 95 AGUI(. AR 70 HBC 3 ~ 9-4 ~ 6K-P P K-M 1/71«



S66 REVIEWS OF MODERN PHYSICS APRIL 1971 ' PART ir

:= esons
For notation, see illustrated key at beginning of data card listings

RFFERENCFS FOR M

ht U ILAII 70 PRL 25 1635 AG(JILAR-BENI TEL i RASSANOi SAM[DC ~ BARNES«(BNL )

e«e«e» «e«e««e«« ««ae««¹«» eee«e«¹¹e «¹e««¹e¹»«a¹¹«eeee «««ee¹e«» e¹e««e«'e
«¹«««« « ¹««««««« «eeee«ee« «ee«ace¹« e¹e¹e«¹¹e««e«e«ee» e«e«»e«ee «ee«e««»

Rl
Rl K,

K

Rl
Rl
R1 FIT

FT4 PR IME INTO ( P I+ PI- F Ta ( NEUTRAL DEC ~ ) ) /TOTAL
68 (0 ~ 36) (0 ~ 0'5) KALBF[E I S 64 HBC 2 ~ 7 K-P

KALBFLEISCH 64 SUPER SFOFD BY RITTFNREPG 69
281 0 ~ 314 0 ~ 026 RITTFNBER 69 HBC 1 7-2 ' 7

~ ~ ~ ~ ~ ~ ~ ~ ~

0, 317 0 ~ 017 FR() I F IT ( FRROR INC( UDES SCALF FACT(JR

K-P

OF 1.0 )

10/66

q (958) 2 ETA PR IMF ( 58i JPG=O-+) [=0

KNOWN ALSO AS XO
(JP = 2- NOT YET EXCLUDEDi)
( SFE NOTF. ON )UANTUM NUMBERS AT FNO OF FTA

PRIME L I STINGS)

R2
RZ
R2
R7
R2 AVG

R2 F IT

E TA Pk [ME
33 0 ~ 35
39 0 ~ 4

0 ~ 363
0 ~ 373

3 ~ 0 K —P
2 ' 2 K-P

INrn (P t+ P t- NFUTRaLs) / rorA(.
0 ~ 06 BA Dl EP, 65 HBC
Oit LONDON 66 H(IC

~ ~ ~ ~

0 ~ 051 AVFRAGE ( ERROR INCL(JOES SCALF. FACTOR
0 ~ 017 FROM F IT (ERROR INC[ UOES SCALF FACTOR

OF 1.0)
tet)

10/66
10/66

M

hl

Nl

'll

M

4I

4

av I'

FTA PRIME MASS (MEV)

85 ( 957 ~ 0)
o)

K AL BFL
957~ 0

8 960 ~ 0
7 9efi 0

959~ 0
960, 0
957~

956~ O

~ ~ ~ ~

9&7 ~ 46

DAUBER
K4LBFLE I S

SUPFRSEDFD BY R[TTCs(
BAD[ FR
TRILLING
COHN

LAND ON

Vt)rr
R[TTENBER
af,ur t.aR

64 HBC
64 HBC

8 ERCi 69
65 HBC

HRC
66 DRC
66 HBC

HBC
69 HBC
70 HRC

I +95 K-P
2 ~ 7 K-P( [. ~ 0)

Fl SCH 64
3 ' 0
7 ~ 0

10 0
3 ' 0
5 ' 0
I
2 ~ 0

3 ~ 0 K-P
3 ' 65 P[+ P
3 ' 3 PI+0
2 ' 2 K-P
4 ' 1-5 ' 5 K- P172 ~ 7K-P

3 ~ 9-4 ~ 6K-P
~ ~ ~ ~ ~

0.75 AVFRAGE (FRRDR INCLUDFS SCALE FACTOR OF 1.0)

6/66

9/66
6/66
6/66
7/69
9/69
I/71¹

R3
K

R3 K

R3.
R3
R3
R3
R3 AVG
R'3 F IT

R4
4

R4 K

R4
R4
R4
R4 F[T

ETA P Rl MF

44 ( 0 ~ 12)
K AL BFL
0.07
oi 1
oe 123

[NTO ( PI+ P I- ET A ( CHRGD ~ DECAY) ) /
(0 ' 02) KALBFLEIS 64 HBC

El SCH 64 SIJPERSFDFD BY Rt TTENBERG
0 ~ 04 BA Dl FR 65 HBC
0 ~ 04 L 0ND DN 66 H8('
0 ~ 014 '

R[ TTENBER 69 HBC
~ ~ ~ ~

0 ~ 013 AVFRAGE ( FRROR INCLUDES
0 ~ 0066 FROM F [T (FRROR INCLUDES

7
10

107
~ ~ ~ ~ ~

Oil[6
0+[220

TOTAL
2 ' 7 K-P

69
3.0 K-P
2 ' 2 K-P
1 i7-2 i 7

SCAL F. F ACTOR OF 1 ~ 0)
SCALF FACTOR OF 1 ~ 0)

FTA PR IME
PI«PI- r

10 IDAHO'5)

KAL BFL
42 0 ~ 045

~ ~ ~ ~ ~

0 ~ 056

2 ' 7 K-P

I 7-F 7 K-P

OF I+I )

INTO ( P I+ P I- NEUTRALS ( F XCLUDING
TA (NFUTR ~ DEC ~ ) ) ) / TOTAL

(Oi04) KA( BFLEIS 64 HBC
FISC H 64 SUPERSEDED BY RITTENBERG 69

O O29 R[ TTFNBER 69 HRC
~ ~ ~ ~

0 ~ 014 FROM F IT ( ERROR INCLUDFS SCAL.E FACTOR

ln/66

10/66
10/66

9/AQ

10/66

o/69

W

w K

w K

w

w

2 FTA PRIME WIDTH (MEV)

(I5 ( 4 ~ 0) OR LESS
[7~ 0) OR L ESS
KAL RFL E ISCH 64

(30~ 0) f)R L FSS
(15.0)OR LFSS
(10~ I OR LFSS
(20 ~ 0) OR L ESS

DAUB FR 64 HBC
KALBFLEI S &4 HRC

SUPER SEOFD BY RITTENBERG 69
BAD I FR 65 HRC
LO ND CJN 66 H BC
R[TTFNBER 69 HBC
AG[J I LAR 70 HBC

I 95 K-P
2 ' 7 K-P

3 ' 0 K-P
2 ' 2 K-P
I 72 ~ 7 K- P

3 ' 9-4 ' 6K-P

6/66

6/66
9/69
1/71«

R5
RR K

R5 K

R5
R5
R5
R5 AVG
RB F IT

ET
54

16
32

123

A PR IME
( 0 ~ 25)

KALBFL
0.24
Oi 3
0 189

~ ~ ~ ~

0 ~ 197
0 ' 211

INTO (NEUTRALS ) / TOTAL
t 0 ~ 05) KALBFL E I S 64 HBC 7 ' 7 K-P

FISC H 64 SUPFRSEOED BY RITTENBERG 69
0 ' 17 BADI ER 65 HRC
0 ~ I LONDON 66 H BC
0 ' 026 RI TTFNBER 69 HBC

~ ~ ~ ~

0 ~ 027 AVER AGE ( LRRDR INCLUDES SCALE FACTOR
0 ~ 021 FROM F IT ( FRROR INCLUDES SCALE FACTOR
( SF E IOCOGRAM BELOW )

3 ~ 0 K-P
2 ~ 2 K-P
I 7-2.7 K-P

OF I I )
OF 1 1)

10/66

10/66
10/6 6
9/69

Pl

P2

P3

o 4
p6
P 10
P11
P[.2
P13
P) 4
P15
P16

&[7

PIR
PIC

2 FTA PRIME PARTIAL DECAY MODES

ETA PR tMF INTO PI+ PI- FTA
P1(N) ETAS DECAY INTO ALL NEUTRALS
P 1IC) FTAS DECAY CHARGFD

ETA PR IME INTO P IO PIO ET4
P2(N') f TAS DECAY INTA ALL NEUTRALS
P2(C) E AS DECAY CHARGFD

ErA PR tMC= [NTD Pt+ PI- CAMMa
r [NCLUD IVC, RHO GAMMA)

ETA P R IMF. [NTD GAMMA GANMA

ETA PR I ME INTO RHOO GAMMA
I TA PR I ME INrf) P (+ P I — E+ E-
ETA PR tME INTO 2 PI
FTA PR IMF. [NTO 3 P[
ETA PR [MF. [NTO 4 PI
E&A PR IME INTO 6 Pl
&TA PR IME [VTD P lo GAMMA GAMMA

F Ta PR IMF [NTO P IO F + E- ( VI;IL4TES C IN
BARR

APPROX'�

)
FTA PR IME INTO ETA E+ F- t VICIL ATES C tN

RDRN

APPROX'�

)
ETA PR [ME INTCI Plo RHD 0 ( VIOL ATFS C ')

F TA PR I &F [Nrfl P Io OMEGA ( V[f)L ATES C )

134+ 134+ 548

139+ 139+ 0

0+
0+

139+
139+
1 39+
139+
139+
134+
134+

0
765
139«
139
139+
139+
139+0¹

~ 5+

i 5+ ~ 5

134
139+ 139
139« 139

0
~ 5

548+ ~ 5+ ~ 5

134+ 765
114+ 783

fJFCAY MASSES
139+ 139+ 548

WEIGHTED AVERAGE = 0.197 + 0.027
ERROR SCALED BY 1.1

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, (Ix,
and scale factor, which are differ-
ent from the values shown here,

CHISQ
RITTENBER 69 HBC 0.1
LONDON 66 HBC 1 .1
BAD IER 65 HBC

2 ETA PRIME BRANCHING RAT[ fls

0.5

ETA PRIME INTO NEUTRALS''TOTAL

0 ~ 7

1 ~ 2
(CONLEV
=0.2E) 2)

Note on q'(958) branching ratios

In our calculation of the constrained branching

fractions of the p((958) we assume the following decay

modes:

a) prrz (including HATT Tr, 72% of the q's have neutra].

decays),
b) P Y,

c) YY

Note that the average of the directly observed YY

values (9.9 '
)% (BOLLINI 68,. BENSINGER 70) is+ 4.4

slightly different from the result of the overall fit,
(6.6+ 3.7)'%%uo, because of independent measurements of

(q' ~ all neutrals)/(rJ' ~ total). In the fit we do not

use the constraint

R6 ETA P R IME INTO (P
R6 K 42 t 0 ~ 27) I 0.04 )
R6 K . KALBFL EISC H 64
R6 8 35 ( 0 ~ 'J4) ( 0 ~ 09)
96 8 CONTROVFRSI AL RAC
&6 20 0 ~ 2 0 ~ 1
R6 298 0.329 0.033
R6 ~ ~ ~ ~ ~ ~ ~ ~ ~

RIti AVG 0 ~ 316 0 ~ 038
k6 FIT 0 ' 294 0 ~ 027

( SEE

I+ P I- GAMMA ( [NCLU[IING RHD GAMMA) ) /TOTAL
KALBFL E [ S 64 HBC 2 ~ 7 K-P

SUPERSFDED BY R ITTENR ERG 69
BA[I[ ER 65 HBC 3 ~ 0 K-P

KGROUND SUB TRAC T I ON

LONDON 66 HBC
RITTFNRFR 69 HRC

2 ~ 2 K-P
1 7-2.7 K-P

WEIGHTED AVERAGE — 0 3&6 a 0 03B
ERROR SCALED BY 1.2

es above of weighted average,
r, and scale factor are for the
er' s convenience only. The
were actually processed by a
rained fit program, which
Iates its own values of x, 6x,
cale factor, which are differ-

rom the values shown here.

AVERAGE (FRRDR INCL()DES SCALE FACTOR DF 1 ~ 2)
FROM FIT (FRROR INCLUDFS SCALF FACTJR DF 1 3)

ID EOGRA V BELOW )

10/66

to/66

I.O/66
9/69

R = r(z - n „ J/r(~ - z ' 'J = z

from I-spin conservation. The result of the fit is in

agreement with it, R = 2. 2 + 0. 5.

RITTENBER 69 HBC
LONDON 66 HBC

0.0 0.2 0 ~ 4 0.6
ETA PRIME INTO (PI+PI-GAMMA) i (TOTAL)

CHISQ
0.1.

1.4
1.5

(CONLEV
=0.221)



PARTtcLE DATA GRotTp Reeieto of Particle Properties S67

For notation, see illustrated key at beginning of data card listings

R7
R7
R7
R7 FI T

R9
R9

R 10
tt 10

Rjl
R11

ETA PR IME INTO t P I0 E+ E- )/TOTAL
(0~ 013) DR LFSS RITTENBf 8 65 HSC

ETA PR I ME INTO t ETA E+ E- }/TOTAL
(OcOI I) OR 'LESS Rl TT ENSE R 65 HSC

ETA PR IMF INTO (PIO RHOO) /TDTAL
t 0 ~ 04 ) 1R LESS Rf TTENBER 65 HBC

2 ~ 7 K-P 10/66

2 ~ 7 K- P 10/66

2 ~ 7 K-P 10/66

ETA PR I ME INTO (PIO OMFGA) /TOTAL
(0~ 08) OR LESS R ITTFNBER 65 HBC 2 ~ 7 K-P 10/66

ETA PR IME I NTO ( Pt+ P I- GAMMA ( INCLUDING RHO GAMMA) )/tP I P I ETA)
0 ' 25 Ocj4 DAUBER 64 HBC 1 ' 95 K-P jo/66 '

~ ~ ~ ~ 0 ~ ~ ~ ~

0 460 0 ~ 066 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 3)

In the notation of the sketch, any Normal matrix

element would have a factor sing and would thus go to

zero at the edge of the Dalitz plot [C. Zernach, Phys.

Rev. 433, B&20& (&964) ].
+,Since 0 is excluded by the observation of the yy

decay mode (BOLLINI 68, BENSINGER 70), this leaves

us with 0, 2, of the Abnormal series. Unfortu-
R12
R12

R1 3
R13

R14
R14

Rj&
R 15

R16
R16

Rlg
RIR
R18
R jg FfT

R19
Rjo 8
Rj& 8
R19

R19
R19 AVG
R19 Ff T

820
:R20

R21
821

R22
R22

&23
R23

R24
R24

R25
R25

FTA PR IMF INTO (P I+ P f- E+ E-}/TOTAL
(0.006) DR LESS RITTENBER 65 HBC

FTA PRIME INTO (2 PI)/TOTA)
(0 ~ 07) OR LESS COMP ~ BY LONDON 66 HBC

E TA PR IMF. INTO ( 3 P I ) /TOTAL
(0~071 OR LESS COMP~BY LONDON 66 HSC

ETA PR IME fNT(l t4 P I ) /TOTAL
(0 01 1 OR LE SS COMP ~ SY LONDON 66 HSC

ETA PR I ME I NT 0 (6 P I ) /TOTAL
(0~ 01) OR LFSS COMP ~ RY LONDON 66 HBC

2 ~ 7 K-P

C TA PR I ME INTO (P I+P I-) /TOTAL
(0 02) OR LFSS Rl TTENBER 69 HBC

ETA PRIME fNTO tP I+PI-PIO)/TOTAL
(0.051 OR (ESS RI TTENBER 69 HBC

8 TA PRIME INTO (P I+P I+A I-P I-) /TOTAL
(0+01) OR LESS RITTENBER 69 HSC

E TA PR I ME INTO ( P I+PI+PI-PI -PIO }/TOTAL
(0.01} DR LESS RtTTENSF. R 69 HBC

ETA PR I ME INTO ( PI+PI+Pl-PI- NEUTRALS)/TOTAL
(0 011 OR LESS Rf TTENBER 69 HSC

1 ~ 7-2 ~ 7 K-P

1 ~ 7-2 ~ 7 K- P

1 ' 7-2~7 K-P

1~7-2 ' 7 K-P

1 ~ 7-2 ~ 7 K-P

ETA PR f ME INTO (RHOO GAMMA} /t ALI. Pl+ Pl- GAMMA)
0 ' 94 0 20 AGU f L AR 70 HSC 3 ~ 9-4 ~ 6K-P

ETA PR IME INTO (RHOO GAMMA}/(P I Pl ET A)
Oi31 0 ' 15 DAVf S 68 HRC 5 ~ 5 K- P

~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 460 0~066 FROM F IT I ERROR INCLUDES SCALE FACTOR OF I ~ 3)

ETA P R IME INTO ( 2 GAMMA ) /TOTA(.
5 lOe055) (0 ~ 036) (0~ 030)BOLL(Mt 68 CNTR leo Pf- P

CHANGED RY US BECAUSE OF NEW CROSS SECTION r BFNSINGER 70
5 0 085 0 055 0 045 BOLL INf 68 CNTR I ~ 9 Pl- P
7 0 126 0 ~ 075 SENSINGER 70 DRC 2 ~ 2 Pt+ D

~ ~ ~ ~ ~ ~ ~ ~ ~

0 098 0 ~ 042 AVERAGE (FRROR INCLUDES SCALE FACTOR OF 1 ~ 0)
Oe 066 0 e037 FROM F I T ( ERROR I NCLUDES SCA(. E FACTOR OF I ~ 1 )

10/66

10/66

10/66

10/66

10/66

9/68

I/71»
1/71«

9/69

9/69

9/69

9/69

1/71¹

nately, no information permits us at present to dis-

tinguish between 0 and 2 I A. Zaslavskij, V. Ogievetskij

and %. Tybor, Soviet Journ. of Nucl. Phys. 9, 498

(f9691]:
The 7r~ decay mode (RITTENBERG 69, LONDON

66, DUFEY 69) is fitted better with J = 0 than withP
PJ = 2, but the latter cannot be excluded, either when

comparing the simplest matrix elements with the

Dalitz plot density distribution or when judging from

the 8-dependence or the q energy dependence of the

squared element I Zaslavskij et al. , op. cit. , and S.
Giler et al. , Acta Phys. Polon. A 37, 475 (1970)].

+
Turning to the 29% mode q' ~ 7) 7f y, which

RXTTENBERG 69 has shown to be mainly p+y decay,
one gets a good fit with both J = 0 [da/d(cosg') cc

sin gj and J = 2 [do'/d(cosg) cc 6 + sin 8 for the2 P 2

simplest possibility of pure Mi transition, or
da'/d(cosg)cc i. 48 + sin 8 from the vector domi-2

R26
R26
c( 26
'R26 F IT

ETA PR I ME

4 0 ~ 11

Oo 060

INTO (PIO PIO ETA INTO 3 PIO)/TOTAL
0 ~ 06 RFNSINGFR 70 DBC 2 ~ 2 Pf+ 0

~ ~ ~ ~

0.015 FROM FIT tERROR INCLUDES SCALE FACTDR OF 1.1)

1/71»

nance model (private communication from V. Ogie-

vetskij)], so no distinction is possible here.

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 corre1ation coeffi-
cients (6P.6P. ) /(6P, ~ 6P, ). For the definitions of the individual P., see the listingsi j i 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 3P I P 2 P
P 1 ~439+- ~ 0?4
P 2 - ~ 42(} ~ 201+- ~ 049
P 3 - ~ 408 — 302 ~ 294+- ~ 027
P 4 ~ 168 - ~ 826 - ~ 019 ~ 066+ ~ 035

Moreover, the possible existence of a new reso-

nance, M(953)&which decays into 7f7fy but not into p y,

makes a study of the sly final state even more am-

bag uous.

A longer discussion appear s in our i 970 editions.

ese¹»¹e»cele»ee ee»ee»ee¹ eeee«ee»e ee«se»eee ¹»¹e»¹¹eeee«»e»«ee »»see*»e

UNCERTAINTY IN THE J ASSIGMENT OF qt(958)P

For the dominant (64%)mTfq decay mode of the q',

since the Dalitz plot population is rather flat (DAUBER

64, LONDON 66, RITTENBERG 69, DUFEY 69), and

in particular does not vanish at the edges of the plot,

the J = Normal series may be ruled out.P
+

DAUBFR 64 PRL 13 449
ALSO 64 DUSNA CONF 1

KALSFLEf 64 PRL 13 349

RADIER 65 PL 17 337
Kf FNZLE f 5 PL 19 438
R I TTFNSE 65 PRL 15 556
TRI LLI NG 65 PL 19 427

REFERENCFS FOR ETA PRIME

DAUBER, SLATERc SMITH ~ STORK c TICHD (UCLA) JP
418 DAUBER r SLATER c L 7 SMITH ~ STORK ~ DICHO ( UCl A }

GaR ~ KALBFLEISCHcO ~ DAHL ~ A ~ RITTENSERG (LRL)JP

BAOI ER &DEMOULf Nc SARLOUTAUD +(PARsSAC+2 EEMA)
K IENZLEc MAGLI C ~ L EVRAT ~ LFFFBVRES + ( CFRN)
RI TTENRERGcKALSFLE I SCH (LRL+RNL )
+8 ROW N, GOL DH AB ERS ~ KA DYK c SC A Nl 0 (LRL }

ROLL( Nl 6$ NC 58 A 2S9
DA V I S 68 PL 27 8 '532

MOTT 69 PR 177 1966
RITTENBE 69 UCRL-18863

AGUILAR &0 PRL 25 1635
SENSINGF 70 PL 33 8 505

+RUHLER ~ DALPIAZ ~ MASSAM+ (CFRN+RGNA+STRS)
+AMMAP ~ MOTTsOAGANc DERRICK ~ FI ELDS I NWES+ANL 1

sAMMAR, DAVIS cKROPAC ~ SLATE ~ DAGAN+ (NWES+ANL 1

ALAN R ITTENBERG (THESIS'1 (LRL) I =0

AGUILAR-RFNI TEL ~ SA SSAND SAMIOS SARNES+ (BNL)
RENSfNGER ~ ERWI Nc THOMPSON ~ W 0 ~ WALKER (ktSC)

OUANTUM NUMBER OFT ERMINAT IONS NOT REFERRED TO IN THE DATA CARDS

CoHN 66 PL 21 34 7 COHNc MCCULLOCH c BUGG ~ CONDO (ORNL+TENN+UNCAR)

LONDON 66 PR 143 1034 LONDO~N RAU ~ SAMIOS ~ GOLDBERG + (RNL+ SYRACUSE )IJP

p
(7fm c.m. )

MARTIN 66 PL 22c 352
RARRARO- 68 PRL 20 34o
SARLOUTA 68 PL 26 8 674
DUFFY 69 PL 29 8 605

MARTIN cCRI TTFNDEN ~ SCHROEOER ( INDI ANA U) I
RARRARO-GAt TIER I MAT ISON RITTENRE'RG+ (LRL) (=0
BARLOUTAUO+ (SACLAY+AMSTD+BDL')G+WE IZM+F ~ P ~ ) I=D
+0088 I ~ POUCHON ~ CNOPS c+ ( FTHZ+CERN+SACL ) I JP

»e¹e¹¹e¹¹eeeee«»»see»»ee e¹e¹«¹¹»»e«e¹e«e¹e
ee¹ee¹«»eeeeee» eee«eeee¹ eeeeeeeee e»eeeeeee «see»see» ¹ee«csee» eeeeeee»
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lI (962) AN0 7rN (9 /5)

3b OFLTA MESON (ob2, JPG= )
AND P ( (97 . JPG=N —)

The original, narrow (5 (962) was seen with the

CERN MMS (KIENZLE 65). Other missing-mass
spectrometer s (OOSTENS 66, BANNER- 4 67,
BANNER-2 67, ABOLINS 70) have added nothing con-
elusive to this evidence.

A claim for a A ~ sl vr decay at high ~ti in the
reaction TT p ~ z TT p (ALLEN 66) can now be dis-
counted by virtue of the results of a compilation
(ROOS 70) of the same reaction; the compilation has
7 times larger statistics in the region 640-1000 MeV

2and 0.5 & it i

& i.0 (GeV/c), and includes the data
of ALLEN 66.

Claims for 3z decay (ALLISON 67, SUHALA 68)
have also been contradicted (SAMIOS 68, KRUSE 69).
For a review, see SAMIOS 68, MAGLIW 69.

Recent experiments have, howev('r, shown evidence
for a broad resonance, also called TT (975). These
are BARNES 69 and AMMAR 70, who see a peak in the
qTT system, and who claim that it cannot be explained
b the kinematic effect discussed below under 2a;y

moreover, ABOLINS 70 see a peak of width 60 MeV
in a missing mass spectrum.

The following references have possible relevance
to the existence of the

1) The TT (1016) may be interpreted as a virtual
bound state in the KK channel. It would then corre-

+ 15spond to a narrow resonance at about 975 0 MeV

(ASTIER 67) in open channels, e. g. , ~ or 5TT.

2) Further HATT enhancements have been reported at
masses in the 960-980 MeV region. As evidences for
a resonance they are however not yet convincing,
because there are two kinematic effects that can pro-
duce q~ peaks in that mass region:

a) In the reactions K n ~ ATT (MM) and

K p ATT TT (MM) (studied by CRENNELL 69,
MILLER 69) with selection of the missing mass (MM)
in the q(549) region, a spurious g peak can arise
from contamiriation with Ap g final states. This has
been pointed out by CRENNELL 69.

b) ln final states containing many pions I. e ~ g-,
ZTT 2TT TT, (3TT) TT ], and with the LO copiously produced,
the constraint of at least one q combination in the

) mass "fakes'' a. peak in the mass region
around 960 MeV, due to reflections from the 00. This
remark (by NELLEN 69) may apply to the observations
of DEFOIX 68 and CAMPBELL 69. OTWINOWSKI 70

=:esons

&G = Yes,

ol

~G = No,

but charged decays ((5 ~ TT TT or TT q) have no such
rules (except S

35 nFL TA MF. SON MASS ( ME Y)

o/bp
Ql f. b
~/70

o/F 9
7/f 9

11/f 9

5 P(—
oo 'I ) 0 s MM ~

2 P'f -P
PR n

~ FTA PI
5 K-P, PI-FTA
5 K-NiFTA PI
I+P, t Dn

b& MMS

MMS

fR HRC

HBC
HRC

b9 HHC
bo

WSK I 7Q
~0 HRC
7Q

SK 70 HRC

3-
3 ~ 8

3 ~

I ~

4-
4.

R P

2 962. 0
9bb ~ 0

(9"Oo I

( 97'S. Ql
970' 0

( QR0 ~ 0 l
22 ( o4R. 0)

OTWINOWSK f
940.0
Q7& 0

22 949 ~ 0

2b
M

M

M

0
M O

M

AY Ci

0
R ~ 0

APPR OX ~

KI FN/LE
AOSTFNS
CHANG S
'.)E FOI X

BAR NES
MI L L F R

OTWINOW
SE()FD RY OTWINO

AMMAR

ABEL I NS
OT Wl NOW

15 ~ 0
( IDAHO l
(b.0 l

bo S()P ER
IQe0

f 0
7 ~ n

4 ~ I ~ a. "K-,FT A PI
+ 3 ~ R

—
& F 3 PP- —QyMu

+- 9 &I+P, P r)0 PI

5/70
I /7(a

11/( 9

Qb5 ~ Q 4 4 AYFR AGE ( FRRAR INCLUDFS
( SF. F IDEOGRAM RELOW I

SCAL E FACTOR AF I ~ r )

LfEISHTED AVERA(oE = 965.0 A 4. 4

ERROR SCALED BY 1.5

NOLISK

INS
R

ES
ENS
ZLE

70 HBC

70 MMS

70 HBC

69 HBC

66 MMS

65 MMS

930 950 970 990 1010 1030
DELTA MESON MASS (MEV)

CHISQ
5.9
2. B

2. 3
0.1
0.0
0.4

11.4
( CDNLE V
=0.044)

has shown, however, that the 5 peak in OTWINOWSKI

69 cannot be explained this way.
GIf we accept 6 ~ zr) by strong decay, then I

nonobservation of 3TT decay can be explained by choos-
ing 3 = 0, or simply by saying that 3' background

P +

is too large to permit detection. These quantum num-
bers, 1 (0 ), are then the same as those most likely
for TTN(1016), which could be just the KK decay mode
of the 5.

An unattractive alternative is to believe that (5 is
really very narrow, and guess that its zp decay is
G-violating electromagnetic. (It is not clear whether
there would be competition from TTTTr/ decay, which is
strong but has much smaller phase space. ) However,
in this electromagnetic (em) case, one would also
expect slightly faster decay into TTTT, and we are not
sure whether this mode should have been detected. To
see why we expect zTT decay, note that these em decays
into TI TT' or TI r) involve emission and reabsorption of

4a photon, with rates proportional to e (also TT~ has
slightly larger phase space than mp). Neutral em. decays
(as in the familiar q ~ 3') have selection rules either
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W

W

W

W

W

W

W

W

Avr

252

22

(5 ' 0)
{10 0)
(?F 01
{50+01
(hp ~ 01
80 ~ 0
60 ~ 0
31 0

~ ~ ~ ~

58.2

36 DEL TA ME SON Wf OTH ( NEV I

OR LESS
OR L FSS

DR L ESS
(30 ~ 0 I

30 ~ 0
15 ~ 0
28 0

10 ~ 0

K IENZLE
t)O ST E Ns
DEFOI X

RARNFS
MILLER
AMNAR

AB UL IN S
OTWINOWSK

65 MMS

65 MMS

68 HBC
69 HBC
h9 HBC
70 HBC
70 NMS

7P HBC

+

3-5 Pf- P 9/66
3 8 PP TO 0 + MM 9/66

1 +2 PB PrETA Pl .3/69
4-5 K-Pi PI-ETA &/69
4 ~ 5 K- N ~ ETA P I 7/69

4 ~ 1 ~ 5 ~ 5K-iET4 PI 5/70
3.8-5 ~ 3 PP--D+MM~ 1/71«
8 P [+Pe P 00 P I 11/69

~ ~ ~ ~ ~

11 ~ 0 AVERAGE IFRROR [NCLUOES SCALE FACTOR DF 1 pl
Pt
P2

16 P I(10]6) PARTIAL DECAY MODES

Pl (1016) INTO K KBAR
& I ( 1016) INTO F TA PI

DECAY M ASSES
493+ 497
548+ 1 39

16 P I ( 10161 WI OTH (MEV I

W 143 {57~ pl 13 ~ 0+SYSTEMATIC RDSENFELD 65 RVUE +- 8/66
A 100 (2 5. I APPROX ~ 45T[FR 57 HBC +- SFE NOTE 4 ABOVE 9/67

P7
P3
P5

36 DFLTA MESON PARTIAL DECAY MODES

0 EL TA MESON I NTD 3 PI
DFL TA MFSDN INTO 4 P I
DFLTA MESON INTO ETA Pl

1 34+ 134+ ).34
134+ 134+ 134+ 134
548+ 134

Rl
Rl

16 PI ( 1015) BR ANCHING RATIOS

PI (10161 INTO {ETA PI I / (K KBARI
{5~ Ol OR {ESS AsTIER e7 HBC P ~ P BAR P 9/67

Rl
Rt

36 DEL TA ME SON BRANCHING RATIOS

CHARGFO DFL TA INTO (1 CHARGED) / (3 OR MORE CHARGED)
1 3 0 pe7 KIFNTLE 65 MMS 3-5 Pl- P 9/66

REFERENCES'FOR Pt(1016)

ARMENTER 65 PL 17 344 . ARMENTEROS ~ EDWARDS JACDBSFN + (CERN+PARIS)
BARASH 65 PR 139 8 1659 +FRANT IN[, KIRSCH MILLFR STE[NBFRGFR+{COLUM)
ROSENFEL 65 OXFORD CONF 58 4 H ROSENFELD (LRL--RVUF. )

R2
R2

DFL TA MF SON INTO ETA P I
SEEN BARNES 69 HBC - 4-5 K-P PI-FTA 9/69

BALTAY 66 PR 142 8 932 +L ACHi SANDWE I SS i TAFT ~ YEHi STONEHtLL+ ( YALE I

R3
R3

R4
R4

DFLTA INTO {RHD Pt)/{ ETA PI I
(0 ~ 251OR LF SsiC ~ L ~ =0 ~ 7 AMMAR

DELTA INTO {K KBAR)/{ FTA Pll
f 0 ~ 21OR L FSS ~ C ~ La=0 ~ 7 AMMAR

70 HBC +- 41i5 ~ 5K- ~ ETA PI 5/70

70 HBC +- 4 ~ 1 i5 ~ 5K-iETA Pf 5/70

ASTIFR 67 PL 25 8 294 +MONTANET BAUBILLI ER OUBDC+ (CDF+CERN+IDR I

ASTIER 67 INCLUDES DATA OF BARLOW 67, CONFDRTO 67 ARMFNTFR 35 6'5 ~

BA ILL ON 67 NC 50A 393 +EDWARDS+0. ANDLAU+ASTIFR+ (CFRN+COF + IR)
RARL DW 67 NC 50 A 70 I +MONTANE T 0-ANDLAU+( CERN+CDF + I DR+I f V FR POOL I

CC[NF DRT 0 67 NP 8 3 469 CONF DR TO i MAR FCHALi MONTANE T+(CERN+ PA'R I 5+1 I V )

SCHROEDE 69 PR 188 2081 SCHRDEOER KERNAN, F I SHFR t. lBBY + (AMES+COLO)

««»a««a««««»»¹«««¹«¹«««¹ «¹¹¹¹«¹«««¹«««a¹¹««¹¹»»¹¹«« CC[OPER 70 NP 8 23 605 +HANNER ~ MUSGRAVE POLLARD VUYVOOIC (ANL )

RFFERENCES ON DELTA MESON ««a¹¹¹»¹¹«¹«¹«a»«¹¹««»»»¹¹¹«¹»«»¹««¹««»¹«»¹«« ¹««««a»»« ««««»««¹
«««»«» «»»«¹a«»« ««¹»¹«««« »¹««»¹»»¹»»»«»»«a» «»«¹»»««¹ ¹»«»a»«¹« ««»¹«¹«»

TURKOT
K I F NZL E
ALLFN 0
FDCACC[
nnSTENS

63 S[FNNA CONF 1 661 +COLL IN5 ~ FUJ I liKEMP+ ( BNL +P I TT SBURGH I
65 PL 19 438 + MAGLfCiLEVRAT ~ LFFEBVRES + {CERN)
65 PL 22 543 +CP FISHER, G GODDEN, L MARSHALL, SEARS (COLOIG=+
65 pRL 17 890 + K I ENZL F ~ L 6 VR AT i MAGL I C ~ MART IN (CERN)
55 PL 22 708 +CHAVANONiCROZON ~ TOCQUEV ILLE (SACLAY ~ CF) [=1

t)) (1019) 4 PHI f lpl'9i JPG=1-- I I =0

CHUNG S
DEFD IX
GA[ TtFR[
JUHALA
SABRE CO

BAR NES
CA MPRFLL
CRFNNELL
JUH ALA

K RUFF
NILLFR

ALSO
NFLLFN
OTWINOWS

68 pR 165 14&1
68 PL 28 8 3"3
68 PRL 20 349

PL 27 8 ?57
58 PL 26 8 674

69 PRL ?3 610
69 PRL 72 1204
h9 PRL 22 1398
69 PR 184 1461
69 PR 177 1951
69 PL 29 8 2 &5

69 PR 188 201 1
PR[VATE COMM.

59 PL 29 8 529

ABDL f&5 70 PRL 25 469
AMMAR 70 PR 0 2 430
DTWINDWS &0 1207/Vf/PH
RDOS 70 PR [VrCOMM ~

ALL I SON 57 PL 258 619
84NNFR 1 67 PL 25 8 300
BANNER 2 67 PL 25 8 569

+CRUZ+ (OXF«Mu «BIRM+RUTH+GLASG+LON( IC) )
+FAYOUXiHANEL ~ ZSEMBERY ~ CHEZE+ (SACLAY+CAENI
+CHEZE iHAMELi "lAREL ~ TF f GERi CROZON+(CDF+SACL I

+0 ~ DAHL i J ~ KfR 2 ~ D ~ H ~ MILLER (LRL I
+R I VE T ~ 5 I AUO ~ CONFORTO ~ SH I V EL Yt COF+ IP E+CERN)
BARBAR 0-GA( T IERI, MAT I SON ~ R [TTENBERG+ (LRL )
+LFACOCK ~ RHODE KOPFLNAN LIBBY+ ( IOWA+COLO I
BA RL OU TAUD+ ( SACL+AMS T+BGN 4+R EHO+ EPOL I

+C HUNG E I SNER BA SSANOi GOLDBERG+ (8NL+SYR)J.H ~ CAMPBELL LICHTMANiLOEFFLER + tPUROUEI
+KARSHDNiKWAN WU LAI ~ + ( BNL+NYU I
+L EACDCK RHODE KOP ELMAN L I BBYi+ (AMES+COLO)
KRUSF i LDOS ~ GOLDW ASSER ( ILL INDI 5 I
D ~ 4 NI LLER S L KRAMFR 0 0 CAR IONY +(PURDUE)
YFN AMMANN CARMONY ~ FLSNER + (PURDUE)
BaNFt. LFN t BONN+CCRN )
S ~ fl T WIND WS K I (WARSAW)

+{ RAVEN MCCARTHY ~ G ~ SMITH ~ L ~ SMITH+ (LRL+UCD I
+KRDPAC DAVI S ~ OERR ICK+ t KANS+NW'E 5+ANL+WI SC)
S ~ DT W I ROWS KI ( WAR 5)
M ~ RODS L ~ 0 JACOBS {CERN+ 5ACL )

M

M

M

M

M

M C
C

M

AVG

4 PHI MASS {MEV)

0 ~ 0 PBAR P
2 ~ 0 K- P

0 ~ 0 PBAR P
2 ~ 2 K-P

4 2 K- P

1 2 PBAR P
1-4 P[- P

1 8 GAMMA + C

lt~ P[- P
3 ' 0 K- N

ONLY 40 EVENTS

tpl 7~ 0
1019~ 0
1018' 6
1020m 0
107.1 5
1019'
102[+0

165 10?2~

{tpt8 ~ )
( 1020~ I

ERROR I

2 ' 0 ARMENTF. RO
2 0 SC HLE IN
0 ~ 5 MI I.LER D

2 ' 0 LONDON

0 ~ 8 ABRAMS
3 ~ BARLOW
4 ' 0 DAHL

I ~ 5 i(OSTEK
(0 ' '51 {0' 35) HYAMS

(3 ~ ) SABRE
NCREASEO FROM 1 TO 3 MFV SfNCE

~ ~ ~ ~ ~

0 ~ 58 AVERAGE {ERROR IN
( SEE [DEDGRAM BELOW I

63 HBC
63 HBC
65 HBC
55 HBC
57 HBC
67 HBC
67 HB{;
68 OSPK
70 OSPK
70 DBC

PEAK HAS

~ ~ ~ ~

1019o 51 CLUDES SCALE FACTOR OF 1,51

{JEIGHTED AVERA{oE = 1019.51 + 0.58
ERROR SCALED BY 1.5

8/ee
else

1 1/67
11/66
9/56
h/68
6/70
1/71¹

ANDE RSDN 71 PRL 26 108 +0 IXIT i+ {CHIC+ANL+CARL+LASL+OTTA+NAGOYA)
SEE OEE-TENTH THE CROSS SECTION OF DOSTEES 66

«««««» «««»««««¹ «a«»«««¹¹ «a¹»»a¹«« »a¹«¹»¹»»«««««a»«» ¹«¹¹¹¹¹«»«««»«¹«»
»««»¹¹««««««»«« ««¹««aa¹« ¹«««¹«¹«¹¹¹«¹¹«¹¹¹¹»««¹«¹«¹¹¹«»¹¹»¹¹¹¹««¹¹¹¹
H(99{)) 35 H (990i JPG=A -) f=p

THE EV [DENCE OF BENSON 66 HAS DISAPPEARED AFTER
RE-ANAL YS[ 5 (CHAUDHARY 701 ~ NO STAT[ STICALLY
SIGNIF [CANT EVIDENCF FOR THE PRE-1968 H-FNH4NCE-
MFNT THEREFORE REMAINS (BARBARD-GALT IER I 69) ~
HOWEVFRi GOLDHARER 69 RFPORT 4 NEW (Pf+Pl-P[01
ENHANCEMENT AT ABOUT THE SAME MASS r M=lppp MEV ~

SEFN UNDER COND [TIONS DIFFER FNT FROM THOSE OF THF
EARL IER OBS'ERVAT IONS ~ DMI TTEO FROM TABLE ~

64 PL 11 167
65 CORAL GABL FS P ~ 76
65 P RL 17 1234
6& NP 81 57
67 RMP 39 1 APP END I X

68 PL 268 336
58 PHILAD ~ CONF ~ P ~ 137
h8 PRL 21 47
59 L UNO CONF ~ P 2+ 1
70 PRE PRINT
~0 CDil 1 19'5 I 79

BARTSCH
r, nL DHABF
BENSON
CDHN
RDSENFEL
ARMF Nl SE
BARBAR D-
&UN(i
GDL DHABE
CHAUDHAR
GORDON

AACHEN-ZCUTHEN-8[R M-BONN-HAMB-MUNCHEN COLL
G ~ GOt. DHAB ER (LRL )
+MARQUI TrRDF. i SINCLAIR i VANDER VELOE ( MICH ~ I I JP
+MC CULLOCHy BUGG ~ CONDO (DAK Re+UN[ V ~ TENN)

ROSENFFLDi 8ARBARO-GALT IFR I+{LRL+C'ERN+YAL E)
+OH[DIN[ FOR[NO+ (RARI+BOLOGN+FIRENT+ORSAY)
A ~ 84RBARO-GA{. T IF.R I P ~ SOOING (LRL )
+JACKSDN+PU+BROWN+Gt DAL (U ~ C ~ RIVFRS+LRL)
G ~ GDLDHABER QUOTED BY 8 ~ NAGL IC (LRL I
8 ~ CMAUDHARYi F. ~ 4IARQU[ T ( M INNE SOTA I
THE S I 5 q '[LL I NO[ S (ILL )

«««»«««»««««»a««««««««»««¹»¹¹«¹¹» «¹»¹¹«¹«¹«¹¹»«¹¹«aa¹¹»¹»¹¹¹
REFERENCES ON H MESON

PHI MASS (MEV)

MOSTEK 6E)

DAHL 67
ARLOW 67
BRAMS 67
DNDDN 66
ILLER D 65
CHLEIN 63
RMENTERO 63

1025 1030

DSPK
HBC

HBC

HBC

HBC

HBC

HBC
HBC

CHISQ
2. B

0.0
6.2
0.1
3.3
0.1
1.6

14, 0
(CONLEV
=0.030)

a«*«««««¹«»«¹¹«¹««««»««a «««««««¹¹ «««¹«««a«««¹»«a««¹ «««¹¹»¹«»¹¹a«¹«¹»
«««««¹««««»«»»»¹««¹»««¹¹««««»«»«¹¹«¹¹«¹««¹¹«¹¹¹»¹«¹««

16 PI( lplhi JPCi=p+-I l=1
4 PHI WIDTH {MFV)

N

M A

A

M

16 P I {10161 MASS [MFV)

143(1003~ 31 7 ~ 0+SYSTFMATIC ROSENFELD
SCAT {.FNCTH 2 TD 6 FERMI 5 ~ BALTAY

t00(in[*. 1 (10.) AST[ER
SCA&T ~ LENGTH ALSO FITS, SEE BELOW
SCATT LFNGTH +2 5 +-I FERMI ASTI ER
OR CMP{.Xi RF. P AR T=-2 ~ 3 ~ ~ ~ ~ ~ ~

IM PART= ~ 5F OR LESS e ~ ~ ~ ~ ~

65 RVUE +-
66 HBC
57 HRC +-

67 HBC
~ ~ ~ ~ ~

t 0 ~ ~ 0

3 ' 7 PBAR P
0 PBAR P

0-1 2 PBAR P
~ ~ ~ ~ ~ ~ ~ ~ ~ ~

0 \ ~ ~ ~ ~ ~ ~ I ~

STILL NOT DECIDED WHFTHER {K KBAR) RESONANCEi VIRTUAL
BOUND STATE )R ANT[BOUND STATE. MAY 8F. RFL4TED
TD THE DELTA (962)

8/66
8/66

~ 7/67

7/6 7
7/67
7/67

W

W

W

W

W

W

W

W 8
W 8

W

W AVG

155

3 ~ 4
(5 ~ 0) DR

3 ~ 5
6 ~ 0
1 ~ 8

(10~ ) OR
(4 I5)

4 ' 09
(4 ~ 11

BALAK IN
(F 6&I
{3' 31

F 00

te7
LFSS

100
4ip
3 ' 0

LF 55
(apl
0, 29

(0 51
69 SUP ER
(0 ~ 42)
(1 +5)

0 ~ 27

AR MENT ERO
SCHLE IN
Ml LLF R D

LONDON
1.5 ABRAMS

BARLOW

{2 ~ 0) NO'STEK
8[TOT
BALAK IN

SFOED BY BALAK IN 7
BALAK IN

f {},91 HYAMS

63 HBC
63 HBC
65 HBC
66 HBC
67 HBC
67 HBC
68 OSPK
70 DSPK
69 OSPK
0
70 OSPK
70 OSPK

p. p PBAR P

2 ' 0 K-P
0 ~ 0 PBAR P
2 ~ 2 K-P

4 ~ 2 K-
I ~ 2 P BAR

1 ' 8 GAMMA + C
F+ F- COLL ~ BFAMS
E+ E- CDL L ~ BEAMS

8/66
6/66

11/67
lt/65
6/h8

~ 6/70
9/69

E+ E- CALL ABEAM

11 Pf—
1/71»
6/70

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 Ol
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For notations, ee illustrated key at beginning of data card listings

Malone

Pl
P?
P3
P4
tr 5
P/i
P7
PR
prI
Plo
P11
P1?

PH( PARTI AL I?FCAY MODES

P Hl INTA K+ K-
PHI IN&A Ko1 K02
P HI INTO Pl+ P I - P lo ( I NCLUA I'NG RHO PI )
PHI tNTn Pf+ Pt- (Vtnl ATFS G)
PHI tNTA E+ F-
PHI (NTA MU+ MIJ-
PHI INTO P 1 0 GAMMA

oHI INTA ETA GAMMA

o Hl I NTA PI+PI»GAMMA
oHI INTO OMEGA GAMMA (VIALATFS C)
PHI INTO E TA P I 0 {V ln(ATES C I

PHI INTA RHO GAMMA (VIALATFS C)

PHI BRANCHING RATIOS

!)
493+
497+
139+
1 39+

5+
10'5+
134+
'548+
1 39+
7 83+
548+
765+

ECAY {A5SE 5

497
139+ 134
139

~ 5
105

0
0

139+ 0
0

134
0

RE RT AN ZA 62 PRl. 9 I Ro
ARMENTER 63 SIENA CONF 2 70
GELFANA 63 PRL 11 4'38

GFLFANA 63 DATA INCLUDFA
SCHLEIN 63 PRL 10 368

REFERENCPS FOR PHf
BERT ANZ4r RR I SSANr CONNOLLY r HART + {BNL+SVR }
ARMENTFR!}5 FOWARDrSr AST IER+ ( CFRN+CAF-PAR I S I

GELF hNA MlLLER NUSsRAIIM K IRSCH+ (CALIJ+RUTr )
(N &ILLF R 6& BFLOW

sr HLF (N SLATFR 5 M(TH, STCIRK T ICHA ( UCL A}

(LRL) 0
(CALUMB I 4}

t SYR+I?AME }JPCi
ILRL)
{LRL)

GRAYr L 66 PRL 17 501 +HAGER TY, 8 IZZARR I rCf APETTI +
L INDSFY 6/ PR 147 &13 JAMFS S LINASEY GE& ALD 4 SMITH
LINASFYI 66 PL 20 93 J ~ '5 ~ L I NA 5 F. Y r rr ~ A ~ S M I T H

L INASEY 1 ee DATh INCL(IDEA IN LI NASF Y 66 ABOVE
LANDON 66 PR 143 1034 LANDON PAU SAMIOS GOLDBER(i + (BNL+SYRACUSF )

RAAI ER 65 PL 17 337 BAI) I FR, DEMUIJL IN, BARLAI}TAIJD+ I "AR+LPC HF+Z EF )
BFRLFY 65 PP 139 8 1097 D RFRI EY ~ N GELFANA ( rlNL+COL U."IB+A )
GALT IERI 6 & PRL 14 779 4 BARRARA GALTIFRI R A TR I PP (LRL)
(. INDSFY /i5 PRL 15 221 JAMES 5 L INDSFY GERALI? A SMITH (LRL)

LINDSEY 65 DATA INCLUDED IN LINDSEY 66 RFLAW
L I NOSFY2 65 UCRL 16526 JAMES 5 ~ L I NASEY (THFS I 5 )

MILLER 0 65 CU-237(NFV fS 131. ) DAVID C MI LLER (THFS IS)

Rl
tt I
Rl
Rl
Rl
Kl
&I
kl

8
2

Av ri
FIT

PHI INTO
27 (0 ~ 261
52 0.48

(0 ~ 54)
0 ~ 493

~ ~ 0 ~ ~

0 ~ 486
0 ~ 464

{K+ K-) I TOTAL
(o.oe)
0.04

(0 ' 42'I
0 ~ 044

BADI ER
LI NASF Y

BALAK IN
BIZOT

65 HBC (SFE NOTF. 8 BELOW} 10/66
66 HBC 2 ~ 7 K-P 10/66
70 QSPK F+ E- COLL ~ REAM 1/71¹
70 OSPK E+ F- .COLL ~ BEAMS 6/70

~ ~ ~ ~

0 ~ 030
0 ~ 028

AVERAGE ( ERROR (NCLUAE5 SCALE FACTOR OF 1 ~ 0}
FROM FIT {FRRAR INCLUAFS SCALC FACTOR AF 1 ~ 2)

ABRAMS
BAR L'lW

CHASE
DAHL
HF RT ZRAC
KHACHATU

67 MA TECH RFP 720
67 NC 5 OA 701

PRL 18 710
67 P'R 163 1377
67 PR 1 55 1461
67 PL 2 48 349

GFRALO ABRAMS ~ THESIS {MARYLAND}
+L ILL ESTOL+MANTANET+ (CFR "l+CDF+ IR+L IVFRPOr)L 1

R ~ C ~ CHASF P ~ ROTHWFLL R ~ WF. INSTE IN(CFA+NEAST)
+HARA Y+HE S '5+K I R I+ M IL L FR (1 Ri )
HFRTZRACH, KRAFMER MADANSK I LOAN( S+( JHU+RNL )
KHACHATUR Y AN+A 2 I MOV+8ALt} I N+BELQUSAV+ ( OURN A }

P2
tr 2
k?
R2
R2

P3
Q3
R3
R3
R3

R s
Rh
R5
RE
R ri

pr,
R5

Re

Re
R6

P7
R7
R7
R7
P7

R9
R9

8
1

FIT

FfT

AVG
F I T

F I T

PHI fNTQ {PI+ PI- P IO ( INCL RHA Pl } )/TOTAL
30 0 ~ 12 0 ~ 08 LI NASEY 66 HRC

(0 ~ 203) (0 ~ 042) BALAKIN 70 QSPK
~ ~ ~ ~ i ~ ~ ~ '~

0 ~ 1'12 0 ~ 046 FRAM F IT (ERROR I NCLUDFS SCALE F ACTOR OF 1 ~ 6)

2 ~ 7 K-P
E+ E- COLL ~ 8 EAM

PHI INTO {Kl K2)/(K KBAR)
10 0 ~ 40 0 ~ 10 SCHLE IN
52 0 ~ 48 0 ~ 07 BADI FR

0 ~ 44 Oi07 LANDON

63 HBC
65 HBC
66 HBC

2 ~ 0 K-P
3 ~ 0 K-P
2 i 2 K-P

0 ~ 448
0 ~ 433

0 ~ 044 AVFRA(iF {FRROR INCLUDES SCALE FACTOR AF 1 0)
0 034 F RCI4I F IT ( FRROR f NCLUDES SCALE FACTOR OF 1 ~ 4)

PHI IN&n (P I+ P I- P Io ( INCL ~ RHA PI) )/(K KBAR}
0 ~ 30 0 ~ 15 LQNDAN 66 HBc 2 ~ 7 K-P

~ ~ ~ ~ ~ ~ ~ ~ ~

0 222 0 ~ 068 FROM FIT (ERROR INCLUDES SCALE FACTOR OF 1 ~ 6)

PHI INTO (P I+ Pl- P lo ( tNI L ~ RHO PI 'I I/ (Kl K2)
(0 ~ 3) 'IR LESS RFRL EY 65 HBC

0 ~ 69 0 ~ 14 Bl ZATI 70 ASPK
2 ~ 9 P I+P

E+ E- COLL BEAM

0 ~ nt F 18 FROM FIT (FRRAR INCLUCIFS SCALE FACTOR OF 1 7)

PHI INTO I P I+ P I- )/(K KBAR) ( SEF. ALSO R18)
IO 21 QQ LES5 I.ONDQN 66 HBC 2 ~ 2 K-P

PHI INTA (E+ F.-) /(K+ K-I (UNI TS 10¹» 4 } ( SEE AlSO R16)
40 6 1 1 BECKFR 68 CNTR GAMMA C

PHI INTA {K1 K2 'I /TOTAL
2'5 (0 ~ 23) (0 ~ 06I BAD(FR 65 HRC (SEE NATE 8 BELOW}
47 oe 40 0 ~ 04 L I ND SE Y ee H BC 2 ~ 7 K-P

~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 354 0 ~ 040 FROM F tT (ERRAR INCLUDES SCALE FACTOR OF 1 ~ 61

10!66
I 0/66

10/66
1/71¹

Io/ee
11/67
10/66

10/66

10/66
1/71»

9/eR

A BR AMS

ASTVACAT
ALSA

RFCKFR
8 I NN I F
BnLLtNI
MASTFK
WEH&ANN

68 PR 17 i 169&
68 PL ?7 8 45
67 PRL 19 Beo
68 PRL 21 1504
68 PL 278 10F
68 NC 56 4 1171
68 PRL 20 1 0&7
68 PRL 20 748

+GLASSFR rKFHAE, S FCHI-ZORN, WALSKY {MARYLAND)
A STVACATURQV AZI MQV BALD IN+ ( J I MR+ MOSCAW )
ASBIIRY r BFCKERrBFRTRAMr TINri+ (AFSY+rnLUMB I A)
+RERTRAM BINKLPY JARAAN KNASEL+ ( DE SY+M I T 1

+n!JANE +FAR IJQ I+HOR5FY+ ( I ~ C, LON+R U THE RF I
+BUHL ER r OAL P I AZ r MASS AM+ {CER N+RGNA+ ST RR )
+F ISFNHANDI FRr MCCLELLAN ~ MISTRY+ (CORNELL }
+ENGEI 5+ (HARVARD+CAS E+5LAC+CQRNELL+MCGILL 1

RALAK IN 69
sEF. ALsn

8EMPORAA rr9
MOY

SC!lTTFR 69
stonRnv

I YAF 327 TRANS
5 lonRAV 69
PL 29 8 383

THE S I 5
NC 62 4 1057
LIVERPOOL SYMP ~ AN

+RUDKER ~ KORSHUNAV, MISHNEV, SIDAROV+ ( NOVO)

+BRACC IN(rCASTALDI rLUBELSMEYFRr+(PISA+BANN)
KF r{ Ml N 4IAY (NORTH- EASTFRN UNIV FR 5 I TY)
+ERSKINE rPALER ~ + {8IRM+GLAS+LQIC+MPI'(+OXF }
F. LECT RQNS+ PHATANS P ~ 227 ~ 5 IOAKQV {NOVA }

BALAK IN 70
RENAKSAS , 0
BIZAT 70

SFE ALSO
8 I ZOT1 70
EARLFS 70
HYAMS 70
5 ARRE 70

PREPRINT
LAL 1240

PL 32 416
PE RF Z- Y- JARBA,

PR I V COMM ~

PRL 25 1312
PR(V SCAM'
P R I'. P R I N T

+BUTLER PAKHTUSOVA SIDORDV SKR INSKY +{NOVO1
+COSME r JEAN-MAR I Fr JUI L I ANr LAPLANCHE+ (ARSA } 0
+BI}AN CHATELUS JFANJF AN ~ LALA'NNE, + tnRS A)

L IVF. RPAAL SYMP. 69
PEREZ-Y-JARBA (ORSA}
+FA IS SL ER ~ GETTNER r LUTZ r MAY r TAN(ir+ ( NFAS)
+KOCH, POTTER V L INAFRN LQRENZ LUT JEN5l CERN)
SABRE C(ILLABAR ~ (SACL+AMST+BGNA+REHA+EPAL)¹¹¹¹¹¹»¹¹¹»¹¹¹¹¹»¹r¹»¹¹»¹¹»¹¹¹¹¹¹¹¹¹»¹¹¹¹¹¹¹¹¹»¹¹¹»¹¹»¹¹¹¹¹¹4 ¹¹¹¹¹¹¹¹¹¹¹¹»»¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹»¹»¹¹¹¹¹a¹»¹¹¹¹¹¹¹¹¹¹¹»¹¹¹¹¹»¹¹¹»»¹¹¹¹¹¹¹¹¹¹

0NOTE ON I 0 PEAKS %ITH M I000 1420 MeV
[S ~ KK, TL (f080) ~ 7TTT].

R)0
Rlo
P 10
810
Rlo
Rlo
Rlo
Plo

R11
11

911
Rll

k12
R12

R13
R), 3

R 14
R14

RIB
Rts

AVG

P HI I NTA

( '53 ~ )
(7 ~ 4)
3 ' 5
2 34
2 ln

{rs(I+ MU- ) /TOTAL
OR LFSS
OR LFSS

3 ~ 5 I ~ 8
1 01
0 F 60

('U N I T 5 10¹¹-4)
GALTI F" I 65 HBC
CHAS F. 67 CNTR
WFHMANN 68 ASPK
MAY CNTR
FAKLES 70 CNTR

2 ' 7 K-
PHATOPRAD

12 K- C
PH ATOP ROD ~

6 ~ 0 BRFMSSTR ~

2a26 0 ~ .it AVER4GF ( ERRrIR INCLUDES SCALE FACTOR OF 1 ~ 0}

PHI INTO (ETA !iAMMA)/TOTAL
(0 21 AR LESS BAOI F. R 65 HRC

{0 08) rIR LFSS LINASEY ee «c
( 0 ~ 020 ) ( 0 ~ 0075) BENAKSAS 70 r}SPK

(0 ~ 0&) QR LF SS LI NDSEY 65 HBC
"HI INTCI (P I+ PI- GAMMA) /(K KBAP 1

P Ht INTO (FTA N'EI?TRAL 5) /(K KBAR)
(0 ~ 15) "IR LESS I. INOSFY 66 HBC

pHI INTA (AMFGA GAMMA} / TQTAL
(or 05) &R LFSS L {NOSEY 66 HBC

3ro K-P
2 ~ 7 K-P

E+ E-

2.7 K-P

2 ~ 7 K-P

2 ' 7 K-P

PHI INTO IRHI? GAMMA} / TOTAL
(0~ 07) OR LFSS LINDSEY 66 HBC 2.7 K-P

10/66
6/68
6/68

11/70»
11/70»

10/66
10/66

1/71»

10/66

10/66

10/66

to/ee

GEvidence for I = 0 peaks in this region comes
~ from two distinct final states: KK and 7t 7) . As the

P + +
KK peaks undoubtedly have- J = 0, whereas the 7T 7)

P +
peaks in same cases favar J = 2, it is not clear
whether there are one or mare objects in this region.
For the time being we continue to treat the KK and ~7T

peaks as two distinct objects, named q +(4070) or S

and q (4080), respectively.
Final understanding of these resonances, which

can decay into both KK and 7T7T, requires coupled-channel
RIF
Rl 6
t?) 6
RIA
R14
Rt ti

Pl 6
R I/i
R 1 /i

R I /i

R16

A

4

8
8

AVG

P HI INTO ( F+ E- ) / TOTAL (!JNI TS 10¹
5 (6 ~ 6) (4 ~ 4) {2 ~ 8) ASTV4C. ATU
ERROR '.lF ASTVAC ATURQV 6 8 AOE S NAT I NC LU

27 7 ~ 2 3 9 8 INN I F
9 6 ~ I 2re ROLL I NI

(3 4) (0~4} RALAKI N

&ALAKIN 69 SUPEPSFAEA BY BALAKIN 7
(2 ~ 81) (or251 BALAKIN

3 ~ 45 0 ~ 27 RI ZOT
~ ~ ~ ~ ~ ~ i ~

3 ~ 50 0 ~ 27

¹-4) ( SFE ALSO R9}
68 n5PK 4 PI- P
rIE SIGMA{PHI) UNCFRTAINTYa
68 ASPK tie P I — P
68 CNTR 1 ~ 9 P I- P
69 QSPK E+ E- COLL ~ RFAMS
0
70 OSPK E+ E- COLL ~ 8 EAM

70 ASPK E+ E- COLL BFAMS

AVFRAGF. {FRROR INCLUDES SCALF F4CTAR OF 1 ~ 0}
R 17
R17
Rt r

PHI INTCI (P lo GAM IA)/(TOTAL)
( ~ 0035)AR I.Ess BEMPORAD 69 CNTR

(0~0024)OR LESS rCL= ~ 95 BENAKSAS 70 QSPK
& ~ 5 (iA MMA N

E+ E-

k tsI
R), R

R 1 9

PHI INTO (PI+ PI-1/(TATAL) {SEE ALSO R81
(0~ 0&) 0% LESS L INDSFY2 65 HBC
(A. one)nR LEss, C.L.=o.95 BALAK(N 7o nsPK

lr7-2 ' 7 K-P
E+ E- COLL ~ 5

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

er 68
6/68
6/68
9/68
9//r9

1/71¹
6/70

7/69
1/71¹

analyses. For a summary of the S-wave 7TTr pa, rtial wave

amplitude in this region, see the earlier mini-review

on the q0+(700-1000) or E. , meson.

The disagreement between some of the observed

widths of the KK peaks is related to an ambiguity in

interpretation either as a resonance (abave threshald)

or as a scattering length effect in the KK channel.

Computation of the average values of mass and width

of the S would be useless because of the large dis-

P 1
2

P 3

P 31
464+- 028

—F 154 ~ 354+-r040- ~ 565 —~ 729 ~ 182+-~ 054

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-
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 1.

crepancies. In the meson table we give the values

estimated in the review of BEUSCH 70.
+

The q (4080) is seen in Tf p ~ 7t 7T n predami-
N

nantly at backward decay angles, cos 6 & -0.75. OH 70

state that this "bump is almost certainly the result of

p-d interference".
(t



For notation, see illustrated itey at beginning of data card listings

PARncLE DATA GRovp Review of Particle Properties S71

Meeene

Note that the selection made in some HBC experi-
lnents to reduce the background under the qgi080) in

the reaction 7TT p ~ 7r 7T n may lead to a sample of

events ambiguous with Tr p ~ pTr Tr 7T . This is because
selecting on small momentum transfer to the 7T 7r -sys-
tern, together with large Tr, & scattering angle, leadsin out
to rather high lab momenta of the 7r, so that ionization
cannot be used to discriminate between the two hypoth-

eses (BATON 70, footnote p. 525, and private cornrnuni-

cations from G. Laurens) .

AGUILAR- 69 PL 29 8 241
AL SO BARLflW 67
AL St} 69 NP 8 14 195

HOANG 69 NC 61 A 326
HOANG 69 PR 184 1363

M ~ AGUILAR-BENI TF2 ~ J ~ BARLOWT+ (CFRN+CDF )

M. AGUI LAR-BF NI TE 2, J.BARLOW, + ( CFRN+C DF I

T ~ F ~ HOANG ( AN(. }
+FARTL Y, PHELAN, RORFR I'5 + (ANL+ILL (CH) +NDAM I

84r} IER
BATON
8EUSCH
HYAMS
OH

70 NP 8 22 512
70 PL 33 8 528
70 PHIL40CONF0P ~ 185
70 PH[ L 4 ~ CONF ~ P ~ 41
70 PR D 1 2494

+BONNET DRFV fLLON ~ RAUB ILL I ER + ( EPOL+ I PNP )
+L AURFNS TR F I CPN I ER ( SACLAY I

BEUSCH (FTH+CERN)
+KOCH ~ BEUSCHT + I CFRN+MUNI +E TH+LOI C+HAWA)
+GARF I NKEL 7MORSF ~ WALKFRT P RENT ICE(W ISC+TN TO I

««'»»»»«»» «e«¹»«»««««»»««»ee '»»««««e«««e»»»¹»«««»¹«»»»«««»«e»»»»
«» «e«ee»» «eee»e«»» ee»»eee»e «e»»»«ace «ee»eea»«e»»»e»»»»»»e»»»»»

10 Al PES00 11070 $00=i —1 I=1

ALI TTI 68 PRL 21 1705 +BARNES»CRFNNELL ~ F LAMIN[OP GOLORFRG ~ + ( RNL I

LA I 68 PHILAD ~ CONF ~ P ~ 303 KWAN WU LA[ (RNL)
PHFLAN 68 THFS IS JAMFS J ~ PHELAN ( ANL+ST ~ LOUIS ONI V)

ALSO 68 PRL 21 316 HOANGT EARTLY ~ PHELANT

ROBERTS+�(

ANL+CHIC+NDAM )

00+ ( ) '1 ETA 11070 1PG=07711=0

or S 0(AMEO S» BY CRENNFLL 66 SEE NOTE ABOVE'

3 FTA (1070) MASS (MEV)

The Threshold Enhancements
Al, A3, Q, and L

We present here first some general remarks

about these four related peaks; second. , some re-

M

M

M

M

H

M H

M H

H
M H

0» H

M 8

M 8
M 8

M

\1}
t2}
(3)

M

AVG

( 1000' 0) APPROX 8 INGHAM 62 HLRC 6-18 P I-N
{1000' 0) APPROX RIG[ 62 HBC 10 ~ 0 Pl-P
(1000' DI FRWIN 62 HBC ? ~ 10 P [-P

30( [030~ 0) APPROX ~ BALTAY 64 HRC 3 7 PBAR P

(102500) APPROX ~ BARM'f N 64 HLRC 2 ~ 8 Pt -P
20 1068 0 [0~ 0 CRENNELL 66 HBC 6 ~ 0 PI- P

120 SCATT ~ LENGTH F I T 5 BFTT ER ~ HESS 66 HBC 1 6-402 Pl- P

730 1079 0 6 ~ 0 5 ~ 0 BEI}SCH 67 OSPK 5077 12 PI-P
")4 10300 10 ALI TTf 68 HBC»OBC 3 ~ 6-5 ~ 0 K- N

1046 0 7 ' 0 AGU I LAR 6& HBC 0 ~ 70 I ~ 2 PBAR

AGO IL AR 69 SF FS I NO[CAT l(}N OF 0-WAV E [N FTA( 1060) REGION ~

f 10700) ( SFF NOTF. ( 1I ) HOANG 69 OSPK 4 PI-P TKS KS N

(1040~ I t SFF. NOTF. I2} I HOANG 69 OSPK 4 Pf-P KS KS N

(1030, ) t SEE NOI'E {3) ) HOANG 69 OSPK 4 PI-P KS KS N

5CATTFRfNG LFNGTH F fTS FQUALLY WELL ~ VALUES ARE ( IN Fl
+ ( I ~ 2 +0 ~ 3/ 0 ~ 4 I ~ NO S IGNI F [CANT I M PART 't FOR 4 GEV/C ()ATA )
+-( 1 0 +-0 ~ 3 I NO SIGNIFICANT I M PART tFOR 5 GEV/C DATA)

(1112 ) (SFE NOTE (1) ) RFUSCH 70 OSPK 4 ~ 6 Pf-P
{1053~ I ( SEE NOTE l2} I BEUSCH 70 OSPK 4 6 P I-P

SCATTER IVG [.FN('TH FITS ONLY WITH EFFFCTIVE RAN('E ~ VALUE (F) [5
+-(1 3 + 0 ~ 3.. «I I ~ WIT}( FFF ~ RANGF = 1 4 F (NOTE THAT SCATT ~

L ENGTH PLUS EFFFCT fVF. RANGF TERM ALWAYS SIMULATE "FSONANCE tF
RELATIVE 5 I GPN CHOSEN NEGAT IVF ~ I

F [7 ASSUMING BRANCHIN" RATIO {2 PI ) /{K KRAR} OF 0 ~

F IT ASSUMING RRANCH[NI RATIO (2 PI I/(K KBAR I OF 1

F IT ASSON [NG BRANCHING RATI(} {2 Pl ) / {K KRAR I OF 2
~ ~ 0 ~ 0 ~ ~ ~ 0

1061 7 10 7 AVERAGF. ( ERROR INCLUDES SCALE FACTOR OF 2 ~ 9)

3 }:TA ( 1070) WIDTH ( MEV)

10/66

slee
6/66

10/66
9/67
7/69
7/69

& /70
5/70
5/70
5/70
5/70
5/70
5/70
5/70

/70
5/70

5/70
5/70
5/70

marks specifically about Ai.
The four peaks under study generally arise

from a reaction of the form
~.Tr

M+T~ M +7r+T

M"'(Z )

M Tr

enhanceme nt s
mass in

(Me V)

Mas s
thr e shold

M' and Tr

(MeV)

where T is the target (proton or deuteron), M the
air

beam particle, and M a resonance in the MTT sys-

tern. The relevant quantities for each of the enhance-

ments are given below:

20 80 ~ 0 15~ 0 C RE NNELL 66 HBC

168~ 0 21 0 19 0 8'EUSCH 67 OSPK
BEUSCH 67 ASSUMF. &LO S WAVE SCATTER INC LENGTH WI

BFCOME5 NARROWER .THAN QUOTE(} ARt)VF ~

54 4500 35 ~ 0 15 ~ 0 ALITTI 68 HBC ~

40 0 20 ~ 0 AGUf LAR 69 HBC

( 200 ) ( SEE NOTE ( 1 I I HOANG 69 OSPK

( 160~ ) ( SFF. VOTE {2 ) ) HOANG 69 CISPK

( 150 I (SEF NOTE {3 }} HOANG 69 OSPK
SCATTFRING LENGTH F I TS EQUALLY WELL ~ 5'EE UN

(361 ~ I ( SEE NOTE {1 ) I REUSCH 70 OSPK
(20R I (SFE NOTE (2 I) REUSCH 70 OSPK

SCATT ~ LENGTH WITH EFFFCT IVE RANGE ALSO FIT

e.o pt-p
7' 12 PI-P

TH S WA VE THE Wl OTH

W

W

W

W

W H

H

W H

W H

W

8
8

W

W (1}
W (71
W [3)
'W

AVG

DBC F 6-5 ' 0 K- N

0 ~ 7 ~ 1 ~ 2 PBAR P
PI-PTKS KS N

Pl-PTKS KS N

4 P[-P ~ KS KS N

OFR "(AS 5 ABOVE ~

4 ~ 6 P I -P
406 P[-&

5 ~ SEF UNDER MASS ~

0 ~

1 ~

2 ~

F[T 45'SUMIVG BRANCHINCi RATIO {2 Pl )/{K KBAR} OF
F tT ASSU~[VG BRANCHING RATIO (2 P['I/(K KRARI OF

F IT 455(IMINGP RRAVCHtNG RATIO (2 Pf I /(K KBAR) OF

~ ~ ~ ~ ~ ~ ~ ~ ~

85 ~ 8 27 ~ 4 AVERAGE (ERROR INCLUDES SC4LE F4CTOR OF 2 9)

P[
P2

3 FTA {1070) PARTI AL DECAY MODES

F TA ( 1070 I INTO KKBAR
FTA {1070} INTO PIP f

DECAY MASSES
493+ 497
139+ 134

3 ETA (1070I' BRANCHING RATIOS

Rl
Rl
Rl

ETA (1070) [NTO (Pl PI I/ t K KBAR'I

{2' 5) OR LESS CRFNNELL

I 0 0 ~ & 0 ~ 3 (4[
66 HBC
68 HBC

90 PC T CONF L EV
6 PI-P

WANG
Rf GI
8 INGHAM
ERW IN

61 J ETP 13 323
62 CFRN CONF 247
62 C FRN CONF 740
62 PRL 9 34

RE FFRENCES FOR E TA ( 1070 I

WANG TSU-TSENG»VEKSLERTVRANAT» (JINR)
A BIG[i 5 BRANOTT R CARRARA + (CERN)
H H BINCiHAMT 1( BLOCH + {PARI S+EC POLY+CERN)
ERWINT HOYERT MARCHTWALKFR TWANGLER (WIS+BNL)

8 ALTAY
BARMIN

64 OUBNA CONF 1 409
64 DUBN A CONF 1 433

CRENNELL 66 PRL 16 102 1

HESS 66 PRL 17 1109

BALTAY 7 L ACHT CRENNELL 0 ORENT STUMP +I YAL E+BNL I

BARMIN ~ DOLGOLENK0 ~ YEROFEEV ~ KRFSTNI+ ( ITEPI

CRENNELLTKALBFLE ISCHTLAI»SCARRT SCHU+ lBNL )
+OAHL+HAROY+K IRL »MILLER (LRL)

BABLE)W
8 F. t }SCH

AAHL

67 NC 50A 701
67 PL 25 8 357
67 PR 163 137&

+L [I.LE STOL+ MONTANE 7+ (CERN+ COF+!R+I IVER POOL I
+F [SCHER 0GOBB[0 4 STBURY ~ MICHEL IN I+t ETH+CERN)
+HARDY+HFSS+KIRZ+MILLER (LRL l

«ea»e» «»e»»» «ee» «ee«»e«a «eee»»«»e a««ace«e» «¹¹«e»ee¹eea»»eee» e«e»«ee»

e/66
9/6 7

7/69
7/69
5/70
5/70
5/70
5/70
5/70
5/70
5/70

5/70
5/70
5/70

7/66
11/68

K

tur e s.

p(& ) Ai (™4070)
(™4640) or A3

A
K 890(i ) KA(™4 ) Q

K 420(2 ) KA(- 4770) o L
1420

These enhancements share the

920

1400
4030

&560

following fea-

4) Large widths (150 to 400 MeV), with little struc-

ture except for compilations discussed in the note on

the Q peak.

2) Mass about 200 MeV above M m threshold. .

3) They are produced strongly only in diffractive

processes [reaction(i)]; ellceptions are discussed in

point 7 below.

4) Each enhancement has one predominant decay

mode, described in reaction (4), although the Q,

which is just above Kp threshold, can hard. ly avoid

showing some Kp signal.

5) As would be required of a resonance, the en-

hancement seems to appear in a single partial wave.

In fact for all four peaks, preliminary analyses
)Tr

favor a relative s-wave for the M m system.

6) Some of these enhancements [reaction(1)] have
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been "reasonably" well described by the Reggeized
Deck model, which does not invoke resonance pro-

gt

duction in the M m system. However, the duality

hypothesis makes the meaning of these fits unclear.
7) There have been some reports of these enhance-

rnents produced in "nondiffractive" processes Ii. e. ,

other than reaction(1)] (e. g. , Q in sp ~ AK vr, Ai
in Kp ~ Kp pm, etc. ) Sometimes this is taken as ev-
idence supporting the resonance interpretation, since
the production rnechanisrns are different. However,
there are multi-R. egge models that can pr'oduce low-
mass enhancements just as the double-Regge models
do. Hence the warnings o'f (6) apply. This warning
was voiced by BERLINGHIERI 69 (footnote 5) as a
warning against their own Ai peak produced "nondif-
fractively'' by K mesons. See also discussion of
CASO 70 below.

8) There has been a considerable amount of confu-
sion related to these enhancements. Usually the mass
di str ibutio ns fr om d iffe r ent exp e r ime nt s ar e quite
similar except that the mass distribution from one ex-
periment may be a smooth broad peak, while others
may have one or more peak(s) on top of it. In the
former case it is natural to attribute the whole en-
hancement to one effect, resulting in broad width and

mainly one decay mode. In the latter case one tends
to perform a background subtraction and various cuts
to remove the broad enhancement, leaving narrow
resonances with several decay modes. The width,
cross section, and branching ratio are therefore very
sensitive to the assumed background since it is high
and rapidly varying. This probably explains why tmo

groups sometimes state very different conclusions
while their data are actually very similar.

We have already mentioned in the text (Sec. III)
and under point 6 above that for these four peaks it is
not yet possible to distinguish between two different
interpr etations (thr e shold enhancement vs r e sonance)
which are linked by the notion of duality. Our proce-
dure is to enter all four on the Meson Table, with a
war ning about the inte r p r etatio n.

Note on Nondiffractive Al Production
Very many authors have shown that Ai produc-

tion according to reaction (I) above (mp ~ p Ai) can be
described by a Reggeized Deck model. (Two recent

papers are BRANDENBUR. G 70 and CHIEN- i 70. )

Hence it is particularly interesting to see if Ai is also
produced in other reactions that are free from this
comp li catio n.

~ ANDER. SON 69 reported Af production in

p ~ p Al in the backward direction. The Al so pro-
duced has much steeper u dependence than exhibited by
the other well-known resonances also produced in the
same experiment, and this steep do'/du has no simple
theoretical explanation. Hence we still accept this
r e suit with some r e s e r vation.

~ DANYSZ 67 and FRIDMAN 68 reported Al in
+ — o

pp ~ 3m 3m m . However, the evidence is not over-
whelming because of low statistics and high back-
ground. The further facts that A4 is neither observed

+ —
Qin simpler final states (e. g. , pp ~ Zm Zm m ) in the

same experiments, nor observed in other pp exper-
iments, make the case for Ai production in pp reac-
tions quite dubious.

~ ALLABY 69 measured the deuteron rnomen-

turn spectra from the reaction pp ~ d + MM at 24. 1

GeV/c. Broad peaks were observed with MM at 1100
and 1300 MeV. However, in these measurements the
MM system was not observed, hence it is not clear if
these peaks mere indeed produced in a p~ system. Also
SHIH 70 has shown that a double-Regge-pole model
produces a broad A4-like enhancement in reactions
in which baryon exchange dominates and a p~ system
exists in the final state.

o CASO 70 study the following final states in m p
reactions at 11.2 GeV/c:

(f) v. p~pm (km ), k&Z,
(2) p (l 'll 'lr

(3) p'll' 'lr 'lT

(4) per m 7r (km ),
(5) nm m m

(6) P(T 'lT 'lr 'lT

(7) nahum m (km). k+$.
Reactions (2) and much of (1) are of course the class-
ical Deck examples which we are trying to avoid in
this note. But the remaining reactions each do show
an A4 peak, and mhen they are all added, the peak
shows up quite well. However, we must restate here
more precisely our reservation given in point 7 above ~

Figure &(a) shows a double-Regge-pole diagram that
contributes to reaction 2. The matrix element is
called MZ, and we know that it more-or-less explains
the A 4 peak. Figure 4 {b) shoms hom the DR P diag r am
must be modified to explain reaction (6) which in-
volves two more pions. One can simply add one more
link to the chain, and put a p at the new vertex. The
triple-Regge-pole matrix element M can then be3
written M3= MZ M, where MZ already contains the
Al peak, and M just. involves another propagator.
We do not see why the extra factor M should destroy
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the A4 peak. Then how can we say that reaction 6 is
new evidence for a resonant interpretation of the A4

peak?
Another way to draw this reaction 6 is sketched

in Fig. 1(c). M& might have much the same shape as

MZ

One can look for new evidence where there is
charge —exchange at the lower vertex, so that Pom-

eron exchange is forbidden. M&(n) should then sirn-

ulate the Ai peak less well than M&(p). Unfortunately

their charge-exchange reaction (7) does not show a

very good A4 signal. We conclude that it is hard to

find an independent ''nondiffractive" example of Al
production.

In summary, reports on A4 production in "non-
pdiffractive" reactions (i ~ e. , other than 7T p ~ p & p)

become increasingly abundant, (For details, see
GARELICK 70. ) But the most striking example is
still that of ANDERSON 69, and even here we have

stated some reservations. CASO 70 also looks quite

convincing. In general, contrary to the overwhelm-
ping evidence of Ai production in Tr p ~ p Tr p reac-

tions reported in every 7T experiment, Ai production
in "nondiffractive" reactions has been reported in

10 Al MESON MASS (MEV)

MASS ANO WIDTH MIGHT HAVE LARGE SYSTEMATIC
ERRORS DUF. TO COMPLICATED BEHAVIOR OF BACKGROUND ~

0 BY PIONS ~ RFSONANCE INTERP ~ CONFUSED BY DECK EFFECTPRODUCE
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

M

M

M

AVG

PRODUCED BY PI +
(1090 0 I

(1080 ' )
{1040' 0)

ADE RHOL Z 64 H BC 4 ~ 0 P I+P
BOESEBFCK 68 HBC + 8 PI+ P 6/68
ARMEN ISE 70 HBC 0 & P I+ N -- AL P I/7Lss

APPROX'

PRODUCE 0 BY P I
{1060» )

1 089~ 0 12 ~ 0
( 1090 I APPROX ~

1055~ 0 5 ~ 0
S (L119~ ) (30~ I

S SHOULDF. R ON A2 ONLY
1069» 0 7 ~ 0

{LL20»0)

-0 5 PI-P
16 ' 0 PI- P

3 ' 2 ' 4 ' 2 Pl-P
16 P I- P» 5PI
3 PI-P

ASCOL I
BALL.AM

C HUNG

JU NK MANN

KEY

~ 6/68
9/68
2/67
9/69
9/6 8

68 HBC
68 HBC
68 HBC
68 HBC
68 HBC

9/70
5/70

ll »2P I —P
6» PI- P»F P I

70 HBC
70 HBC

CA SO
CRENNELL

PRODUCED BY PIONS BACKWARDS SCATTY NO DFCK EFFECTS
1115»0 20 ~ 0 ANOE R SON 69 %MS 16 PI- P, BACKW9 8/69

PRODUCFD BY P BAR

(1054» )
( 1042 ~ I

S» SEF. TYPFD NOTE ~

(& ~ I OANYSZ

(21 ~ ) F R I OMAN

67 HBC

68 HBC

+- 3 3 ~ 6 PBAR P 7/67
+- 5 ~ 7 P BAR P 6/68

SE F, TYPED NOTE ~

10'
30 '
15 ~

PRODUCED BY K-»
1111»
1117,
1060'

I /68
1/68
1/68

67 HBC . + 6 K P»LAM +5 PI
67 HBC + 6 K-P»LAM +4 Pl
67 HBC 0 4 ~ 6 9 K P» 58t}OY

ALL I SON
ALLISON
JUHALA

9/6 9
9/69

9 ~ 2 AVFRAGE ( ERROR INCLUDES
( SEE IDEOGRAM BFLOW I

1073 ~ }. SCALE FACTOR OF 2 ~ 5)

WEIGHTEO AVERAGE = 1073.1 + 9.2
ERROR SCALEO BY 2.5

PRODUCED BY K+ ~ SEE TYPED NOTE ~

K+ (1060» 0) (20 ~ 0} ALEXANDF R 69 HBC + 9 K+P

K+ ( }.030 ~ 0) {20 ~ 0 I BFRLINGHI 69 HBC + 0 12 ~ 7 K+ P

K+ FOR CONTRADICTORY FVIDENCE SFE RABIN 70 AND TYPFO NOTE.

M2

P )Mi
po

very few experiments with much lower statistics.
More experiments and re-examination of the "non-

reporting" experiments are needed; e. g. , it is im-

po rtant to examine other high- energy TTp experiments
for reactions 1 to 7 to compare with CASO 70.

JUHALA
.ALLISON
ALLISON

.ANOERSON

MANN

AM

1020 1060 1100 1140 11BO

Ai (1070) MASS (MEV)

10 Al MFSON WIDTH (NEVI

67 HBC

67 HBC

67 HBC

69 MMS

70 HBC

6B HBC

6B HBC

CHISQ
O. B

14.4
4 ~ 4
0.3
9 ~ 1
1 ' B

30 ~ 7
(CONLEV
=0.000)

W SEE NOTF. UNDER Al MESON MASS ~

(o) Reaction(2) r-p ~p v-po ~

double Regge

(b) Reaction(6)~-p~p~-po po,
triple Regge

po

M2

N++ ~p
(c) N interpretotion of reoctlon(6)

Fig. i. Regge pole diagrams for Ai production.

ADFRHOLZ 64 HBC 4.0 P I+P
BOFSEBECK 68 HBC + 8 ~1+ P 6/68
ARMENISE 70 HBC 0 9 PI+ N -- AL P I/71+
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CTORY EVIDENCE SFE RABIN 70 AND TYPED NOTF ~
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9/69
8/69

9/69

SCALE FACTOR OF 1 ~ 3}10» 1 AVERAGE ( ERROR INCLUDES
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W
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W
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W 99 ' 0 15 ' 0 70 HRC

W
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W
69»(M S

W
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W (33~ ) (19~ I DANY SZ 57 HBC

W (130» ) APPROX ~ FR I OMAN 68 HBC

W
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W 50»
W »» 0
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K+ FOR CONTRADI
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WEIGHTEO AVERAGE = 96 ~ 6 + 10.1
ERROR SCALED BY 1.3

s)„(1080) 30 ETll N (lollo, JPG=N I I=O J GREATFL THAN i
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DECAY M ASSF S
765+ }39
4, 93+ 497
5tr8+ 139
es57« 139
139+ 139+ 139

~ REYNOLDS 70 HBC
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+MAURFR MICHALON OUDET+( HE IDELB+STRASBOURG)
+C OCC ON I + t AACH+B ERL+BONN+CERN+WAR S)
+PRF NTIC E+COOPFR+M ANNER+WALKf R+(TO+ANL+W t 5 )

MILLER 68 PRL 21 1489
WH I TFHEA 68 NC 53 A 817

«GIJTAY J')HNSDN KENNEY+ ( PURDIIF+NOAME+ sLAc ')

C ~ WHITEHFA() + (HARWELL+STHAMPT+U ~ C.LON)

4«444««444«¹4«s ¹s«s««a«s ¹44¹s««s¹«4444«4«« sass¹«4«¹ ¹¹s«seas« ««4««444

RFFERENCES FOR ETA N

69 PRL 23 33} + WALK FR CARROLL F I Rf 84UGH + ( Wl SC+ TNTCI)
ALEXANDE 69 PR 183
ALL ARY 69 PL 298
ANnERSON 69 PRL 22
SfRL [NGH 69 PRI 23
JIJiIALA 69 PR 184

1168
198
1390
42

1461

Ge ALF XANDER«4 ~ F IRESTONF r Ge GOLDHABER {LRL )

+8 INON+DIOOFNS+OUT Elt+KLOVNtNG+ ~ o i ( CERN)
+COL L I NS i+ [BNL+CARN)
BERL INGHI ERI sf ARSFR s+ ( ROCH ')

+L FACOCK s RHODE sKOP ELMANt L IBBY + ( AME'%+COLO)

ARMENISE
CASA

AL SO
C R E NNF. L L
RAS IN
SHIH

70 LNC 4 199
70 LNC 3 707
CASO 68
70 PRL 7. tI 781
&0 &RL 24 92~
70 8 NL 14059-R FV

+GHIOIN[s FOR INGr CARTACCI s+ (BAR I+BGNA+FIRZ )
+CORDS COSTA DARD+ [ GFNO+DESY+HAM+MILA+SACL)

+KAR SHON ALAI ~ SCAR'R y SI MS

GAL TIER I s OFR ENZ0 FLATTE FR I EOM4N+

+YOUNG

PAPERS NOT RFFFRREO TO IN {)ATA CARDS

lSNL )
{LRL I

(BNL )

63 NC 2«96
PRI 12 336

64 PRL 13 346 4
65 ATHFNS( OHIO)CONF'
65 PL 15 69
66 NC 464 737
66 UC RL - 1.6832
67 &C 504 377
68 PL 26 8 336
69 PRL 21 }609
69 N& 8 1} 551
69 NP 8 13 tr0

PRL 23 146
70 J H(J 7011
70 TORONTO PRE PR tNT
70. NP 816 369
'r0 PHII. 40 ~ CONF ~ P ~ 205

SE'LL I Nl
GOL DHABE
LANDER
49')L fNS
ALI TTI
ALLARn
HESS
St 4TTFRY
hR&ENI Sf
CNOPS
D()N AL0
F AYOLL F
KF. NY&N

CHIFN2
CH[ &Nl

. 884NDCNB
GAREL ICK

BFt.L INI FIORINI Hf RZ NEGRI RATTI lMILAN)
GOLDHASER BROWN ~ KADYK SHEN TR[Lt. tNG(t. RL+UC)
LANCIER ABOLI NS CARMONY HCNORICKS «(UCSD) JP
+CARMONY ~ LANDER e XUllNGi YAGFR {LA JOLLA) 1 &1

ALI TTI BAT(lN OELERqCRUSSARD« ( SAC+9OL )
+OR I JARO+HENNE SSY+ {ORSAY+ Mt LAN+SAC+BERK )

R I HFSS (THCS IS r BFRKEL'EY) (LRL )

+KRAYB ILL+'FORMAN+F FRSEL -:. '{YALiE+ROCH ) JP
+FOR[NO+CART ACCI+ t SAR I+BOL+F I R+ORSAY)
+Ht)IJGH COHN SUGG+ (BNL«ORNL+ORUC+TENN«PENN)
+FDWARDS SURAN SFTT IN[ + (L!VP+OSLO+PADO)
+OE MANTA[ GNAC MOR AND Sl'RACHMAN+ (PAR f S )
+KINS()N, SCARRr+ t SNL+ORUC+ORNL )
C ~ Y LHIE4 ( JOHNS HOP K I NS 'I

+CHAD ~ JOHNSTON PRENTICE WALKER (TOR+ WI SC )
+SRFNNFR I OF FR EOO JOHNSUN ~ K I M+ (HAR VARn)
0 A GARFLICK REVIFW {NORTHEASTFRN)

ss«saa «s««s«a«s s«assess« «s«sa«a»» «sea«ass» «sea«ease ««asses«» ««««sess
ss«««sass sess«a«¹4 s«44«ea»s 44«444444 «aa««a«sa 4¹s«¹44»a

BATON 70 PL 33 8 57. 8
DIAZ 70 NP 8 16 239
CLAYTON 70 NP 8 22 85
OH 70 PR 0 1 249tr
RFYNO}DS 70 NP 8 21 77

«LAURENS RF IGNt ER ( SACLAY )
+GAVILLET, LASROSSE rMONTANET« l CERN«CDEF )
+MASON, M(JIRHEAD, R I COP()ULOS ~ + {LIVP+ATFN)
«0 AKF I NKE },MORSE, W AL KF R, PRE NT I C E {W I S C+ TN TO )
+ALBR I GHT ~ BRADLEY ~ + ( ATHO+FLAS+MI)IN«COL() )

,asa«s¹ seas«s«¹¹ s«ass«ss«¹s¹44««¹¹¹4ass««as s¹¹ss«ssa ««ss«««ss «s«¹¹4«a
4¹«aae ««assess» «as«eae»«ass«¹«aas «sa¹«sass sass«sass ¹s«4«sass sass«sss

BUTTERWO 67 HEfnELB ~ CONF ~ P ~ 28 REVI E'W TALK ON MESONS AT HEIDELBERG CONF ~

CASt)N 6& PRL }R 880 +L4MSA, S[SWAS, OERAnn, GROVES, + {NOTRFnAME)

ASCOt. l 68 PRL 21 113
DONAt. D 68 PL 26 8 327
VON KRf)G 68 PL 278 ? 53
JUNK MA NN 68 NP 8 8 471

+CRAWLf YqKRUSE qMORTAR'ArSCHAFERt+ ( ILLINOIS)
«FROOESEN SETTINI + {LIVERPOOL OSLO PADUA)
+M f YASHI TA r KOPFL MANy MARSHALL L I SBY (COLO)
+C OC CON! + ( AAC H+SERL+BCINN+CE~N+WAR S )

ARMEN[SF 69 LNC 2 '501

CiALLOWAY 40 PR 0 1 3077

+GH ID I Nt ~ F OR I NOs C 4RT ACC[+ ( SAR I+SGNA+F t RZ )

+MOTT i ALYEAsLEF r MART I NtPR ICKETT ( I NO)

44««««as¹¹«44«a 44«ass«4« s«sass«ss ssa¹aa¹as s¹¹sa«¹¹¹«4¹¹¹ss¹««4¹«44¹«
sass«¹ «assess*s «ease«sea ¹aa««sass essa«ass« «sass«esa «a««¹«ass «aas«sas

44 4 1 ~ 5 (l}701 JPCr= -) I=1
As 4(11/0)

THIS FNTRY LISTS REFERENCES TO PEAKS CIF LOW STATIST I—
CAL SIGN IF I CANC f IN THF. 3 P I SYSTEM BETWEEN THE Al ANO

THE A2 ~ OMtTTED FROM TABLF ~

sa«44¹ 4«44«««as a««««4¹«4 444«¹«44««4«¹¹«4«s «sas«ss«s 444««««s¹ «44¹¹sss
REFERENCES ON A 1 ~ 5 ( 1170)



PARTIcLE DATA GRQUp Eeriest of Particle Properties S75

awa @%QNl 'Q

For notation, see illustrated key at beginning of data card listings

B(1235)
11 8 "IESON ( [2351JPG= 1++1 I =1

ASCOLI 68 FIND JP F[THFR =1+ s OR " Zi ~ 3-y ~ ~ ~

Rl ZZ ARRI 69 GET Gono FIT nNLY FOR JP=L+ OR 1-
THF SER IFS JP=3-|5-~ ~ ~ ~ SEEMS UNLIKELY BECAUSF ZPI AND

K KBAR DEC;AYS ARE NOT OBSFRVFD ~

11 8 MF SON WAS S (MEV)

Pl
P2
P3
p4
P5
P6
P7

11 8 MF SON PARTI AL DECAY MODES

8 MESON INTO OMF( 4+PI
8 MFSDN INTO ZP I+ ?PI—
8 Mr 5 ON I NTO K KBAR
fI MFSDN I NTD Pl PI
8 MF snhf INTO P I P HI
8 MESON INTO ET4 Pl ( FOR RIDDFN RY G)
8 MFSON INTO K KBAR Pl

DFCAY MASSES
783+ 1 39
139+ 139+ 139+ 139
493+ 493
139+ 139
134+1018
54g+ 139
493+ 493+ 139

M

Nl

M

M

ayr,

60( 1220e Ol
(1770~ 0)

3 76 1200e
7%(1250.)

12 &9 ~ 0
1220~

I N THF 3-4 P I
300 1245~

OVFRL APPI
1240 ' 0
[265 ~ 0

( 1272 ~ 01
1200 ' 0
[22& 0
1236 0
L200 ~ 0
~ ~ ~ ~ ~

1232 ~ 9

Aeo(. I NS 63 HBC + 3 ~ '5 PI+P
GOLDHASER 65 HAC 3.7 PI+, PI-P

20 ~ RALTAY 67 HBC; +- 0 ~ 0 PBAR P

ESTIMATED LEE 67 Hec — 3~ 6 Pl- P

27 ' 0 BDFSEBFCK 68 HBC + 8 ~ 0 PI+ P

20 ' CHUNG 68 Hec — 3 ~ 2 4 ? P I- P

-P DATA THF. 8 ENHANCFMFNT MAY' BE DECK FFFECT (CHUNG 68)
10 ~ el ZZARRI 69 HRC +- 0 PBAR P

g-MESON BANDS TAKFN INTO ACCOUNT RY Bf ZZARRI
20 ~ 0 ANDERSON 70 CNTR 0 5-18 GAMMA P

19 ~ 0 CA SO 70 HRC Ll ~ 2PI P

{15 01 Ca SON 70 HBC — 8 ~ 0 P [-P e4P I
tlD ~ 0) ERDFEEv 70 HRc - 3.25 p[- p

?.7 ~ 0 HONFS 70 HBC + 18 ~ 5 Pl¹ P
15 ' 0 HOOGL 4ND 70 DBC — 3 ~ 0 K- 0
L& ~ 0 MIYASHITA 70 HBC - 6 ~ 7 Pl-Pr4PI

~ ~ ~ ~

2 AVFRAGE (FRROR [NCLUDFS SCALE FACTOR OF 1 ~ 31
( SF. E IDEOGRAM BELOW )

2/67
1 / ef(

10/6 7
9/67

9/69

11/70¹
5/70

1/71¹
11/70¹
2/71¹

11 8 MESnN BRANCHING RAT tos

R 1 8 INTO 4PI/(0 IFGA P I I

RL (0 ~ 5) QR LFSS Aef?1 INS 63 HRC + 3 ~ 5 P I+P

RZ
R2
RZ
R2

8 ME Sohf INTO (K KRAR) /(OMEGA PI )
{0.0Z) OR LESS DAHL 67 Her. — 1 ~ 6-4 ~ 2 PI — P 10/66
(0 ~ 101 OR LFSS (CL 901 SALTAY 67 HBC +- 0 0 PBAR P 2/67
t 0 ~ OR) DR LFSS fCL )5) Rl ZZARRI 69 HRC +- 0 PBAR P 9/69

R3
R3

8 MESON INTO (Pl Pl )/(PI OMEGA)
(0.3) DR LFSS ADERHOL I. 64 HBC 4 ~ 0 P[+P 7/66

R4 8 MESON INTA (PI PHI) / (Pl DMFGA)
R4 (0 ~ 015) nR I Ess DA HL n7 HBC 1 6-4 ~ ? Pl- P 10/66
R4 (Oe041 OR t FSS '(CL 95) elZZARRI 69 HBC + 0 PRAR P 9/69

R5
R&

8 MESON fNTO {FTA P I) / (PI OMFGA)
(0 ~ Z5) O'R LESS (CL 90) RAI TAY 67 HBC +- 0 ~ 0 PBAR P 2/67

WEIGHTED AUERAGE = 1232.9 a 7.2

ERROR SCALED BY 1.3 R6 8+- 'f NTD ( (K KBAR)+- PI 0) / (Pf OMFGA)

Re (0 ~ 081 0& I Fss tCL &0) BALTAY 67 HBC +- 0 ~ 0 PBAR P 2/67

R6
Re

8+- INTO (Ks KS P I+-I / ( Pl C)MFGA)

{0~ 021 OR LFSS tCL 901 RALTAY 67 HBC +- 0 ~ 0 PBAR P 2/67

R6 8+- INTO (Ks KL P I+-I / {PI OMEGA)

R6 I 0 ~ 041 OR L FSS (CL 901 RALTAY 67 HRC +- 0 ~ 0 PBAR P

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

2/67

REFFRFNCES FOR 8 MESON

1150
8 BASS (MEV)

1200 1250 1300

~ ItIYASHITA
HOOGLANO

HONES
.CASO

OERSON
ZZARRI
UNG

ESEBECK
LTAY

1350

70 HBC

70 DBC

70 HBC

70 HBC

70 CNTR

69 HBC

68 HBC

68 HBC

67 HBC

CHISQ
4, 8
0.0
0.1
2.9
0.1
1.5
0, 4
0.9
2.7

13.5
ECONLEU
=0.096)

ABOL INS 63 PRL 11 381
aDERHnLZ e4 PL 10 24n
GOLDHABF. 65 &RL 15 118

RALTAY 67 PRL 18 93
DAHL 6»R Leg 1377
LFE 67 PR L59 I 154

BI ZZARR[ 69 NP 8 14 149

A Nf?E R 5 ON

casn
CASON
FROFFF V

HDNF. '5

HpnGLa ND

Mt YAsff[T

70 PR D 1 27
70 LNC 3 707
70 PR D 1 851
70 YAD PFIZER 11 805
70 PR 0 ? 827
70 PL 33 8 631
70 PR D 1 771

BOESEBFC 68 NP 8 4 &0[
CASD eg NC a4 A 983
CHUNG 68 PR 165 1491

aeOL t NS, LANOER, MFHLHOP e XunNr„Y aGFR (UCSD)
AACH(iw+RFRL IN+ 8 IRM+BONN+HAMR()R¹ [C-LOND+MPI
G CDLDHABER 5 GDLOHABER ~ KADYK SHFN (LRL)

+SFVER [FNS+YEH+ZANELLO (COL+BNL I

+HAR DY+HF5 5+K [R I +M'(L LFR (LRL )

+MOF 8 5 RDF 5 [NCL. AIR VANDERVEL'?F ( MICHIGAN I

GOES EHECK, DEUT SCHMANNr+( AACHFNieERL IN+CERN)
+CONTE+CORDS+DIAZ+ t GENOVa+HnMe+MIL+SACL )
5 ~ U CHUNG 0 ~ DAHL ~ J ~ KIRI fl ~ H MILLER (I.RL )

+FOSTFRtGAVI(. LET ~ MDNTAh!ET' + ( CERN+CDF )

+GUSThVSON', JOHNSON, + (SI AC+CALT+UCSB+NFAS)
+CONTE, TOMASf NI, CORDS+(rENn+HAMB+MILA+SAC( )

+ANDRFWS, RIswaS, GROVEs, HaRR[NGTON, + (NnaM)
+VFTLI TSKY WLADI M[9'SKY ~ GRIGDREV + ( ITFP)
+CA Sf?N ~ 8 I S WAS e HELL ANDr KF NNE Yi 'ICGAH AN+ (NDAM )

SABRE COLL ARDR ~ t IEEM+SACL+BGNA+REHD+ FPOL I

M[Y45HITA VON KROGH KDPFLMAN L IRBY ( COLO)

W

W

W

W

W

W f(

W

W

W

W

W

W

W

W AVre

60 100e 0
(80%01

3 76 100
?& ( 100~ 1

7. 03 ~

L~O
300 ff3 ~

DVF RL

( 100 01
( 150e 01
( 122 01

100 0
78 ~ 0

132 ~ 0
113 0

~ ~ ~ ~

104~ 4

0

2/67
1/68

11/67
9/67
9/69

11/70¹
5/70

1/71¹
11/70¹
7/71¹

WEIGHTED AVERAGE = 104.4 4 9.0
ERROR SCALED BY 1.3

100 200

NIYASHITA
HOOGLAND

-HONES

EROFEEV
-BIZZARRI
CHUNG

BOESEBECK
BALTAY

.ABOLINS

70 HBC

70 DBC

70 HBC

70 HBC

69 HBC

68 HBC

68 HBC

67 HBC

63 HBC

300 400

CHISQ
0.0
1 ~ 9
0.8
0.0
3.2
5.2

0.0
0.0

11 ~ 2
(CONLEV
=0.130)

8 MFSON wtDTH (MEV)

20 ' 0 ABf1L INS 63 HRC + 3 ~ 5 P I+P
GOLDHARER 65 HSC '3 ~ 7 PI+a PI-P

30 ' BALTAY 67 HBC +- 0 ~ 0 PBAR
CSTtMATEO LEF 67 HSC - 3 ~ 6 Pt- P

75 ~ BOFSEBECK 68 HBC + R ~ PI+ P
20 ' rHIJNG 68 HBC - 3 ~ 2 ~ 4e2 P [- P

12 ~ el ZZARRI 69 HBC ¹- 0 PSAR P

APPING 8-MFSDN BANDS ThKEN INTO AccrJUNT BY 8[ ZZARR I
Ap RRnx ~ ANDERSON 70 CNTR 0 5-18+GAMMA P

CASO 70 HRC - 11~ 2P I-P
f 38 ~ 0) I Zf) ~ 01 CA SON 70 HBC - Beo PI-P ~ 4PI

7.0 ~ 0 EROFFEV 70 HBC — 3 25 PI- P
14 ~ 0 46 ~ 0 HDNFS 70 HBC ¹ LR ~ 5 Pl+ P
20 ' 0 HODGLAND 70 OBC - 3 ~ 0 K- 0
44 ~ 0 MIYASHITA 70 HBC - 6 ~ 7 PI-P 4PI

~ ~ ~ ~ ~

9.0 nVERaGE tFRROR INCLUDES SCALE FacTOR OF 1.3)
(SF.F IOEOGRaM BELnw )

P4PFRS NOT REFERRFO To IN DAT4 CARDS

R f)NDAR 63 PL 5 209
CARMf?NY 64 PRL 12 2'54
BALL AM 67 HE I DRC; Cf?NF P ~ 33
5{4TTFRY 6'r NC 50A 377
4 SCOL I 6 8 PRL 20 1411

BONDAGE,

DODD+ {AACHFN+8 IR M+HAMR+f C-LOND+MPI )

CARM(3NV LANDCR R INDFLF ISCH XUONGo Y4GER (UC,') JP
+RRnOV, CHaDWICK, FR IFS,rut RarnSSIAN+ (SLaC)
+K RAY R t LL+Ff?RM AN+F FR Ril ( YAL E+ ROCH)

+CRAW(. EY ~ MORTAR 4 esHA PIRO (URRANA) JP

f(1260) 5 F ( 1260 s JPG=7++1 1=0

M

M

M

M

M

M

M

M

M

M

M

M

M

M

14 16

J
$

161

C

C
600

A

5 5300
A

5

AVG

5 F MASS (MEV)

L2 50 ~ 0
1260e 0
12 50 ~ 01
1240e 0
1267 ' 0
1275.0
1255e I
1276~ I f
1261 e

1270e
1 26'5 ~

1241~

1267e
1268~ 0
JOHNSON 68
1270 ~ 0)
[26& 0
12 &5 ~ D

1270 ~ 0)
1265 ~

L27" ~ 0
1?.73 ~ 0
1277e
INCL JDFS 14
1275 ~ 0
1273 ' 0
1277 ~ 0
SOME EV I DEN

5-WAVE BRF.

25 ~ 0
35 ~ 0

SELOVE 6? HBC

VE tl. LF7 63 FBC
fy(f [RAGDSS 63 HBC
hCCFNS I ' 66 HRC
JArnes 66 HRc
WAHLtG 66 OSPK
BARLOW 67 HBC
RA BI'N 67 HBC
AR MEN[ SF eg oeC
ARMFNI SE 68 DRC
enFSEBEC'.K 6g HRC

Ff15T ER 68 HBC

La MSA 6R HBC
JOHNSON 68 HRC,

63 ' LFF &4r DFRADf)
WHITEHEAD 48 A5PK
AR MFNI SE 69 DBC
DONALD 69 HRC

cnso
AGUILAR 70 HBC
AR MFNI SE 70 HBC
AR M EN I 'SE 70 Hf)C

f I SF.N'STF. . 70 DBC
"RROR ESTIMATED FRD
OH 70 HRC
STUNT ERFC 70 HBC
F LATT E 71 HRC

IC SPLITTING ~

20 ' 0
10 ' 0
25 ' 0
13 ' )
11 ~ )
4 ~

5 ~
A ~

3g ~

15e
6 ~ 0

I NCL Uf?E 5 RDNDAR
I'5 ~ 01
?1 ~ 0
10.()

16 ~

13 ' 0
7 ' 0

16 ~

MEV SYSTEMATIC
LOAD
6 ~ 0
4 ~ 0

CE &OR ASYMMETR
IT-W IGNER FI 7

3e0 PI-P
6 1 Pl-P
3 3 P[-P
5 ' 7 PRAR P

2-3 P I-P ~ T CU T20
10 ~ 0 PI

(KD1 K01 MODE)
8 ~ 5 pt+ p
5 1 PI+M, P P[+
5 ~ 1 ~I+My P PI 0 0
g Pf+ P
PRAR P AT R FST
g PI-P
3e~-4 ' 2 Pl-

ese EISNER 67 '
3 ~ 2 P I-Pe P I+P I-N
5. 1 P[+Dr3P[++-
1 ~ 2 Pf) Pe?PI
11 ' PI- PeNZPI
3e 9-4 ~ 6 K- P

0 9 PI+ N -- F P

0 9 PI+ N -- MM P

4 2 Pt+ N

M RHD MASS SHIFT
1 ~ 26 Pl- P ~ P F

8 ~ Pf- P
7 ~ P I + P y DF) T A++F

e/ee
1D/67
6/66

LL/66
9/67
6/68
6/eg
6/68
6/68

10/67
7/69

esse
5/70
8/69

'I/71¹
1/71¹
1/71¹
1/71¹
1/71¹
1/71¹
1/71¹

~ ~ ~ ~ ~

LZ&ge9
~ ~ ~

1 ~ 8 AVERAGE (FRRDR INCLUDES SC4LE FACTOR OF 1 01

¹¹¹¹¹¹S¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹*¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

8 WIDTH (ftEU)
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For notation, see illustrated key at beginning of data card listings
Mesons

W

W

W

W 1416
W

W

W S

W

W

W

W

W J
W J
W

W 161

W

W

W

W 600
W A

A

W 5 "300
W 5
W

W AVG

100~ 0
(200 ~ 0)

102 ~ 0
99 0

( 100 ~ )
{82 )

(155 )
216'
IRR ~

128
172 ~

113
176 0

JOHNSON
(160F 01
216«0

t1 )0 ~ 0)
150 0
141
131~ 0
173~ 0
120 ' 0
196~ 0

5oht F. F V

{183~ ol
5- WAVF

~ ~ ~ ~

154~ 0

5 F WIDTH {MEV)

25«0
OR LFSS

46 ' 0
10' 0

3 ~ 0 P I-P
6 1 PI-P
5 ' 7 PBAR P

2-3 P I-P r T CUT20
10 ~ 0 PI-P

(K01 Kol MODE)
8 5 PI+ P
5 ~ 1 Pl+Nr P Pl+
5 ~ 1 P I+M ~ P Pl 0 0

PI+ P
PBAR P AT REST
8 Pl-P

3 ~ 7 4 ~ 2 PI- P
65 ~ E I SNER 67 ~

3 ~ 2 P I-P gPI+P I-N
5.1 PI+0, 3PI++-
ll ~ Pl- PyN2PI
I 2 PB Pr2PI
3 ' 9-4«6 K- P

0 9 P I+ N -- MM P
0 9 Pl+ N —F P

1 ~ 26 Pt- PrP F
8 ~ P I- P

6/66
10/67
). 1/66
11/66

~ 9/67
6/68
6/68
6/68
6/6A

10/67
7/69

6/68
5/70
8/69
8/69
1/71¹
1/71¹
1/71¹
1/71¹
I/71¹

7 ~ P I+P ~ OE LT A++F
ITT ING

1/71 ¹

ALE FACTOR OF 2 ~ 51

SELOVF 62 HBC
VF ILLFT 63 FRC
ACCFNS I 66 HBC
JACORS 66 HBC
WA HL I G 66 0 5PK

{34~ ) BARLOW 67 HBC
(17 1 RABIN 67 HBC

13 ~ AR MEN I SE 68 DBC1' ARMFNI SF. 68 DBC
73 ~ BOFSEBECK 68 HBC
49 ' FOSTER &8 HBC
30« LAMSA 68 HBC
13 ' 0 JOHNSON 68 HRC

68 T hlCLUOES RONDAR 63 LEE 64 DERADD
(20 F 01 WHIT'EHEA 0 68 ASPK

60 ' 0 AP MEN{ SF 69 DRC
('. ASO 69 HBC

30 ' 0 DONALD 69 HBC
35 ' AGO ILAR 70 HBC
7. 5.0 AR MFNI SE 70 HBC
11~ 0 ARMFNI SE 70 HBC
1". ~ 0 OH 70 HRC
18 ~ 0 STUNTEBEC 70 HBC

IDENCF FOR ASYMMETRIC SPLI TTING ~

{15.0) fLATT E 71 HBC
BRF IT-WIGNER F ITy NO FVI OFNCE FOR SPL
~ ~ ~ « ~

10 ~ 9 AVERAGE ( ERROR INCLUDES SC
( SEE IDF()GRAM BELOW )

ADERHDLZ 64 PL 10 24O
BRUYANT 64 PL 10 232
LEE 64 PRL 12 342
SOD ICKSO 64 PRL 12 485

BAR MIN

8ARMIN
C HUNG

DERADO
GUI R 4GOS
W 4NG(. F R

65 SJNP 1 230
6 I 5JNP 1 623
65 PPL 15 325
65 PRL 14 872
6'5 PRL 11 85
65 PR 137 8 414

ACCENS I
J ACOBS
WAHLIG

BARLOW
BFUSCH
0 AH(

FI SNER
POI RIFR
RABIN

66 PL 20 557
66 UCRL -16877
66 PR 147 941

67 NC 5 OA 701
67 PL 25 8 357
67 PR 163 13&7
67 PR 164 169'9
67 PR 16 3 1462
67 THFSIS

SELOVE 62 PRL 9 272
8 ONOAR 63 PL 5 1 53
GUI RAGOS 63 ~RL 11 85
HAGOPI AN 63 PRL 10 533
VE ILLET 63 PRL 10 79

REFERENCES FOR F

SELOVE HAGOPI AN BRODY RAKER LFBOY {PFNhlhl
BONOAR+ f AACHEN+8 IRM+BtINN+fIFSY+I C-LOND+MP I )
Z .G.T. GutRAGDSS tAN (LRL }
V HAGOPI AN W SELOVE (PEhtNA)
VF ILL ET HENNESSY 8 tNGHAM RLOCH+ I PAR+MILAN )

AACHFN+BERL IN+BI RM+BONN+HAMBUR+IC-LOND+4IP I I J
BRUYANT GO{.OBFRG HOLDER ~ FL EURY HUC {CFRN+PA} I
LFF, ROE, SINCLAIR, VhhlDFRV ELDE {MICH ft;AN )
SODICK Sf(N WAHL IG, MANNFLL I, FR ISCH+ {M IT) I

+t)OLGOLENKD ELFNSKY EROFEEV+ ( I TEP MOSCOW I JP
+DOLGOLFNKO+FROF EEV+KR FSTNIKOV+ ( ITEP MOSC)
C HUNG DAH( HARDY HE'55 JACOB'S K IRZ (LRL I
DERADO KENNEY POIRIFR SHEPHARD (NOTRE DAMF)
Z G 7 GUIRAGOSSIAN (LRL 1

T P WANGLER' A R ERWINgW WALKFR (WISCONSIN)

ACCENS I r ALLE 5-BORELL I r FRENCHY FR I SK+ (CERN }
L ~ 0 ~ JACOBS ~ THES IS (LRL }
+SHIBATA GORDON FRISCH MANNFLLI {MIT+Plsh) J

+L It LESTOL+MONTANE T+ (CERN+CDF+ IR+L IVFR POOL I
+ F t SC H F R G0 88 I A 5 T 8U R Y MICHEL I h) I + {E T H+ C E R N )
+HARDY+HE SS+K I Rl+MILL ER {LRL 1

+JOHNSON+KLEt N+PETERS+SAHNI+YEN+ {PURDUE)
+B I SWA 5 CASON OERA t)O KF NNF Y+ {N()TRDAM+ PENN)
M ~ RABIN (PUTGERS)

FLATTE
.STUNTEBEC
ARMENISE

ARMENISE

AGUILAR

DONALD

ARMENISE
JOHNSON

LAMSA

FOSTER
BOESEBECK
ARMENISE

ARMENISE
JACOBS
ACCENSI
SELOVE

71 HBC

70 HBC

70 HBC

70 HBC

70 HBC

69 HBC

69 DBC

68 HBC

68 HBC

68 HBC

68 HBC

68 DBC

68 DBC

66 HBC

66 HBC

62 HBC

F WIDTH (MEV)

200 300 400

WEIGHTED AVERAGE = 159.5 + 10.7
ERROR SCALED BY 2.4

CHISQ
2 ~ 5
4.1
1.5
1.3
0.3
0.1

1.6
2.4

0.1
1 ~ 9
3.6

18 ~ 9
36.6
1.6
5. 7

82. 0
(CONLEV
=0 ~ 000)

ARMFN)5E
ASCOLI
RO ES EBEC
FOSTER
J OHMS(IN

ALSO
LAMSA

AL SO
W HIT FHF A

68 NC 54 A 999
68 PPL 21 1712
68 NP 8 4 501
68 NP 8 6 107
68 PR 176 1651
BONOAR 63 y L EF. 64r
68 PR 166 I 395
POI PI EP, 67
68 NC 53A 817

+f0R I N 0+ C A P T A CC I + {8A R I +80L 0G +f I R F. N 2 E +t) R S A Y )
G ~ ASCOL I H ~ 8 CRAWLFY 0 ~ W ~ MORTARA + ( ILL)
BflESEBECK ~ DFUTSCHMANN +( AACHEN+BERLIN+CFRN)
+GAV ILLET+LABROS SE+MDNTANET+ ( CERhl+PAP I 5 }
+PD IR I ER ~ Bl SWAS ~ GUT AY OFP ADO+{ ND+PUR 0+ SL AC )

OFRAOO 6" i E I SNER 67
+C ASON ¹8IS WAS+DERA DO+GROVE 5+ (NOTP FDAMF 1

+MCE WE N ~ OTT ~ Al TKFN+ ( AERF+SHAMPT+UC ~ Lt)ND)

ADERHOLl 69 NP 8 11 259
AGUILAR- 69 PL 29 8 241
ARM FNI S F 69 LNC 2 501
CASO 69 NC 62 A 755
DONALD 69 NP 8 11 551

+BARTSCH, + t AACH+RERL+CERN+KRAK+WARS)
M ~ AGUI LAR-BENI TE l J RARLOW + t CFRN+(. DF )
+GHIDINI FOR{NO CARTACCI+ (BARI+BGNA+FIRZ )
+CONTF. rBENZ~+ (GENO¹DESY+HAMR+MILA+SACL)
+FOWARDS BURAN BETTIN{ ~ + {LIVP+OSLO+PADD}

AGU I LAR
ARMENISE
BAD I ER
BAR DAD IN
BEAUPRE
FISFNSTE
OH

STUNTEBE

70 PRL 25 58
70 LNC 4 199
70 NP 8 22 '512
70 PREP RINT
70 CEP N PHYS 70
70 C&D 1195 194
70 PR 0 1 2494
70 PL 32 8 391

AGUILAR-BENI TElr BARNES, BASSANO, + {BNL+SVR)
+GHIOINI FOR {NG, CARTACCI + {RARI+BGN4+FIRZ }
+BONNET IlREV ILLON BAURILLI ER ~ + (EPOL+IPNP}
8ARDANI N-t)TWI NOW SKh, HOF 4IOKL, + (WARS)

42 +DEUTSCHMANN, GRAESSLER, + (AACH+BERL+CERNJ}
F I SE hl 5 T E IN r GO R DO N ( ILL)
»GARF I NKFL Mt)RSE WALKFP PRFNT fCF (Wf SC+ TNTOJ)
STUNTFBFCK KENNFY ~ OEERY Bf SWAS CASON+(NOAM)

FL ATTF 71 UCRL 70273 AL STON-Gr BAR BARD-G¹OFRENZOr FRIEDMANN+ (LRL)
SUBM, PHYS ~ LFT ~ 8 5300 F EVENTS SHOW NO SPLITTING UN SPL I T

D(1285)
8 0 &F SON ( 1285 r JPG= +) I=O

t JP=O-r I+«2- WITH 1+ FAVORED ~ 1

¹¹¹¹¹¹ ¹¹¹¹¹¹¹»¹¹¹¹¹¹¹»¹¹¹¹¹¹¹¹»¹¹¹¹¹¹¹¹¹¹»¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹*
¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹»¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹»¹¹¹¹¹¹¹¹¹¹¹¹

P1
o2
P3

'5 F PART I AL DFCAY MODE S

F INTO P I+ P I-
f INTO 2P I+ 2P I-
f I NTO K KRAR

5 F BRANCHING RATIOS

OFCAY MASSES
139+ 139
1 39+ 1 39+ 139+ 1 39
497+ 497

M

M

0
M D

M

M AVG

( 1290 )
1?83' 0
1290'

{1310 0}
1270«0
1285

l1329~ ol
SUPERSF.
1 303«0
~ ~ ~ ~

1286 ' 4

8 0 ME SON M45S {MEV'1

APPRnX
5 ~ 0
7 ~

BARLDW
DA HI.
0 ANDLAU

nEFOIX
CAMPBELL
LORS TAO

} OTWINOWSK
TWINOWSKI 70

OT WI NOW 5 K

10 ' 0
7 ~

(10 0
OEO BY 0

P ~ 0

67 HBC
67 HBC
68 HRC

68 HBC
69 DBC
69 HBC
69 HBC

70 HBC

1 ~ 2 PBAR P«4PF 5
1«6- i ~ 2 Pl- P

1 ~ 2 PBAR P, 5-6 PFS
1.2 PB P«7 PI
2 ~ 7 Pl+ 0

0 ~ 7 PB P« 4«5-BODY
8 P I+ P P+6P I

8 PI+ P «P+6P I

4 ~ 3 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 41
{SEF. IDEOGRAM r}ELOW )

5/67
10/66

6/AB
3/69
8/69
9/69
9/69

9/69

PIO
R10
P10
R10
Rlo
P 10
R 10 AV(«

08 PI+ P ~ DELTA++F
01 ~ 26 Pl- P yP F

F PARTI 4(. W4VF. { 't ~ E ~ I =1«JP=2+1 4MPL ITUDE AT F P ESONANCE
WF. TABULATE X = 1/2 ( 1 + FTA) ~ THIS SHOULD BE P I Pl FRACTION
Ft)R PURF BW WITH NO BACK( ROUND ~

250 0 85 0 ~ 0& BE AUPR E 70 HBC
600 0«R 0 ~ 04 OH 70 HBC

~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ }20 0 ~ 031 AVFP AGE ( FRROR INCLUDES SCALE FACTOR OF 1 ~ 0)

1/71¹
1/71¹

WEIGHTED AVERAGE = 1286.4 + 4. 3
ERROR SCALED BY 1.4

Rl F I
P 1 ASCOL
P 1 SOM
Rl
Pt
P. 1
R I 50
Pt
Rl
Rl
P1 AVG

NT0 ( 2P I+ 2P
I 6 8 S UDGE ST
F UPPFR LIMI

Sn THEY CAN
0.08
0 ~ 04
0 F 07

(0 048}OR
0.07

0.068 0.016 AVFRAGE ( FRROR INCLIJOES SCAL E FACTOR Of 1 ~ 0)

I-) / (P I PI )
DFCAY Is &A INLY RHO-RHD¹ 1/3 OF WHI CH Y I FLD 2P I+ 2P I-

TS {X OR LESS) HAVF RFEN PUNCHED AS (0 +-X)
RE PRt)CESSED BY OUP AVERAGING ROUTtNES
0 06 BONDAR 63 HRC 4 ~ 0 P I-P
0 ~ 05 CHUNG 65 HBC 3 ~ 2 Pf-P
0 ~ 04 ASCO(. ( 68 HRC 5 P I- P
LESS 8 ARDAD IN 70 HBC 8 PI+ P
0 ~ 02 OH 70 HBC 1 ~ 26 Pl- P«P F

6/68
1/71¹
1/71¹

R2
Q 2
R?
R2
R2
R2
R2
R2
R2
P?
P2 A

R2 A

A

R2
R?
R2 AVG¹¹*¹¹¹¹¹»»¹¹¹¹»S¹¹¹¹¹¹¹¹¹¹¹»¹¹¹¹»

F INTO (K KBAR} /(PI PI )
IlETERss {NATION 0 lf F I CULT BFCAUSF. PROX IMI TY OF 42 WHICH HAS SAME
NFUTRAL (K KBAR) MODES ~ SINCF INTERFf PENCE MAY RE CONSTR()CTIVE
OR OFSTRUCTIVE« EVEN UPPFR L {Mt&S ARE DURtOUS

5 t)~E I)PPFR L I Ml TS ( X OR LESS) HAVE BEEN PUNCHFD AS {0 +-X)
O. OO 0.O9 RARMI N 65 HLBC 2 ~ 8
0 ~ 00 0 ~ 16 WA NGLC R 65 HBC 3 ~ 0 P I-P
PROBABLY SEFN BARLO'W 67 HBC 1 2 P BAR P--K1K1

(0 ~ 047) (0 ~ 0121+ SYST ~ BEUSCH 67 OSPK 5 7 12 Pl-P ~

0 ~ 000 0 ~ 025 nh HL 67 HBC 1 6-4 ~ 2 PI- P
( 0«031) ( 0 ~ 0121 ADERHOLZ 69 HBC 8 P I+ P ~ K+K-P I-
K+K- PEAK IS AT ABOUT 1260 MEV WHILE (KKBARI+ PEAKS AT 1320~

ALSO (CPOSSSECT ION¹BRANCHING RATIO) FDR A2 IS SMALL ~

600 0 ~ 06 0 ~ 02 OH 70 HBC I 26 PI — P P F
~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 035 0 ~ 021 AVERAGE {FRROR INCLUDES SCALE FACTOR OF 1 4)

10/66

11/66
9/67

Io/66
8/69

1/71¹

WINOWSK 70 HBC

RSTAD 69 HBC

MPBELL 69 DBC
ANDLAU 68 HBC

HL 67 HBC

1250 1270 1290 1310 1330 1350
0 MESON MASS (MEV)

CHISQ
4.3
0 ~ 0
2. 7
0.3
0.5
7.8

(CONLEV
=0 .101 )
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For notation, see illustrated key at beginning of data card listings

~eaane

III

W

W

W 0
W D

W

W

W AYG

350 0
30

(40 ~ 01
30.0
60 ~

(5Z ~ 0)
SUPFP SE

44 ~ 0

33.4

8 D ME SON WIDTH ( MEV)

10 ' 0
5

f)AHL 67 HRC
0 AN Dl AU 68 HRC
DCFOIX 68 HRC
C AMP RFLL 69 DRC
LORS TAf) 69 HRC
f)T Wt NOWSK 69 HRC

W I NOW SKI 70
OTWINOWSK 70 HRC

1'5 00
15 ~

(29 ' f))
DF f) RY )T

24 ~ 0

I ~ 6-4 ~ 2 Pl- P
1 2 PRAR PE 5-6 PFS

1 ' 2 PR P07 Pl
2 7 Pl+ 0

0.7 P8 P, 4, 5-RODY
8 Pt+ P, P+6P't

8 P I+ P, P+6PI

4 ~ 1 AVFR AGE {FRROR INClUOFS SCALE FACTO'R flF 1 0)

10/66
6/68
3/69
8/69
9/69

9/69

mode, etc. If indeed all experiments are correct (and

we have no reason to suspect the contrary) then a sym-
metric dipole is excluded. It seems possible, by invok-

ing two interfering resonances, to fit the line shape of

all the observed A2 peaks. But then the mechanism

P1
P2
P3
P4

8 0 MF SON PART I AL DECAY MODE S

0 MFSON INTO K K BAR P I
0 MFSDN INTO PI PI RHO
0 4IESON INTO ETA Pf P I
0 MF SON INTO DELTA(9621 P I

DECAY MASSE S
497+ 497+ 134
134+ 134+ 765
548+ 134+ 134
956+ 134

responsible for the necessary energy-dependence and

charge-dependence of the interference phase and /or
the degree of coherence remains an unsolved problem.

The experimental evidence for and against split-

8 0 ISE Sf)N RRANCHING RATIOS

k '1 n MFSDN INTO {Pt Pl RHO) / (K KRAR Pt)
Rl (2 ~ Ol OR L ESS f)AHL 67 HRC CHARGED PI ONLY 10/66
Rl 0 t4 ~ 01 O'R LESS DONALD 69 HRC I ~ 2 PBAR Ps 5P I ~ 8/69

fl THI S IS FOR (RHOO PI+ PI-I /(K K8AR P IO)

ting is shown in the figure, taken from G. R. Lynch,
UCRL 20622. Each mass spectrum is fitted to an

unphysical mixture of the form
dn/drn = 5 (Dipole} + (i — fi} (BW} + Background

RZ
R2

0 MESON I NTO (K KRAR PI) /( FTA P I P I I

(0 ~ 124) (0 035) f)EFO IX 68 HRC 1 ~ 2 PR P07 PI 3/69 where (Dipole) and (BW) are best fits to each hypoth
R3
R3
R3

D MESON INTO tDEl. TA Pl)/(ET A Pl Pl )
POSSIBLY SFFN AMMAR 70 H8C +- 4 ~ 1 0 5 ~ 5K- I ETA 5/70
PI)S S I 8L Y S F. F.N OTWINOWSK 70 t(8C 8 P I+ P ~ P+6P I 9/69«¹¹¹¹«¹¹¹«¹¹¹¹¹«¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

e s is s epar ately.
The "Duplicity" parameter p is easily visualized

RF F ERE NCFS FOR D MESON

RARLOW 67
D AHl. 67

SEE Af SO
00 ANOLAU 68
DEFDIX 6R
C AfN PRELL 69
f)ONALD 69
LORSTAD 69
OTWI Nt}WS 69

NC 50 A 701
PR 163 13 f 7
65 PRL 14 1074
NP 8 5 693
PL 28 8 353
PRL 22 1204
NP R 11 551
NP R 14 63
PL 29 8 529

+MONTANET 0-ANDL 4U+(CFRN+COF+I OR +L IVERPOI1L I
+HAROY+HF. SS+K IRZ+MILLER tl. RL ) I JP
MILLER, CHUNr„DAHL, HFSS, HARDY, KIRZ+ (LRL+UC)
+AST IFR RAR LOW, MONTANET+ (CDF+Cf RN+RAf) eL IV ) I Jp
+R I VE T S I AUD CONFORTO0 SHI V FLY(CDF+ I PE+CERN I

+L I CHTMAN 0+ (PURDI
+EDWARDS ~ RURAN ~ BETT IN(, + {LIVP+OSLO+PADD)
8 ~ L OR S T A 0 0 ~ AND~1 AU A ST I E R (Cf)F+CERN) JP
S ~ DTWINOWSKI {WAR SAW)

AMMAR 70 PR
DTW(OIIOWS 70 1207/V I /PH

+KROPAC 0 f)AVI S 0OERR ICK+ ( KANS+NWE S+ANL+Wl SC )
S ~ 0 T WINO WS K I ( WAR S I

A2(loop) 12 02 00100 11300,JPG=I+-I 1=1

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹««¹¹«¹¹¹¹¹¹¹¹¹«¹¹¹«¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

and plotted because it spans the conflicting hypotheses.
%e repeat that it makes no physical sense to mix
hypothe s es.

CHIKOVANI 67 + BENZ 68
MMS + CBS (3sf)

CRENNELL 68
BNL (3sf)

BOCKMANN 70
BDNPT (»)

BAUD-4 70
CBS (KK)

ALSTON-G 71
LRL-Group A (3sr, KK, s}sr)

There are now several important experiments
which disagree on the issue of whether the A2 is split or

not. As can be seen from the summary table, the

division between splitting and not-splitting experiments

is not simply correlated «any physical property such

as A2 charge, momentum transfer, beam ener gy, decay

BARNHAM 71
LRL-T G Group (3n)

BASILE 70
CERN (3sf)o

GRAYER 71
CERN-MUNICH (KK)

FOLEY 71
BNL (KK)

0

Pure BN
I

~Pure Dipole
I

+)

Duplicity, 8

SUMMARY OF EXPERIMENTS THAT INVESTIGATED A2 SPLITTING

Reaction
Momentum

(GeV/c) Reference
r /2r t range Events

Method {MeV) {GeV/c) 2 in peak BW

P r ob ability of fit a

Dipole 2 coh. B% 2 incoh. BV/

sf p ~ X p 6, 7 CHICOVANI 67 Jac. peak 8.3 0.20-0.29 1400
& 40/o & 40% &0.2/o

X p

«KK ps
f)m P

X p
0

X'n

K K ps
p

P sf P

2.65 BENZ 68

BAUD-4 70

BAUD-2 70

CRENNELL 68

BASILE 70

ALSTON-G 71

ALSTON-G 71

ALSTON-G 71

BOCKMANN 70

P 0 5.2

Jac. peak 20

HBC 10

CNTR 7.5

HBC 6.7

HBC 9.2

HBC 3.8

HBC

.Jac. peak &10

1100

0.20-0.29 145

0.20-0.30 9P

0.22- 0.39 100

0.35-0.65 2600

& 0.2 941

all 189

all 1 32

t' & 0.1 108

42%

33 /o 1 6'%%uo

4%%uo

20/o

& 60/o

21% ( 0.2 /o

0.6%)

63%

25 /o

70%

pp~KK 1

2lt 2sf

sr p K KSp

1.2

17.2

DONALD 69

GRAYER 71

0, 0.7, 1.2 AGUILAR-1 69 HBC

HBC

ASPK 6.7 &0.7

270

100

I 950

4/o

2%

32%

65/o

"Not a dipole"

28 /o

40'%%uo

a. These confidence levels permit only qualitative comparisons, since they depend on the size and number of bins used and the treatment of the
number of adjustable parameters; these choices differ from group to group.
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Mesons
For notation, see illustrated key at beginning of data card listings

THE MASS AND 'WIDTH OAT4 ARE 'SFPARATED [NTO 4 GROUPS
42L CONTA fNS INFORMATION ON THE LOWER PEAKt 3PI K K BAR)
A? H CONTAINS INFORMATION ON THE H[GHFR })FAK(3P I) KRARK)
AZK CONTAINS INFARMATI ON ON K KRAR IUNSPL [T UNR ESOLVEn)
A2 CONTAINS THF REMAINING INFORMATfON (NA SEPARATION)

}WEIGHTED AVERAGE = 1277.8 + 5.1
ERROR SCALED BY 2.0

12 A2L MESON MASS (&EV)

M} A

ML

ML

4IL

ML Rl
&L Z

ML C
'4IL C

ML C
ML

ML

R
4IL R
ML

ML 8
&L
ML

ML

QL AVG

().274. ) ( 16 ~ ) CHIKOVAN I 67 MMS — 6) 7 PI - P
INCLUDFD IN RFNZ 68 F IT OF 2 CAHERFNT SYMMETRIC POLES) ~

12R9» 5 ~ RF. NZ 68 MMS - 2 ~ 65 P I- P
1769~ 0 S 0 CRFNNELL 6R HBC — 6 ~ 0 P t-P»X-

( 1281 ~ 0) (3 ~ 0 } AGUILAR 1 69 HRC +- 0-1 2 PR P KIK+-
AGUIL AR 1 69 INCLUDES BARLOW 57 CONFARTO 67 ~

(128~ 0) ( 10 ~ 0 I CRENNELL 59 DRC — 3 9 K- N P I-RHA
MAY RF. DIFFERFNT ORJFCT ~ JP=1- FAVORFA OVER 2+r2-) I+~

NATE THAT [GJP=1-1- [S EXOTIC IN THE QUARK MODEL ~

1268 0 12 0 DONALD 6& HBC +- 1 ' 2 PB P(4 P[l
(1276 ) (6 ~ I BAUD[ 70 MMS — 7 ~ PI-P» P KKRAR

35 [265 ~ 0 r ~ 0 RA})D2 70 CBS - ll ~ PI-P ~ P FTA Pl
(1275~ 0) (6 ~ 0 I RAC KMANN Tn HBC + 5 ~ P I+P» INCOHER ~

( 1287~ 0) ( 7. ~ 2) BA S[LF. 70 CNTR 0 3» 16 P I- P
60 12 R5» 5 ~ 0 NEF 70 MMS - 7 ~ PI-P ) P KKRAR

F I T TA TWO th}CAHERFNT ARE IT 'W [GNERS
~ ~ » ~ - ~ ~ \ ~ ~

hVG RELOW I S 84SFO ONLY ON }(ALUFS FROM COHERENT F [TS~

~ ~ ~ ~ ~ ~ ~ ~ ~

1277»R 5. 1 AVFRAGE (ERROR INCL}}AFS SCALF FACTOR OF 2.0)
( SF. F, IDEOGRAM RELOW I

6/68

12/68
6/68
5/69

8/69

9/69
11/69
5/70
5/70
I/71~

11/69

1240 1280 1320

NEF
BAU02
DDNALD

CRENNELL
BENZ

1360

70 }1MS

70 CBS
69 HBC

68 HBC

6E} MMS

1400

CHISQ
2 ~ 7
4.6
0 ~ 7
3.1
5.0

16.0
(CDNLEV
=0 ~ 003)

12 A2H }ESON Mh SS (MEV)

t 1320» I
(NCL}}AED

1309~

1315~ 0
( 132 & ~ 0)

hGUIL AR

1324» 0
(1323~ I

35 1331~ 0
(1 338~ 0)
(1 329 ~ 0 )

60 1314'
Ff7 TO

( 16 ~ ) CHIKAVANI 6& MMS - 6 ~ 7 Pl- P
[N BENZ 6R FIT OF 7 CAHFRENT SY}MFTRtC POLES ~

5 ~ RF NZ 68 MMS — 2 ~ 65 P I - P
5 ~ 0 CRENNF t L 68 HRC - 6 ~ 0 PI-P s X-

(3 0) AGUILAR 1 69 HRC +- 0-1 ~ 2 PB P ~ KIK+-
I 69 INCLUDES RARLOW 67 ~ CONFOPTO 67»

75.n nONALD e9 HBC ~- 1.2 PR P(4 Pt)
(6 ~ ) BAL}nl 70 MMS — 7 ~ Pl-P ) P KK BAR
an BAUD?. 70 CRS — 11 ~ Pl-P»P FTA PI

(4 ~ nl ROC KMANN 70 HRC + '5 ~ P I+P INCOHER ~

(I 9) RAStLE 70 CNTR 0 3 ~ 16 Pl- P
an NEF 70 )}MS — 7 ~ P I-P ) P KK BAR

TWO INCOHERENT BRE IT WIGNERS
~ ~ ~ ~ ~

OW I S BASFD ONLY AN VALUFS FROM COHERENT F [TS~

~ ~ ~ ~ ~

3 ~ 4 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF I 2)
( SFF. IDEOGRAM BELOW )

MH A

4IH 4
MH

MH

8H RZ
MH 2
'4H

MH R
MH

MH }3
H R

NH

MH 8
MH

Mk

MH

AVC

~ ~ ~ ~

AVG R E(
~ ~ ~ ~

1314~ '5

12 A2 MESON MASS (MEV) K KBAR UNSPLI T UNRE'SOLVED

F ~

67 HBC
67 HBC
67 OSPK
67 HBC
67 HRC
67 HBC
6R HBC
59 HBC
70 HRC
71 CNTR
71 ASPK

CAN INTERFERE WITH
SARL O'W

BARLAW

( 6 ~ I RF. }}SCH
CONF ARTO
04 HL

DAHL
CRENNELL
ADFRHOLZ
ALSTAN-GA
FOLFY
GRAY FR

Nfl TF
Bn
60

130

MK

MK

MK

M}(

M}(

MK

u}K

&K
MK

M}(

MK

MK

MK AVG

UTRAL MODF

3 ~ 0
'13 0
(7 ~ I
12 ~ 0

t» ~ 0
10 ' 9

& ~ 0

THAT NF.
1317 0
1333»0
1 344 ~ 0)
1280 an
1317~ 2
131S~ 7
1311.0
1315~ 0)
1301~ 0
1313~ 0
1321 an)

+- 1 ~ 2 PBAR P) KK
+- 1 ~ 2 PRAR P ~ KK

0 5-12 Pt-P)KIK1
+- 0 ~ PBAR P [N KK ~

2 ~ 7 4 ~ & P I- P
0 2 ~ 7 4 & PI — P
0 6 ~ 0 P I-P )K [K I

+ R PI+ P )K+Kn
+ an Pt+P»K+KS

20 ~ 3 P[- PrK KS
17 ~ 2 PI -P»K-KS P

12(
132
730
950(

~ an
4 ~ 0

(3 ' nl
~ ~ ~ ~ ~

2 ~ 7 AVFRACE (FRRAR INCLUDES SCALF FACTOR OF 1 5)
( SFE [AFOGRAM RELOW I

~ ~ ~ ~

1313~ 9

6/68

12/68
6/68
5/69

9/69
11/69

5/70
5/70
I/Tta

11/69

9/67
9/67
7/67
t)/67
8/6 7
8/6 7
6/68
8/69
I/TIE'
2/7[~
1/7[4

NEF
BAUD2
DONALD

ENNELL
NZ

70 MMS

70 CBS
69 HBC

68 HBC

68 MMS

1240 1280
A2H MASS (MEU)

1320 1360 1400

[JEIGHTED AVERAGE = 1313.9 + 2. 7
ERROR SCALED BY 1.5

A2L MASS (MEV)

}JEIGHTED AVERAGE = 1314 -5 + 3 4

ERROR SCALED BY 1 2

CHISQ
0.0
3.4

0.0
1.2
4 ~ 6

(CDNLEV
=0.204)

AAER HOLZ
GDLDHABFR
FARINA
I.EFEBVRES
SF IDLI TZ
R4RNES
RE NSON

COMP ~ BY FERBEL
LFVRAT
BALTAY
CHI KOV AN I
DANYSZ
ARMFNI SE
BALLAM
RAESEBECK
RAF. SERF.CK

1 5 MESONS OF FIXFD
CHUNG
CR ENNELL
FRIDMAN
KE Y

VON KROGH
JU NK MANN

LAMSA
ANDERsoN
ARMFNf SE
E I 5 Eh}8 ER G

ASCOLt
ALSTON-G 4
AL ST AN-G 4
BOCKMANN
CARALL
CARALL
CAROLL
CASO
CASA

(14»nl DZIERBA
n[AZ
GARF I NKE L

ECT r JPC=2++ ~ COMPARE
GORDON
JOHNSTON

TED RY NFARBY PEAK

4.0 Pt+P
+- 3 .7 Pl+- P
+ 0 4 ' 5 Pl+ 0

5 ~ 6 ~ 6 ~ 0 pf-p
3 ~ 2 Pf-A
6 ~ 0 P I-P

0 3 ~ 65 P I+0
+- P[+- P

6-7 P I- P
0 8 ' 5 Pf+

7 Pf- P
+- 3)3 ' 6 PRAR P

0 5 ~ 1 PI+D
lan Pt- P

PR Pl+ P
+ 8 PI+

D WIDTH
2 ~ 7-4» '5 PI — P
6 ~ 0 P I-P»X-

+- 5 ' 7 PBA}t P
P I-P

6 ~ 7 PI-
16» Pl- Pr 5 PI
8 PI- P
16 P I- P ~ BACKW9

+ 5 ~ I PI )'0 ~ 3P I ++-
+ 4 ~ 3, 5 ~ 3 GAMMA P

5 T ~ 5 PI P
+ 7 ~ 0 PI+P)3PI P
+ 7 ~ 0 P[+PrPI ETA

0% ~ P I+P
7 PI- P

0 7 P I+ 0
0 25 Pt- P

11 ~ 2PI-P) Pl RHO
11 ~ 2P[-P»PI ETA

8 ~ PI- P rP [ ETA
+- 0 ~ PBAR P» 4 Pl

4 ~ 5 K-D»LAMBDA
L 69 ~

0 4.2 Pt+ n
7 ~ Pl-P»PI-ETA P ~

64 HRC
64 HRC
65 nBc
65 MMS P
65 ABC
56 HRC
46 PRC
66 RVUE
66 MMS

67 HRC
67 MMS

67 H t}C
68 DRC
68 HRC
6R HRC
68 HRC

MASS AN
68 HBC
68 HRC
68 HBC
68 HBC
6R HBC
68 HBC
58 HRC
69 MMS

69 ORC
6& HBC
70 &RC
70 HRC
70 HBC
70 HRC
70 HRC
70 ORC
70 HBC
70 HBC
70 HBC
70 HRC
70 HRC
70 DRC

CRENNEL
70 ARC
70 HBC
41 ~ 5 I

( 1320»0)
133&~ 0

1 30 ( 1310 0)
1425 1290» 0

(1300~ nl
1290»0
1310»0

1800 ( 1 310~ 0)
10&0 12 86»
137 1285 ~

4000 1 307»
1269~

1311' 0
1782 ~ 0
1 370 ~

(1780~ I

ASSUM IN
1310~

1287~ 0
12 7'5 ~

1280»
(1 301 an)

1 300~ 0
(1299 ' )

1295» 0
241( 1799~ 0 I

1 310~ 0
1 505 ~

941 1306~ 0
[89 13l2 ~ 0

1313~ 0
(1290 an)
(1310 an)
(1305»nl

1288 an
1300 an

( 1300» O'I

133~~ 0
(1330~ 0)

u}AY RE A f FF
(1274»nl
1288, 0
ANAL YS [S
~ ~ ~ ~

1 300 ~ 4

10 an
M

M

M

M

')}

M

4l

M

)I}

8
8

M

M

M

M A

M

M

4I

M

M

M

4I

A

N

M

4

AVC»

10/66
6/66
6/66
6/66
e/ee

10/e6
2/67
7/67
8/67
7/67
9/67
9/68
6/6R
6/68

5.n

10~ 0
10 an

(10 an)
8 ~

20 ~

16.
9
6 ~ 0

15 an
10'

( 10 ~ I
41 ANA A

20 '
10»0
17 '
12
(8 ~ nl

4 ~ 0
t14 )
?0 ~ 0

(12.nl
14 an
(3 ~ )

4 ~ 0
7 ~ 0
7 ~ 0

5/68
6/68
6/68

11/67
9/68
9/69
1/714
8/69
5/70

I/Ttn
I/7 1 4'

1/7[4'
5/70
1/7[4'
1/714'
I/714'
5/70
)/70

lt/70+
5/70
I/Tlat

10 ~ 0
7.0 ~ 0

( 20 ~ 0)
I& ~ 0

(15 0)
FR FNT PR J

( 22 ~ 0)
7 0

COMPL I CA

I/Tta
1/7 14I

AVER AGF. I FRROR INCLUDES SCALE FACTOR OF 1»7)
I SE E IDEOGRA)t BELOW )

12 A2 MESON MASS t MFV I 3P I ~ FTA Pl MODES SPL f TTING UNRESOLVED

CHISQ
71 CNTR 0 ~ 1
70 HBC 3.4
68 HBC 0.3
67 HBC 0.0
67 HBC 0.7
67 HBC 8.0
67 HBC 2.2
67 HBC 1.1

15.7
(CONLEU
=0.028)

FOLEY
ALSTDN-GA
CRENNELL

~ DAHL

DAHL

CDNFDRTD
.BARLDLI

ARL DIJ

1240 1280 1320 1360 1400
A2 MASS (tlEV)) K KBAR MDDE) UNSPLIT

}JEIGHTED AUERAGE = 1300.4 + 2.7

ERROR SCALED BY 1.7
JDHNSTDN 70
DIAZ 70
CASD 70
CASD 70
BDCKMANN 70
ALSTDN-GA 70
ALSTDN-GA 70
EISENBERG 69
ANDERSON 69
JUNKMANN 68
KEY 68
FRIDMAN 68
CRENNELL 68
CHUNG 68
BDESEBECK 68
BALLAM 68
ARMENISE 68
DANYSZ 67
CHIKDUANI 67

LTAY 67
VRAT 66
NSDN 66
RNES 66
FEBVRES 65
LDHABER 64

HBC
HBC
HBC
HBC
HBC
HBC
HBC
HBC
[1f1S
HBC
HBC
HBC .

HBC
HBC
HBC
HBC
DBC
HBC
MMS
HBC
MMS
DBC
HBC
[1MSP
HBC

CHISC!3.15.30.01.53.22.82.00.50.10.02.92.21.80.23.81.53.112.20.20.63.20.91.14.312.0
6[) ~ 6

CDNLEV
=0 .000)

1240 1280 1320 1360 1400
A2 MASS (MEV)) OTHER MODES) UNSPLIT



PARTIcLE DATA GRQUP Rivi ne of ParticIe ProPerties S79

saba &% Fl%
For notation, see illustrated key at beginning of data card listings

WL

WL

(»L

WL

WL

WL

WL

WL

M(,

WL

WL

WL

WL

WL

WL

WL

ML

WL

WH

WH

WH

MH

WH

WH

WH

WH

MH

MH

WH

WH

WH

WH

WH

MK

WK

WK

WK

WK

WK

WK

WK

WK

WK

WK

WK

WK
'W K

W

W

W

W

W

W

W

W

W

W

W

W

M

'W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

Pl
P2
P3
n4
P5

P6

A

A

RZ
Z

C

C
C

8

AVG

12 AZH MES()N WIDTH (MFV)

A

A

RZ

Z

8

AVG

) (10 ~ ) CHI KOVAN I 67 MMS — 6» 7 P I- P
n IN RFNZ 68 F I T QF 2 CDHFRENT SYMMETRIC POLFS ~

5 ~ BENZ 68 MMS - 7 ~ 65 P[- P
0 10 ' 0 CRFNNELL h8 HRC — 6 ~ 0 P I-P ~ X-
0) (10~ 0I (7 ~ 0) AGUILAR 1 69 HSC +- 0 1 ~ 2 PB P»KIK+-
AR 1 69 tNCLUOES R4RLOM 67» CDNFDRTO 67 ~

0 10 0 D(3NAI. D 69 HBC +- 1 2 PB P (4 P I )
0) (5 ' 0) ROC K MANN 70 HBC + 5 ~ P I+P ~ I NC QHFR ~

?) (14 ~ 8) {10~ 2) RASILE 70 CNTR 0 3 16 PI- P
10~ 0 NFF ' 70 MMS 7 ~ Pt P» P KKRAR

0 TWO INCOHERENT RRF. IT W I GNERS
~ ~ ~ ~ ~ ~

FLOW IS BASFO ONLY nN VALUFS FROM COHERENT FITS ~

~ ~ ~ ~ ~ ~

6 3 ~ R

(3&~

INCLUDE
22 ~

12 ~

(22 '
AGU IL

21 ~

(17~

(10~

30.
FtT T

~ » ~

AVG R

~ ~ ~

21 ' AVERAGF. ( ERROR [NCLUOES SCALF. FACTOR OF 1 ~ 0)

17. A2 MESDN W I DTH t AEVI K KRAR UNSPL t T UNRESOLVED

NOTF
60
80

130

12
132
730
9 '50

AVG

THAT

Sh,
RR ~

47 '
Rp ~

21 '
(34~

9P ~

114
(123'
~ ~ ~

c 9

NFUTRAL MODE CAN INTFRFFPF. WITH F ~

0 28 0 RARLOW 67 HRC +- 1 ~ 2 PHAR n» KK
0 1& ~ 0 RARLQW 67 HRC +- 1 ~ 2 PRAR P» KK

?3 ~ 22 ~ BE!)SCH h7 nSPK 0 5-12 P I-P K1K1
0) CQNFQRTA 67 HSC +- 0 ~ PRAR P f N KK

nA HL 67 HRC — 2 ~ 74 ~ 5 PI- P
OAHL 67 HRC 0 2 ~ 7 4 ~ 5 P I - P

0 6 ~ 0 CRENNELL hR HRC — 6 ~ 0 PI-P KIKl
0) ADFRHQLZ 69 HRC + R oI+ P, K+Kn
0 24 ~ 0 ALSTON-GA 70 HBC + 7, 0 P I+P K+KS P
0 10 ~ 0 F!JLEY 71 CNTR - 20 ' 3 P[- P K- KS
0) (7 0) !RAYFR 71 ASPK - 17 2 Pl-P ~ K-KS P

~ ~ ~ ~ ~ ~

8 14.5 AVERACE tFRROR INCLUDES SCALE «CTQR OF 2 ~ 9)
( SE F. IDEQGRAM RE LOW )

[RE
3h ~ 5
10~ 0

12 A2 MF SON WI DTH (MEV) 3P I ~ ETA PI MODES SPL I TTING UNRFSOLVED

( 100~ 0)
90 ~ 0

1425 99 0
(140~ 0)

70 ~ 0
100~

(Rp. p)
98 ~

100
!84 ' )
ANAL YSt
90~

45 ~

9h» 0
1?5»0
(90~ )

RP ~

o4 0
(Rp ~ )
at ~

(40 ~ 0)
&7» 0
90~ 0

( 164 ~ 0)
K GR nUNO

Ro ~ 0
79.0

103~ 0
70 ~ 0

( 102 ~ 0)
( 122.0)

(R'5 0)
135 0

(120 ' 0)
(41 0)
90~ 0

(35 ' 0)
RF DIFF

t 215» 0)
A NALYS I 5

3R ~ 0
STRONGLY

1 400
1060
137

4
A

4000

AE 241
F RAC

941
189

D

D

0 4AY

A

D

AVG
~ ~ ~ ~

87 ~ 3

4 ' 0 P[+P
3 ~ 7 P I+- P
6 ~ 0 PI-P
3 ~ 2 PI -D
h» 0 P[-P

0 3 ~ 65 P I+0
+- Pf+- P

PI- P
0 8»5 Pt+ P

8 Pl- P
T I 190 III EV

7 Pt- P
+- 3»3 6 PRAR P

0 5 ~ 1 PI+9
lh ~ 0 PI- P

+ l) Pf+ POR»+P
2 ~ 7 4 ~ 5 Pl — P
6 ~ 0 Pf-P»X-

+- 5 ~ 7 PRAR P
3 PI-P
6 ~ 7 PI- P
Ie. pt- p, 5pt
16 P I - P ~ 8ACKW9

+ 5 1 Pl+0 ~ 3PI++-

ADCPHQL?. 64 HBC
10 ~ 0 GDLOHARER 64 HRC
15 ' 0 LEFERVRF. 5 65 MMSP

SF. [DL I TZ 6 & DBC
lp ~ 0 BAPNES 66 HBC
1" BENSON hh nSC

( 10»0) COMP ~ RY FERBEL h6 RVUF
LF V& AT 66 MMS

7 n SALTAY h7 HRC
( 30 ) ( 20 ) CA SON 67 HBC

5 COMPL [CATFD RY NFARBY PEAK (Al ~ 5) 4
15 CHI KOVANI 67 MMS

22 ~ DANY SZ h7 HRC
1h»0 ARMENI SF. 68 ORC
40 ' 0 Rht. (.AM 68 HRC

AP PROX ~ ROSBIF.BF.C K 6R HBC
21 8!)ESF,RFCK 68 HRC
?0 ~ rHUNr, hR HBr.
30»0 20 ~ 0 CRFNNFLL hR HRC

AP PRf)X ~ r R I DM AN 68 HRC
IR ~ KFY hA HRC

(75 ~ 0) VQN KROriH 68 HRC
16~ 0 JUNK MANN hR HRC
10 0 5 0 ~ 0 ANDF. R SON 69 BRIMS

( 20 ~ 0) AR&ENI SE 69 DRC
SUBTR Ar 7tnN MODEL-OFPENDENT.

30 ' 0 EISI=NRFRG 69 HRC
12 ~ 0 AL'ST DN-G A 70 HRC
20 ~ 0 AL STON-Gh 70 HRC

o RDCKMANN 7o HRc
C4ROLL 70 HAC

CAROL{. 70 DRC
CAROLL 70 HSC

2h ~ 0 CARD 7o HRr.
CASO 70 HRC

( 20 ~ 0) t 16~ 0) DZ'f ERBA 70 HBC
20 ' 0 DIAZ 70 HRC

(35 ' 0) GARF INKF. L 70 DRC
FRENT ORJFCT J PC=2++ ~ CDMPARF. CRENNEL

( 22 0) r, oRnnN Tp DRr.
COMPLfCATFD RY NFARSY PEAK (Al ~ 51

15 0 JDHNSTON 70 HBC
DFPENDF NT ON BACK GROUND SURTRACT ION

~ ~ ~ ~

3 ~ s) AVFRAGi ( ERROR INCLUDES 5
( SEE [DEDGRA)t RFLDW )

+ 4 ' 3 ' 5 ' 3 CAMMA P
+ 7 ~ 0 PI+P»3PI P
+ 7.0 Pf+P, PI ETA

05 ~ P I+P
P I- P

0 7 nt+ 0
0?5 Pt-

11 2PI-P ~ Pf RHn
11 ~ 2PI-P» PI FTA

PI- P»PI ETA
+ 0 ~ PBAR P ~ 4 Pl

4» 5 K-Dq LAMRPA

0 4 2 Pl+ D

7.PI-P, PI-ETA P

CALE F4CTOR OF 1 3)

12 A2 MESnN PART[ 4L DECAY MODES

A 2 MF SON INTA
A2 MESON fNTD
42 MFSON INTO
42 ME S )N INTO
42 MFSnN tNTn

RHO P I
KBAR K

FTA PI
FTA PRI ME PI
PI+ PI- n[0 EXCL ~ RHO P I ~

NOT USED IN FIT)
+ P I P[ EXC[ ~ RHO PI ~

NDT U5FO [N FIT)
AZ MF5ON f NTQ

( SMALL»

(SMALL»

OErAY MASSES
765+ 139
493+ 497
548+ 139
9'57+ 139
139+ 139+ 134

139+ 139+ 139

12 A2L MF SON WIDTH (MEV)

(29» ) (10~ ) CH IKOVAN I 67 MM5 - 6 7 P I- P
INCLUDE 0 IN RENZ 68 F IT OF 2 (OHERENT SY»(METRIC POLES ~

72 ~ 'BENZ 6R MMS — 7 ~ 65 P I — P
24 ~ 0 10 ~ 0 CRFNNELL 6R HBC — 6 ~ 0 P [-P»X-

(22 ~ 0) (10~ pl (7 ~ 0) AGUILAR 1 69' HBC +- 0-1.2 PR P, KlK+-
AGUIL AR 1 h9 [NCLUDES RARLQW 67 CONFOPTO 67 ~

(40» 0) DR LFSS CRFNNFLL 69 OBC - 3 ~ 9 K- N PI-RHO
MAY RF DI FFERENT ORJFCT JP=I- FAVORED OVER 2+» 2-» I+
NOTF THAT IGJP= 1-1- [5 FXDT[C IN THF. QUAR K MODEL

5 ~ 0 12 ~ 0 5 ~ 0 DONALD 69 HBC + 1 ~ 2 PB P(4 PI )
(27 ' 0) ( 13 ' 0) ROCKMANN 70 HBC + 5 ~ PI+P [NCOH5R=
(23 ~ 0) (R s)) RAS ILE 70 CNTR 0 3» 16 Pt P
20» 10»0 NF. F 70 MMS — 7» PI-P» P KK SAR

F I T TO TWO INC'. )HFRENT RRF. IT 'WIGNFRS
~ ~ ~ ~ ~ » ~ ~ ~

AVG RELOW I 5 BA SF D ONlY ON VALUFS FROM CQHF RENT F I TS ~
~ ~ ~ ~ ~ ~ ~ ~ ~

IR. 8 3 ~ & AVFRACE {ERROR INCLUDES SCALE FACTOR QF 1 1)

6/e8

12/68
6/68
5/69

8/6 9

9/69
5/70
1/716'

11/e9

6/68

12/68
6/6 8
5/69

9/69
5/70
1/7 16'

1 1 /69

9/67
9/67
7167
9/67
8/67
R/67
6/68
8/69
I/7[6'
2/7 fn
1/716'

e/66
6/66
6/eh
1/67

10/h6
2/67
7/6 7
5/67

8/e7
7167
9/67
9/68
6/6 8
6/68
5/6 R

6/6 8
6/6R

11/67
9/68
9/69
8/69
5/70
&/70

12/69
I/7)6
1/7 IB'

5170
I/7 16
I/Ttn
1/716
5170
'5/70

ll/706'
5170
1/71 &

1/7 16'

1/716'

WEIGHTED AVERAGE = 59.8 + 14.5
ERROR SCALED BY 2.9

—50 50 150

CHISQ
71 CNTR 29.4
70 HBC 1.6
68 HBC 23.5
67 HBC 0.3
67 HBC 0.5
67 OSPK 1.6
67 HBC 0.1
67 HBC 0.0

5.7 .0
( C 0 N L E U

=0 .000 )

OLEY
LSTON-GA
RENNELL
AHL

AHL

EUSCH
I-IRLOW

ARLOW

250
A2 WIDTH (MEV) K KBAR MODE UNSPLIT

WEIGHTED AUERAGE = 87.3 + 3.8
ERROR SCALED BY 1.3

JOHNSTON 70
DIAZ 70
CASO 70
BOCKMANN 70
ALSTON-GA 70
ALSTON-GA 70
EISENBERG 69
ANDERSON 69
JUNKMANN 68
KEY 68
CRENNELL 68
CHUNG 68
BOESEBECK 68
BALLAM 68
ARMENISE 68
DANYSZ 67
CHIKOUANI 67
BALTAY 67

EURAT 66
ENSON 66
ARNES 66
EFEBURES 65
OLDHABER 64

—50 50 150 250
A2 WIDTH (MEV) s OTHER MODESs UNSPLIT

12 A2 MESON BRANCHING RATIOS

HBC
HBC
HBC
HBC
HBC
HBC
HBC
MMS
HBC
HBC
HBC
HBC
HBC
HBC
DBC
HBC
MMS
HBC
MMS
DBC
HBC
MMSP
HBC

CHI SQ
10.80.0
3, 4
0, 4
0.60.5
0.10.0
4.90.00.1
0.1
2.20.90.33.70.0
0.3
4.60.73.00.6
0.1

37 ~ 2
(CONLEV
=0.023)

+ 3 ' 5 Pl+P
K 0 5 ~ 7 ~ 12 Pf-t

Pf-P
+ RPI+P

68 HRC — 3 2 P I-P
6R HRC +- 1 ~ 2 PRAR P
70 HBC 0 5 ~ 0 PI+P
70 HRC + 5 ~ 0 P I+n

3 ~ 93 P I- P
+- 0 ~ PRAR P» 4 PI

7 ~ 0 Pl — P
+ 7 ' 0 PI+ P

SCAL E F ACTOR OF 1 ~ 9)
SCALF. FArTnR OF 1.8)

10/66
9167
6/68
6/68

1/67
6/68
9/69
9/69

I/71+
5/70
6/70
2/716'

WEIGHTED AVERAGE = 0.0345 + 0.0092
ERROR SCALED BY 1.9

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, gx,
and scale factor, which are differ-
ent from the values shown here.

A LSTON-GA 71
NEF 70

-DIAZ 70
ABRAMOVIC 70
BOCKMANN 70
DONALD 68

BBCBLI 66

-0.05 O. OS 0.15 0.25
A2 MESON INTO (K KBAR) i (RHO PI)

CH'ISQ

HBC 12.0
MMS 1.4
HBC 3.1
HBC 0.7
HBC

HBC O. i
HBC 0.8
HBC

18.2
(CONLEU
=0.003)

Rl A2 MESON INTO (K KRAR) / ( RHO P I )
Rl {0 ~ 08) OR L ES'5 LANDER 64 HBC
Rl N, [0~ 13) (0 ~ 03) BEUSCH 67 OSP

o. o9 o.oe 0.09 AsrnLI 68 HRC.
Rl R {0 ~ 0?2) ( 0 ~ 008) BQESERECK 68 HRC
Rl 8 SUPERSEDED SY MQRR [SON 71» SEF. RR»
Rl 0 ~ 054 0 ~ 022 CHUNG
Rl 0 ~ 03 0»01? nONALO
Rl N (0 ~ 14) (0 F 05) RDCKMANN
Rl 0 07 0 ~ 05 BOCKMANN
R 1 N THE NEUTRAL MODE CAN INTFRFERE Wf TH F ~

Rl 0 ~ 06 0 ~ 03 ABRAMOVIC 70 HBC
Rl 0 ~ 024 0 ~ 006 DI AZ 70 HBC
Rl 0 F 07 0 ~ 03 NEF 70 MMS
R 1 113 0 ~ 097 0» 018 ALSTDN-Gh 71 HBC
Rl »»» ~ ~ ~ »» ~
Rl AVG 0 ~ 0345 0 ~ 0092 AVFRAGF ( FRROR INCLUDES
Rl FIT 0 0351 0 ~ 0086 FROM F IT (FRROR INCLUDES

( SFE [DEOGRAM BELOW )
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For notation, see illustrated key at beginning of data card listings

R2
R2 8
R2 8
R2
R2 FIT

A2 MESON fNTO (FTA P Il/TOTAL
(0 084) (0 ' 023) BOESEBECK 68 HSC + 8 Pl+ P

VO LONGER VAL ID 5 INCE Rj VALUE HAS CHANGFO (MORRISON 711 ~

~ ~ ~ ~ ~ ~ ~ ~ ~

0 179 0~018 FROM FIT

6/68
F OS T F.P.

F RI DHAN

JUNKMANN

KEY
LAHSA
VON KROG

68 NP 8 8 174
68 PR 167 1268
68 NP 88 471
68 PR 166 1430
68 PR 166 1395
68 t&L 27 8 253

+GAY IL LET LABROSSF. HONTANET + {CERN+CDEF )
+MAURF R ~ HI CHALON OUDET+( HE IDEL 8+ ST R A SBOUR{;I

+COCCONI, + I A ACH+8 FR L+SONV+C ERN+W AR S )
tP RENT I C F+C DOPE R+ MANNER+ WALKFR+( TO+ ANL ¹W I S )
+CASON+Bl 5 WAS+ DERADO+Gt{OVES+ {NOTRF DAMF }
+MfYASHITAyKOPELRAN MARSHALL LISSY (COLOI

A2 HF. St)N INTO I E TA P I I
0 ' 3 0 ' 2
0 ~ 22 0 ~ 09

22 Oe 23 0 ~ OR

0 12 0 08
( 0~ 072) OR LF. SS

Oe 16 0 ~ 10
(0+18) (0 06}
0~3 0~13

167 0 ' 246 0 ' 042
I'5 0 ' 25 0.09

0 ' 34 Dej7
(Ooj8) (0 F 07)

STRONCLV DEPFNOEt{T

R3
R3
R3
R3
R3
R3
R3
R3 0
R3
R3
R3
R3
R3 0
R3 0
R3
R3 AVG
R3 FIT

0 ~ 027
0 ' 028

0 ~ 225
0~ 229

/ (RHO PI I
ADERHOL Z

CONTE
ASCOLI
CHUNG
DONALD
KEY
VETL ITSKY
ABRAHOVIC
AL 5 TON-G A

BOCKMANN
0.34 BOCKMANN

DZIFRSA
ON BACKGROUND SUS

64 HBC
67 HBC
68 HBC
68 HBC
68 HBC
68 HBC
69 HBC
70 HSC
71 HBC
70 HBC
70 HBC
70 HBC

TRACTION

+
0

4 ~ 0 Pl+ P
11 ' 0 PI-P
5 PI-P
3 ~ 2 Pl-P
I ~ 2 PBAR P
3 PI-P
3 3 PI- P
3 93 P I- P
7 ~ 0 Pl+ P
5.0 P I+P
5 ~ 0 PI+ P
8 ~ PI- P

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 01
FROM F IT {FRROR INCLUDES SCALE FACTOR OF 1 &0)

R '5 A2
R5
R5 1'4
R5
R5
R5
R5 AVG
R5 F IT

HFSON INTO (ETA PRIME PI) /(RHO PI)
(0 04) OR LESS AL STAN-G A 71 HBC

0%07 0 ' 03 ASCOL I 68 HBC
0 ~ 04 0 ~ 03 0 ~ 04 ROCKMANN 70 HBC

(0 151 (0 09) DZIERBA 70 HBC

~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 0'57 0 ~ 023 A VFRAGE {ERROR INCLUDES
0 0 1 "6 0 ~ 0093 FROM F IT t ERROR INCLUDES

+ 7 ~ 0 Pl+ P
5&0 Pl-P

0 5 ~ 0 PI+ P
8 ~ PI-

SCALE FACTOR OF 1 ~ 0)
SCALE FACTOR OF 1 ~ 0)

R4 A2 ME SON INTO (F TA PRI HE P I 'I / TOTAL
R4 (0 ~ 1) OR LFSS CHUNG 65 HBC — 3 ~ 2 PI-P
R4 8 (0 004) ( 0 ~ 0041 SOESEBECK 68 HBC + 8 PI+ P
R4 8 '4O LONGER VAL ID SINCE Rl VALUE HAS CHANGED l MORRISON 71) ~

R4 ~ ~ ~ ~ t ~ ~ ~ ~

R4 FfT 0 ~ 0122 0 0071 FROH FIT

8/67
6/68

12/66
6/68

F 11/67
9/68
1/71«
2/71«
9/69
9/69

11/70«

6/6 8

2/71«
6/68
9/6 9

11/70«

69 NP 8 11 259
69 PL 29 8 62
SARLOW f 7 CONFORTO
69 PL 29 8 241
69 PRL 22 1390
69 LNC 2 &01
69 PL 28 8 526
69 PRt. 22 1327
69 NP 8 12 325
69 PRL 23 1322
69 YAD ~ F I Z ~ 9 596

ADERHOI Z

AGUI LAR 1
AL SO

AC&l} I L AR 2
ANDE RS0"4
ARM CNT S C

CHIKOVAN
C RF. NNELL
DONALD
E I SENB fR
VE TL I T SK

ARRAMOV f 70
ARRAHS 70
ALSTON-GA70
ASCOL I 70
8 AS IL F. 70
BA(t Dl 70
BAUO2 70
R(JCKM ANN 70
BUTLER 70
C AROI. L 70
CASA 70
DIAZ 70
DZIERRA 70

AL SO 68
GARF I NKF 70
GORDON 70
JOHNSTON 70
KRUSF 70
NEF 70
SUTHERL A 70

ABRAMO V ICH & SL UME hlF FL 0 ~ SRUYANT r+ (CERN}
+BARNHAH ~ SUTLER COYNF ~ GOLOHABER HALL&+(LRI I
+BARBARO BUHL OERCNZO FPPFRSON FLATTE+(L RL)
+RROCKWAY&CRAWLFY& El SFNSTEIN&HANFT&+ ( ILL )
+DALP I AZ ~ FRABFTT I & MA SSAM &+ {CERN+BGNA+ST RB )
CERN BOSON SPECTRA'{ETER GROI}P (CERh))
CERN BOSOV SPECTROME TFR GROUP l CERN I
+»)A JOR, POL5, + {BONN+DURH+Nl JM+EPOL+TORt )
THFS IS ( LRL 'I

+F I Rf 8 AUGH r GARF INK FL ~ MORSE ~ OH& + t W I SC+ TN TO )
+CONTE ~ TOM ASI NI ~ CORDS+(C&ENO+HAHB+MIL A+SACL I
+GAVILLET LARROSSE MONTANET+ {CERN+COEF)JP
+SHEPH ARO, &)I SWILS, CASON, JOHNSON, KENNFY(NDAM)

t4P 8 29 466
UCRL 70067

PL 33 8 607
COO 1 195 193

LNC 4 838
PL 318 397
PHI LAD CONF ~ P ~ 311
NP 8 16 721

UCRL 19845
PRL 25 1393
(.NC 3 707
NP 8 16 239

PRFPR TNT
LA4lSA
PL 33 8 536

COC) 1 l.9 & 179
NP 8 74 253
PHIL AD+CONF ~ P ~ 359

THF 515+PR IV, C O»IM.
PHILAD~CONF ~ P 369

JP

JP

GARF INKEt. & AHMANN &CAR MONY & YFN (PURDUEJ)C
THESI 5 & ILL INOI5 I ILL)
+KEY PRFNT ICF. YOON GARFINKEL + (TNTO+WI SC}
U ~ KRUSE PARTIAL 'WAVE ANALYSIS {TLL) JP
CERN BOSON SPECTROMETER GROUP (CERh))
G. SUTHERL AND INT ERFER TNG RESONANCE (GLASGOW)

+BARTSCHe+ {AACH+BFRL+CF RN+KR AK+WARS )
+BARLOW& JACOBS& DELLA NEGRA+( CER 4+CDF +L IVP I

67
M. AGUILAR-SFNITEZ J.BARLOW + (CERN+CDF)
+COLL I NS r+ ( BNL+ CARN )
+GH IOI Nl sFOR I NO CART ACCI+ l BAR I+BGNA+F I RZ I
CERN MISSING MASS SPFCTROMETFR GROUP l CFRh)) JP
+KAR SHON tK WAN WL} LA I r + lBNL) I JP
+EDWARDS FOSTFR, HOORF. {LIVERPOOL)
E ISFNBERG, HABER SALLAM CHADWICK+(RFHO+SLAC I
VETLITSKY GRIGUREYEV GRI SHIN G)}ZHAVIN+( tTEP}

A2 MFSON INTO (P I+ PI- P IO) / (RHO PI I
(0+17) OR LESS BENSON 66 DBC 0 3 ~ 7 Pl+0

R7 A2 HFSON INTO (ETA PI)/{K KBAR)
R7 (3 0) OR LESS FOSTFR 68 HBC — PBAR P ~ PBA REST
R7 ~ ~ ~ ~ ~ ~ ~ ~ ~

R7 F IT 6 ~ 5 1 ~ 8 FROM F I T

RB A2 MESON INTO (K KBAR)/ TOTAL
R8 0 ' 04 0 ' 02 BUTLER 70 HBC + 3 ~ 56-3 ~ &{2 P I+ P
RB (0' 04) (0 ' 02} MORRI SON 71 HBC + 8 P I+ P
RB ~ ~ ~ ~ ~ ~ ~ ~ ~

RR FIT 0 ~ 0274 0 ~ 0065 FROM F IT l ERROR INCLUDES SCALF FACTOR OF 1 ~ 8}

R9 A2 HFSON INTO (P I+ Pl- PI -I /(3 P f I
R9 (0 ~ 23) OR LESS C ~ L ~ =0 9 ASRAMOVIC 70 HBC — 3 ~ 93 Pl- P

9/69

I /71 ¹

1/71«

1/71¹

AL 5 TON-GA7 1
8 ARNHAM 71
FOLEY 7 1
CRAVER 71
MOP RISON 71

c HUNG e4
LANDER 64
ADE RHOI. Z 65
AL ITTT 65
SLA TTF. RY 67
BAUO3 70
8FKE'TOV 70

PL 34 8 156
O' RL 20293

PRL 26 413
PL 34 8 333

PRIV COHM

PRL 12 621
PR{. 13 346 A

PR 138 8 897
PL 15 69
NC 50A 377
PL 31 8 401

HOSCOW 70 816

+RARBARO SUHL DERE NZ O EPPERSON, FLATTF+ {LRL )
K ~ W ~ J ~ RARNHAM AND G GI)LDHASER
+LOVE OZAKI PLATNER LINDENBAI}M + (BNL+CUNY)
+HYAMS JONFS SC'HLE IN BLUH DIET(.+tCERN+HP(M)
D ~ MORRISON t 4ACH+BERL+CERN )

PAPERS NOT REFERRED TO TN DATA CARDS

+DAHL & HARDY&HE 55 &KAL BFLE I SCH& KIR 2&+ {LRL I
LANDER &AROLINS & CARHONYr HENDR ICKS + (UCSD)
AACHF N+BER L I N+ 8 I RH+8 ONN+HAMB+LOND+MU ENCHEN
AL I TT I ~ RATrJN & DEL FR ~ CRLISSARD+ ( SACL AY¹BOLOG)
+KRAY R I LL+ FORM AN+F ER 8 EL (YAL E+ROCH}
CFRN BOSON SPECTROMETFR GROUP {CERN)
+SOHBKOWSKY KONOWALOV KRIIT5CHININ + { ITEP)

JP

JP
JP

JP

R10 A2 MESON INTO (ETA PRIME PI I / {ETA PI )
R10 0 ~ 04 0 ~ 04 ABRAM5 70 HBC + 3 ~ 7 Pl+ P
R10 ~ ~ ~ ~ ~ ~ ~ ~ ~

R10 F IT 0 ~ 068 0 ~ 040 FROM F {T (ERROR INCLUDES SCALF FACTOR OF 1 ~ 1)

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. + 5P., where1 1 15P. = Q(5P. 5P.), while the off-diagonal elements are the normalized correlation coeffi-1 1 1
cients (5P.5P. ) /(5P. ~ 5P,}. For the definitions of the individual P. & see the listings

3 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 f.

P 1 P 2 P 3 P 4
I e 7&)2+- ~ 020
2 —~ 188 027+- ~ 007

P 3 - ~ 590 - ~ 1 14 ~ 179+- ~ 018
P 4 —~ 407 —~ 048 ~ 079 012+-~ 008

37 A2&2 (1320) I=2 OR GREATFR

SEEN AS A RUMP IN RHO- Pl- SPECTRUM ~

EVf DENCE NOT COMPFLLI NG ~ DROPPEO ~

SEE JAN ~ 67 FDITION&

«¹««¹««»see««¹¹««e«¹««e««e¹eee«e¹ ¹««eee«ee ¹««»¹¹¹«¹««4¹¹«ee«e«eee««¹
«¹eee»e¹e «¹e«e««e» eeee«eeee «e» ¹¹¹«eeeee¹ee¹eeeee¹eeeee e««eee¹¹

E(1&22)
6 E MESON {1422& JPG=A +) t=0

BA ILI (1)4 67 F AVOR JP= 0- ~ DAHL 67 FAVOR 1+ SUT DO NOT
EXCLUDE. 2- 0- ~ LORSTAD 69 t- TND 0- OR 1¹.

6 F. ME SON MASS {MEV)

¹¹¹«ee¹e¹¹e¹¹e«e¹¹«e¹4«e«««¹e«e«««««e¹«««e««¹ «¹¹¹¹e«¹»e«¹e¹¹¹41/71«ee«ee¹ «¹¹«e««ee ¹«ee«««¹¹«¹¹¹¹e¹e¹«¹e«¹ee¹e«e««e¹«¹¹«ee¹¹«¹«¹e«¹¹¹e¹¹

¹¹¹e¹¹¹¹¹¹¹¹¹¹4¹¹««¹««e«¹ee'¹¹ee¹ee«¹¹e¹¹¹e»¹«e¹e¹e«¹¹««««¹¹«
REFFRENCES FOR A2

ADER HOL/ 64 PL 10 248 AACHEN+SERL IN+BIRM+BONN+HAMB+IC-LCINDON+MPI
CHUNG 64 PRL 12 621 +DAHL & HARDY&HFSS &K ALBFL FISCH& K IR 2 (LRL I
GOL DHA(IE 64 ()U&INA CONF 1 480 G GOLDHABER 5 GOLDHABFR DHAL LORAN ~ SHEN (LRL I
LANDER 64 PRL 13 346 +ASOLI&45&CARHONYtHENORIKS ~ XUONG+ (LA JOLLA I

7 ~

20 ~ 0
10 ~

7 ~

M BA ILLON
M t}A HL

FRENCH
M LORSTAD

~ ~ ~ ~ ~ ~ 0 ~ ~

M AVG 1422 &
'5 4 3 AVERAGE ( ERROR

67 HBC 0, P BAR P 11/66
67 HRC 1 ~ 6-4 ~ 2 P I - P 10/66
67 HB{: 3-4 PBAR P 6/67
69 HBC 0 ' 7 PB P 4 5-BODY 9/69

INCLUDES SCALE FACTOR OF 1 Ol

BARN ES
BFNSON

ALSO
EHRI. ICH
FFRSFL
LFVRAT

eh PRL 16 41
6h Ml CH COO-1 112-4
ee PRL 16 jj77
6f PR 152 1194
66 PL 21 111
66 PL 22 714

ABOL INS 65 ATHENS(OHIO I CONF ~

CHL)NG 65 PRL 1 5 325
FOR t NO 6& PL 19 68
L FFFSVRF 6 & PI. 19 434
SF IOL I TZ 6'5 PRL 1'5 217

+C ARHONY, L 4NOF R ~ XU ONG, Y AGER (LA J OLLA) I=i
+DAHLs HARDY& HF SS s

JACOBS�

& KIR &r &MILLER {LR(.I
+GE SSAROL I+L ENOI NA RA+ ( ROL+BAR I +F IR+ORS+SAC )
CERN HISSING MASS SPECTROMFTER GROUP (CERN'I
L SF IDL I TZ sO I DAHL¹ 0 H MILL FR (LRL )

BARNES sFOWLER &LA I& ORENSTE IN + (SNI ¹CCNY 'I

G ~ C ~ BENSON THFS IS ( MICH IGAN )
G 8 F. NSON LOVF. LL MAR{}UI T R'OE + ( HI CHTGAN I
R ~ FHPLICHgW SELOVF¹H YUTA (PENNSYLVAt{IA)
FFRREL ( ROCHE STFR I
CERN MISSING MASS SPECTROMETER GROUP (CERN)

6 F. ME SON Wl OTH (HEY)

80 ~

h0. 0
45 ~

60.

10~

20 ~ 0
20+
20

BATLLON
DAHL
FR FNCH
LORSTAD

~ ~ ~ ~

7 ~ f

67 HBC 0 ~ PBAR
h7 HBC I ~ 6-4 ~ 2 Pt — P
67 HRC 3-4 PBAR P
hr& HBC 0 ~ 7 PB P & 4& s-BODY

INCLUDES SCALF FACTOR OF 1 ~ Ol

6 E HE SON P ART I AL DECAY MODE S

W

14

W 310

W AVG AVER AGF. ( ERRO'R

11/66
10/f. 6

6/f&7
9/69

AR MEN (5E
BAL TAY
RARLOW
BAg TSCH
BFUSCH
CASON

ALSO
CHIKOVAN
CHUNG

AL SO
COHN
CONFORTO
CONTE
OAHL
DANYSZ

ARMF NI SF
ASC()LI
BALI. AM

REhl Z

ROFSFBEC
C ASO
CHUNG
C R E h) NF L L

DONALD

67 PL 258 53
67 PL 25R 160
67 r{C "OA 701
67 PL 258 48
67 PL 7 & 8 3'57
f&7 PR L IR &}80

L AMSA 68
67 PL 258 44
67 PRL 18 100
f 6 UCRL —16R32
67 NP 8 1 '57
h7 hIP 83 4f 9
67 NC 51 A 175
67 PR 163 1377
67 NC 51 A 801

68 PL 268 336
68 PRL 20 1321
68 PRL 2 1 934
68 PL 2)I 8 233
6&I NP 8 4 501
68 &4C "-4 A 983
68 PR 165 1491
68 t&RL 20 1318
68 PL 26 8 327

ARMENISE &FORINO&+ ( BAR I+SOL+F IR+ORSAY)
+KIRSCk{+KUNG+YEH+RABI&4 t COLUM+SNL+RUTGFRS }
+L ILLF STOL+MONTANFT+ (CCRN+CDF+ IR+L IVF R POOL I
+DE UT SC H &A NN+GRO TF ¹COCC ON I + {A ACH+ 8 FRL+ CERN 'I

+F ISCHFR GOBB I ASTBURY ~ HICHELINI+ (FTH+CERN)
+LAMSA&8 I SWAS&OERADO ~ GROVES~ t t hit)TRFDAME I

CERN MISSING MASS SPECTROMETER GR)3UP l CFRN)
+DAHL & HARDY& HESS & K IRZ & HILL ER (LRL I
RICHARD I HF 55--THFS IS & BERKFLEY (LRL I
+HCCULLOCH+RUcG+CONOO (ORNL+UNIV ~ T ENN ~ I
+MAR FCHAL HONTANET+ t CERN+CF+IPN+L I VER POOL )
+TOMASINI &CORDS+ ( C&ENOVA+HAH+HI LAND+ SACLAY)
+HARDY+HF 5S+K I RZ+M f LLER (LRL )
D ANY SZ+ FR ENC H+S I MA K {CERNI

ARMENI SE FOR INO + (BAR I+BOL+F IR+ORSAY)
+CR AWLFY r HORTARA &SHAPIRO, BR IDGES+( ILL I NOTS) JP
+8 ROOY & C )IADW I CK v FR I E 5 & GU TR AGOSS I AN+ ( SL AC )
CERN Mf SSING MASS SPFCTROMETER GROUP {CERN)
BOESEBECK,OFUTSCHMANN +( AACHEN+BERL IN+CFRN )
+COh) TE+CQR DS+DIA Z+ (GFNOVA+HAHR+taf L+ SACL I
5 ~ U ~ CHUNG&0 ~ DAHLIA JoKIRZ&O ~ H ~ MILLER {LRL)
+KAR SHON+KWAN LA I & SCARR &5K ILL ICORN ( BNL )
+FRODFSEN+BFTTINI+ (LIVERPOOL+OSLO+PADUA}

Pj
P2
P3
P4
P &

R 1
Rj

R2
R2

R3
R3

E INTO K K¹t890)
F INTO K KBAR Pl
E HFSON INTO PI PI RHO
F. INTO PI ( 1016'I P I
F. INTO F.TA P I P I

6 E MESON BRANCHING RATIOS

E INTO K Ke (890}/t (K Ke)+(PI{1016} PI ) }
~ 50 ~ 10 BAILLON 67 HBC

E MESON INTO (PI PI RHO) / (K KBAR Pi)
le Ol OR LFSS DAHL h7 HRC

E MESON INTO (ETA 2 Pl) /(K KBAR PI I

(1~ 5)OR LESS (CL=O ~ 95) FOSTFR 68 HBC

DECAY MASSFS
493+ 892
497+ 497+ 13&

1, 34+ 134+ 765
1016+ 13o

548+ 139+ 139

0 ' 0 PBAR P 11/66

PBAR P P SA RE5T 9/69

0 CHARGFO PI ONLY 10/he



PARTIcLE DATA. GRQUp Review of Particle Properties SSi

For notations, ee illustrated key at beginning of data card listings
~ .eeane

84(LLnN
BAR ASH
nAHL

Af Sn
cRFNCH
t-'nSrFR
BFT1'INI
L(IRSTAD

67 Nc 504 393
67 PR 156 1399
67 PR 163 1377
65 PRL 14 1074
67 Nfc ".7A 43 A

68 NP 8 8 174
69 NC 6 2 A 1038
69 NP 8 14 63

RF. FERFNCES FOR E MFSON

+EDWARDS+0 ANOLAU+AST IER+ (CERN+COF+IR I
RARhSH, K IRSCH MILLEP TA&( (

COLUMBIA

I 4 )
+H4RDY+HF SS+KIRZ+MILLFR (LRL ) I JP
MILLER. PCHUNG 5 DAHL 5 HESS 5 HARDY 0 K IRZ+ (LRL+UC )
+K INSON+ MC DONALn+R I DO I FORD+ ( C ERN+ 8 t RM I
+GAY IL LFT LARROSSE MONTANET + ( CFRN+CDEF )
+I.REST I, LIMENTANI, RFRTAUZA, BfGI+( PADO+P ISA) IC
8 ~ LnRSTAO 0 ANDLAU AST (FR, + (CnF+CERNI JP

P1
P2
P3
P4
I& 5
P6

PR INE
F PR I((IE
F PRI ME

F PR IME
F PR I 4!E
F PRIME

13 F PRIME PARTIAL DECAY MODES

I NTO PI+ P I-
I NTCI K K 8 AR

INT0 K K¹(8901
INTO FTA FTA
INTO PI P I ETA
(NTO PI K KRAR

DFCAY &ASSFS
139+ 139
4&7+ 4 &7
493+ 892
548+ 548
139+ 139+ 54 A

139+ 497+ 497

»¹»¹»e¹e¹¹¹e¹¹¹¹¹e¹¹e¹¹»e¹¹e¹e¹¹¹¹¹eee¹¹ee¹¹¹¹e¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹eee¹e
e»¹I(¹» ¹»¹¹»¹e¹¹¹¹¹¹ ¹¹¹e»»¹¹¹»¹¹¹¹eel ¹e¹¹¹lt((I(ee¹»¹¹ ¹¹¹ ¹e¹¹¹e¹¹¹ ¹ ¹¹¹¹ee¹ 13 F PRIMF. BRANCHIN(' RATIOS

Ks K4 (1440)
pp(1410)

29 K SK S( 1440) AND RHORHO( 1410) ( JPG=V + I I GTE 0

FV t DFNCE NOT YET COMPELL ING ~ 04II TTED FROM TABLE ~

IF RHOO RHno ANO Ks Ks ARF ROOFS OF THE SAME
RFSONANCEP THFN I=0 ~

Rl
Rl
Rl

R3
R3

F PR IMF. INTO (P I+ P I- I/(K KBARI
(0.2) OR LESS A NMAR

(0 181 OR LESS BARNES
67 HRC
67 HRC

F PRIME INTO (ETA FTA I/(K KBAR)
( 0 ~ 501 OR LF SS RARNES 67 HBC

5 ~ 5 K P tcL ~ 67 9/67
4 65 '5 ' 0 K- P 10/67

4 ' 65 5 ' 0 K- P 10/67

29 KSK S AND RHORHO MASS ( MEV )

R4
R4
R4

F PRIME INTO (PI PI ETA)/(K KRAR)
(0 ~ 31 OR LFSS A M MAR

0 ~ 25 0413 BARN ES
67 HBC
67 HBC

CL=0 ~ 67 10/67
5.0 K- P 10/67

-------RHOO RHno MODE-------
( 1410~ Ol RF. TT I NI 66 OBC 0 0 ~ PRARP TO 5PR 9/66

R'5

R5
R5

F PRIME INTA IPI K KRAR + K K¹(890)I /(K KRARI
(0 ~ 4) OR L FSS AMMAR 67 HBC CL =0 ~ 67 10/67
(0 ~ 14) OR L F. SS 84RNES 67 HRC 4 ~ 65 5 ~ 0 K- P 10/67

---KS KS MODE

pnssl RLY sEEN ABRAMS
THE AUTHORS ASSOCIATE THE PFAK W ITH
FSTIMAT ION IS DIFF ICIJLT
1412~ 2 3 ~ RARLOW
l. 439 ' 0 5 0 6 ~ 0 RFIJSCH

(142 & 01 F

67 HBC 4 ~ 2 "& K- P
THE F PR IME ~ RUT BACKGROUND

67 HRC 1 ~ 2 P BAR P
67 OSPK 5 5 7 0 12 PI -P
71 CNTR — 20 ~ 3 Pl- P ~ K- Ks

NCLUllES SCAL F FACTOR OF 1 ~ 0)

29 KSKS ANn RHORHO WI DTH (MEV)

4I

4

8
Itl

OLFY
M ~ ~ ~ ~ ~ ~ ~ ~ ~

M AVG 1437~ & '5 ~ 3 AVERAGE ( ERROR I

5/67

5/67
9/6 7
2/71¹

C R F. NNE L L
ABRAMS
At(MAR

RARNFS
ALITTI
LOR STAD
SCOTTER

66 PRI 16 1025
67 PRL 18 620
67 PRL 19 1071
67 PRL 19 964
6A PRL 21 1~05
69 NP R )4 63
69 &JC 62 A 1057

+ KALBFLF I SCH LAI SCARR SCHUMANN + (RNL ) I
+KFHOF 0GLASSERP SFCHI —ZORNP WOLSKY ( MARYI. ANO)
+DAVIS HWANG DAGAN DERRICK + (NWU+ANL I JP
+DORNANt GOLDRFRGt LE I TNFR + ( RAIL+SYRACUSE ) IC JP
+RARNFS CRFNNF LL FLANI all 0 GOLDBERG + ( RNL I

8 ~ LI'JRSTAn5 0 ~ ANDLAU 5 AST IE R ~ + (COF+CFRN) JP
+EQSKINF &PALER, + (RIRM+GLAS+LOIC+NP IM+OXF )

¹ee¹¹¹¹»¹¹»e¹e¹e¹¹e¹e¹¹¹¹¹e¹e»e¹¹»»¹e»¹¹¹¹»»e
REFERFNCES FnR F PRt MF

W -------RHOO RI300 MOOE-------
W f90 ~ 0 I RETTtNI 66 08c o o ~ PBaR P Tn 5( R

W

W

W

W

W AVG 46 ~ 4 17 ~ 0

-------KS Ks 5(CIDF

100. 70 '
43 ~ 0 17 0

(20 ~ Ol OR L ES

BARLOW 67 HBC 1 ~ 2 PBAR P 5/67
18 ' 0 RE(JSCH 67 OSPK 5 ' 70 12 Pt-P 9/67

S FOLF. Y 71 CNTR 7.0 ~ 3 PI P ~ K KS 2/71¹
AVERAGE ( ERROR INCLIJDES SCALE FACTOR OF 1 0)

~/I (1 54P) 47 P(IRHD (1540,JPG= 1 [=1

NAMFD Fl BY AGUILAR 69
Or Fz JP =2-5 I+ FAVORED 0 0- L FSS PROBARL E ~

ALSn CONTAINS PHOTOPRODUCED RUMP AT 15 &0 MFV ~ I UNKNnWN

4+ PI/RHO (1540) MASS (MEV)

RF. &T I NI
ARR AMS

RARLOW
RFUSCH
nnNAL n
FnLFY

66 NC 42 4 65&5

67 PR(. 18 I(320
47 Nc 5o a 701
67 PI. 75 8 3"7
69 NP 8 11 551
71 PRL 26 413

RFFFRENCFS FOR KSKS(1440) AND RHO RHO( 1410)

+CREST I PLIMFNTANI tLORI At PFRI)l ZO+ ( PAD+PISA I
+K EHOF. GLASS ER S FCHI-ZORN WOLSKY ( MARYLAND)
+MONT4 JFT IJ-AVOL AU+(CFRN+CDF+InR+L IVERPOOL)
+F ISCHER GORBI ASTRURY MICHELINI+(ETH+CERNI
+FDWARDS RURAN BETTINI + (LIVP+OSLO+PADnl
+LOVE 5 nZAK I 5 PLAT NFR PL I NDENB AUNt + ( BNL+CUNY )

M

0
M 0
M 0
M 0

10(1490 ol (70 ~ 01 ADERHf)LZ 69 HRC + 8 PI+ P KKBARP I 11/69
1 t2 1540 ~ 0 5 ~ 0 AGUILAR 69 HRC 0 ~ 7PBARP KKRARP I ll/69

( 1 "&50~ 01 l 40 ~ 01 OAVIER 69 STRC Ot ~ &-18 BREMS04PI 11/69
wtTH s~aTIs~tcs INCREASEn FnURFnLD (MAY 701, DavlER FT aL sTILL
FIND A BROAD FOUR P lnN ENHANCEG(ENTt RUT LI TTLE f V IDFNCF FOR Al+
STRUCTURE ~ NO INFORMATION ON ISOSPIN ~

¹»¹¹¹e¹¹eeee¹¹¹¹¹¹¹¹¹¹¹»¹e¹e¹e¹¹¹¹¹¹¹¹¹e¹e¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹e¹¹e¹¹¹
»»»*ee ¹¹»»»e¹¹¹eeeee*¹¹¹¹*e¹¹e»e¹e¹¹¹¹¹ee¹e¹¹¹ee¹¹¹»¹¹¹¹¹e¹¹ 47 Pt/RHO (1540) WIDTH (MEV)

I (1514) 1 3 F PRIME ( 1'5145 JPC&=2++) I=O

W

W

0
M 0

10 (85 ~ 01 (39 ~ 0) ADFRHOLZ 69 HBC + 8 VI+ PPKKBARPI 11/69
142 40 ~ 0 15 ~ 0 AGIJILAR 69 HBC 0 7PBARP KKRARPI 11/69

(260 ~ 0) (110~ 01 DA VIER *9 STRC 04.5-18 BRFMS, 4PI 11/69
SEE NOTE UNDER MASS AROV E ~

13 F PRIME ( 1514) MASS t MEV)
47 PI/RHO ( 15401 PARTIAL DECAY MODFS

M

R

M

AVI

14( (480 ol
5(14604 I ( 10 ~ )

840K I'ROIJN'l EST IMAT ION
151 & 0 7 ' 0

70 1513~ 0 7 ~ 0
~ ~ ~ ~

1 "&14~ 0

C RF. NNELL
ABRAMS

DIFF (CULT ~

AMMAR

BARNFS

66 HRC
67 HBC

67 HBC
67 HRC

6.0 PI- P
4 ~ 25 K- P

5.5 K-P
4 ~ 6t 5 ~ K- P

AVERAGE (FRROR INCLUDES SCALE FACTOR OF 1 0)

8/66
'5/67
3/67
9/6 7

10/67

Pl
P2

ol/RHO (1540) INTO K KBAR PI
I&I /RHO (1540) INTO Ke(890) KRAR

DECAY 4(ASSES
134+ 497+ 4 97
8'l2+ 497

RFFERFNCFS FOR PI/RHO (1540)

¹'e¹¹¹¹¹e¹e¹¹¹¹¹¹¹e»¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹e¹¹¹¹¹»¹¹¹¹¹¹e¹¹¹¹e¹¹¹¹¹¹¹e¹¹¹e¹¹¹
W 8
W 8
W

W

W AVG

5 (53 )
RACK GROUND

35 ~ 0
70 87 ~ 0

~ ~ ~ ~

73 ~ 2

13 F PRIME ( 1514) WIDTH (MFV I

f 18 ~ I ARRAMS 67 HRC
FSTIMAT ION DIFF ICULT ~

25 ' 0 AMMAR

15~ 0 BARNES
~ ~ ~ 4 ~

22 9 A VERA GE ( ERROR INCLUDES
( SEE IDEOGRAM RELOW )

4 ~ 25 K- P

5 ~ 5 K-P
4 ~ 65 5 K- P

SCALF F ACTOR OF 1 ~ A)

5/67
5/67
9/67

10/67

ADFRHOLZ 69 NP 8 11 259
AGUII. AR 69 PL 29 8 379
AGUILAR 69 NP 8 14 195
DAV IER 69 SLAG-PUR-666

+RARTSCHP+ ( AACH+8 ERL+CERN+KR AK+

WARS�)

+RARLOW JACOBS 0 ANDLAU ASTI FR+ (CERN+CDEF I

+BARLnwt JACOBS 5 D ANDLAIJ ~ ASTI FR+ (CERN+CDEF )
+DE(&aon ~ FRIES LIU MOZLEY Oflt A((J PARK+ (SLAC I

7t„( 1640 ) 34 P( ( 1440 JPG=R —( ( = 1

or Aa

e¹¹e¹¹¹¹¹e¹¹e¹¹e¹¹e¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ee¹ ¹¹¹¹»e¹
e¹s¹¹¹ e¹¹¹¹¹¹¹e¹e¹¹¹¹¹eee»e¹*¹e¹»¹e¹¹¹¹e¹¹e¹¹¹¹¹»¹¹¹¹e¹¹ee¹e»e¹e¹¹e»

WEIGHTED AVERAGE = 73.2 + 22. 9
ERROR SCALED BY 1 ' 8 This peak is seen in the f7' spectrum in

+ +
z p ~ Tt Tt 7) p reactions. It is only 230 MeV above fz

threshold, and its interpretation is ambiguous. See

note on Al, Q, A3, and L in these listings, just before

the Ai.

BARNES
A OMAR

-50 0 50 100 150
F PRTt1E WIDTH (llEV)

67 HBC

67 HBC

200

CHISQ
0.8
2.3
3 ' 2

(CONLEV
=0.07') )

Recently CRENNELL 70 clearly demonstrated that

A3 is an s-wave f7' enhancement. A recent compilation

on high-energy z p data (CHIEN-2 70) also shows that

fz is the only dominant mode. BRANDENBURG 70 and

CHIEN-1 70 both showed that A3 production in 7T p at

7, i3, and 20 GeV/c can be described by a Reggeized

Deck model.
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For notation, see illustrated key at beginning of data card listings

A3 production is also reported in pp and other
r eactions, but the statistic s ar e r elatively poor and

results inconclusive.
R2
RZ
R2
RZ

34 PI (1640) BRANCHING RATIOS

P I(th40)+- INTO {Pj+- RHDO)/(ALL PI+- PI+ PI-)
(0 ~ 31 OR LFSS BARTSCH 64 HBC + 4 ~ Pl¹ P ~ API P
(0 ~ 41 CIR LESS FFIIBEL 64 RVUF. . +-

CDNSISTEVT WITH 0 ~ 0 TOFFRFOO hR HRC 13 20 PI P

9/69
9/69
9/68

34 P [ (1640) MASS ("IFV)

F OR I NO

VF. TL[TSKY
8ALTAY
RARTSCH
I OFFREDO
L 4 MS A

AR MENT SE
CASn
CASO
CRERNE[. L
MI YA SH I T A

DIFF If:Ul. T ~

8 F K F. T CI V

65 DBC
66 HRC
64 HRC

HBC
68 HRC
bR HBC
h9 DBC
69 HRC
69 HBC
70 HBC
70 HRC

04 ~ 5 Pl+ 0
4 ~ 7 P I- P+7, 45P[+P

+ 8 ~ PI+ Pr3PI P
13-20 P I-P ~ P I-F

8 ~ 0 Pf-P g Pl-F
+ 5 1 P I+0, 3P I++-

11 P I- P
11 P I-Pg P f-F
6 ~ PI- PiF Pl
6 ~ 7 PI-PIP[-F

1600 ' 0)
1630~ 0
1690~

0 ~ 0
1650 ~ 01
1610' 19
th r3 ~ 0 40
1680~ ) t 20
lh60 ~ 0 20
1645e 0 10
1633F 01 (12
9ACKGROUND SU
[672+0)

M 30(
7. 0

M

M

297
M (
M

(
4I

4VG

30 ~ 0
10 ~

16 ~ 0

~ 0
oo)
io
~ 0
~ 01
BTRACT fON

4.45 PI- P70 HBC
~ ~ ~ ~ ~ ~ ~

1640~ 1 6 .2 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 1 )
SEE IDEOGRAM BFLOW 1

THIS FNTRY CONTAINS G=-1 PEAKS ANO THE R2 PEAK ~

BARTSCH 64 F I NO RF ST F IT WITH JP=2- ~ NEXT BEST I+ 0- 3+
NOTE THAT (OMFGA PI PI ) PEAKS HAVE DIFFERENT MASS Wf DTH

10/66

6/68
8/69
9/68

11/67
5/70
5/70
5/70
5/70
1/71»

I/71¹

R3
R3
R3
R3
R3
R3
R3
R3
R3
R3
R3

R4
R4

R5
R5
R5
R5

R6
Rb
Rb

R7
R7 P
R7 P

P I (1640)+- INTO {P
(W ITH F

INDICATION SEEN
{0 ~ 59)FOR JP =2-
(0 ~ &[)FOtt JP=1+
(0 ~ 20')FOR JP=O-
0 ~ 3'5 0 ~ 20
CONC ISTFNT W ITH
SFEN

( 0 ' 76) (0 ~ 24)
CONS ISTENT WITH

I+- F I/(ALL P I+-
INTO PI+ PI-)

LUBATT I
RARTSCH
BART SCH
BARTSCH
RALTAY

I ~ 0 CASD
IOFFPEOO

t 0 ~ 34) ARMFNI SE
1 ~ 0 C RENNELL

Pl+ P I-)

66 HL RC
68 HRC
h4 HBC
64 HBC
64 HRC
68 HBC
68 HBC
h9 DRC
70 HRC

16 PI—
8 ~ Pf+
R. PI+
9. Pf+

7-4 ~ 5 P
11 PI—

13-20
9 ~ I PI
h ~ P f-

P w3P I P
Py3PI P
&i3PI P

[+P
P

I-or P I-F
+f), 3PI++-
PiF Pf

11/66
8/69
4/69
9/69
5/h8
h/64
9/64
". /70
"/70

Pl t 1640) +- INTO t P I+- ET A) /{ ALI„PI+- PI+ P 1-1
( AI. L ETA DECAYS)

( oe 09)OR LE 55 BALT AY 68 HRC + 7-II ~ 5 P [+P
{0 10)OR LESS CRFNN'ELL 70 HBC 6 ~ PI P ~ F P[

P I (1640)+- IVTO ( PI+- ZP I+ ?PI-1/{ALL 4 f+- P I+ PI —)
{0 l) DR LESS BALTAY 64 HBC + ri4 ~ & Pl+ P
lo 10)OR LESS {:RENNFLL 70 Hf)C -

& ~ P I- P ~ F P I

Pt(16401 INTO (DMCGA Pf PI)/(F Pf)
t 4 ~ 1 OR GR EATER RARNES 69 HBC 0 4 ~ 6 K-P OMFGZPI

NOT CLEAR IF (OMFGA PI+Pl —) PFAK I S DECAY MODE OF PI (1640)

5/68
5/70

6/64
5/70

8/69

Rl MESON FRACTION INTO ONE / THREE / FIVE DR MORE CHARGFD TRACKS
{0~ 37) / 0 ~ 59 / 0 ~ 04 FOCACC I 66 MMS — 3-12 P I-P Io/bh

LIEIGHTEO AVERAGE = 1640.1 + 6 *2
ERROR SCALED BY 1.1 R8

RR
P I ( 16401+- INTO {RHO Pl ) /(F P t )

0 ~ 09 0 ~ 37 0 03 CASA 69 HBC — Il PI- 5/70

R9
R9

P 1(16401+- INTt) (PI+- PI+ Pf-I/{F P I )
0 06 0 ~ 47 0 ~ 06 CASf) 69 HRC — 11 P [- "/70

¹¹¹¹««¹«««¹«¹¹¹«««»¹¹«¹««¹«««¹««« ¹«««¹¹¹««¹«¹¹¹«¹«¹¹«¹¹«¹¹«¹¹¹««¹«¹«

CRENNELL
CASO

ARMENISE
A

SCH
AY

ITSKY

1550 1600 1650 1700 1750
PI (1640) MASS (MEV)

70 HBC

69 HBC

69 DBC
68 HBC

6B HBC

6EI HBC

66 HBC

CHISQ
0.2
1.0
0.7
2.5
1.5
1.0
0.1
7.1

(CONLEV
=0.312)

BAL TAY
BARTSCH
CASD
FFRBCL
[OFFREDn
LAM54
YOST

68 PRL 20 887
hR NP 8 7 345
68 NC 4 4
68 PHIL 4 ~ CONF ~ 335
68 PRL 21 12[2
68 PR 166 1395
68 UMD T ~ RFPORT849

ARMENISF 69 LNC 2 501
RARNES 69 PRL 23 142
CASO 69 LNC 2 437

ALSO CASO 68~

FOR INf) 65 PL [9 68
FOCACC I 66 PRL 17 890
LEVRAT 66 PL 22 714
LURATTI 66 THESIS BFRKELEY
VE TL I T5K 66 PL 21 &79

DAVYSZ 67 NC ".. I A Rot
DURAL 67 VP 83 435

ALSO 68 THES IS 1456

RFFERENCES FOR P I ( 16401

+( ESSA ROLI+L ENDI NARA+ {RDL«BAR I +F IR+ORS+SAC 1

CFRN MISSING MASS SPECTROMFTER GROUP (CERN)
CF RN M I SSI NG MASS SP ECTROnIFTF R GROUP t CERN )
H ~ J ~ LURATT I (LRL ) 1-2-
VFT( f TSKY GUSZAVIN KLIGFR ZDLGAI'lOV+ ( ITFO)

OA NYSZ+ FRF NC H+5 I MA K ( CERN)
CERN MISSING MASS SPECTROMETFR GROUP {CFRN 1

L ~ DUBAL (GENEVE)

+KUNG+ YEH+FERBFL+ t f;OLMB«ROCH«RUTG+ YAL El I =[
+KFPPF L qKRAUSs+ (AACH+BERL«CERN) JP
+C f)NTE+CORDS+0 t AZ+ ( GFNOV 4+HAMR+Ml L+ SACL )
T eFERBFL t ROCHF STER 1

+BR ANDFNRURG BRENNER F I SENSTEIN+ (HARVARD)
+C45ON+BISWAS+DFRADO+I;RDVES+ (NOTREOAME )
+Yf)DH F I NSCHL 4G DAY GLA5 SEA (UMD)

+GH f0 t NI vF ORI NOy CART ACC I+ {BAR [+BGNA¹FIR 1 )
+CHUNG F ISNER ~ FLAM IN[ CI + (BN(. )
+CONTE, TOMAS I Nl ~ C ANTORE+ ('GFNO+M IL 4+ SACL 1

M

M

M AVG

AME

~ ~ ~ ~ ~ ~ ~ ~

1689 ' 3 7 1

GA P f P I PFAKS AND

1689, too
1700' 15 ~

PE4K FRAM CERN MRS
1670~ 0 18 e 0
169' 0 20 ' 0

THE RZ
OANYSZ h7 HRC 0 3 3 ~ 6 PRAR P
DI)BAL h7 MMS — 7r 11~ 5¹12PI— P

EXPT ~ DECAY MODES AND G PARITY UNKNf)WN ~

YOST 68 HRC 04 ~ 3 K-P eL MBO '5P I
84RNES 69 HIIC 0 4 ~ 6 K-Py OMEG2P I

AVERAGE {ERROR INCLUDES SCALE FACTOR OF 1 0 )

7/67
7/67

9/68
8/69

BEKETOV
BRA NOENB
C RE NNFLL
CHI FN[
CHI EN2
M[YASHIT

70 MOSCOW 70 Rlb
70 NP 416 369
70 PRL 24 781
70 TORONTO PRFPR INT
70 PHIL AD ~ CONF ~ P 275
70 PR D 1 771

+SOMBKOWSKY, KONOWALOV, KRUTSCHININ, + I I TFP 1

tBRENNERylnFFRFOOy JOHNSONrK I M+ {HARVARD)
+KAR SHAN LA I SC ARR ST MS tBNL)
+CHAD JOHNSTON PRENTICE WALK FR {TOR+WISC )
C ~ Y ~ CHASTEN ~ RFV[ FW ( JOHNS HOPKINS)
MI YASH[T4 ~ Vf)N KROGH KDPELMAN L TBBY I COLO)

45 PHI (1650gJPG= —1 I=O

»»¹¹»«««»»¹¹«»»«¹»»«««¹««««««¹¹««¹¹¹¹«¹««¹¹«»¹«¹«««¹«¹¹a«¹««¹¹¹«««««
«««¹»» ««»««¹»»» ¹¹¹»«¹¹«»«¹«««¹«¹«««»¹«¹«¹»««¹¹«¹««»¹¹¹«««¹¹«¹««¹¹«¹¹

W

W

P
W 4
W 4
W

W

W

W M

AVG

34 PI {1640) W I 0TH ( ME V)

4 ~ 7 Pl-P
+ 7& 8i9 Pl«P
+ R, P[+ Pi3PI P

4 ~ 0 PI-P P I-F
DES fV RATIO 2/1

+ 5 1 Pl+0)3PT++-

1 1 P I-
11~ 0 PI-PePI- F

b~ PI- PeF PI
6 ~ 7 Pl-P ~ Pl-F

4 45 PI — P

SCALE FACTOR OF 1 ~ 0)

f)ME GA P I P I PF. AK 5 ANn

(21 ~ 1 OR LESS
R2 PFAK FROM CERN MMS

34~ 18 ~

50~ 0 15 ~ 0
I 80 ~ ol

W

W R
W R

W

W AVG 45m 1

THE R2
LEVRAT 66 MMS

FXPT ~ DECAY MODES AND ti
DANYSZ 67 HRC
YOST 68 HBC
RARNES 69 HRC

7g 12 PI- P
PARITY UNKNOWNS

0 3e3 ~ 6 PBAR P
04 ' 3 K-PyLMBO ~ 5Pt
0 4 6 K-PsOMEGZPI

AVFR AGE I ERROR INCLUDES SCALF. FACTOR OF 1 ~0)

34 PI (1640) PARTIAL DECAY MODFS

20 l toom ) VC TL I T SKY 66 HBC
&oe 40 ~ BALTAY rs8 HRC

11+ 0 45 ~ 0 RARTSCH 68 HBC
100~ Ko 30 ~ L AMSA *4 HBC

ORSERVFD IN lOMFCA P I+Pl-1 AND (OMEGA RHDO) MO

297 (240 ' 01 t50.0) AR MF, NT SF 69 DBC
BACK CR DUND 5 UBTR ACT I ON Mf)DE L-DE P ENDFNT

(130~ 1 CA SO 69 HRC
t 150~ 01 CA SO 69 HRC

1 30' 0 30~0 CR ENNELL 70 HRC
(37~ Ol t 24 ~ 0) MI YA SHTTA &0 HBC.

BACKGROUND SUBTRACT ION 0 TFF I('. ULT ~

{128 ~ 0) BEKETOV 70 HBC
~ ~ ~ ~ ~ ~ ~ ~ ~

107~ 7 14 ~ 7 AVERAGE (ERROR INCLUDES

6/66
6/68
8/69

11/67

5/70
5/70
6/68
6/68
5/70
1/71»

I/71»

7/67

7/67
9/68

/69

{)„(1650)
~F0 ~0

THIS 3 P I RUMP OVERLAPS TN MASS THF PI ( [640) F P I BUMP
CALLED THE A3, RUT IN SOME EXPTS. ONF f:AN ESTABL ISH THA
THF FNHANCEMFNT IS RHO 0 PI INSTEAD OF F P I SC) THE
PHI (16501 AND THF Pl {1640) HAVE DIFFERENT I SPIN ~

MATTHEWS 71 SUGGEST JP = NORMAL' A POSS f BL E RECURRENCE
OF THE OMEGA MESf)N ~

45 PH [ (1650 ) M45 5 ( MEV)

M 20 ' 0
20~0

M

G

M G

~ ~ ~ ~ ~ ~ ~ ~

AVG 1663~ 6

1636m 0
1670~ 0

(1640 00)
l 1616.0) l

100 1679 0
NOT C ERTAIV

30 ~ 01
'[7 ' 0

IF PH

Iz
(SEE

4RMFNISF
KE NYON

ARMFNISE
GORDON
MA TTHF WS

[{1650) tS OBSFRVFD

68 DBC 0 5 ~ 1 P I+0
69 DRC 8 P I+ Dy3PI ZP
70 DBC 9. Pl+ 0
70 DRC 0 4 ~ 2 Pl+ D
71 HRC. O6. 95 PI D, ZP 3PI
fk THT 5 EXPER I MENT

AVERAGE [ERROR INCLUDFS SCALF FACTOR OF l.?)
IDEOGRAM BELOW

8/69
1/71¹
1/71¹
1/71«

45 PH[ {1650) WIDTH (MFV )

112~ 0 60 0 ARMFNI SF
1 ooo 0 40 ~ 0 KF. NYON

( 188 ' 0) l47 ~ 0'I GORDON
tOO 155 O 20 0 MA TT HEWS

NOT CFRTAfN IF PHI{1650) [S OBSERVED
~ ~ ~ ~ ~ ~ ~ 0 ~

141 4 17 1 AVERAGF (FRROR I

W 9/6 8
W 8/69

G I/7)«
W 1/71«

G
W

W AVG NCLUDES SCALC F Af:TOR OF [ ~ 01

P2
P3
P4
P5
Pb
P7
PR
P9

P I ( 1 h 4 0 '1

P I t 16401
P I ( 1640)
Pt{lh40)
P I ( 16401
P f {1640)
P I ( 1640 2

P l(1640)
P I t 1640)

INTO 3 P I
INTO RHO P I
INTO ETA P I
fVTO 5 PI
INTO K K«t 8901
fNTO K KBAR Pl
INTO K KRAR
INTO F PI
INTO DMCGA Pl P [

DECAY M4SSES
134+ 134+ 134
134+ 765
134+ 548

497+ 892
497+ 497+ 134
497+ 497

12h4+ 134
783+ 134+ 134

Pl
P2
P3

45 PHI {1650) PARTf AL DECAY MODES

PHI lib )0) INTO 3 P I
PHI [16501 INTO 5 P I
PH[ (1650) INTO RHO P I

DFCAY MASSES
134+ 1 34+ 134
134+ 114+ 134+ 134
765+ 134
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For notation, see illustrated /tey at beginning of data card listings
~we QSflS

WEIGHTED AVERAGE = 1663.6 4 12.9
ERROR SCALED BY 1.2 PN(1660) l5 RHG (looo JRGo Nrl lrl

or g THIS ENTRY CONTAINS THE Rl G(2 P[ I ANA K KRAR PEAKS ~

FAR PASS181 F. 4 P f MODES SFE RHO( [710}

CRENNELL 68 5IIGGEST JP= 3- FROM THE PI PI SC ATTER[NG ANCLE 0 [STR.
BARTSCH 70 USES APE MODEL SUGGESTS FL AS r t Cf TY LF SS THAN 1

T THEWS 71 HBC

NYON 69 f3BC

MENI SE 6B DBC

1550 1600 1650 1700 1750 1BOO

PHI (1650) MASS (MEV)

CHISQ
O. B
0.1
1.9
2.8

(CONLEV
=0.243)

M

M R
M

R

M

!k 8
8

M

M

M

M

M

M

M

M AVG

15 RHO (16601 "IASS (MEVI

Pl- P

PIP-

P f-P ~ KRAR K

P I- P
+ PG K+Ko

P
PI PGN2PI

PGZ PI
Pl+ PRZPf
+ N -- GO P
'f-P5 Pf+P[

0+,R

+ 1
0
0

1700~ 0 100 ~ 0 RFLLINI 65 HLRC 0 6 ~ 1 PI-P
( 1640~ ol FOR[NO 65 ARC 0 4 ~ 5 P I+rf
1670 ' 0 30 ' 0 COLARERG 65 HRC 0 6 P[+A ~ 8 PI-P

(1630~ I l15 o I AURAL 67 MNIS " 75 [155 5 [ZP [-
Rl PFAK FRAM CFRN MMS FXPT ~ DFCAY MODES AND G PARfTY UNKNOWNS

NOTE THAT THF Rf HAS 55IUCH SMALl FR W IOTH THAN THF f)THER FNTRIFS ~

(1683~ ) (13 ) /IRMEN f SE 68 DRC 0 '5 1 Pl+ 0
(16?O. I I ZO. ) R, IESERFCK 68 HRC + 8 P t+ P

ROFSEBECK 68 SUPER SEOFD RY RAPTSCH 70
1720~ 0 20 ~ 0 CR FNNFLL 68 HRC 0 6 ' 0
164O. O ?5.0 CRFNNELL 6R HBC — 6 ~ 0
1640o0 20oo Z5 ~ 0 CRFNNF(L 68 HBC +- /5 ~ 0

( 165550} t 10 ~ 0} JOHNSTON JGJtI HRC 0 7 0
13( [650~ Ol ADER HOLZ bts HRC + 8 P [

( 1600. ) RAR I SH 69 HRC 8 PI
(1750ool CASA 69 HBC
16)0~ 0 35 A BARTSCH 70 HRC P[+
16"2.0 15 ~ 0 KR AMER 70 HBI 3 I
1737~ 0 ?3 ~ 0 ARMENI SE 70 HRC

[6&5~ 0 4 ~ 0 STUNTFREC 70 HRC 8 ~ P

~ ~ ~ ~ ~ ~ ~ ~ ~

16 &8 ~ 5 7 ~ 1 AVERAGE I FRROR [NCL(IDES SCA[, E FACTOR OF ? ~ 0 I

l SEE IDEOGRAM BFLOW I

6/66
6/66

7/67

6/68
~ 6/6 sI

12/68
12/68
12/68
6/68
8/69
5/70
8/69
". /70

11/70¹
1/71«
1/71¹

45 PH[ ( 1650} RRANCHING RATIOS

Rl
Rl

PHI (1650} INTO ( 5 PI ) /(3 PI I

0 ~ 10 0 ~ 10 KENYAN 69 DRC 0 8 ~ Pl + 0 R/69

R2 PH[ ( 1650} INTO t RHO Pf ) / t3 P I )
RZ G (Oo7'5) fool[ I GORDON 70 DBC 0 4 ~ 2 Pf+ 0 1/7 1«
RZ 1 c}0 t 0 7& I OR GREATFR MATTHEWS 71 HBC 06 ~ 95 Pl Ao2P 3PI 1/71«
R2 0 NOT C FRT AIM IF PHI (1650 I I S ORSFRVEA [N THI S EXPER I &ENT

WEIGHTED AVERAGE = 16SB.S + 7.1
ERROR SCALED BY 2.0

45 PHI (16'50) CRASS SECT [ONS

C.
'

S FO'R A COMP ILAT ION SEF. MATTHFWS 71 HBC 06 ~ 9'5 PI AGZP 3PI 1/71«

ARMFNI SE 68 PL ?68 336
KE NYA«I 69 PRL ?.3 1 46

AR MFNISE 70 LNC 4 199
GOROON 70 CA3 I [95 '179
&ATT HEWS 71 SUBM ~ TO PP.

+OH[A I NI F ARINO+ ( BAR [ &BOLOGN+F IRENZ+ORSAY)
+K INSAN SCARR ~ + l BNL+ORUC+ORNL I

+GHIDIN[ ~ FOR I NOR CART ACCI. ~ + t BAR I+BGNA+F IRZ )
THF S I S 5 I LL INDI S ( ILL )
+PRENT [CE YOON CARROLL & IPPRAUG (TNTO+W[SC I

«««««» «««¹«««¹«¹»««¹««ee«»e»««»e» eee«««ee«»eee»«»»« e««»eee«e
«««¹«« «»e«««e«« «e««¹»ee» «ee««e»»» «eee««ee« eee«e»e»e »ee»«ee«e ee»e»ee»

CONFUSION IN THE, R-RFGION (F[[[ f froxn BARTscH 70.)

g ~ 2'

6 G eV/c

7 GeV/c
8 GeV/c

11 GeV/c

45 GeV/c
5.1 GeV/c

6 GeV/c

8 GeV/c

9 GeV/c
6 GeV/c

tf p
rr p
rI p
TI p
rf d
rf d
rf d
fs d
rf' d
ss p, HLBC

g" ~ 2'
6 GeV/c rI p
7 GeV/c rf p
8 GeV/c 1T p

0A3~ 3N
8 GeV/c rr p
4.5 GeV/c TT d

3, 3.6 GeV/c p p

A3 ~ 3'
Wel

4 7 GeV/c

7, 8.5 GeV/c

8 GeV/c

8 GeV/c
8 GeV/c

11 GeV/c

1 1 GeV/c

16 GeV/c
13-20 GeV/c

8 GeV/c

rf p
rr p
TT p
rf p, A3 ~ f sr
w p, A3~fsf
fr p
rf p, A3 ~ (sf
tf p
rt p
sr' d

«»«««» «»««»»ee««e««««««» «ee«e«ee» ««««««e»«eee«e«»e» eee«eee»» ee««e«e»

REFFRENCES FOR PHI (1650}

W

W R
R

W 8
R

W

W

W

W

W

W

W AVG

5 l

I

5

RHO (1660) MASS (MEV)

STUNTEBEC
ARMENISE
KRAMER

BARTSCH
CRENNELL

.CRENNELL
CRENNELL

.GOLDBERG
BELL INI

1BSO

70 HBC

70 HBC

70 HBC

70 HBC

6B HBC

6B HBC

6B HBC

65 HBC

65 HLBC

CHISQ
O. B

11.7
0.2

0.7
0.5
9.5
0.1

23.4
(CONLEV
=0.001)

15 RHO ( 1660) WIATH (MEV)

6 ~ 0 PI- P
06 0 PI — P

+- 6 ~ 0 PI-P 5KRAR K

0 7 ' 0 Pl-
+ 8 P[+ PGK+Ko

R PI- P
0 11 ~ Pl P ~ N?PI
0 9 P I+ N -- GO P

+ 5) PI«P52 Pl
+ 13.1 PI+ PGZPI

0 8 ~ PI-Po PI+P I«

6/66

7/67

6/6R
b/68

12/68
12/68
12/68
6/68
8/69
5/70
8/69
1/71«
5/70

11/70»
1/71»

15 RHO (1660) PARTIAL DECAY MODES

(40 ' 0) FOR[NO 65 DRC 0 4 ~ 5 PI+0
180o 0 40 ~ 0 (50LOBFRG 65 HRC 0 6 P I+A ~ 8 Pl P

(21 I OR L FSS LFVRAT /56 MMS — 7o 12 P I- P

Rl PFAK FROM CERN MM S 'EXP T ~ DECAY MOAF S AND G PARI TY IJNK'VUWN ~

188 ~ ARMENf SE 68 DRC 0 5 1 PI+ 0
(108~ ) (40 o } ROFSERFCK 68 HRC + R Pf+ P

ROESEBECK 68 SUPERSEDED BY BARTSCH 70
200 ' 0 100 ' 0 CRENNELL 68 HBC

200 ~ 0 100~ 0 CRFNNELL 68 HRC

79 ~ 0 70 ~ 0 25 ~ 0 CRFNNFLL lR HRC

t Boo 0) (?0~ 0} JOHNSTON 68 HRC

13 (100 0) hAERHfjL Z 69 HRC

( 200 ~ I RARI SH 69 HRC

(200 ~ ol CASA /59 HRC

171 ~ 0 65 oo AR MEN f SE 70 HRC

IRO ~ 0 30 ~ 0 RARTSCH 70 HBC

40o 0 32 ~ 0 KRAMER 70 HRC

20 ~ 0 (R, O) S TANT EBEC 70 HBC;

~ ~ ~ ~ ~ ~ ~ '~ ~

136~ 0 23 ~ 9 AVFRAGE t FRRAR INCLUDES SCALE FACTOR OF 1 5)
( SEE IDFOGRAM AFLOW )

g- ~ 4'

7
8

7, 85
8

11
11
16

2, 23
3, 3.6

G eV/c

G eV/c

G eV/c
GeV/c

G eV/c

6 eV/c

GeV/c

GeV/c
GeV/c

ss p
Tl p
rt p
'Ts p
rt p
np, gPP
rf p
pp, g PP
P P

Pl
P2
P5

Rl
Rl

RHO (1660) INTO P I P I
RHO ( 1660) t NTA 4P I
RHD ( 1660 I INTA K KBAR

DECAY MASSES
139+ 139
139+ 139+ 139+ 139
497» 497

15 RHA (1660) RRANCH[NG RATIOS
t FOR OTHER POSSIBLE MODES SFF &HO( 1715) BF(.OW I

Rl MFSAN FRACTION INTO ONE / THRFF / FIVE OR MORE CHARGFD TRACKS

(0 ~ 37)/ 0 ~ 59 / oo 04 FOCACC [' 66 MMS 10/66

oh
RI I 12 R3 R4

1.5 1.6 1.7 1.8 1.9

7.3, 11.5, 13 GeV/c & p
M MS

R3
t(3
R3
%3
R3
R3
R3 AVG

RHCI ( 1 660) INTO t K KBAR I / ( 2 P I I

I NO[CAT IAN S FFN EHPL ICH 66 HBC

PRARARLY SEEN ABRAMS 67 &RC

oo08 0.08 0 ~ 03 CRENNELL 68 HBC

0 ~ 08 0 ~ 03 BART SC H 70 HRC

~ ~ ~ ~ ~ ~ ~ ~ ~

oo 080 0 ~ 026 AVERAGE ( FRROR INCLUDES

3/67
6/67

[2/6/I
1/71»

+0 7 ~ 9 PI - P
0 4o25 K- P

6 ~ 0 Pl — P
+ 8 ~ P[+ P

SCALF FACTOR OF I ~ ol

MULTI- PION E FF . MASS, GeV »»««««e««»»»««« e»«ee«»e«e»ee««*ee»«»»«»«««ee««ee«ee
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For notation, see illustrated Jtey at beginning of data card listrngs
--OSOFl%

WEIGHTED AVERAGE = 136.0 + 23.9
ERROR SCALED BY 1.5

WEIGHTED AVERAGE = 1711.5 + 6.0
ERROR SCALED BY 1.1

—100 100
RHO (1660) WIDTH (MEV)

300

KRAMER

BARTSCH
ARMENISE
CRENNELL

.CRENNELL

.CRENNELL
SE
RG

70 HBC

70 HBC

70 HBC

68 HBC

68 HBC

68 HBC

68 'DBC

65 HBC

500

CHISQ
9 ~ 0
2 ~ 1
0.3
1.4
0.4
0.4
1.1
1.2

16.0
(CONLEV
=0.025)

.CASO

BARTSCH
.ANDERSON

ADERHOLZ
BALTAY

DANYSZ

70 HBC

70 HBC

69 MMS

69 HBC

68 HBC

67 HBC

r

1600 1650 1700 1750 1800 1850
RHO (1710) MASS (MEV)

CHISQ
0.1
1.9
1.8
0.3
0.6
4 ~ 8

(CONLEV
=0.314)

BELL [Nl 6~ NC 40 A 948
F OR[ NO 6" PL 19 65
l t)LDBERG 6 & PL I 'r 354

REFFRFNCES FOR RHO(1660)

BELL IN I DI Ct)RATA OUIHINO ~ F [OR IN I ( MI LAND I
FOR IN&, G«F SSAROLI + ( BOLOGNA+OR SAY+SACL AY)
GOLDBERG+i CERN+PAR I 5+OR SAY+M ILANO+CEA-SACL )

W 0 IF. GA PI DECAYS ANO THE Rl «

W M (30« I OR LFSS LEVRAT 66 HMS — 7-1Z P I- P 7/67
M Rl PEAK FROM CERN MH5 EXPT ~ DECAY MODES AND G PAR I TY UNKNOWN ~

W 130« 73 ~ 43 BARNHAH 70 HBC + 10 K+ &rOHFGA PI 6/70
(60 ~ Ol CASO 70 HBC — 11~ ZPT-P PI OMEG &/70

EHRL fCH
F OC ACC I
LFVRAT

66 PR 152 1194
66 PRL 17 890
66 PL 22 714

A BR AMS

DURAL
AL 50

67 PRL [8 6?.0
67 NP 83 435
68 THESIS 1456

ARHENISF 68 NC 54 A 999
Rc)ES ERFC 68 NP 8 4 501
CRENNCLL 6?I PL 28 8 136
JOHNSTON 68 PRL 20 1414

R ~ EHRL I CH W ~ SCLOVE H ~ YUTA (PENNSYLVANIA )
CFRhl HISSING MASS SPECTRt)METER GROUP (CERN)
CFRN MISSING MASS SPECTROMETER GROUP (CERN)

+KEHOF+GLASSER+SECHI-ZORN+WOLSKY (

MARYLAND�

)

CFRN HISSING MASS SPFCTROMFTFR GROUP (CERN)
DURAL (GENFVE I

+F OR[NO+CART ACCI+( BAR [+BOL OG+F [R ENZE+OR SAY I I
ROFS EBFC K ~ OElJTSC HMANN + ( AACHFN+ BERL IN+CERN )
+KAR SHON, L AI e SCARR r SKI LI ICORN [BNL )
+PRFNTICE ~ STEFNBFRG« YOQN (TORONTO+WI SC I

Pl
P2
P3
P4
P5
P6

RHO( 1710)
RHQ( 1710)
RHO(1710)
RHO t 1710)
RHO( 1710)
R Hr) t 1710)

38 RHO t 1710) PARTIAL DECAY MODES

INTO 4 Pl
I NTQ 4? PI
f NTO OHFGA t? I
INTO PHI PI
I NTO 2 RHQ

INTO P[ P l RHQ

DECAY MASSES
139¹139+ 139+ 139
139+1300
139+ 783

1018+ [3cr
76"+ 765
765+ 139+ 139

AOF R Ht)L? 69 NP 8 1 1 2'59
BAR I SH 69 PR 1R4 1375
C AScJ 69 NC 62 4 7&&

+8 ART'SCH r + ( A AC H+8 E RL+C F RN+ KR AK+ WAR 5 I

+SELJ)VE r BI SWAS «CASON ~ + t PENN+NOAH+ROCH)
+CONTF, BENZ, + ( GENO+DFSY+HAHB+HIL 4+SACL ) 38 RHOf 1710) BRANCHING RAT f05

ARHENI SE 70 I NC 4 199 +GH [0 IN[ Fr)R ING CARTACCI + ( BAR I+BGNA+F IRZ I
BARTSCH 70 CERN/0 ~ /PHYS70-4 +KR4US T SANDS GRATE KQTZ AN+ ( AACH+BERL+CERNI
KRAHER 70 PRL 25 396 +RAR TON« C?JJT&Y ~ LICH TMANr M ILLFR«+ t P(JROUE I

STlJNTEBE 70 PL 32 8 391 STJJNTFBECK«KFNNEYr DEERYr BISWAS ~ CASON+( NDAH)

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹e¹¹e¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹e¹¹¹e¹e¹¹¹¹e¹¹¹¹¹¹¹¹¹e¹
¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹e¹¹¹e¹¹¹¹¹¹¹¹¹¹ ¹ee¹¹¹e¹¹¹¹¹e¹¹¹e¹

Rl
Rl

RZ
RZ
RZ

RZ

RHOl1710)+- INTO (PI+- A20)/[ALL PI+- PI+ PI — P[0)
( WITH A20 INTO (PI+ P[ — PTO) I

0 ' 40 0 ' 20 BALTAY 68 HRC + 7 8 ' 5 Pf+P
NOT SFEN J J)HNSTON 6J? HBC — 7 P I — P

6/68
6/68

R2 HFSON FRACT[O& INTO ONE / THREE / FIVE OR MORE CHARGED TRACKS
(0~ 42) / 0 ~ 56 / 0 ~ 01 FOCACC I 66 HHS 10/66

p(1710)
~4'

38 RHO( 1710«JPG= +) I = 1 OR 2

TH[5 ENTRY CONTAINS 4P I

F NHANCEMFNT Sr ANO THE R 1
NrrTE THAT THE (OMEGA P[ )
t)ECAY RHO(1~[0) INTO 4P I
SFE RARTSCH 70,

38 MASS (HF V)

RHO 2P[r 2RHO« OHF. GA P [r ANO K¹KBAR
AND THF. R2 ~

PFAKS HAVE DIFFERENT MASS ~

&AY BE INEL ~ DECAYS OF G-MESON ABOVE ~

R3
R3
R3
R3
R3
R3 AVG

R4
R4

R5

RR

R HO ( 1710)+-

0«25.25

tNTO (P I OHEGA) /( ALL P I+- P t+ Pl — PIOI
t WITH OHFGA [NTO(PT+ PI — P IO) I

0 ~ 10 BAL TAY 6?J HBC +
0 ~ 10 JOHNSTON srR HRC

7-8 5 PI+P
7.0 PI- P

~ 5/68
6/6 8

~ « ~ ~ ~ ~

0 ~ 2 '50
« ~ ~

0«071 AVERAGF ( ERROR INCLUDFS SCALE FACTOR OF 1 ~ 0)

RHO(1710)+- INTR [P I PHI )/(ALL PI+- PI+ PI- PI0)
tD«ll) OR LESS RALTAY 68 HBC + 7r8 ~ 5 Pl+P 6/68

RHO( 1710)+- INTO (RHO 2PI )/(ALL 4PT I

CONSISTENT WITH 1 CA SO 68 HBC - 11 P T- 6/6 8
SE'FN VFTL I TSKY 6«? HBC 04 7-5 7 Pt- P . 6/70

M
'

R

K

K

J
H J

M

W

H

H

M

M AVG

'5/6780 [7[7~ 7 OANYSZ 67 HBC OSEE NOTE R BELOW
SEEN TN 2 ~ 5-3 PRAR P ~ 2PI+2PI-rWITH Or 1 ~ 2 PI+PI — PAIRS IN RHOO BAND

(1700 I FRFNCH 67 HBC 0 3e3 6 PBAR P
OBSF RVED IN NFUTR AL( K¹ K BAR I M'JDE (G-PAR ITY UNKNOWN)1720«15~ BALTAY 68 HRC + 7« 8 ~ 5 PI+

I [675 0) ( 10 «0) JOHNSTON 68 HBC 7 ~ 0 PI
NOT SEPARATFO FROH 2 Pl DECAY
1 690~ 0 16 ~ 0 AOERHOLZ 69 HRC + 8 Pl+ Pr KKB4RP I
1700 0 47 0 ANDERSON h9 MHS — 16 P I- P BACK'W

([627 ) (12 I (17.) BARNHAM 70 HBC + 10 K+ P«RHO Pll?I
1670 ~ 0 30 ~ 0 BARTSCH 70 HBC + 8 P I+ P ~ 4
1~05 0 21 ~ 0 CA SO 70 HBC — 1 1 «2 PI-Pe RHO 2PI

(1700~ 0) MAURER 70 HBC 05 ~ 7 PBAR P«7 P I
SFFN IN 2 RHOO Nt)T IN 4 PI OUTSIDE RHO BANDS

~ ~ ~ ~ ~ ~ ~ ~ ~

1711 5 6.0 AVFRAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 1)
( SEE IDEOGRAM BELOW )

7/67

~ 6/68
6/68

8/69

6/70
'5/70
5 /70
2/71¹

R6
R6

RHO(1710)+- INTO (RHO+- RHOO) /(ALL RHO 2PI I
0.48 0 1* CASn 68 HBC — 11 P I- 6/68

R7
R7
R7
R7

RHO (1710) TNT(l (?. RHO) / t ALL 4P I )
SFEN DANYSZ 67 HBC 0 3-4 PBAR P . 5/68
SF FN RAL TAY 68 HBC + 7 ~ R ~ 5 PI + P ~ 6/68
SFFN JOHNSTON 68 HBC — 7 P I-P 6/68

RR
RR

RHO(1710)+- INTO (P I+- 2P I+ ZP I — P I 0) /t ALL PI+- P [+ P I- P IO I

(0 ~ 15) OR LESS BALT4Y *8 HBC + 7«8 ~ 5 Pl+ P 6/68

6/68
6/'6 r)

R9 RHO (1710)+- INTO t P I+- PI 0) / ( ALL PI+- P f+ P I — P [0 I
R9 D t 0 ~ 08) OR LFSS BALTAY 68 HBC + 7-8 ~ 5 Pl+ P
R9 D lJS [NG DAT4 OF DEUTSCHH ANN 6'5 ON P I+P TO P I+ P I 0 P¹¹¹e¹¹¹¹¹¹ee¹¹ee¹¹e¹¹e¹¹¹ee¹¹¹¹¹e¹e¹¹¹¹e¹¹e¹¹e¹e¹¹¹¹¹

R
R

H

H

H AVC«

OMEGA Pt DECAYS AND THE R T.

1630~ 15 ~ DURAL 67 H"S — 7 ll 5 12PI- P
R 1 PEAK FROM CFRN MHS FXPT OFCAY MDDFS ANO 0 PARITY UNKNOWN ~1654«24 . BARNHAM ?0 HBC + 10 K+ P«OMEGA PI

1630~ 0 ll ~ 0 CA SO 70 HBC — 1 1 2 P I-P PI OMEG
~ ~ ~ ~ ~ ~ ~ ~ ~

1632.9 8.3 AVERAGE (ERROR tNCLUDES SCALE FACTOR OF 1.0)

38 WIDTH t MEVI

7/67

6 /70
5/70

DEUTSC HH 65 PL 1 8 351
FQCACC I 66 PRL 17 890
L EVRAT 66 PL ?2 714

DANYSZ 67 Pl 248 309
DUBAL 67 NP 83 43'5

ALSO 68 THFS[S 1456
FRENCH 67 NC ?2A 442

RFFERENCFS FOR RHQ t 1710)

H ~ OFUTSCHMANN FT AL (AACHEN+RFRLI N+CFRN)
CERN HISSING MASS SPECTROHFTER cROUP (CERN)
CFRN H TSS INc MASS SPECTRQMFTFR GROUP (CERN)

+FRF. NCH+K I NSON+S IMAK+ (CERN+L IVER POOL )
+F CJCA(. C T+K [ ENZLE+LEC HANOINE+LEVR AT+ ( CERN)
L ~ DUBAL (GFNEVE)
+KINSON+HCDONALD+R [DO[FORD+ (CERN+BIRR)

W H

W M

W R

W R

W

W J
J

W

W

W

W

AVG

(30 ~ ) OR L FSS
R2 PFAK FROM CERN HMS

80 (40 ~ I t 1?. ~
'I

SEFN TN 2 ~ 5-3 PBAR P
100~ 3 sj

(90~ D) t 20 ~ 0)
NOT S E PARAT ED FROH

112~ 0 60«0
t 195~ 0)

(72 ) (29 'I

160~ 0 40 ~ 0
t 160~ 0)
~ ~ ~ ~ ~ ~ ~ ~

123 ' 8 24 F 1

66 HMS — 7-)2 PT — P
AND G PAR t TY UNKNOWN ~

67 HBC DSFE NOTE R BELOW 5/67
2 PI+PI — PAIRS IN RHOO BAND
68 HRC + 7 ~ 8 ~ 5 P I+ P ~ 6/68
68 HBC — 7 ~ 0 PI- P 6/68

LEVRAT
EXP' DECAY MODES

OANYSZ
2P I+2P I- eW ITH Dr 1 r

BALT 4Y
JOHNSTON

2 Pf DFCAY
ADFRHOLZ
ANDERSON

( 20 ' ) BARNHAH
BARTSCH
CASO

+ 8 P [+ P r KKBARP I 8/69
16 PI — P r BACKW 8/69

+ 10 K+ P «RHO P [PI 6/70
+ 8 Pl+ P«4 PI 5/70

11 «?P I P r RHO 2P I '5/70

69 HBC
MM5

70 HBC
70 HRC
70 HBC

AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

BALTAY 68 PRL 20 887
CASA 68 NC 54 A 983
JOHNSTON 68 PRL 20 1414

ADFRHOLZ 69 NP 8 11 259
ANDERSON 69 PRL 22 1390
VETLITSK 69 SJNP t? 461

+KUNG+YEH+FERBEL+ (COLMR+ROCH+RUTG+YAL E) f =1
+CONTE+CORDS+Of A Z+ ( GENOVA+kAHB+MI L+ SACL )
+PRENT '[CF STFENB ERC, YQON ( TORDNTO+Wf SC) I JP

e B ARTSCH e+ ( 4ACH+8 E RL+CERN+KR AK+'WA R S )
+COLLINS«BL IEDFN+ ( BNL+CARN )
+GUZHAV IN« K[. TGFR r KCLCANOV «LEBEDEV+ ( IT FP )

8 ARNHAM 70 PRL 24 10r)3 +COLLF Y JORFS KENYON PATHAK R [DO [FORD( 8[RM )
BAR TSCH 70 CERN/0 /PHY 570-4 +KRAUS, TSANCJS, GROTE, KQTZ AN+( AACH+BERL+CERN)
CASO 70 LNC 3 707 +CONTF ~ TOMASINI CORDS+(GENO+HAHR+NILA+SACL )
MAURFR 70 THF S IS NQ ~ 5 88 G ~ MAURER ( STR A SRDUR G)¹¹¹¹¹¹eeee¹¹¹e¹¹¹¹¹¹¹e¹¹e¹¹¹e¹e¹¹¹¹¹e¹¹¹¹¹¹¹¹e¹¹¹ee¹eee¹e¹¹eee¹e¹ee¹¹¹ee¹eeeeeeeee¹eee ¹¹¹¹¹¹¹eeeese¹ee¹¹¹e¹¹e¹¹¹



PA&TIcLE DATA GRoUP Review of Particle Properties S85

Mesons
For notation, see illttstrated key at beginning of data card listings

43 WT 0TH {KIEV)

R(1 /50) 39 R(1 7'50) f=l

THI 5 ENTRY CONTAINS I=1 PEAKS AND THE R3 PEAK
NOT A F t& MLY ESTABL I SHED RFSONANCE — OMITTED FROM TARLF

W 0
W

K

W K

l4

l67 ~ I (27 ~ ) DANYSZ
QRSERVFA IN (04IEGA PI+ PI-) (4NA

f &0. ) (20 ~ I FRFNCH
OBSERVED IN (KS KO PIO ~ ~ ~ ) MODF

(30~ O'I AR LE SS AURAL

Ml SSTNG MASS R4 PEAKr F f NAL ST4TE

67 HRC 0 3y 3 ~ 6 PSAR P
POTS IRLY (QMFGA RHr)( 0) ) ) MODE

67 HRC 0 '3-4 PBAR P
(G-P AR I TY UNKNOWN)

67 l4MS — 7rl1 ~ 5r12 PI-P
UNKNOWN

7/67

7/67

6/68

39 R ( 1750) 4IAS S( MEVI

1748~ 16 '
(17400 )

SEE F I G ~ 9 QF FRENCH 67
(764+0 1"~ 0

DURAL 67 MMS - 7q 11 5r12 PI- P

F FRFNCH 67 HBC (KO K+-) 3-4 PRAR P

M F
STUNTFBEC 70 HBC 0 R ~ PI-Pr Pl+0 I-

~ ~ ~ ~ ~ ~ ~ ~ ~

AVG 1756~ 5 10~ 9 AVERAGE (ERROR TNCLUDFS SCALE FACTOR OF 1 ~ 0)

7/67
7/6 7

1/71¹ PL
P2
P3
P4

43 P ART I AL DECAY MODES

PHT {1830) INTO 5 P I
PHI (1830) INTO OMFGA PI PI
PHI (1830) INTO OMEGA RHO

PHI (1830'I INTO K KBAR Pl

DECAY MASSES
139+ 139+ 139+ 139
139+ 139+ 783
783+ 765
134+ 4 97+ 497

39 R(1750) WIATH ( MEV )

4 ¹¹¹¹¹ «¹¹¹e¹¹¹¹4¹¹¹e¹4¹»¹¹¹¹4ee4 ¹ 4 »44 4 4»e¹ ¹¹44¹¹«¹«¹¹¹¹44 ¹4¹¹¹e4¹¹44
REFERFNCES

W

W F
W F
W

{3R~ ) OR L FSS LEVRAT 66 MMS - 7v 12 Pf- P 7/67
( 120 ' ) APPROX FRENCH 67 HBC (KO K+-) 3-4 PRAR P 11/69

ABOVE VALUF. ESTIMATED FROM F IG ~ 9 OF FRENCH 67
sl7 ~ 0 14 ~ 0 20 0 STUNTESEC 70 HRC 0 8 ~ Pl-P PI+Pl- 1/71¹

OANYSZ 67 NC 51A 801
DUBAL 67 NP R3 435

ALSO 6R THES fS 1456
FRENCH 67 NC 52A 442

DANYSZ+FRENCH+5 IMAK {CERN)
CERN MISSING MASS SPECTROMETER GROUP (CERN)
L DIJBAL (GENEVE)
+K IN SON+ MCAONAL 0 &R (DD IFORD+ (0 ERN+Rt RM I

39 R(1750) RRANCHING RATIOS

¹»¹*¹¹¹¹e¹¹¹¹¹¹e¹¹¹¹¹¹¹¹e¹¹»e¹¹e¹¹«¹¹«¹¹¹¹¹¹¹»¹¹¹¹e¹¹«»4¹¹¹¹¹¹¹e¹««¹¹¹e¹ee«¹¹e¹¹¹ee¹¹e¹¹¹e¹e¹¹e¹¹¹e«e¹¹e¹¹¹»¹¹¹¹e¹
R3 R3 MESON FRACTION INTO ONE / THREE / FIVE OR MARE CH4RGEO TRACKS

C (0.14) / 0.80 / 0.05 FQCACCT e6 MMS 10/66
R3 C FR ACTION INTO ONE CHARGED PROS ~ LARGER THAN GIVEN ABOVE ~

S(1930)
C Fo DURAL 67 REGION«4¹¹¹¹¹¹4¹¹¹¹¹e«44 4 «4 4 4e »«444 ¹e¹¹«4¹¹¹¹¹¹¹¹44¹¹¹¹4¹¹¹¹¹¹¹¹«¹»«4»4 ¹¹¹

REFERENCES FOR R l 1750 l

31 5( f930, JPGn ) T=1 OR 2

THIS FNTRY CANTAINS BESIDES THE S(1930) SEEN BY

CHIKOVANI 66 WITH 4 MMS ~ AND CONF IRMED RY CL INE 70 IN

PBAR P 84CKWARD ELASTIC SCATTERINGr VARI Ol}5 OTHER

PEAKS NEARBY FOR RFVIEWS SFE ASTIER 70 MQNT4NFT 69.

FOCACCT 66 PRL 17 R90
LEVRAT 66 PL 22 714
DIJBAL 67 NP 83 435
FRFNCH 67 NC 52A 442

5&IJNTEBE 70 PL 32 8 391

CERN MISSING MASS SPECTROMETER GROUP (CERN)
CFRN MISSING MASS SPECTROMETER GROUP (CERN)
CERN MISSING MASS SPFCTROMETER GROUP (CFRN)
+K l NSQN+ MCAONALO »R I OOI FARO» ( CERN+8 I RM I

STUNTERECK, KENNEY DFFRY ~ Sl Sl(AS, CASON+(NDAM)

q„...(1830)
-+4m, K K

42 F. TA OR RHO (1830} G=+ I {JPG= +) I GTE 0

THIS FNTRY CONTAINS 4 P I ANO K P I KBAR ANO THE

R4 MMS PE 4K ~ &4 I S ONLY 4 3 STANDARD DEVIATION
EFFECT ~ OMI TTED FROM TABLE ~

42 MASS lMFV'I

e¹¹e¹e4 ¹¹¹ee¹ee¹e¹¹¹e¹¹¹e¹ee¹¹¹¹e¹¹¹¹¹¹e¹e4e¹¹¹¹¹¹e¹¹¹¹¹¹e¹¹«¹e¹¹¹¹¹¹¹¹*¹e4¹¹«¹¹¹¹¹¹¹«¹¹¹¹¹¹»««¹¹¹¹«¹¹eee»««¹¹¹e¹¹¹¹«¹e4¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹

M

M X

X

M X

M

C
M K

K

M F
M F
M

'4 C

M AVG

31 5 (1930) MASS t MEV)

12 ~ 0 PI-P
8 Pl+ Pe Pl+ PI 0

~ 3- ~ 7 PB P FLAST
3- ~ 7 PR P ELAST

1929~ 0 CHIKQVANI 66 MMS P

1900' BQESEBECK 68 HBC +

(1945~ 0} CL. INE 68 HBC

( 1925~ 0) CL I NF. 68 HBC

CLINE 68 SUPERSEDED BY CL INE &0 BELOW

1973~ 0 15 ~ 0 CASO 70 HBC - 11 ~ 2PI- PrNOTE C

SEEN IN RH3- Pf+ PT- lQMEGA AND ETA ANTISELFCTED IN 4 PI SYSTEM)

1975 ' 0 12 ' 0 KRAMER 70 HBC + L3 ~ 1 PI+ P ~ 2PI
HAS IG=L+ FROM ABSFNCE OF PI+Pl+ PEAK ~ THUS JP= {'}DD)-~

( 1926~ 0) CLINE 70 HRC 0 25- ~ 74 PR P FL

FROM F IT TQ EXTRAPOL4TED 1RO-DEG, 0tFF ~ C&OSS SECTION

(1925' 0) le 3) CLINE 70 HRC 0 ~ 25- ~ 74 PB P EL

(1947e0) l 16 ~ 0) CLINE 70 HRC 0 25- ~ 74 PR P EL

FRO& F IT W f TH 2 BRETT-WIGNER CURVFS

~ ~ ~ ~ \ ~ 0 ~ ~

1958 ~ 0 13 5 AVERAGF {ERROR INCLlJDES 5CALE FACTOR QF 1 ~ 8)
( SF. E IDEOGRAM BELOW )

8/66
blbR
9/68
9/6R

5/70
5/70

11/70¹
11/70¹
1/71¹
1/71¹
1/7 L4'

I /7 L4'

1/714

110 1832 ~ 6 ~

5 FEN TN 2 ~ 5-3 ~M R
4l R

M

M

M AVG

(1& ~

MASS R

12 ~

3 ~ -3 ~ 6

( 1830~ I
Mf SSING
l820 ~

S F. F. N IN
~ ~ ~ ~

1829.6 AVERAGE ( FRROR INCLUDES SCALE FACTOR OF 1 0)

DANYSZ 67 HBC OSEE NOTE R BELOW 5/67
PRAR P 2P I+2P I- WITH 0 1 2 Pl+Pl- PAIRS

IN RHQO RAND

) DURAL 67 MMS - 74 11~ 54 L2e PI- P 6/68
4 PEAKy FINAL STATF. UNKNO'WN

FRFNCH 67 HBC OSEE NOTE K BELOW 7/67
PRAR P TQ (KS KO P IO ~ ~ I ~ G PARITY UNKNOI(N

~ ~

LIEIGHTEO AVERAGE = 195B.O a 13.5
ERROR SCALED BY 1.B

42 W lATH ( MF V)

110
W R
W R

W M

W M

W K

AVG

42 ~ LL ~ DANYSZ 67 HSC OSEE NOTE R BELQW

SFFN 1N 2 ~ 5-3 ~ PSAR P ~ 7P I+2PT-4 WITH Or 1 ~ 2 PI+Pl- PAIRS
IN RHOO BAND

(30~ 0) QR LESS JSAL 67 MMS — 7r LL~5r 12 P I-P
MISSING MASS R4 PEAK ~ Ff NAL STATE UNKNOWN

50 ~ 73 ~ FRENCH 67 HBC OSEF NOTE K BELD'W

SFEN !N 3 -3,6 PRAR P TQ (KS KO P IO ) ~ G PART TY UNKNOWN

~ ~ ~ ~ ~ ~ ~ ~ ~

43 ~ 5 9 ~ 9 AVERAGE (ERROR (NCLUOES SCALE FACTOR OF 1 0)

Pl
P2
P3
P4

42 PARTIAL DECAY MODES

ETA AR RHQ (1830) INTO 4 Pl
ETA 3R RHQ (1830) INTO RHQ Pf PI
FTA AR RHO (1830) INTO RHO RHQ

FTA OR RHO (1R30) INTO K KBAR PI

DECAY MASSES
139+ 139+ 139+ 139
139+ 139+ 765
765+ 765
134+ 497+ 497

4 «»44¹ ¹e¹¹¹¹e¹¹¹e¹¹¹¹¹¹¹¹«ee¹¹¹«ee¹¹ee¹¹¹¹¹e¹e¹¹¹e¹¹¹¹eee«e¹
RFFERENCES

5/67

6/68

7/67

KRAfiER 70 HBC

CASO 70 HBC

BOESEBECK 6B HBC

CHIKOVANI 66 f1f1SP

1B50 1900 1950 2000 2050 2100
S (1930) f1ASS (MEV)

CHISQ
2.0
1.0
2.1
4.3
9, 4

(CONLEV
=0.024)

OANYSZ 67 PL 248 30'I
Dl}RAI 67 NP 83 435

ALSO 68 THFS TS 1456
FRENCH 67 NC '52A 442

+FRENC H+KI NSON+5 I MAK+ (CERN+L IVERPQQL )

CERN MISSING MASS SPFCTRQMETER, GROUP (CERN)
L ~ DUBAL ( GFNEVF. I
+K INSCIN+ MC DONALD+8 I DD I FORD+ (CERN+8 ( RM )

31 S ( 1930) WIDTH (MEV}

4A, t ~ o (1830)
~57t,K K

43 PHT OR Pl ( 1830) G=- L ( JPG= —I I GTF 0

THI S ENTRY CONTAINS OMEGA PI Pl ANO K P I KBAR

AND THE R4 MMS PEAK R4 IS ONLY 4 3 STAJ(DARD

AEV TAT ION EFF ECT ~ I=L f F t OMEGA RHO) MODE

EXISTS~ QMITTFD FROM TABLE ~

43 MASS ( MEV)

¹¹¹¹4¹¹¹¹ ¹«¹e¹e«¹««»¹¹*¹«¹¹««e¹¹e¹«eee¹¹¹¹«¹««¹¹e¹«e¹»e¹ee««¹¹
W

W

W X
'W X

X

W C
W C
W K
'W K

W E
W E

C
W C

C

f 35~ 0) OR L ESS CHI KOVANI 66 MMSP — 12 ~ 0 P I-
216+ 105 ' SOFSEBECK 68 HRC + 8 PI+ Pr

t22 ~ 0} CL I NE 6R HBC 3- ~ 7 P 8

{10~ 0) CL I NE 68 HRC ~ 3- ~ 7 P 8

CL INF. 68 SUPERSEDED BY CLI NE 70 BELOW

(RO ~ 0) CASO 70 HRC - ll «2P I- P

SFFN IN RHO- Pl+ PI — (OMEGA AND FTA ANT ISELECTEA TN 4 PI
{52 ~ 0} OR L ESS CL=Q ~ 90 KRAMER ~0 HRC + L3 ~ 1 Pl+

HAS IG=L+ FROM ABSENCE QF PI+PI+ PEAK ~ THUS JP=(000)-
{18 0) CLTNF 70 HBC 0 ~ 25- ~ 74

FROM F IT TO FX TRAPCIL AT FO 180-DEG DIFF ~ C ROSS SECT I

(7%6) (3 ~ 5) C L I NE 70 HRC 0 ~ 2 5- ~ 74
(52 0) (10~ 0) CLINE 70 HRC 0 ~ 25- ~ 74

FROM F TT WITH 2 BRETT-WIGNER CURVES

P
PI+ P f0
P ELAST
P Fl AST

rNQTE C

SYST EM}
Pr 7PT

PR P EL
ON

PB P EL
PR P EL

R /66
6/6 R

9/e8
9/6R

5/70
'5/70

1 l /70¹
11/70¹
1/71¹
1/71¹
1/7 L¹
1/71¹
1/71¹

M 0
0
K

K

M

{1848 ~
'I ( 11 ~ ) DANYSZ 67 HBC 0 3 3~ 6 PBAR P

OSSERVFD IN (OMEGA Pl+ Pl —) ( ANO PQSS IBLY (OMEGA RHO{ 0) I ) MODE

( 1R70 ~ ) ( 12 ~ ) FRENCH 67 HBC 0 3v3 ~ 6 PRAR P

I)BSERVED IN lKS KO PTO ~ ~ ~ ) MODE (G-PAR ITY UNKNOWN)

(1830m I ( 15 ~ ) DURAL 67 '(MS 7r L I ~ 5 r L2 ~ P I P

MT SST NG MASS R4

PEAKED

F INAL STATE UNKNQ'WN

7/67

7/67

6/68 Pl 5 INTO Pl+ Pl-
P7 S I NTQ PRAR

31 S ME SON PARTI Al. DECAY MODES

DECAY 4 ASSES
139+ 139
938+ 93R
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31 0( SIGMA I /0( T) { MICROBARNS/ (GEV/C I «¹2 )

CS 35 ~ 0 ' 12 ~ 0, FOCACCI 66 MMS ~ 22 LTE T LTE ~ 36

CH[KOVAN 66 PL 22 233
FOCACC I 66 PRL 17 890

Rf)FS EBEC 68 55!P 8 4 501
CL INF. 68 PRL 71 1268

CFRN 4IISSING MASS SPECTROMETER GROUP (CERN)
C.'FRN MISSING MASS SPECTRflMETER GROUP t CERN)

BOESFBECK ~ OEUTSCHMANNe+(AACHEN+BERLIN+CERN I

+FNGLISHRREEDFR ~ TERRELLPTWITTY (WISCONSIN)

««««««a«» «»a»««a «»»a«»«««¹'«aa«««»««¹» «¹¹a««¹¹««$«»«««$ ¹ ¹«¹«»««

REFERENCES FOR S f 1930)

9/66
W 8

8

W K

W K

W

C
D

W 0

AVG

(13~

{85~

SEE
62 '

BET WE

SEE
( 130~

SFFN
68.

HAS
~ ~ ~ ~ ~ ~ ~ ~ ~

67 ~ 1 20 ~ 3 AVERAGE. (FRRCIR INCLUDES SCALE F4CTOR OF 1 ~ 0)

32 1' ( 2200) WIDTH ( ME V)

0) C!R LFSS CHIKOVANI 66 MMSP — 12 ~ 0 P [-P 8/66
) ARRAMS /57 CNTR S CHANNFL NRAR N 7/*7

NOTE 8 UNDFR T(220n) MASS ABOVE ~

52 ~ ALLES-R(IR 67 HRC 0 5 ~ 7 PBAR P 12/66
FN 20 AND 80 MFV KAI RFLF. IS 69 HRC 0 S-CHANNFL PBARP 7/69
N IN PRAR P TO RHOO RHOO P IO ~ ICP= 1

0) CASO 70 HBC - 11 ' 2P I- PrNOTE CD 5/70
IN RHO- Pl+ Pl- (OMFGA AND ETA ANT I SFL FC TE(I IN 4 PI SYSTE5{I 5/70
0 22 ~ 0 KRAMFR ~0 HRC + 1 3 ~ 1 PI+ P 7 2P I 11/70«
G= 1+ FROM ARSENCC OF P [+Pl+ PE AK ~ THUS JP=(OflDI- ~ ). 1/70¹

MONTANET 6s LUND CONF ~ P ~ 189 L ~ MONTANET RAPPORTEUR {CFRN I

AST I ER
C4SO
CL INE

KRAMER

70 K I EV CONF ~

70 I. NC 3 707
70 PREPR INT DEC 70

PRIV ~ CORM ~ FEB 71
70 PRL 25 396

RAPP ~ TALK ON BOSON RESONANCES (CDF )
+CORDS COSTA f)ARD+(GENOGDESY 2HAM M[LAG SACL )
De CL INE0 J 0 ENGL I SH 0 Oe Oe REED'ER ( WI SC I J
SUPERSEDES OEC 70 PREPRINT
+BAR TONG GUTAY ~ LI CHT25IAN 5 MILLER 0+ ( PURDUE )

CS 29 ~ 0

32 D( SIGMA I/O( Tl ( MICROBARNS/ IGEV/C)¹«2

10~ 0 FOCACCI 66 MGIS ~ 22 LTE T LTF. ~ 36 9/66

REGION NICH(lLSON 69 SUGGEST IG=l+ JP=3- FROM ANALYSIS OF
DIFF ERENT[AL CROSS-SECT IONS FOR PBAR Pl -- 2PI ~

~ nMITTED FROW TABt. E.

»«»««$¹»¹ ««»»»»«¹» »««¹¹¹¹¹¹¹a¹«««»'»« «¹«««»»¹»
¹«««a¹¹¹»«««¹¹¹»a«»»72¹»¹ «¹¹¹¹¹«««««««««»»¹ »¹¹»««»«« »«¹»¹¹¹¹¹

'( IOO) '55 IIHO 52100 JPG= Pl I=lPi

32 SfGMA (MBI FOR FORMATION RY NUCLFON 4NT[NUCLEON

CS (5 ~ 5) ABRAMS 70 CNTR S CHANG(EL NBAR N 1/71«
CS K \0 ~ 51 (0 ' 1) KALRFLFI 5 69 HBC OS CHANNFL NBAR N 7/69
CS SEEN IN PBAR P TO RHOO RHOO PIO ~ IG=l- ~

»«««¹ ««»««««««««««»«»¹» «««»«««»«¹¹¹¹¹¹¹¹»»»«««»¹»¹«¹»»«¹««¹««»¹¹««¹
REFERENCFS FOR T( 2200)

205)6 0
(2120~ I

51 RHO {7100) MASS (MEV)

38 ~ 0 ANDERSON 69 MMS — 16 P I P 28ACKW
NICHOLSON 69 CNTR 0 ~ 7-2 4 PB PPZPf

8/69
9/69

CHIKOVAN 66 Pl. 22 233
FOCACC I 66 PRL 17 890
ABRAMS 67 PRL 18 1209

ALSO ABRAMS 70
4LLFS-BO 67 NC 50 A 776
CLAYTON 67 HF. [DBG ~ CONF ~ P ~ 57
COOP FR 6 8 PRL 20 1059

CFRN 2(ISS[NG MASS SPFCTRO&ETER GROUP (CERN)
CERN MISSING MASS SPECTROMETER GROUP {CERN)
«COOL GIACOMELL I 0KYC 14 I FONT IC L I + (RNL I

ALL ES BORFLL I 0 FR ENCH 0 FR f SK 2+ '[ CERN+ BONN }022

+MASON ~ MU I RHF AO, F I L [ PPA5+ ( L f VPO()L +ATHENS I
+HYMAN ~ MANNFR ~ &USGRhVE VOYVOD f C (ANL)

51 RHO [21001 Wf 0TH ( MEV)

W (150.0) ANDERSON 69 IIM S
W N {249 ~ ) NICHOLSON 69 CNTR
W N THE Wl DTH INCLUf)ES RESOLUTION ~

RFFERFNCES F(lR RHCI(2[00)

16 PI- P 2 RACKW

0 ~ 7-2 ~ 4 PB PGZP I
8/69
9/69

+COOL G I ACOMFLL I KYC IA ~ LEANT IC L I + ( 8NL)
+CONTE 0 TOMAS I Nl ~ CORDS+ I GENO+HAMR+MIL 4+ SACL I

ABRAMS 70 PR 0 1 1917
CARO 70 LNC 3 707

hL SO C4SO 69
KALB FI F I 70 PHIL An ~ CONF ~ P, 409 G ~ KALB FLEI SCH AND D. MILL ER REVUE S
KRAMFR 70 PRL 25 396 +BART()N ~ GUT AY L I CHTMAN RI f LLEW, +

(RNL)
(PURDUE)

BRICMAN 69 PL 29 8 451 +F ERR 0-L UZ Z I 0 Rl 7 AR Dr + (CFRN+CAFN+SACL I
CASfl 69 NC f 2 4 7&5 +CONTE REN7. a (GENO+OESY+HAMB+MILA+SACL)
KALRFLEI 69 PL 2o 8 259 G ~ KALRFLEISCH R STRAND ~ V ~ VANDERBURG {BNL)
&ONTANET 69 LUND CONF ~ P [89 L ~ MONTANFT &APPORTFUR (CFRN I

ANDERSON 69 PRL 22 1390
N[CHOLSA 69 PRL 23 603

+COLL INSGBLI FDFN+
NICHOL SON 0 RAR I SH 2 DEI.ORME 0+

( BNL+CARN )
fCALT+ROCH+BNI. } ¹««»¹«««»a»«««» «»«»»«««¹ «¹a«««¹«¹¹»»«»««»««¹«¹»«««¹««a¹»»»«»»a»«¹««««a¹¹¹¹¹¹»«¹»»a»¹«» ««»«a¹¹¹»¹»«a«»¹a» ««««a««»» «a»«a«»»

»««»»¹ ¹¹¹¹¹»¹¹«¹»a«»»»«»»»«»«»»»»¹««»¹»¹«««¹««¹««¹«¹¹¹¹¹«¹¹¹««««»»««
«««a»»»«««¹«¹«» a»»aa»aa¹ «aa«»««¹a a««¹«»¹«¹«««»«»a«¹ «»«¹¹a«««»»a¹¹»«¹

/ ( ) 52 RHG (2275, JPG= I l=l

v(22oo)
REGION

32 T(2200 JPG= ) I =1 OR 2

THf S ENTRY CONTAINS BFSIDES THE T(2200) SEEN BY
CHIKOVANI 66 WITH 4 MMS VARIOUS OTHER PFAKS NEARBY ~

FOR REVI I'WS ~ SEE MONTANET 690 KALRFLF ISCH 70
02(ITTED FIIOM TABLF ~

REGION NICHOLSON 69 SUGGEST IG=I+PJP=5- FROM ANALYSIS OF
. DIFF ERE'(TIAL. -CROSS-SECTIONS FOR. PRAR PI -- 2P I.
OMITTED FROM TABLE ~

52 RHO (22751 MASS (MEVI

32 T(27001 MASS (MEVI
2260 ~ 0

I 2290 ~ )
18 ' 0 ANDERSON 69 MMS — 16 P I- P RACKW 8/69

Nl CHOLSON 69 CNTR 0 ~ 7-2 ~ 4 PB P ~ 2P I 9/69

R

R

M 4

M K

M K

M C
M 0
5JI 0

AVG

2195~ 0 15 ~ 0 CHIKCIVANI 66 MMSP — 12 ~ 0 P I-P 8/66
{2190 ) f 10e) ABRAMS 70 CNTR S CHANNEL NBAR N 1/71¹

SEFN AS RU25!P IN [le 1 STATE ~ WIDTH MUCH I. ARGER THAN IN
THE MM "5P EXPT ~ SEF ALSO CO()PER 68
RRI CMAN (69) SEES NO BUMP ~ SPIN LESS THAN 5 IS Sr} EXCLUDEO
2207. 13~ ALLFS-ROR 67 HBC 0 5 ~ 7 PBAR P 1.2/66
ALL FS-BORELLI 67 SFC NEUTRAL &OOE ONLY (PI+Pl-PIOI
2190 0 10 ~ 0 CLAYTON 67 HRC +- 2 ' '5PRAR A2+OMFGA 10/67

( 2190~ 0) KALBFLEIS 69 HRC 0 S-CHANNEL PBARP 7/69
SFEN IN PRAR P TO RHOO RHOO P 10 IG=1-
2207 ~ 0 22 ~ 0 CA SO 70 HBC — 11~ 7. PI- PPNOTE CD 5/70
SFEN IN RHl- P I+ P I — ( OMFGA ANO F TA ANTI SEL ECTFO IN 4 P I SYSTEM) '5/70
2157 0 10 ' 0 KRAMFR 70 HBC + 1301 Pl+ P ~ 2P I 11/70«
HAS IG=1+ FROR{ ABSENCF OF P I+P I+ PEAK ~ THUS JP= (ODD)- ~ 11/70«
~ ~ e ~ ~ ~ ~ ~ ~

2184 7 9 ~ 5) AVFRAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ Rl
t SFE IDEOGRAM BELOW )

52 RHO (22 7'5) W I OTH {MFV I

W (25.01 OR LFSS ANDERSON 69 RIM S
W N (165 ' ) NICH()L SON 6& CNTR

THE WIDTH INCLUOFS RESOLUT ION ~

16 P I- P 0 BACKW
0 ~ 7 2 ~ a PR P ~ 2+I

ANDERSON 69 PRL 22 1390
NICHOLSO 69 PRL 23 603

REFERFNCES FOR RHO(2275'I

+COLL I NS ~ RL I EOF N+
N fCHOLSONP BAR I SH 0 OELOR25(ER +

( RNL+CARN I
(CALT+ROCH+RNL I

«¹««»» «««»««««« «S««««««« ««««»«««« ¹«¹««¹¹¹«»»»«««««« ««««»¹«»» ««»»»«»«««*¹¹¹««»»»«¹¹» «««a»¹»¹» aa«««»«¹¹ «««»«¹««a «»»¹»«¹»» »¹«»«««a» »««¹¹¹«¹

8/69
9/6 9

NN, , (2350) 58 N NBAR (2350) I=1

OMITTED FROM TABL E

(JEIGHTED AVERAGE = 2184.7 + 9.8
ERROR SCALEO BY 1.8

M 8 (2350 ~ I ( 10 ~ I ARRAMS 70 CNTR S CHANNEL NRAR N 1/71¹
8 SFFN AS RUMP IN I=1 STATE ~ Wlf)TH MUCH LARGER THAN IN MMS EXPT ~

58 W If)TH

W 8 {140~ ) ARRAMS 67 CNTR S CHANNEL PRAR N 7/67
W R SFEN AS BUMP IN l=l STATE ~ WIDTH MUCH LAR(PER THAN [N MMS EXP Te

CS (3021

58 SIGMA (MB) FOR FORMATION RY NUCLFON ANT [NUCLEON

ABRAMS 70 CNTR 5 CHANNEL NRAR N 1/71»

2120 2160 2200
T(2200) MASS (MEV)

2240

CHISQ
7 ~ 7
1 ' 0
0 73
2.9
0.5

12.4
(CONLEV
=0 ~ 015)2280

R 70 HBC

70 HBC

ON 67 HBC

-BOR 67 HBC

VANI 66 MMSP

«»«««» ¹¹¹¹¹¹¹«»¹¹¹«¹»¹¹a«»«»»»«¹» ««»«a»¹»» ««»¹»«¹¹¹¹««¹¹«¹»»«a»»»¹«»

REFERENCES FOR N NRAR t 2350)

ABRAMS
ARRAMS

67 PRL 1 8 1209
70 PR 0 1 1917

+COOL PGIACCIMELL( PKYC IA ~ L FONT IC ~ L I ~ + IRNL)
+COOL G[4COMELLI KYC [AGLEONT IC ~ L I + (BNL )

«¹a¹«¹a¹»¹$¹»««¹¹¹«»»»a¹«««««¹««»«««««a¹a«»¹»»aa»»««a» «««a¹¹¹¹
««a«¹» ¹¹¹¹¹¹¹¹¹ ««¹¹¹¹¹¹«¹¹¹¹¹¹¹¹¹«««««««»«¹¹«¹¹¹¹¹»¹«»«¹¹¹¹¹¹¹¹«¹¹¹¹
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..esons

U(2375)
REGION

I

33 U(?375)

Evidence for the existence of a non-strange, I=1
meson in the 2375-MeV region, having I'6 30 MeV,

originally came from the CERN Missing-Mass
Spectrometer group (CHIKOVANI 66). Others have

since found indications of a peak in the neighborhood;

the figure shows the current situation.
Removed from our figure and data cards since

the last edition is some previously reported evidence

for the U in the reactions pp~ KKm and pp~KSKL+
neutrals (RING-i 69 and RING-2 69). The groups

M

C
M C

erat

M

M AVG

CS

Rl
Rl

33 U( 2375) MASS (ME V)

2382 ~ 0 24 ~ 0
(2324 ~ 0) ( 20 ~ 0 )

MAY B E DIFF FRENT AR J FCT ~

2380 +- 10 IS MISTAKE ~ ~ ~

2370 ~ 17 '
( 2420 ~ 0) (? '5 ~ 0 l

7. 360 ~ 0 75 ~ 0

CHIKOVANI 66 HHSP — 12 ~ 0 P I-P 8/66
CLAYTON 67 HRC +- 2 ~ 5PRAR i A2+OMEGA 11/69

VALUE QIIATED I N HF IDELBFRG PRACi OF
PR I V ~ COMM ~ FRAM hIU I R.HF. AD ~

ANDFRSAN 69 ASPK — 16 P I- BK SCAT
JOHNSON ~0 HBC — 12 0 P I — P
AH 70 HDBC -OPRAR(P AN) K¹K2PI

11/69
I/71¹
5/70

~ ~ ~ ~

2370. 7
~ ~ ~ ~ ~

12 ~ 1 AVER AGE ( ERROR INCLUDES SCAL E FACTOR OF 1 so)

33 U(2375) WIDTH (ME V)

( 30.0) AR L ESS
(57s)
(80 ' 0) OR LESS
(60.0) AR L ESS

CHIKOVANI 66 HHSP — 12 ~ 0 PI-P 8/66
ANDERSON 69 ASPK — 16 PI- BKSCAT 11/69
JOHNSON 70 HRC — 12 ~ 0 PI- 1/71¹
AH 70 HDRC -DPRAR(P N) K¹K2PI 5/70

33 0( SIGMA)/D(T) l HICROBARNS/(GEV/C)»¹2 )

i2 ~ 0 14~ 0 FACACC I 66 HHS ~ 28 LTF. T LTE ~ 36 9/66

33 U MI' SON BRANCHING RATIOS

U- HESAN FRACTION INTA ONE / THRFE / FIVE OR MARF CHARGED TRACKS
(O. 3O)/ O.45 / O. 25 FACACC. I 66 HHS 10/66

involved now have added more data and do not see

any significant peak in the U region (OH 70 and pri-
vate communication) .

We show the CLAYTON 69 and SOHNSQN 70 mass
distributions, although the peaks in these experiments

do not appear to line up with those of the other exper-
iments. There is also a peak in the I=i pp total

CHIKAVAN 66 PL 72 233
FACACC I 66 PRL 17 890

REFFRENCES FOR U(2375)

CERN HISSING MASS SPFCTROIIIIFTER GROUP (CERN)
CFRN MISSING MASS SPFCTRAHFTFR GROUP l CERN)

CLAYTON 67 HEIOBG ~ CONF ~ P, 57 +HASON MUIRHEAO FILI PPAS+ (L IVPAOL+ATHFNS l
AL SO 71 PR I V ~ CAHM ~ W ~ HU IRHFAA ( L IVP )

ANDERSON 69 PRL 22 1 390

JOHNSON 70 UH 511 77 70
OH 70 PRL 24 12'57

ABRA&S 67 PRL 18 1209

+BLESER 8 IRNBAUM EDELSTE IN ~ + ( RNL+CARN)

+P F T E R S ~ ST EN G FR, Y F. E (HAWA)
+PARKFR EASTMAN SH ITH ~ SPRAFKA HA ( MICHIGAN)

PAPERS NOT RFFERRED TO IN DATA CARDS

+COOL GIACOHFLLI KYC IA LEANT IC L I + ( RNL )

¹¹¹¹¹¹ «e¹¹¹¹«e¹¹«¹¹¹¹«¹¹¹¹¹¹«¹¹¹¹««¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹«¹¹«¹¹¹¹5¹¹«

cross section reported by ABRAMS 67, but it is
f40 MeV wide and is not shown.

BRICMAN 69 PL 29 8 451
CASA 69 LNC 3 707
R ING1 69 MICH PRE PRINT
R I NG2 69

+FERRA LUlll ~ RI lARD + (CERN+CAFN+SACL )
+CONTE, RFNl et ( GF NO+DESY+HAHB+HI LA+ SACL )
+CHAPMAN CHURCH LYS, MURPHY ~ VANDFRVFLO(MICHl
JOINT PRFPRI NT COMBINES R ING1 AND OH 70

Although the net evidence for the U is not very
strong, we continue to include it in our Meson Table
because of the concurrence of several experiments on

its mass and width.

LYS 70 MICH PREPRINT
SMITH 70 PHI LA ~ CONF ~

J ~ LYS
G. A. SM I TH

(MICH�)

IMSU)

NN, o (2375) 41 N NRAR (2375) I =0

FVIDENCE FAR RESANANCF PRFI IMINARY ~

OMITTED FROM TABLE

¹¹¹«¹¹««¹¹¹««¹¹¹«¹¹¹¹«¹¹«¹¹¹¹»¹«¹«¹¹¹¹«¹¹¹¹¹¹¹¹¹¹¹¹ «¹¹¹¹¹¹¹¹«e¹«»e¹¹
ee»¹»»«»¹ ««ee««»«» «»e«¹«»¹» «eeeee¹«e «e¹¹¹¹ee»««¹e«¹¹»e»¹»»«e«»

t

JOHNSON 70, Hawaii
Fig. 2

Tr-p —p Tro ~o)r-
l2 GeV/c

2.2 2.4 2.6
I I0) ~ Experiments exhibiting U(2373I peak

2000 il CHIKOVANI 66, CERN MMS
Fig. 3b

trt ~- Tr P~ PX
T l00% eff+ l2 GeV/c

~—Our "average" = (2&7'5

0 t r I I I

I I I

ANDERSON 69, BNL

gr p pX
—(l80')

2— l6GeV/c,
JD
E

U
ep= 20-26 rnrod

i0 ] OH 70, MSU

Fig. 3
0.8—

E opp-K K~~]0.6 —
P y Q$ +K K~sf

0.4- + ~ ~ pn K RTr)r
0.2— iUJ ~ +K KTr)r

0) 0 60
40—

0o 20
m(p p 7r-)0.~ ~s ~

80—

(5

~ ee ~

' 2375s

41 MASS

10 ' ABPAH'S 70 Ch)TR S CHANNEI. NBAR N 1/71¹

(190s )

41 WIDTH

ABRAHS 70 CNTR S CHANNFL NRAR N 1/71¹

CS (2s5)

41 SIGMA ( MR) FOR FORMATION RY NUCLEON ANTINUCLEON

ARRAMS 70 CNTR 1/71¹¹¹»¹¹¹»«¹¹e»«¹¹««¹¹¹¹¹¹¹¹«¹¹»«¹¹¹¹»¹¹¹«e¹¹¹¹¹«¹¹¹¹¹
RR ICMAN 69 PL 29 8 451
ARRAMS 70 PR D I 1917

REFERENCES FOR N NBAR (237&)

+FFRRO-LUl lie Rl lARD ~ + . (CFRN+CAEN+SACL )
+COOL, GIACOMFLL I KYC IA ~ (.EONT IC ~ L I, + (RNL)

X (2500) +s X- (250D, JPG= 1 r=j OR 2

AMI TTEO FROM TABLF.

46 X- (2500) MASS (MEV)

2500 0 32 ~ 0 ANDERSON 6& HMS — 16 P I- P BACKW9 8/69

46 X- l2500) WIDTH (HEV)

(87 ' 0) ANDERSON 69 HHS — 16 PI- P RACKW9 8/69

«¹e»¹»»¹«e»»»»e«¹¹»«»¹¹»e«¹¹¹«e¹e««e»¹«¹e««¹«»¹«¹«»¹»e»a»¹¹¹¹¹¹¹»«e»
¹»¹»»«»«» ¹¹¹««««a¹«¹«««¹¹¹¹¹»¹¹»»«¹»«»¹¹«»¹¹»¹¹¹¹«¹¹¹¹¹¹¹«¹¹¹¹

cn 0'

0 D
UJ CU

40
ur "average"

pp «A2(st

RFFERF NCES FOR X-( 2500)

ANDERSON 69 PRL 22 1390 +COLL INS ~ + (BNL+CARN)

2.2 2.4
Js (GeV)

I

2.6
«¹¹«¹«»¹«¹¹¹¹««¹¹««¹¹»¹«¹¹«5«¹««¹¹¹««¹¹«««¹¹«¹¹¹««¹¹¹»¹¹¹¹¹¹¹

e¹a»¹ee««e»»«««» «»»«»»e¹«¹e««e»»»¹ «»¹e««ee«»e»««»»ee ¹¹ee¹¹«««¹»¹¹¹¹e
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Nesons

BOSON MASS-SPECTRUM IN m +p ~p+(BOSON), CERN 1965-'S

Q
20-

p(768) d(962) At(1296) RI0630) Q(I750) S(193))

R7(1700)

X (3025)
T{2195) U(Z$2) X {2620) X O800) Kg880) X {3N5)

I ~ i l I

X-(3535)
X.(3475)t Xq36(5)

10-

P, it.«, 1 ILIA,
'P)i Ii)' '

i[

Jrrr) Irj Ij,
I' ri $%hli gi)I'i

I

P~ia I:%35;45;I;6&
(GeVk)

Q6 Q7 0.8 Q9 10

= = 60;70 = = 6.0 = = 70;n.5.12.0 = =

I I I I I I I I I I

1.1 1.2 13 14 15 1.6 1.7 1.8 1.9 2.0
MASS {GeV)

12.0 ~———-x 75 —————~~—————x 2.5

I ~ 10.5; IIQ5,12 13;14;5; [89;9.1 =ISQ5~» ~ ~~ 155
,12;IW;I481.

2.1 2.2 23 2.4 2.5 2.6 2.7 28 29 30 3.1 32 33 3.4

14;15;15.5
I I I

3.5 383.7 3.8

JACOBIAN PEAK METHOO (MMS) 0 METHOD (CBS)

From Baud et al. paper, presented by G. Damgaard, Proceedings f970 Philadelphia Conference ~

X (2630) through X (3535)

The figure on this page shows the X spectrum,
as studied with the CERN Boson Spectrometer. The

background is not shown but is about ten times as large
as the signal. Uncertainties in where to draw this

background make it extremely difficult to measure the

width of these peaks, or to judge their statistical
signif icanc e.

X (2620) 48 x- f2820, JPG= I I=l GR 2

48 X- ( 26ZO) WIDTH (ME V I

W 550 R5 ~ 30 ~ BAUD 69 MMS 8 ~ 10 P I P 9/69
W (150.0) CA SO 70 HRC — 11 ~ 2P I- P 8 NOT F. C 5/70
W C SFEN IN RHO- PI+ PI — (OMEGA AND FTA ANTISELFCTFD IN 4 PI SYSTFM) I/70

¹eee¹¹e¹¹¹¹¹¹¹e¹¹¹e¹¹¹¹¹¹¹¹¹¹¹¹¹e¹¹¹¹¹¹¹e¹'xe¹
REFERENCES FOR X-f 2620)

BAUD 69 Pl. 30R 129 CFRN BOSON SPFCTROMF TER GROUP (CERN)
CASO 70 LNC 3 707 +CONTE TOMAS I Nl CORDS+( GENO+HAMB+M (LA+ SACL I

¹¹ee¹ee¹¹¹ee¹¹¹¹¹¹¹ee¹¹¹e¹¹¹¹¹¹e¹e¹¹¹¹¹¹¹¹e¹¹¹¹e¹¹¹¹¹¹¹¹¹e¹¹e¹¹e«e¹¹¹eee¹¹e¹¹¹ee¹¹¹e¹e¹¹ee¹¹e¹e¹ee¹ee¹¹e¹*e¹¹¹»¹¹e¹¹¹e¹e«ee¹¹«¹¹»

X (2800) 49 x- f2800 JPG= I I=I tlR 2

OM I TTED FR OM TAB LE

49 X- (2800 l MA'SS (MFV)

OMI T TED FROM T ABI.F 640 2800 ~ 20 ' 69 MMS — 8 —10 P I — P 9/69

4R X- ( 2620) MASS I MFV I

'I 50 2620. 20 BAUD 69 MMS — 8 —10 PI-
ffl 2676 ~ 0 27 ~ 0 CASO 70 HBC 11 ~ 2PI PGNOTE C

C SEEN Irtf RHD- Pl+ Pl- (OMFGA AND ETA ANTI SELECTEO fN 4 Pl SYSTEMI
M ~ ~ 0 ~ ~ ~ 4 ~

AVG Zr239 ~ 8 26 ~ 8 AVFRAGE (FRROR INCLUDES SCAt. L FACTOR OF 1 7)
( SFF (DE OGR A."I BELOW

BAUD 69 PL 30B 129

REFERENCFS FOR X-I 2800)

CFRN BOSON SPFCTROME TER GROUP (CERN)

49 X- f 2800) WIDTH f MEV)

9/69 640 46. 104 BAUD 60' MM S — R —10 P I — P 9/69
5/70
5/70 ¹¹¹¹¹e¹¹¹¹¹¹¹¹¹¹¹e¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

WEIGHTED AVERAGE = 2639.8 + 26. 8
ERROR SCALED BY 1 .7

¹¹e¹¹¹¹¹¹¹¹¹¹¹e¹¹¹¹¹¹¹¹¹e¹¹¹e¹¹¹¹¹¹¹¹¹e¹¹¹¹¹¹¹¹¹¹e¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹*e¹¹¹ee¹¹¹¹¹¹¹¹e¹¹ee¹¹¹e¹¹¹¹e¹¹¹¹¹¹¹¹¹ ¹¹¹¹e¹*¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹

X (2880) 50 x- t2flfl0, JPG= I I=l flR 2

OMITTED FROM TABLE

50 X- f 2880) MASS (MEV)

230 2RRO, 20 ~ BA UO 69 MMS — 8 -10' Pl- P 9/69

50 X- (2RRO) WIDTH f MEV)

230 15~ OR LESS BAUD 69 MM S — 8 ~ -1 0 P I — P 9/6GI

e¹¹e¹¹¹¹e¹¹¹¹¹¹¹¹¹ e¹¹¹¹e¹III¹¹¹¹¹e¹¹¹¹e¹¹e¹¹¹¹e¹¹¹e¹¹e¹¹
RAUO 69 PL 308 129

REFERENCFS FOR X-( ZRRO)

CFRN BOSON SPFCTROMETER GROUP (CFRN)

70 HBC

69 I1[1S

2550 2600 2650 2700 2750 2800
)(- (2620) f1ASS (IIEV)

CHISQ
1.8
1.0
2.8

(CONLEV
=0.096)

¹¹¹e¹¹e¹¹¹ee¹e¹¹¹¹e¹¹¹¹¹e¹¹¹e¹¹¹¹e¹¹¹e¹¹¹ee¹¹ee¹¹ee¹¹¹¹¹¹¹¹e¹
¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹e¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹e¹¹¹¹¹¹¹¹¹¹*¹¹¹¹e¹¹¹¹¹¹e¹¹¹¹¹¹¹¹e¹e¹e
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X (3030) 53 x- (3030, JPG= 1 l=l DR 2

OMITTED FROM TABLE
K K ME SDN JP=O- ) [=1/2

SEE LIST[NGS OF ST48LE PARTICLES

~esons

53 X- ( 3030) MASS (MFV)

3035 ~ 0 Z'5 ~ 0 ALEXANDER 70 HBC 7 ~ PBAR P ~ 7 P I 5/70
M 3025.0 20 ' 0 BAUD 70 MMS - 10~ 5-13 Pl- P 5/70
M ~ ~ ~ ~ ~ ~ ~ ~ ~

AVG 3028 9 15 ~ 6 AVERAGE t ERROR INCLUDES SCALE FACTOR OF 1 0)

53 X- ( 30301 WIDTH I 2(EV)

e«¹¹¹¹¹«¹¹4¹4¹4e¹e¹4««4«¹¹¹¹¹¹¹¹«««¹4¹¹¹4¹«««e««¹«¹ ¹¹e«e¹«¹¹¹«¹¹¹¹e¹¹e«¹¹«¹¹¹«4¹¹ee¹¹¹¹4«¹ee¹¹¹«¹¹e¹¹e¹¹¹e¹¹¹¹«4¹

tc( /25) 17 KAPPA (7252JP» ) 1=1/2

FV IDFNCF. NDT CDMPELL ING OM[TTED FROM TABL E ~

FOR 4 COMPILATION ~ SFF. APPENDIX 4 DF JAN 67 EDITION
(RMP 394 11 OF THIS DATA SUMMARY ~

SEE ALSO ROSENFELOe PROCe 1968 UNIV ~ OF PFNN ~ CONF ON MESON SPECTROSCOPY

¹¹«e¹¹¹¹e¹4¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹e¹¹¹¹¹¹¹¹¹¹¹¹e¹¹¹¹¹¹¹¹¹ ¹¹¹4¹¹¹¹¹¹e¹¹e¹¹¹¹e¹«¹¹¹¹¹¹¹¹¹e¹¹¹¹¹¹¹¹¹4r¹e¹¹¹¹¹¹¹¹¹¹ «e¹¹«¹«¹¹««e¹¹¹¹¹e«¹¹¹e¹e¹
200 ~ 0 60 ~ 0
( 25 ~ Ol APPROX ~

ALFXANOE R 70 HBC 7 ~ P BAR P ~ 7 PI 5/70
BAUD 70 MMS — 10~ 5-13 P I- P 5/70

¹«««¹¹¹ «e¹¹¹ e¹«e¹¹¹¹¹¹¹¹ « «¹«««¹¹¹¹¹¹«e¹¹¹¹«¹¹¹¹¹4r¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹««¹¹4( K (892) 18 Ke ( 89? ~ JP =1- I I =1/2

ALFXANDE 70 PRL 25 63
BAUD 70 PL 31 8 549

RFFERENCFS FOR X-(3030)

+BAR-N IR ~ DAGANe G IDAL 2 GRUNHAUS+ ( TEL AV I V I
CERN BOSON SPECTROMETER GROUP ( CERN I

54 X- t 3075) MASS (MEV)

307'5 0 ?0 ~ 0 BAUD 70 MMS 10~ 5 13 PI P

&4 X- ( 307 2 I WIDTH (MEV)

W ( 25 ~ 0) APPROX ~ BAUD 70 MMS — 10~ 5-13 PI- P

«eee¹¹¹¹¹¹««¹¹¹e«¹¹¹e¹¹e¹¹¹e¹¹¹¹e«¹ee¹e««¹¹¹¹e¹¹e¹¹¹¹¹eeee¹¹

BAUD 70 PL 31 8 549

REFERFNCES FOR X-(3075 I

CERN BOSON SPFCTROMETER GROUP (CERN)

eee«4r¹ «e¹¹¹¹e¹¹«¹e¹¹4r«4r¹¹¹¹¹¹¹¹¹¹ ¹¹¹«¹¹¹e¹«¹¹«e¹4(¹¹e¹¹¹¹¹¹4re4r¹¹ee¹¹¹
ee¹ee¹¹e¹e¹ee««¹¹¹¹ee¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹e¹¹¹¹¹¹e¹e¹¹¹¹¹¹¹e¹¹¹¹¹¹¹¹ee¹¹¹¹e

(3/45) ll x- (3(45 JPG= ( (=1 ((R 2

OMITTFO FROM TABLE

«e«e«e ¹4(¹«4¹e«¹¹e¹¹e¹¹e¹¹¹e¹¹¹¹¹¹¹¹¹¹¹¹¹¹e¹¹¹¹«¹¹¹¹¹¹¹¹¹¹¹4(¹
« ee«¹¹«e¹e¹¹¹¹¹¹4r¹¹«¹4(e¹«e¹¹¹¹4(¹¹4r¹¹ee¹«4(¹ ¹4(¹¹«¹4(4r¹¹4r¹4(««41¹¹«¹¹414r¹¹4(

y- (30e/ 5) 14 X- (3075, JPG= ( 1 1 ((X 2

OMITTED FROM TABLE

5/70

5/70

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

CHARGED ONLY THI
898 ' 0

3870 891~ 0
A89 ~ 5

D ( A91 ~ 0)
0 VALUE ABOVE SU

895 ~ 0
895 ~

891~

892 ~ 5
898 '
883 '
A90 ~

BA9e
896 ~ 0
893 '
891 '
R87e
890 0
R92 ~ 0
R96 ~ 0
892 ~ 0
A 84 ~ 0
891 ~ 0
R92 ~ 0

zABe 894 ~

728 892 '
3229 892.
1027 R92 ~

A95 ~

897 ~ 0
R92 ~ 0
BA9 ~ 0

S IS WHAT

5 ' 0
1 ~ 0
2 e

(3 ~ 01
PFRSEDFO

3 ' 0
3 ~

2 ~

'5

4 ~

5 ~

2 ~

3 ~

e ~ 0
4 ~

4 ~

3 ~

5 0
3 ~ 0
4 ' 0
2 ~ 0
5 ' 0
2 ' 0
3 ' 0
1 ~

2 ~

le
1 ~

2 ~

I'D
1 ~ 5
2 ' 0

APPF. A

BY DE

RS ON MF. SON
CHAOW(CK
WO JC IC K I
ADELMAN
F E R'R 0-L U

BAERE 70 BE
GF.LSEMA
BOMS F.

DE SAERF.
DE 8AF Rf-

SAL L ST RO

SALLSTRO
RAR(. OW

BARLOW
CONFORTO
ADERHOLZ
F I CENEC1
F ICENFC1
F ICENEC2
F ICENEC2
SC HWE I NG
'SC HWE I NG

KANG
CRENNELL
ER WIN
FRtEDMAN
FR[EDMAN
FR IFDMAN
FRIED(44N
L IND
CHARRI FR
DE BAFRE
OE SAERE

TABLE
63 HBC
64 H A('.

HRC

Z 65 HRC
LOW

65 HBC
h7 HRC
67 HBC
67 HRC
67 HBC

M 67 HRC
h7 HRC
67 HBC
67 HBC
68 HRC
6R HRC
6A HBC
68 HBC
68 HBC

R 68 HBC
R hA HRC

68 HBC
ORC

69 HRC
69 HBC
69 HRC
69 HBC
h9 HRC
69 HRC
70 HRC
70 HRC
70 HBC

18 K« I 892) MASS (MFV)

1-5 K+P
1 7 K-P
le5 K-P
3 ~ 0 K+P

1 ~ 5 K-P
2 e3 K+P
3 5 K+P (KO P I+)
3.'5 K+P (K+. P ID)
3 ~ K+ P (KO PI+)
3 ~ K+ P ( K+ P I 0)

1 ~ 2 PAAR P
1 ~ 2 PAAR P
0 ' . PAAR P
10 K- P
1 ~ 3 K-P (K-P t0)
1 ~ 3 K-P (KOP I -)
2 7 K- P (K-P IO)
2 ~ 7 K- P(KOP I- I

4 ~ 1 K-P
5 ' 5 K-P
F 6 K- P

3 ~ 9 K-N I KOP I- I

3.5 K+ P
2el K-P (3RDY)
2 ' 45 K-P (3BDY)
2 ' 6 K-P (3BDY)
2 ' 7 K-P t3RDY)
9 ~ K+ P
8 ~ 25 K+ P
3e5 K+ P
'5 ' 0 K+ P

6/66

1/7 14'

7/67
7/67
7/67
7/67
7/67

11/66
11/66
9/67
6/h8
9/67
9/67
2/69
2/69
9/67
9/67
7 /6'9
7/69
9/69
9/69
9/69
9/69
9/69
9/69
1/714'
1/71¹
1/714'

55 X- (3145) MASS (MFV)

AVG
~ ~ e e

892 ~ 55
~ ~ ~ ~ ~

0 ~ 45 AVERAGE (ERROR INCLUDES SCALF FACTOR OF 1 ~ 31
I SEE IDEOGRAM BELOW )

3145~ 0 20 ~ 0 RAUD 70 MMS — 10~ 5-15 PI- P 5/70 LIEIGHTED AUERAGE = B92.55 + 0.45
ERROR SCALED BY 1.3

5r X- (314'51 W IDTH ( MEV'I

( 10~ 01 OR LFSS BAUD 70 MMS - 10 ~ 5-15 P I- P 5/70

BAUD 70 PL 31 8 549

REFERENCES FOR X-t 3145)

CFRN BOSON SPFCTRDMETFR GROUP (CERN)

56 X- (3475) MASS (MEVI

347& ~ 0 20eo BAUD 70 MMS - 14-15~ 5 P I- P 5/70

56 X- ( 347'5 ) WIDTH I MEV)

(30e 0) APPROX ~ RAUD 70 MMS - 14-15~ 5 PI- P 5/70

ee¹¹¹«ee¹¹eee¹¹¹¹¹¹4¹¹e¹e¹¹¹¹e¹¹¹e¹4¹e¹¹¹¹«44¹¹¹¹¹¹e¹«¹¹«¹¹e¹4¹¹e¹e¹«¹¹e¹e¹4¹«¹¹e¹¹e¹¹¹e¹¹¹e¹¹¹¹¹e¹¹¹¹¹¹¹¹e¹¹¹¹¹¹¹¹¹e¹e¹¹¹¹¹¹¹¹¹

(34(75) 7* x- (3x75 JPG= ( 1 =1 oe 2

OM I TTED FROM T 4RL E

B
B

AR

E
E
E
E

LJI

B75 BB5 B95 905
CHARGED K+f892) MASS (MEU)

C
C
C
C
C
C
C
C

C
C
C
C

DE
DE
CH

SC
KA

SC
FJ
F

~ F
~ A

C

AERE 70 H
AERE 70 H
RIER 70 H

69 H
OMAN 69 H
DMAN 69 H

DMAN 63 H
N 69 H
NELL 69

6 H

B
B

N

LI
N)R 6II HH

H

C
C

C
C
E

R
N

R
L
L

AIRE0$
)o

B
MS
LSEMA 6 H
ELMAN 6
AD(JICk 63

BC
BC
BC

. AD
fJD
CH

H
H

915

CHISQJ.10.119.B1.50.3
0 ~ 3
0 ~ 12'. 1.0.0).6
0.10.70.)

0.0
0 ~ 60.

(
bl Pb

(CONLEV
=0 ~ 006)

BAUD 70 PL 31 8 549

REFERENCES FOR X-( 3475)

CERN BOSON SPECTROMFTER GROUP ( C'ERN)

«¹ee¹¹¹ 4 ¹¹«e4«4 ¹e¹¹4¹¹¹444 e¹¹¹¹4¹ 4 ¹¹«¹e4¹¹ e44 ««¹¹¹¹¹¹¹¹¹¹¹4¹¹¹4¹¹¹¹¹e¹ee¹e¹¹¹¹«¹e¹«ee¹¹¹e¹44¹¹¹¹e¹¹4r¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹e¹¹e¹¹¹¹¹¹
(3535) 57 x- (3535, JPG= ( l=l ((R 2

+ 0 2 ' 2 Pt-P
+ 0 3 ~ 0 K+P
+ 0 30 PI — P
+-0 3-4 PAAR P

SCALE FACTOR OF 1 ~ 01

M MIXED-- CHARGED AND NEUTRAL ~ NOT TABULATED
200 ( 880 ~ O'I ALEXANDER 62 HBC

M 895 ' 0 2 ' 0 FERRO-LUZ 65 HRC

M ( A95 ~ Ol WANGLER 65 HRC

M 894 ~ 5 ~ FRENCH 67 HBC
M ~ ~ ~ ~ ~ ~ ~ ~ ~

M AVG 894 ~ 9 1 ~ 9 AVERAGE ( ERROR INCLUDES

6/be
6/h6
6/67

BAUD

OM I TTED FROM TABLF

57 X- (35351 MASS (MEV)

3535e 0 20 0 BAUD 70 MMS 14-[5~ 5 PI P

57 X- t 3535 ) WIDTH ( (4EV)

( 30~ 0) APPROX ~ BAUD 70 MMS — 14- 15 ~ 5 P I- P

70 PL 31 8 54'9

REFFRENCES FOR X-( 3535)

CERN BOSON SPECTROMETER GROUP (CERN)

5/70

5/70

M NEUTRAI. DNL Y ~ RUT

M 70 A97 ~ 0
M 200 892 ~ 0
M 150 (885 ' 0)
M A99 ~

M 897 ~

M R89 ~ 0
894e 7

M 892 ~ 0
M 893~

M F A95 ~

M F 901 '
M F FICENEC ERROR R

M 896 ~ 0
903 ~ 0

M 899~ 0
M 10700 893 ' 7
M 0 2000 A90 ~ 0
M 0 DE BAFRE ERRORS

4000 895.0
M ~ ~ ~ ~ ~

M AVG 893~ 93

WE 'DONT USE THI S FOR MASS DIFF ~

10 ~ 0 C OLLF Y 62 HRC

2 ~ 0 KRAEMER 63 HBC
SMITH 63 HAC

RARLPW 67 HBC
4 ~ 84 RLOW 6~ HRC
5 ~ 0 CDNFDRTD 67 HRC

1 ' 3 DAUBER h7 HBC
4 ' 0 GE ORGE 67 HRC

3 ~ nE WtT hA DBC
4 ~ F I CENFC1 hA HAC

F ICFNEC2 hA HBC
AISFD SEE TYPED NOTE

4 ~ 0 SCHWF INGR 6A HBC
4 ~ 0 SCHWEINGR hA HRC

5 ' 0 KANG 68 HAC

2 ~ 0 DAVI S h9 HBC
1 ~ 25 DE 84ERE 69 HBC

FNLARGEO SV US To GAMMA/SQRT(N)
1 ~ 0 HABER 70 DBC

~ ~ ~ ~

0 ' 73 AVERAGE IERROR INCLUDES
( SEE IDEDGRAM BELOW )

SEE TYPFD NOTE
0 2 0 Pl-P
0 2 ' 3 K+P
0 2 ' 3 Pt-P
0 le2 PAAR P
0 1 ~ 2 PSAR P
0 0 ~ PAAR P
0 2 ~ 0 K- P

0 5 ' 0 K+ P
0 3 ~ K- D

0 1 3 K-P (K-PI+ I
0 2 ~ 7 K- P (K-P I+I

0 4e 1 K P
0 5 ' 5 K-P
0 F 6 K-
0 12 ~ K+
0 5 ' 0 K+

~ SFE TYPED NOTFe
0 3e K-N

SCALE FACTOR OF 1 e 3)

l. l /bb
11/66
9/67

12/66
11/67
9/69

11/69
11/69

9/67
9/67
7/69
9/69
9/69

11/69
5/70
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Iiesons

FREIGHTED AVERAGE = 893.93 + 0.73
ERROR SCALED BY 1.3

HABER

OE BAERE

DAVIS
-KANG
.SCHWEINGR

SCHLIEINGR

FICENEC2
FICENEC1
DE LII T

GEORGE

DAUBER

CONFORTO

920

70 DBC

69 HBC

69 HBC

68 HBC

68 HBC

68 HBC

68 HBC

68 HBC

68 DBC

67 HBC

67 HBC
6'7 HBC

67 HBC

67 HBC

63 HBC

62 HBC

BARLOLI

BARLGW

KRAEMER

COLLSY

880 890 900 910
NEUTRAL K)II(892) MASS (MEV)

CHISQ
1 ~ 1
9.9
0.0
1.0
S.l
0 ~ 3
3.1
0.1
0.1
0.2
0.4

1.0
0.6
1 ~ 6
0.9

25. S
(CONLEV
=0.030)

I

forces (II p ~/LK ) to equal (Ir n ~/LK ); and silnilarly
)IiIp

for the two K j amplitudes, so that the shifting of the
gl

K peak is the same in both reactions. Nobody has
published a mass difference exploiting this fact.

1 ~ es s p(~-~ ) =
R

1/~
2{e-eR)

m Rwhere e = I.~2, e = I ~ . One can then show thatR /2
the minimum possible error on the determination of
the central value s is

II. IMPOSSIBI Y SMALL ERRORS
Consider a sample of N events, with their invariant

masses m distributed as an S-wave Breit-Wigner
resonance:

ALL F R&ORS ( 8L
3'30 r ~ 3

14')0
1690

0
0

AVG 7 ~ 6

lq K+(0) — K+ (+-I Is A55 O(FF ~ ( 4EV I

ARGFO Ry (IS I SFE TYPEO NOTE
6 ' 0 RARA5H
S ~ 0 F 1 CEalFC1
". .0 F [CFNFC2

67 HRC
6R HRC
rI R NRC

0 P BAR P
1 ~ 3 K- P

2 7 K- P

3 ~ 0 AVFR AGE ( FRROR 1NCL UOFS SCAL E FACTOR OF 1 01

t3/6 7
2/69
2/69

in our data cards
I

obtain a K mass
I

mass for K and

are inconsistent. One cannot then

difference by calculating an average
I

for K and just subtracting the two.

I. BASIC DIFFICU LTIES
There are two difficulties in measuring a mass

gl I

difference m(K ) — m(K ) of - 7 MeV when the half-
ili

width I/2 of the K is 25 MeV:

1) Interference between the resonant amplitude and

background can in general shift the peak in the mass
spectrum by some fraction of I"/2.

gl

2) The two charges of K have different topologies;
this introduces differences in the measuring and fitting
of the events, which can also produce mass shifts.

Some reactions (symmetric under reflection of I )z
are immune to the first difficulty. Thus compare the

wIC pmass of K produced in

TTp &TT K
wli +with the mass of K in the I -reflected reactionz

+
&TT K'.

The final-state amplitudes of each will contain not only
O,C

the ~K ) with Ispin 1/2, but also an interfering I =. 3/2
pip

P-wave, which we can call ~K ). But I symmetry3/2 z

)Ii

Note on K Masses and Mass Differences

This note is divided into two discussions:
Basic difficulties in determining the mass difference

because of interferences and biases.
Impossibly small errors reported by some experi-

ments. We have increased some errors that violate
the laws of statistics, and scaled up some errors that
are inconsistent; but we warn that most of the errors

dmin (eR) i. e. , Q . (m )min R
I
2' (2)

This lower limit assumes no background events.
In practice, with background, the error will be larger,
by another factor o = ~2.

We illustrate errors with small and large back-
grounds with a table summarizing the recent experi-

I

ment ("Unsplit K 's") by DAVIS 69.

Mass Errors Om of DAVIS 69

~ Sample with 5/a background/signal at peak
)IC IEvents: K (892), 10 700 events in resonance, —=25 MeV.

2 I- 2
Lower limit from Eq. (2), 5 . (m) = ——= + 0.35 MeV.man N 2
Their likelihood fit yields two sorts of errors:

g {m). Ignore correlations, i. e. , keep all parameters
( background, width, etc. ) fixed, vary m only:
6 (m) = + 0.41, 0 (m)/0 . (m) = 1.16.

Q (m). As m is varied, reoptimize other parameters.
() (rn) = + 0.53, 0 (m) /6 . (m) = 1.5.

DAVIS 69:mention 5 = 0.53, but to hedge against sys-
tematic effects, they quote 5&=2 MeV. We punch 2 MeV.
~ Sample with 50 jo background/signal at peak.

rIC r '

Events: K (1420), 2200 events in resonance, —= 50 MeV.

. (m) = 1.6 Mev,
(m) = + 2.2 MeV, 0 (m)/0 . (m) = 1.4,

0 (m) = + 2.6 MeV, 0 (m)/0 . (m) = 1.6.

Width Errors 5& of DAVIS 69

For width, the equivalent of Eq. (2) is 5 . (&)83& min

2 ' min
= 1.15 5 . (m) . For convenience we neglect

the factor 1 15 and use 5 . (~) = 5 . (m).min
™

min
~ 5/0 background, K (892):

5 (I') = + 1.6 MeV, 0 (I')/6 . (m) = ' = 4.6.2,, 2 min 0 35
~ 50'%%uo background, K (1420):

0 (I') = +10 MeV, 6 (I')/0 . (rn) = = 6.25.
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For notation, see illustrated key at beginning of data card listings

Nesons

We note that b (m)/b . (m} does not change rapidlymin
with background (4.5 at 5%, t.6 at 50%) and hence con-
clude that it is hard to believe an error with 5&/b min

4.4 = ~2. We chose M2 because together with Eq. (2)
it leads to the simple "realistic" result

5(m) ) r r
2 (3)

We conclude that for a sensitive subtraction like
"'0 QC +

rn(K ) - m(K ), the experiments as listed are useless,
and we must either re-evaluate them all or concentrate
on those two experiments that explicitly quote a mass
difference. For a detailed discussion of how we have

actually treated those experiments, we refer to the

January 4970 edition of this note.
The table above also allows us to concoct a criterion

DE BAERE
DE BAERE
CHAR RIER
LIND
FRIE OMAN
FRIEDMAN.FRIEDMAN
FRIE OMAN
KANG.FICENEC2
FICE NEC2
SCHWEINGR
SCHWEINGR
FICENEC1
FICENEC1
ADERHOLZ
BARLOW
BARLOW
BARLOW
SALLSTROM
SALLSTROM
DE BAERE
BOMSE
GELSEMA
FERRO-LUZ
ADELMAN
WO JCICKI
CHADWICK

70 HBC
70 HBC
70 HBC
69 HBC
69 HBC
69 HBC
69 HBC
69 HBC
68 HBC
6B HBC
6B HBC
6B HBC
6B HBC
6B HBC
6B HBC
6B HBC
67 HBC
67 HBC
67 HBC
67 HBC
67 HBC
67 HBC
67 HBC
65 HBC
65 HBC
65 HBC
64 HBC
63 HBC

20 40 60 BO

CHARGED K+ (B92) WIDTH (MEV)

100

WEIGHTED AVERAGE = 50.3 + 1.1
ERROR SCALED BY 1.3

CHISQ
3 b»2.04.90.00.24. 70.10.'B0.0

0 ~ 10.30.7
1 ~ 40.2

1.20.10.7
O. B0.13.1
0 ~ 10.0
0 ~ 70.02.10.3

t)U»Z
(CONLEV
=0.02B)

for "realistic" errors in width Q(I"). We average the 5%

and 50% background results [to give b(Z'}/5 . (m} =5min
to 6] and express the result in terms of I, in the style
of Eq. (3). We then get the "realistic" test for widths:

(4)

18 K¹ ( 892} PARTI AL DECAY MODES

Pl
P2

K»(892) tNTO K PI
K¹(892) INTO {K P I P I )

DFCAY HASSF S
493+ 139
493+ 139+ 139

18 K¹ ( s}92 I BRANCHING RAT IOS

Rl K¹t892) INTO tK PI Pl )/{K PI)
Rl 0 {0 ~ 002 I OR LESS WO JCIC K I 2 64 HBC — I 7 K-P¹¹¹¹¹¹»»¹¹¹¹¹¹¹¹¹»¹¹¹»¹»¹¹¹¹»¹¹¹»¹¹¹¹¹¹¹»»¹¹»

REFERENCFS FOR K¹l892l

ALSTON 61 PRL 6 300
ALEX ANOE 62 PRL 8 447
COlL FY 62 CERN CONF 315

AL STON»ALV AREZ» EBERHARD ~ GOOD» GRAZ I AND+(LRL )
AlEXANDFR KALBFL Ef SC H «IILLER G SHI TH (LRL )
0 COLLEY N GELFAND + {COLUMBIA+RUTGFRS)

18 K¹ t 892) WIDTH l MEV)

W CHARGED
W

W 3870
W

W

W

W

D
W ') VALU
W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W AVG

ONL Y ~

46»
46
51 ~

47 ~

50 ~

~;Q

t&6 ~

E ASOV
53 '
68.
47 '
44 '
43 '
53 ~

(43 ~

58 ~

58 ~

44,
41 '
47 ~

57,
48 ~

52 '
(27 ~

r» 3
49
46
49 '
r Q

57 ~

56 ~

70 ~

TH I S
0
0
0
0
0

F SUP F.

0
0
0
0
0
0)

~ 0 ~ ~ ~ ~

50 ~ 3

I S WHAT AP
8 ~ Q

3 ~ 0
3 ~ 0
4 Q

15 ~ 0
5 ~

{4 a)
RS FOEI? BY

8 ~

10 '
10'

7 ~

9
7 ~

PEARS ON MESON TABLE
CHADWICK 63 HRC
WOJCICKI 64 HBC
ADELMAN 65 HBC
FE RRO-LU Z 6'5 HBC
GFL SF «IA 65 HSC
BOMSE 67 HBC
OE BAERF 67 HSC

DF BAERF 70 BFLOW
OF BAFR E 67 HRC
SALLSTROM h7 HBC
SALLSTROH 67 HBC
BARlDW 67 HBC
SAR LOW h7 HBC
RARLOW 67 HSC
CONF ORTO 67 HBC
ADERHOLZ 68 HRC
F ICENECl *8 HSC
F I CFNEC1 68 HBC

SCHWE INGR 6A HBC
SC HWE INGR 68 HRC
F I CENFC2 68 HBC
FICENEC2 68 HSC
KANG 68 HI)C

6 ~ 0) FRWI N 69 HBC
FRIEDMAN 69 HSC
FR IEOMAN 69 HRC
&R IEDMAN 69 HBC
FR I F. O«I AN h9 HBC
L I ND 69 HRC
CHARR I ER 70 HBC
OE BAERE 70 HBC
OE BAFRE 70 Ht)C

7 ~

16 ~

13
8 ~ P
4 ~ 0

13 ' 0
9 ~ 0
8 ~ 0

(8 0) l
3 ~

4 ~

2 ~

3 ~
r

3 ~ 0
4 ' 0
K, p

+ 1 ~ 5 K+P
l»7 K-P
1 ~ 5 K-P

+ 3.0 K+P
1 ~ 5 K-P

+ 2 ~ 3 K+P
+ 3 ~ 5 K+P l KO Pl+)

6/66

7/67
7/67
I/71¹
7/67
7/67
7/67

1lf bb
11/66
11/66
9/67
6/68
9/67
9/67
9/67
9/67
2/69
2/69
7/69
9 /69

~ 9/69
9/69
9/69
9/69
5/70
1/71¹
I. /71»
1/71»

3 ~ 5 K+P t K+ P lp)
3 ~ K+ P {KQ Pl+I
3 ~ K+ P (K+ P IP )

1» 2 PBAR P
1 ~ 2 P BAR P

1 ~ 2 PBAR P
0 ~ PBAR P
10 K- P
1 ~ 3 K-P t K-P I 0)
l»3 K-P {KQP I-I
4 ~ 1 K-P
5 ~ 5 K-P
2 ~ 7 K- P(K-PIO}
2 ~ 7 K- P t KQP f- }
4 ' 6 K- P
3 ~ 5 K+ P
7 ~ 1 K-P l 3 BOY)
2 ~ 45 K-P l 38DY)
2 ~ 6 K-P ( 3RDY)
2 ' 7 K-P t38DY)
9 ~ K+ P
8 ~ 25 K+ P
3 ' 5 K+
5.0 K+ P

~ ~ ~

1 1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 3)
{SF. F. IDEOGRAM BELOW I

MIXED-- CHARGED
2 00 60»0

51~ 8
{40~ 0)
60»

AND NEUTRAL ~ NOT TABULATED
5 ~ 0 AL EX ANDE R 62 HBC
3 ' 5 FERRO-LUZ 65 HBC

'WANGLER 65 HBC
10~ FRENCH h7 HBC

+ 0 2 ~ 2 PI-P
+ 0 3 0 K+P
+ 0 3 ~ 0 Pl- P
+-0 3-4 PRAR P

SCALF. FACTOR OF 1»0)

6/66
6/66
6/67

NFUTR AL ONLY ~

70 60» 0
200 50.0
150 l &0 0}

53 '
34

(43 }
44 '
r» R ~

&2 ~

50 ~ 0
48 ~ 0
".1 0
53~ 0

10700 53 2
2000 58 ~ 0

0 OF. RAFRF ERR ORS
4000 54 ~ 0

10~ 0
5 0

13'
8

4 ~

s) ~

12 '
8 ~ P
8 ~ p

11 0
11 ~ 0

1 ~ 6
& ~ 0

ENL ARGCD
3 0

0 2 ~ 0 PI-P
0 2 ~ 3 K+P
0 2 ~ 3 P I-P
0 1 ~ 2 PRAR P
0 1 ~ 2 PBAR P
0 0 ~ P BAR P
0 2 ~ 0 K- P
0 3 ~ K- 0
0 1 ~ 3 K-P lK-PI+)
0 2 ~ 7 K- P (K-P I+)
0 4 ~ 6 K- P
0 5 ~ 5 K-P
0 4 ~ 1 K-P
0 12 ~ K+
0 5 ~ 0 K+ P

~ SEE TYPED NOTE ~

0 3 ~ K-N

COLLFY 62 HBC
KR 4E MF R 63 HBC
SM IT H 63 HBC
BARLOW 67 HBC
RA RLOW h7 HSC
C 0NF 0RT0 67 H&C
DAUBF'R 67 HRC
DF WfT 68 nRC
F f C'E NFC 1 68 H BC
FICENEC2 68 HBC
KANG 68 HRC
SC HWE INGR hst HBC
SCHWF. f NGR 68 HRC
DAVIS 69 HBC
OE BAERE 69 HBC

US TO

4»G»AMMA�/SORT�(

N)
HASER 70 DBC

11/66
), 1/66
9/67

12/66
9/69
9/67
2/69
7/69
9/67
9/6 7
9/69
9/69

1 1/69
5/70

W

'W

W

W ~ ~ ~ ~ 0 ~ ~ ~ 0

W AVG AVERAGE l ERROR INCLUDES

I:HADWICK 63 PL 6 309 CHAOW tCK» CRFNNELI-» nA V I E S» SETT I NI+ ( OX F+ PAOU )
GOLOHABE 63 ATHENS CONF 92 SULAHITH GOLOHABER (LRL )
KRAEHER 63 ATHFNS CONF 130 R KRAE "IER L MADANSKY + ( JOHNS HOPKINS}
S MITH 63 PRL 10 1 38 SMITH, SCHWARTZ MILLFR ~ KALSFLEISCH, HUF+{LRL)

WOJCICKf 64 PR 135 8 484 STANLEY C» WOJCI CKI (LRL)

AOELMAN 65 ATHENS 527
FERRO-L J 65 NC 36 110.1
FERRO-LU 65 NC 39 417
GEl SEMA 65 THESI S
WANGLER 65 PR 137 8 414

STUART LEE ADELMAN (CAVENDISH)
FFRRO-LUZZI ~ GFORGF»HENRI» JONGEJANS (CERN)
FFRRO-LUZZ I GEORGE GOLOSCHMIDT-CLER+ (CFRN)
E ~ S~ GEI SEMA (SFE ALSO PL 10 341) (AMSTFRD)
WANC»LER» ERWI N» WALKEP t W I SCONS IN)

R ARASH
8ARLOW
8OM SE
CONFORTO
DAIIRER
Df IIA ERE
FRENCH
t»EOR GE
SALL ST RO

67 PR 156 1399
67 NC 50 A 701
67 PR 158 1298
67 NP 83 469
67 PR 153 1403
67 NC 51 A 401
67 NC 42A 447
67 NC 49A 9
6 7 NC 49A 348

BARA SH»K I R SCH ~ MI LLER» TAN ( COLU MB I A }
+HONTANFT 0-ANDLAU+l CFRN+CDF+ IDR+L IVERPOOL)
+SOIIENSTEIN+COLE»GILLESP IC+ (JOHN HOPKINS I

+MARECHAL» HONTANET+ (CERN+CF+IPN+L IVER POOL I

+SCHL E IN SL ATF R T ICHO (UCLA I

+GOL OS CHH I QT-CL E RMON T ~ HE NR I+ ( BRU X+CERN )
+KINSO«I+MCOONALD+RIODIFORO+ {CFRN+BIRH)
+GAL OSCHHI OT-C LE RHONT+HENR I+ l

CERN+RRUX�
)

SALL STROM+ OTTER+ FK SPONG {STOCKHOLM)

ADERHOL Z

OE WIT
F ICFNECl
F ICENF C2
K ANG

SC HWF. I NG

68 NP 8 5 567
68 THF SI S
6 8 PR 169 1034
68 PR 175 1725
bst PR 176 1587
68 PR 166 1317

CRENNELL
DAVIS
DE RAERE
ERWIN
FRIEDHAN
L INO
JUHA LA

69 PRL 22 487
69 P'RL 23 1071
69 NC 61 A 397
69 NP 8 9 364
69 UCRL-18860
69 NP 8 14 1
69 PP 184 1461

+DEUTSCHHANN+ I AACH+BFRL+CERN+ I ~ C +VI FNNA I

S. DE WIT (AMSTFRDAM)
+Ht}l S I ZFR+ SWANS ON+TROWFR (U'f SANA }
F I CENEC GORDON T ROWER t ILL INDI S 'I

Y» W» KANG { IOWA)

SCHWE INGRUBER» DERR ICK» F IF LOS» 4MHAR+ l ANL+NW I

+KARSHO«I »L Af »ONE ALL» SCARR t SN'I I
+DERENZO FLATTE ALSTON ~ L YNCH SOLMITZ (LRL I

+GOLOSCHMI0T-CLERMONT HENR f + (BELG+CERN}
+WAt KFR GO SHAW WE f NRFRG {W I SC+PR I N+VAND )

J ~ FR IFOHAN PH ~ 0 ~ THF S IS (LRL )

+ALEXANDER FIRESTONE FU GOLDHASFR {LRl) JP
+LEACOCK»RHODE»KOPELMAN» LIBBY»+ l AMES+COLO}

ATHERTON 70 NP 8 16 416 +FRANEK»FRENCH»FRI SK»SFONAR+ tCERN+PRAG}
CHARR IER 70 CFRN PHYS 70-50 CHA'RR IERF ORI JARD, nUNWOODIE ~ + (LHEB+CERNI
DE BAERE 70 CERN PHYS 70 41 +DESAISIEUX»OE WOLF»DUFOUR»+ (LHES+CER«II
HABFR 70 NP 8 17 289 tSHAP fRA, ALEXANDER+ (REHO+SACL+SGNA+EPOL )

K„(1080—1260)
-+K7t'

19 K N f 1080-1260}

OMITTFQ FROM TABLE

For a recent review of K~ phase shifts, see

ASTIER 70. However, there may be more structure

than reported at Kiev, but the final results (super-

seding TRIPPE 68, SCHLEIN 69) are not yet public,

so we refrain from further comments here on phase

¹¹»¹¹»¹¹»¹¹¹¹»¹¹¹¹¹¹¹»¹¹»¹¹¹¹¹¹¹¹¹¹»¹¹¹»¹»¹»¹¹»¹¹»¹»¹¹¹¹¹¹¹¹¹»
¹»¹»»¹¹¹»»¹¹¹¹¹¹¹»»»¹¹¹¹¹¹¹¹¹¹»»¹¹»¹¹¹»¹¹¹¹¹¹¹¹»»¹¹¹¹¹¹»¹¹¹¹¹»¹¹¹¹¹¹

AVG
~ ~ ~ ~ ~

52 ' 2
~ » ~ ~

1 ~ 2 AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 ~ 0) shift analyszs.
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~ FIRESTONE 70 see a spike at M = 1247+ 5 MeV,
+9 + +I' = 20 'MeV in the reaction K n ~ K IT p at 12 GeV/c.

~ The international K compilation (private commu-
nication, V. Henri, CERN) has 77,220 K p ~ K m p~

+ - +

events produced at 2.5-12.7 GeV/c, and see no struc-
+ture in the K Tr mass distribution.

Thus the combined information on narrow peaks
is contradictory or cancelling, to the extent that no

safe conclusions can be drawn about the existence of
resonances.

RFFERENCES FOR KN( 1080-1260)

TRI PPF 6s) PL 28 8 203 +CH I ENE 24ALA MUD B MEL LE "I A 5 5CHL E IN ~ + (UCLA1

CR& NNFLL 69 PRL 22 487 +K ARSHOV 5 LAI ~ O ~ NEALL ~ 5 CARR (BNL 1

DODD 69 PR 177 1 994 +J OLDE kSMA P ALulER, 5A MI OS (BNL )

GOL DOE PCP 69 Pl. 30 8 434 SABRE COLLABOR ~ l SACL+AMST+BGNA+RFHO+EPOL )

SCLll EIN r39 ARCONNF CONF ~ 446 P SCHLE IN (UCLA)

For notation, see illustrated key at beginning of data card listings

As to the existence of peaks in the KTr mass dis-
tribution in this region, the situation is as follows

(for histograms see our August 1970 edition in Phys.
Letter s 33B, 1):

+~ DODD 69, compiling —7600 K p ~ KSTT p events
produced at 3-3.5 GeV/c, see an excess of events at
M = 1080 MeV and a small peak at M = 1260 MeV,

++& = 70 MeV. Antiselecting for &, the peak is33
enhanced to 4.6 0'.

~ CRENNELL 69 have 3044 K n ~ K m n eventsS
produced at 3.9 GeV/c, and see a 5o peak at M = 1160
MeV, I' = 90 MeV, without & antiselection. The

effects of DODD 69 and CRENNELL 69 tend to cancel,
if added.

Mesons
NEP

threshold. The Q(~ K TT) is then the hypercharge
l analog of the Al(~ pTT), and its interpretation as

resonance vs. threshold enhancement is ambiguous.
(For more discussion see text Sect. III and the note
on "Al, A3, Q, L", just before the Al in these listings. )

However, in the case of the Q region, there are
two additional complications:

I

4) The KA( i 240) or "C" me son, with width only 4 20

MeV, seems to be produced nondiffractively in pp cap-
ture at rest, and in the reaction TT p ~ AKqzTT.

2) The Q peak in the K~~ mass distribution does not
have a simple Breit-Wigner shape (FIRESTONE 70 and

private communication from V. Henri, CERN). It can
be fitted by two Breit-Wigner shapes (5-parameter fit)
at all energies with reasonable X (FIRESTONE 70).2

The figure shows M and I for all peaks reported
in this region. Wo list first the results of the pp pro-
duction of the "C", and the TT p ~ AQ experiment, so
as to separate them from the conventional diffractive
expe riment s K p ~ Q p. The r emaining Q r eport s

are ordered by increasing mass,
PThe dominant J assignment throughout the Q

region is i . K ~ is the dominant decay mode. While
),'Cthere is Kp and interference between K m and Kp, there

is no evidence for other decay modes. From the
coherent production of Q in K d experiments, I = 1/2
is confirmed.

F IR FSTOV 70 UCR L-20091
AST I EP 70 K IF V CONF ~

A ~ F I RE STONE, G ~ GOLD HABER, D ~ L I SSAUFR
RAPP TALK ON BOSON RESONANCES

(LRL)
(CDF)

4444444 ee
¹44444444I *44444444I 444444444 444444444 444444444 4'4¹444444 44444444

KA&I= 3
24 KA 3/2 ( 11755 JP= 1 I = 3/2

/2 ( ) FTIOENCF NIIT COMPELLING OMITTFO FRO!~ TABLE,
FOR A 0 I SCUSSION SFF. ROSENFFLD 68 AND

G IACOMFLL I 70 WHO CDNCLUDFS THAT IF THIS
STATF. lAS WIDTH NOT LARGER THAN 100 MFVB

THFN ITS PROD()CT ION CROSS SECTION I 5 1 Ott 2
ORDFRS OF MAGNITUDE SMALLFR THAN THAT OF
NON-E XOTI C K 4 S~

RF. FERENCES ON KA3/2(1175)

WA')GLER 64
MILLFR 65
ROSFNFFL
OOOO
CHO 70
C I ACOMFL 7O

Pl. 9 71
PL 15
PHIL A. CONF AP ~ 4 35
PR 177 199 1
Pl 32 8 409
PL 33 8 373

T P WANCPLFRB A R ER WINE W O WALKER (WI SCONS)
"lILLFREKOVACS ~ MCILWAIN ~ PALFREY + (PURDUE)
A ~ H ~ &OSE NF EL 0 (LRL 1

+JOLOERSMAE PALMER B SAMIO5 (BNL 1

+OERRICK, JOHNSONF MUSGR AVE, + (ANL+NWES+KANS )

G. GIACOMELL I + (8( NA+SACL+ZEEM+REHO+EPOL)

«4 ¹ 444 444444444 4444¹e4¹44 44444444 444444444 444444444 444444444 4444'4444
444 444 4¹eeee44 4 44444¹e¹44444 4 4444 444444444 44444 ¹444 4444444¹4 444 44444

12B5 ?5 RA 3/2 I I255, JPr= I I = 3/2
Ka, i=3 a . El/IOENCE NOT COMPELLING. IlMITTEO FROM Ti!BLE~

FOR A DISCUSSION SEE ROSFNFFLD 68 ~

REFFRENCES ON K¹3/2 (1265)

F RFNCH 67 NC 52A 442 +K I NSDN+ MC nONAL 0+R IDDI FORD+ (CFRN+BIRM )
ROSFNFFL 68 PHILA. CONF ~ P 455 4, H ~ ROSENFEL D (LRL)
CHO 70 PL 32 8 409 +DFRR ICK JOHNSON MUSGR AVE + (ANL+NWES+KANS)

I 200 l300
I 1

I
I 1 I 5

5.0 K+ BASSOMPIE 67

9.0 K+ ALEXANOER 69

3.5 K+ OE BAERE 67

4.6 K $HEN 66

I 2.7 K+ FARBER 70

2.0 K FR IEOMAN 69

3.5 K+ ERWI N 69
12.0 K+ BARB ARO- G 69

2.8 K ABRAMS 70

3-5 K+ ALMEIOA 65

3.5 K+ BISHOP 69

I 400 I 500
I

I
I I

p p capture, ASTIER 69

6 GeV&c 7r-p, CRENNELL 67

«44¹ee 44¹444444 4r¹4/4¹¹4¹4444¹eee44 444444444 4 444/44444 444¹44444 44444444
*/24¹ee 444444444 4¹42444444 4444445444 4424444I424¹ 4444444I¹4 444444444

g REGION, K~~(12~O —14OO)

I 0.0 K BARTSCH 68
FIRESTONE 70

tone
,'REVIEW

I I I I

l 500
I i I

l 200

Q L Firestone
H Fires

I I 2 I I I 5 5 T I

l 500 I 400
Mass (MeV)

Mass and widths of peaks reported in Q region
I'&2 1'/2

)TMr
There is a peak in the K Tr spectrum centered at

)I4

about 1300 MeV, or just about 270 MeV above K
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Mesons
For notation, see illustrated key at beginning of data card listings

28 Q REGION [=1/2 WEIGHTED AVERAGE = B2.5 + 21 ~ 6
ERROR SCALED BY 3.B

ZB 0 RFGION MASSES ( MEV )

9/69

7/6 7M

M C
(

4
C

4 C

C
M I„

4 AVG

0 RY K BEAMS
1230~ 0) ( 15 ~ 0 ) RAssn41p I E 67 HRc
1260 0) ( Lr) 0) AL F X AND E R 69 HRC

1 260. 20» FARRFR 70 HRC

1270» 'I APPROX ~ DE BAERE 67 HRC

1?RO. ) SHF N 66 HBC

1 280 ~ 0) (10~ 0 ) RA SSOMP I E 67 HBC

LZRL ~ 7» FR IF. OMAN 69 HBC
1 300 ~ 0 10~ 0 FRW t N 69 HRC

1300 ~ 0 10 0 ARPAMS 70 HRC

1 301 ~ 0 10~ 0 8 I SHOP 69 HRC

1300» ) APPROX ~ BARR ARO 69 HRC

1 320.0 2'5 ~ 0 ALMF I AA 65 HBC

1320» 0) ( 10 ~ 0) SHE N 66 HBC

1320~ 0) ( 15 ~ 0) BA SSOMPI F 67 HBC
133~»0 6 ~ 0 BARTSCH 68 HRC

1380' 0) ( 20 ' 0) ALEXANDER 69 HRC

SPL tT THF. 0 RFC IAN INTA SFVERAL PFAKS ~ NOT

~ ~ ~ ~ ~ ~ ~ ~ ~

1298 ~ 8 11 ~ 3 AVFR ACiE ( ERROR INCLUDES
( SF F. IAFOGRAM RFI AW )

PPO DUCE

C (
C (

+ 5 ~ K+ P
9 ~ 0 K+

+ 12 ~ 7 K+ P
3 ~ & K+ P

+ 0 4 ' 6 K+Ps5 ROOY
+ 5 ~ K+ P

F 6»7 ' 7 K- P
0 3 ~ 5 K+P(K¹ P I)

+ 7.5-3.2 K+ P
+ 3 5 K+P(K¹ P I')
+ 12 ~ K+ P IK 2PI

3-5 K+ P
+ 4 6 K+ P
+ 5 ~ K+ P

10 K-P»K NPI
9 ' 0 K+ P

AVERAGED'

11/67
5/70
6/70
7/67

11/67
11/67

~ 9/69
9/69

11/70¹
9/69

) 9/69
8/66
8/66

11/67
~ 9/69

5/70

(

(
35(

21

45
I

12
70{

(

SCA(.E FACTOR AF 3 e4)

PRODUCE'l BY RFAMS ATHFR THAN K MESANS
12 t2»0 9 ~ 0 10 ~ 0 ASTIER 69 HBC 0 PBAR P

A THI S I S THE. C MF SON ~

ERRnRs nF ARTIER 69 ARE sTATIST[CAL ~ TRUF UNCERT4INTY IS LARGER
45( 1300~ ) CRENNEL( 6+ HBC 0 6 P[- PiLK2PI

BARTSCH
ALMEIDA
BISHOP
ABRAMS

ERWIN
FRIEDMAN
FARBER
ASTIER

3000 100 200
UNSPLIT Q REGION WIDTH (MEV)

6B HBC

65 HBC

69 HBC

70 HBC

69 HBC

69 HBC

70 HBC

69 HBC

CHISQ
50.3

1 ~ 3
1B.1

0 ~ 0
B.O

2 ~ 1
12.1
7.7

99.6
(CONLEV
=0.000)

WEIGHTED AVERAGE = 129B.B + 11.3
ERROR SCALED BY 3.4

28 0 REGIAN pARTIAL DEcAY MQAEs

Pl
P2
P3
P4
P5
P6

Q REGION INTA K¹(890) & I
0 RFGIAN INTO K RHA

Q REfitON INTA K P I
0 REGilnN INTO K ETA
0 REGION fNTA K OMEGA

Q REGION fNTO K Pt Pf

DECAY MASSFS
493+ 139+ )39
493' 139+ 139
493+ 139+ 139
493+ 139+ 139
493+ 139+ 139
493+ 139+ 139

RTSCH
f1EIDA
SHOP
RAMS

WIN

IED )1AN

RBER
TIER

1200 1250 1300 1350 1400
UNSPLIT Q REGION MASS (MEV)

68 HBC

65 HBC

69 HBC

70 HBC

69 HBC

69 HBC

70 HBC

69 HBC

CHISQ
36.5
0.?
0, 1
0.0
0.0
6 ~ 4
3.8

35.7
83.2

(CONLEV
=0.000)

2& 0 REGION WIDTHS (MEV)

PRODUCFD RY BFA4S ATHFR THAN K MFSANS

[27» 0 7 ~ 0 25 ~ 0 ASTI FR

4 ERRORS OF AST IER 69 ARE STATISTICAL ~

(60» ) CRFNNELL

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W 51~

W uI= 1300
W 21 40 ~ 0
W NI- 1300
'W 80 ~ 0
W M= 1301
W 45

&= 1300
R

R

W M= 1320
Irl 12 60, 0
W M= 1320
W C 70

M= 1320
w C
'W M= [32&
W 196~ 0

M= 13s)0
w C

W

W

AVCe

69 HRC 0 PBAR P 9/69
TP(IE UNCERTAINTY I S LARGER
67HRC 06P[- P 7/67

PROAUC EO BY K REAMS
M= 1230
C. (20 ' 0)
M= 1260
r (40. 0) ( 10 ~ 0)
M= 1260

67
67 HRC
69
69 HBC
70
70 HBC
67
67 HRC
66
66 HRC
67
/7 HBC

69 HRC
69
6& HBC
70
&0 HBC
69
69 HBC
69
69 HBC

RASSAMP IE
RASSOMPIE
A(. FXANDER
AL F XANIlE R

F 4RRER
FARBF R

DE RAERE
AE BAFRE
SHFN
SHFN
BASSOMP IE
RASSOMPIE
FRIFDMAN
FR fEAMAN
FRWIN
FR WIN
ARRAMS
ARR AMS

BISHOP
BISHOP
BARBARA
RAP RARA

AC T ION ~

ALMF. [DA
AL ME IDA
SHEN
SHEN
BASSOMP IE
RASSOMPIE
BARTSCH
RARTSCH
A(. FxANAER
ALEXANDFR

TA SEVERAL PEAK

11/67+ 5 ~ K+ P(60 ~ 0)

9 ~ 0 K+ P 5/70

+ 12 7 K+ P 6/7028 ~

7/67+ 3 ~ 5 K+ PAPPROX'

(20 ' 0)

(20 ' 0)

+ 0 4 ~ 6 K+P 5 ROOY ll/67

+ 5 ~ K+ P 11/67

7 ~ 6 ~ 2 ~ 7 K- P 9/6922 ~

15 ' 0 0 3 ~ 5 K+P{K¹PI ) 9/69

+ 2 ~ 5-3 ~ 2 K+ P 11/70¹

+ 3 ~ 5 K+P(K¹ P [) 9/69

+ 12 ~ K+ P (K 2PI ) 9/69

20 ~ 0

40» 0 10.0
APPROX ~

Z50 ~ APPROX'
NO BACKCRnUNA SURTR

65
65 HBC
66
66 HBC
67
h7 HRC

68 HBC
69
59 HBC

S ~ NOT

8/66+ 3-5 K+P

+ 4.6 K+P

20 ~ 0

( 20 ~ 0)

(20 0)

16~ 0

8/66(RO ~ 0)
+ 5 ~ K+ 11/67

10' K- PyK NPI ~ 9/69
t 60»0)

5/709 ' 0 K+ P
AVER 4"CD ~

~ 0)
FGION IN

( 120» 0) (20
SPL I T THF. 0
~ ~ ~ ~ ~ ~ e

BZ. 5 21 ~ 6 AVER ACE ( ERROR INCLUDFS SCALE FACTOR OF 3 ~ 8)
SF. E IDEOGRAM AFLOW )

28 Q REGION BRANCHING RAT IAS

RL
Rl
R2
RZ
R9
R9
R10
RLO

PRODUCED BY BFAMS AT HFR THAN K MESANS

0 REGION INTA (K RHO I/TOTAL (UNITS OF 10¹¹-2)
75 ~ 0 10»0 ARMFNTERO 64 HRC

0 RE 0 ION INTO (K ¹ PI ) /TOTAL {(IN fTS AF 10¹¹-7.')

25 ~ 0 10 ~ 0 ARMENTERO 64 HRC 0 ~ 0 PRAR P

0 REGION INTO {K+ Pl —) / {K+0 PIO+ PI-)
(0 ~ 2) OR LFSS (CL»i ~ 90) CRENNELL 67 HRC 0 6 0 P t-P

0 R FCi IAN INTO (KD PI+ P I — P 10) I (K+0 P[0+ Pl —)
(0 1) AR LESS (CL= ~ 90) CRFNNELL 67 HBC 0 6 0 Pf-P

6/66

6/66

7/67

7/67

PROOUCFD
RL 0
RL
Rl 0
Rl 70
R2 0
R2
RB 0
RR
Rl A Q

R 1 200
R2 4 Q
RZ
R2
R3 Q
P3
R4 0
R4
R4
R5
R5
R5 701
R '5

RW

R6
R6
R7
R7

AVG

0

Q

201

RY K RFAMS
REGION PEAK INTO tK P I) / (K¹(R90) PI )

{0»R) OR LFSS SHE N 66 HRC 4 »6 K+P q & BODY

REGION PEAK INTO K¹(890) PI 4NA K RHO {OVERLAPPING RANAS)

(1 0) SHEN 66 HBC + 4 6 K+P

RFGIAN PFAK INTO tK OMEGA) I tK¹(R90) P t)
(0 ~ 1) OR LFSS SHFN 66 HBC + 4 ~ 6 K+P

RFG[ON PEAK fNTO {K PI) / (K¹(890) Pf )
(0~ 30) AR LESS SHFN 66 HBC + 4 6 K+P

REGION INTO K¹(8&0) P! AND K RHA (OVERLAPPING RANAS)

(1 ~ 0) BERL INCiH[ 67 HRC + 12 ~ 7 K+ P

RFG[AN INTO (K Pl ) I TOTAL
'(0 ~ 02) OR LESS RFRL (NGHI 67 HRC + 12 ~ 7 K+ P

(0 02) OR LFSS C L ~ = ~ 95 RARTSCH 68 HBC — 10~ 0 K- P

REGION [NTA (K ETA) I TOTAL
(0 ~ 02) AR LE'SS RERLINGHI 67 HRC + 12 ~ 7 K+ P

REGION [NTO (K AMEGA) / TOTAL

(0 ' 02) OR LESS BERL INC»H I 67 HRC + 1? ~ 7 K+ P

0 ~ 01 0 ~ 005 BARTSCH 48 HRC — 10 ' 0 K- P

REGION INTO IK RHO) / (K¹(5901 PI )

0 91 0 ' 25 RERL INGHI 67 HRC + 12 ~ 7 K+ P

0 ~ 4 0»l RARTSCH 68 HRC 1 0 ~ 0 K

0 ~ 47 0 ~ 18 AVERAG[' (FRROR INCLUAES SCALE FACTOR AF 1 ~ 9)
REC(ON INTA (K PI) / {K¹(890)PI)
(0 ~ 21) OR L FSS OF. BAFRE 67 HRC + 3 ~ 5 K+

REGION INTO {K Pl P I ) / TAT AI

0 ~ 22 0 ~ OR RARTSCH 68 HRC — 10~ 0 K- P

11/67

8/66

10!66

10/66

7/67

1L/67
9/68

11/67

11/67
9/68

(. 1/67
9/68

11/66

9/68

REFERFNCFS FOR 0 R EGION

PRODUCED RY BFAMS OTHER THAN K MFSONS

ARME NTER

ALSO
ALSO

CRE NNELL
AST IER
BETTINI

t CERN+CDF )

PRODUCED RY K BEAMS

ALME IAA 65 PL 16 184 ALME IDA ATHFR TON R YER ~ DORNAN, FARSDN+ (C AMBR )

SHEN 66 PRL 17 726 +8 U T T ER WO R TH »F U y G 0 L I)H 4 8E R S ~ T R I L L I NG

ALSO 66 (PRIVATE CA4MUN)GFRSIlN GOLAHARER
(LRL )
(LRL )

8 ASS OMPI 67 PL 26R 30
BERL tNGH 67 PRL. 18 1087
AF RAFRE 67 NC 49A 374

ANA PRIVATE COMMUNICATION

BASSOMPIFRRE »GALDSCHMIDT+ t CFRN+BRUXiRIRM) I JP
BERL INGHIERt+FARB'ER+FERRE(. +FORMAN ( ROCH) t JP
+OF t3A IS I EUX+F AST+F Il. I PPAS+ (CFRN+ BRUX I

RY RE JONGFJANS

BARTSCH 68 NP RB
ROMSE 68 PRL 20 1519
OFNEGR I 68 PPL 20 1194

ALSO 70 ANTICH

+CnCCON(, + ( AACH+BFRL+CFRN+LO tC+Vl EN )

+RARENSTE t N CALLAHAN Cn(. E f AX + {JAHNHAPX ) 1+
+CALLAHAN+FTTL INGFR+GILLESP IE+ ( JOHNHOPK) I+

64 DURNA CONF 1 57& ARMENTEROS» EDW4RDS ~ D-ANALAU +
SFE AL SO PL 9 ~ 207

DURNA CONF 1 617 R ARMENT EROS (RAPPORTEUR )

66 PR 14". 1095 BARASH KIRSCH MILLER TAN \ Cn(. U M 8 I A 'I

67 PRL 19 44 +K4LRF LF. I SCH» LA I ~ S CARR r 8 CHUM ANN (BNL ) I

69 NP 8 10 6'5 +MAR ECHAL i MONTANET»+ ( CDEF+CFRN+IPNP+L IVP ) I JP
69 NC 62 A 1038 +CRFST I LI IENTANI RFRTAU2A, R ICI+{PAIlO¹P ISA) I
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For notation, see illustrated key at beginning of data card listings

Nesons
ALFX aNnF
avnREwS
84' BARn
COLLEY
WEJJNER
8 I c J(nP
FRWIN
FR I F. OMAN

CHI F N

C HUNG
WFRNFR

69 NP 8 13 503
69 PRL 22 731
69 PRL 22 1207
69 NC A 5ct 519
69 &R 188 2023
69 NP 8 9 403
69 hlP 8 9 364
69 lJCRL —18860
69 PL ?98 4'J3
69 PR 182 its 3
69 PR 188 2023

G ~ 41.EXANDF. R F I RE STONE GOLDHABF. R + (LRL )

+l.ACH L(JOL AM SANOWEI SS ~ RERGFR + ( YALF+LRL )

BAR BARD-GALT IER I inAV IS iFLATTE i+ (LRL)
+EASTWOOD ~ + (BIRM+GLAS+LOIC+MP f M+OXF+RHEL )

tAMMAR DAVI S KROPAC YARGCR CHO + (NWES+4NL ) 1+
+8M SHAWe ERWIN WALKER (WISC)
+WALKER GO SHAW WF I NBERG ( W ISC+PRI N+ VAND)
J ~ FR IFDJ(AN ~ PH. D ~ THESIS (LRL )

+ hALA4UI), MELLE la, allnNICK, SCHLE IN+ (lJCL A)
+F I SNER+BALI+LUERS (BNL )
+A MMAR, n 4 VI 8, KROPAC, YARGER ~ C Hn+ NWE S+ANL

WEIGHTED AVERAGE = 1404.0 + 6.2

ERROR SCALED BY 1.4

ABRAMS 70 PR n 1 2433
ANT JCH 70 NP 8 20 201
BOWL ER 70 PL 31 8 318
F4RBFR 70 PR n 1 78
&IRFSTOV 70 PHILAD ~ CnNF ~

+F. I SENSTE IN ~ K I M MhRSHALL ~ 0"HALLORAN + ( ILL )
+(;ARSON, CHILN, COX, OENFGR f ETTLINGER ~ + ( JHJJ) 1+
M ~ G ~ BOWL F R ( oxFORD )
+FFRBEL i SLATTERY ~ YUTA ( ROCH ) 1+

P ~ 229 Ae FIR FSTONF REVIEW (LRL)

K„(1420)
OX' K

22 KN ( 1420i JP=2+) I=1/2

JP = 3- IS UNL IKEL Y RUT NOT YET CDMPLFTELY RULED OUT ~

22 KN( 1420) MASS ( MEV)

FOR DIFF (CULT IFS IN MFASURING MASS DIFFFRENCEe SFE TYPFO NOTE UNDER K¹

C:HAR BED ONLY ~

0 (1427 )
o vaLJJF. ABnvF

1440
1423~

1 401 ~ 0
1427 ~ 0

1?5 1396e
1425 ~ 0
l. 4 1 6 ~ 0
1414~

1401 ~ 0
1430
1427e 0
1396~ 0

M

M

4
M 8
M

M AVte
e ~ ~ ~

1407 ~ 8

W I TH F INAL
( 15 ~ 0)

SUPERSFOED
24 ' 0
21 ~

sl ~ 0
9 ~ 0
9 ~

15 ~ 0
10 ~ 0
11 ~

ae0
10.
12 ' 0

8 ~ 0

STATE K PI
DE 8AERF

RY DE BAERE 70 BELD
40 ~ DE BAFRE

AOFRHALZ
SCHWE INGR
SC HWF INGR
BA 5 S OMP I F.

8 I SHOP
CRFNNELL
LIND
CHARRIFR
APRA MS

DE BAERE
DF. BAERF

67 HBC
W

67 HBC
68 HRC

68 HBC
et) HBC
69 HRC
69 HBC
69 nBC
69 HBC
70 HRC
70 HBC
70 HBC
70 HBC

+ 3 ~ 5 K+I (KO P I+)

+ 3 ~ 5 K+P (K+ PIO)
10 K — P (K P I)
4 ~ 1 K- P (K PI)
5 ~ 5 K- P (K PI )

+ 5 KtP (K Pl)
+ 3 ' 5 K+ P

3 ~ 9 K-N (KOP I-)
+ 9 ~ K+ P(KO P I+)
+ 8 ~ 25 K+ P
+ 2 ~ 5-3 2 KtPeK2PI
+ 3 ' 5 K+ P
+ 5 ' 0 K+ P

~ ~ ~ ~ ~

3 ~ 7 AVERAGE ( FRROR INCLUDES SCALE FACTOR OF 1 5)
( SFE IDEnGRAM BELnW )

«¹«¹¹«¹««««¹¹¹»¹¹¹»¹¹¹¹»»¹¹¹¹»¹¹¹»¹¹¹¹¹»¹¹¹¹¹»»¹¹»¹»¹«»»»¹¹¹¹¹¹¹«¹¹»¹»»»¹¹»¹«¹»¹»»»»¹«¹¹¹¹¹¹¹¹¹¹«»¹»¹««»»»¹¹¹¹»»»¹»¹¹»¹¹¹¹¹¹¹¹»»¹¹¹¹¹»¹»

1 0/66
1/71¹

10/66
6/68
9/67
9/67

11/69
9/69
7/69
9/69
1/71¹

11/70¹
1/71»
1/71»

MAN 69 HBC

MP IE 69 HBC

68 MMS

R 65 HBC

I

1360 1400 1440 1480 1520
CHARGED KN(1420) MASS (MEV) (K 2PI MODE)

WEIGHTED AVERAGE = 1422. 7 + 3.8
ERROR SCALED BY 1.7

CHISQ
1 ~ 0
1.8
3.2
0 ~ 0
6 ~ 1

(CONLEV
=0.109)

WEIGHTED AVERAGE = 1407.8 + 3.7
ERROR SCALED BY 1.5

DE BAERE
.DE BAERE
.ABRAMS
-CHI-IRRIER
LIND

.CRENNELL
BISHOP

.BASSOMPIE

70 HBC

70 HBC

70 HBC

70 HBC

69 HBC

69 DBC
69 HBC

69 HBC

CHISQ
2 ~ 2
2.5
4.9
2 ~ 9
0.3
0 ~ 7
1 ~ 3
1.7
4.5
0.7
0.5

22. 4
(CONLEV
=0.013)

FINAL STATES
BADI ER 65 HBC
DUBAL 68 MMS

BASSOMPIF, 49 HBC
FR I FDMAN 69 HRC

GEO ONLYi WITH OTHER
). 400 0 20.0

20 1440 0 20 ~ 0
240 1396e 6 ~

1411~ 7 ~

~ ~ ~ ~ ~ ~ ~ ~ ~

1404 ~ 0 be2
( SEE

CHAR

8
M

M

4 AVG

3 ~ K- P (K»PI ) 10/66
11 5 K«P e/68
5 K+P ( K 2P I ) 11/69
2e 7 K-P (K 2P I ) 9/69

AVFRAGF ( ERROR INCl UOES SCALF. FACTOR OF 1 e4)
IDEOGRAM 8ELOW )

'SCHWEINGR 68 HBC

'SCHWEINGR 68 HBC

ADERHOLZ 68 HBC

OE BAERE 67 HBC

1360 1400 1440 1480 1520
CHARGED KN(1420) MASS (MEV) (K PI MODE)

DAVIS 69 HBC

BASSOMPIE 69 HBC

SCHWEINGR 68 HBC
.SCHWEINGR 68 HBC
.KANG 68 HBC

-DAHL 67 HBC

1360 1400 1440 1480
NEUTRAL KN(1420) MASS (MEV)

1520

CHISQ
0.4
0 ~ 0

0.0
8.7
9.1

(CONLEV
=0.028)

W CHARGED
w 0
w D vaLUE

W 8 125
W

W

W

W

W

W

W

W

W AVG

22 KN( 1420) WIDTH (MEV)

WITH F INAL
) (28 ~ Ol

S(JPERS FnEO
57 ~

3»
?5 ' 0
13 ~

18 ~

10 ~ 0
20 ' 0
25 ~ 0
2» ~ 0

ONLY i
(90e 0
ABnvE
175
123e
110.0
43 ~

96 ~

150e 0
80 ~ 0

100~ 0
123~ 0

STATF K

OF. BAERE
BY DE 84ERF 70 8ELO

ADFRHnLZ
BaSSOMPIE
BISHOP
FR I EOMAN

LI Nn

CHA RR IER
ARR AM'S

nE BA ERE
OE BAFRE

67 HBC

68 HBC
69 HRC
69 HBC
69 HBC
69 HBC
70 HBC
70 HRC

70 HBC
70 HRC

3.5 K+ P

10 K — P (K Pl)
K+P (K Pl )

3e5 K+ P
2, 7 K-P (K 2PI )
9 ~ Kt P
8.25 K+ P

7 ' 5-') ~ 2 K+PiK2PI
3e5 K+ P

5.0 K+

~ ~

107~ 1

WEIGHTED AVERAGE = 107.1 + 15.4

ERROR SCALED BY 2.6

15 4 AVERAGE (FRROR INCLUDES SCALF FACTnR OF 2 ~ 6)
( SF. E IDEOGRAM BELOW

10/66
1/71«
6/68

11/69
9/69
9/6 9
5/70
1/71¹

11/70«
I/71»
I/71»

CHARGFD ANO NElJTR
1404e 0
1390e 0
1430~ 0
1423 0
1420 0

M

M

4

4I

M

u AVG 1421 2

Al.
I ". ~ 0
30 ' 0
ln ~ 0

7 ' 0
10.0

4 ' 7

F OCARDI 65 HRC

SHEN ee HBC

SHEN 66 HBC
Ba SSANO 67 HBC
GOLDHABER 67 HBC

-0 3 ~ K- P (K PI )

+ 04.6K+ P (K Pt)
+ 0 4 ' 6 K+ P (K»PI)
-0 fbi 5 ' 0 K- P

9 0 K+ &(K 2PI)

AVFRAGE (ERROR INCLUDES SCALE FACTOR OF 1 ~ 0)

10/ee
10/66
10/66
10/67
10/67

M

4

AVG
~ ~ ~ ~ ~

1422.7

NFUTRAL ONLY
(1440 )

1446~ 0
1425~ 0
1405 0
1 3'&7 0

8 4 20 1422 ~

HASSOMP ~ FRR IRS
2200 1421 I

CR ENNFI. L 67 HRC
DAHL 67 HBC
KA NG 68 HBC
SCHWE INGR 68 HBC
SCHWF INGR 68 HBC
8A SS 0MP I F. 69 H BC

0 BY US TO GAMMA/SQR T(N)
DAVIS 69 HBC

'r 9
1 ~ 0
18 0
19 ~ 0

» ~

ENL ARGE
7eb

0 6 Pf- P (K 2PI)
0 4 PI — P (KPI )
0 4ee K- P

0 4 ~ 1 K- P (K Pl)
0 & ~ 5 K- & (K Pl')
0 5 K+P (K Pl)

~ SEE K¹ TYP'ED NOTE ~

0 12. K+ P(K+P I-)

3 ~ 8 AVFRAGF ( FRROR INCLUDES SCALE FACTOR OF I ~ 7)
( SEE IOFOGRAM 8ELnW )

7/67
10/66
7/69
9/67
9/67

1 I /69
11/69
9/69

-50 50 150 250
CHARGED KN (1420) WIDTH (MEV)

BAERE
BAERE
AMS

RRIER
D

EDMAN

HOP

SOMPIE
RHOLZ

350

70 HBC

70 HBC

70 HBC

70 HBC

69 HBC

69 HBC

69 HBC

69 HBC

68 HBC

CHISQ
0.4
0.1
1.8

18.4
0.4

24 ~ 3
0.0
0.2

45.6
(CONLEV
=0.000)



Por notation, see illustrated itey at beginning of data card listings

pAaTrcLE DATA GRQUP Revere of Parttcle Properttes S9&

~ .esons
W CHA
W

w r)

W AVG

3 ~ 0 K-P
+ 5 K+P (K 2PI )

SCAlE FACTOR OF 1 0)

CHARGED ANO NFUTRA
92 ~ 0
75 0
65 ~ 0
80 ~ 0

107e 0

W

W

W

W

W

W AVG 8'5 ~ 9

L
14 0
25 ' 0
20 ' 0
20 ' 0
20 0

8.4

FOCARDI 65 HBC
SHEN bh HBC
BASSA NO 67 HBC
GOLDHABER 67 HBC
SCHWF I NGR 68 HRC

-0 3 ~ 0 K- P (K PII
+ 04 ~ 6 K+ P
-0 4e6» 5e0 K- P

9 ~ 0 K+ P(K 2PII
-0 4e 1+5~ 5 K-P

AVERAGE ( ERROR INCLUDES SCALE FACTOR OF 1 0)

W NFU

W

r) I!A
W ?

W AVG

TRAL ONLY
61 0

116~ 0
420 110~

SSOMP. ERRORS
200 101~

~ ~ ~ ~ ~

101 ~ 2

24 0 DAHL 67 HBC
17 ' 0 KANG 68 HBC
21 BA SSOMPI F 69 HRC

ENLARGED BY US TO 4«C AMMA/SQRT(N)
10 ' DA VI S 69 HBC

0 3 ~ 84e 2 PI- P
0 4 ' 6 K- P
0 5 K+P (K PI )

~ SFF K«TYP ED NOTE ~

0 12 ' K+ P (K Ptl

8 4 AVERAGE (ERROR INCLUDES
t SEE IDEOGRAM BELOW

SC4LE FACTOR OF 1 ~ 1)

IJEIGHTEO AVERAGE = 101.2 + 8.4
ERROR SCALED BY 1 .1

RGED ONLY ~ HTTH OTHER FINAL STATES
10'5 0 30 ~ 0 BAD[ ER 65 HBC

240 110. 'IASSOMPI E 69 HBC

10!),0 19~ 2 AVERAGF. (ERROR INClUOES

6/66
11/69

8/66
10/67
10/67
9lh7

9/66
7/69

11/69
11/69
9/69

R7
R7
R7
R7
R7
R7
R7 AVtj
R7 FIT

RB
RB
RB
R r)

RB
RB Q

RB
RB
R rl AVG

RB FIT

R9
R9
R9
R9
R9 FI T

R10
R10 Q
R10
R 10 F IT

KN( 1420) INTO
(0 081 OR
(0 ~ 21 OR
Oe13
0 ~ 05

~ ~ ~ ~ ~ ~

Oe 070
0 ~ 080

(K OMEGA) / K PI
LF. SS S HFN 66 HB(
LFSS BA SSOMP I E 69 HBC
0 ~ 07 BA 5SDMP I E 69 HBC
0 ' 04 AGUILAR 70 HBC
~ ~ ~

0 ~ 035 AVERAGE ( ERROR INCL UOES
0 ~ 033 FROM FIT I ERROR INCLUDES

4.6 K+P
+ 5 K+ P

0 5 K+ P
3 ' 9-4 ' 6 K- P

SCALE FACTOR OF 1' Ol
SCALE FACTOR OF 1 ~ 1)

KNt 1420) INTA
(0' 09) OR

0, 26
(0 ~ 21 OR
(0 ~ 31 OR

15 (0 11)
0 ~ 15

~ e ~ e ~ ~

0 ~ 164
0 ~ 162

(K RHOI
LF. SS
0 ~ 16
LESS
LESS

(0 06)
0 ~ 06
~ ~ ~

0 ~ 056
0 ~ 068

/ (K Pt)
CHUNG
SC HWE INGR
BASSOMPIE
BA SSOMP I E
BI SHOP
AGUILAR

65 HBC
68 HBC
69 HBC
69 HBC
69 HRC
70 HBC

+ 0 3 ~ 9-4 ~ 2 PI- P
0 4 ~ 1+5~ 5 K- P

+ 5 K+ P

0 5 K+ P
3 ~ 5 K+ P
3 ~ 9-4 6 K- P

A VERACeE ( ERROR I NCL UOES SCALE FACTOR OF 1 ~ 0)
FROM F IT I ERROR [NCLUDES SCALF. FACTOR OF 1 ~ 2)

KN(14201 INTO (K RHO) I (K«(890) Pf I

t 0 ~ 391 DR LF. SS BASSOMPIE 67
(0~ 40) OR LFSS (CL= ~ 901 FIELD 67

~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 34 0 ~ 15 FROM FIT

HBC + 5 ~ K+ P
HBC — 3 ~ 8 K- P

KN( 14201 INTO tK OMEGA) / (K¹(8901 PI I
(0 ~ 101 (0 ~ 04) FI FLO 67 HBC — 3 ~ 8 K- P

~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 166 0 ~ 077 F ROM F IT

8/66
9/69
9/69
1/71»'

8/66
10167
9/69
9/69
9/69
1/71¹

9/67
6/67

6/67

Rll
R 11 0
Rll
R 11 F IT

KN(14201 INTO (K ETA) / (K«t890) PI I
(0' 071 (0 ' 041 F IELD

~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 072 0 ~ 0'50 FROM F IT

67 HBC — 3 ~ 8 K- P 6/67

R12
R12
R12
R12
R12
R12 F IT

KN(14201 fNTO (K Eral / (K Pl I
(0 ' 02'5)OR LESS BASSOMP IF 69
(0 02) OR L ESS BI SHOP 69
(0 ~ 04) OR LESS C ~ L ~ 0 ~ 95 AGUILAR 70

~ ~ ~ ~ ~ ~ ~ ~ ~

Oe035 0 ' 026 FROM FIT

HBC
HBC
HRC

5 0 K+ P
35K+P
F 9-4 ~ h K- P

9IE 8
9/69
1/7 1. »'

R13
R13
R13
R13 FIT

KN(14201 INTO (K Pl P I ) / (K Pf I
(0 ~ 51 OR LESS 8 IRMINGHA 70 HBC + 10 K+ P

~ ~ ~ ~ ~ ~ ~ ~ ~

0.64 Dell FROM FIT

1/71«

VIS 69 HBC

SSOt1PIE 69 HBC
NG 68 HBC
HL 67 HBC

I

20 60 100 140 1B 220
KN (1420) WIDTH (MEV) (NEUTRAL ONLY)

22 KN ( [420) PARTIAL DECAY MODES

CHISQ
0.0
0.2
D. e
2.8
3.7

(CONLEV
=0 ' 291)

R Q

R Q

R Q

FOLLOWING SUGGFST ION BY 4GU ILAR 70 HE OO NOT MAKF. USF. OF MEASURF. -
MFNTS WHFRF. THE t K P I PI) BACKGROUND SUBTR ACTION IS DIFF [CULT DUF.
TO THE NEARBY Q RFGION ~

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

The matrix below is derived from the error tnatrix for the fitted partial decay mode
branching fractions, P. , as follows: The diagonal elements are P. + 6P., where .1 1 16P. = 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 listingsi j i j '

1
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and
are thus constrained to add to 1.

P 5P 2P 1 P P 4
~ 569+- 040

P 2 —~ 4 77 ~ 274+- ~ 032
P 3 —~ 433 —~ 355 ~ 092+- ~ 035

4 —~ 2 34 —~ 242 —~ 1 04 ~ 045+-~ 018
5 - ~ 1'55 - ~ 117 - ~ 044 -e 034 ~ 020+- ~ 018

Pi
P2
P3
P4
P5

KN( 14201 INTO K P f
KN( 1420) fNTCI K¹(r)90) P I
K N( 1420) INTr? K RHO

KN( 1420) INTO K OMEGA

KN(1420) fNTO K FTA

DECAY MASSES
493+ 139
892+ 139
49 3+ 765
493+ 783
493+ 548

BAD I ER 65 PL 19 612
C HUNG 65 PRL 15 325
FOCAR(? I 65 PL 16 35 1

REFFRENCES FOR KN(14701

BADIER OEMOULIN GOLDRFRG+ (FP+SACLY+ZEEMANI
+OAHLe HARDYeHE SS ~ JACORS r K I RZ e lf LLFR (L RL I
FOCARO I r M INfeUZZ I RANE I ~ SERRA» (BOLOGNA+CENI

?2 KN( 14201 BRANCHING RATIO S 66 PRL 17 7?6 +BUTTERWORTH FU GOLDHABFRS TRILl [NG
ALSO 66 t PRIVATE COMMUN)GERSON GOLOHABFR

tl RL I
(LRL)

Ri
Ri R

Ri R
Ri R

Rl R

Ri R

Ri
Ri FTT

R2
~2 Q

R2 Q

R2
R2 FIT

KN(1420) INTO (K PI I/TOTAL
(0 37) (0 19) BAOI ER 65 HBC 3 ~ 0 K-P
(0 ~ 3 ) (0 ~ 11) BASSANO 67 HBC — 4 ~ 6 ~ 5 ~ 0 K- P

CANNOT USF. THI S STATISTICALLY REDUNDANT RATlO ~ AUTHORS
OBTA tN IT MERFLY BY SUBTPACT TNG FROM UNITY THFIR
MFA BUR EMEN TS 0 F OT HFR RAT [OS ~

~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 569 0 ~ 040 FROM FIT

6/66
10I67 BASSANO 67

RASSOMPI 67
CRENNELL 67
DAHL 67

ALSO 65
OE BAFRE 67
F TELO 67
Gnl DHABE

PRL 19 968
PL 268 30
PRL 19 44
PR 163 1377
PRL 14 401
NC 51 4 401
PL 248 638
PRL 19 972

+GOLDBERGe GOZ ~ BARNES el F I TNFR+I BNL+ SYRACUSE )
RASSOMPIERRE Gl?LOSCHMIOT+ (CERN+BRUX+BIRM) I JP
+KALBFLF ['SCH LAI SCARR SCHUMANN (BNL )
+HARDY+HE S S+KI RZ+MI LLER (LRL )
HARDY r CHUN0» OAHL ~ HE 5 S ~ K I RZ ~ MI LLE R ( L RL )
+GOLD SCHMI DT-C LE RMON T ~ HE NR I+ ( RRU X+CERN )
+HENOP ICK S+P I CC I ON I+ YAGE R (LAJOLLA I

G ~ GOLDHABFR FIRFSTONE SHEN (LRL)

R3
R3 Q

R3 Q

R3
R3 FIT

R4
R4
R4
R4 FfT

R5
R5
R5
R5 FIT

R6
R6
Rb
Rb Q

Rh
Rb Q

R6 0
R6
Rb
R6 AVG
'R6 FIT

KN(1420) INTO (K¹t890) Pt I / TOTAL
41 I (0 14) BA(? I ER

(De47) (0 ~ 101 r)ASS ANO

~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 274 0 ~ r)32 FROM FIT

KNt 1420) INTO (K RHO)/TOTAL
(0~ 14) (0 05)
I 0 ~ 141 (0 ~ 10)

~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 092 0 ~ 035 FROM FIT

BAD[ ER
BASSANO

65 HBC
67 HBC

65 HBC
67 HBC

KN( 14201 INTO
0 ' 02

~ ~ ~ ~ e e
Oe 020

(K ETA)/TOTAL
0 ' 02 BAD[ FR 65 HBC

~ ~ ~

0 ~ 014 FROM FIT (ERROR INCLUDFS

KN( 1420) INTO
6 0 ' 33

0 ~ 65
(0 ~ 63)

0 ~ 52
(Oe91

84 (Oe93 )
0 ' 44

~ ~ ~ ~ ~ ~

0 ' 483
0 F 481

(K«(890) Pl I / (K P I I

0 ~ 33 CHUNG 65 HBC

0 ' 20 SHEN 66 HBC
0 ' 20) SHEN 66 HBC
0 ' 12 SCHWE INGR 68 HBC
0 ~ 2) 84 SSCIMP I E 69 HBC
0 11) Bl SHOP 69 HBC
0 09 AGU IL AR 70 HRC

0 066 4 VFRAGE (ERROR INClUDES
0 078 FROM FIT (ERROR INCLUDES

KNt 14201 INTO tK O&EGA I/TOTAL
Oe07 0 ' 04 BADf ER 65 HBC

0 ~ 045 0 ~ 019 FROM FIT (FRROR INCLUDES

3 ~ 0 K-P
4 ~ 6» 5 ~ 0 K-

3 ~ 0 K-P
0 4 ~ 6 ~ 5 ~ 0 K- P

3 ' 0 K-P

SCALE FACTOR OF 1 ~ OI

3 ' 0 K-P

SCALF FACTOR OF 1 ~ 01

+ 0 3 ' 9-4e2 Pl- P
0 N¹ PRODUCED

+ NO Ne oRODUCED
0 4e 1+5e5 K- P

+ 0 5 K+P
3 ' 5 K+ P

~ 9 4e6 K P

SCALE FACTOR OF 1 ~ 0)
SCALE FACTOR OF 1 ~ 21

6/66
10/67

6/66
10/67

6/66

6/66

BI66
10/66
10/66
10/67
9I69
9/69
1/71«

ADERHOL Z

ALSO
ANTICH
DUBAL
K ANG
SCHWE ING

ALSO

68 NP 8 5 567
66 PL 22 357
68 PRL 21 1842
68 THES IS 1456
68 PR 176 1587
68 PR 166 1317
67 THFSIS

+DEUTSCHMANN+ ( AACH+BFRL+CERN+I ~ C ~ +Vl ENNA )
BARTSCH»OEUTSCHMANN MORRISON+ t ABCL( IC I V I

+C 4 L L 4 HA'4 CARSON C(? X DENE GR I + (JHOP)
I CRURAL (GENEVE)
Y ~ WeKANG ( InWA)
SCHWE I NGRUBER ~ DERRICK ~ Ft ELDS ~ AMM4R+( ANL+NW I
F ~ L SCHWF INGRUBER (NORTHWESTERN ~ EVANSTON)

BASSOMPI
ALSO
AL SO

8 I SHOP
C RF NNELL
DAVI S
DE BAERE

AL SO
FR IEDMAN
L [NO

69 NP 813 1 89
69 OE BAFRE
70 OE BAERF..
69 NP 8 9 403
69 PRL 22 487
69 PRL 23 1071
69 NC 61 4 397
70 OE BAER F
69 UCRL-18860
69 NP 8 14 1

ABR4MS
AGUILAR
BTRMINGH
C HARR I ER
DE BAERE

70 PR 0 1 2433
70 PRL 25 1367
70 KTEV CONF'
70 CFRN PHYS 70-50
70 CERN PHYS 70 41

BASSOMPIERFeGOLDSCHMTDT-CLEPM ~ + (CERN»BRUX ) JP

+GOSHAW ER WIN WALKER (WISC)
+KARSHON eLA I ~ ONE AL Le SCAR R (RNL I
+OFRENZO FLATTF» ALST ON LYNCH SOLMITT (L RL I
+GOLDSCHM[ Or-CLERMON T, HE NR I,+ t 8 F LG+CERNI

J ~ FR I E OMAN ~ PH ~ 0 ~ THE S I S
+ALEXANDER rF IRES TONE r FU» GDLOHABER

(LRL)
(LRL) JP

+El SENSTEIN»K I MeMARSHALLeO-HALLORANe+ ([661
AGUTLAR-BENITEZ BASSANO ~ E ISNER»+ t BNL+PURDI
ASTIER RAPPORTEURS TALK (RTRM+GLAS+OXF )
CHARR[ ERE»DRI JARD» DUNWO(?DTFe+ (LHFB+CERN)
+DEBA tS IEUX DE 'WOLF DUFOURr+ (LHEB+CERN)

«» e«««» ¹«««««» «» ¹» «e«e»» «»» «» e»» «» ee ««» e»» ee«e¹»««»»» «»» «»» «e«
««e««eeee ee«e«»««» e«e»e««¹««e¹«e«ee««e««eeeee eee««ee«e «¹ee»««e



S96 REVIEWS OF MODERN PHYSICS ' APRIL 1971 PART Il

For notations, ee illustrated key at beginning of data card listings
Nesons

K„(1660) 27 KN (1660« JP= I I = 1/2

FVIDENCE NOT COMPFLLING«OMITTED FROM TABLE

IJEIGHTEO AVERAGE = 77.4 + 16.2
ERROR SCALEO BY 1.2

27 KN (1660) MASS (MEV)

(1660' 0) CARMONY 67 HBC — 3 ~ 8 K-P OMEGA K 11/67
1660» 0 10»0 JOBF. S 67 HRC + 5 ~ K+ P 11/67
CLAIMFD BY JOBFS IN (K PI ) (K¹(890) Pl) AND (K»(1420) PI )
MODFS K PI BUMP INTERFERFS MOSTLY WITH DFLTAt 1236) ~

27 KN ( 1660) WIDTH I MEV)

60 ' 0 20 ' 0 JOBES 67 HBC + 5 ~ K+ P 11/67

27 KN (1660) PARTIAL DECAY MODES

P1
PZ
P3
P4

KN¹l 1660) INTO K PI
KN¹(1660) INTO K Pl Pf
K N¹t1660) INTO K¹(890) P f
KN¹( 1660) f NTO KN»( 1430) P I

DECAY MASSES
493+ 139
493+ 139+ 139
892+ 139

1409+ 139

CARMONY 67 PRL 18 61r
JOB ES 67 PL 268 49

REFERENCES FOR KN(1660)

D. CARMONY T.HENORICKS L ~ LANDER f LA JOLLA)
+BASSOMPIERRE ~ DE BAFRE + {BIRM+CFRN+BRUX)

«t««44 «4¹¹¹«t¹¹t¹tt««¹444444¹¹«t¹4¹t¹t»t¹¹4¹¹t«¹¹¹t¹t¹«t¹¹¹¹¹4»¹t¹¹4
«t«rrr¹¹ ««¹t«««¹t 4«4¹«¹t¹¹«4¹t¹¹¹4¹¹4444444¹44444444» tt¹tttt¹4«44*¹»t¹

«4¹»¹t« «t¹4«¹¹t¹¹44¹¹tttt¹¹¹¹t¹¹4«ttt¹4¹4¹t¹¹4¹44tt ¹¹tt¹4¹4¹4¹4¹¹tt¹
-50 50 150

L (1770) (JIOTH (11EV)

LAM

TSCH
ILAR
TSCH
ES

250

70 HBC

70 HBC

70 HBC

6e HBC
67 HBC

CHISQ
0»e
2 ~ 3
0.2
1.3
o.e
5.4

(CONLEV
=0.247)

I.(1vvo) 23 L ( 1770g JP= ) I = 1/2

For a review of the L-meson data up to May 1970,
Pl
PZ

23 L (1770) PARTIAL DECAY MODES

L INTO K PI Pf
L INTO K«(1420) &I

DECAY MASSES
497+ 134+ 134
134+ 1409

see CHIEN 70.
This peak is seen in most K p and K d experi-

ments, with a large decay mode into KN(1420)z, only

200 MeV above that threshold. There is at present
no agreement among experimenters about whether to

interpret this peak as a resonance, with decay into

several open channels, or as a pure KN(1420)TT thresh-
old enhancement of possibly "kinematic" origin. We

23 L (1770) BRANCHING RATIOS

RI
Rl
Rl
P, t
Rl
RI
Rl

L INTO fk¹l1420) P I)
LARGE

{1~ 0)
{0 ~ 60) AR LE SS

L ESS THAN 1 ~ 0
LARGE
rJOM IN AN T

/ (K PI PI )
DEN'EGR I
BARBARO

CL=O ~ 95 AGUILAR
BARTSCH
BIRM INGH»
LUDL AM

68 OBC
69 HRC
70 HBC
70 HBC
70 HBC
70 HBC

12 ~ 6 K- 0
12.0 K+ P
0 ~ 6 K- P
10~ 1 K- P

10.K+P, 4-6 BDDY
1Z ~ 6 K- P

REFE'RFNC'ES FOR L ( 1770)

HERL INGH 67 PRL 18 1087
JD RES 67 PL 2 68 49
DENEGR I 68 PRL 20 1194
BARTSCH 68 NP BR 9

RERL INGHIERI+FARBER+FERBEL+FDRMAN+ {ROCH) I
+BASSOMPIERRE, DE BAERE + (Bf RM+CERN«RRUX)
+CALLAHAN+ETTL f NGER+GILL ESP I E+ ( JOHNSHOP )
+COCCONf + ( AACH+ 8 F RL+C ERN+L O(C+V I FN )

4¹4¹t¹¹t¹4¹tttttt«444¹»¹4¹t44¹¹¹»44¹4¹»¹ttt¹¹t¹¹¹4¹¹¹»¹¹t»t¹¹¹

1/7 14
1/714
1/71¹
1/7 1«

11/70¹
I/71¹

list only one branching ratio ANOREMS 69 PRL 22 731
BARBARO 69 PRL 22 1207
COLt. EY 69 NC A 59 519

+LACH LUOLAM SANOWEISS BERGER + l YALE+LRL )
RARBARt) GALTIERI »DAVISsFLATTE»+ ( LAL)
+EASTWOOD + {BIRM«GLAS+LOIC+MPIM+OXF+RHEL )

I. - K (&420)&
N

L ~ K7)m

AGUILAR
BARTSCH
8 IRMINGH
CHARR I FR
C HIE N

LUDLAM

70 PRL 25 54
70 PL 33 8 186
70 PREPRINT
70 CERN PHYS 70-50
70 PHII. A ~ CONF ~ P ~ 275
70 PR D 2 1234

AGUIL AR-BENI TEZ BARNES, RASSANO CHUNG + ( BNL )
«DFUTSCHMANN + (AA(H+BERL+C RN+LOIC+Vf EN)
BIRMINGHAM GLASGOW COLL '(8 IRM+ "LAS I
CHARR IEREr GOLDSCHMIDT-Cr DFBAFRE+(CERN+BRUX)
C ~ Y ~ CHIEN (JOHNS HOPKINS)
+SANDWF-fSSrSLAUGHTER t YALE)

which has bearing on this contradiction. »»44444»4 ¹4¹¹¹4¹t»¹'4¹«t¹¹¹t4¹¹¹4¹4444¹4¹444¹¹4¹ttt»4¹tt¹tt»¹¹t¹4¹»¹t¹tttt 4¹t¹»t¹4¹¹t¹¹ttt¹t¹t¹tt»»4¹t¹¹*t»

'4I

M

r{ 8
M 8

M

M

M

M AVG

20{1780» I

1 760 ~ 0
1785~ 0
t NCLUDFD
1745 0
1780~ 0

( 1753 0)
( 1 773 ~ 0)

1 760 ~ 0
~ ~ ~ ~ ~

1 769 ~ 9

23 L ( 1770) MASS {MFVI

15 ~ 0
12 ~ 0

IN BARTSCH 70
ZO ~ 0
15 ' 0
10' DI

(20 0)
15 ~ 0

BF.RL INGH( 67 HBC
JOBE 5 6& HBC
BARTSCH 68 HBC

AGUILAR 70 HBC
BARTSCH 70 HBC
t)IRMI NGH, 70 HBC
8 IRMI NGH ~ 70 HRC
LUDLAM 70 HBC

+ 12 7 K+P
+ 5 ~ K+ P

10 ' 0 K- P

4.e K- p
10 ~ 1 K-

10 K+PpK{ 1420)PI
10 ~ K+Pr Kt 2PI
12 ~ 6 K- P

7 0 AVF'RAGF I ERROR INCLUDFS SCALE FACTOR OF 1 1)

7/67
11/67
9/69

6/70
I /71¹

11/704
11/70¹
1/71¹

K*(aa4O)

15 2240 ~

40 K» (2240' JP= ) I=1/2

40 Kt (2240I MASS {MEV)

20 ALEXANDER 68 HBC + 0 9 K+PeYBAR+N+ 6/68

ENHANC ErrrIENT 5 EEN I N ( ANT IHY PERON+NUCL EON) MASS ~

FV IDENC E NOT COMP ELL I NGe OMITTED FROM TABLE ~

40 Kt {2240) WIDTH f MFVI

W

8
W 8
W

W

W

W

W AVG

20 {80»)
60 ' 0

127 0
INCLUDE

100~ 0
138 0

( 174~ 0)
(15~~ 0)

50 0
~ ~ » ~

77 ' 4

23 L ( I 770) WIDTH {MFV)

20 ~ 0
43 ' 0

0 IN BAR TS
50 ~ 0
40 0

( 23 ~ 0)
( 22 ~ 0)
40 0

CH 70

( 19 0)

20 0

BERL INGH I 67 HRC
JOBES 67 HBC
BARTSCH 68 HRC

AGUI LAR 70 HBC
BAR T SCH 70 HRC
8 {RMf NGH ~ 70 HBC
RIP MI NGH ~ 70 HRC
LUDLAM 70 HBC

+ 12»7 K+P
+ 5. K+ P

10 ~ 0 K- P

4 ~ 6 K- P
10 1 K- P

+ 10~ K+P» K( 1420 )PI
+ 10 K+Ps K¹ 2 PI

12» 6 K-
»» ~ » ~

16»2 AVERAGE (ERROR {NCLUDES SCALE FACTOR OF 1 ~ 2)
( SEF. IDEOGRAM REl. OW )

7/67
11/67
9/69
I/71¹
6/70
1/71¹

11/70»
11/704
1/714

A L EXANDE 6 8 PRL 20 75'5

RFFERFNCES FOR K¹l2240)

ALFXANOER F {RESTONE GOLDHABER SHFN {LRL I

¹t«¹t¹t¹¹t¹tt¹¹t¹¹4¹¹t¹t¹¹4444¹ttt¹¹t¹t¹444»4¹t¹¹««444«4¹¹«««¹t¹«t¹4«¹t¹¹4¹t¹4¹¹44«¹tt¹444¹tttttt¹¹tttt¹t¹t¹ttttttt¹tttttt«¹¹tta¹ttt¹4¹¹4¹4«

15 70» 20» ALEXANDF R 68 HBC + 0 9 K+P t YBAR+N+ ~ ~ 6/68

¹t¹4¹ttt¹¹444¹«¹4¹¹tt¹4¹4¹¹«¹¹t¹4¹¹¹¹4¹t¹¹444»44««t ¹««¹4¹t««4«444««¹



PARTK:LE DATA GROUP Review of Particle Properties

=-arizona

ers from Partial —WaveNote on Resonance Parameters
Analys e s

I. Speed Plots
In the discussion which follow s we use the te rm

d lot" to indicate a plot show' gin the variationspec p o

with C. M. energy m of the derive. tive ~dT/dm (
of a

(See section IV. C of thepartial-wave amplitude T.
main text. ) In principle such plots are a very sensi-
tive and useful means of searching for a resonance.

ed b a ra id decrease
is certainly a good indication of the presence of a

these plots must be judiciouslyresonance. In practice es

16

8-

4

rrr

1000 1300 1600 1900
S

P33 CERN KIRSOPP

20

P33ROPER UIA (1OORHOUSE.

1234

2200 2500

P33 CERN THEORETICAL FIT
20

16

—1236

4 .
4

1000 1300 1800 1900 2200 2500v'S

20

P33 CERN EXPERIMENTAL SOLUTION.

used because:

1) The values of dT/ d are sensitive to variationsrn a
in T It is difficult enough to determine T(rn); finding

its derivative is necessarily more difficult.

Z) Once the speed plot tells us that a resonance is
presen, et th determination of precise p ararneters from

s1 ra onsuch a plot requires additional considerations.

a) the maximum of the speed is not necessarily
at the resonance mass,

b) the w idth cannot s imply b e ob tain y'ned b the re-
let'on ~dT/dm

~

= 2a/I'.
Consider for example the 33 pP artial-wave am-

plitu e in m- scd ' -N scattering. Since its elasticity (x) is
one, we have

I' (m)/2T(m) =
M-m -il (m)/2

If we let I (rn) = dI'/drn, then we find that
1

idT i 2 i+(M-rn)1 /I'
1+4 (M-rn) 2/I'

(2)

To estimate where Eq. (2) is maximum, we let
5 = M-m ( ~

5
~

& 1 /2) and keep only linear terms in 5.
Thus

1

2 (1+55) (3)dm

Since all reasonable pararnetrizati ions of I' (m) agree
that I ~0, we may conclude that to

I

first order the

a an ener"speed" will have its maximum value a
less than the resonant value, m=M.

Thi s effect i s illustrated in Fig. which is taken

from UCRL-20030 &N. For the P33 partial wave, the

CERN experimental and CERNKirsopp solutions in-
dicate the instability of ~dT/dm~ in the region of a

oth" b theresonance (the other solutions are srnoot y

16

1236 1236

8
e

4

rn

rrr

1000

v
13PP 1600 + 1900 2200

8

4

5
rrr

2500 1000 1300 1600 19OO 2200 2500

Fi . 4. Speed plots as computed fed from four solutions
eV

1g,
(~s = m. = C. M. energy in Mecompiled in Ref.

I '
) In addition, each of the plots,nature of the ana ys1.s . n a

2 I = 16 GeV at a resonantquite consi stently, g1.ves
width atmass of 4236 MeV. This corresponds to a widt

resonance of 125 MeV. The speed, however, peaks
value ofsome i0 to i5 Me V lower in mass and at a va

18 5 GeV . Hence, were we to estimestimate the mass
and width of the 33-resonance from the mam. mum

M - f 220 Me V and I = 108 Me V.speed, we would get
For additional discuss&on on the rn4 mas s and width of

this resonance, see the rnini-'ni-review at the

beginning of the D(&236) listings

II. Effect of Partial-Wave Parametrization

To appreciate e syth sternatic differences that

orn the data,arise in extracting re sonance parameters from
we have compared several recent a ynal ses in Table I.

d T is the s catte r ing amplitude,The notation is standar: is
de. TheS —I+ 2 i T and f is the spin non-flip amplitude.

sub s cripts anB d R refer to background and resonant
first art of the tablecontributions, re spe ctively. The i p

refers to analyses o ef th &N system, the second part to

the KN.
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Table I. Representative examples of energy-dependent parametrizations used to determine resonance
parameter s.

Authors E Range

(Me V)

Data Model Background

AYED 70 432 0-2480 p I
CEX

i
4. T=TB+TRe

2. S=S ~ S

=Za qB n

1&= 1/ [1+(Zb ct ) ]

a, b, Q freen' m'

T(N

DAVIES 70

HULL 70

1320-4960

Z030-2560

p, , CEX,

I
t ~ .6(GeV/c)~

S=ezi&.
ic'.

[B+ie M E p /2 ]

f=f +f

Q =a+bx+ cx2

&=1/(1+
I

ax+ex~ I)

x=k~ —(460MeV/c)~

a, a-e free

f =(a+i) ~eko bt/2

a, 0', b free

BRICMAN-i 70 1780-4950 K p, t, CEX T=T +T e 4R
B R B a (P PO)

a, b free, comple~
~R free, real

GALTIERI 7 0 l6 10-2 170 T=T +T e'~R
B R T B=(a+bk) exp[i (c+dk) ]

a, b, c, d, Q free, real

KN
KIM 7& 1430-f880 KN, Am, Z~ K matrix,

multi channel
Expand K matrix
in successive intervals

LITCHFIELD 70 1800-2170 T=T +(T )
N

T ='Z a P (x)B n=0 n' n
Pn are Legendre polyns.
x is linear in momentum
such that x=+1 at p ma, x'
pmin. a. complex, free,111111'

The problem of adding background to a resonant
amplitude ha, s been extensively discussed in the litera-
ture. It is not very clear what is meant by background.2

After it has been parametrized as an expansion in the

incident momentum (or other similar parametrizations
as shown in Table I), it may turn out to move fast
enough across the Argand plot to represent a resonance.
In this case the parameters obtained for the TR part of

the amplitude are very much dependent upon the param-
etrization of T, and one might have to repararnetrize
the a.rnplitude with an additional resonance. This is an

extreme situation, but in general any nonconstant back-
ground is very critical to the determination of reso-
nance parameters.

We now discuss the models displayed in Table I.
A. &N System. There have been several deterrnina-

tions made of the parameters for nucleon resonances.
We have tabulated all these pa. r@rneters in Table II of

the following "Note on N's and. &'s. " It is useful for

T —T +$T
S -t q e

Zi~
B Bwith TB Zi Zi

and

Model 1: y&
= e, p R real, free parameter~4R

Model 2: yz = g ez B, i. e. , S matrix for theZi~

background.

For only one open channel the two a.re identical,~AR»~Bsince unitari. y requires tha. t e = q e, with

Model 2 is most likely invalid (see for ex-
B

extending the comparison here, which we restrict to the

analyses mentioned in Table I of the present note.

AYED 70 have done an energy-independent

phase-shift analysis and then fit their experimental

Argand plots (reported in Fig. 3 of Note on N's and

&'s}in order to obtain resonance parameters. They

use the two methods shown in Table I for combining

background and resonances. Both essentially can be

written as
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T=T +q e —., s = —,x=i" /I'.2i5Il x ZlM-rn)
B B e-i' ~

' el

If', for some rea, son, g = 0 when m = M and a clear
resonant circle were present, than an abnormally
large elasticity (x & l) might be obtained. For this

reason we included in the listings only those pararn-
eters from model i. Two typical examples of how the

parameters depend on the model are shown in Table
II. For the rather elastic F&5 state, the two sets of

Table II. Two examples of resonance parameters
from models 4 and Z of AYED 70.

Model i
45 Model 2

Model 1
~3

Model 2

4682

f694

&766

1508

f09

428

482

047

.59 -.03

.62

.449 —1.58

.423

parameters are in reasonable agre ment. However,
there is a difference of 42 MeV in the mass, l9 MeV

in the width, and .03 in the elasticity, certainly larger
than the statistical errors on the data would indicate.
This is an excellent example of why we do not average

parameters from energy-dependent analyses when

errors of +2 MeV are quoted. The other example is
known as P&3(1860) in our listings. The results of the

two models disagree not only with one another but also
with a,ll of the older values. In addition, model 2

seems to require a second P&3 at ™1896 MeV.'

DAVIES 70 (Table I) uses a model similar to

model 4 of AYED 70. The main difference between

these two analyses is in the procedure: AYED 70 do

an energy-independent partial-wave analysis first
and then fit the Argand plots so obtained. DAVIES 70
fit the data directly with their ~odel; therefore they

obtain smooth Argand plots (Fig. 2 of Note on N's and

&'s). The amplitude is written in a form suggested by
2Goebel and McVoy, who discuss the rnulticha. nnel

generalization of the Breit-Wigner approximation. In
2principle ~ (or g ) can be constrained through unitar-

ity from the other elements of the S matrix. The reso-
nant parameters of DAVIES 70 are generally quite dif-
ferent from those of AYED 70 (see Table II in "Note en
N's and &'s") possibly because AYED 70 include newer

experimental data. and use a different fitting procedure

as mentioned ea.rlier.

2
aniple Goebel and McVoy ) when S becomes inelastic.
This can be understood. by considering the correspovd-
ing Argand amplitude:

3. HUI L 70. This is riot strictly a partial-
wave analysis, but it does emphasize that useful in-

formation on resonances can be obtained from the
forward elastic diffraction peak. This was first

3noted by Darnouth et al. and elaborated upon by Levi

Setti and co-workers. Essentially, HULL 70 pa-
rametrize all background effects and the tails of res-
onances (outside the region considered) by the diffrac-
tion-like background fB. Through a fit to recent for-
ward m p data, supplemented by forward polarization
data, the y we r e able to e stabli sh the s pin of the

H (2220). Their resonance parameters are in rea-
sonable agreement with those of the more orthodox

analysis of AYED 70.
B. KN system. Most of the partial-wave analyses

reported in the KN system are energy dependent,

therefore the resonance parameters are very much

dependent upon the parametrization used to fit the ex-

perirnental data. We report in Table I only a few

r epr e s entati ve examp le s o f such analy s e s .

BRICMAN 70 uses model i of AYED 70 but

parametrizes the background with a simple linear

dependence in momentum. This simple parametriza-
tion, used extensively by the CER.N- Heidelberg-

Saclay collaboration, has proven quite adequate for

discovering many new resonant states in the I-GeV/c

region. It was introduced as an expedient in the be-

lief that background cannot var y too rapidly in an in-

ter val of ZOO Me V, In addition the initial paucity o f

KN data could not permit a more elaborate pararn-

etrization (AYED 70 have many background param-

eter s).
The following studies, which we discuss, indi-

cate several methods for extending this sort of anal-

ysis to include an ever-broader region in energy.

2. GALTIERI 70 uses a background pararn-

etrization tha, t tends to have a circular behavior in

the Argand plot. The analysis is performed by di-

viding the overall region into two intervals so far as

the background is concerned. Continuity in
~
T ( is

required and, of course, the same resonant pararn-

eters are used for both regions.
In the first region (& f900 MeV), the resonant

structure is somewhat better known. The inclusion

of the second region in the fit is initially made with

only a background contribution (with the exception of

the well-known G07(2400) and F&7 (Z020)). If a re-
suiting partial wave (background! '? ) shows a res-
onant-like behavior, the fit is repeated with the pres-
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ence of a Breit-Wigner in that wave. In this manner

it was found that both the D 3 and D required a

second resonant state at higher energy.
3. KIM 7 1 presents a multichannel K- matr ix

analysis of KN data from threshold to 1880 MeV.
In this analysis he pararnetrizes the S, P, D, and

F
5

waves with the K matrix. In principle this is the

ideal manner in which to analyze the KNdata; how-

ever, such an analysis is not immune to problems.
The first problem is the treatment of three-

body states. KIM 71 handles them by introducing an

additional "junk" or "quasi-two-body" channel ~ Such

an approximation is most likely reasonable if the
three-body final states constitute a small part of the
total cross section. The additional channel can be to
some extent constrained by the measured three-body
cross section.

The next problem is the energy dependence
used for the K matrix. Kim's approach is to use an

effective range expansion of K . Beyond 1500 MeV,

he expands K in successive intervals of 100 MeV.

In each of these intervals a new set of ranges is
determined by a fit, while continuity is ensured at the

boundaries of the regions. This method will ensure
smooth Argand plots and, very importantly, unitarity
is observed. However, finding the resonance param-
eters by searching for the poles in the K matrix is
now impractical (uses K matrix for every 100 MeV)
and one has to resort to some other method (reading
parameters off the Argand plot).

4. LITCHFIELD 70 first fits the data with

each partial wave (except F17 and D15) parametrized
by the Legendre polynomial expansion (LPE) in
Table I. He then looks for counterclockwise ("reso-
nant like" ) behavior in the resulting Argand plots.
Such a behavior usually requires the order N to be
4 or 5; if it exists, the fit is repeated with a lower-
order LPE and the addition of a Breit-Wigner ampli-
tude. If the new fit is just as good, he takes this as
evidence for a resonant effect.

For N=1 the LPE corresponds to the linear
background used by BRICMAN-1 70; for higher
orders it can simulate the behavior of GALTIERI 70' s

background. Thus the LPE attempts to generalize
the useful features of these analyses. As a practical
point, LITCHFIELD 70 notes that the use of the LPE
generally reduces the computer time for reminirniza-
tion. Since the a are relatively uncorrelated, then
reduction of N to 1 and the inclusion of a Breil. -Wigner
would, hopefully, tend to leave @0 and a unchanged.
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Note on N's and &'s

There are now complete phase -shift analyses from
four different groups: The Saclay group (referred to
as BAREYRE 68 and AYED 70), the Berkeley group
(JOHNSON 67), the Glasgow group (DAVIES 70), and

the CERN group.
The CERN group has performed two phase-shift

analyses, using different methods. The CERN I solu-
tion is published as DONNACHIE-1 68 for both I spin

1/2 and 3/Z. Their figures contain two sorts of results:
1. "Experimental Phase Shifts, " i. e. , partial-wave
amplitudes at each energy at which they used experi—
mental input. In their figures these are plotted as,
and ~ at each energy, but not as Argand plots.
2. "Theoretical Fits" using smooth functions based on

dispersion-relation theory. These are plotted both as
smooth curves of p and ~ vs energy, and as Argand
plots. Brody et al. have recently criticized the "Theo—
retical Fits" because it turns out that although the

"experimental" amplitudes describe the data as well as
(or better than) any other available set, the theoretical
fits for some rapidly varying partial waves are too
smooth. Because they are so convenient to draw and

to remember, we continue to present these smooth

Argand plots, having warned the reader of their limi-
tati ons.

2The new solution, CERN II, covers I = 3/2 only,
and has been published only as Argand plots of "ex-
perimental" amplitudes.
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nance parameters, are reproduced here

I = f/2 partial waves. Table I below is
only for
a summary

of all the states claimed by the various groups with

our evaluation of their significance. We have included

in the Baryon Table only states listed as "good" or
"fair. "

Spread in Values of Resonance Parameters
Values of masses, widths, and branching ratios

can be obtained only from phase-shift analyses. In

production experiments, in fact, it is seldom clear
which of the many states at similar masses is being

observed. We now have phase-shift analyses from

four different groups, but we are quite far from having

reliable masses and widths derived therefrom.
The problem is that the errors on the phase shifts

are quite large and it is thus difficult to draw smooth

curves on the Argand diagrams. In addition, except
for the Glasgow solutions and the results of AYED 70,

where energy-dependent fits to the data and phase

shifts are done, the resonance parameters are just the

result of an "eyeball" fit with the use of different

methods. As a result, different authors using the same

phase shifts often estimate different values of M, I, x..
This is the case for the CERN I solution, from which

three sets of parameters have been reported. Further-

more, as discussed in the preceding note, different

assumptions about background and resonant shapes can

often lead to quite dissimilar values for M, I', x even

in e ne r gy -dependent analy s e s.
In order to make the reader aware of these prob-

lems, we present below in Table II all the different

values for M, &, x. We also present in this table the

mean values of these parameters and the "Ind. Ext.
Error, " or the "external error" of the individual values:

(6x,.) = J—Z (x. -x).

The error 5x of the mean is of course smaller by another

factor I/WN but we avoid giving it because we feel that

x, &x have little meaning here. In order that the reader

may appreciate the spread in the values of M, I, x

given in Table II, we discuss briefly the different

methods used to determine these parameters. AYED

The most recent and extensive ana. lysis comes
from the Saclay group (AYED 70); it extends up to a

mass of 2. 5 GeV. They obtain values for M, &, x through

energy-dependent fits of the Argand plots (see the pre-
ceding mini-review).

We reproduce below, in Figs. 1, 2, 3, most of

the available Ar gand diag rams. The Berkeley dia-

grams, from which the authors do not yet quote reso-

70 analyze their phase-shift results with an energy-

dependent background and Breit-Wigner amplitudes.

BARE YRE 68 uses two methods to find resonance
parameters: 1 (cross section method) --the energy
where the total cross section is maximum; 2 (speed
method) -- the energy where the speed of variation of

the amplitude in the Argand plot is maximum. CERN

quotes only one method, usually where the absorption

is maximum, but three different sets of values have

been given. The Glas gow g r oup (DAVIES 70) use s

Breit-Wigner parametrization; A and B differ in the

starting values of the minimization (CERN I solution

was used for solution B). For some states no param-

eters have been quoted by the authors. We report in

the M column of Table II our evaluation of the status

of this resonance as judged on the published Argand

plots. Symbols are the same as on Table I.
On the main table of Baryon Resonances we de-

cided not to quote a value with an error, but to quote

a range of masses and widths in order to point out the
I

large indeterminancy of these parameters. So the Pii
will be M = 1435 to 1505 MeV, I = 164 to 400 Me V, etc.

' The resonant parameters, of course, depend on

the validity of the partial-wave analyses. Several

recent experimental results have not been included in

the phase-shift analyses summarized here. Regions

of disagreement have been noted by Abillon et al. 4

5
(in the backward direction) and by Albrow et al. (at

M = 2100 MeV and higher). Future analyses are likely

to provide different parameters, especially in the

2-GeV region.
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PARTIAL-WAVE AMPLITUDES FOR CERN I, CERN II, AND BERKELEY SOI UTIONS

Fig. 1. Results of the phase-shift analyses of the CERN and Berkeley groups. The CERN I
results are the smooth curves (dashed in the I = 3/2 diagrams). This analysis used dispersion
relations to join and smooth the solutions found at different energies. The arrows in the I = i/2
diagrams indicate approximate resonance positions' , they have been drawn by us. The CERN II
solution is shown (as a dot-dash line) only for the I = 3/2 amplitudes since the I = i/2 are not
available. The arrows have been drawn by the authors. The Berkeley solution is shown only
for the I = i/2 state (as empty squares joined by dashes).
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PARTIAL-%AVE AMPLITUDES FOR GLASGOMt SOLUTIONS

Fig. 2. Phase-shift analysis results of DAVIES 70. The curves plotted here are the results of
the energy-dependent analysis. DAVIES A (solid curves) is obtained by starting from the set ot
phase shifts that is the best solution of the Glasgow group. DAVIES B (dashed curves) is
obtained: by starting from the CERN I phase shifts. DAVIES B is not shown when it is very
close to DAVIES A. Scale marks are shown every 50 MeV. The first large mark is at
M = 4400 MeV, the last large mark at M = 4900 MeV.
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Table I. Our evaluation of the status of all N and a resonances as seen in partial-wave analyses.
D = definite, Pr = probable, Po = possible, A = ambiguous, No = not present. Notice that in the
Glasgow fits the resonance hypothesis is built into the fit, so only the symbols D or No apply,
except for one Pr at the upper end.

Our
f evalu-

Berkeley CERN I Saclay Glasgow RBD CERN II ation qn KA KZ Tl& pN

P' (1470)

{1520)

S' (1535)

D 5(1670)

F 5(1688)

S"1(1700)

D" (1700)

P" (1780)

P13(1860)

F17(1990)

D" 1 (Z040)

G (2190)

D

D

D

D

D

D

D

Po

A

D

D

D

D

D

D

A

Po

D

D

D

D

D

No

D

Pr Pr

Good

Good

Good D

Good

Good

Poor Po

Fair Po D

Fair Po

Poor

Poor

Good Po D

D

D

D

D

D

D D

D

D

H19 {2220) Good

P 3(iz36)

S" (1650)

P33(1690)

D33(1670)

F35(1890)

P31(1910)

D35(1960)

F3 (1950)

P 33(z160)

H (2420)

D

Po

Pr

Pr

D

Po

Pr

Pr

A

Po

Pog

D

Pr

Po

No

No

D

D

D

D

D

Po

Good

Good

Poor

Fair

D Fair

Poor

Good

Poor

Good

Pr Fair

D

b

b

P b

Po

D D D D

a. RBD = LEA 69 (Lea et al, , Ruth, Bristol, Daresbury) and APLIN 70.
b. For these references see DONNACHIE-2, the latter part of the article.
c. This state is very close to or beyond their highest energy.
d. We can't say anything.
e. Glasgow A has a G17 state, Glasgow B may have an F17. However, this region is very close to

their highest energy.
f. Evaluation ba s e d on new analysis (A YED 70) .
g. Around 1800 MeV, however.
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Table II. Mean Values of Resonance Parameters for N's and E's.

r xMethod r x Method Method M I' x

4 P" (1780)11
~ P ' (1470)11 8 Glasgow

9 Glasgow

Average
+ Ind. ext. error

68

68

No

No1645 50 0.15164 Ayed 70

Bareyre 68

Bareyre 68

1461 0.56
0.68

Ayed

2 Bareyre
3 Bareyre

70
1717 350 0.10
+48 +144 +.02

Pr68 v 1470 255
PrSpeed68 Speed

67

1505 205 0.68

Berkeley 67

Donnachie-1 68

Pr4 Berkeley
5 Donnachie-1

D33 (1e7o)
1751 327
1750 327

1860 270

0.32
0.32

0.32

0.43

0.30

0.31
+.08

0.658

0.66
0.66

68 Abs. Abs.i466 211
Ayed 70

Bareyre 68

Bareyre 68

Berkeley 67

Donnachie-1 68

1722 258 0.22
Po

6 Donnachie-2 68 Abs.6 Donnachie-2 68 Abs. 1470

1466
1462

1436
1467

211
e8
68

68

Kirsopp
Glasgow

Glasgow

Abs.68 Abs.
68 A

68 B

Kir sopp

Glasgow

Glasgow

Speed Po
1770 4450.49

0.46
0.61
+.08

391
224 (1867)

1755
(525)
284

Abs. iegi zeg o 14
1690 269 0.14
i ego 3oo o13

Average
+ Ind. ext. error

Average
+ Ind. ext. error

234
6 Donnachie-2 68 Abs.

+18 +64
Kirsopp
Glasgow

Glasgow

68 Abs.
~ D' (1520) 0 P' (1860) 68 1649 188 0.12

1650 174 0.13681 Ayed

2 Bareyre
3 Bareyre
4 Berkeley

70 1766
A

A

A

Ayed 70

Bareyre 68

Bareyre 68

Berkeley 67

Donnachie-1 68

182 0.151523 131 0.59

0.54 Average
+ Ind. ext. error

1682 243 0.15
~ze +46 +.03

68 a 1510 125
68 Speed

67

1515
1526

110
114

0.54

0.57
Speed

~ F35 (1890)
5 Donnachie-1 68 Abs.
6 Donnachie-2 68 Abs.

1863
i860

296
296

0.207
0.21

0.25

0.40

0.26

1541 Abs.149
114

0.509
Ayed 70

Bareyre 68

Bareyre 68

Berkeley 67
'Donnachie-1 68

1837 198 0.15
Po

6 Donnachie-2 68 Abs.1520
68 Abs.
68 A

68

68

68

69

7 Kirsopp
8 Glasgow

1900 3251526 Kirsopp
Glasgow

Glasgow
Lea

115
106

0.57 Abs.
PoSpeed1844 449

307
0.451512

Pr68 B9 Glasgow 18541512 125 0.49
121 0.54
+12 +.04

9

10 Abs. 1913 350 O.1 61860Average
+ Ind. ext. error

1521
+9 6 Donnachie-2 68 Abs. i910 350 0.16

1910 380 0.15
1841 136 O.Z

1849
+38

309
+78

0.25
+.08

Average
Ind. ext. error 68

68

68

Kirsopp
Glasgow

Glasgow

Abs.
0 S' (1535)

A
~ F (1990)96 0.40Ayed

2 Bareyre
3 Bareyre
4 Berkeley
5 Donnachie-1

6 Donnachie-2

70 1534 1852 150 0.19
1877 261 0,1768 o Average

+ Ind. ext. error
1535 155 Ayed 70 No

68 Speed
67

1515
1548

105
116

(268)
116
ieo
(36)

53

+34 +102 +.02Bareyre 68

Bareyre 68

Berkeley 67

Donnachie-1 68

0.32.6

o.ege
0.33

Speed ~ P31 (1910)
e8 Abs.
68 Abs.
68 Abs.
68 . A

1591
Ayed 70

Bareyre 68

Bareyre 68

Berkeley 67
Donnachie-1 68

1783 308 0.13
A

A

P b

1550 Abs. 1983 225 0.128
1540Kirsopp

Glasgow

Glasgow

0.3
0.36

6 Donnachie-2 68 Abs.
Speed1502 Kirsopp 68

68

68

69

Abs. 1995 250 0.09
68 B 1499

1535
0.35
0.40

8

9

10

Glasgow
Glasgow

Lea

Abs. 1934 339 0.30114Average
+ Ind. ext. error 6 Donnachie-2 68 Abs. 1930 339 0.3

1930 425 0.25

1914 290 0.18
1834 231 0.24

+27 +34 +.13 -2000
68 Abs.Kir sopp

Average
+ Ind, ext. error

1993 238

+7 +13
0.109
+.019

~ D (1670) 68

68

Gla s gow

Glasgow

A

1675 14370Ayed

Z Bar eyre
3 Bareyre

~ D'" (2040) Average
+ Ind. ext. error

1888 322 0.23

+58 +59 +,06
1680
1655

135 0.4168

68 Speed

67

68 Abs.

105 0.41 Ayed 70

Bareyre 68

Bareyre 68

Berkeley 67

Donnachie-1 68

No

D4 Berkeley
5 Donnachie-1

~ D35 (1960)
1678 173 0.391 Speed

Ayed 70

Bareyre 68

Bareyre 68

Be rke le y 67

Donnachie-1 68

No

A

A

6 Donnachie-2 68 Abs.
68 Abs.
68 A

1680
1678
1669
1667
1673

173 0.391
0.391
0.50

175Kirsopp
Glasgow.

Gla sgow

Abs. 2057
2030

Z93

290
0.26
0.11
0.15

Speed
115 6 Donnachie-2 68 Abs.

68 B i15 0.43 68

68

68

69

Kirsopp
Glasgow

Glasgow
Lea

Abs. 2040 240 Abs. 1954 311 0.1540.41

+.04
142Average

a Ind. ext. e r r o r
6 Donnachie-Z 68 Abs.

+8 +27
68 Abs.Kirsopp

Glasgow

Glasgow

1970 400 0.12
10 2030~ F 5 (1688) 68

68

69

Average
+ Ind. ext. error

2039 274 0.1 7

+.06
9

10
1682 1091 Ayed

Z Bareyre
0.59

0.64

0.64
0.68

0.56
0.68

0.68

70
+24

1950
1958 356 0.14

Lea68 v

68 Speed
67

1690
1680
169Z

1687
1690
1692
1685
1684
1688

110
0 G17(2190) Average

+ Ind. ext. error
105
132

Bareyre
Berkeley +9 +45 *.02Ayed 70

Bareyre 68

Bareyre 68

Berkeley 67

Donnachie-1 68

2158 325 0.15
Donnachie-1 68 Abs. 177

~ F37 (1950)6 Donnachie-2 68 Abs. 132 Speed
68 Abs.
68 A

68 B

1307 Kirsopp Ayed 70

Bareyre 68

Bareyre 68

Berkeley 67

Donnachie-1 68

b

2265
1931 197
1975 180
1980 140

D

1946 221

0.50
104 0.54

123 0.54

125 0.62

+21 +.06

8 Glasgow

9 Glasgow

Average
a Ind. ext. error

Abs. 0.349

0.35
0.35

(0.14)

298

300
0.57

6 Donnachie-2 68 Abs Speed2190
2265

(1906)
68

68

68

69

Kirsopp Abs. 300

(319)Glasgow

Glasgow

Abs. 0.386
6 Donnachie-2 68 Abs. 1950 221 0.399

10
~ S" (1700)

68 Abs. 1946
68 A 1935
68 B 1935

1950
+17

2000 7 Kirsopp
8 Glasgow

9 Glasgow

Average
+ Ind. ext. error

Lea 220 0.39

196 0.51

212 0.39
198 0.45

+.07

i egg 1 ee o.e470Ayed

2 Bareyre
3 Bareyre

Average
+ Ind. ext. error

2176 306
+97 +11

0.30
+.092601710

1665

1709
68 Speed
67

110
300 ~ S (1650)0.7864 Berkeley

5 Donnachie-1 68 Abs. Ayed 70

Bareyre 68

Bareyre 68

Berkeley 67
Donnachie-1 68

1614 142 0.32 ~ P33 (2160)300 0.7968 Abs.
68 Abs.
68 A

68 B

6 Donnachie-2 1710 1695
ieso

250
Ayed300 0.79

o.se
1709
1766

7 Kirsopp
8 Glasgow

9 Glasgow
Average
+ Ind. ext. error

NoSpeed 130
404 68 vBareyre

Bareyre 68 Speed
Berkeley 67

Donnachie-1 68 Abs.

D

1635
1640
1635
1617
1623

121 0.511671 b
b

Abs. 0.284
0.28

0.28
0.28

0.25

0.28
+.02

177
0.681704 245

1

+96
6 Donnachie-2 68 Abs. 177

+.12+29 Kirsopp 68

Glasgow 68

Glasgow 68

Abs. 180
6 Donnachie-2 68 Abs.14i

140
~ D" (1700)

2160 260 0.25

b

68 Abs.
68 A

68 B

7 Kirsopp
8 Glasgow

9 Glasgow

Average

70Ayed

2 Bareyre
3 Bareyre

Average
+ Ind. ext. error

1639
+24

167
e8
68 Speed
67

b

2160 260 0.25
+36

Po
~ P" (1690)33Po4 Berkeley

5 Donnachie-1
+ Ind. ext. error

68 Abs.
68 Abs.
68 Abs.
68 A

68 B

Ayed 70

Bareyre 68

Bareyre 68

Berkeley 67
Donnachie-1 68

1801 598 0.14
( ) Values in parentheses have not been used in the

averages.
a. Values quoted by Lovelace, rapporteur talk at

Heidelberg Conference (1967), p. 109.
b. This state is very close to or beyond their highest

energy.
c.Glasgow A has a G17 state at this mass, Glasgow B

may have an F17 and a G17; however, this energy
region is very close to their highest energy.

1730
1680

6 Donnachie-2

7 Kirsopp
8 Glasgow

Speed
No Po

1688
1690
1690

No9 Glasgow Abs. 0.098
0.1
0.08

281
1705Average

+ Ind. ext. error
Donnachie-2 68 Abs.
Kirsopp 68 Abs.

281
+25 240
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PARTIcLE DATA GRQUp Review of Particle Properties S107'

For notation, see illustrated key at beginning of data card listings

Baryens

COOF. EVENTS QUANTITY FRROR+ ERROR- REFERENCE YR TECN SIGN COMMENTS DATF.

hSOVE PUNCHED

8 AC K GROUN 0

»¹»»¹¹«¹¹¹»a¹¹¹¹»»»¹¹»¹¹¹¹»»¹¹¹»¹¹¹¹¹»¹¹¹»¹¹¹»««a¹¹«¹»«»¹»«» ¹«¹«¹»»¹»«¹¹¹¹»¹¹»¹»»¹¹a¹»»a¹«¹¹¹»a¹¹»¹»»«¹¹¹¹»¹»¹¹¹¹¹¹»¹¹¹»»a¹»¹¹¹»»¹¹¹»¹¹¹
Lrr PROTON {938 J= 1/2) [=1/2

SL F L I STINGS OF STARLE P hRT I CL ES

¹¹e¹a¹«e«¹¹»¹¹«e»«a»«»¹»«¹¹¹«¹»»¹¹a¹¹e«»«¹«»¹«¹¹»»¹¹e»»«¹»ae «»«e¹»¹««««¹¹¹¹¹¹

SARFYRF 68 PR 165 173'1
DONNACHL 68 PL 268 1 bt
DONNACH2 68 V I ENNA 139
K I R50PP 68 THES IS
MORGAN 68 PR 166 1731

AYFO 70 K IEV CONF

DAY[ FS 70 NP 821 359
DI F. M 70 K tF. V CONF ~

LO0[-R IT. 70 LNC 3 697
SAXON 70 PR 02 1790

P RAREYRF ~ C RRICMAN G V[LLFT (SACLAY) I JP
A OONNACHIE R G KIRSOPPr C LOVFL4CE (CERN) I JP
00NNACH[F RAPPORTFUR ~ S TALK t GLAS)
R G KI RSOPP ( EO IN )

0 MORGAN (R THF01

R AYED P BAREYPE G Y[LLET (SAC( ) [JP
4 DAV I ES ( GLAS)
+ SMAOJA ~ CHAVANON OEL. FR OOLREAU+ (SACL)
+F IORF ~ P I AZT 4+ ~ ~ ~ ( PAV [A+ROMA+C NEN+hihpi3L I 1

SAXONr 'MULVEY CHfNOWSKY (0XF LRL 1

17 NFUTRON {939, J=l/21 !=1/2

SEF. L I STI NG5 OF STABLE PARTI CLES

THE MASS AN0 W[0TH AR& RFST DETERr([NFO FROM PHASE-SHIFT ANALYSES ~ WE

L I ST PRODUCT [0N EXP F R I MENTS SFP ARATF (.Y SEE BELOW ~

61 N¹1/2 ( 1470) MASS (ME V)

t 1380.0) ROPER 65 RVUE PHASF. -SHIFT ANAL

( 1370,0) BRANDSEN 65 RVUE PHASE-SHI FT ANAL

1 ( 1470~ 01 RARFYRE 68 RVUE PHASE-SHIFT ANAL

1 'WHERF CROSS SFCT ION I S (rREATEST - EYF SALL FIT
2 ( 1'505 ~ 0) BAREYRE 68 RVUE PHASE-SHIFT ANAL

2 WHERF. 5 PEE0 t S GREATEST - EYEBALL F IT
(14ee. 0) OONNACHL 68 RVUF. PHASE" SHIFT ANAL

3 (1470r 1 00NNACH2 bf) RVUE PHAS ~ SHIFT-CERNL

3 ( 14*6~ ) KIRSOPP 68 RVUE PHASE SHIFT ANAL

WHERE MAX ~ ABSORPTION fS -OONNACHL 2 KIRSOPP EYFRALL FIT CERN 1

( 1462 ~ 0) DAY[ ES 70 RVUE P-5 ANAL SOL 4

5 (1436~ 01 DAVIES 70 RVUE P-S ANAL SOL 8

5 50L 8 IS F ~ D FIT T0 SAMF DATA START FROM CERN I EXPER t DONNACHL 68)
6 ( [461~ 0) AYED 70 IPWA

6 FROM FNFP ~ 0EP F!T 0& ARGANO DIAGRAM

61 N«1/2{1470) WIDTH {MEV )

1
2

W 3
W 3

3
W

W

W 6

{255' 0)
( 20? ~ 0)
( 211~ 0)
(211' 1

(2[ 0 ' )
( 391 ~ )
( 224 ~ )
(164.01

SEE THE NOTFS Ace flMPANY ING THF.

RAREYRF
BAR EYR F
00NNACHL
0ONNACH2
K I RSOPP
DAY[ FS
OA V IF. S
AYEO
MASSE 5 QUfl

68 RVUE
68 RVUE
68 RVUE
68 RVUF,
68 RVUE
70 R'ofF.
70 RVUF.
70 IPWA
TED

P HAS ~ SH IF T-C E RNL

PHASE SHIFT ANAL

P-5 ANAL SOL 4
P-5 ANAL SOL 8

61 N¹1/2(1470) P ART Ihl DECAY MODL 5

Pl
P2
P3
P4
pr
Pe

N«1/2 ( 1470)
Ne I/2( 14701
N¹1 /2 ( 1470)
N«1/Zt 1470)
Na I /2 ( I 4 70)
N ¹1/?( 1470)

INTO
I NT0
[NTO
[NTO
t NTtl
I Nl'O

PI N

N StGWA (S(G&h &FSON)
N» 3/2 I I?361 P I
N PI PI
GAMMA N

N RH0 (P IP I, [=I 1

DECAY MASSES
I 39+ 938
938+ 410

1236+ 139
938+ 139+ 139

0+ 938
938+ 76'5

61 N«1/2( [470) BRANCH[ NG RATIOS

¹¹¹¹»¹««»««»»»¹ ¹¹»¹¹«»»e»e»»¹¹¹¹¹¹¹¹¹¹¹»e¹¹¹¹»¹¹»«»««»«»»«¹¹ ¹«¹¹««»»
¹¹a¹»¹»»«¹¹a¹¹»»»¹»««¹¹»«»»»«»¹¹¹e»¹¹»»»¹¹¹«e«¹¹¹¹«»»»¹¹»¹t»

61 hl«1/2( 1470r JP=L/2+1 I=[ /2
~]

N 1470 F'lR 0[SCUS SION CONCFRNING RESONANT PARAni =TFR5 SEE NOTE

ABnVF

9/ee
9/66

11/67

11/67

6/68
10/69
10/69
10/69

R/69
8/69

1/71»

L 1 /67
1 1/67
6/68

LO/69
10/69
8/69
8/69
1/71¹

PAPERS NOT RFFERRE0 TO IN DATA CARDS.

BAREYRE
RAR EYP E

DAL ITZ
JOHNSON
DONNAC HI
AY F. D
BERARDO

64 PL 8 137 «RRICMANrVALLADASr YILLETr +

65 PL I r) 342 tBR [CMhhl'r ST IRLI NGr VILLET '

65 PL 14 159 R H DAL t TZ R G MOORHOU5E

67 UCRL-17683 THESIS C H JOHNSON

69 NP. 108 433 4 DONNA(:HIF R K f RSOPP

70 PL 318 598 +SAR EYRE r VILLET
70 PRL 24 419 »HADDOCK r 'NEFKF NS r ~ ~ r PARSONS+ ~ ~

l SACL 4Y ~ CAFhl) I J
( SACL4Y) I Jp

(OXFrRTHF0)
(LRL )

IGLAS+EDIN)
(SACLAY)

t UCLA+LRL )

FOR PHOTON[ C t:OUPL INGS SEF.
M00RHOUSF70 NP 823r 181 +RANKIN

WAI KER 69 PR 182~ 1729 R ~ L ~ WALKER

trLAS)
{CALT)

THF FOLLOW I NG AR E THEORET ICAL P AP ERS

CONGE�(IN

ING THE N«1/2( 1470)
RESNICK 66 PR 150 LZ&2 L 'RF SN I CK (NIEL5 BOHR)

SCH'WARL 66 PR 152 1325 J H SCHWARZ (LRL)
SALL 67 PR 155 1725 JS SALL ~ GL SHAW r DY 'WONG (UCL Ar UC I ~ Ur SO)

GOLDRFRG 67 PR 154 1558 H GOLDRERG ( CflRNFLL)

1 4'70 MEV REGION — PRODUCTION EXPERIMENTS

6L N¹(1470') PROD ~ FXP ~

N(L4VO) [T I S NOT CLEAR THAT THE RUMP SEEN !N PRODUCT ION EXPE-

RIMENTSS

AT LOW INVAR[ ANT MASS CORRESPON05 TO THE Pl 1

RESONANT STATF ~ DIFFRACTION SCATTER fNG SEEMS TO RF THF

DOMINANT FEATURE [N THIS MASS RFGION- SEE GELL ERT 6br
W ALKER 68 AND CL EGG 6 8 FOR DISCUSS ION OF THIS POINT ~

WE LI ST VALUES OF MASSES AND WIDTHS FRO& THESE EXPERIMEhITS FOR

THE READER ~ 5 CONVENIENCE- THF LIST MAY NOT RE COMPLETE ~

THE CNTR AND SPRK EX PER IMENTS SFF A SUMP IN THE MI SSING MASS

PLOT ~ THF. HRC EXPER[M['NTS SFE 4 BUMP IN THF. PPP I MASS PLOT ~ TAN

68 SHAPIRA 68 SFF. 4 BUMP IN PI P PR0OIICTtON OF THIS STATF.

I N GhMMA-P OR GAMMA-0 IS VERY 5 IALL SEF. ALBER t 68 ~

N«1/2't 14'70) MASS {MEV) PROOr EXPE ~

M

M

M

M

M

M

M

M

M 5

M 5
M

M

( 1425 ~

(1400~

t 1430~

(1400~

(1405.
(1410
([400m
{1450r
( [420+
t L400 ~

175( 1446r
TAN 6R ~

I 1 390 e

120( [443 ~

14LO

) APPROX
APPROX
APPPOX
APPROX

1 (15 ~ 1

) (15 )
I (30 ~ 1

) (17 ~ )
1 APPROX
1 APPROX
) (LI ~ )
SHAP [RA b8 ARF
) t20 ~ )
) (1"~ 1

13~

ADELMAN
CflCC ONI
ANKE NBR A N

RF LLE TT I N

ANDERSON
RLA! R

FOLF Y

ALMEIOA
BELL
L4MSA
SH API RA

ONLY PRflDUCT[ON E
TAN
RHOOF
hNDERSAN

65 HSC
64 (NTR
6«CNT'R
65 SPRK
eb SPRK
66 CNTR
67 CNTR
68 HRC
6 si HRC
bR HBC
ef) 08c
XPER IMF.
68 HBC

HBC
70 MMS

+ K P 1 ~ 45 GEV/C
+ PP 3~ 6- 12 GEV /C
+ PP 7 1 rrfV/C
+ PP D 10-26 GFV/C
+ PPr 6 30 GEV/C
+ PP 2 ~ 8-7 ~ 9 GEV/C

of« P ANI3 pp
+ PP-P2P I ~ 10GFV/C

P le- Pr 6 GEV/C
Pl-P r 8 GFV/C
[NTO PP I ~ PN 7 ~ 0

NT T0 SFE PPf DECAY
PP TO PIPr 6. 1
PP 22 CrFV/C
P[ — P TO Pl — MM5

t«a¹«» ¹«««¹¹¹¹¹¹¹¹«»¹»«»»ae«¹»¹¹¹«»¹»¹¹«»¹¹«»¹¹»»¹»«»¹a¹«e¹««¹«¹¹¹»¹
¹»»»¹«»¹¹»»««¹¹»»a «»»¹«¹»»¹4 ««¹¹¹¹¹»»«¹¹¹¹»»¹«¹¹¹«¹¹»»¹¹¹»¹»»»

7/66

7/66
7/&6
7/66
7/66

LL/67
10/69
6/6R
6/68

10/69

10/69
10/69
2/71»

{PL)/TOTAL

PHAS ~ SHIFT-CERN!
PHASE SHIFT ANAL

P-5 ANAL SOL A

P-5 ANAL SOL 8

QL N» 1/2(1470) INTf3 t PI Nl /T0TAL
Rl I (0~ 68) BARFYRE 68 RVUE

RL 3 (0 ~ 65R) 0ONNACHL 68 RYUF

Rl 3 ( ~ (61 0ONNACHZ 6R RVUF.

Rl 3 ( 6&) Kf RSOPP 68 RVUE

Ri 4 ( Oe4 9) DAYI ES 70 RVLIE

RL '5 ( 0 ~ 461 CAVIES 70 RVUF.

RL 6 (0 ~ 5641 AYED 70 I PWA

R). A (0 ~ 67) (0 ~ 181 SAXON 70 HRC AT 1400 MF V

R). R (0~ FR) (0 ~ 09) SAXON 70 HRC

A Ahf 0 8 CORRES POND TO THE 2 RFST SOLUT lANS ~ ANALYSES I S OONF. ON THRFF

8 Sfl0Y DECAYS ASSUMING ONLY Pl P2 AND P3 DECAYS PRESFNT ~

SEF. THE NOTFS ACCOMPANY [NG THE MASSFS QUOTEO ~

11/67
e/68

10/69
10/69

8/69
8/69
1/71«
6/70
6/70

W

W 5

W

W

t 100r 1

175 ( 198. )
{150~ 'I

120 (100r )
210 '

N¹l/2t 14701 WIDTH (MFV) PROD ~ EXPE ~

t 40 ~ )
{60 )
(L5 ~ 1

15~

BFLL
SH AP I RA

TAN
RH nflE
ANDERSON

6R HRC
e8 0RC
68 HBC
69 HRC
70 MMS

PI+- P ANn PP

+
22 GEV /C

P[- P TO P'f - r(MS

N¹1/2t 1470) BRANCH! NG RATIOS PROD ~ FXP o

6/6 II

10/69
10/69
10/69

?./71»

N SIGMA)/TOTAL
OF(;4Y THURNAUER
DFCAY NAMYSLflWS
DFC4Y ROSENFFLD
DEC4Y MORGAN

SAXON
SA XON

2 REST SOLUT lnNSr
0[FM

RZ hf ¹ 1 /?. ( 14 70) [ NT0

R2 00M t N ANT I NEL AS T I C

RZ fl 0 M I I'I A N T f N E I A 5 T I C

RZ 00MINANT INELASTt C

RZ 00MtNANT INELASTIC
RZ A (0~ 30) (0 ~ 20)
R2 8 I 0 ~ 201 ( 0 ~ 12)

A AN0 R CORRFSPOND TO THE

RZ 0 (Oe[r )
0 A%SUM I NG P 1= 0 61

65 RVUE
66 RVUE
67 RVUE
68 RVUE
70 HRC
70 HBC
SEE NOTF
70 IPW 4

( P2 ) /TOTAL

I SOB AR MODEL

[N RL ~

ROOY ANALYS [S

ll/67
11/67
11/67
6/68
6/70
6/70

1/71¹

RL
RL

hf«I/2 ( 1470) f NT0 (P I P 1/TOTAL
( ~ 66) TAN

PRonuc. Ex&FR.
68 HRI. PP TO P [P ~ 6 ~ 1 10/69

RZ
RZ
R2

N'¹1/2 ( [4&0) INTO (N «3/2( 1236) Pl)/TOTAL PROD ~ EXP

PROBABLY SFCN LAMSA 68 HBC Pt-P R BFV/C

PRnBARLV SEEN JF SPERSEN 68 HBC PP 22 RFV/C
1 1/6fI
11/e 8

REFFRFNCFS -N¹l/2{ 1470)- . PRO0 ~ FXP

¹»««»¹«»»¹»¹»«e «¹¹«¹»¹¹»¹¹¹¹»«¹»¹¹»»¹¹«¹¹e»¹¹a«¹¹»a»e¹»¹»¹¹»¹e«¹¹»»¹

R4
R4

hfal /2( [4~0) [NTO (rh&MA N) / t P[ N)

SOME tr(D I CAT ION LODI -Rl Z Z. 70 OBC

R5 N») /2(1470) INTO (N RH0 )/TOTAL
fl t 0 ~ 07) 0[ F. M

Il 4SSUMING R L~ 0 et
70 IP'WA

R3 N»1/2(1470) INTO (N¹3/?([23+) PI, ) /TOTAL

R3 A (0 ~ 03) (0 201 SAXON 70 HBC

R3 8 (0~ 221 (0 ~ l21 SAXON 70 HRC

4 AN 0 R CnRtrFSPON0 Tn THE 2 REST SOLUTIONS SEE NOTF

f?3 0 t0 [7'I 0[FM 70 I PWA

fl ASSUr(ING R 1= 0 ~ 61

t P3') /TOTAL

IN Rl ~

RCDY ANALYSIS

(P5)/(Pl)
GAM-N TO PI-P

{Pe)/TOTAL
ROOY ANAt. YS!5

6/70
6/70

1/71»

7/70

1/71'fr

COCCON [
ADF. LMAN

ANKFNRRA
BELLETTI
ANDERSON
SI.AIR
GF. LLERT

FOLEY
AI. SERI
AI uIE I DA

BELL
CLEGG
JESPERSE

64 Pt. R 134
65 PRL ) 4 1043
65 Nc 35 1052
6»L 18 167
brr PRL 16 855
66 PRL 17 789
66 PRL 17 884

67 PRL 19 397
68 PR 176 1631
68 trR 174 1 638
6 R PRL ZO 164
68 PRFPRfhiT
68 PRL 21 1368

+L ILL ETHUN SCANLON ~ STAHLRRANOT + (CFRN)
L AOEL MAN t CAMBRIDGF{ CFRN))

ANKEhiRRANOT ~ CLYf)E ~ CORK KFEFE KERTH+ (L RL)
BELL ETTIN[ COCOON[ OIODENS + (CERN1
+BLESFR,CnLL tNS, FuJt I,+ t BNL, CARN)

+TAYLOR ~ f HAPMANr + ( HARW ELL rqiIFFNMARY ~ RHFL I

¹SMITHrVOJCICKI r COLTOhlr SCHLF IN + (LRL ~ UCLA)

+JnNES, L INOFNBAUM, LQVE, OZAK I+ (RNL)
+APPEL RUDNITZ CHFN DUNNING Gr) ITEIN¹ (HARV)
¹RUSHRRflnKF SCHARF NCUIVE L+ I C AVF. 0ESY )
+CRF."IN'ELL HOU('H KARSHOr( LA[+ ( BNL (.CNY)

4 R cLErG ( LANC )
JF SPEKSFN KANG ~ KERNAN+ f [OWA STATE)

REFERFNCES -- N¹L/2(1470)

R0PF R 65 PR 13rI 8190
RkhN05Ehf 65 pR 139 8[566
THURNAUF 65 PRL 14 985
Nh'{YSLOW 66 PR 157 1328
ROSFNFEL 67 IRVIN& CONF

LD ROPFR RM WRIGHT BT &EL0
+O DONNE L L MOllRHOU 5E
P G THUR NAVE R

NAMY SL OWSK Ir R AZM[r ROBERTS
4 k ROSENFEL 0r P SOD ING

(I RL-LVMRrMI 7 'll JP
IOURHAM RTHF0) tJP

(ROCH)
(STANr ED[NB ~ IC)

(LRL)

««««¹» «¹»«a«ac» ¹¹¹aee¹»ea«»e«etc¹ ee»»a¹¹e» «¹¹»eae«» «e»«ate¹» ««»a«a¹» L hr(SA
SHAP IR A

TAN
WALKER
RHODE
Ah)DERSON

68 PR L66 1395'
68 PRL 21 [835
68 PL 288 19 &

6 R PPL 20 133
69 PR 187 1 R44
70 PRL 25 r 699

F hID PROOU(:T ION EXP ERIMFNT5

+CASChi ~ BI 5'WAS DFRADO GROVE'5 ~ + I NOTRE DAME)

+R FNARY ~ E I SENSE RG ~ RONA T, YA FFF+ {REHO1

TAN ~ PFRL r MART I NrCH Ih)OW SKY + ( SLAC+LRI +UC I )

+THOMPSON ROBERTSON OH LEF. HARTUNG ~ + (W I SC1
RHODE LFACOCK KERN AN JE SPERSEN + ( AMES '1

¹RLESFRrRL [FOENr COLL [NS++ t BhlL ~ CARN)

¹¹»e¹»»¹»¹e«»e»a««»e»»¹» ¹ee»aa««» ¹¹eeae¹»»»ace«¹a«e «¹ae««e¹» «¹¹ee««¹
¹»¹»¹«¹¹¹»¹¹¹¹¹¹¹«¹»«¹¹¹¹¹¹»¹«¹¹e¹¹«¹¹«¹»¹¹¹¹«¹«»»»»¹»»««¹«a »¹e»¹¹¹»
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por notation, see illustrated Jtey at beginning of data card listings
Baryene

N(1520)

M

M

1
M

2
N 3

3
3
3

M

M

M

6

62 N¹1/2( 1520 ' JP =3/2-) I =1/2

Fl')R Df SCUSS (ON CONCERhl[NG Rf SONANT PAR AMETERSs SEE NOTE
PRECFOING N¹1/2( 1&70)

62 N¹1/? ( 1520) MASS l MEV)

(1536~ 0) RAPER 65
( 1530 0) BR ANDSFN 65
( 1510~ O'I BAREYRF. 68

''Hf RF CRASS 5ECTI ON [5 GREATEST
( 1515~ 0) BAREYRE 68

WHFf?E SPFFA IS I REATEST — FYEBALL
( 1541~ 0) AOhINACH1 eR
( jr?0 ) DONNACH2 68
([526 ' ) Kf R5APP 68

WHERE MAX ~ 4RSAff PT [ON IS —f?IlNNACH1 2 Kl
{1512~ 0) nhvf f s 70
(1512' 0) DAVIFS r0

Sf)(. 8 I 5 E ~ 0 FIT TO SAHF DATA START FRAM CE
( 1&23 0) AYED 70

FRAM ENFR ~ DFP ~ FIT OF ARCANA DIAGRAM

62 N¹1/2(1520) WIATH (Hcy)

RVUE PHASE-SHIFT ANAL
RVIJF. PHASE-SHIFT ANAI.
RVUE PHASE-SH[ FT ANAL
EYF BALL F IT
RVUE PHASE-SiHIFT ANAL
FIT
RVUE PHASF-SHI FT ANAL
RVUE P HA 5 ~ SH I F T-CF RNI
RVUE PHASF SHf FT ANAL

RSAPP FYFBALL FIT CFRN 1
RVUE P-5 ANAL SOL A

R VUE P-S ANAL 5AL 8
RN I FXPFR (DONNACH1 68)

IPWA

9/66
9/66

11/67

11/67

6/68
10/69
10/69
10/69
8/69
8/69

1/71¹

K I RZ
BAR FYRE
CROUCH
OE RAOO
HERL O

J AHNSON
DEANS
OANNAC Ht
4YF f?

PAPERS NOT RFFERREA TO IN DATA CARDS ~

63 PR 130 Z4Rl J KIR?s J SCHWARTZ R 0 TRIPP (LRL)
65 PL 18 342 + RRICMAN ST[RL IN{ VILLFT {SACLAY) [J
65 OESY CONF II 2 1 + ( BROWN CEA HAR VAPO "I I T Phf?AVA WF IZHANN)
65 ATHENS CONF 244 +KENNFY ~ LANSA, + (NOTRE f?AMEpKFNTUCKY)
ee P RAY SAC 289 489 J P IFRLA I' VALLAOAS (SACL AY)
THF. ABAVE PAPER S Dt SCUSS INELAST I C CHANNEL 5 NEAR THE RESONANCE ~
67 UCRL-17683 THF S[S C H JOHNSON (LRL)69 PRL 177 2623 5 R AFANS (FLOR I DA)
69 NP 10R 433 A OONNACHtF R K[RSOPP (GLAS+EDIN)
70 PL 31R 598 +RAREYRF+V!LLFT ( 54CL AY)

FOR PHATflN IC CO()PL INGS SFE
MAARHOUS f70 NP 823g181 +RANKIN
WALKER 69 PR [RZ [729 R ~ L WALK Ff?

{rLAS)
(CALT)

---63 N¹1/2{1535) MASS (MEV)

¹¹¹¹¹¹¹*¹
¹¹¹¹¹¹ ¹¹4¹4¹¹¹¹ ¹4¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹4¹¹¹¹ ¹¹¹¹¹¹¹¹

63 N¹1/2(1535~ JP=1/2-) I =1/2 ~ J

N (1535) FOP Dt SCUSS ION CONCERNING I?ESONANT PARAMETERS SCE NCITE
PRFCEDING N¹1/2(1470) ~

W

W 2
W 3
W 3
W 3

4
W

W

Pl
P?
P3
P4
P5
Pe
P7
PR

Rl
Rl 1
Ri 3
Rj 3
Ri 3
Rl
Rl
I? j

{125 0)
{110~ 0)
( 149~ 0)
() 14~ )
t 115.)
( 106~ 0)
( 12'5 ~ 0)
(131.0)

5 F. E THE NCIT

RAI?EYRC 68 RVUE
BAREYRE 68 RVUC
DQNhfh CH1 68 R VUE
DANNACH2 68 RVUE
KI RSQPP 68 RVIJE
DA VIER 70 RVUE
DhvtES 70 RvuE
AYFO 70 I PWA

ES A(.COMPANYING THF MASSFS QUATEO ~

62 N¹I/2{ 1520) PARTIAL DECAY HODf S

'4¹1/2( 1520) [NTO Pl N

N¹1/7{1520) INTO N¹3/2( 12 36) Pl
N¹1/2( 1520) I NTO "I Pf Pl
N¹1/2t 1520) + INTt? NEUTRON P I+
N¹1/2 ( 15201+ INTO PRjTON PI+ PI-
'4¹1/2( 1 &20) f NTA N FTA
N¹1/2(1570) fNTO N SIGMA (SIGNA MfSON
'4¹1/2(1520) [NTO N RHO ( PIP[ i [=1)

62 N¹1/7(1"20) Rf? ANCHING RATIOS

68 RVUE
68 RVUE
6R RVU f.
68 RVUE
70 RVUE
70 RVUE
70 fPWA
TEA ~

N¹1/2(1520) ( NTO ( PI N) /TATAL
t 0 ~ 54) RhRFYRE
(0 F 509) AONNACH1

( ~ 57) DONNACH2
( 5r) KIRSQPP

{0 4'5) DA V IF S
(0 49) AAVIES
( 0 ~ '593 ) AYFO

SF E THF VOTES ACCIJMPANY ING THf. MASSFS QUO

PHA S ~ SH I F T-CE RN1
PHASE SHIFT ANAL
P-5 ANAL SQf. A

P-5 ANAL SOL R

DECAY MASSES
139+ 938

1236+ 1 39
93f)+ 139+ 139
939+ 139
938+ 139+ 139
939+ 548
939+ 410
938+ 765

(Pl)/TATAL

PHAS ~ SHIFT-CERN1
&HASE SHIFT ANAL
P-5 ANAL SOL A

P-5 ANAL SOL 8

11/67
11/67
6/68

10/69
10/69

8/69
1/71¹

li/67
6/68

10/69
10/69

f)/69
8/69
1/71¹

M

M

M

M hf

1
1

M

2
M 3
M 3

3
3

M

M 4
5
5
6
6

W

W 2
3

W 3
W 3

4
W 4
W

63 N¹1/2( [535) WIDTH (HFV)

( 130.0)
(130' 0)
( 156~ 0)
(1 )5i 0)
( [05+0)
(268 ~ 0)
(116 )
( 160' )
(120~ 0)

( 36~ 0)
[36e 0)
{96' 0)

SFF THE VAT

HENORY
HICHAF. L

OR 144 ~ 0 UCHI YAHA-
BARFYRE
RAREYRE

APPROX f)ONNACHI
AANNACH?.
KfRSQPP
OF. ( COURT
nhV I cS
OAVIES
AYED

ES ACCOMPANYING THE N45SF5 QUO

65 RVIJ E
66 RVUE
66 RVUF
68 RVUF
eR RVUE
68 RVUC
68 RVUE
6 R RVI I E
e9 CNTR
70 RVIJE
70 RVUE
70 IPWA
TF. D.

SF. E NflTE ON MASS

PHAS ~ SHIFT-CFRN1
P HA SE SH[ FT ANAL
PHATAPROAIJCT ~

P-5 ANAL SAL A

P-5 4NAL SQL A

t 1519.0) HFNDRY 6" RVUC FTA N + 5 [1 P I N(1570i0) 'IICHAEL 66 RVUE F ITS RARFYRF S 1 1
( 1557~ 0) AR 1565 0 UCH[YAMA- ee Rvuf FITS N FTA DATA

FITTI!4G Gf VFS TWQ SALUTIQNS ~ PRARLFMS MATCH[N( PI P PHASE SHIFT
(1535 o 0) RAREYRE 68 RVUE PHA Sf- SHIFT ANAL

WHFRF CRASS SFCTIDN IS GRFATEST — EYFBALL c[T
{1515' 0) BAREYRE 68 RVUE PHASE-SHfFT ANAL

WHERF. S&EEA IS GRFATFST — EYEBALL FIT
(1591~ 0) DQN?4ACH j 68 RVUE PHASE-SHf FT ANAL
{1550~ ) AONNACH2 68 RVUE P HAS ~ 'SH [FT CERN[
([440 ' ) Kt RS'lPP 68 RVUE PHASE SHIFT ANAL

WHERE HAX ~ ABSflR PT ION I 5 -AANNACH1 2 KI RSAPP EYFRALL F IT CERN 1
( 1535~ 0) (10~ 0) OFLCAURT 69 I:NTR PHATOPRAAUCT ~
( 1502 ~ 0) AAVI ES 70 RVIJF P-5 ANAL '5AL 4
{1499~ 0) A4VIE'5 70 RVUE P-5 ANhL SAL 8

SOL 8 IS F AD C[T TA SAME DATA START FRAM CFRN I FXPFR ~ (AANNACHj 68)
( 1 &34 ~ 0) AYFD 70 IPWA

FR(lM ENFR. AEP ~ FIT OF ARGAND DIAGRAI4

9/66
7/66
9/6 6

11/67

1 1/67

&/68
10/69
10/69
10/69
8/69
8/69
8/69

1/71¹

9/66
7/66
9/66

11/67
11/67
6/68

10/69
10/69
8/69
8/69
f)/6 9
1/71¹

AL PAST THE ENT [I? F INELASTIC I TY I S IN N P [ Pf {ONLY N F Th COULD COMPETE ~

4NA I T ')OF 5'4T) ~ THE N P I P I SEF MS TO RE HA[ NLY N¹3/2( 1236) PI IN RATH
5 ANr) A 'WAVE Se

RZ
RZ
i? 7
RZ

0

N¹1/2 (1520) [NTf1 (N¹3/2 ( 1236) P I ) /TOT
'l lM [NANT I NFL DFC AY AL SSAN
0 20 0 ~ 05 K I RZ

(0 40) Al FH
ASSIJ~ ING 8 1= 0 ~ R

AL {P4)/TOTAL
66 RVUF. P I P TQ P I Pf N

ee HRC 0 455UM fNG R1=0 ~ 72
70 IPWA 3 BODY ANALYSIS

9/66
9/6$
1/71¹

R3
R3
R'3

R3
R3
R3

N¹1/2( 1520) I NTA
I AR GF.

L ARGF.
L ARCiE

L ARGF.

L 4R(if

(N¹3/2( 1236) PI ) /t N

THURN AUER
NAMY SL OWS

RQRERTS
RflSFNFEL 0
MAR{'AN

P[ PI )
65 RVUE
66 RVUE
67 RVUE
67 Rvuf
68 RVUF.

(PZ)/(P3)

ISAB4R MODEL

11/67
11/67
11/67
11/67
6/68

R4
R4
R4 D

0

N¹1/2{1520) INTO (N 5 fG&h) / TOTAL
PROBABLY PRFSFNT MORGAN
{0 ~ 02) fl f F M

ASSUMING R 1= 0 ~ 5

(P7)/TOTAL
68 RVUE ISOBAR HOI?FL
70 [PWA 3 BODY ANALYSIS

6/68
1/71¹

11/67

10/69
5/70
5/70

Re N¹1/7(1520) INTO t N RHO ) /Tt?TAL
f?6 0 (0 ' 07) A[EH

n 45SUMINri R 1= 0 ~ 8

(P8)/TOTAL
70 IPWA 3 RAAY Af4ALYSIS 1/71¹

RFFCRFNCCS -- N¹1/2( 15201

SFE A PRFV IOUS EDIT ION . ( RMP 37 633 1965) FOR EARL IER REF ERENCE 5 ~

RRANASFN
f?OPER
THfJPN AUE
K[R2

NAMY SL OW

ALSSAN
DAY I ES
ROBERTS
&DSENFEL

65 pR 139 81566
65 PR [3& 8190
65 PRL 14 985
ee PR[VATF COMM

NUHRER FXTRACT
66 PR 157 1328
66 PR 145 1309
67 NC "ZA 1112
57 PREPR INT
67 I RVI NE I.ONc

(OURHAMqRTHFD) IJP
(LRL-LVMRg4[T) I JP

(ROCH)
(LRL I

+AAQNNELL MQORHOU SE
Lf) RAPERy RM WR IGHT y RT FELD
P Ci THURNAf JER
J K IRZ

Fn FROM DATA nlSCUSSFD IN KIRZ 63.
Nh&YSLAWSKI RA ZMI ROBERT 5
Nf G QLSSQN, r 8 YADH
A T DA VI E 5 R G M[IQRHAUS f
R G RARFRTS
A H RASENFELA P SnnfNG

( STAN' ED IN Bg I C )

(WISCqMD)
(GLASGOWeR THFD)

(DURHAM)
{LRL)

R'5 N¹1/2{1570) INTA (N E TA) / TOTAL ( Pe) /TOTAL
R5 fl ( 0 ~ 006) APPRAX AAVIES 67 I?VUE

AAV [FS 67 G[VF S SF VERAL VALUES AEPENnt NG ON INPUT DATA ~ ALL 4RF. SMALL
f?5 R (0 014) BATKF /9 MPWA T POLE+ RESON ~
R ) 8 (0 ~ 003) (0 ~ 001 l DF ANS 69 HPW A T Pf?L F+ R fSON ~

RR (.0 ~ OOZ)DR 0 ' 004 CARRERAS 70 HPWA T PI?LE+ R ESON ~

R PARAHFTff I ZAT ION USEf? CAULD RF IN DANGER OF DOIJBL E C JUNT[NG

63 N¹j/2( 1&35) PARTIAL DECAY NODES

Pl
P2
P3
P4
PR
fs 6

N¹1/2( 1 53'5)
N¹1/2 t ). 535 )
N¹1/2( 1535)
N¹1/2(1535)
N¹1/2{ 1535)
N¹1/2(1535)

INTA Pl N

INTA N ETA
I NTA N P I PI
INTA N SIGMA (SIGMA MFSON)
INTA Atj?. 36) Pl
I NTQ N RHO tP I PI ~ [=1)

DFCAY MASSFS
139+ 938
939+ 54 JI

934+ 139+ 139
938+ 410

123'+ 139
9 jf)+ 765

63 N¹1/2( 1535) BRANCHING RATf AS

Ri
Rl
Rl
Rl N

Rj
Rj 3
Ri 3
Rl 3
Ri
Rl 4
Rj '5

Ri 6

N ¹1/2(1535) INTA ( p[
{0
(0~ 32 )
t 0 ~ 71) OR 0 ~ 28
(0 ' 31) AR 0 ' 43
(0 ' 696)

( ~ 33)
3)

t0 33)
(0~ 36)
(0~ 35)
{0 ~ 397)

N)/TOTAL
HEhIDRY
IUII CHAEL
UCHI YAMA-
04VIES
I?ONNACH[
OONNAC H2
K [R5APP
DFLCAURT
DAVtES
DAVIES
AYFA

65 RVIJE
66 RVUE
66 RVUE
67 RVUF
68 RVUE
68 RVUE
68 RVUF
69 CNTR
70 RVUE
70 RVUE
&0 I PWA

(Pl ) /TOTAL

SFE NOTE ON MASS
PIP TO N EThr 8yC

P Hh 5 ~ SI I I cT-C E Rhll
PHASE SH[FT ANAL

P-5 ANAL SQL A

P-5 ANAL SnL 8

9/66
9/66
9/ee

11/67
6/68

10/69
[0/69
8/69
f) /59

j/7[¹

65 RVUE
ee RvuE
66 R vUE
67 P VUE
69 MPWA

69 MPWA

70 MPW 4
OF DOURL E
f BL F wITH

{P2)/TOTAL
9/66

9/66
1 1/67
8/69
5/70
5/70

SFF. NOTE ON MASS
PIP TQ hf FTA ~ 8 ~ C

T PAL F+ P FSDN ~

T POL E+ R fSOf4 ~

C I?UN T IN G

THE RFSIJLTS

R3 N ¹ 1/2( 153'5) INTO (0( 12361 P I ) /TOTAL
R3 D ( 0 ~ 07) OI F M

0 ASSUMING R 1= 0 ~ 34

t P4)/TOTAL
70 [P'wA 3 BODY ANALYSIS 1/71¹

R4
R4 0

0

N¹1/2t 1 5 J5) f NTO (N. 5 [CiHA ) /TATAL
(0 ' 26) DIEM

ASSIJHING R 1= 0 ~ 34

( P5) /TOTAL
70 [PWA 3 BODY AN4LYS[5 1/71¹

R5
R5 0

D

N¹1/2( 1535) INTO (N R Hfl ) /TOTAL
(0 ' 20) Of FH

ASSLIHING R 1= 0.34

( Pe I /TOTAL
70 IPWA 3 BODY ANALYSIS I/71¹

R? N¹1/2 ( 1 535') [NTA t N E Th) / TOTAI
R2 DAH INANE I NEL flf CA Y HENDR Y
R2 (0 F 68) MfCHAF(
R2 N (0 2'9) OR 0 ~ 71 UCHI YAMA-
RZ (0~ 69) '?R 0 45 DAVI ES
RZ {0~ 66) OE Lr. nuRT
RZ 8 (0 ' 4) (Oij) DEANS
R2 8 {0 69)AR 0 ~ 69f. CARR ERAS
RZ 8 PARAHETR I ZATICIN USED COIJLD BE IN AANGER
R2 THE VALUES OC RZ LISTED ABOVE ARF fNCAHPAT
RZ OF DIEM ET AL (70)

84REYRE
DAVNhr. Hi
AANN ACH2
K I RSflPP
MflRG AN

ROTKE
DEANS

68 PR j 6& 1731
68 PL 268 161
68 V I ENNA 139
68 THES IS
68 PR 166 1731
69 PR 180 [417
69 PR j f)5 1797

CARRERAS 70 NP 16R 35
DAY f c S 70 NP 821 359
4YF. f? 70 KIEV Cfl'4F
DIEM 70 K I Ev CONF ~

P BARFY& F s C RR I CHAN ~ G VllLET ( SACLAY) f JP
4 DANN4CH[F ~ R G K IRSOPPy C LQVELACE (CFRN) [JP
OOhINACHI F. RA PPORTFIJR ~ 5 TALK (GLAS)
R G KI RSAPP {En II4)
D &ORGAN (R THFD)
J C BA TKF. (UCSR)
S DEAN S y J Wr)QTE N (UVIV 5 FLARIOA )

8 Ch'RRER 45 ~ A DONNACH[E {AAR Eg MCHS )
A OAVIES (GLAS)
R AYEDq P 84REYRE ~ G V ILL ET {SACL) I JP
+ SMAOJA q CHAVANON r OFLER ~ DOLBEAU+ {SACL )

REF ERENCFS -- N¹1/2( 1535)

HENARY 65 PL 18 171
RFVI FWS EARLY
EXP FR I HFNTS.

Hf CHAEL 66 PL 21 93
UCHI YAMA 66 PR 149 1220
nAv[Es 67 Nc 52A 1112

A W HENARY r R G MAARHflUSF (RTHFA I
PHASE-SHIFT-ANALYSIS RLSULTS Ahln PI- P TO FTA hf

WE TAKE NUHRE& 5 FRAM THE SAL. IJTI AN US ING BRA'JASON 65 ~

C MICHAFL (OXF)
F UCHI YAMA-ChufPB FLL R K LQGA 4 ( ILL) I JP
A 7 AAV[ ES R G Mf?APHAIJSE (GLASGOW RTHFD)



For notation, see illustrated key at beginning of data card listings

PARTIcLE DATA GRoUP Review of Particle ProPerties S109

H~r~una
RAT} EYR F
DONN ACH[
DDNNACH2
K I RSOPP
DFL Cn}3P T

DFANS

6A PR 16 & [~31
68 PL 2 6R [f!1
68 V I ENNA 139
68 THES IS
FT9 PL 79R 75
69 PR [8& 1797

P AARFYAEF C BAICMANF G VILLET l SACLAY) IJP
h 0!')NNACHIE, R G KIRSOPP C LDVELACF (CERN l [JP
DDNNACHI E RAPPORTFUR ~ 5 TALK (GLAS )
R G KIRSOoP ( ED IN)
I)Fl COURT LFFRANCIJI S PERFZ-Y-JORB 4 + (OP SA )
S DFANS J WOOTEN (IJNIV 5 FLORIDA)

64 N¹1/2(1670e JP=5/2-) I=1/2 0 f
N (I ) FQF IIISCIISSIIIN CIINCFFNINO FFSOkllfIT PFRAFFTFkS, SFF. FIITF

P R FC E n I NG N ¹1/2( 14 70 'I ~

AYE n 70 K f EV CCJhIF

CARRFRAS 70 NP [IhR 35
DAV IFs 70 SIP 821 359
D IF M 70 KIFv coNF ~

8 TI 4 "IDS EV

RAA FY}IF
LDVFL 4CF.
J r}!I VS ON

DDVNACHI
AYFD

FJu Pte I 39 S[5fib
Rhsl 5 nF hl}JMRFRS WE

65 PL 19 342
JT7 HE IDFLRFRG C 79
67 IJCAL-17683 THE S I S
69 NP 10H 433
70 PI 318 59A

+ODDNVELL, h}fenRHOIJSE
OUn TF FA Okf} HE NDRY 65 ~

+ RRICMAN ~ STIRLINGF VILLFT
C LOVELACE
C H Jf3}JNSON
4 nnNNACHlf-' R K[A SOPP
+84RFYRE+VILLFT

(DURHAMF RTHFD) IJP

(SACLAY) [JP
(CERN) I JP

(LRL )
(GLAS+EO[N)

( SACL AY)

FDR P}-TDTnhf I 0 Cn}JPL [NI S SF.F
MnoAHnusF70 vp R23, 181 +R ANK I N

WAI KFR f.. 9 PR 1A 2 1729 R. L ~ WALK ER
(C&L AS)
(CAL T)

R AYFD P RAR FYR F. G V ILL ET ( SACL ) I JP
8 CARRFRAS, 4 DDNNhrHIE (DAR F e MCH'S)
h navrrs (CFLAS)
+ SMADJA CHAVANDN OFLFR DOLREAU+ ( SACL)

PAPERS NDT REFERRED TO tN DAT4 CARDS ~

64 N¹1 /2( 1670) MASS ( s(E V)

( 1650~ 0) APPRDX BR ANDS F N

( 1674 ~ 0) Il(J KF
( 1680~ 0) 8 ARE YRF.

1 WHERF. CRnss SECTION IS GREATFST
2 (1655 ~ 0) 8h REYRF.
2 WHERE SPFFO I 5 GREATEST — FY EI3A

3 ( 1678 ~ 0) DDVNACH1
3 ( 1680. ) n n)INAC }I2
3 l1678, ) Kl RSDPP
3 WHFRF MAX ~ ABSDRPTIDN IS -!3ONNJ}CHle 2

(1669.o) f}AVI ES
5 (1667~ 0) nhVIFS

SDL 8 IS E ~ fl FIT T'I SAME DATA START FROM
6 (1675.0) AY ED
6 FRDM ENFR ~ DEP ~ F I T OF ARGANI'I 01 AGP AM

RVUE
68 CNTR
68 RVIJE

FYFRALL
'IR RVUE
LL F IT
68 RVIJ E
fT }I P V I I E
f!s) RVI.J F
KIASOPP FYF,
70 R VII F.

70 RVIJF
CF RN I EXP F
~0 IPWA

PHASF-SHIFT ANAL
Pf —P FI + PDL
PHASE-SHIFT ANAL
F tT
P HASE-SHI FT ANAL

P HASE- SHI FT ANAL
P}Ias ~ SHIFT-CERN1
o HA SF SHIP T ANAL
BALL F I T CFRN 1
P-S ANAL SOL A

ANAL SOL R

R ~ ( DDNN ACH1 68 )

7/66
fs/ 6 I)

11/67

11/67

6/68
10/69
10/69
[0/bo
9/69

I/71¹

THF F 1LLOW IN(' ART I CLFS DFAL W ITH THE R FACT [ONS PI- P TO ETA N

GAM IA P Tn ETA P hIFAR THRESHDLD ~ THF DATA AND THE THEORETICAL
ART I CL F s ARE IJSFFUL IN UNDFRSTAND f NG THE REHAV IOR DF THE 511 AMPL[-
TUDF AS DFTFR 9 INFO IN P I P PHASE-'SHIFT ANALYSES ~ FIJRTHFR REFFRENCES
MAY RF FOUND IN THFM ~

BIJL r}s
R tCIIARDS
Jf)IVF S
BACC I
PRE PDST
RL nnk(
RULns
HF}JSCH

DDRSON
MINAMI
BALL
L(TGAN
slfNCUCC[
DEANS
sfl[NAMf

MD5s
DF. ANS
P4L
RALL
LEF IFVAF

Mhf NLY FXPFA Is(EN
64 P&L 13 4 Rf
fb PRL 16 1221
66 PL 73 597
bb Vr. 454 983
67 PRL 18 82
68 PRL 21 1100
69 PR 187 187&
70 PRL 25e 1381

Mh INLY THFORFT IC
66 PR 146 1022

PR 147 1123
PR 149 1191

67 PR 1"3 1634
67 NC &Rh
67 PR 161 )46.J

67 PR 162 1619
67 PR 163 1785

PP 165 [RA6
68 PA 167 13~0
69 PR 177 22"7
70 hIC 66 h 349

TAL
+ (RRDWNF BRANDEISF HARVARD F MI Te PAODVA )
+C H IU ~ FANO I e HFLMHOLZ FK ENNFY e + ( LRL e HAWA I I ) I J
+R thINI F DUANF. HDRSEY VASDN + ( IMPCOL 'RTHFD)
+PFNSO SALVINI MENCUCCINI + (ROME FRASCATI ) IJP
R PRFPDST ~ }3 LUNDQU(ST, 0 Q(J INN ( STANFORD)
+HI'USC He PRE SCOTT e ROCHE ST FR (CALTECH)
+L AFIOU F 8;JRDNEReBAS T [FN + ( SU+HAP+M[ I+PA )
+PRE SC I3TT R(1 CHESTER ~ Wt NSTE t N (CALT)

AL

P N OORSON (HAWAI [ )

S Ml!Vh Mf (OSAKA)
J S BALL (IICLA)
R K L nr AN F UCHI YAMA-CAMPBELL (ILL)
C MENCUCCIN[, a RFALE ( FRASCAT I )
S R DFANSF W G HOLLADAY ( V ANDFR RIL T )

sIINAMI (nSAKA)
T A MOSS (Lsu)
s A DEANS, W G HULLADAY ( V AND ERR IL T )
R K PAI (h(PL NFW DELHI )

+GARO+SHAW (UCL A+UC I )
+LFRUSTF (cor- )

N(1S2O)
BUMPS

1520 MFV RFGIUN - PRDDIJCTION FXPFRIMFNTS

8 N«(1520) PRDDLICTIDN FXPERIMENTS

TH(S tNFORMATION RFFFAS TO FITHER THE D13 OR THE Sl1
STAT F. SEEN AT THt S MASS

¹««¹¹¹¹¹«4««44¹4«444¹««¹«4¹¹¹¹¹¹¹¹¹¹«¹¹¹¹¹¹¹4«¹¹¹¹¹4¹¹¹¹¹¹¹¹¹¹¹¹¹¹4¹
«««««¹ «««¹4¹«¹4««4«4¹««««¹«¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹*¹¹¹¹¹¹¹4¹¹¹¹¹4¹¹¹¹4¹¹¹¹

W

W

W 3
W

W 3
W

W 6

Pl
P7
P3
P4
P5

Rl
Rl ),

R 1 3
Rl 3
Rl 3
Rl 4
R '1

Rl 6

R2
R2
R2 8
R2 R

R2 8
A2 8

64 N«1/2(lfP70) WIDTH (MEV)

&}Iase SHIFT-CERh}1
P HASF SHIFT ANAL

sF3L A hND R

11/67
ll/67
6/6R

10/69
10/69

8/69
1/71«

N«1/2(1670) PaATIAL DFCAY MDDES

N¹1/2( 1670) INTO P I N

N«1/2 ( 1670) INTO N E Th
N¹1/2 ( 1670) INTO L AMRDA K

N¹1/2( 1670) INTO N«3/2( 1236) PI
V¹[/2(1670) INTO N PI PI

64 I'I«1/2( 1670 I BP ARCHING R 4T I OS

!)ECAY MASSFS
139+ 938
939+ 548

1115+ 497
1236+ [, 39

93 8+ 1 39+ 139

hf¹l,/7( 1670) INTO (PI N)/TOTAL
( oe 41') BAREYRE 68 &V(JE
I 0 ~ 391) nONNACH1 bR RvuE

f ~ 39) Dn NNACH 2 fT 8 AvUE
t ~ 3') ) Kf RSOPP bR RVIJE

t 0 ~ 50) DAVIFS 70 RVUF.
(OF43 ) DAV I ES ~O RVlJE
(0 ' 392) AYFD 70 IPWA

SF E THE NOTF S ACCOMPANY Ih)G THE MASSE 5 QUO TF 0 ~

(Pl ) /TOTAL
11/67

f /68
AHA 5 ~ SH IF T-C F Ahi 1 10/69
P I)A SE SHIFT ANAL 10/69
P-S ANAL SOL A 8/69
P-S ANAL SOL R R/69

1/71¹

N¹1/2 (1670) INTO (N FTA) /TOTAL
(0 ~ 025) }3R LF SS TRIPP
( o.0[R) 8 OTKF
(0 ~ 006) (0 ~ 004) DE A"!IS

(0 ~ 006)OR 0 ' 012 CARRFRAS
PAAAMET}I IZATION (JSED COULt) RF [N DANI ER

(P?)/TOTAL
67 AVUE
69 MrWA T PULE + RESIN.
ff9 FIIPW A T POL E + RE SON ~

70 MPWa T PDLF + RES )N.
nF DOUBL E CDUN T INCF

8/67
10/69

5/70
'5/70

( 13~.0) RAREYRE 68 AVUE
(105' 0) RARFYRF fTR RV(IE
( 173k 0) 'lONNACH1 6A RVI.IE
( 173 ~ ) DONNACH2 6R Rv(JF.
(175 ) KIRsnfP ~ A RvuE
( 115~ 0) DA Vl ES 70 RVIJF
([43 ' 0) AYFD 70 IPWA

SEF THE NOTES ACCDMPANYING THF. MASSFS }&UDTFD ~

[603~

hl«(1520) MASS (MEV) PAD}) ~ EXP ~

ANDFRSDN 70 MMS — P I- P TO PI- MMS 2/71¹
8 V ¹ ( I rk 20 ) W I D T H ( sl EV ) P RO D ~ E XP ~

R3 V¹1/2 ( 1670) INTO I LAMBDA K) /TDTAI. ( P'3) /TDTAl
R3 (0 ~ 016) nR LEss TRIPP 67 RVUF
R3 8 (o.ool) nR LEss RIJ SH 68 MPWA T POLF +
R 3 8 PAR AMETR IZAT ION }JSE!) (: JUL}3 BE IN DANGER DF Dn}JBL E COUNT t NI

A3 (0 0028)OR LFSS CL=.63 WAGNER &0 IPWA PI-P TO

RFSDN ~

K L Ak(B

8/67
8/69

1/71¹

Pl
Rl

A2
R2

A3
R3

R4
A4

AS
AS

Rb
R6

97
A7

120 ' 10. ANDERSON 70 MMS — Pl- P TO PI- MMS 2/71¹

N¹(1520)
0 ~ 78

A N«(1520) RRhNCHING RAT[ns PRDD EXP ~

INTO (V P I )/TOTAL PRODUCTION FXPFR [MENTS
0 ~ 7. 4 RASSDMPIE fe7 HRC + K+P TO K «N¹ 11/68

hl¹(1520) INTD (NFUTRDN P I+) /( P PI+ PI-)
OF&7 0 45 ALEXAhlDF. R 47 HRC + PP 5 ~ "- BEV/C

N«(1520) INTA (N Pl )/(N PI PI ')

1~7 5 0 ~ 44 0 ~ 7[. 4-BORFLL I 67 HRC 0 PBAR P ". ~ 7 BEV/C

N¹(1520) INTO (N¹3/2(1236) PI)/(N PI PI) PPDD, FXP
0 ~ 00 0 ~ 09 A-RORFLLI 67 HRC

N¹(1520 l INTD (N PI P I ) /TOTAL
(0F 08) DR LESS RhssnMPIE 67 HAC + K+P TO K¹ N¹

'I /66

9/66

9/66

1 1/68

N¹(1520) INTO (N F TA)/TOTAL

PROOFS

FXP ~

0.22 0 14 RASSDMPIE 67 HRC + K+P Tn K« N¹ 11/68

N¹1/2(1520) thITO (PI N)/(PI N«3/2(1236) )

(0 ~ 42) OR LESS LE F. 67 HBC Pl P 3 ~ 6 CFEV/C 11/67

REFERENCES -N¹(1J20)-

PRUDE'

EXP'

¹««««¹¹«¹¹¹¹¹«¹¹«¹«¹««¹«44¹¹¹«4¹¹4¹¹««4¹¹¹¹¹¹«4««4¹¹¹¹¹¹¹¹¹¹¹¹

SFE NOTE PAFCEOING THE N¹1/2( 168A) INELASTIC DF CAY MODE IIEASUPEFIIENTS ~

«'««¹4'«««4¹¹¹ ¹¹«¹¹4¹ ¹¹¹ ¹¹ '««¹¹¹¹«¹¹¹¹ «4¹¹'«¹«'«ISI ««4««¹¹ ¹«4«¹¹«'4«

REFERE}VCFS -- N¹1/2( 1670)

RRAhIDSF. N

TRIPP
RAREYRF
DONNACH[
0 }3NN AC H2
DUK E

K I Rsnpp
R USH
8 OTKE
DEA'1IS

PL 19 420 +ODONNFLL MOD RHnl}'SE ( 0!JRH AM ~ R THF0 ) I J P

67 NP 83 10 + LF. I THe & (LRl FSLhC ~ CERN ~ HF. IDFL e SACLAY)
6A PR 16'5 1731 P BAREYRE C R&ICMAN G VILLFT (54CLAY) IJP
68 PL 26R 161 A nnNNACHIF R G K IASOPP C LDVELACF. (CERhf) I JP
68 VIENNA 139 DOTS(NACHIF RAPPOATI (JR ~ S TALK (GLAS)
6A PR 166 [4&8 +JDNFS KEMP MURPHY THRFSHFR + (RTHFD OXF I [JP

[NSICHTFUL QIJAL ITAT f VF. ARGUMENTS CnNCFRN ING FX ISTCNCF AND I JP
68 THESIS p, G Kl Rsnpp ( FDIN)
68 PR 173 177( J E RIJSH (UNIV ALABAMA)

69 PR 180 1417 J C 8DTKF ( IJC SR)
69 PR 185 1797 5 t)EANS ~ J WnljTFN (UNIV s FLOP [ DA)

CARR ER AS
DAY IES
AYFD
WA GIII ER
RRnnY

70 hIP 16R 35 R CARR FRAS, A DONN ACH f F.

70 NP 821 'J 59 A DAY IES
70 KIEV CONF R AYED, P BAREYRE, G VILL ET
70 PREPRINT TH 1227 F WAGNER ~ C LDVFLACE
71 SURM ~ TO P RL +CA5HMDRE+ ~ ~ +HER NOON+ ~

(Dh!IFFMCHS)
(GLAS)
(SACL) I JP
(CFRN)

(SLAC+1.RL)

Rh N¹1/7. (1670) INTO (N«3/2 P I ) /T(lTAL (P4)/TOTAL
R4 E 12600 OF 63 0 ~ 1 l)RDDY r I HBC P I —P--ZP I Ne PWh 6/70

F ASS(ise ES F. 'L AST I C BRANCHING RAT f 0 0.42+-0 ~ 04

4-RORFLI 6& NC 47 237.
ALEXANDE 67 PR 154 1284
BASsnMPf fs7 PI 75R 440
I FF 67 PR 159 1 156

AN')F RSON 70 PRL 25 ~ 699 + 8L E SEA e 8 LIE I)F N e COLL I NS++ lRNL ~ CARN )

ALL }=5-BORFLL I e FRENCH ~ FP I SKF MICHF JDA ( CERN)
hL I'XANDERe RFNARY FC ZAPFK ~ + ( WF I ZMAI'IN(CERN) )
RASSIJMP I ERRE. + (CERN BRUXFLLFS)
+MOERS ~ ADE ~ Sf VCLAIR ~ VANDEA VFLOE (MICH) D}JKF

RAREYRE
J OHNSDN
DEANS
DONNACHI
AYED

65 PPL 15 468
65 PL 18 342
67 UCRL-17683 THF. Sl S
69 PRL 177 2623
69 NP 10R 433
70 PL 318 598

+ JOh}E S FK FMP e MUR P HY ~ P 9 F NT I C 'E ~

+ BRIC MAN ~ ST[ RL I NIP ~ V tL L F T

C H JOHNSON
5 R DEANS
4 DONNACHI F ~ R K IR SOAP
+BAREYRE+VILLFT

(RT}IFDFOXF)[JP
( SACLAY) I JP

(LRL)
(FLORIDA)

(GLAS+EDIN)
( SACL AY )

PAPERS N4T REFERRED Tn IN DATA CARDS ~

FND PRO}3UCT fnN EX PFRIMFNTS

¹¹FF«¹«¹«Q¹«««¹¹¹¹¹¹¹««¹«¹¹¹«¹¹¹¹¹ ¹¹¹¹¹¹¹¹'¹¹ ¹¹¹«¹¹¹¹ ¹¹¹ «¹¹ ¹¹¹ ¹¹¹¹¹ ¹¹¹«¹«¹«««4¹««¹«¹4«¹¹¹¹««¹««¹¹¹¹«¹¹¹4¹¹4¹¹¹¹¹¹¹¹«4¹¹¹¹¹¹¹¹«««4¹¹¹¹¹¹«¹¹W ALKER
FDR PHOTONIC COUPL INGS SEF.

69 PR 182 172o R ~ L ~ WAl KEA (CALT)

¹¹¹4«4¹¹¹¹¹«¹«¹¹«««««¹¹¹¹«¹¹¹¹«¹¹«¹«44¹«4¹4«¹¹««¹««44¹«««¹«4«4
¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹44¹¹¹¹««4¹««¹¹¹«««¹¹¹¹«¹¹¹«¹««¹
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For notations, ee illustrated key at beginning of data card listings

aI'y+&+

)688 65 N")/2))618 )P=5/)r) )=)/2
N

FOR DISCUSSION CONCERNING RESONANT PARA«ETERS SEE NOTE
PR EC Ef) INCr N¹1 /2 ( 14 70) ~

65 N¹1/7( 1688) MA SS {«EV)

N(1 "/00)

~ Jl
bb N»1/2'I I 700 r JP=1 /2 ) I =1/2 Sg
FAR Al SCUSS[OV CON(:ERNING RESI"hlaNT PARA«ETFRS SFF. NATF.

PR FC FA ING N¹1/2 ( 14~0) .
66 N¹1/2(17001 «ASS t «FV)

t 1 bf)0r0) BR ANOSEN

( 1682 ~ 0) DUKE

1 ( 1690 0) RARFYRE
1 WHFRE CRASS 5FC TI AN I S GRF ATEST
2 {[&JIB~ 0) BAREYRE
2 WHFRE SPFFD IS GREATEST — EYFBA
3 ( lbf)7 ~ Ol OONNACH1
3 (1690r ) AONNAC H2

(1692 ~ ) K[ RSOPP
3 W HFR F MAX ~ ABSARPT IAN I 5 -OO"INACHI r 2 r

4 ( lbR& ~ 0) DAVIES
5 ( I bf)4 ~ 0) I? 4 V I F 5

SAL 8 t 5 F ~ A F I T TA SAME DATA START FROM

(1682 ~ Ol AYFO
6 FRO«ENFR. AFP. FIT AF ARGAND DIAGRAM

6& V¹t/2(16881 WIDTH ( MFV)

6« RVUF. PHASE SHI FT ANAL

68 CNTR ol-P EL + PAL
f)8 RVUE PHASE-SHIFT ANAL

EYEBALL FIT
68 RVUE PHASE-SHIFT ANAL
LL F IT
68 RVUE PHASE-SH[ FT ANAL

RVUE PHAS ~ SHIFT CERN[
68 RVUE P HASE SHI FT ANAL

K[RSOPP EYEBALL f I T CERN 1
70 RVUF P-S ANAL SOL 4
70 RVUE P-5 AN4L SOL 8
CERN I EXP ER ~ (DONNACHl 68)
70 IPHA

7/66
6/68

11 /67

11/67

6/68
10/69
10f69
10/69
8/69
8/69

1/71¹

M

M

1
1

M 2
2
3
3

M 3

M

M 4
M

( 1695 ~ 01 RRANDSEN
( 1700.0) «ICHAEL
(1710.0) BA&EYRE

HHF RE CROSS SECT [AN I 5 GREATF ST
( 1665 ~ 01 RARFYRE

WHERF SPFEA IS GREATFST — FYFRA
(1710r 0) DONN4CH 1
(1710~ ) 0 flhl'44CH 2
{1709 ) KIRSAPP

WHERE MAX ~ ABSOR PT IAN I 5 -OANNAC HI ~ 2
{1705~ 0) ( 10 ~ 0 ) ARITA
(1766.01 AAV(FS
( 1671~ 01 AAVICS

5 SOL 8 IS F ~ 0 F IT TA SAMF DATA START FROM
6 ( 1689r 0) AYFD
6 FRfJM ENFR ~ DFP ~ FIT AF ARGAND f?I AGRA«

4 ( 1685 ~ 0) WAC)NE&

4 THFRF 4&F 3 S IMIL AR Sf?LUT[)?NS

65 RVUE PHASE-SHIFT hf4AL
&6 RVUE f I TS BAREYRF S11
68 RVIJE PHASE- SH(FT ANAL

EYE BALI. f (T
68 RVUE PHASE-SHIFT ANAL

LL F IT
68 RVUF P HASE- SHI f T ANAL
68 RVUE PHAS ~ SH[f T-CF&NI
f 8 RVUE PHASE SHIFT ANAL

KIRSAPP EYFRALL F I T CFRN 1
69 RVUF K LAMROA PS ANAL

70 RVUE P-'5 ANAL 5 f?L 4
70 RVUF, o-5 AN4L SAL 8
CF RN ( EXP ER. {OONNACHI 68)
70 IPWA

70 I PWA P I- P Tfl K L 4«B

7/66
11/r 7

11/67

8/68
10/69
10/69
10/6&
8/69
8/69
8/69

I/71»

I/71¹
1

W 2
W 3
W 3
H 3

4
W 5

6

o[
P2
P3
P4
Plj

( 110~ 0)
( 105~ 0'1
(177F 01
(132r 1

(130
( 104~ 01
t 123~ 0)
( 109~ 01

5 I. E THF MAT

BAR FYRC
BARF.YRF.
'DONNA(:H 1
DAhINACH2
KI RSOPP
DAV I ES
DAVIES
AYEO

ES ACCO«PANY I NG THE MASS F S 0

68 RVUE
68 RVUE
68 RVUE
68 RVIJE
68 RVUE
70 RVUE
70 RVUF
70 [PHA

UO TFD ~

"4¹1/7(1688) INTA PI N

N»1/2(1658) INTA N F. Th
N¹1/2( 1688) INTO LA«BI?4 K

N» 1/2 (16&8) I NTO N» 3/2(12361 Pl
N«1/2{1688) INTO N PI PI

65 N¹lf2(16))BI PARTI AL DECAY MODES

PHAS ~ SHIFT CFRN1
PHASE SHI f T ANAl.
P-S ANAL SAL A

P-5 ANAl SOL 8

DECAY «ASSES
139+ 938
939+ 548

1 I 1'5+ 497
1236+ 139

938+ 139+ 139

1 [f67
11/67
6/68

10/69
10/69

8/ 69
8/69
1/71¹

W

H 1
H 2
W 3
W 3
W 3

'H

W 5

H A

( 240 ~ 01
{260' 01
( 110' c))
( 300~ O'I

(300 ' )

(300. I

( 104r 0)
(404 ' 01
(121 0)
( 166~ 0)
(110~ 01

SEE THF N IT

66 '4«1/?(1700) WIDTH (MFV)

« I (;HAEL
RAREYRE
RAREYRE
)?ANN ac Hl
AONNACH2
KIRSOPP

(15F 01 OR I TA
DAVIES
Oh VI ES
AYEA

AR(140 ~ 0) Wh G)NF R

ES ACCOMPANYING THF «ASS ES Q

66

68
6 JI

br)
6fI
6o
70
70
70
)0

UATF

RVUF.
R VUE
PVUE
RVUE
RVIJE
RVUF
RVUF
R VIJE
RVUE
I PHA
I PWA

0 ~

66 N¹1/2( 17001 PART I AL f? ECAY «OOE 5

PH4S ~ SHIF T-CERNI
PHA 5E SHI iT ANAI

P-5 hNAL Sf)L A

o-5 hNAL SAL 8

TA K LA«B

7/66
11/67
11/67

8/69
10/69
10/6&
8/69
8/6 9
8/6 9
I/71«
1/7 1«

65 h)¹1/2 t 1688) BRANCHING RATIOS

R1
R 1 1
Rl 3
Rl 3
RI 3
Rl 4
Rl 6

N¹I/? (16)I)l) INTO (PI V) /TAT AL

(0,641 BAREYRF 68 RVUE
(0 ~ 560) A ANNA CH 1 bft RVIJE

bg) AONNACH2 68 RVUE
( bfI) KI RSAPP r)8 RVUE

(0 ~ 541 OAVIFS 70 RVUE
{0 ~ "&3) AYED 70 IPWA

SFI=. THE NATF 5 ACCAMPANYINf THE MASSFS QUOTEA ~

t Pl) /TOTAL

0 Hh S ~ SH[f T-C F. RN1
PHASE SHIFT ANAL

SA{. A AND R

R2
R2
R2 8
R2 8
R2 8
RZ 8

V») /2( 1688) I NTD (N ETA) /TOTAL
t 0 0151 OR LF. SS TR I PP
( 0 ~ 0004 ) BATKF.
(0 ~ 003) I 0 ~ 0021 OFANS
{0 000) )'.JR 001 CARRERA5'

PARAMFTR IZATION USED CAULD BE IN DANGER

( P7 ) I TOTAL
67 RVUE
69 MPHA T PALE + RESAN ~

6 I MPWA T PALE + RESON
70 MPHA T POLE + RE5UN ~

OF OOURL F. CAUhf T ING

«ORE (NFAR){ATI ONS AN THE INELAST IC DECAY MODES AF THF. 1690 MEV

fIIJ«o AS SFEN I'4 PRODUCTION FXPFRIMFNTS MAY BE FAUNf) BELOH

1lfb7
6/68

10/69
10/69
8/69
1/71¹

8 /67
10/69

5/70
5/70

Pl
P2
P3
P4

V«1/2 (1700) INTO P [ N

V¹1/2(1700) tNTO N FTA
N¹I/2( 1700) INTO LAMBDA K

"4» 1/2 ( 17001 INTO N C/4M«A

DFCAY M45SES
139+ 938
939+ 548

111'5+ 497
938+ 0

N¹1/2( [700) BR 4NCHINC) RAT [OS

Rl
Rl
Rl
Rl 3
RI
Rl 4
Rl 5
Rl 6

N¹1/2 ( 1700)
(1.0)
(Or79)

t 791
tr79)

( 0 ~ 561
(0 ~ 511
(0 ~ 6421

INTO (P I N) /TOTAL
APPPAX « I CHAFL

AONNACH1
AANNAC42
KI RSAPP
DAV I FS
OAV[ CS
AYFD

66 RVUE
bf) RVUF.
bf) RVUE
6)I RVIJE
70 RVUE
70 RVUE
70 IPWA

{P11/TOT4L
7/66
8/69

o HAS ~ SHIFT-CFRNI I 0/69
o HASE SHIFT AhlAL 10/69
o-5 ANhL &OL A 8/69
P-S Ah(AL SAL 8 8/69

I/&I»

8/69
1/71¹

RZ N¹1/Z(1700) INTA {LAMBDA Kl«(PI N)/TOTAL«»2 (P 3»P 11/TOTAL»«2
R7 Or 03o 0 019 AR I TO 69 RVUE
R2 4 (0 ~ 043)OR 0 ~ 0 )4 WAGNER 70 IPWA PI-P TA K LAMB

N» I/2( 1688) INTO (N F TA) /(P I N)
{0.027) AR LESS HEUSCH

(P2)/(Pl)
66 RVUE + Pl 0 'ETA PHATA 9/66

R3 V¹1/2{1700) INTO (Lh«804 K) /TOTa{ ( P3 ) /Tf? TAL

R3 8 I 0 ~ 028) APPROX ~ RUSH 68 )/IPWA T PAL F + RESAN ~

R 3 8 PARA«ETR I ZAT IAN (ISED CAIJLD RE [N DANGER Af flAIJBL E COIJNT ING
R4
RL
R4 8
R4 8
R4

N» 1. / 2 (16){R) INTO (Lh)/IROA K ) /TOTAL
(0 ~ 0013) OR LESS TRIPP 67 RVUF
( 0 0011 OR LESS RIJSH 68 MPWA

PARAMF TP I 1 AT I'lN USED COUL A 8 F. IN DANGF R AF AflUBL
t 0 ~ 0016) OR LESS CL= ~ 63 WAGNER 70 IPHA

t P 31/TOTAL

T POLE + RESON.
E COUN T ING

PI-P TA K 'LAMB

R5 V» 1/2( 1 &&8) I JITA (N¹3/7 PI ) /TOTAL (P4)/TATaL
R" F. 12600 '(0 13) (0 ' 04) SOI. '4 ' A BRADY 71 HBC PI-P--2PI N/PWA
P'5 E 12600 {0 ~ 39) ( 0 10) SALN ~ 8 RRf?DY 71 HRC PI-P--2PI N/PHA

F A SSU«ES FL 45T IC BRAND H [NG R 4T IO 0 ~ 6Z+-0 ~ 06

8/67
5/70

1/71¹

6/70
6/70

R4
R4 8
R4 8
R4 C
R4 8
R4 C

'4¹1/211700) INTO (N ET4)/TOTAL
(0 0131 BOTK E 69
{0' 03) (0.02) OF ANS 69
{0~ 191 OR 0 ~ 27 CAIIRERAS 70

PARA«ETR [ZATIA4 uSEA COIJLn RF IN AaNCFR AF

CARRFRAS 70 USES REGGE POLES + RESANANCFS ~

(P2)/TOTAL
MPHA T PAI E + &FSON 10/6&
MPWA T POLE + RFSf?N ~ 8/69
)NPWA T POLE + RF SAN ~ 5/70
D, JU IIL F Cf? UN 7 I NG

VALUES SIISP IC If?I)SLY LARG

5/70
'4¹1/2( 1700) I NTA (N GhMMA) I TOTAL ( oF RCENT) (P41/Tf)TAL

(0 0065 ) OPJ Tfl2 69 CNTR K-LAN PHATI?PRsl

¹¹¹¹¹¹ «¹»¹«¹«»¹««¹¹¹¹¹¹¹¹¹¹»¹«¹¹¹¹¹¹»¹¹¹¹¹¹¹«¹¹¹¹¹¹«¹¹¹¹¹¹«««¹»«¹»¹¹

RR. ANASEN 65 PL 19 420
HEUSCH 66 PRL [7 1019
TRI oP '.)7 NP 83 10

+OAANNFLL, MOARHOUSE (PIJRHAMr R THFD ) I JP
C A HEIJSCH C Y PRESCOTT R F DASH'EN (C IT )
+ LE ITHr + (LRL ~ SLACrCFRN ~ HEIDELr SACLAY)

RE FFR ENC FS -- N¹1/2( 16881

SFF, A PRFV IOUS EDITION {RMP 37r 633 1965) FOR EARL I ER REF ERENCES ~

RR4NASEN
« ICHAEL
BARFYRF
OO)4N4CHl
AANNACHZ
K IRSAPP
RUSH

65 oL 19 470
bb PL 21 9'3
68 PR [65 1731
58 PL 268 lbl
68 V I FNNA 1 39
6" THES IS
68 oR I 73 1776

RFFFRENCFS -- N¹1/2( 1700)

+0 DflhINF L L, MOORH OU SF. ( I?IJRHA«r R THF A ) I J P

C MICHAEL (AXF)
P BAR FYRF. C BP ICMAN, G VILLE T { SACLAY) I JP
A DANNAC HIE R G K IR SAPP C LAVELA(:F. ( CERN) I J P

DONNACHIF ' RAPPARTFIJR ~ 5 T4LK (GL AS 1

R G KI RSOPP (EDIN)
J F RUSH (UNIV ALABA«4)

BAR EYRF.
AANN 4CH1
'lf))4N ACHZ
OIJKF.
K I RSAPP
RUSH

68 PR 16 )

68 PI. 268
68 V I EVN4
f)s) P R 166
68 THFS I S
68 PR 173

1731
161
139
1448

[7&6

BAR FYP E ~ C BRICMAN ~ G VILL ET ( 54CLAY) I JP
4 flANNACHIE R G KIPSAPo C LAVELACE (CFRN I I JP
DO'4'44CHIE RAPPARTFUR ~ S TALK ( GLAS )
+ JONF5 KFMP «URPHY THRESHFR + (RTHFA AXF ) I JP
R G KI RSAPP ( ED IN )
J E RUSH (IJNI V ALABAMA)

BATKE
OF. ANS
ORI TO
AR I TO2

69 PR 180 1417
69 PR 1)35 1797
69 LNC 1 9'J6
69 IN 5 J 113

J C BATKE
5 DEANSr J Wf)OTEN

S OR I TAr 5 SASAKI
5 OR ITf? I THF. S [5 )

I IJCSR)
(UN IV S FLOR I DA I

( TOK YO-A SAKA )
I TOKYO)

RO TK i.
AE4NS

69 PR 180 1417
6& PR 185 179&

J C BOTK F.

5 AEANS, J HAATEN
( UCSB)

( UNIV 5 FLARI DA )

CARRERAS 70 NP [6& 35
OAV IF S 70 NP 821 {59
AYFD 70 KIEV CONF
WACrNER 70 PRE PRINT T H 1227

8 CARR ERAS A AONNACHIF
4 OAVIFS
R AYEDrP 84REYRE ~ G VILLE T
F HAGNFR, C LAVELACE

{AAR E MC HS 1

{cLas)
( SACL 'I I JP
tCERN)

CARRERAS
DAV[f5
AYEA
WAGNER
RR)? DY

DUK F.

CR 1IJCH
0E ){A 'l)?
«ERL A

ROf) F. RTS
RANNFR

84RFYftf
JOHNS IN

DF4NS
AA«INACHI
AYFD

70 NP 168 35 8 CARR ER AS r 4 DONNACHIF
&0 NP 821 359 A OAV[iS
70 K I EV CONF AYED P RAREYRE G V'tLLFT
70 PRFoRINT Tk 1227 F W4GNERr C LAVFLACF
71 SIJBM ~ TA P RL + C A 5 HM OR E+ ~ ~ +HE R ND Ohl+ ~

( AAR C MCHS)
t I'I AS)
( SACL 1[JP
(CFRN)

I SLAC+LRL )

PAPERS NOT REFERRFA TO IN AATA CARDS ~

6»RL 15 4/ 8 +JONES KE«P MURPHY PRENT ICE + t RTHFfl ~ AXF ) I JP
65 AFSY CAVF I I 21 + (RRf?WN ~ CEA HAR YARD «IT Phr)OVA WE IZ MANN)
6)r ATHENS CONf 244 +KENNEY ~ LA«SA, + (NOTRE DAME, KFNTUCKY)
bb O tIOY SAC 289 489 J P MFRLLlr G VALLAAAS ( SACLAY)
67 PREPR INT R G R)38FRT5 t OIJRHAM)
68 PR 166 1347 +AETAEUF f AYAIJX HAMFL ~ + (SACL AYrCAFN)

THE 480VE oAPERS DISCUSS INELASTIC CHA 4NFL'5 NEAR THE BIJMP ~

65 oL I 8 34? + RR ICMAN STIRL tNG VILLET (SACLAY) IJP
f 7 UCRL-[7&83 THESIS f: H JOHNSON {LRL )
69 PR 177 26?3 5 R I?FANS t FLORIDA)
69 VP IOR 433 4 DAhINACH[F. R K IR SAPP t GLAS+FDIN)
70 PL 318 %98 +RAREYRE+VILI ET ( SACL AY )

PAPERS NOT RFFERRFO Tfl IN DAT 4 CARDS ~

BAREYRE 65 PL 18 342 + RRI CMANr ST IRL INGr VILL ET
JOHNSON 67 UCRL —17683 THF Sl S C H JOHNSON
DE4h)5 69 PR 177 2623 S R DEANS
OANNACHI 69 NP 108 433 A DANNACHI E R K III SOPP
A YFA 70 PL 318 598 tRAREYRF+VILLFT

( SACLAY) I JP
(L RI. 1

(FLORIDA)
(GLAS+FAIN)

( SACLAY)

N
~)I(1"f00) 18 N»1/2(1700, JP=3/2-) l=l/2 ' ~$ 3

FOR At SCIJSS I ON CANCF RNING RFSONANT PARAMETERS SEE NOTE
PRFCEDING N»1/2( 14r0 I ~

18 N¹1/2{1700) MASS {«EV )

¹¹«¹¹««¹¹¹¹¹¹¹¹«¹¹¹¹¹¹¹¹¹¹¹¹«¹«¹«»¹¹¹¹¹«¹¹¹¹»¹¹¹¹¹¹¹«¹¹«¹«¹¹«¹¹¹«¹¹«¹«¹»¹¹¹««¹¹¹««¹««¹¹«¹¹«¹»¹¹«¹»»»¹¹»««¹«»«¹«««¹»»«¹¹¹»«¹¹»»»»»»

WALKFR
Ff?R PHATflNIC CAUPL INGS SEF

PR 182) 1779 R ~ L ~ WALKF R ( CALT I

««»«*«¹«¹«¹¹¹¹¹«¹¹¹««¹¹¹«¹«¹¹¹¹¹¹¹¹¹¹¹«¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹«¹»¹¹»¹¹»««»¹«¹¹««»««««¹¹« ¹««¹¹«¹«¹»¹¹¹««¹¹¹»¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹4¹»¹«¹«¹¹¹

3 (1680r ) Kt RSAOP f. 8 RVUE PHASF SHI FT Ah(AL 10/69
3 (1730~ ) AI)NNACHZ 68 RVUF P HAS SHIFT-CEPPI1 10/69
3 WHERE MAX ~ ABSORPT [Oh) I S -I?I?NNACHI 2 K IR SAPo FYFBALL f IT CERN I 10/69
A

'
t 1780~ 01 WAGhIER 70 I PWA o I-P TA K La«8 1/71«

4 013 RESONATES ANLY IN ONE OUT AF 3 PASS I!LE SOL ~



PARTI'. z DAvA GROUI Rerum of Particle Properties S111

For notation, see illustrated key at beginning of data card listings

Baryons

Pl

Lf) Nel/2( 1700) WI QTH ( HEV)

18 N¹1/2(1700) PARTIAL DECAY MODES

Ne 1/2( 1700) I NTO Pl N

DFCAY MASSES
139+ 938

KRAEMER 64 PR 136 8496
ALF. XANDE 67 PR 1'.54 1284
A-BARELL 67 NC 47 232
LEE 67 PR 159 1156

REFERENCES -- N¹ IN PRODUCT EXPFRIMENTS

+HAAANSKY + {J HOPK INS ~ NWFSTERN WOODSTOCK I

ALEXANDER SENARY C?APEK ~ + {WE f ZHANNICFRN) I

ALLES-BORELL I FRENCH» FR I SK» MICHE JDA ( CFRN)
+HOES 5 ~ ROF. ~ SINCLAIR VANDER V FLOE {M ICH }

RFFFRENCES -- N¹1/2( 1700 I

Df)NNACH2 &5 V I ENNA 139 OONNACHI F. RAPPOR&EUR ~ 5 TALK
K IR r»OPP 68 THF S I 5 R c Ktffsnpp
WAGNFR 70 PRFPR{NT TH 1227 F WAGNER» C LOVELACE

(GLAS)
( EDIN)
{CFRN)

ALHEIDA 68
CHINA WSK 68
KAYAS 68
GALLCJWAV 68
BARNES 69
RHODE 69
BENVENUT 69

PR L&4 I 63 f)

PR 165 1466
NP 85 169
PL 278 250
PRI 23 1516
PR 187 1844
PR 187 1852

+R USH 8 ROOK E ~ + ( CAVNASH» AF SY(CFR N I I

CHINQWSKY»KI NSEY ~ KLE IN» + (LRL» SL AC )
+G{JYAOER SFNE ~ Y !DU ~ AL ITT I + (ARSAY SACl. AY)
GALLOWAY ALYEA CRITTENAEN PRICKETT + ( IND}
+SASSANO+CHUNG+E I SNFR+FLAMINTA+KINSON {RNL) I J
RHODE» LEACOCK» KERNANr JESPF.RSFN»+ (AHF. SI
RENVENUT I, MARQUIT Of'PENHE IMFR (MINN COLO)¹e¹¹¹¹¹e«¹ee¹¹¹¹«¹e¹¹¹«¹¹¹¹«e¹¹¹«¹¹ee«¹¹e¹e¹e¹¹¹¹ee«¹¹e¹¹¹e¹¹«¹«¹e¹e«e¹¹¹¹e¹«¹«e¹¹e¹¹¹¹¹¹e«¹¹¹«¹¹¹««¹¹eeee¹¹eee¹e¹¹e¹e¹«e¹¹«¹«¹¹¹eeee¹ee

1700 MF V RFG I ON -PRr)OUC 7 ION EXP ER I MENTS

ANDERSON 70
C IRBA 70
COOPER 70
C RE NNF LL 70
KUZNFTSOV70
W! LLMANN 70

PRL 25»699
NP 823»»33
NP 823»605
P'RL 25 18&
SJNP 10»332
PRL 24 1 260

+BLE5 E R r Bt- I

EDEN�»

COLL IN S++ t BNL ~ CARhl)
+VAr{OE RHAGEN+ ( EPQL r DURH» Nl JH » TOR I r P I UB )
+MANNER HUSf RAVE POLLARD VOYVAD! C {ANL )
+LAI » LOU! Er SCARR» StH'5 (BNL )
+ ME l N I KAV RYL TS F VA C HADR AA ~ RAL I NTP I J I NR )
+LAHSA, GAIDOS»EZELL (PURO)IJ

N(f voo)
BUMPS HE RLO

PAPERS NOT RFFERRED TA f N DATA C4RDS

( SACL AY)66 P RAY SAC 289 489. J P MERLO G VALLAOAS

20 N¹(1700I PRODUCTION EXPFR Ir{ENTS

PARTI AL WAVE ANALYSIS RFQU{RES AT LEAST FOUR I=1/2 STATES tN THE 1670 T

L7ff0 Rf G tnN ( A! 5 F I» 5 11 ~1 1} AND AT L EAST ONE I= 3/2 STATE {033}~

ASVI nUSLY DIFF f.'RENT EXP .R f MENTS hR E SEE ING A IFFERFNT STATES AND OFT FN I
'l 5 Nnr CL FAR WHAT ISASP IN STA&E !S BEING ASS FRVED NO EFFORT WAS MADE

Tf) S I:PAR ATE THESE FX PER I MFNTS ACCORD INC& TO J P» SINCE NQNF. OF THF.
RFPt)PTEA JP IS F IRMLY ES TASL ISHFA ~ WF Lf ST ALL THE IN":)RHATION HERE»
Bf JT Wl': HAVE NOT i}RED !T 'fN THE t)a& YON Taf)L F ~

20 N¹ ( 1700) MASS (MEV)

¹¹e¹¹¹«ee¹eeeee ¹¹e¹¹ee¹eeeeeeeeee eee¹«e¹eeee¹¹ee¹e¹¹¹e¹«¹¹¹e¹¹¹ee¹¹¹
END PRODUCTION FXPERIHENTS

e¹e¹«e¹e¹ee¹¹¹eeeeee¹eee¹¹¹ee¹¹¹¹e¹¹¹e¹¹¹¹¹¹¹
ee¹eee eee¹¹«e«¹¹ee¹e¹¹e¹eee¹¹eeee«e¹¹e¹ee¹ee¹«¹¹eeee«ee«e¹e¹e¹¹¹¹e«¹

14 N¹1/2( 1780 r JP=I /2+) I =1 /2

FOR DISCUSSION CONCERNING RESONANT PARAMFTERS, SEE NOTE
f»RFCEAING N¹1/2(1470) ~

+ PSAR P '5 ' 7 BEV/C 8/67
+ PP 10 BEV/C 9/69

P I-P 6 GEV/C 8/69
PP 22 GEV/C 10/6'l

4-SORELL I 67 HBC
4L»{EIAA 68 HRC
GALLOWAY 68 HRC
RH f}DE 69 HBC

(9 ~ 0)
21 ~ 0)
LR ~ 0)
1&»)
5/2+
{6~ 0)
FIT Wf TH
(5 ~ 0)
fb 0)
ENT WITH

4 ~

10
ZR ~

15 ' 0

t 1695~ 0)
(1&34.0} (
( 1730 Ql {

1~0 (169'.l ~ )
J P f 5 PRARhRLY

( 1712~ Dl
I J P (.ANSI ST

( 1 667'»01
t 1719 0)

J CONS I ST
LF.91

177 1710~

40 1763~

)OR 1730 ' 0
bf)(1710 )

M

M

8
8

1
4
4
4

M

M

hlf

AVG

RARNFS
S11(1700) nR P11(

RENVF. NUT I
WI{.LMANN

5/2 AR 7/2
ANDF. RSAN
CIRBA
coop ER
CRENNFLL
KUZNF. TSOV

69 Hf)C K-P TO K-P 2P I
1780 I IN FORMATION
69 DSC 0 PI-0 ? ~ 26 GEV
70 HSC + PI+P 13 GFV

PI- P Tn PI- MMS

+ Pl+ P Tr) P+3P I
+ L 4Mf) ~ K P Ron ~

+ Pl P»PIMP 6 GEV
LAMB ~ K PROD ~

70 MMS

70 HRC
70 HSC
70 HSC
70 HL BC

~ ~ ~

7 ~ 5 AVFRACE (FRRAR INCLUAFS SCALE FACTOR OF 2 ~ 1)
~ ~ ~ ~ ~ ~

1697~ 1

7/70

5/70
5/70

2/71¹
2/71¹
2/71¹
1/71¹
2/7 ). ¹

M 3
3

M 3
3

M

M 4
M

6
M A

A

14 N¹1/2(1780) MASS (HEV)

( 1751~ Ql Oohf NAC H I
l 1750~ ) AANNACH2 .

{1860 KIRSOPP
WHFRE MAX ~ ABSORPTION t 5 -DONNACHI ~ 2

( 1640.0'I ( 70 ~ 0 I nRt Tn
(1770»0) DAY I ES
( 1 867 ~ 0) DA VI FS

SOL 8 !5 E ~ 0 FIT TO SAME- DATA START FROM

f 1645 ~ 0) AYFD
FROM EhlFR ~ DEP ~ FIT OF ARGANA Dt AGRAM

( 1685 ~ 0) OR {1 740 ~ 0) WA{'NF R

THERE ARE 3 SIMILAR SOLUTIONS

14 N¹1/2{L780) WIDTH (HEV I

70 tPWA P I-P TCI K LAHB

68 RV{JE PHASE-SHIFT ANAL
68 RVUE oHAS ~ SHIFT-CERhll
68 RVUE PHASE SHIFT ANAL

KI RSOPP EYEBALL F I T CERN 1
69 RVUE K LAMBDA PS ANAL

70 RVUE P-S ANAL SAL A

70 RVUE P-S ANA{. SAL 8
CFRN I EXPER, {DONNACHL 68)
70 IPWA

f) /69
10/69
10/69
10/69

r) /69
8/69
8/6 9

1/71¹
1/71¹

20 Ne ( 1700) W I ATH (MFV)

67 H BC

68 HSf.
68 HSC

HRC
69 HBC
69 ASC
70 MMS

70 HSC
70 HRC
7Q HSC
70 HLBC
70 HBC

{70 0) t
{140 ~ QI

( 5'5 ~ 0) {
(23» ) t
(70 0) (
( 105.0)

130'
66 '

102 '
130' 0

(220 I
{63~ 0) {

~ ~ ~ ~ 0 ~

121 ~ 5
Rf E THF. NOTF5 A

A-BOR ELL I
ALMEIDA
C, ALLOWAY
RHODF
i)ARNES
SF NVE NUT I
ANAF RSAN
C IRBA
coop F. R

CRFNNELL
K{JZNE TSOV
WI LL MANN

20 ' 0)
57 ~ 0)
1'5 ~ 0}
50»)
1» ~ 0}
Lb ~ 0)
10'
26 ~

40 ~

30 0

W

W

W

8 190
W

HI A

177
'W

W 5 DR

W 60
W 4
W

AVG

PP 22 GEV/C
K-P Tn K-P 2P!

0
p I- p Tn p I — MHs

+ P I+ & AT '5 GEV/C
+ P I+P ~ 5 ~ '5 GEV/C
+

P I-P r 4 GEV/C
12 ~ 0)

~ ~ ~

11 ~ 9 AVFRAGF. t ERROR fNCLUDES SCALE FACTOR OF 1 4)
CCnwPA Nv I NG THE MASS F 5 Qun TED

9/69
9/69
8/69

10/69
7/70
5/70
2/71¹
2/71¹
2/71¹
L/71¹
2/7 Le
5/70

W 3
W 3

3
W

W 4
5

W A

Pl
P2
D3
P4

(327» 0}
't 327» I

{270. I

{310~ 0) (50 ~ 0)
(445. 0}
(525 ~ 0)
(50 ~ 0)

( 160~ 0 I OR (220 ~ 0)
SFE THE NATFS ACCOMPANYING

DONNACHL 68
OANNACH2 68
KIRSAPP 68
oR ITn
OAVIFS 70
DAVIES 70
AYEA 70
WAGNFR 70

THE MASSES QUOT

RVUE
RVIJ E
RVUF.
8VUF.
RVUF 'SAL 4
R.VUE SOL 8
tPWA
I PWA P I-P TO K L AhlB

FO ~ P FY

PHAS ~ SHIFT-CERhll
PHASF. SHIFT AhlAL

Ne 1/2( 1780} INTO P I N

Ne 1/2 (1 780) INTA LAMBDA K
Ne 1/2 {1780) INTO N E TA

N«1/2(1780) INTO N GA"lHA

AFC AY HAS SF 5
139+ 938

111»+ 497
939+ 548
938+ 0

14 N¹1/2l 1780) PARTIAL DFCAY HADES

8/69
10/69
10/F 9

8/6 9
8/69
8/F 9
1/71¹
1/71¹

20 N¹(1700) RR ANCH ING RAT fOS 14 N¹1/2( 1780) SRANCHfNG RATIOS

RL N¹ (1700) INTA tPI NI/(PI N¹3/Z{1236}) PROD ~ EXP ~

RL (0~ 77} AR LESS LEE 67 HBC P I- P 3» 6 GEV/C
R 1 A l 9~ Q) nR MOR F RE NVE NUT I 69 DBC 0

N¹ (1700) INTO (N ETA)/(N PI + N PI PI I PROD ~ EXP ~

{0 ~ 02») OR l ESS KRAEMER 64 QSC + P I+0 1 ~ 23 BEV/C
(0 ~ 042}nR L FSS (95PC CL I A-SORFLL I 67 HBC + PBAR P 5 ~ 7 BEV/C

RZ
R2
RZ

11/67
5/70

9/66
9/69

Rl
Rl 3
Rl 3
Rl 3
R 1 4
RL 5
Rl 6

Nel/2(1780) f NTQ
(0 ~ 32 )
{ ~ 32)
( ~ 32}

tQ ~ 43)
{0.3n)
(0»149)

(P I N) /TATAL
DONNACHL
DONNACHZ
KIRSOPP
oavfE5
OA VI ES
AY EO

68 RVUE
68 RVUE
68 RVJJE
70 RVUF.
70 RVUE
70 IPWA

( P1) /TOTAL
8/69

PHAS. SHIFT-CFRN1 10/69
PHASE SHIFT ANAL 10/69

SAL A 8/69
SOL 8 8/69

1/71¹
R3
R3
R3

R4
R4
R4
R4
R4 A

R4 75

R '5

R»
R5

( 1700 I INTA (LAMBDA K }/t N

( 0 ~ 01 3) OR LF. SS {95PC CL)
5FFN

LIMITS 0 ~ 025 TQ 0 ~ 1 1
L FSS THA»{ 0.025

0 ~ 025 0 ~ ')05

Pf+NPI
4-BnRELL I
CH INO W5 K Y

f)ARNE S
Wf LLMANN
CR ENNFLL

Pl)
67 HBC
68 HBC
69 HBC
70 HBC
70 HSC

PROD ~ EXP ~

PP TO K+ Y N

K-P TO K-P 2PI
P I+ P TO 3PI P

+

Ne (1700) INTO (N PI)/{N Pl PI I PRf)0 ~ EXP ~

{ 1 ~ 26 IOR LE 55 l 95PC CL ~ ) A-BAR FLL I 67 HBC +
0»025 0 ~ 13 CRENNELL 70 HSC +

N¹ (1700) I NTO (LAMBDA K) /I P PI+ Pl-) PROD ~ EXP ~

(0 ~ 034} OR LESS ALFXANOER 67 HBC + PP '5 ~ 5 BFV/C
( 0, 07 I OR LESS CL= ~ '}R CIRBA 70 HBC & I+P AT 5 GEV/C

t. 1/67
2/7 Le

8/67
6/68
7/70
6/70
1/71¹

8/67
1/71¹

R4
R4 8
R4 8
R4 8
R4 8

N¹1/2(17&01 INTO {N ETA)/TOTAL (P3l/TOTAL
(0~ 19} BATKE 69 HPWA T PO{ F. + RFSON ~

(0 09) (0 ~ 05} DEANS 69 MPWA T POLE» RESON.
( 0 01 5 I A R 0 ~ 0 '.I 5 CARRERAS . &0 MPWA T PALE + RFSnhl ~

PARAMETR IZAT ION {JSED COULD BE IN DANGER AF DAO BLE COUNTING

10/69
5/70
» /70

R2 N¹1/2{1780) INTO (LA»{BAA K}e(PI N)/TATAL¹¹2 ( P2¹P1) /TOT AL «¹2
R2 0 ~ 004 0 ~ 00 3 AR I Tn 69 RVUE 8/69
R2 4 (0 ~ 025) OR 0 ~ 043 WAGNER 70 I PWA P!-P TO K La»{S 1/71¹

N¹1/2(1780) INTA (LAMBDA Kl /TOTAL (P21/TOTAL
R3 N¹1/2t 1780) I NTO t L AMBDA K) /TOTAL \p2}/TnTAL
R3 8 le 003)TA 0 06» RUSH 68 HPWA T PALE + RFSAN. 8/69
R3 8 PARAMETR IZATIAN USFA CAULD BF IN DANGER OF DOUBLF COUNTING

Rb
R6

( 1700) (NTO {N¹3/2'(1236} PI ) /{N Pl PI ) PROD ~ EXP ~

NO FV I OE NC, F. 4-SAR ELL I 67 HBC +
SEE MERLO 66 FOR A REVIEW ~

8/67
R5
R5

N¹1/2{1780) INTO (N

GAMMA}�/Tf)TAL

{PERCENT) (P4) /TOTAL
( 0, 0096} AR I Tn2 69 CNTR K-LAN ~ PHATAPRA ~

R7
R7
RT
R7
R7 AVG

RS
R R

RR
RR
R»
Rt)
RB
Rsf A

Ne ( 1700) INTO
0 ' 74 0.14

( 1.01
(0~ 83}

L F. 55 THAN 0 ~ 15
(0 ~ 50) OR LESS

NO EV I OF. NCF.
t2 ~ 3) {1~ 6}

(N¹(1236) ++ P I- I /( P
AL FX A NO E R

0.3 aL HE t Da
KAYAS
SARNES

CL= &5 CIRBA
CRENNFLL
WILL»{ANN

PI + P I-} PROD ~ EXP ~

67 HBC + f»P 5 ~ 5 BFV/C
bf) HSC + PP 10 SEV/C
68 HRC PP 8» 1 RE V/C
69 HBC K-P TO K-P 2PI
70 HBC Pl+P AT 5 GEV/C
70 HBC +
70 HBC

t{9
R9

Ne(1700) INTO {Slr K)/(L4MS K)
LE 55 THAN 20 COOPER

PROD ~ EXP'
70 HRC + Pf+Pr 5 ' 5 GEV/C

5 FE THF. NOT FS ACCOMP ANY INC& THE M4SSF 5 QUA TED

N¹ (1700) INTA (NEUTRON P I+)/(P P I+ Pf-) PROD ~ EXP,
0 67 0.40 ALFXANOER 67 HBC + PP 5 5 BFV/C
0 ' 47 0 2» A-BORELLI HRC PBAR P 5 ~ 5 GFV/C

~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 53 0 ~ 21 AVERAGF. I ERRrlR INCLUDES SCALE FACTOR OF 1 0)

11/67
7/70

11/67
9/66

Ll/68
7/70
2/71¹
1/71¹
6/70

2/71¹

REFERENCFS -- N¹1/?{1780)

DONNACH1
DANN AC HZ

K IRsnpp
Rl}5H

ROTKE
DEANS
ORITO
nRITn2

68 PL ?68 161
68 V I FNNA 1 3 9
68 THES IS
68 PR 173 1776
69 PR 180 1417
69 PR 185 1797
69 LNC 1 936
69 INS J 113

A AONNACHfF ~ R G KIRSAPP C LAVFLACE t CFRN) I JP
DONNACHIE RAPPORTF(JR ~ 5 TALK t CLas)
R G Kf RSf}PP (EDIN)
J F. R I JSH {UNIV ALABAMA}
J C BATKE (UC SR)
S DEAN Sr J WOOTEhl {{JNIV 5 FLARI DA I
S OR I TO» S SASAK I {TAKYO-nSAKAI
5 ORITO (THESIS) {TOKYn)

{OAR Er MC HS I

( GLAS)
( SACL) I JP
tCFRN}

PAPERS NOT REFERRED TO IN DATA CARDS

CARRERAS 70 NP L6f) 35 8 CARRFRAS» A DONNACHIE
r}AVIF5 70 Nfr 821 359 A r}AVIFS
AYFD 70 KIFV CONF R AYEf) ~ P 8 AREYRE ~ G V ILL ET
WAGNER 70 PRFPRINT TH 122& F WAGNER C LAVELACF.

DEANS 69 PR 177 2623
DONNACHI 69 NP LOS 433
AYFQ 70 P{. 318 598

5 R DEANS
A AONNACHIF R KIRSAPP
+BAREYRE+V ILLET

( FLOR I DA)
I GL

45+FAIN�

)
{SACLAY)

e«ee*¹ eeee¹eee¹*e¹e¹eee*eee¹«¹ee*e«e«eee«e ¹¹¹¹«eeee¹«*e¹e¹e¹e¹e¹ee¹e
ee¹ee¹eeeeee¹ee ee¹¹eeeeee¹e«««e«e e¹ee¹e¹¹eee¹e«eeee «ee¹eee¹««¹e«¹«e¹



S112 REUIEWVS OP MODERN PHYSICS ~ APRIL 1971 - PmT II

For notation, see illustrated key at beginning of data card bstings
Saryons

N(1860)
15 R¹I/2 ( 1860 2 JP =3/2+ ) I "-1/2

FOR DISCL}SStt)N Ct)NCFRNTNG RESONANT PARAMETFRS SEE ROTE

PREC ED IRG R«1/2 (14701 ~

15 R¹1/2(1860) MASS (HFVI

17 v«1/2t 19901 BRARCHT RG RATIOS

R1 N»1/?. ( 19901 I RTQ (P I V) /TOTAL (Pl I /TOTAL

R1 3 {P09} KIRSQPP 68 RVUE PHASE SHf FT ANAL 10/69

R? N¹1/2( 1990} INTt) t N F TAI /TOTAL. (P3)/Tt)TAL
R2 8 (0 ~ 02) (0 ~ 02) DFANS 69 MPWA T POLE + RFSQR ~ 5/70
R? 8 PARAHFTR I ?AT ION USED C()L}LD BF IN DANGER t)F Di)UBLF. COUNTING

( I 860 ~ 0)
3 ( 1860~ I

3 (1900 ' )
3 WHERF. MAX ~

4 ( 1 t}44~ 01
5 (1854 ~ Ol

SQL. 8 I S E ~

x (1860~ 0)
X SCF. ALSO AP

6 (1766~ Ol
6 F RQM FNE R ~

A (1800.0)
A P 1) RFSCIVAT

AYFO 70 IPWA
I)FP ~ F f T QF ARGAND 0 I AGRAM

WAGNER 70 IPWA P I-P TQ K LAMB

FS QRL Y I V ONE QUT OF 3 PQSS IBLF. SOLUTIL)NS

R¹1/2(1860} wrDTH (MEV)

DQRNACHl 68 RVUE PHASE-SHIFT ANAL

DQRNACH2 68 RVUF PHAS ~ SHIFT-Cf RNl
K IRSQPP 68 RVUE PHASE SHIFT ANAL

ABSORPT ION I 5 -DL)NNACHI 2 K IR SOPP EYFBALL F IT CERN 1
t)AVIES 70 RVUF P-5 ANAL SOL A

DAVIFS 70 RVUE P-5 ANAL SOL 8

0 F TT TO SAME DATA START FROM CFRN I EXP FR ~ t DONNACH1 681
APPROX LF. A 69 CNTR PI-P ELASTIC

LI N &0

6 /68
10/69
10/69
10/69
8/e9
8/69

8/e9

1/71¹
I/71¹

REFERENCES -- N¹1/Zt 19's01

DQRNACH1 68 PL 2 68 161
KIRSOPP 68 THESIS
LEA 69 PL 298 584
DEANS 69 PR 185 1797
APL IN 70 RPPTH/6&

4 DONNACHf E P R G K IRSL)PP ~ C Li)VEL4CE (CfRN) I JP
R 0 KI R SOP P (EDIN I

LEA ~ OADFSE WARDECt)WANE+ {RHEL PBR I STOL P DARF }
5 DEANS J WOQTEN (UVI V 5 FLORIDA)
+Cr}WAN GIBSON GILHORF++ (RHFL PBR I STOL}

PAP FRS NOT REFERRFt) TQ IN DATA CARDS ~

DFANS
AYFD

69 PR 177 2623
70 PL 31R 598

5 R })EANS
+BAR EYRERVILLF T

t FLORIDA I

( SACL AY)

¹¹»¹¹¹¹¹»«¹¹«¹¹¹¹¹¹¹¹¹«¹«¹»¹»¹¹»¹¹«¹¹¹¹¹¹¹¹«¹¹¹¹¹¹»¹¹»¹»»¹¹»«¹¹¹»»»¹

3
W 3

W A

( 296 ~ 00) Q QNN AC Hl

t 296 ~ I DONNACH2

(3?'5 ~ ) Kf R5QPP
(449 ' Ol QA Vl ES
( 307.0) t)AVTFS
t 182 ~ 01 AYEO

(220 ~ 0) WAGPVER

SFE THE NOTES ACCt)ELPARY th}G THE

PHAS ~ SHIFT-Cf RNl
PHASE SHT FT ANAL

'5OL 4
SOL 8

68 RVUE
68 RVU E
68 RVUF
70 RVLJF
70 R Vi) E
70 IPWA
70 f PWA P I-P TO K LAMB

MASS{-5 QUOTf 0

8/69
10/69
ln/69

8/69
8/69
1/71¹
1/71¹

¹»¹¹¹¹¹¹¹¹¹«¹¹¹«¹¹»»4»¹¹¹¹¹¹««¹¹«»¹¹¹¹¹»¹¹¹»¹«¹¹»»¹¹¹¹»«»¹»«¹¹»¹¹¹¹¹¹¹¹¹¹¹¹¹¹»¹¹¹¹»«¹¹¹»¹¹¹¹¹¹¹»¹¹»¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹»¹¹¹¹¹¹¹¹¹¹¹¹»»¹
16 R¹1/7(2040~ JP=3/2-1 I =1/2 ~}}I

N(2Q4Q) FOll OISCUSSION CONCERNING RESONIINT PARAIIFTERS, SFF NOTE

PRECEOtNG N¹1/2(1470}~

&I
P2
P3
P4

15 R«1/2( 18601 PARTIAL DFCA Y ROOF 5

R«1/2{ 1860) INTO PI N

R¹1/2'I 1860) I NTO L AHBDA K

R«1/2 I 1R60) 1 NTO N E Ta
N¹t/2{1860) INTO N PI PI

DECAY MASSES
139+ 938

1115» 497
939+ 548
932}+ 139+ 139

16 R¹1/2(2040) MA 55 ( HEY)

3 ( 2057 0} DQNNACHT

3 (2030P I OQNNACH2

{2040N) KT RSOPP
3 WHFRF MAX. ABSORPTION I 5 -DONNACH1 2
X {2030~ 01 apppox LFA

X SEE ALSO APL IN 70

16 R» 1/2( 2040) Wf DTH ( HEV }

1118 RVU E
68 RVUE
68 RVUE

PKIRSQPP
69 CNTR

&HASE-SHIFT ANAL
PHAS ~ SHIFT-CFRRl
PHASE SH(FT ANAL

EYFBALL Fr T CERN 1
PI-P ELASTIC

6/68
10/69
10/69
10/69

2}/69

Rl
Rl 3
Pl 3
Pl
Rl 4

Rl

V¹1/2 ( 1860) I NTO

t 0 ~ 21)
( 211
( ?&)

(0 40)
{0.?6)
(0 149)

(Pl N) /TOTAL
DONNACH1 68
')QNRACHZ 68
KIRSQPP 68
DAvrcs 70
OAVTES 70
4YEO 70

RVUF
RVUF
RVUE
RVUE
RVUE
IPWA

N¹1/2( 18601 BRANCHING RATIOS

{P1)/TOTAL

PHAS SHIFT-CERNl
PHASE SHT FT ANAL

Sf)L A

SOL 8

8/69
10/69
10/69
8/e9
8/69
1/71¹

( 293 01 DONNACH1 68 RVLJF

3 (?90~ I DQRNACHZ 68 RVUE

W 3 (240P ) KI'RSQPP 68 RVLJF

SEE THE NOTES ACCOMPANYING THF. MASSES QUOTCD

16 N«1/2 (2040) PARTI AL DECAY MODES

8/69
PHA5 ~ SHIFT-CFRN1 10/69
PHASE SHIFT ANAL 10/69

R 2' R¹1/2 t 18601 'INTO (LAHBOA K) /TOTAL (P21/TQT4L
RZ {0' 0141TO 0 16 RUSH 68 MPWA T POLE + RESON ~

4 2 8 PAR AMFTR I 2 AT IQN LJSED COULD RE IN })ANGER OF IX)UBLF COUNTING
8/69 Pl

P2
P3

N¹I/2( 20401 INTO PI N

N¹1/2(2040) INTO N Pl PI
V¹l/2 (20401 INTO N ETA

0 EC AY s{A 5 5 F. 5
139+ 938
938+ 139+ 139
939+ 548

R3
Rg
R3 2)

R3 8
R3 t}

tP31/TOTAL
T POLE + RESQN ~

T PL)LE + R'f50'
T Pt)LE + RFSON ~

F C')UN T IN('

R¹1/2(18601 INTO (N F TAI /TOTAL
( 0 ~ 0364 ) &QTKF 69 HPW A

(0 0031 (0 ~ 003) L)EARS 69 MPW A

(0 ' 030)OR 0 ' 094 CARRERAS 70 MPWA

PARAMFTP TZATIQN USED COULD RE TN DANGER OF Ot)UBL

1 0/69
5/70
5/70

16 N¹1/2 (2040) BRANCHING R ATTQS

Rl N¹1/2 ( 2040) I NTO (PI Nl /TOTAL (Pl ) /T()TAL

Rl 3 ( ~ 261 f)ONNACH2 6{1 P VU E P HA 5 ~ SHIFT-C F RNI 10/69
Rl 3 (P15} Kt RSQPP 6S} RVUF PHASE Si{IFT ANAL 10/69

R4 N»l/2 (18601 I NTQ tLAHBDA K) ¹(Pl N) /TOTAL««2
R4 ti (0 015) WAGNF. P 70 TPWA

( P2¹P I ) /TOTAL«¹2
&I-P TO K LAMB 1/71¹ RZ R¹1/2(2040) INTO (N ETAI/TOTAL ( P31/TOTAL

RZ 8 (0~ I QR 0 009 CARRERAS 70 4!PWA T Pr}LE + RFSQN 5/70
R2 8 &ARAMETR IZAT ION USFD COL}LD RE IN DANGER OF DOUBLF COUNTING

81)TKF
DEARS
LEA
Apt rni
AYE')
C 4RRFR 45
t)AV 'I F 5
WAGRFR

69 PR 180 1417
PR 1&5 1797

69 tsL ?98 584
r0 RPPTH/67
70 KIEV CONF
70 NP If R 35
70 NP 821 359
70 PRFPRINT TH 1227

DQRRACHI 68 PL 268 161
nnhi NAC HZ 68 V I E R Ra 139
K f R CPPP 48 THCS IS
RUSH 68 PR 173 1776

REFERENCES -- N¹1/2( 18601

4 t)QNNACHIf R G K IRSOPP ~ C t {)VELACF t CERN) I JP
OQNNACHfF RAPPORTELJR ~ S TALK ( GLAS I

R G KI RSt)PP t FOll )

J f RU5H {UNIV ALARAE{A)

J C BQTKE (UCSB}
5 DEAnlsr J wQQTEN t UNIV 5 FLORIDA)
Lf A E Qa DE S ~ WARD ~ COW Ahl E+ I RHELE BR t STOL ~ OAR F I

+C t) WAN G I BSQN ~ GI LHORE++ {t}HEL EBR I STOL )
R AYED P BAR FYRF G VILLET t SACL I I JP
8 CARR FR AS E 4 DONNAC HIE I DAR E ~ MCHS)

A L)A V I E 5 ( GLaS )

F WAGNERP C LQVELACE (CERN)

OQNNACH1
DQNNAC H2
KfRSOPP
I. EA
4 PLI N

C ARRFRAS

68 PL 26 8 161
e8 VtEVNA 139
E28 THFSTS
69 PL 298 584
70 RPPIH/67
70 NP 168 35

DONNAC HI 69 NP 108 433
AYEO 70 PL 318 +98

PAPFRS NOT REFERRED TQ IN DATA CARDS ~

4 DONNACHIEP R K f&SQPP
+BAREYRf VILLET

{~LAS+EOIN)
( SACLAY)

REFERFNCES -- N¹1/2(20401

4 DORNACHIE P G K IRSQPP C LQVFLACE (CERRI I JP
DONNACHIE RAPPQRTFURP5 TALK (GLAS}
}i ip Kr Rsopp t EDIN}
L EA OADESE WARD CL)WAN, + t RHEL BR I STOL, DARF )
+COWANEGIBSQNEGI LMQRE++ (RHFLp RR I STL)L I
8 CARRERAS P 4 DQNNACHIE t DAR F. P'E{CHS I

PAPFRS NOT RFFERRFO TO IN DATA CARDS'

«¹¹¹¹«¹¹¹¹¹¹¹¹¹¹¹¹»¹¹¹¹¹«»»«¹¹«¹¹¹¹»«¹«¹¹««¹¹«¹»«»«««¹»¹»¹¹»¹¹¹¹¹¹¹¹¹¹¹ ¹¹«¹¹¹¹¹¹»¹¹¹»»¹¹¹¹¹¹«¹»¹»»¹¹¹¹¹¹«¹
DFARS 69 PR 177 2623
t)t)NNACHT 69 NP 108 433
4 YF 0 70 PL 318 598

5 R DEANS
A DQNRACHf E R K IR 5()PP
+BAREYREPVILLFT

( FL OR I OA I
{GLAS+EOTN)

t SACL AY )

71 N¹1/2(2190 JP=T/2-) I =1 /2 G| 7
N(2&g0) FOR OISCOSSI/IN CONCERNING RESONIINT PARANFTEIS, SFF NOTE

PR FC ED TNG N¹1/2 ( 1470'} ~

M 3 68 RVUE

H 68 RVUE
M EKIRSOPP
M X

ezs CNTR

(1983~ Dl DONNACHl

(1995~ I KIRSQPP
WHFRE MAX ~ 485t)RPT IQN I 5 -r}QRRACHI E 2

( 2000 ~ 0) APPROX } EA

SEE ALSO APL IN &0

17 N¹l/2(tcs90} Wf 0TH ( LEV)

PHASE-SHIFT ANAL

PHASE SHIFT ANAL 10/69
EYF84LL FIT CFRN I 10/69

P I-P ELASTIC 8/69

N(1ggP) ll N I/2IIRPO, JsP=T/2 I l=l/2 Ft 7
FOR DI SCUSSIQR CONCERNING RESONANT PARAMETERS SFF. NOTE

PRCCEDING R«1/2 I 14701

17 N«1/2 t 1990) II}4SS t HEV)

H

3
M 3
M 3

3

M

M

( 2190~ 01
(2210PDI
(2190P 01
( 2265 ~ 0'}
{2190~ )

t 2265 ~ )
WHF. R F. MAX.

{2000POI
{2158~ 01

FRQH Eh}E R ~

2180P
( 2260 ~ 0}

71 N¹1/2( 21901 MASS ( MFV I

DIDDERS
HOHL ER

APPROX YOKQSAWA
t)ONNACH1
DONNACH2
KI RS()PP

ABSORPT ION I 5 -DQNNACHIP 2
AppRox LFA

AYFD
t)EP Ff T OF ARGAND t)f AGRAH

2'5 ~ ANC}FRSON
HULL

71 N¹1/2(21901 Wt DTH t MFV )

63 CRT R

64 RVUE
66 CNTR
es} RVUF
68 RVLJE
68 RVUF

~ Kt R SQPP
69 CNTR
70 I PW 4

70 HMS
70 MPWA

Pr+- P TOTAL
DATA + D(SP RFL
Pf- P OSTG + PQL
PHA SF- 5Hf FT A VAL

P HAS ~ SH I FT-C F RR1
PHASE SHIFT ANAL

EYER AL} Ff & CFRN 1
Pr-P FLASTTC

Pr- P TO Pf- MHS

SHALL h NGLF P I-P

7/66
6/6 8

10/69
10/69
10/6 9
8/69
1/71«

2/71¹
I/71«

Pl
&2
P3

t 225 ~ 01
(250 ~ I

DONhiACH1 68 PVUE
KIRSQPP 68 RVUF.

R«1/2 ( 1990} INTO PI N

N«1/2( 19901 I NTQ N Pl PI
R» 1/2( 1990) I NTL) N E TA

17 N¹1/2 (19901 PARTI AL DECAY MODES

8/6'}
PHASE SHIFT ANAL 10/69

DECAY MASSE 5
139+ 93}}
938+ 139+ 139
939+ 548

W

ili

3
'W 3
W 3

W 6
W

( 200P
(2004
(220N
(298P
( 300~

t 300P
275 ~

I 325 ~

t 239~

SEE THE

01
Ol
01
0)
)
I

01
01
NOTES

nfDnENS
HOWLER

APPROX YOKQSAWA
DQnihiACH1
OONNACH2
Kt R SOPP
ANDERSON
aYED
HULL

ACCOMPANYfNG THE MASSES

63
44
66
68
68
68
ro
70
70

QUOT

re

CN TR
RVUE
CRTR
RVUE
RVUE
RVUE
MM5

I tzwa
A{PW4

ED ~

P Ha S ~ SH f FT-C F RN1
P HASE SHf FT 4h}AL
P I- P TO P I- ALMS

SHALL ANGLE Pf-P

7/ee
7/66
6/68

10/69
10/s 9
2/71«
1/rl ¹

1/71»



For notation, see illustrated key at beginning of data card listings.

PARTICLE DATA GROUP Review of Particle Properties S1i3

Qzryons

Pl
P2
P3

71 N«1/2 l 21 90) P ART I AL DECAY MODES

N«1/2t?. 190) INTO PI
N¹1/? {2190) INTO I. AMROA K

Net�/2(?

IEED) (NTO N PI Pl

71 N¹1/2(21QOI RRANCHING RATIOS

DEC AY M ASSE 5
139+ 938

I 115+ 497
938+ 139+ 139

Pl
P2
P3

72 N¹1/2 t 2650) PARTI AL DECAY MODES

N¹1/2(2650) INTO PI N

N 41/2 ( Z650) INTA LAMBAA K

Nel/2(2650) INTO N Pl PI

72 N«1/2t 2650) BRANCHING RATIOS

DECAY MAC SFS
139+ Q39

1115+ 497
938+ 139+ 139

Rl
Rl
Rl
Rl
R I 3
Rl 3
Rl 6
Rl

N« I/2( 2190)
(003)
( 0 ~ 3)
(0 349)

( ~ 35)
( ~ ')5)

(0.150)
(0009)

INTO {P I N) /TOTAL
APPROX nrnDENs
APPROX YAKOCAWA

OONNACHI
DANE{ACHZ
KIRSOPP
AYED
HULL

63 CNTR
66 CNTR
68 RV(JE
68 RVUF
68 RVUE
70 fPWA
70 MPWA

{Pl)/TOTAL

P HAS ~ SHIFT-CFRN1
PHASE SHIFT ANAL

SMALL ANGLE P I-P

REF FRENCF S -- N¹1/2{2190)

¹e««««s¹«¹¹4¹e¹«e¹4«e¹44««««*««4« tee««44«4 4¹4¹¹¹¹«44¹¹«ee«¹e4¹4»««4¹

7/66
7/66
6/68

10/69
10/69

1/714
1/71»

R I N¹1/2( 2650) INTO l PI N) /TOTAL {Pl)/TOTAL
Rl ONLY {J+I/2)¹( PI N/TOTAL I MEASURED FOR THIS STATE
R), 0.436 0 ' 028 Cf TRON 66 CNTR TOTAL CR'JSS-CFC 11/67
Rl 8 {0~ 456) {00019) BARGER 66 RVUE TOTAL + CH EXC 11/67
R1 8 (0' 30) RARGER 67 RVUF, USF. S K )RMANYAS67 11/67

8 USES REGGE As{P ~ +RE SON TO CAI. CULATE OIF ~ CRASS SECTI'1NS AT 180 OFGRE
8 FAR CR ITf C I SM flF THIS MFTHOO ~ SEE OALFN 68 ~

Rl 0 (0 ~ 24) AIKf/EEN 67 RvUE f)sFs KORMANY0566 11/67
USES ONLY RFSONANCES TO CALCULATE DIF ~ CROSS SEC&lANS 4T 180 OFGRFFS

Rl (0 F 06) KORMANYOS 67 CNTR PI-P AT 180 DEG. 11/67
e«ee¹«44¹ «44«4«444 44444«44» ¹4«¹444¹444444«44¹ «¹¹¹¹444«et«et«44

n tnnFNS
HOHLER
YAK '15 A WA

DflNN 4C HI
nANJNACHZ

K I RCAPP
L(=4

63 PRL 10 262
64 PL 12 149
66 sIRL 16 714

9 PL 268 161
V ( Esf 0{4 1 39

68 TIIES(C
69 PL 29f) 584

ANOE RCAN 70 PkL 29, 699
AYFA 70 KIFV CONF
HfJLL 70 PR 02 1783

+RLF'CFR, BLIEDEN ~ CALL INS++
R AYEO, P RARFYRE, 0 VILLET
J H(JLL R LEACACK

( BNL ~ f:ARN )
l SACL I IJP

( I SU)

+JFNK't NC, KYC I A, R I(. FY (BNL ) I
G HAHLER J GIESECKE (KARI. , SRUHE I
+ CUWA HILL EC7 FRL I NG R(1ATH IARGECHI ) JP
A DONNACHl F, R G K tRSAPP, C LOVELACF. (CERN) I JP
AONNACHI E RAPPORTFUR ~ 5 TALK (GLas)
R G KIRCOPP I EflIN I
I EA OAOES WARD COW AN + (RHFL RRI STOL OARF )

ALVAREZ
HARl IG
HOHL ER
C I TRAN
BARGER
RARGFR
DIKMEN
KORJI{4NYA
DOJ. EN

64 PRL 12 710
64 PRL 13 103
r34 PL 12 149
r36 PR 144 I 10 1
66 PR 151 1123
67 PR I'55 1792
67 PRL 18 798
67 PR 164 1661
68 PR 166 1768

REFERFNCES -- N¹1/2(2650)

+BAR-YAM KERN LUCKEY DSRORNE + {MIT,CEA)
+MANNF LL I, CAD& CK SON, r 4CKLE R, WARD, + (M f T )
G HOHL ERE J GI ESECKF. {KARLSIRUHF ) I
+GALBRAf TH KYC f A L EflNT tC PHILL I PS ~ + l RNL I I
V BARGER ~ M ALSCAN tWISCI
V BAR GIFR ~ O CL INE {wrsc)
F N ntKMEN ( MICH'I
KARE{ANYAS ~ KRI SCH OFALLON ~ + (MICH ARG) P
R OOLEN ~ 0 HARNE C SCHMlf) t CA(. TECH)

QU4'3)T{JM NUMRER AETERE((NATt llNS NOT REFERRED TO IN f)AT A CARDS ~ PAPERS NOT RFFFRREA TO IN DATA CARDS

C4RRO( L
CAQRALL

K f IR 3( AN Y'. I

84%GFR
BUS 2 4

bb PffL 16 289
46 PRL 17 1274

FRR ATUM CHANGING
66 fSRL 16 709
66 PRL 16 913
67 NC 5? A 331

+CARBFTT, OAMERFLL, MIDA( FMaS, + {RTHFO, OXF) J-L
+CARR F TT EOAMFRELL 0 Ml DDLf:MAS 0 + t RTHFA ~ OXF I J L

THE R ATHFR WFAK ACT ER MINAT I Ol'I f)F J-L TO + 1/2 ~

KARM4NYAS, KR I SCH, OFALLAN + IMICHP ARG) P
V RAR GER 0 0 CL tNE f WISCJ
+DAVIS, nuFF, HfY~ANN, + lUNICOL, WESTFIELD)

PAPFRS NflT REF ERR F0 TO IN DATA CARDS ~

BAACKE 67 Nc 514 761 J RAAC KF ~ & YVER T (KARLSRJJHE ARSAY)J-L
WAHLIG 68 PR 168 1515 M a WAHLIG, t MANNE Lt I Ml Tr Pl CA)

F INAL VERSION OF DATA USED IN WAHLIG 64 ~ IN CONJUNCTION WITH
C 'I TRON 66 T'l TAL CR OSS SE(:TfONS THI S CHAR{ F EXCHANGE DATA f;IVFS
CAMPLFX EL ACTI C SCATTER ING AMoL ITUDF AT 0 AEGRFES ~

4444»4 ¹444¹t«4» ¹»44«4444 4»444444» 4»«4«44»4 «4«¹4¹e»e«e¹«¹»44«ee««tee¹e¹44»¹e«44¹«e¹4 «444««44« 4«4«4444¹ «4¹¹ee«4¹44«««4«e»»4«««44¹«¹4¹444»«
AYFO 70 PL 318 &98 +8 4R EYR E 0 V ILLF. T ( SACLAY)

«e¹¹«e««««¹¹¹«ee««et¹¹«e ««e«ee«e» ¹ee««e¹«e tee««»et« «¹«eteee» e»»»»teee«e¹¹¹««¹eee««* «eee«¹e«« eee«eeeee e¹e«eeeee eeeeeetee eeeeeeeee »444444»

N(3030) T3 N*l/213030 JP= I I=I/2

73 N«1/2(3030) MACS (s{EV)

N(2220)
FOR DISCUSSION CONCERNING
PR ECEOING N¹1/2 {1470)

90 Net/2(222f)l MA SS {MF V)

R F CONANT PAR AMETER S 0 SF E NOTE

90 N«1/?(?2?0 JP=Q/2+ I I =1/? H f 9 {3080 ~ 0)
( 3030~ 0 I

(40000)

64 RVUE
66 CNTR

C I TRON 66 CNTR

HOHl. E R
C I TRON

73 N¹1/2(30'JO) WIDTH (NEVI

DATA + AI CP REL 7/66
Pt+- P TOTAL 7/66

7/66

6 F RAP{ FNF R ~ AFP ~ F I T OF ARG ANA nf Af;R Afa

M ( 2? 000 I APPROX ~ BUS? 4
6 (22?1 ~ 0) AYED

M {2?45 DI HULL

QD N¹1/2(2220) WIDTH (MFV)

67 ASPK
70 IPWA
70 MP'WA

LFG ~ POLYN ~ ANAL ~

SMALL ANGLE P I-P

2/714
1/714
1/714

Pl
P2

73 N¹1/2{3030) P ART I AL DECAY MADE S

N¹1/2t 30301 I NTO PI
N¹1/2{3030) INTO N Pt PI

DFCAY MASS FS
139+ 938
939+ 139+ 139

W 6
W

(ZCR ~ 0)
( 329 0 I

AYEO
If{ILL

70 tPWA
70 MPWA SMAL( ANGLF. P I P

1/71¹
I. /71¹ 73 N¹1/2(3030I RRANCHING RAT fns

Pl
P2

90 N«1/2 {ZZZO) PAR Tf AL AECAY MllAFC

N«1/?( 2220) INTO Pl N

N«1/2(2220) I NTA N ET4

90 Net/2(2220) BRANCHING RATIOS

DECAY 3{ASSES
139+ 938
Q39+ 54 8

Rl N«1/2 ( 3030) INTO (P I NI /TOTAL (Pl ) /TOTAL
Rl ONLY {J+I/2'I«( P I N/TOTAL) MEASURED FAR THtS STATE
Rl {0 ~ 048'I CITRON 66 CNTR TATAL CR'JS. CEC 11/67
Rl 8 (0 ~ 098) {00016) BaRGcR 64 RVUE TnTAL + cH cxc. 11/67
Rl 8 {0~ 12) BARGER 67 CNTR f)SES KARMANYAC66 11/67

8 UCFS R FGGF AMP. +RF SAN TO CAL CUL ATF. OI F ~ CROSS SEf' T I ON S AT 190 AEGRE
8 FOR CRITIC ISS{ f1F THIS METHOD, SEF AOLFN 68 ~

Rl 0 t 0 ~ 016) AfK (FN 67 RV{JE USES KARMANYA567 11/67
0 USES ONLY RESONANCES TO CALCULATE AIF ~ CROSS SFCTIONS 4T IRD AFGREES

Rl
Rl 6
Rl

N«1/2{ 2?20) I NTO {P I N) /TOTAL
(0 140) AYED
(0.1 JI Hf)LL

( P 1 ) / )' 0T AL
70 IPWA 1/71¹
70 MPWA CMALL ANGLF P I-P 1/71«

RFFERENCEC -- N«1/2(3030I

AYF. A

RUCZA
H(JLL

70 K I EV C'.)NF
67 NC 524 331
70 pR 02 1783

RF F ERF NC FC -- N¹1/2( 2220)

R AYEA ~ P RAREYRE, G VILLET
+OAVf S ~ AUJ & ~ HEYMANN NIMMON +
J HLILL, R LE 4COCK

{SACL) I JP
lUCL+WCL I

(ISU)

«4««¹¹¹«««««««» *e«««4««e ee«e«e»¹e «««¹ee«ee ¹e«ee«4«e «¹e«eeee» ¹«««tee» HOHLER
C I TQON
BARGER
RARGFR
D I K ME N

KORMANYA
OALFN

64 PL 12 149
66 PR 144 110 1
66 PR 151 1123
67 PR 155 179?
67 PRL t8
67 PR 164 1661
/38 PR 166 1768

SRUHF ) I
(RNL ) I

('Wl CC I
(WI SC) P

{MICH)
HE ARG'I P

TFCJ-I)
(Mf C
{CAL

G HOHLFRE J Gl ECEC'(E {KARL
+GALRRAI TH ~ KYCI A L FONT IC PHILL I PC ~ +
V BARGER ~ M OLSCON
V RAR GER, D f:L INE
F IN Al KMFN
KORMANYAS KRI SCH AFALLAN +
R AALFN ~ D Hc)RNE C SCHMIO

AYEA 70 PL 3tR 598

PAPERS NOT REFERED TO IN DATA CARfls

+BAR EYRE 0 VI(.I.. E T ( SACLAY)

««ee¹«tte e«««««tee ¹«4¹««eee 4444««4»¹ ¹«¹««»»«4 «¹«»4«¹et ««»«4*4¹4¹t»4¹¹4«e«4»44 «4»«»««»4 4»4»»««44 4¹»4«»444 ¹e«4»«4¹¹«4«««444« ¹««¹«44¹

««¹»*e ¹ee«e»e««««¹e¹«¹e««eee¹e«e¹e«¹e««eee ¹«4»et«»« ¹¹««»tee» ««ee»««»
«««¹t«e¹««e«¹«¹««««e««e» «««eee«e¹ e¹«e¹««e» e«»ee«e¹e «ee¹e¹«e»

2200 MEV — PRODUCTION AND crTOT~ EXPERIMENTS

BUMPS 324' 0 10 ' 0 KflRMANYOS 67 CNTR Pl-P 180 OF(' FL 6/68

74 N« /2l 3245) W(DTH (MEV)

74 Ne t 32450 JP= +I

NP(3245) EXISTENCE NET TNNCIIISIVELT ESTXIILISHE0, I —SPIN
NOT OFTERM INFO Bf)T THE NARROW WIDTH PRECLU(lE 5
I DENT IF ICATION w'(TH THF N«3/2{ 3230'I, ')MI TTEA
F ROM TABL E ~

74. N« /2( 3245) Ma SS ( ME V)

e««e«««««e«e«««ee«eee««e ««e¹e«e¹» «e«ee¹»e«e«eee«ee» «e««e«eee «eeet¹«« ( 35 ~ 0) AR L ESS KORHANYAS 67 CNTR

N(2650) 72 N¹1/2{26900 JP= -) l=t/2

72 N¹1/2(2650) WACS (MFVI 74 Ne /2(3245) PARTIAL AECAY MAAE5

M

M

M

M

( 27000 0)
(2600 ' 0)
(26/3' 0)
2649. 0

( 2633 ~ 0)

APPROX

10 ' 0

ALVAREZ
'WAHL I G
HAHLFR
C I TRAN
RARfIER

72 N¹l /2 (2650) 'WI ATH {MEV )

64 CNTR
64 OCPK 0
64 R V(JF
66 CNTR
66 FtT

Pl PHOTAPRAD
PI-P CH EX
04TA + Af CP PFL
P I+- P TO TAL
TOTAL + CH EX

PI hl« /2 {3245 ) INTO PI N

7/66 74 N¹ /2{3245) RRANCHtf3(G RATIfls11/67 J I S NAT KNAWN ~ FAI LAWIf3)G IS (J+1/? )«{PI O'I /TOTAL
Rl (0 ' 37) KARMANYOS 67 CNTR

AFCAY MASCE'C
13Q+ 938

6/68

(100.0)
{?00 0)

360 ~ 0
( 42'5 ~ 0)

2000

ALVARET.
H AHLF R

Ct TRON
RARGER

64 CNT R

64 RV( JF.

CNT R
66 F IT TATaL + cH Ex

7/66
7/66

11/67
REFFRENCFS -- N¹ /2{ 324'5)

KORMANYA 67 PR 164 1661 KARMANYOS ~ KRISCH flF ALLAN + I SIf I f.H AP 0) P

¹4te»4 444«»4«»4 4444«e«44 «44444«44 »4«4»¹4«4 e»444«et4 ¹¹4¹44«444«4»4444
e«»tee ¹¹4«tee»» «e¹«tee«» t¹e»««ee» ¹ee«««¹ee «¹«¹e«44» ««««tee«» e«e¹¹eee
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+~I @Oil%

N(369O)

36&0 ~ 0

50 ~ 0

10 ~ 0 RARTKE 67 HRC + P I+P 8 PRONGS

75 N«I/2( 36q01 W I 0TH (MEV)

30 ' 0 BARTKF. 67 HRC

N»1/Zl 36')0 ~ JP= ) (=1/2

A RUMP SEEN IN THF. (NVARI ANT MASS OF A VFRY COMPL I-
CATER STA~E (N + SEVFN P(S) ~ SO AS EVIDENCE FOR
4 NEW RFSONANCF. IT IS NDT CA~NCLUS IVF ~ NOT INCLUDFO
I N TABLE ~

4»1/2(36~0) MASS (MFV)

8/67

8/67

Cornrnents on the Mass and Width of & (2236)
In a paper submitted to the Kiev Conference,

CARTER 70 present new data on the TT p total cross
sections and the charge exchange cross sections in

the region of & {1236). The same group also has data
on the differential cross sections, but they have not

yet been fully analyzed. The data of CARTER 70 seem

75 N«1/2 l 36&0) PARTIAL DECAY MODES

P1 4»I/2(36&0) INTO 4 + 7 Pl S

REFERENCES -- N¹1/2(3690)

BAR TKF 67 PL 24R 11R +CZYZEWSK I tDANYSZr»

DECAY MASSES
0

(CRACOW sORSAY) I

b'oth statistically and systematically much better than

the older results (which date back to the early 50's).
When compared with the previous measurements, the

most interesting feature of the new data is an apparent
small shift of the peak values of the cross sections to

«e«»»e»«»e¹«e»e «»»»ee»»»»e«e¹»eee eee¹eeeee eeee»eeee ee*eeeeee eeeeeeee
»»»«»*ee¹»«»»«eeee ee«««»eee s ee¹e»»ee lower momenta.

N, (3V55)

3755 ~ 0 R 0 FHRL ICH 68 HBC + ts I+ P P P BAR

'7/ N e /2( 3755 ) WIDTH ( MF V 1

20 ~ 0 FHRL I CH 68 HBC +

76 N» /Z( 3755» JP= )

4 SMALL PFAK I4 THE l P P PBAR) INVA'RIANT MASS FROM

8,4 RFV/C PI+ P TQ PI+ P P PBAR EVENTS ~ AS EVIDENCE
FOR 4 NEW RFSONANCE IT IS NOT CONCLUSIVE OM(TTEO
FROM TABLE.

76 N» /2(3755 1 MASS (MFV)

6/68

6/6 8

CARTER 70 then calculate the 533 phase shift
from the total & p cross-section data. This they do

by using the phase-shift solutions of DONNACHIE 68
for the S31 and P31 partial waves, which they subtract
to obtain the &33 phases. The errors assigned to the

phases do not include uncertainties in the background
s ub tra ction.

76 N¹ /2( 37551 P ART I AL DECA Y MODE S

EHRL ICH 65 PRL 20 656

RFFFRENCFS -- Ne /2'(37551

R FHRL ICH«R J PLANOr J 8 WHITTAKER (RUTGERS)

«««»»»»e«»«»*«¹ «»»»»««e» «»«¹»»«ee ¹ee»e«ee«¹eee¹eee» «eeeeee»e «eeeeeee
¹«««»«»e»»e«»«»»»«ee»ee»»»ee«e«»e «eeeeee«» eeeeeeeee ee»eeeeee ¹eeeeeee

E NO P RA OUC T I04 FX P ER I MENT 5

»«»»»» «*ee»e¹e« »ee¹ee»»e »»¹»»»«»« »ee«e»e»«
»«««e« «e»»«»¹e¹ «e«««««e« «e¹»««ee¹ eee»«eeee »ee«¹eeee ee»»eeee« e¹ee«eee

a(1236) 33 N¹3/2( 12 &6r JP=3/2+) 1=3/2

CARTFR 70 REPORT NFW PRECISE CROSS SFCTIAN MEASURE-
MENTS FAR PI+P PI-P AND CHARGE EXCHANGF ~ THE IR ANALYSIS
COMBINES TOT4L CROSS SFCTION DATA WITH THF PH4SF SHIFTS
OF DONNACHIE 68 (USED FOR THE BACKGROUND UNDER THE P33)

THE C HAP ('E FXCHANGF DATA WFRF NOT USED ~

OLSON 6r HAS DONE 4 S IMI(. AR ANALYSIS ON OLDER DATA USING ROPER 65 PHAS'E
SHII- 7 S W I TH A FRF E DV ERAL(. NORMAL I Z AT ION ~

DECAY MASSES
Pl N« /2( 37S'5) INTCI PI+ P P PBAR

«¹»»»»«»» «»»¹»e»e» »ee»«¹e»« «»e»»eeee eeeeeeeee «eeeeeeee eee¹eeee

The &33 phase shifts were next fit by CARTER
70 with the so-called Layson form of the resonance
line shape;

I (E) 4m {qR) ~
3 2

tan 5R=,I'{E } = p

2(E0E)(E+E0)r1+(qR)j

where E is the pion c. rn. energy and an additional

subscript 0 denotes the r.esonant value. The mass
2

M at resonance, reduced width y, and range R are

determined by a fit to the data. The width at resonance

is given by I'(E )M/(M-E ). The results are shomn
TT0 TTQ

'

in the accompanying table (the values quoted in the

Comparison of analyses of the &33 phase shifts which CARTER 70 obtain from their TT p total cross section data.
a~~is the background scattering length; a dash indicates no background was permitted.

"Breit-Wigner" a33 (1/m ) M (MeV) I"0 (MeV) R (fermi) X (14 points) N
Tr param,

CARTER 70

Our
studies

Layson

Standard

Layson

Standard

Layson

Standard with
two radii

0.0100

0.0099

1231+0.6

1231

1Z31

1234

1234

1231.4

109

120

120

0.92

0. 89

0.75

0.83, 0.62

48

9. 7

10

1Z. 8

3-parameter
polynomial 1230. 8 110 35

4-paramete r
p o1yno rnia1 1231.4 112
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For notation, see illustrated ltey at beginning of data card listings

listing are slightly different because the additional

Coulomb correction has been applied to obtain the final

value s) .
The results of this fit are considerably lower

than the values we had quoted earlier. These were the

results of OLSON 65 who did the same type of analysis
on the old data, using the ROPER 65 phase shift for

S3 f and P3 &
w ith an additional ove ral I constant s caling

factor for the background. How much of the disagree-
ment between CARTER 70 and OLSON 65 is due to the

difference in the data and how much to the difference
in the background is not clear to us at this time.

There is, however, an a,dditional problem, which

we now discuss. We have repeated the fit of CARTER
70 to their &33I s with both the Layson and what we

shall call the Standard Breit-Wigner form:

M~(ECM) 3 &+(q0R)
R 4 2, &(ECM 0 2M -ECM q0

l 1+ (qR)

As seen in the table, our results for the Standard and

Layson forms agree with those of CARTER 70. We

conclude from this that there is little difference be-
tween three-parameter resonant forms so far as the
values of masses and widths are concerned.

While we obtain the same low values as do

CARTER 70, the disturbing feature o& these fits is the
poor X, . This shortcoming can be removed by per-2

mitting a small background in the P33 partial wave it-
self: 3tan 5B = a33( )

We have then added & and ~ as required by unitarity,
assuming the TF+p channel is perfectly elastic. Thus
the overall amplitude becomes

2i~
T= TB+e TR,

where T = I/ (oot 5 -i), with similar expressions for

TB and TR. As shown in the table, a small 33 back-
ground scattering length yields an excellent X . The2

contribution of TB to the total cross section
2

(8&& ImTB) is less than -1 mb from threshold to
-1300 MeV. The primary effect of the background is
to rotate the resonance in a counterclockwise sense

Rmryane

point by replacing the width in the Standard form by a

parametrization in terms of two radii:
2

1+(q0R~) (q0 2)
~(ECM) = 0'q—')

0 4+(q R&) + (q R2)

Both statistically and in view of the manner in which
2

the experimental phases were obtained, the X of 12.8
obtained with this form should be considered quite good

(see the table). Finally we have used the following

"polynomial" expressionto fit the &33 phases:

3 N
q cot5=Z~ a q

2n-2
n=i n

In this case the resonant mass corresponds to the

energy (s=E = M ) where q cot = 0. The width2 2 3

is given by
3

Iqo ~ (q cot 6)

As seen from the table, the three-parameter fit (N=3)
2yields a poor X, whereas the four-parameter fit has
2a rea, sonable X and gives essentially the same mass

and width as the "two radii" Standard form.
The central problem we have raised is how

seriously we should take the usual energy dependence
2/+4

of the width (other than q ). In the fits that corn-

bine background a nd resonance, it should be noted that

q cot {~ + 5 ) passes through zero at precisely the3

same mass as the four-parameter polynomial" fit.
Thus the inclusion of background assumes, in the con-

text of these simple fits, that the parametrization of

the widths in either the Laysonor Standard forms is
correct. At the very lea. st, an ana, lysis of the forth-

coming angular distributions of Carter et al. will de-

texmine the precise energy at which cot &33 0. More

optimistically, it may put to rest the pxoblem of pa-
rameters for the senior citizen of resonances.

We conclude that mass and width of &{1236)are
in a state of flux; thexefore we do not quote any errors
in the table.

33 N+3/2( 1236) MASS (MFV)

in the Argand plot. What is surprising is that the mass

a.nd width of the a(4236) are much closer to the older

values we gave in our tables. (Olson's scaling factor
in the background tends to move M, I in the same di-

rection as our background. )

It is not clear to us at the moment if such a back-

ground is needed or if simply the Breit-Wigner form

us ed i s not adequate to fit the data, now that ve r y pr e-
cise experiments are available. We illustrate this

M

Met
M++
M++
M++ A VG

MO

NA

MC)

MO AVG

W

W++
W++
W++
W++ AVG

WO

WO

WO

WO AVG

( 1234 ~ l
1230' 0
1236' 0

0 ~ 6
0 55

ROPER
CARTER
AL SSON

65 DPWA 0++ PHASE SHIFT AN ~

70 MPW A ++ & I+P 5 IG ~ TOTAL
65 RVUE ++ TOTAL-S IGMA DAT A

~ ~ ~ ~ ~ ~

1233 ' 3
~ ~ ~

3 ' 0

1232 ~ 9
1236, 4'5

F 6
0 ' 65

C. ART ER
OL SSAN

70 MPWA 0 PI P 5 IG ~ TOTAL
6e RVUE 0

~ ~ ~ ~

1234 ~ 5 1 ~ s) AVERAGF. ( ERROR INCL UAFS SCALF- FACTAR AF 4 ~ 0)

33 Nt'3/2( 1236) WIDTH ( MF V)

( 120 ' )

112' 8
120 ~ 0

3+0
2 ~ 0

RAPER
CARTER
r)L SSt)N

65 DPWA Oat PHASE SHIFT AN ~

70 M&WA ++ & I+P SIG TAT.
65 RVU F. ++

117~ & 3 3 AVERAGE ( ERROR INCLUDES SCALE FACTOR AF 2 ~ 0)

114~ 7
119~ 6

3 ~ 0
2.4

CART FR
AL SS ON

70 MPWA 0 ol-& SIG TAT
RVUE 0

117~ 7 2 ~ 4 AVERAGE ( ERRAR INCLUDES SCALE FAC TOR OF 1 3)

AVERAGF ( ERROR INCLUOFS SCALE FACTOR OF & 4)

1/71+

I / 714'

I/71»

I /7 14'
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Saryons

33 N»(0) - N¹(++) MASS DI FFFRFAICE (MFV) AZ N«3/2t 1650) BRANCHING RATIOS

R

D R

I} R

(0 45) {0' 8'5) OL SSQN 65 RVUE

{2.» {0.85) CARTER 70 MPWA P[a- P SIG TOT.
REDUh'. DANT WITH DATA IN MASS LIST fNG ~

33 N«3/2{1236) PARTIAL DECAY MODES

2/71«
Rl
Rl 3
Rl 3
Rl 3
Rl
Rl 5
R'1 6

N»3/2( 1650} I NTO

f 0 ~ 284)
( ~ 28)
( ~ 28)

(0 28)
(0 ~ 75)
(0 ~ 317)

(PI N) /TOTAL
DDNNACHI
DDNNACH2
K!RSDPP
DAVfES
OAVIES
AYEO

68 PVUE
68 R VUF.

68 RVUE
70 R VUF.

70 RVUE
70 IPWA

{P 1 ) /TOTAL
6/tSR

PHAS» SHIFT-CERN1 10/69
PHASE SHIFT ANAL 10/69
P-5 ANAL SOL A R/69
P-5 ANAL SOL R Blb 9

1/71»

Pl
P?
P}

Rl
R 1

RZ
R 2

hI«3/2{ 1236) INTA N PI
N«3/2{ 123+} INTO N CRAMMA

V«3/Zt 1?36) INTO N P I Pf

33 N«3/2 (1236) IIRANCHING RATIOS

OFCAY MASSES
938+ 139
938+ 0
cj3 Ra I 39«139

7/68

Na 3/2( 1336) 0 INTO (N PI I /TOTAL
(0 9& I CARTER

t Pl I /TOTAL
70 MPW4 0 Pf P FORM ~ EXPER 1/71»

N «3/2{ 1Z36) INTO {N GAME{4 I/(N P 'I I {PERCENT) tP?) I tP1}
0 ~ '55 0 ~ 02 D4LI TZ 66 RVUE

DFVL IN
8ARFYRF
DQNNACH1
DQNNACH2
KIRSOPP
DAV IES
A YF. D

65 PRL 14 1031
68 PR 165 1731
68 Pl 7 6R 161
68 V I FNNA 13EE

68 THF5[5
70 NP 821 359
70 K ICV CONF

REFFRFNCES -- N«3/2(1650)

T J DE VL IN J SOLOMON (*' 8 ERTSC!{ ( PR I NC ETCIN ) I
P BAREYRE C BRIC)SAN (' V [LLET {SACLAY) I JP

DONN4C HlF R G K [~ SOPP E C LDVELACF. ( CERN) I JP
DONNACHIE 'RAPPORTFUR 5 TALK
R G Kf RSOPP (FCI [N)
A DAVI ES (GLAR'I

R AYED P BAR FYR F. G V tlLF 7 (SACL) IJP

PAPERS NOT REFFRRED TO I N DAT4 CARDS ~

e«aaa» a«a««»aae a«ae««fee fee«««ace «a««e«a«» ««eeee¹ee e¹ea««e«e e«»«fee»

DLssnN
DAL I T 2
CART ER

65 PAL 14 11S
64 PR 146 I 1 80
70 K I EV CONF ~

REFERENCFS -- N¹3/7(1236)

M G OL SSQN ( WI SC)
OAL I TZ ESI}THERLAND (OXFORD}
+W ILL'tAMS BUGG BUSSFY ~ DANCE {CAVE RHEL )

PAPFRS VDT REFERRED TO IN DATA CARDS ~

CAR RUT HE

DEVL IN
HELL AND

BAR FYR F
J OHNSQN
OONNACH[
AYED
BOWLER

60 PRL 4 3t)3
6? PR 125 690
64 PR 134 81062
65 PL 18 342
67 UCRl-17683 THF. SIS
69 NP 108 433
70 PL 318 598
To NP 17R 331

P C ARRUTHE R 5 {CDRVELl ) I
T J OE VL I N ~ 8 J "IOYE R ~ V P ERE Z-"IENDF Z (L RL } I
+DE VL I N ~ HAGGE LC!NGO MOYER WOOD ({.RL) I
+ RR tCMAN» STIRL INGE VILLFT ( SACLAY) t JP

H J QHNSDN \LRL }
4 OCINNACHI F R K IRSQPP (GLAS+FD[V)
+RAREYRE»v[LLET {SACLAY)
+CASHMDRE (U. nxpoRD)

FOR 8 XTFNSI VF. REFERENCES TO DATA AND PHAS F.-SHIFT ANALYSE 5 TILL 1965
5 FF, RQPFR 65 ~ FSPFC I ALLY APP FND IX I I ~

RDPF R 65 PR 138 Bfcjo L 0 ROPF R k M WR I GHT R T F FLO (LRL aMI T) I JP
OQNNACHI 68 oL 26R 161 OQNNACHIF, LQVELACF. , K [RSDPP (CFRN)

»e*«ee «ee««¹¹«« ««ae¹«ee« a»ee¹»¹ee ««eee»«e» «aee«eee» eeeeee«ee «eeeeee»
«««e«a«e« ««»««««ee «««¹ea«¹a »»a¹«a»«« ««fee««ae ee«»fee»a «e¹»»««e

10 N«3/2(1670» JP=3/2-) I =3/2 ~33
( ) FllR OI SCUSE ION CIINCERNIMG RESONIINT ERR EM»TERS SEE NOTE

&RECEDING N«1/2(14~0)»

I»! ++
ME +
M++
M++
M-

1217
( 1232 ~ 0)
(1233 4)
(1236~ 0)
{1224 0)
( 1241 ~ 3 }

7 ~ 9

6(1236)
BUMPS

81 h}«3/2( 1236» JP=3/2+) [=3/2 PROD ~ EXP ~

81 N«3/2(1236) MASS (MFV)

8 ~

{6' 0)
{4 4}

{2~ 0)
{a~ 11

ANOER 5(}N
FERRO-LUZ
G[DAL
DEANS
HABER
GIOAL

70 MMS

65 HBC
66 OBC
66 RVUE
70 DBC
66 DBC

Pf - P TO PI- MMS

++ K+P TO Ko P P I+
+«0 0 7(} NN(NNI Pl
++ P I+P TOTAL

K-D TO 4 BOD(P)

GIDAL 66 DRC

81 N«3/2(1236) WIDTH {MEV }

81 N»I- 'I - N«t++) "IASS DIFFERENCE I MEV)

2/71«

7/66
7/66
7/70
7/bb

10 N«3/2{ 1670) MASS ( MFV)

3 ( 1/I91» 0}
3 (1690 )
3 {1690~ I

3 WHFRF MAX ~

4 {1649~ ol
5 {1450~ 0)
'5 SOL 8 I S E ~

6 ( 1722» 0)
6 ENER ~ DEPT

10 N¹3/2{1670) WIDTH {MFV)

W

W 3
W 3
W 4

6

(269» 0)
(269 ' )
(300» I
(188 ' 0)
(174 O'I

(25' 0)
SEF THE NOTES ACCOMPANYING

OONNACH1 68 RVUE
DONNACH? 68 RVIJE
KIRSOPP 68 RVUF

DAVIES 70 RVUE
DAVIES 70 RVUF

AYED To IPWA

THE M ASSES QUOTFD ~

PHAS ~ SHIFT CERN 1
P HASE SHI F T ANAL

SOL A

Snl 8

DQNNACH 1 68 RVUE PHASE-SHfFT ANAL

DDNNACH2 68 RVUE P HAS ~ SHIFT-CF RN1

KI RSQPP 68 RVUE PHASE SHIFT 4NAL

ABSORPTION IS -OQNNACHl ~ 2 EKIRSOPP EYEBALL FIT CFRN 1
DAV[ES 70 RVUF P-S ANAL SQL A

DAVtES 70 RVUF P-5 ANAL SDL 8

D FIT TQ SAME DATA START FROM CERN I EXPFR ~ (DQNNACH1 68)
AYED 70 IPWA

P IT OF ARGAND DIAGRAM

8/69
10/69
10/69
10/69

8/69
8/69

1/71«

8/69
10/69
1O/69

8/69
8/69
I/71*

W

W++
W++
Wa f
W++

115»
( 125 ~ 0 I

(124 ' 0)
( 121~ 0 I

(120 0)
{149 ~ 0)

{30 ~ 0}
( 14 ~ O'I

(R»ol
(I'D)

ANDER, SON
F ERRQ-LU 2
Ctnhl
DE ANs
HABFR
Cs f DAL

70 MMS - Pf- P TO PI- MMS

65 HRC ++
66 DBC ++
bb RVUF ++
70 DBC K-D TO 4 BOO{PI
66 DRC

2/Tf «

Tlbb
7/66
7/70
7/66 P1

PZ
P3

10 N«3/2(1670) PARTIAL DCCAY MODES

V» 3/Z( 1670) [NTO P I

Nf 3/2{ 1670) INTO N PI Pl
N«3/2( I 470) tNTO K SIGMA

DFCAY MA 5 SF S
139+ 93'
93T}+ },39+ 139
493+1},89

REFEREh)C ES -- N¹3/2( 1236) PROD ~ EXP ER [MEN TS

FERP{}-LLI
DFANS
Gl OAL
ANDERSON
HARER

65 NC 36 1101
66 PRFP RIM T
66 PR 141 1261
70 P&L 2 5 ~ 699
70 NP 178 28'9

FFRRQ-LUZZ I E GFDR GF E +
5 R DEANS W G HOLLAOAY

G GfOAL» A KFRNAN ~ 5 Kf M

+ALECER, RL IFDEN, COLL INS++
+Ss{4PIQA ~ MFREI ILL ~ MCNAR[++

(CERN)
( VAND ERR ILT )

(LRL I

( BNL ECARN )
( SABR E COLL )

*aa«a««ae«e«a«e «a«««»ae«eeefae«ea ¹«»«¹««»e e«e««¹e¹e e»«e««¹¹e eee»¹ee«
e««e*«¹«a«ca«ae «a»»a««ee «»ee«««ee «f ««»«e«e «f¹««ee¹e feeef feef e«e»e»ee

Rl
Rl 3
Rl 3
Rl 3
Rl 4
Rl
Rl

[NTO f P f N) /TOTAL
DQNNAC Hl
DnNNACH2
KIR50PP
DAV[ES
DAV[FS
AYFD

N e 3/2 ( 1 6 70)
(0 ~ 14)

( ~ 14)
( ~ 13)

(0 ~ 12)
{0»13)
(0 217)

68 RVUE
68 RVUF
68 RVUF
70 RVUE
70 RVIJE
70 IPWA

lo N«3/2{ 1670) RRANCHING RATfQS

{P 1 ) /TOTAL
8/69

PHAS ~ SHIFT CERN 1 10/69
PHASF SHIFT ANAL 10/69

SOL A BI&9
SOL R 8/69

1/T I»

Z!,(1650)
N«3/2(1&50E JP=1/2-I In3/2 S3 f

FOR Df SCUSSI ON CONCERNING RESONANT PARAMETERS SEE NOTE

PRFCEDING N»1/2{1470) ~

RZ
R2

1
1

IS)»3/2 ( I 670} INTO {K 5 ICMA I/TQT4l (P3}/TOTAL

LESS THAN 0, 00002 FEUFRBACH 70 RVUE Pt P TO K+ SIG+ 7/70

ASSUME MA SS E WIDTHG X( FI AST } OF t!ANNACHI E 68
MODEL USED MA Y DOUR LE COUNT»

ace»a» ¹eeeeeee» ee««ee«ee a»«¹«¹««e e«eee»¹ee e¹«»a»«»« ¹e»e¹»aa» ¹«ace»«»

82 N«3/2 {[650) MA SS {RaFVI

11/67

11/67

6/68
10/69
10/69
[0/69
8/69
8/69

1/Tl»

t 1648 ~ 0} ( 12 ~ 0} DEVL I N 65 CNTR PI+- P TOTAL

1 (1695 0) RARFYR'E 68 RVUE tjHASE-SH[ FT ANAL

1 WHERF. CROSS SFCT ION I S GRFATEST — EYFBALL FIT
2 (1650~ Ol RARFYRF 68 RVUE tjHASE-SHIFT ANAL

2 WHERE SPEED IS GREATEST — EYERA{.L F f T

3 {1635~ 0 I DONVACH I 68 RV{IE PHASE —SHIFT ANA{.

3 {I/I40» ) DONNACH2 6R RVUE PHAS ~ SHIFT-CFRNl
3 (1635 } KIRSQPP 68 PVUE PHASE SHI FT ANAt.

3 WHFR F MAX ~ ARSOR PT ION I 5 -DONNACH1 2 KIRSOPP FYERALL F I T CERhl I
4 I 1617~ 0) nhv[ES To RvUE f-5 ANAL SDL A

5 ( 1623~ 0) DAVIES 70 RVUE P-S ANAL SOL 8
SQL 8 I 5 E ~ 0 FIT TD SAME DATA START FRAM CERN I EXPER ~ (DQNNACHI 68)

(1614' ol AYFD 70 I PWA

ENER. DEP . F IT OF A'R {;AND DlAGR AIII

DOVNACH1
0 OEIN AC H2

K I RSQPP
FEUFR BAC
DAVI 8S
AYED

68 PL 268 161
68 V I ENNA 139
68 THESfS
70 Ntj 168 85
To NP 821 359
70 KIEV C ONF

REFER ENC FS -- N«3/2 ( 1670 )

4 DONNACHIF» R Cp KIR SOPP» C L )VELACE {CERN) I JP
DONNACHIE RAPPORTFUR ~ 5 TALK (GLASI

R G KIRSQPP ( FDIN )

FFUERRACHER+HQLLAOAY t VANDERB ILT I

A t}AVIES {CLAS)

R AYED»P BAREYRE ~ G VfLLET (SACL) I JP

PAPFRS NQT RFFFRRED TO IN DAT4 CARDS ~

OONNACHI 69 NP 1OB 433
AYE D 70 Pl 318 5&8
ROWLFR 70 NP I.TR 331

A OQNNACH'IF» R KIR SQPP
+RAR EYRF» V II LFT
+C A SHMORF.

{{TLAS+ED[N)
( SACLAY)

(U OXFORD I

¹«»»eee«f «»e«e«»ee fae»»«e«« e¹ae««««» a««¹««a«¹ a«a¹«¹a»
a«*»«a fee««¹«ee eeeeee¹ee «eee¹e¹ee «»»a«»««» »«*a»«ee» «a«»a»«ea RE«»«¹¹»»

'W 1
W 2

W

W 3
W 4
W

W 6

( 250. 0)
{130~ 0)
{ 177 0)
(177. )

{180~ )
{ 141~ 0 I

{ 140 ' ol
142 ' 0)

SEE THF. NQT

82 N»3/2( 1650) WIDTH {MEV )

BAREYRE 6{E RVUE
RAREYRE 68 RVUF.

DONNACHI 68 RVUE
OONNACH2 68 RVUF
KIRSOPP 68 RVUE
OAV[ES 70 RVUF
DAV I ES 70 'RVUE

AYED 70 I PWA

FS ACCOMP4NY fNG THE E{45SES QUOTEO ~

82 N»3/7(1650) PARTIAL DECAY MODES

11/67
11/67
6/68

10/69
10/69

8/69
8/69
1/71»

PHA 5 ~ SH IF T-C E RN1
PHA SE SHIFT ANAL
P-S ANAL SO(. A

P-5 ANAL SOL 8 M 3
M

M

6

(1690 ' )
t 1690 I

WHERF. MAX ~

( 1801 ~ 0 I

ENF R ~ DFP ~

a(169O) N«3/7{ 1690»JP= 3/2+) P3 3
FOR 0 I SCUSSI ON CONCEPNING RF SONANT PAR AMETER 5» SEF NOTE

PRECEDING N«1/2(1470) ~

19 Ne3/2( I 690) IASS (MEV)

DONNACHZ 68 BEVUE PHAS ~ 5HIFT CFtjNI to/&
KIRSOPP 68 RVUF &HASE SHIFT ANAL 10/69

ABSOR&T IQN IS -DONNACH1 2 ~ K tRSOPP EYFRALL t-IT' CFRN 1 Io/69
AYED 70 IPWA 1/7 1¹

F IT OF AR BAND 0 IAGRAE(

P1
P2

V«3/7 ( 1650) I NTQ Pl N

V«3/2( [6%0) INTO N P I PI

DECAY MASSES
139+ 938
938+ 139+ 139



For notation, see illustrated key at beginning of data card listings
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Saryons

'H 3
H 3

(ZIIL
(?40~ )
(598.0)

19 N¹3/ 2( f690) WIDTH \ MEV)

IjONNACH2
KIR5OPP
AYFO

68 RVUF
68 RVLIE
70 [PWA

PHAS ~ SHIFT-CERN[ 10/69
PHASE SHI FT ANAL 10/69

)6 1910
12 N¹3/2t L910 g JP=1 /2+ I I =3/2

FOR Ilt SCUSS I ON CONC F RNING PE SONANT P ARA4ETERS SEE NIlTE
PRECEDING N¹1/2{1470)~

Pl
P2

Rl
RL 3
RL
Rl 6

N¹3/2(L6&0) PARTIAL DECAY MODES

N¹3/2t1690) (NTO Pl N

N»3/2 l 16&0) t NTO K SIGMA

19 N¹3/Zl 1690) BRANCHING RATfOS

DECAY MASSES
139+ 938
493+1189

N¹3/2l 1690'I [NTO {PI N) /TOTAL {Pl) /TOTAL

( ~ LO) DONNA(. H2 68 RVUE oHAS ~ SHIFT-CERNL 10/69
\ +08) Kl RSOPP 68 RVUF. PHASE SHIFT ANAL 10/6'9

(0.135) AYFD 70 IPW4 1/7L¹

12 N¹3/2(1910) MASS (MFVI

3 t 1934 0) DllNNACHI
(1930 I)ONNACHZ

3 (1930 ' ) KIRSOPP
3 WHERF. MAX ~ ABSORPTION IS -0 INNACHL e 2 K

4 t 1914 0) llh VIES
( 1.834 ~ 0) OA Vl ES

5 SOL 8 I S E ~ (3 F IT TO SAME DATA START FROM

6 (1783~ 0) AYE(3
6 FROM FNF. R ~ DEP ~ F I T OF ARGANO Ol AGRAM

{1866.0) MF. H TAN[

8/69
t 0/69
10/69
LO/69

8/ 69
8/6 9

68 RVUE PHASE-SHIFT ANAL
6I) I(VUE P HAS ~ SH [FT-CERNL
68 RVUF Ir HASE SHIFT ANAL

[R St)PP EYFBALL FIT CERN 1
70 RVUE P-5 ANAL SOL A

70 RVUF. P-5 ANAL SOL 8
CERN I EXPER, t D(3NNACHL 68 I

70 IPWA L/T1¹

70 MPHA PI+P TO {1236)Pf 1/Tl¹

R2
&2 1

1
1

DOWN 4{'.H2 68 V I ENNA l 39
K [i&SO&P 6s( THESIS
F EUERBAC 70 NP 168 85
AYFD 70 K IEV CONF

RF. FERF.NCF. S -- N¹3/2t 1690)

!3ONNACHIE RAPPORTEUR ~ 5 TALK
R G KIRSOPP
F E UE RBAC HER+ HOL L AD AY

R AYFD» & BAREYRE ~ G VILL ET

(BLAS I

{E(3[N)
{VANDERBILT )

(SACL)IJP

N»3/2(1690) [NTO {K SIGMA I/TOTAL ( P 2 I'/TOTAL

L E 55 THAN 0 ~ 00002 FELIFRBACH 70 RVUE Pl P TO K+ SIG+
ASSUME 44 55 i HI DTHr X {ELAST ) OF I3ONNACH[E 68
&ODEL USED MAY (3(3UBLF COUNT ~

7170
3
3

W 3
4
5

'W 6
W

( 339 OI
{339r )
{42'5 ~ I
(290~ )
( 23[ ~ OI
{308' 0)
(124 0)
SEE NATES

12 I{»3'/Zf 19101 Wl 9TH l MEV I

OONNACHL
DONNACHZ
KIRSOPP
OA V I F 5
DA VI ES
AYEO
ME HT ANI

ACCIlMP4NY ING MASSES {)LIOTED

P HAS SHIFT-CERNL
PHA SF. 'SHI FT ANAL

Sn{. 4
5OL 8

68 RVUE
68 RVUF.
48 RVUF
70 RVUE
70 RVUF
70 tpwA
70 &PWA PREI. I4INARY

8/69
10/69
10/69
8/69
8/69
1/7 I¹
1/71¹

PAPERS NOT RFFFRRFD TD IN DATA CARDS ~

AYE(3
BilHL ER

70 IIL, 318 '598
TO NP LTs( 331

+BAREYRE r VILLET
+C A SHMORE

( SACLAY)
tU ~ OXFORD)

»¹»»»¹»¹¹»¹»¹¹¹»»»¹¹¹t¹¹¹¹¹¹¹»¹¹¹»¹¹¹¹»¹¹¹¹¹¹t¹¹¹¹¹»¹¹¹¹¹ttt¹¹¹¹¹¹¹t
»¹»»»¹r»¹»¹¹¹»¹¹¹¹*¹¹¹¹¹»*¹¹¹¹»¹¹¹»¹¹¹¹¹¹¹¹¹t¹¹¹¹¹¹»¹¹t¹¹¹¹¹Pl

PZ
P3

jP4

12 N¹3/2( L910) P4RT [AL DECAY MODF 5

N¹3/2( 1910 I t NTO P I N

N¹3/2 ( 1910I I NTO N P [ P I
N¹3/2 I 1910) INTO K SIGMA
N¹3/Z {1 )10) INTA 0( 1236 I Pl

12 N¹3/2(19I.OI BRANCHING RATIOS

llCCAY MASSES
139+ 938
938+ 139+ 139
493+1 I. 89

I 236+ 1 39

~(L89O)
11 N¹3/2( 1890 JP ='5/2+ I [=3/2

Df SCUSSI ON CONCERNING RESONANT PARAMETFRS ~ SFE NOTE
P& EC F(3 I NG N¹1/2 (1470) ~

11 N¹3/2(1890) MASS (MFV)

Rl
RL 3
R'1 3
RL
Rl
Rl 5
Rl, 6

N¹3/2 (1910) INTIl
( 0 ~ 30)
{ 30)

25)
t 0 ~ Ls)I
(0 ~ 24 I

t 0.128)

{PI N)/TOTAL
OONNACHL
OONNAC H2
KI RSOPP
DA V I FS
DAV I FS
AYFD

P HA S SH IF 7-C E RN1
PHASE SHIFT AN4L

SOL A

SOL

( P 1 ) /TOTAL
68 RVLIE
6sI RVUE
68 RVUE
70 RVUE
70 RVUF
70 tPWA

8/69
10/69
10/69

8/69
8/69
I./71¹

M 3
M 3
M

3
4

M 5
'5

M

6

l 1913~ 0)
( 1910~ I
(1910,)

HHFRE MAX.
t I I(4[ ~ 0)
I 1 852 ~ 0)

S!3L 8 IS ED

( 1 t(37 ~ OI
F RO 4 F, N F. 'R ~

l 1924~ 0)

Dt)NNACHL 68 RVUE PHASE-SHIFT ANAL

DONNACH2 68 RVUE PHA S ~ SH IF 1 CE RNL

KIRSOPP 68 RVUE PHASE SHIFT ANAL

ABSI3R PT IIlN I 5 -DONNACHL 2 K IR SOPo EYFBALL F [T CFRN 1
I34V[ES &0 RVUF. P-5 ANAL SOL 4
OAVIES 70 RVUE P-5 ANAL SOL 8

0 FIT TO SAME I34TA START FROM CFRN I EXPEL ~ (DONNACHL 68)
AY ED 70 I PWA

DEP ~ F I T OF A kGAND I) t AGR 4M

MFHTANI 70 MPWA Pl+P TO (1236)PI

11 N¹3/2 t 1890) HI DTH ( MEV I

8/69
10/69
10/69
ln/69

8/a9
8/69

1/71 ¹

1/71¹

R3
R3

I{*3/2(19[0) INTO (0{1236) P I) ¹(Pf N) /TOTAL¹¹2 (P4¹PLI /TOTAL»»2
{0.20) MFHl'ANI 70 4PWA PRFI IMINA&Y

¹¹¹¹¹¹¹¹¹

1/71¹

REFERENCES -- N¹3/2( 1910)

R2 N¹3/2 t 1910'I INTO (K 5 [GMA I/Tt)TAL (P3)/TOTAL
R2 1 LESS THAN 0 008 FEUFRBACH 70 RVUE PI P TO K+ SIG+ 7/70

I ASSUMF. MASSe WIDTH ~ XI ELASTI OF DONNACHIF 68
1 MODEL USE(3 MAY DOUBLE COUNT ~

H 3
W 3

3
H 4

5
W 6

( 3'50 ~ 0) DONNACHL

{350~ ) DONNACH2

{350' ) leIRSQPP
(1&6 0) !3AVIES
(150~ 0) l)A V[ES
(198 0) AYED
( 177 ~ OI IUIF HT A N [
SEE VOTES ACCnMPANYtNG ~ASSES QIJOTED

PHAS ~ SHI FT-CFRNL
oHASE SHIFT ANAL

SOL A

SOL 8

68 RVUE
68 RVUE
68 RVUE
70 RVUE
70 RVUE
70 I PWA

70 MPWA PREL [M[NARY
AS FOR N¹1/2tl9LD)

else
10/69
10/69
8/69
8/69
I./71¹
1/71¹

OONNACHL
DONNACH2

K I R SOPP
F EUERBAC
DAVIE '5

AYED
MEHTANI

68 PL 268 161
68 V'I ENNA 1 39
68 THES IS
70 NP [68 85
70 NP 821 3&9
70 KIEV CONF
70 K IF V CONF

4 (3CINNACHIF R G K f RSOoP C LOVFLACE (CFRNI I JP
DCINNACHIE RAPPORT ELJR ~ S TALK (GLAS)

G KIRSOPP {EDINI
F El)FR 8 ACHER»HALL AD AY ( VANI3ERB ILT )

4 OAVI FS (GL AS)
R 4YED, P IIARFYRE ~ G V tLL ET {54CL) I JP
+FLINGS KFRNAN + (UCRyLRl pU N~HAMP)

PAPERS NOT REFFR'RED TO IN (3AT4 CARDS'

Pl
PZ
P3
p4

Ll N¹3/7 ( I 890) PART [ 4L DECAY HOOFS

N¹3/2( 1890I INTO Pl N

N¹3/2(LII90) INTO N Pl Pl
N¹3/2( 1 890 I I NTO K 5 I G&A
N» 3/2 { 1890) INTCI Dl 1236) PI

DFCAY MASSF. 5
139+ 938
938+ 139+ 139
493+1189

1236+ 139

CARYANN 65 PR 138 8433 CAR AYANNOPtlUL(35 TAUTF EST y W ILL 4ANN I PURD I

4 PARTI AL HAVE ANALYSIS OF P I+P TO S IGMA+ K+
AY ED 70 PL 3),8 %98 +RARFYRE+VILLFT ( SACL AY)

t¹tt¹t¹tt¹tt¹¹t¹¹¹¹¹¹'¹¹t¹¹¹¹¹¹¹¹t¹¹¹¹¹¹¹¹¹¹¹t¹¹¹»¹¹¹¹¹¹»¹¹¹¹¹¹t¹¹¹tt¹¹¹¹t¹¹¹¹¹¹¹¹¹¹tt¹¹¹¹
11 N¹3/2(18')Ol BRANCHING RATIOS

Rl
Rl 3
Rl 3
Rl 3
RL 4
Rl 5
Rl 6

N» 3/2 ( 1890 I

(0 ' L6)
16)

(0 ~ 20)
(0 ' 19)
{0~ 147I

INTO (Pl N)/TOTAL
DONNACHL
OONNACH2
K I RSOPP
OAV I FS
I)AVI ES
4YF(3

68 RVUE
6II RVUF
68 RVUE
70 RVUE
70 RVUE
70 f&WA

( Pl) I TOTAL
8/69

P HAS ~ SH f FT-C ERNL 10/69
PHASE SHIFT ANAL 10/69

SOL 4 8/69
SOL 8 8/69

1/71¹

R?
R2 1

1
1

N» 3/2{ 18901 INTO {K SIGMAI/TOTAl t P3) /TOTAL
LESS THAN O, DOII FELIF RB ACH 70 RVUF P I P TO K+ S I G+ 7170

4 SSU&E 44 SS t W I DTHr X ( f LAST I OF DONNACHI F. 68
MOI)EL USFO IehY DllUBLE COUNT ~

N¹3/7{L890I INTO lSIG44 K I¹(PI N) /TOTAL»»2 (P3¹PLI/TOTAL¹¹2
L FSS THAN 0 ~ 0016 KALMUS 70 DPWA PI+P TO K+ S[G+ 1/71¹

N¹3/2( 1890) INTO IO(1236) P t) »{PIN) /TOTAL¹¹2 (P4¹PL)/TOTAL¹¹2
(0 ' 0251 MCHT 4NI 70 MPWA PRFL IMI NARY 1/71¹

¹¹¹»»¹¹¹¹¹¹¹¹t¹¹¹t¹¹¹¹¹¹¹¹¹¹»¹¹t¹¹¹¹»¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

0ONNAC Hl
nnNNACHZ
K IRSOPP
&FUERBAC
llAV t F.S
KAL&US
AY F. D
IJI F H T ILN I

68 PL 268
68 V IF'4NA 139
68 THFS IS
70 NP 168 85
70 Np 821 359
70 oR D2 1824
Tn K IFV Ct)NF
Tn K I FV CllNF ~

REFERENCES -- N¹3/2(1890)

DONNACHIFg R G KIRSOPP» C LOVELACE (CERNIIJP
(3ONNACH [ E R APPOR TELIR ~ 5 TALK (GLAS I

R 0 K IRSOPP (EOIN)
&EUER BACHER+HOLL ADAY ( VANDFRBtLT I

A Il4 V I F. 5 {BLAS I

0 KALMIJS ~ G BORR FAN[ J LOUIE (LRL)
R AYED| P BAR FYRE r G VILL ET I SACL I t JP
+FUNG ~ KERNAN + ( UCR eLRL ~ U N ~ HARP)

PAPFRS NOT REFERRED TO I N DATA CARDS ~

4YFD 70 PL 318 '598 +BAREYRF. +V ILLFT

¹»»»¹¹»»»¹»¹¹¹¹¹¹¹¹¹»¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹»¹¹¹¹¹¹¹¹»¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹»»¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹»¹t¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹t¹

~(195O)

M

M

1
M

2
M 3
M 3
M 3

3
M

M '5

5
M

M

M

W

W

W 1
W 2

3
H 3
W 3
W 4
W 5
W 6

I(3 N¹3/2(L950e JP=7/2+) [=3/2 ~3 7
, FOR DISCUSS II3N CONCFRN [NG RESONANT PAR AMETFR 5 ~ SEE NOTF.
PRECEDING N¹1/2(1470) ~

N¹3/2(1950) MASS (MFV)

6/68
7/66

11/67

(1920~ 0) I3U KE 65 CNTR P I-P EL + POL
( 19'50 ~ 0) APPROX YCIKOSAWA 66 CNTR PI P t)5 IG + POL
(1&75~ 0) 84REYRE 6II IIVLIE PHASE-SHIFT ANAL

W H F R F. CROSS S F C T I 0N [ 5 I'R F A T F ST — E Y E 8 4 L L F t T
{1980~ 0) BAREYRF. 68 RVLIE PHASF. -SHI FT ANAL

WHERF. S PFFO I 5 GRF ATFST - EYFBA LL F IT
(1946,0) (3(3NNACHL 6A RVUF PHASE-SHIFT ANAL
t 1950+ ) tlONNAf H2 6R RVUF &HAS ~ SHfFT-CFRNL
( 1946~ I Kl &SOPP 68 RVUF. &HASE SHIFT ANAL

WHFRF. . MAX ~ ABSORPTION I 5 -OONNACHL 2 ~ K[RSOPP EYEBALL Fl T CERN I
( 1935~ 0) DA Vl ES 70 RVUE P-5 ANAL SOL 4
( 1935~ 0) DAVIES 70 RVUE P-5 4NAL SOL 8

SOL 8 I S 4 F I T TQ DONNACHIE 6R SOLUTION
(f93[~ 0) 4YFD 70 IPHA

FROM FNFR ~ DFP ~ FIT OF ARGAND DIAGRA4
(1950~ 0) {30 ~ 0 I KALMUS 70 OPWh
{1924' 0) MFHTANI 70 MPWA

11/67

6/68
10/69
10/69
10/69
8/69
8/ei&

I/Tl¹
I /71»
1/7 I»

Pl+P TO K+ SIG+
Pl+A T!l l 1236)PI

83 N»312(1950) WIDTH t MFV )

t 170~ 0)
( 200 ~ 0)
(180' 0)
(140' 0'I
{22[oO)
(ZZL ~ )
(Z?0. )
{?2L~ 0)
(212 ' 0)
(19' 0)

SFE THE NOT
(300.0)
{163.0)

DU KF. 6» CNTR
APIRnX YOKOSA'HA &6 CNTR

BAREYRF 68 RVUE
BARFYRF. 6& RVUF
DONNACHL 68 RVUF
DflNNACHZ 68 RVUF.
KtR5OPP 68 RVUE
(34VIES 70 RVUF
llAVIES 70 RVUE
AYFD 70 IPWA

ES ACCO4PANYtNG THC- MASSFS QunTED.
(60 ' 0) KALMUS Tn DPW 4

ME HTANI 70 4PWA

7/66
7/6h

1 1 /67
1 1 /67
6168

Lo/69
10/69
8/69
8/69
1/Tl¹

P HA5 ~ SHIF T-CF RNL
PHASE SHIFT ANAL

5OL 4
5OL 8

1/71»
1/71»

PI+I TO K+ 5fG+
PRFL IMI¹IARY
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83 N«3/Z(1950) PARTIAL DECAY MODES REFERENC(=5 -- N¹3/2( 1 o601

Pl
P2
Pl
P4
p5
Pb
P7

N«3/2( 1950}
N«3/2tl950)
N«3/2( [9&0}
N¹3/2{1950)
N¹3/Zl 1950)
%»3/2( I 9&0)
r{e 3/2 {I 950)

I NTil PI N

[ NTA SIGMA K

[NTO N«3/2(17. 36)
t NTA Y*1(138'5) K

INTA N¹3/2(1216)
I NTA NEUTRON P I+
INTO N»3/2(1236)

PI

RHA
P[+
Pl PI (NAT RHO)

DECAY MASSES
139+ 938

1[8&+ 493
12 36+ 139
1 385+ 493
1236+ 765
939+ 139+ 139

1236+ 139+ 139

DQNNAC Hl
K [RSAPP
LEA
APL IN
F EUFR RAC
ME HTAN I

68 PL 268 161
6S THFS IS
69 PL 298 584
70 RPP I Hl 67
'r0 hfP 168 R5
7 0 K I E V Cr}hf F e

4 DQNNACHIF. & G KIR SAPP,
P. Cr K I RSOPP
LEAr QAf}F Sr H4R'l, COW AN, +
+C n Wh N, C. [8 SON, C, t I Mno F++
FFUERRACHFo+HnLL hnaV
+FUh(Gr KFRNAN t

C L}VFL4CE (CFRN) f JP
{Ff) IN)

( RHFL r RR I STOL r DAR I

( RHEL r RR f STQI )
( VANI)FR 8 [LT I

((}CRrl RL, U N ~ HAMP)

P4PFRS NOT REF FPRFfl TO IN DATA CARDS

83 M» 312( 1950) BR ANCH [NG RA TI 0 S Dnhlh(ACHI 69 NP 108 433
AYFD 70 Pl 3 jf} 59&}

A AOhfhf ACHI Er R K IR SOPP
tSAR F YRE+V t LLE T

{Gj45+ED[M}
{SACL 4Y)

Rl
Rl
Rl
Rl 1
Rl 3
Rl 3
Rl 3
Rl 4
Rl
Rl 6

N¹3/?{1950) I
(0 ~ 41 )
(0 4)
{f}~ 57)
(Or 386)
{ 39)
I 39)

{0,)I)
( 0 ~ 39)
(0 ~ 4cfrs)

SEF. THF. NOTES ACC

NTO (Pj Nl/TOTAL
DUKF 65 CNTR

APPROX YOKASAWA 66 CNTR
SARFYPE &8 RVUE
flANNACHI 68 RVUF
AONNACH2 68 RVUF
KIRSAPP 68 RVUE
DAY I ES 70 RVUE
AAVIES 70 RVUF
AYFA 70 IPWA

A&Phh(Y'[hlCr THF MASSFS QUOTFO ~

( Pl) /TOTAL
VER Y ENERCrY AEP

P HA 5 ~ SHIFT-C E RN1
oHASF SHIFT ANAL

5AL A

SOL 8

7/66
7166

11/67
6/68

10/69
10/69

8/69
8/69
I/7[a

6(1950)
BUMPS 7(l Na (1950} PROD ~ EXP'

70 Na ( 1950} MASS {MEV )

ass«a«a«e a»as«a»«a ass««sass as«sa¹«as sass«essa «»aaa«ase a«sar aaa
«as«as e¹aaaaaas «essa»see «assessee aes¹esaee»csee«aee ease«sess ass»a«a»

RZ
RZ
R2 1

1
1

R2

(P 2¹PI I /TOTAL¹«2
Pl+P je35 1 ~ 6S
P[ P TA K+ 5 IG+

'V¹3/2(1950) tNTO {SIGMA K) a(PI N)/TOTAL'a«2
SF. F. N BARR EANI 68 HBC

t0 ~ 004) (0 ~ OORI FEUERBACH 70 RVUF
ASSUMF. MA SS H f DTH X( FLAST) AF AANNACHI E 68
M fiQEL (I SE»AV DA USLE C QUNT.

0 ~ 0081 0 ~ 0013 KALMUS 70 DPHA PI+I TQ K+ S IG+

10/6 9
7/70

1/71«

M

hi

M

M N

( 1 &22 ~ 0) A

( [9[2~ 0) {15r0}
(1900~ 01 (9 ~ 0 )

( 2080 ~ 01 ( 12 01
THt 5 RUMP I S Ni)T

PPRAX COOL
RR I SSON
OFVL tN
YnnN

SEFN RY CHUNC E. B AT

CNTR
rr I Ch}TR
6'5 CN}'R
67 HR(. +
3. 2 (iEV/f;

P I+ P TOTAL
P t+ P TrJTAL
P I+ P TAT AL

3 BEV/C. P I-P

7/hb
7166

ff /67

Rl
R3
R3

N¹3/2 ( 1950) INTO (0( 1236) P I ) e( PIN) /TOTAL¹«2 (P3«P11/TOTAL«»2
Or23 Dr 04 F UNG 68 HRC ++ Pl+P TO PI+PIG P 11/68

( 0 0341 MEHThh}[ 70 MPWA PRELIM[ N4RY 1/71«
(256m Ol (39 ~ 0)

40 ~ 0 20.0
flFVL IN
YDAN

70 Na {1950} Hl 0TH t MEV )

65 CNTR
67 HBC + R/h7

MflRE INFCIR&ATIONS ON INELAST [C DECAY MADES OF BUMPS ~ SEEN IN PRAOUCT ION

EXP FR Ir(ENTS AROUND 1950 MEV MAY BE FAi}NO IN THE NEXT ENTRY

as«essa»» es»ease«» esse»a«»» ¹s¹«««»»»»ee¹«»eee»esse»sea »see»eee

RFFERENC FS -- h}¹3/2(1 9'501

70 Na t 19501 4R AN(:HING Rh T IQS

hi¹ ( 19'501 I NTfl ( P I N) /TOTAL
le 57) (Do[2) DEVLIN 65 CNTR

PRAA EXP'

DUKE
Y AK 'ISA HA

84R EYR E
RflRREAN[
AANNACH1
DONNACH2
FUNG
K I R50PP

65 PRL 15 468
bb PRL 16 714
6R PR 16 ) 1731
6A UCRL 18350
6R PL 268 161
68 V I FNNA 139
68 V I E NNA CONF ~

bfr THFS IS

F Elf ERBAC 70 NP 1 68 85
DAVIES 70 NP 821 359
KALMUS 70 PR f)2 1824
AYEA 70 K [FV CAh}F
ME HTAN I 70 K IEV CANF ~

+JONES, KFMPr MURPHYrPREh(T fCEr + {RTHFOrOXF I IJP
+SUWA ~ HIL} r FSTERLINGr BOOTH f ARG CHI ) IJP
P 84REYRE C BRICMAN G VILLET t SACLAYI I JP

BARRE 4hf I ~ KALMUS (LRL I
A flANN4C HIE r R G K f RSAPP r C LOVELACE (CERN ) I JP
OQNNACHI E R APPORTEUR ~ 5 TALK {GLAS I

FUNGr KFRNANr KALMUSr BIRGF (RIVERSIDErLRL I
R G Kf RSAPP ( EO[N)

FEUERBACHER+HALLAAAY {VANDERB ILT I
A DAVI ES t GLAS )
G KALMiJSr G R{lRREAN[r J LOUIE (LRL)
R AYEAr P BAREYRFr G VILLET (SAC{ }IJP
+FUNGr KERNAN + ( UCR ~ LRLrU N ~ HAMP I

PAPERS NAT REFFRRED TO IN DATA CARDS

RZ
RZ

N¹ {1950) INTO t '5 fGMA K )/(P I N) oRAA EXP.
0 ' 059 0 F 074 CH INOWSKY 68 HRC ++ Oo TA P 5 I fr K 11/68

R3
R3

Ne {19'501 I NTQ N¹3/2(1236) PI P I (NOT RHO)

SF.FN CHINQWSKY 68 HRC ++ PP TQ (P 3P[) hl ll/68
SF.EN RO(iG I LD 70 HBC PP TQ !'i 3P I (NTRL '} 6/70

R4
R4

Ns ( [950) INTO (Pl N)/(N«3/2l 1236) P[1
L ESS THAN 0 ~ 55 LEE 67 HBC

PROD EXP'
o I-P 3 63 SFV/C 11/67

b/bR

Rb
Rb

N«(1950) INTO (Y«1(13851 K)/(Pl N) PRAD ~ F XP ~

0 ' 035 0 ' 015 CH[NOWSKY 68 HBC ++ PP TA P LAM K PI ll/68

R5 Ne (1950) [NTI3 ( (P [ N) a(NEUTRON P[+ PI+I } /TOTAL PRAA EXP

R5 0 ' 05 0 ' 013 GALLAHAY 68 RVUF ++ Pt+P TQ N ZPI+

LAY SON
HAHL ER
4i}VIL
H(3&IL F R
4F. L L AND

&ff}LLADA Y

J OHNSAN
DnNN4CHI
4YFA

63 NC 77 724
63 NP 48 470
64 NC 33 473
64 PL 12 149
64 PR 134 81062
65 PR 13& 81348
67 iJCRL- [7683 THF5 IS
69 NP 108 433
70 PL 31 f} 598

W M LAYSON
G HAHL ER G ESEL
P AUVI L r C LOVEL AC E
G HOHL ER ~ J GI ES EC KE
+DEVL IN HAf:GE LONGO MAYER, WOOD

W G HALLADAY

C H JOHNSON
4 00NN AC HI F R K I R 50 PP
+84REYRF+VIL LFT

{CERN I I J
{KA'RLSRUHF ) I

( IMPCOL I I JP
(KARL SRUHE' I

{LRL) IJ
t VANDERBILT)

(LRL )
(GLAS+EDIN)

(SACLAY),

R7 t 1950) INTO (N¹3/2( 1236) RHA) l(PI N'I PROD ~ EXP'
R7 t 0 ~ 45) APPROX CH INAH SKY 68 HBC ++ oP TA ( P 3P [ )

THI 5 INCLUDES CAPRFCT IOhl FQR UNSF FN DFCAY ( [SPIN FACTOR 5/3 ) ~

(19501 INTA (N«3/2(1236) R&(Q)/TOTAL

SF EN Y0Qhf 67 HBC +

NnT SEFN HOGG IL 0 70 HRC PP TA N3P I ( NTRL)

a«sass «sas»»see sea»essa« «aes«ese« s¹¹¹aaaaaa«ass»a«e aa«essa«« a«see»as

11/68

8/67
4/70

6(1960) 13 N»3/2l 1960r JP=5/2-} I =3/2 03 Q

FAR Ol SCUSSION CONCERNING RESONANT PARAMFTFRS SEE 'NOTE

PRECEDING N«1/2(1470) ~

13 N«3/2( 1960) MASS ( ME V)

aa»«as a«»assess ¹aeeaaea» «esses«e» ee¹e¹eeee as»ea«ee» ««assess» ««esse»»
a«sass a ««sass«» asses«ass «»«essa«» as«»sees« sees«as»» esse«see» «ee«ee»e COOL 56 PR 103 1082

RR I SSAN bl NC 19 21A
AEV L IN 65 PR 14 1031
LFE 67 PR 1'59 1156
Y QAN 67 PL 248 3 07

CHINOWSK 68 PR 171 1421
CHUNG 68 PR 165 1491
GALLAWAY 68 PL 268 334
RACrfr[LD 70 NP 8 jb 503

RFFERENCFS -- Ne IN PRODUCT EXPER IMFNTS

R COAL, 0 P[CC. ION[, 0 CLARK (SNL ) I

+OETQE(IF r F ALK-Vh I RANT r V AN ROSSUM ~ + ( SACL AY) [
T J DEVLIN J SALOMAN G SERTSCH (PR(NCETON) I
+MAES S RAF 5 INCLAIR VANAFR VFLflE (M ICH)
¹BERENY[,KEY, PRFNTICE, + [TARANTA, WISC}

CHINQWSKYrCANAANrK[NSEYrKLFINr+ {LRL~ SLAC)
S U CHf}NG rDAHL r KIR 2 r MILLFR t (.RL)
K F GALLilHAY {I Nn[ANA) I
+KARFA-AHA+JACQRSEN+ {CQP+HELS+OSLO+STACK )

3
M 3

X

X

3

( 1954 0) DONNACH

f 1970 KIRSOPP
t [950,0) APPROX LEA

5 EC 4L SQ APL IN 70
WHERF MAX ~ 485 AR PT ['lN f 5 -DANNAC Hl r 2

([&37~ 0) MF HT AN[

1 bfl RVUE PHASE-SH[FT ANAL 6/68
68 RVUF PHASF. SHIFT ANAL 10/69
69 CNTR Pl-P ELASTIC 8/69

rKIR'SOPP EYEBALL F IT CERN 1 10/69
70 MP}{4 Pf+P TQ (1236)PI 1/71«

eee «a«ass¹«a ss«««as¹» sa«ss«a«a asses»ass «esse»«es «eases«ee»s«sass»

FND P'ROAUCT fON EXP ER IMP NTS

«e«ee» »esses«ss asses«aaa as«sess«» a«a*seas» aea«seas» a«asses«a e«aee»sa
»»ae»«ee«»»»«»ease ass¹»«¹ae ease«ass» s«s»as«a« aa«a»sa»¹ «as»a»«a

( 3[j ~ 00)
(400 ' I
( 182 ~ 0)

13 hf«3/2( 1960) W I OTH (MEV )

DONNACH 1 68 RVUE
KIRSOPP 68 RVUE
MF HT 4 h} I 70 MPH A

8/69
PHASE SHIFT ANAL 10/69
oREL fMI NARY 1/71«

~(2~60) 9 N¹3/2t 2160r JP"-3/2+I t=3/2

FOR Af SC(JSSION CON{;ERNING RESONANT PARAMETERS

SFE NOTE PRECEDING N«1/2(1470)

Pl
P2
P4

13 N¹3/2( 1&60) PARTI AL DECAY MQD'E S

N»3/2( 1960) I NTA Pt N

%«3/? ( 1960) INTO K 5 [GMA

N»3/2 {1960} INTO 0( 12 36) P I

13 N¹3/2{19601 BRANCHING RATIOS

DFCAY MA5SES
139+ 938
493+[189

1236+ 139

M 3 (2160~ I

{260 I

9 N«3/2 (2160 ) MASS (MFV )

KIRSOPP 68 RVUE

9 N«3/2 (2160 } Wl 0TH ( MEV )

Kl RSOPP bR RVUF.

PHASE SH[cT ANAL 10/69

PHASE SH[FT ANAL 10/69

Rl
Rl 3
Rl 3

N¹3/2 ( 1960 ) INTO (P I N I / TOTAL I P 11 /TOTAL

f 154) DONNACH1 68 RVUE PHASF. SHIFT ANA ~ 10/69
l ~ 12) Kf RSAPP .68 RVUF PHASE SHIFT ANAL 10/69

Pl

9 N«3/2( 2160) PARTIAL AFCAY MOAFS

hi«3/2{ 2160) INTO Pf N

nECAV MASSES
139+ &38

RP
R2 1

1
1

hi«3/Zt 1960) INTO (K 5 tGMA }/TOTAL (P2}/TOTAL
l0 ~ 013) {Or0[) FEUERSACH 70 RVUE PI P TO K+ 5tG+ 7/70

45%~3r{F. MASS Wtr}TH X(FLAST) CiF OANhihCHIF 68
MAAF L U SF 0 MA Y DI3UBL F, COUNT

9 hf¹3/2 ( Z160) BRANCH ING RAT I QS

R) N¹3/2(2160) INTA (P l N) ITAT4L (Pl }/TOTAL

Rl 3 ( ~ 25) K I RSOPP 6 8 RVUF. P &f4 5 F. SHIFT AN4L 10/69

R3
R3

N¹3/2(1960) tNTQ {A(1236) P I) at PIN} /TOTAL«»2 (P4«P11/TATAL«¹2
{0' 029) MEHT 4NI 70 MPWA PRELIMINARY 1/71« sass»ease «assess«» s«a¹«saa» as¹«es«ae aasa«a«as ¹aaaaaa«» s«e«aea«

K I RSCIPP 68 THES IS

REFERFNCCS -- N«3/2(2160)

R G Kl RSAPP

PAPERS NQT RFFERRED TO IN DATA CARDS ~

( EAIN)

AANNACHI 69 NP 10S 433 A DQNr{ACH[ E R K IRSOPP (GLAS+EA[hf)

s«e«ee e¹««sess«' «s¹«es«s«»«es«»sea see«»«»«e e»s»¹»e«e «sass«a«a assess«a
«e«eee ee«««esse ««e«sees«s«ee««ae» «««esses» e«a«««eee ¹e«¹eeeee ee«esse»



PARTIcLE DATA GROUP Review of Particle Properties Sii9

For notation, see illustrated Jtey at beginning of data card listings

R~rgona

lj(242O) HQ f84 N»3/2( 2420 ~ JP=l1/2+ I I =3/2

lj(285 O) 85 N»3/2[2850' JP= + I 1=3/2

85 N¹3/2(2850) M4SS [MEV)

R4 N»3/ 2( 7420) MASS IMFV I

M 6 I 2317 ~ 0) AYFD
6 FRAM FNER ~ DFP ~ FIT OF ARGAND DIAGRAM

70 I PMA

M

M

1/71'»

( 2700 ~ 0)
(2870 ~ 0)
2850 ~ 0

(2850 ' 0)

APPROX

12 ~ 0

WAHL I G

HQHLF R

CITRON
BARDADIN

85 N»3/2(78501 MlnTH (NIEV)

64 QSPK 0 Pl-P CH EX
64 RvlJF DATA + Al SP REL
66 CNT R P I+ P TAT AL 7/66
66 HRC ++ N» TO P + 3 P IS 7/66

W 6 ( 347 ~ ol

84 N»3/2(2420) WIDTH ( MFV)

AY En 70 IPWA

W

1/71»
400 ~ 0

(150' 0)
4O. D C I TRAN

RARAADIN
et CNTR

HBC ++
7/he
7/66

Pl
P2

94 N¹3/2(?4201 PARTIAL DECAY MODE 5

N«3/2I24201 INTO Pl N

N«3/2[ 2420) INTA StGMA K

84 N¹3/2 (2420) RR ANCHING RA TIOS

'DECAY MASSE 5
139t 938

1197+ 493
Pl
P2
P3

85 N»3/2(2850) PARTIAL DECAY MADE 5

N»3/2 (7 8'50) I N TA PI N

N¹3/2(?8&01 fNTO P Pf PI PI
N¹3/2(2850) INTO N PI PI

85 N»3/2 [ 2s[501 RRANCHING RAT [OS

DECAY MASSES
139+ 938
938+ 139+ 139+ 139
938+ 139+ 139

Rl
Rj

N»3/2 ( 2420) INTA ( P I NI /TOTAL
(oijj 3) AYEO 70 IPWA

( Pj I /TOTAL

«¹a«a4»»a»»¹aea ¹««»¹¹¹e»»¹«a««¹¹»»»a»»»¹«»¹»¹»»»4»»»a¹«ea»«¹¹4¹»»»»«

AYFA 70 K IFV Cnh)F

REFFRFNCES -- N»3/2(24201

R AYED ~ P BARFYREi Cr VII.LFT

PAPFRS NAT REFERRED TO Ihl DATA CARDS ~

(SACL) IJP

BFLLAMY 67 PRL 19 476
AYI'A 70 oL 318 598

+8 UC KLF Y DAB I NSON +
+BARCYRE+VILLET

(MESTFI E[.D UN[COL I JP
( SACL AY I

4 ¹¹««»a¹¹»«»»»4»«»a»¹¹»»»»4«»e»«e a»¹»»»¹««»¹««»»»a«a»»»¹»«¹» ¹ae»¹¹«»
»«a¹»¹«a«4 4 ¹»»a a»¹a¹4»¹¹¹«»aa»¹»a ¹»»4»»e¹«a¹««e»««»

1/71« Rl N¹3/2(2850) INTO tPI N)/TOTAL
R 1 ONLY ( J+1/2 )¹[P I N/TATAI. ) MEASIJRFA FOR THIS
Rj 0 ~ 261 0 ~ 048 CI TRON 66
Rj R (0 ~ 224) [ 0 ~ 016) BARG EP 66
Rj R (0 ~ 401 RARGFR 67

R USES RFGGE AMP ~ +RF SAN ~ TA CALCULATE DIF ~ CR
R FOR CRITICISM QF THIS MFTHAD, SFE AOLFN 68 ~

R1 D (0 ~ 491 AtKMEN 67
n USE'5 ONLY RESONANCES TA CALCULATF AIF ~ CRQS

Rl [oejO) KORMANYAS 67
Rl t 0, 39) AQRRQwnLs 67

(Pl I/TOTAL
STATE.
CNTR TOTAL CROSS ~ SEC ~ 11/67
RVUE TOTAL + CH EXC ll/67
RVUF USES KARMANYOS66 11/67

QSS SECT I ANS AT 180 Df GR E

RVUE lJSE5 KORMANY0567 11/67
5 SFCT IONS AT 180 DEGREES

CNTR I I-P AT 180 DEG, ll/67
CNT R P I+P AT 180 DE G

RFFERENCES -- N»3/2( 2850 I

«¹a»¹¹¹¹¹a¹¹¹¹»a¹»¹aa¹4a»4¹»«¹a¹»»»4ee«»a¹ 4»»«a»a¹«»»4»»4 ¹»» ¹»»»a»»¹

M & 8800 MEV — PRODUCTION AND crTPTJU EXPERIMENTS

BUMPS

ca«a»««4»a»«»e«¹¹¹»4«4»4 ¹»«4»44¹«»»4»4«»a¹ «4»¹¹»4»4 444»»»4»«»444«»e«

g(p42p)
84 N*3/2(7420 I I =3/2

MAHLIG 64 PPL 13 103
HAHL FR 64 PL 12 149
C I TRON 66 PR 144 1101
BARDAD tN 66 PL 21 357
RARGFR eh PR 151 1123

BARGER 67 PR 155 179?
OIKMFN 67 PRL 18 79R
DABRAWOL 67 PL 248 203
K ARM AN YO 67 PR 164 1661
DALFN 68 PR 166 1768

V BARGER y 0 CL INE
N D IKMEN

AQBROWO[ SK I GUSKQV LIKHACHEV +
KQRMANYAS KRI SCH QFALLON +
R nALEN, o HARN C SCHMIO

[MISC) P
IMICH)

(AUBNA) P
(MICH ~ ARG) P

( CAL TECH)

PAPFRS NAT RFFERRED TQ IN DATA CARDS ~

t4IANNELL I SODI O'KSON FACKLE R ~ W ARD ~ t (M f T I

0 HAHLFR, J GI ESFCKE (KARL SRUHF ) 1

+GALBR4ITH, KYCI A LFONT[ C, PHILLIPS ~ + (RNL ) I
8 ARDAD IN-0 TMI NAW SKA, DANY 5 Z ~ + ( WARSAW)

V BAR GFP 4 M AL S SAN ( WI SC )

54 N»3/2(24201 MASS (MEV)

[ 7 360 ~ 01 DIODE NS 63 CNTR PI+ P TOTA[.
I 2520 ~ 0) [40 ~ 0) ALVAREZ 64 CNTR Pl PHATOPROD
( 2400 ~ 0) APPROX WAHL I G 64 QSPK 0 P I P CH EX
[2440 ~ 0) HDHLFR 64 RVUE DATA + Df SP REL
2423 ' 0 10 ' 0 CITRON 66 CNTR Ptt P TOTAL

R [ 2457 ~ 0) RARGFR 66 RVUF. TOTAL + CH EX
USES REGGF AMP ~ +RFSON ~ Tn CALCULATE DIF ~ CROSS SECTIONS AT 180 DFGRE

8 FAR CRITICISM OF THIS METHOD SFF DQLFN 68 ~

84 N»3/2(2420) WIDTH (MEV)

7/66

7/66
11/67

«¹»¹a»e»¹««¹a¹»a»»«¹4»¹¹»«¹¹¹»¹»»»¹¹*«»»¹e«¹a»»a»4»»¹»»¹a¹»»«»4 «¹a¹»
»»¹»»»¹aa a¹¹«¹e»»»«¹«»»4 a»»»»¹4«»aa» a»¹¹a»»»» 4 ««»4 »¹»«»¹a¹«¹a¹

lj(3230) Re N«3/2(3230r JP= I [=3/2

Re N¹3/2(3?30) MASS (MEV)

BAACKE 67 NC 51A 761 J BAAC KF. ~ M YVE R T (KARLSRUHEqARSAY)J-L
MAHL IG 68 PR 168 1 "15 M 4 WAHL IG r I MANNFLL I ( MITr Pf Sh)

FINAL VFRS IQN QF DATA USFA IN MAHL IG 64 IN CAN, JUNCTION W I TH

C [TRON 66 TOTAL CROSS SECT10'NS THI S CHARGF. EXCHANGE DATA Gt VF S
CQMPLFX EL ASTI C SCATTER [NG AMPL I TUDF AT 0 AEGRFFS ~

M

W

W 8

(200 F 01
124' 0)
310' 0

(275 0)
20 ' 0

D I ADEN 5
HOHL F R
C I TRON
RARGER

63 CNTR
64 RVUE
66 CNTR
66 RVIJF. TOTAL t CH EX

7/66
7/66

11/67

M ( 3230 0)

(440 ~ 0)

C I TRON 66 CNT R

86 N»3/2(3730) WIDTH [MEV)

C I TRON 66 CN T R

P[+ P TOTAL &/66

7/ee

PI
P2
P3
P4

94 N»3/2(2420) PARTfAL DECAY MADES

N»3/2(2420) INTO PI N

N»3/2( 2420) INTO SICiMA K

N»3/7(2470) INTO N»3/2[ 1236) Pl
N*3/2(24201 I NTO NEUTRON P I+ PI+

DFCAY MASSES
139+ 938

1)97+ 493
1236+ 139
939t 13&t 139

Pj
P2

Re N»3/2(3230) PARTIAL nFCAY &QDES

N»3/2(32301 INTO PI N

N» 3/7[ 32301 I NTO N P I P I

86 N¹3/2 ( 3230) RR ANCHING RAT I QS

DECAY MASSES
139+ 938
939t 1 39t I 39

94 N»3/2(24701 RRANCH[NG RATIOS

R), "I»3/2(2420) INTO (Pl NI /TATAL IPl)/TOTAL
Rl (0 ~ 067) APPROX Dl ADENS 63 CNTR 45SU'4ING
Rj Oojj3 0 ~ 0036 C I TRON 66 CNTR ASSUMING
Rl R (0 ~ 121 Rh&G FR 67 F I T AS SUMING
Rl n (0 jh31 AIKMf N 67 F IT ASSUMING

'1 USES ONLY R ESONANCFS TO CALCIJLATf:. Af F ~ CROSS SECT IANS AT 1A0
Rl (D.oe) KARMANYAS 67 CNTR ASSUMING

J=ll/2 7/66
J=ll/2 7/eh
J= 1 1/2 I 1/67
J-"11/2 11/67
DFGREES
J=ll/2 11/67

Rj ONLY (J+1/2)»( P I N/TOTAL) MEASIJRFD FOR THIS ST4TE

Rl (0 ' 06'I CITRON 66 CNTR TOTAL CROS ~ SEC ~ 11/67
Rl 8 (0~ 031 (0 ~ 01'I RARGFR 66 RVUF. Tl)TAL + CH FXC ~ 11/67
Rl 8 [ 0.031 Tn o.1 BARGFR 67 FNTR lJsF 5 KopM ANYAS66 11/67
R 1 8 IJSFS REGGE AMP ~ +RFSON ~ TA CAL[UL ATF DI F CRASS SECT[ JNS 4T lRO DEGRF
R2 8 FOR CRITICISM AF THIS MFTHOD SFE AALEN 6R
Rl 0 (0.25) AIKMFN 67 RvlJF lJSFS KARMANYAS6~ j I/&7
R 1 D USES ONLY PESANANCES TO CALCULATE DIF. CROSS SECTIONS AT 180 DFGRFF S

R2 N»3/2[2420) INTA ( PI NI¹(NFUTRON PI+ PI+)/ (TATA1 a»2) (Pl«P4)/TOTAL»¹2
R2 0 ~ 01 95 0 ~ 004 8 G4LLQWAY 68 RV'UE

a»¹a»e a»¹4«¹«¹a««4»«»4 a«¹»¹a»a¹a»¹»¹¹»»4»a4»»a¹4»»»»4»»»»»»e »4«a»»»»

REF ERENCFS -- N¹3/2(2420)

63 PRL 10 262
e4 PRL 12 710
64 PRL 1 3 103
64 PL 12 149
66 PR 1,44 1101

PR 151 1123

n[DDENS
ALVARF. Z

MAHL IG
HAMI FR
CITRON
84k GFR

+JENKINS 4 KYCIht R ILEY (RNL) I
+BAR-YAMr KERN' LUCK EY q ASRORNEt + (Ml T ~ CEA I
+MANNFLLI SADICKSQN F4CKLER WARD + IMIT)
G HAHLER J Gf ESFCKF (K ARL SRUHE) I
+GALRRA I TH ~ KYCIA pl EONT I C rP HILL I PS ~ + (RNL I I
V BARGER r M OLSSON (MISC)

84RGFR 67 PR 155 l792
DIKMEN 67 PRL 19 798
KQRMANYA h& P R 164 j66 j
Dt)L EN eR PR 166 1768
GALL AWAY 6R PL 26R 334

v BARGER, n CL tNE
F N D[KMEN
KARMANYAS, KRI SCH, OFALLON ~ +
R DALE Nr 0 HORN ~ C SCHMID
K F GALLAMAY

(MISC�)

P
(MICH)

[MICH' ARG I P
(CAL TFCHI
[INDIANA) I

PAPFRS NQT RFFFRRFA TA IN DATA CARDS ~

a«4»¹a»»«»¹¹4«» 4 »4»»4 4 44 ¹¹¹¹¹»««»aa»»a»¹»¹»4»»»»»4 ¹»«»a»¹«¹¹»«e»»¹»«
4»4 a»»»4 «»»¹»44»»44»4 4¹¹»¹««a«»«a¹«»«»4 «4a «44»»»4»»»»a44»»4¹ 4 ¹44»»»¹

Dt)R RAWQL h7 PL 24R 203 DARROWALSKt, rusKQV, LtKHACHEv, + touBNA) P
RA4CKE 67 NC 51A 761 J RA4CKF. g M YVERT (KARLSRUHE rORSAY) J-L
WAHLIG 68 PR jeR 1515 M 4 WAHL IGe I MANNELLI [MITr PtSA)

FINAL VERSION OF DATA USED IN WAHLIG 64 IN CONJUNCTION WITH
C I TRON 66 TATAL CRASS SECT fANS ~ THIS CHARGE EXCHANGF. DATA GIVES
COMPLEX EL ART IC SCATTER [NG AMPLITUDE AT 0 DEGREES ~

6/68
4¹4»¹»»4»«4¹¹4»«4¹«4»4»¹ ¹4¹aa»»»4 4¹»»44»»»»4¹»a¹4¹4¹4»a¹«¹aa»»»«»4¹¹

C I TRAN
RARGFR
RARCjFR
A[K'4EN
K ORMANYA
DOL EN

66 PR 144
66 PR 151
67 PR 155
67 PRL 18
67 PR 164
6R &R 166

1101
1123
1792
798
1661
1768

REFERENCFS -- N»3/2( 3730)

+GALBRAITH KYCIA LEANTIC, PHILLIPS, + IRNL) I
V BAR GFR r M OLSSAN (MISC)
V BARGFPi 0 CL INE (MISC) P

F N DIKMFN (MfCH)
KORMANYO'5 KRISCH OFALLAN + (MICH ARG)
R nnf FN, n HARN C SCHMID I CAL TFCH)

«4 ¹¹¹¹»«a»a¹»aa4»»»»»4 «»»aa¹»a»»¹ ««¹¹»»¹¹44 ¹¹»4»¹»4
ea¹aae ¹ea»«¹«»¹»»a¹44¹»a»»¹»¹4«»» a»a»a»a¹» a¹4¹«e¹a»»*«»a»a»a»a¹»¹¹«»

END PRODUCT ION EXP ERI MENTS

BANNER 70 NP 815 205

REFERFNCFS --- EXOT I C NUCL FONS

+CHFZE 4 HAMFL ~ T E I GERt ZACCQNE +

»e»e«» a»a»»ac«¹ ««¹aa4«a» ea¹«»¹¹¹»a»ac«a»»««»a«»ea»» a¹«aae¹e» «a¹e«a«»
«»¹»¹«»«¹«»««a»a ««»»»»»«»e» 4 ¹»»4»a»4 4 ¹¹»¹4¹»4 e»»4 «4»»¹»a»4 4»¹a

¹e«»aa «¹»a«a»¹¹»4»¹¹4¹»«¹¹¹¹a»a¹a¹»»«»a»»¹ ¹»¹¹a¹»«4a¹«»a»a»a 4 «a¹4»¹¹
EXOTIC NUCLEONS CRASS SFCT[QNS LIMITS FQR EXQTfC NUCLFANS

THIS I 5 NQT 4 CQMPLETF L IST ~ WE WILL T ARULATF EXQT ICS FRO4I NOW ON

C 5 I T 40 MB [=5/2 M= 1540-1750 RANNER &0 ASPK +++ P t+P 1 9 GEV/C 7/70

a»aaa»»»«ae«a«¹»a» aa»4¹aa4» 4»¹4»»a»» a«««a¹»4¹ a»a»4»¹»
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Eg($ 64p) 92 Ex( i&40, JP= ) I=

I

The Z (1780) in the listings below is the result
of fitting the elastic peak with a Breit-Wigner reso-

PR I CF. 70 PL 338 ~ 533

REFERFNCES — EX (1640)

+ RFR G SAL ANT ~ MAT ER S WFB ST'ER WE INRERO ( VANO )

«e«eee s»ee»»ee«««e«ee«»e «eeeeeeee «e««e««««««eee«ee««ee»««««« e«««««ee
«»««»» ««e»e«e«e «ee«»e»ee «e»«»eeee eee«»ee«««e»eeee«» eee«eeee»

o

Note on Possible Z 's

92 FX(1640) NASS (NEV)
A 29( 1627 ) ( 12 ~ ) PRICE 70 ORC -- K-0 AT 4 ~ 91OEV/C

7 h F'JLJR 5 ~ 0 ~ EFFFC~

92 FX( 1640) W (0TH IMFV)

W R 29 30, &R LFSS ~ &0 CL PR ICE 70 OBC -- P I-PI-N BUNP
W R CROSS SECTION 13.0+-3.9 NI C ROBARN 5

»«»»«e»«»»»»e»««eee«»e»e e»«e«eeee eee«ee««e eeeeeeeee ee«eeeee«eeeeeeee

3/71«

3/71«

nance form. The width is anornalously large, nearly
600 MeV. The resonance (if it exists) must be near-

ly entirely elastic because the inelastic cross section
is small at the peak. If J were greater than i/2, the

resonant peak would exceed the observed height of

4s k . This fixes the spin as i/2, and means that

there is little cross section left over for other pa.r-
tial waves. Of course it is quite possible that in fa, ct
the peak is not caused by a resonance at all.

Phase shift analyses of the elastic scattering data.

in the I = 0 state have been done only up to

8i0 MeV/c; therefore it is not clear whether the

structure (either double-peaked or not) is associated
with a definite resonance-like structure in one or
mo r e par t3.al wave s,

(b) I = i System. New K p data have been re-
ported by REBKA 70 from i.54 to i, 7i GeV/c and by

BARBER 70 from 4.4 to 2.3 GeV/c. As for new

Although much work has been done on the strange-
ness +1 reactions during the past year, it is not yet
clear whether the peaks seen in total KN cross sec-
tions near i GeV/c are resonances; see Fig.
Since positive-stra, ngeness baryons cannot be made

from three qua. rks, it is very important to find out if
these peaks are resonances.

(a) I = 0 Sys tern. New total-eros s - s ection data
have been reported by the Arizona group in the 0.36
to 0.72 GeV/c region (BOWEN 70). The old K p snd+

+K d total cross sections have been reanalyzed by
ABRAMS 69. They ma. de a new unfolding of the

isospin-0 total cross section and found that the well-
known peak in this cross section just above i.0 GeV/c
(M f865 MeV) has a companion at about 0.8 GeV/c
(M- 1780 MeV). COOL 70 a,dds the new da. ta of
BOWEN 70 to the analysis and obtains the two possi-
ble results shown in Fig. 2a for the I = 0 cross sec-
tion. DOWELL 70 also reports similar results. The

choice of two possibilities depends mostly on the dis-
agreement between the data and very little on the

method of unfolding, as discussed by LYNCH 70.
+ +Until the K p and K d cross sections a, re re-

measured in this region, the lower peak, though prob-
able, cannot be considered definitely established.
There is, however, no doubt about there being a
large broad peak in the isospin-0 elastic cross sec-
tion. The inelastic cross section is very small until

ilr

the K N threshold at i.08 GeV/c is approached, then
it rises rapidly (HIRATA 68 and HIRATA 70), as
shown in Fig. 2c. Subtracting this from total cross
sections gives the two possible results of Fig. 2b.
(The elastic cross section has not been independently
measured. )

analyses at the Duke Conference on Hyperons, a to-
tal of nine partial-wave analyses were presented.
Each of these analyses gets more than one solution to

choose from, which indicates that the data are not

good enough to eliminate some of the possibilities.
Certainly new data and the simultaneous analysis of

elastic and inelastic channels (copious inelastic data
is desirable at the rnornent) could improve the under-

standing of this system.
The P~~ amplitude still remains the best candi-

+date for a resonance in the K p system. The pre-
ferred P&3 Argand plots obtained by the various

groups are shown in Fig. 3, Each analysis in one

way or another gets at least one solution with a.

counterclockwise P&3 amplitude. Resonant P$3 ls
claimed by REBKA 70, KATO 70, ERNE 70, and

GIACOMELLI 70; the results of the other five a,nal-
yses are not so clear cut. AYED 70 claim that the

speed of variation of the amplitude as a function of
the energy is nearly as well fit by a smoothly var-
ying background as by a broad (500-MeV) Breit-
Wigner amplitude superimposed on a background.
For this reason they claim one is not obliged to in-
voke a resonance. BENNETT 70 got two solutions;
the preferred one shows no resonant behavior; the

other one might be resonant, but the errors on the

amplitudes are too large to believe any circle drawn

among them.

CARRERAS-l 70 get a P$3 amplitude similar to

that found in other analyses, which can be interpreted
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Fig.
KN total and partial cross sections. Sub-

scripts indicate isospin. Total cross sections
are from CARTER 68, which uses data from
COOL 66 and BUGG 68. Isospin- 4 partial
cross sections are adapted from a compila-
tion made by BLAND 68. Isospin-0 partial
cross sections are from HIRATA 68. Thresh-
olds for various processes are indicated at
the top.
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Fig.
(a) The I = 0 KN cross section evaluated by COOL 70. The new data of J'enkins are reported in
BOVTEN 70.

(b) The I = 0 cross sections as obtained by the two possible interpretations of the data. This shows
the uncertainties in the 0.8 to 1.2 GeV/c region.

r~w(c) Energy dependence of the I-spin 0 and I-spin l cross sections for the reaction KN~ K
TTTT1 A ~ A rA
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Fig. 3. Argand plots for the Pg3 partial wave as obtained. in partial-wave analyses
performed. by the authors indicated. (CARRERAS-i 70 plotted by us from p, 5, )
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as having resonant behavior, but do not feel that the

resonance interpretation is compelling.
BARBER 70 include the new data up to Z. 3 GeV/c.

Their preferred solution is shown in Fig. 3 and shows

no structure in the speed. They also report a second
solution which resembles the Argonne solution I

(KATO 70 in Fig. 3j below i.8 GeV/c.
HALL 70 have presented an analysis that includes

the ela, stic a,nd inela, stic da. ta. The analysis was done

at three mornenta, and the P a.mplitude of their
best solution is shown in Fig. 3. Here again the er-
rors a, re really too large to detect any possible Breit-
% igner beha. vior.

The Sgg amplitude. It should be mentioned that
AYED 70 find a. solution with the P&3 negative and

moving clockwise, and the S&& positive and moving
counterclockwise. In this solution the S wave is es-
sentially zero below 520 MeV/c, s.nd s. negative P
wave rather than S wave would fit the angular distri-

Raryane

whe re the peak is s e en.

2) The fit to the data should extend over a very
wide region, down to threshold and up to Z GeV/c s.s
a.lready done by ERNE 70, BARBER 70, and AYED
70.

3) Simultaneous study of elastic and inelastic
channels should certainly help.

4) More emphasis on the speed plot. 2

5) For the I = 0 states it would be very useful,
however difficult it may be, to measure the elastic
cross section.

References
J. Stenger, %. E. Slater, Q. H. Stork, H. K.

Ticho, G. Goldhabe r, and S. Goldhabe r, Phys. Rev.
134, Blil 1 {1964).
2. See the January 4970 edition of the Review of
Particle Properties for some earlier speed plots and
definitions.

butions at low energy. The trouble with this solution
3is that the P phase shifts do not show the q depend-

ence at low energy as required from a P wave.

z, (lv8o) 95 Z «0( 1780~ JP =1/2 I I =. 0
THIS EFFFCT ~ tF A RESONANCE MUST HAVE SPIN=1/2s
BECAUSE THF. [NFL ASTI C CROSS SFCT ION IS VERY SMALL
ANO THF. TOTAL CROSS SECTION IS ABOUT 4»P I/K«42

CARRERAS 70 report a,n a, ttractive S wave a.t low

energy. This is in contradiction with the constructive

interference between the elastic and Coulomb scat-
tering suggested by the data, CARRERAS-i 70 rnen-
tion the possibility that S and P&& waves contribute
equally at low energy (below 300 MeV/c). This is
also contradicted by the data, which do not show the
required SP interference term. See GOLDHABER 70

M

0
M 0

Pl

Rl
R[

95 Z«0f 1780) MASS I &EVI

1780~ 0 10 ~ 0 C DDL
SEEN ODWFLL
SEE ALSO DISCUSSION OF LYNCH 70

95 Z«0(1780) If[0TH I MEV)

70 CNTR + K+Pt D TOTAL
70 RVUE

I 565 ~ 0)

Z¹0(1780) INTR K N

DECAY MASSFS
493+ 939

95 Z¹0(1780) BRANCHING RATIOS

Z¹0(1780) I NTD t K Nl /TOTAL
to ~ 95) CnOL

( Pl I /TOTAL
70 CNTR + K+P s 0 TOTAL

COOL 70 CNTR + K+P s D TOTAL

95 Z»0( I&80) PARTIAL Of CAY MCIDES

I/71¹
7/70
7/70

I/714

1/71»

for more discussions on the sign of the S
Threshold effects. Another possible way to de-

scribe the P&3 amplitude would be in terms of a
coupled-channel threshold effect: the KN amplitude
becomes rapidly absorptive a.s it feeds the rapidly in-
creasing KE channel, The main question still re-

444«»e «»«ee««4» 4¹4«44444»4»¹¹e«44 «4«e»»»44 44»»44««4 ee«¹«¹4««»«»4««»»

REFERENCES -- Z»0(1780)

SEE RFFERFNCES FOR THE Z¹1(1900)
4»4444¹'44 444'«¹««»«44»«4«¹4» «4»««'«444 44»««4«»

«44¹»4444 4444»4»4»»4444«¹»4»44»«»»44 4»4««44¹¹ 4»4«4»4«¹ 44«¹«»4«

Z, (1865) 96 Z«0( 1865 ~ JP = I 1=0
THIS EFFFCT [S STRONGI Y ASSOCI ATEO )(ITH THE K«N
THRESHOLD' SEE HIRATA 68 AND 70s

96 Z«0t 1865) MASS f MEV)

mains: Is it a,iso a resonance? If it is, its elasticity
is small (= 0.2) and it decays mainly into K A. But a

( 1 868 ~ Ol
( 1P60 ~ 0)

( 10 ~ 0)
f15 ~ 0)

KYCI A

CART FR

96 Z»0( ltl65) WIDTH (MEV)

67 CNTR
57 THEO

K+P, 0 TOTAL 8/67
DISPERS[t)N R&L ~ 8/67

definite conclusion has yet to be made and awaits
much more data.

One more comment on exotic resonances is that,
as pointed out by ERNE 70, the present upper limits
for the cross sections for production of broad exotic
resonances are not very small; that is, they are of

f

the same order as cross sections for Y or N pro-

Pl
P2

Rl
Rl
Rl

R2
R2

(160~ 0)
I 200 ~ 0)

I 30.01
f 50s0)

KYC[A 67 CNTR
CARTFR 67 THEf)

96 Z«0l 1865) P ART[ AL DFCAY MODES

Z«0( 1865) INTO K N

Z«0( I. 865) INTO N K»(890I

96 Z»0(1865 ) BRANCH [NG RATIOS

Z»0(1855) f NTD (K N ) /TCITAL
(0 ' 40) (Os05) KYC[A
(0 ~ 31) t0 ~ 05) CARTER

67 CNTR
67 THF t)

Z«0( 1 865 I INTO N K»t 890)
MAIN INELASTIC DECAY HIRATA 68 HBC

DFCAY &ASSES
493+ 939
938+ 892

(Pl) /TOTAL
IF J=1 /2
IF J= 1/2

(P2)

8/67
8/67

8/67
si/67

11/68

duction.

Conclusions. The existence of exotic resonances
is still an open question. It looks to us that the fol-
lowing are needed:

1) More high-precision data in the critical region

RFFERFNCFS -- Z«0( 186& I

SEE REFFRENCES Ft)R THE Z«l(1900)

»ee«««4«««4» «¹4¹e»«4«««44¹«»e»«»ee«» ee»4»eee««»«44«»e» «»«»»««»
««4»444»e «»a»4»4«e «444444«4 444»4»444 4¹4»e¹4»» 4444«««ee
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Baryona

z!( 97 Z«I( 1900' J~= I l=l
19QQ

THIS FFFFCT IS STRONGLY ASSOCIATED WITH THE K N«

THRESHOL D IF A RFSONANCE THF SPIN-P4R ITY IS ALh!OST
CF RT A INL Y 3/2+ ~

E AR L I ER AHA LYSF S THAT DO
LFA 68 PR 165 17&O
MART IN 68 PRL 21 12R6
HAL L 6 9 LJC RL -19231
L E4 69 LUND PAPER 362
CUTKOSKY 70 PR Cll 2547

NOT INCLUDE RECENT POLAR IZATfr!N DATA
LEAr HARTIN~ OADES (P THFOs BNL s CERN)
8 R MARTIN ( Rhlj )
H4LL, BLAND ~ GOLDHABER ~ TRILL ING (LRL )
1 EA MART fN OADES ( RHEL+U(. L I
R E CUTKOSKY ~ 8 8 OEO (CARNFGf E-MFLL ON I I

M

H 1
1
1
1
2
2
2

97 Z¹1(1900) MASS t MFV)

1900~ 0 10 ~ 0 COOL 70 ChlTR ++ K+P TOTAL
( I 9'32 ~ 0) AYED 70 I PW A P13 s SOL

( 1 999 ~ 0 I AYFD 70 f P'WA P13 SOL. I t
(2030 ~ Ol AYFD 70 IPWA S11 s SOL ~ I I I

THRFE SOLNS IN ORDER OF DECRs-ASfNG 5 IGNIF I CANC E ~ THOUGH AYED 70
GIVF PARAMETERS THFY CONCLUOF. RFSONANT INTERPRETAT ION DOUBTFUL ~

( 1840~ 01 RARNFTT 70 IPWA P13rSOLN Il f

RES!)NANCE S I GNAL RARELY AROVF. BACKGROUND DUF TO THE {ARGE FRRORS
IN THF. AMPL ITUDE5 RESULTING FROM THE ANALYSIS

( 1959~ 01 F. R NF 70 IPWA P13
{1880 0) KATfl 70 I PWA P13 Ihl SOLN I
{1950 ) KATO 70 I PWA SOL ~ I I I

97 Z«j( 19001 WIDTH (MFV)

1/71¹
6/70
6/70
6/70

7/70

6/70
6/70
7/70

PRODUCT jt)N EXPERIMFNTS THAT LOCJK FOR A

TYSON 67 PRL 19 2 55 +GR FENBERG HLJGHFS LU ~ MINEHART ~ MORI ( YALE I
BASSOMPI 6R PL 278 468 BASSOMPIERRE¹ + (CFRN rRRUXFLLES)
MOR t 68 PL 288 182 +GREEhlBERG HlJGHES LU ROTHRERG + (YALE}
ANDF RSON 69 PL 298 1 36 +RLFSER ~ RLIEOEN Cl)LLINS + {RNL CARNE( IE I
MORI 69 PR 185 1687 +GRFFNRERGs HUCsHES q LUg MINEHARTg + t YALF )

MORI 69 RFPL ACES TYSON 67 AND MORI 68 ~

L ATFST REVI E'W TALKS
L FV I SFTT 69 LUND CONF 341
GOL OHABE 70 DUKF. 407

R LFVI SFTTI {RAPPORTFUR)
G ~ GOLDHABFR ( REV IEWER)

(CHICAGO}
(LRL)

¹¹««««««¹¹«««¹«¹»¹¹»««¹«««¹««¹«¹¹«««¹«¹«¹¹«¹«¹«««¹¹«¹¹«¹¹¹«««¹¹«¹¹¹¹
«»«««» ««»»««««««»««»«»«««««««««««««»««««»«««»««««¹««¹«»««¹¹«««¹¹«¹«¹

W

1
W I,

W

W

W

W

( 240 ~ 0)
20 0)

('397 ~ 01
(a57 F 01

{80 0)
( 25I ~ 01
A ROl JT I
( 180~ I

SEF THE NO

C. DOL 70 CNTR
AYFD 70 I PWA

AYF. D 70 I P WA

AY&0 70 IPWA
R4PNETT 70
FR NF. &0 I PWA

30 ~ 0 KATO 70 tPWA
APPROX' KATO 70 I PWA

TF5 ACCOMPANY 'I NG HASSF S QUOTED ~

97 Z«l( 1900) PARTIAL DECAY MODES

++ K+P TOT AL
K+P
K+P
K+P
K+P E IPI(A
K+P
P13 IN SOLN I
SOI ~ If I

1/71»
6/70
6/70
6/70
7/70
6/70
6/70
7/70 Noteon Y 's

The number of known or suspected Y states

P1
P2

Z« 1{19001 INTO K hl

Z¹1( 1900)INTO N¹3/2( 1236) K

97 Z«1{ 19001 BRANCHING RATIOS

DECAY MASSES
493+ 938

1236+ 493

Rj
R I
Rt
Rl 1
Rj
Rl 1
Rl
Rl
Rl
Rj

Z«1(1'900) INTO (K Ni/TOTAL
(0 10) OR (FSS
{0 121 (ASSUMING J=3/21
(0~ 16)
( 0~20)
{0' 17)
{0+ 151

ABOUT 0 ~ 1
(0 2 8) APPROX ~

{0 ~ 091

CARTFR
COOL
AYED
AYFD
AYED
FRNF
KATA
KA TO

RARNETT

67 THFO
70 CNTR
70 IPWA
&0 I PWA

70 I P'WA

70 IPWA
70 I PWA

70 I PWA

70

(Pl) /TOTAL
DISPERSION REL ~

++ K+P TOT AL

P13 IN SOLN
SOL ~ I I I
K+P EIPWA

SEE NOTES ACCOMPANY ING THE HASSFS ()UOTEO

R2
R2

Z¹1(jo00) INTO K H¹3/2{123h)
MAIN tNELAST IC DECAY BLAND

( P2)
67 HRC ++

Z¹1 CROSS SFCTION LIMITS (MICRORARNS)

SFF MINIRFVIEW PRFCEOING Z«0

CS LESS THnN 50.
CS 4 LESS THAN ~ 2 + 3
CS A hROVE LIMIT FOR
CS R LESS THAN 1 ~ 4 +1 9
CS 8 AROVF L. IM IT FOR

- ~ 1
M= 1 2 TO

5
M=1 ~ 5 TO

BASS!)HP f E 68 HBC K+P TO Z¹+ PI+
ANDERSON 6ts ASPK + PI-P TO K-2«+

1 4 ('EV — CL= 99 PE CD

ANDF RSON 69 ASPK + P I-P TO K-Z¹+
2 ' 5 GEV

'RF FERE NCES -- Z¹1 ( 1900)

TOT
C OOL

KYC IA
ABC AHS

8!J( C

AL-CROSS-5 ECT I t)N FXPER IMFNTS
66 PRL 17 102 +G IACOMELLI KYCI A LEONTIC LI LUNDRY + (BNL I I

SL IGHTLY RFVISEO RESULTS FROM KYCI A 67 -REPLACE COOL 66
67 PRIV ATE COMM ~ T F KYC IA (SNL I I
67 PRL 19 25& C OOL 8 I ACOHELL I KYC I A ~ LEONT IC L I ~ + (RNL )
68 PR 169 1466 +G Il. Ht)RE KN I GH T, + l RTHFD ~ BR MGHM CV NOSH ) I

COOL 66r ARRAMS 6 ANO ARR4MS 69 ARE SUPERCEDED BY COOL 70 AND

ABRAMS 70 ~

69 PL 30 R 564
70 PR Dl 1917
70 PP l)2 2599
&0 i)IJKF CONF 47
70 PR Dl 18A7
70 O!JK F: 53
70 DUKJ

+COOL l IACC!MELL I KYC IA L. I MICHAEL (BNL) I J
+CDCJL, CtACDHFLLI, KYCIAs LFONTIC, ¹ {RNL) I
+CALDWFLL OIKMEN, JENKINS KALRACH, +I ARIZ) I
R L COOL (RNL )
+GIACOMELLI, KYCIA, LCONTtC, LI, + {RNL) I
J AD DOWFLL (RIRH)
G LYNCH (REVIEWER OF CR. SEC. DATA} (LRL)

ARR AMS

ARR AHS
ROW EN
CnnL

'

C. OOL
DOW ELL
LYNC H

OI SoEkS(ON-RFLATION CALCULATION US IN(' TOTAL-CRO5S-SFCTION DATA

CARTER 67 PRL 18 801 A A CARTER

(CAVENDISH�

}
CARTFR 68 PRFPR INT A A CARTFR (CAVENDISH)
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has increased considerably in the last few years,
following closely a similar increase in the number of

at

N states. Just as the recently discovered N ' s are
only weakly coupled in the TTN —TIN reaction, so also

E4

are the recently discovered Y ' s only weakly coupled

in the Kh', KN, KN A. Tr, and KN —~7c reactions.
The older, well-established resonances are usually

clearly visible as peaks in cross sections, as char-
acteristic variations of angular distributions of

2-body final states, and {or) as peaks in invariant-

mass distributions of subsets of particles in 3-or-
more-body final states. Although some of the newer

and less-well-established resonances are seen as
small peaks in invariant-mass distributions, many

of them make no direct appearance at all, often be-
cause there are many states at the same mass and it
is not clear which ones (or how many) are being ob-

served. Rather when the 2-body reactions are par-
tiaI-wave analyzed, some of the amplitudes are found

to traverse resonance-like counterclockwise circles.
P

Clearly the results of partial-wave analysis give the J
information, whereas a peak seen in an invariant mass

A K-MATRIX ANALYSIS !)F SAME OF THE EARLY K+P l)ATA

HITE 67 THF. SIS G E Hl TF. ( ILLINOIS)
distribution or a total cross section usually ca,nnot be
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analyzed for its quantum numbers. We will keep in-

formation coming from formation experiments and from

production experiments separate, whenever necessary.
Production experiments. These types of

experiments are often difficult to analyze. Informa-

tion on I = 0 states is possible only when there is no

I = 1 state at similar mass. The main controversies
at the present time concern resonances in the 4600 to
4700 MeV region. See the mini-reviews on g(4620)
and on &(1670) in the listings. A good review is
give n by MILLER 7 0. Als o, the branching ratio s

of g(4915) F as measured in formation and pro-
ductions experiments do not agree. This is probably
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due to two facts: 4) the elasticity is small, 2) the

nearby D&3(&940) may contribute to production exper-
irne nt s.

Y s is rather more qualitative than quantitative.
Partial-wave analyses above i. i GeV/c.

One of us has reviewed this energy region at the

Formation experiments. Partial-wave analy- Duke Conference on Hyperon Resonances. The AT1

ses have been performed on KN, A~, &~ and:-K
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. Usually many solutions are found

and even when it is required that solutions at neigh-
boring energies join smoothly, it is not possible to
select a unique overall solution. To overcome this,
one specifies the form of the energy dependence of

some or all of the partial-wave amplitudes. Analy-

ses in which the energy dependence of all the ampli-
tudes is specified are called energy dependent.
When referring to results of this type of analysis,
the technique listed is DPWA. Thus an amplitude

known to resonate will be given a Breit-Wigner form,
whereas an amplitude not a priori known to resonate
may be tried alternately with a resonance form and

with some simple nonresonant form, the choice
between these then being made by comparing the

goodness-of-fit for the two fits. See the Note on

Resonance Parameters preceding the Baryon listings
for additional discussion of DPWA and of the K-
Matrix parametrization of KIM 71.

Analyses in which most of the amplitudes are
left unspecified are called (not quite correctly)
energy independent. The techniq'ue used for these
analyses is listed as IPWA. Figure I shows results
of such an analysis of the reaction K p —Qm by

ARMENTEROS 70. The D&5 amplitude was fixed as
the g(1765), with resonance parameters obtained

from an earlier energy-dependent analysis. This
amplitude acts as an analyzer for the other ampli-
tudes, which were allowed to vary freely. The S&&
and D&3 amplitudes appear to resonate. Figure 2

shows results of a similar analysis, also by
ARMENTEROS 70, of the reaction K p —ger. Here
the D Q(4520), D& &(4670), D 3&(4690), D &(1765),
F05A(&820), and F&5Z(&940} were fi~ed. It appears
that several of the other amplitudes may resonate too.
It should be clear from the figures that it is not al-
wa ys po s s ible to de cide whe the r or not an amplitude
resonates. Neither is it possible to determine very
accurately the parameters of the amplitudes that do

resonate, nor to assign meaningful errors to the

parameters. The state of knowledge of the newer

channel has been analyzed by five groups, using

different sets of data points that are in very good

agreement with each other. LITCHFIELD 70 has

used all the data, which plotted together show abso-

lutely no discrepancies. In spite of this fact the five

analyses agree only on three of the eight partial
waves used to fit the data! And all five groups claim
to obtain a good fit. Table I, taken from Ref. 2,

shows the resonances included in the fits', the other

partial waves were parametrized as background

amplitudes with the indicated number of parameters.
The three partial waves where agreement was found

were D&5, F&5, F&7.

The problem here, more than insufficient

data, is that the A& channel alone is not constrained

very much and a large number of solutions can be

found. For the g& channel, where two I-spin states

are present, the interference terms certainly help

to reduce the number of possible solutions. Table II,

again taken from Ref. 2, is a summary of the states

claimed above i. i GeV/c where, in view of the above

difficulties, most of the new states have been classi-
fied "wait". The signs of the amplitudes at resonance

3
follow the convention advocated by Levi Setti. Clear-

ly, resonances have to show up very strongly in at

least one channel before they are accepted without

r e s e rvation.
Error's on mas s e s and widths. Often the

quoted errors are only statistical, but, as discussed

in the Note on Resonance Parameters, at the begin-

ning of the Baryon listings, the values of masses and

widths can change well above 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 uncertainties than the statistical

errors.
Recently it has become the custom to quote

errors as obtained by inspection of various fits done

with different hypotheses [ see for example BERTHON

70 and GALTIERI 70 under g(4945)]. These errors
are probably more realistic. In conclusion, we chose

not to give errors on masses and widths determined

in partial-wave analyses, but, whenever necessary,
we give a range of values.
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F'ig. I. Partial-wave amplitudes for the reaction K p —Av, as determined in the energy-
independent analysis of ARMENTEROS 69. The K laboratory momenta are indicated. The
arrows in a circle, drawn in the lower part of the imaginary axes, fix the sign convention used.
See LEVI SETTI 69. Notice that the sign convention used here is different from the one of the
Argand plots of our l969 edition [Rev. Mod. Phys. 4i, i09 (i969)].

« =Z~

0.5

R=A 1~A Rl

Fig. 2. Partial-wave amplitudes for the reaction K p —Z1T, as determined in the energy-
independent analysis of ARMENTEROS 70. The K laboratory momenta are indicated. Here
again the sign convention follows LEVI SETTI 69.



PARTIcLE DATA GROUP Review of Particle I roPerties S127

S&ryons

Table I. R.esults of partial-wave analyses in the Am channel. In the second column N = 50 means that 50 param-
eters were used in the overall fit. In the first row to the right, N r indicates how many parameters were used
for that partial wave. R(4) means t'hat the resonant amplitude inc uded four parameters (M, F, It 1, 4).

13
d

17

SMART 66

BERTHON 70

A~ 0

.75-1.9 GeV/c
N= 50

/DF =418/390

A~ 0

1.134-1.84 Ge V/c
N=39

/DF =319/Z95

par
M
r
t

M'"

t

4+R (4)
1882+40
222+150-.11+.03

4+R (4)
1902+11

52+25
-.08+.02

8+R (4)
1910+20

60+20
- .10+.02

R.(4)
2032+6
160+16
. 21+.01

R (3)
2030+10

1. 65+31()
. 20+, 02

COX 70 Am
1.18 -1 ~ 71 Gev/c

2
N=40

/DF =Z58/199

LITCHFIELD 70
1.0 -1.85 GeV/c

N=54
y /DF =705/636

GALTIERI 70 Am
1.0 -1.85 GeV/c

N=38
y /DF =Z99/Z45

Npar
M

t

5+R (3)
1920+30

170+40
—.14+.03

4+R (4)
1950~50

ZOO~50
09' 04

3+R (3)
2100~20

87+20
-.16+.03

4+R (3)
2070+30

250+40
—.09+.03

3+R (3)
1903+10

77+27
—.09~.02

R.(3)
2027+6

158+16
.19+.01

R (4}
1940+50
ZOO+50-.12 +.04

4+R (4)
1905&0

70+20
- . 11+.03

R (3) R (3) R(1)
20 10 +15 2060+2 0 t.22 50]

115+15 70 +30 I140]
. 16+.03 -.07+.02 -.18

4+R (3) 5+R (3) R
1940+30 1895+10 ZOZ2+4

Z 80+40 70 +15 170+15
—.14+.03 — . 070+.015 . 200+.008

a. The Dz)-. state Z(1765) was also included in the analysis; the following parameters were found: M = 1775+7,
146+9, t = -. 266+.017.

b. Parameters reported here are the ones of fit 13, except for the F13 where mass and errors have been estimated
by us, examining the various fits reported by the authors. The other errors are only statistical. .

c. The results quoted are the ones from fit A.
d. Z(2250), G 9 is really outside the range of most analysis, but its lower tail can be included instead of a G19

backgroun
e. Quantities in square brackets have been kept fixed. . This paper also reports a. fit from 0. 61 to 1. 85 GeV/c.

Table II. Summary of the results obtained for eleven states above
1800 MeV. For the KN channel, the elasticity x is listed. For the
other channels, the quantity listed is t, the amplitude at resonance
(t = axe x). The last column is our rating for the resonance.

Conclusions. Table III is an attempt to eval-
wIp
+l~

uate the status of the various Y ' s. The evaluations

A(1870)
A(2015)
A(2040)

A(2100)

Z(1900)
Z(1915)
Z(1940)
Z(2020)
Z(2070)
Z(2120)

Z(2250)

?07

07

03

Q7

F15
13
17

P13

17

?19

M
(Mev)
1870

r
(Mev)

4Q .10

ZTf "K
t t Status

Poor
ZOZO

2010
16o

130

Zioo 60-145 .29

—.15 Wait
-.Zo (? ) Wait

.06 seen Goodb

-1900
1905
1940

200

6o

200

10 -.09
—.13

-.09 .008
—.12 (? )

Poor
Fair
Wait

-2100 87-Z50 —.12

—.05 .023 Good

Poor
-Z100

2040

-100

-160

—.Q7 .13

.05 (-.18) (.07)

Wait

Fair

2020 100-17Q . 1- .Z5 .19

are of course partly subjective. A blank indicates
that there is no corresponding evidence a,t a,l.. This

may mean either that the releva, nt couplings are small

or that the resonance does not really exist. The

baryon Table includes only the well-established reso-
nances. It seems clear, however, that whereas any

particular one of the questionable resonances may
disappear with the next a,nalysis, there definitely are

many new resonances underlying those we are more
fa.milia, r with.

Changes in format. When determining branch-

a. The analysis of BURGUN 68 suggests a J = 3/2 state with
either I-spin in this mass region.
b. The two analysis of the .- K channel do not agree on this value
(see BURGUN 68 and MULLER 69).
c. This state is really outside the region where the analyses have
been done. Here it has been assumed to be a G19 state, as sug-
gested by the analysis of DAUBER 66.

ing ratios from partial wave analyses, the quantity

most accessible is the so-called "amplitude at reso-
nance". This is essentially the diameter of the reso-
nant circle in the Argand plot. For a resonance going

from channel 1 to cha. nnel 2, this is simply i~w&w
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in the notation in the main text {section IV. C). Thus

while an analysis of K p —&m data could give a reliable

value for v'u ~, a determination of )s =I' /E'
Ke ~Z tot

]d r eq uir e a value o

often unavailable or not so well known.

Table III. STATUS OF THE Y RESONANCES. THOSE WITH AN OVERALL STATUS OI
eee OR eeee ARE INCLUDED IN THE MAIN BARYON TABLE.

STATUS AS SEEN IN

OVERALL TOTAL¹
PART fC(F Lf J ST4TUS CR. SEC ~ KRAR N LAM Pl SIG P I OTHER CHANNELS

SU(3) RELATIVE SIGN OF RESONANT AMPLITUDES

T„„-$(q„-„„-g„, )l(E„-E-i /')

[10[ {8) laj lel [8[ l10l

E(1385) A (1670) A(1690) A(1820} A(1830) X(2030) A(21001

P13 $01 003 F05 005 F 17 G07

SOI 003 013 S II 015 F15

40405} A(1520) X(1660) X (1760) E (1760} E(1905)

[1[ [I[ le 8} 14 [el

{8) la[
E (1760) X(1760)

S I I 015

[el l Of
X(1910) E(2030)

F15 F17

For these reasons we now give the amplitudes

at resonance in place of the two body inelastic branch-

ing ratio s. Whe r e explicit, the sign of the s e ampli-

tudes is according to the SU(3) convention advocated

by Levi Setti, and shown here in Figure 3 to avoid

confusion.

LAM(1115} Pnl
L AM (13301
LAM(140 )) 501
LAM(1520) D03
L AM t 1670) 501
L AM( 1690} D03
L AM( 1750) P01
LAM(1R1 )) F05

LAN�(

1830} 005
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I. AM ( 1870) SOI
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LAN{20201 F07
L AMt 2100 I G07
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LAM{ 7585I
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SIC){1440) PE
S '( G t 1480 'I P E
SIGt 1620) Sll
5 IC)( I/201 P 1 1
5IG(1620) PF.
SIG( 16701 D13
S IG(1670) PF
Sf (i( 1690) P E

5 I (i( 17501 511
5 I Gt 17651 D15
5 I G ( 1880) P 11
51(i{1915) F15
S ICi( 1940) 013
5 IG( 20301 F 17
5 I Ci I 2070 ) F 15
SIG(2080) P13
SIG(2100) G17
5 I G( 22 50)
5 I G (2455 }
5 t (i ( 26201
5 I(i t 3000 )

¹¹¹¹

¹¹

¹¹¹¹

ee«¹

««¹¹ee¹

F
n

R

B
I

0
n

F.

N

F
CI

R

I
0

WEAK TO N Pl
L AM GA){

LAM 2PIsLAM GA

LAM ETA
LAM 2P I ~ S tCi 2P

SIG{138&) PI

WEAK TO N PI

LANI 2 PI
SEVFRAL OTHERS
LAM( 1405) P I
LAM 2-P I
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5FVERAL OTHERS

P13
E(1385)

013
X(1660)

[8[

GOOD CLEAR AND UNMISTAKABLE
GCI()D RUT IN NF EO llF CLAR IF ICAT ION OR NOT ARSOLIITELY CERTAIN

NEEr)5 CONF IRMA T ION

WF. AK.

Fig. 3. Plot reproduced from Levi Setti showing the
sign convention adopted here for the &7T and QTI ampli-
tudes. Once the signs af one I = 0 and one I = 4 ampli-
tude are fixed, the others can be measured relative to
these two. Arrows here indicate signs predicted by
SU(3); )( marks indicate the observed phases.
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As noted above&errors quoted for parameters

are often statistical only. On the other hand, the

value of the parameter itself may be consistent with

other determinations and often may even be the best

available value. In such circumstances we put only

the error in parentheses to remind the reader of the

additional uncertainty due to madel dependent assump-

tions. For two states, A(&820) and &(1765),there is

A(i3SO)
BUMPS

87 Y¹0(1330q JP= I 1=0

SFE THE MINI-REVUF AT THE START OF THE Y¹ LISTINGS ~

SHOULD SUCH 4 RESONANCE f XISTi IT SHOULD BF, SEEN IN ot- P TO KO +
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TRUM IN THRFF P f- PR(}PANE EXPFR tMFNTS {YUNC CHANG 64
RUBFLI'. V 67 AND BO/QKI WB} ~ IN THE FIRST T'WO THIS

WAS TAKEN AS INO IR'ECT FVI DFNCF. FOR T HE Y «0{16&0) DECAYING TO LAMBDA

ET4, WI TH THE FTA OFCAYI NG T() TWO GAMMAS IN THE THIRD FXPER (MFNT
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8ILITY OF THFRF BEING 4 Y¹0(1330)WI TH A NARROW W(OTH (LT 25 MEV) i
R()T DEFER SFRIOUS CONS IDERAT ION OF I T UNTIL THERF I S MORE DATA

enough data available to perform an overall fit of the

type discussed in the main text (section V. C). 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.
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B~ZOKI
TAN
MAYEUR

64 DURNA CONF I
6~ Pt. 248 7. 46
67 PP 163 1377
68 Pt 288 360
69 PRL 23 101
70 PL 338i*41

REFFRFNCES -- Y¹0(1330}

615 YUNCi CHAN(is IN i KL ADNITSKAYAi «(DUBNA )

+CHADR AA ~ CHUV I LO + I J I NR BUCHAREST CFRN)

DAH(, HARDY HF SS ~ K IRE, MILLER {IRL)
+FENYVES GEME %Y + ( RUDAPE ST DUBNA)

T H TAN ( SL AC I

+VAN 8 tNST, WILQUFT ¹+« (BRUX, CE~Ni TUFT)

¹e¹e¹¹ee¹¹ee¹¹¹«¹¹¹¹e¹¹¹«¹¹«¹¹¹¹¹¹¹¹«¹««¹¹¹¹¹¹¹¹¹¹ee¹¹ee¹¹¹«e¹¹¹¹¹¹
¹¹«e¹e¹e*e¹e¹¹¹e¹¹¹ee¹¹¹e¹¹¹ee¹*¹«¹¹e¹¹¹¹eee¹eeeeee e¹«eeeeee ¹¹¹ee¹¹

Reference s

D. H. Miller, in Proceedings of the Duke Can-
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3. For a recent review of Y resonances see R.
Levi Setti, rapparteur talk at the Lund International

Conference on Particle Physics (Lund, June 'l969).
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WI. 0 {&~ R) (0 ~ 5) WATSON 63 HBC
W 1 n FI?R NEW RESULTS SFF GALTIER[ 69 AND BURKHARD 69 RFLQW

WZ Y«0{ 1520) [NTO SIGMA P I {P2)
WZ 0 (9»0) (1&0) 'WATSON 63 HRC
'W2 0 FDR NEW RESULTS 'SEF GALT fER I 69 AND RURKHAR&? 69 BFLQW

38 Y'«0( 1520) BRANCHING R4TIOS

37 Y«0( 1405) PART f AL DECAY MODES

Pl Y¹of 1405) I NTD S [GMA PI
DECAY MASS F S

1197+ 139
s¹«¹ae««s««a«e» ««as«««e««s«¹«see««esses«ee «e«esses» ««esses¹««sea««s»

RFFERENCES -- Y«0(1405)

AL ST)?N 61 PRL 6 6&8
AL F XANDE 6?. PRL 8 447
ALSTDN 62 CERN Ct?NF 311
MUSGRAVE 5. NC 3'5 735
FNGL ER h'5 P RL 15 224

+aLYAREZ, EBERHARO, GOOD, CRAZtako, + (LRL) t
ALEXANr)ER KALRFLEISCH MtLLER SMITH {LRL ) I
+ALVARFZ &FEI)RQ-LIJZZI &RQSENFFLD& + (LRL) I
+PETMEZAS& + (RIRMGHM CERN ~ FP I "IPCOL& SACLAY)
+F [ SK KRAEkER MFLT ZER WESTGARD + (CRNG ~ BNL ) IJ

RIRM INGH 66 OII 152 1148 8 IRMINGHA I ~ GLASGOW I ~ C. OXFORD RUTHERFORD
GAL T IER[ 68 PRL 21 '573 RARBARn-GALTIFRI CHADWICK + (LRL SLAC)

a«a¹¹«««s«as«a* «¹«a¹aa¹e«aee¹aeee «ea«a«sa» «««s««se« a«as«sees ease««¹»
«««««s «eeess¹a« ««ee¹seee «assess«» essa««ae« «eee«esse «»sees»¹» «ee«eae»

Rl
Rt
Rl
Rl
Rl
R ).
Rl
R I AVG
'R I F IT

RZ
PZ
RZ
Rz
RZ
Rz
RZ
RZ AYG
R2 F[T

Y«0( 1520) INTO
1»72
0 ~ 73
0 ~ 96
1 ' 06
0& 82

0 ~ 851
0 ~ ))9t

Y«G( 1520) [NTO
0 ~ 21
0 ~ 17

F 19
0 ~ 22

lo ~ 2)

0» 202
0 ~ 210

(SIGMA
~ 78

0 ~ ll
0 ~ ?.0

»14
0, 08

P I I /(KRAR N I
M) I SGRA VE 6« HBC
nhlJRFR h7 HRC
DAHI 67 HBC
SCHEUER 68 nRC
RIJKKHARDT h9 HBC

(P2) /[Pl )
8/67

K-P AT 2 GFV/C 8/67
PI P 1 ~ 6 4 GFV/C 9/E'h

0 K-N 3 GEV/C 10/69
K-P ~ 8-1 ~ 2 GE Y/C 10/69

~ ~ ~

0 ~ 064
0 037

AVFRAGF (ERROR INCLUDES SCALE FACTOR OF I 1)
FRD&I F I T ( c&t ROR I &CL UOES SCAL E FACTOR Qc 1 0 )

( L AMRDA

0» 18
0 ~ 05

~ 04
0.03

P [ P[)/(KBAII N)
DAIJRER
DA Hl

SCHF UER
RURKHAROT
K [M

67 HBC
67 HRC
hR ORC

HBC
71 npwa

{P3)/{Pl)
K-P AT 2»GEV/C &I/67
P I-P 1 ~ 6-4 GFV/C 9/66

0 K-N 3 GEV/C [O/69
K-P 8-1 ~ 2 GEV/C to/69
K-kATR I X ANAL ~ 3/71«

0» 021
0 ~ OI. 7

AVERAGF (ERROR INCLUDFS SCALE FACTOR QF 1 0)
FROM &IT (ERROR INCLUDES 'SCALE FACTOR QF I Ol

A.(1406) EXTRhPOLA. TION BELO% THRESHOLD

SEE NtlTE IN Yso {140'5 ) PRODUCTION EXP FR IMENTS -THE D IF-
FtCU( 7 [F5 IN FXTRAPQLATf NG FROM THE PHYSICAL REGION TO
THE RF SQNANCF. I QC4T I ON ARE 0 I SCUSSEO RY DAL I TZ 67 ~

R3
R3
R3
R3
R 3
R3 AVG
R3 F IT

3 ~ 94
4 24

Y«0 {1520 'I INTO
4 ~ 5
3 ~ 3
3 ' 9

{St(ika Pt I /(LAMBDA P I Pl )
1 0 AR MEN['FR Q 65 HBC
1 ~ 1 R[RklNGHA 66 HRC

I 0 UHLfG 67 HBC

(P2)/( P3)

3 ' 5 K- P
K-P ~ 9-1 0 BEV/C

0 ~ 59
0.35

AVERAGE ( ERRIjk INCLUDES SCALF F ACTOR QF 1 ~ 0)
FROM F IT (F&Rr)R INCLUDES SCALE FACTOR DF 1 ~ 0)

7/66
9/h7
9/66

M

H

M

M

M

1410~ 7
1409»6

1 407 ~ 5
1403» 0
1416» 0

( 1421 ~ 0)

37 Y«0( 1405) MASS tkFV)

{I ~ OI
{1~ 7)

( 1 ~ 2)
{3~ 0)
(4»0)

Kf M

5)AKI TT
DATA OF SAK I TT ARE

K[TTEL
KIM
MART I &I

MART f N

37 Y«0( 140" ) WIDTH (MEV)

65 HRC
65 HBC

USED IN FIT
66 HBC

HBC
69 HBC .

70 RVUE

0-E FF-R ANGE F IT
0-EFF-RANGE F IT
RY K[TTFL ~

&?-EFF-RANGE F IT
K MATR! X FIT(KP)
CONST» K MATRIX
coNsT ~ K MATR[x

7/66
7/66

7/66
8/67

10/69
6/70

R5
R5 5
RS 5
R5 5
R5
R5 F IT

Y«0( 1"20) INTO I S (C&MAO GAMMA I /TOT AL {PEP CFNT) ( P5 I /TOTAL
2»0 ~ 35 MAST 68 HRC SEE NOTE

RAT[nS CALCuLATEO FROM R4, ASSuM[NG SU{3). NFEDED Tn CONSTRAfN
ALL THF. Y«0(1&20) RRANCH[NG RAT[OS TQ BF UNITY'
~ ~ ~ ~ ~ ~ ~ ~ ~

2 ~ 00 0 ~ 35 FROM F IT (FRROR INCI UDES SCALE FACTOR QF 1 ~ 0)

10/69

R4 Yeo( 15?0) [NTt? (LAMBDA GAMMA) /TOTAL (PFRCENT) (P4 ) /TOTAL
R4 238 0 ~ 80 0 ~ MA ST 68 HBC 0 IJS ING E LAST = & 45 11/58
R4 ~ » ~ ~ ~ ~ » ~ ~

P4 F I T 080 0 ~ 14 FROM FIT (ERRQR INcLunFS scALE FdcTQR 0F 10)

W

37~ 0
28. 2
34» I
0 0

79~ 0
( 20.0)

(3 ' 2)
(4 I)
(4 1)
("~ 0)

ol

KIM
54K I TT
KI TTEL
Kf k
kaRTIN
HARTIN

6'5 HRC
HRC

66 HRC
67 HRC
69 HRC
70 RYUE

K MATRIX FIT(KP)
CONST ~ K MATR IX
CON ST» K MATR IX

7/66
7/66
7/66
8/67

10/69
6/70

R6
R6
Re
Re
R6 F IT

Y«0(1520) tNTD (KRAR N)/TOTAL {P1)/TOTAL
~ 447 018 GALTI ER I 69 HRC K- P 28- ~ 45 G/C 10/69

le 45) KIN 71 OPWA K-kaTRI X ANAL ~ 3/71«
~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 4579 0 ~ 0097 FRAM F IT ( FRRQR INCLUDES ICAL F. FACTOR QF 1 0 )

sea»«e «a«s«e««a ««*a««asa ««s««sacs essa««eee ««a»«¹¹ee «sess««e» eas«esse

REF ERFNCES -- Y«0( [40r) ) FROM EXTRAPOLATION'5

Ktk
SAK I TT
K!&TEL
K [)I
»)ART IN
MART f N

65 oRL 14 29
65 PR 139 8719
56 PL ?1 349
67 PRL 19 I 074
69 PR 183 1352
70 hlP 816 479

J K KIM
+04Y ~ GI ASSER & 5FF MAN& FR I EOMANr
W K I TTF I ~ 0 QTTF. 8 & I WACEK
J K[M
8 R M4RTINg M SAKI TT
4 n h&ART IN G G RDSS

(COLUMBIA) I JP
+ I MD ~ LRL I I JP

(VIENNA) I JP
(YALE)JP

(UCL+RNL )
( DURHAM I I J P

PAPERS Nl?T REFERRED TO IN OAT4 CARDS

ARRakS 65 PR 1 39 8454 G S ABRAMS ~ 8 SECHI-ZQRN (Mn ) I JP
0%L t TZ 67 PR. 1)3 1617 DhL t Tl HONG, RAJASEKARahl tnXFQRO, RAMBAY)
nnN4LD 66 PL 22 711 + EnWaRDS, LYS, N[SaR, MOORE (LtVERoOQL)
KA&?YK 66 PRL 17 599 +ORFN G+Sr (iQLDHARFR TRILLING (LRL ) I JP

ARRAk5 65 KADYK 66 4kn )lQNALD 66 SUPPORT THQSF. EFFECTIVE-RANGE-
F IT SOLUT[QNS GfVING AN f=o Sl/2 RESONANCE ~

R7
R7
R7
R7
R7
R7
R7 F IT

RR
RR
RR
RR FIT

R9
R9
R9

R10
R 10

Y«0(1'520) INTO (SIGMA Pt )/TOTAL 69 HBC (P2)/TOTAL
0 418 ~ 0[7 GALTf ER! 69 HRC 0 K-P»29- ~ 45GFV/C

[0 ~ 46) K I &I 71 DP'WA K-kATR I X AhlAL ~

WHFRE EXPLICIT ~ THE SIGN IS [N THF LFVI SETT I CONVENTION ~

SFF THE NOTE AT THE START QF THE Y«L I ST IN('&S ~

~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 4078 0 0099 FROM F IT (ERROR INCLUDES SCALE FACTOR QF 1 ~ 0)

6/6&
3/7[s

Y«0( 1520) INTCI ( Y»1 (1385 )+Pl I /TOTAL P7/TOTAL
0 ' 039 0 F 011 CHAN 70 HRC K-P TQ LAM 2PI 3/71«

Y«0{1 520) INTO ( 5 If*MA P I Pl ) /TOTAL [P*)/TOTAL.01O .OO15 CALTIERI 69 HBC 0 K-P ~ 28- ~ 45GEV/C 10/69
~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 0100 0 ~ 0015 F ROM F IT ( ERRt)R INCLUOFS SCAL E FACT IR OF 1 0)

yao(1520) INTO {Y«l(1385I+PI)/fLAM PI PI) (P7)/(P3I
0 ~ 39 0 ~ 10 BURKHAROT 70 HRC L AMR ~ 3P I PROD ~ 3/71«

GRFATER THAN 0»10 CLINE 70 OBC K-0 TQ 2P[ LAM N 9/h9

«»» «es asses«¹«e ¹a«e«¹«e¹««e«««aas «ase«««ae «esse»««¹ ee»a««see «ese«¹ee
¹«««s's«a« «a«»as««e a ««e«s«¹e «ee«ass»s s«ss»e«ee esse«a«»

A(1580) Y«o(15zo, JP=3/z-) t=o DQ 3
PRODUCTION AND FORMAT[ ON EXPFRIMENTS AGREE QUITF WELL
WI TH FACH OTHFR &THEREFORE THEY H4VE NQT BFEN SFPARATED
FDR THIS PARTICLE

38 Y»0{ I "20) MASS {MFV)

WAT5QN 63 HRC
Gal. TtERI 53 nRC.
ALME I DA 64 HRC
MU SGR AV F. 65 HRC
R I RMI NGHA 66 HRC
B(JRKHARDT 59 HRC

EasED TQ Accou IT Fng
OONF. RY SakF' AUTHORS

K'f M 71 DPWA

K-P ALL CHANNEI 5
K-0 1 ~ 51 BFV/C
K-P 1 ~ 45 REV/C
PBAR P .3-4 RFV/C

3 ~ 5 K-
8-1 2 GF V/C

DI SAGRFEMENT BET)(EEN
(K-P ANO SIGMA PI ),

K-MATRIX ANAL ~
'

1519 2 ~ 0
145 1517» 2 an

?9 I. 520 ~ 0 4 ~ 0
( 1.) 11~ 0) ( I'5 ~ 0)

30( 1510~ 0) (2 ~ 0)
1517~ 2 1 ' 7

QU. ITEI? FRRDR INCR
T &In MF A SI.IRE MF NT S

(1519»)
~ ~ ~ ~ ~ ~ ~ ~ ~

1517~ 85 0 ~ 95 AVERAGE (ERROR INCLUDES

M

R
&)I 9

AYG SCALE FACTOR OF 1 ~ 0)

«¹«««» «s«a«««a» es«ese«e«sess«eee» essa«sass ««»«sees» seas«esse aae«ass¹

END -EXTR API?L 4TI DN RFLQW THR ESHQLD-

7/66
9/67

10/69

3/71«

P P
P 1 45 8+-»010
P 2 - 704 ~ 4 OR+- ~ 010
P 3 —~ 249 - ~ 361
P 4 « ~ 063 —~ 055
P 5 - ~ 158»»137
P 6 —»067 —»059

P 5 P 6

096+- ~ 007
—~ 034 F 008+- F 001- ~ 085 —F 006 ~ 020+- ~ 003- ~ 036 003 —~ 006 F 01 0+- 001

eae«s«ee¹ ee«e«sess e«e»««e»e «a«s«ee««e««»«a¹«e ««e»ee««««aa«ee«e

REFERFNCES -- Yeot 1520)

WATSON 63 PR 131 2248
GAL'TIE Rt 63 Pt. 6 296
AI MEIDA 64 PL '9 204
MUSGRAVE 6'5 NC 35 735
ARMENT ER 65 PL I 9 33 8

M 8 WA TSON, M FF RRO-IUZZ I ~ R n TR!PP (L RL ) I JP
4 RARBARQ-GALT [F'R I ~ 4 HUSSAIN ~ R0 TR IPP {LRL )
5 P ALMEIDA& G R LYNCH f CERN)
+PE TME ZAS ~ + ( 8 IR MGHM ~ C ER N & F P ~ I MPCQL ~ SACL AY )
ARMENTERDS F-LUZZ[ + '(CFRN HE'IDEL SAC(. AY)

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. e 6P. , whereI 1 1
6P. = Q(6P. 6P.), while the off-diagonal elements are the normalized correlation coeffi-1 1 i
cients (6P.6P. ) j(6P. ~ 6P.). For the definitions of the individual P. & see the listings

J i J i
above; only those P. appearing in the matrix are assumed in the fit to be nonzero and1
are thus constrained to add to f.

I&I

W

W

W AVG

Pl
P2
P3
P4
P5
Ph
P7

38 Y«0(1520) I)l[DTH ('MFV)

16~ 4
19~ 0)
50» 0)
18~ 0)
14 7
16~ )

{
30 (

(

an
(19 0)
[10' 0)

)R
1 ~ 8

LFSS

WATSON
Mu SGR a YE
9 [RM f NGHA

DAHL
RURKHARDT
KIM

63 HBC
65 HRC
66 HBC
57 HRC
69 HRC
71 DPWA

3 ~ 5 K- P

K-P ~ B-l.2 GFV/C
K-MATRIX ANAI ~

15 5 1.3
38 Y¹0(15ZO) PARTIAL DECAY MODES

Y«0( 1520)
Y«0( 1520)
Y¹0(1 520)
Y¹0(1520)
Y«0(1~70)
Y«0( 1'520 )
Y«0( 1520)

INTO KBAR N

INT&) SIC&ka PI!NTO 1 AkROA P I PI
[NTt? I.AMROA GAMMA

INTO SIC&kAO GAMMA

I "ITO SIGMA P[ PI
INTO ( Y«1{1385)+P I )

DECAY MASSES
497« 939

1197+ 139
1115+ 139+ 139
1115+ 0
1 192+ 0
1197+ 139+ 139
1385+ 139

AVERAGF (ERROR INCLUDES SCALE FACTOR OF 1»0)

7/66
9/67
9/66

10/69
3/71«

8 I RMINC&H

DAHL
n4URER
UHLIG
M45T
SCHEUER

66 PR 1 )2 1148
67 PR 163 I 377
67 PL 248 '525
67 PR 155 1448
68 oRL 21 1715
68 NP RB 503

8 IR I IN I HAM ~ ('LA SGQW ~ I ~ C ~ ~ OXFORD ~ RUTHER FORD
DAHL HARDY HESS K[RZ MILLER (LRL)
+MALA&IJD 5(;HLFIN SLATER STARK (UCLa)
+CHARLTON, CONDQN GLASSER YQDH, + (MD IJSNRL)
MAST RALSTON BANGERTER GALTfERI+ {LRL)
SABRE Cl?LLAB ~ ( SACL+AMST+BGNA+R FHQ+EPQL )

RURKHARO 69
GALT I ERI 69
CL INE 70
K[M 71

SF E AL 'Sn
CHAN 70
Bl)RK Ha RO T70

NP 814 106
LUND PAPFR &I

LNC ? 407
HARVARD PRFPR I NT
DUKF. 151
PREP RINT

ERN 70/58 SUR»NP

+F 'tLTHIJTH+KLUGE« ~ ~ I HE!0+FF I+CERN+ SACI AY I

BARBARIl-GALTI ERI BANGFRTER»IAST TR IPP (LI(L )
+LAUMANN+kAPP ( U ~ W ISC» )
J ~ K ~ K!k (HARV) I JP
J ~ K ~ KIM ( HARV) I JP
+RUT ~ -SH4F f R «HERTZ RACH ~ KQFLF R «+ (MASS & YALF )
+F ILTHUTH ~ KLUGE OBFRLACK++ (HF I 0 CERN)

P4PERS NQT REFERRED TCJ Ihl DATA CARDS

s»s»»a ¹»ee»e»»e e»«»««ass ee»esses««ees»ese» sess«sass ¹e«««¹s»««saa«¹«»
«esses e«esse««« assess«se ««essa»as «assess«» »sea«ess« a«sass«a» s«¹«««as

BERLEY 70 PR Dl ~ 1996 +YAM[ N, KQFLFR ~ MANN, MEISNER+ {RNL MASS« YALF) I JP
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For notation, see illustrated key at beginning of data card hstings

Baryeno

S'
A (1[)»/0

40 Y»01 L670 J»»=l/2 —I l 0 Oj,

SEF. THF MINI —RFVUF AT THF. START AF THE Y¹ L [STINGS ~

THI 5 RESONANCE IS WELL ESTABL [SHED ~

( SFE THE NATF. FOR THF Y¹0(1330)) ~

40 Y»0( 1670 ) MA SS t HF V )

M M

M

M

M

4l

M

M

H

M

4I

40 Y¹0{1670) WIDTH (MEV)

( 16&6» 0) OR ( I 67".~ 0) RERLFY 65 HBC 0 K-P TO LAN FTA

THE F Ik ST VALIJE 4 S SUMFS THF. BRANCHING P AT [0 INTfl L AMBAA ETA I 5
SMALL THE SECOND THAT [T IS LARGF. BECAIJSE THF RESANANCF. IS NFAR

THE L ANBAA FTA THRESHALO THE BRANCH ING RAT lp AFFECTS THE MAMENTUH

f)EPENAFNCF. AF THE TOTAL WIDTH, ANI'l THUS ALSO THF. RESONANCE PARA-

MFTERS ()ST AINFD RY F f TT [NG TO THF DATA ~

(1653. 0) ( 3 ~ 0) ARMENT-I 68 HBC 0 ELASTIC r CH EXCH

V ( 1678~ 0) ( 7 ~ 0) ARMFNT-2 68 HBC 0 K-P TO SIGMA PI
hI 1662 ~ 0 ( 3 ~ 0) AR rFE VT-4 69 HRC 0 EL A ST r CH ~ EX{;~ ED

N 1680» 0 (1 ~ 0) AR "F, NT-4 69 HBC 0 K-P TO SIG P I.EO

A 1474 ~ 0 ( 5 ~ 0) AR MFNT-3 69 HRC 0 MULT tCHANNEL

1674 an RFRLEY 69 HRC 0 K-P TO 5'fGNA PI
1683~ 0 (5 ~ 0) ('ALT IER I 70 HBC 0 5 IG P I EDPMA

1670~ Kf& 71 DPWA K-MATRIX ANAL ~

4 THE,"IULT ICHANNF L ANALYSIS INCLUAFS FL AST IC ANO SIGMA PI
N THF. APPARENT 0 'I SCREP ANCY BETWEEN THESE RF SULTS I S PROBABLY NOT

SFRIAUS ~ THE FRRARS GIVEN ARE JUST STATISTICAL ~ THF SYSTEM4TIC
ERRORS THAT PFSULT FRAN THE RFSTRICTIVE PARAMETERIZATION FQRCEA AN

THF PARTI AL-WAVE AMPL ITUDES ARE NOT INCLUDEO AND CAN BF L4RGF ~

7/66

11/68
11/68

9/69
9/69
6/70
7/70
3/71¹

1O/69

N M

M M

H M

M A

M A

M A

M A

M A

W

W H

A

A

W

W

W

W

W

P1
PZ
P3
P4

~5 Y¹Q(1690) WIDTH (MEV)

(3'5 ~ 0)
( 85 ~ 0)
40» 0
48

(27 ~ 0)
31 ~ 0
72 ~ 0
28» 0
57 ~ Q

85 ~ 0
64 ~ 0
65 ~

SE F.

{7 0)
(7»0)
(7.0)

(15 ~ )
{5' 0)
(7 ' Q)
(6 ~ 0)
(8 ~ 0)

(10»0)
(5.0)

THF NATE 5

AR MENT-1
AR MF NT- 3
RUGC»

84PTLFY
c nNF nRTO
AR &ENT —4
AP MFhIT-4
8FRT ANZ A

BFPL EY
GALT-[FR f

c nNF oRr n
KIN

ACCAMPANY I NG THE

nhr 4
DATA

68 HBC
FB HRC
68 CNT
f. 8 DBC
68 O'RC

HRC
69 HRC
49 HSC.
69 HRC

70 HBC
70 HRC
71 PPW

MASSES

0 OLD
0 OLD

R 0
Q K-P

0 SEF
P FLA
0 K-&
0
0 K-P
0 5 IG
0 K-P

4 K-M
QUQTEA

4NO K-0 AATA

VQT F M ABOVE

Sr CH FXC ~ FO
rv s[G pt En

TA SIC&MA PI
P I r FAPWA

~ ELASTrCFX
4TRIX ANAL'

Y*0( 1690) PARTIAL DECAY Mnf)ES

Y¹p(1690) [NTO KBAR N

Y¹0(1 690) [ NTO SIGN A P I
Y¹0(1690) INTA L4MRAA P I Pl
Y¹0(1690) INTA SIGMA PI P I

DECAY MASSES
497+ 939

1189+ 139
1115+ 139+ 139
I[89+ 139+ 139

THF. Y¹0(1690'I I S AT THE EDGE AF THE ENf RGY PEG[ON 4NALYZFO BY

CANFARTA. THE SAME DATA AS WFLL 45 OTHERS EXTENf! ING rfl LAWFR

ENERG'IES ARE [NCLUAEO fN ARM(;-NTFRAS I
ANALYSI S INCLUDES OLD 4NO hiFW OAT 4 AF CHS COLL AB ~ ~ 43-.8 GEV/C

THE APPARFVT Df SCR FP4NCY RETWEFN THI'. 5l GMA Pl ANO ATHFR RES(JLTS I 5

PROBABLY NOT SERIOIJS THE ERRORS GtVEV ARF JUST STAT I STICAL T)IF

SYSTEMATI C ERRORS THAT RFSULT FRAM THE Rf STP ICT IVF. PhRAMETR I [ATI AN

OF THF PART I AL-WAVF. AMPL [TUAF 5 ARE NQT [NCLUAEA, ANil I'AN BF I ARGE ~

tots&

[1/6tI
11/68
7/6 A

11/6 8
1 I / F) JI

9/69
9/69
sl/69
4/70
7/70
6/70
3/7[¹

'W M

M N

N

W A

W N

W

M

W

(22 ~ QI AR

(26 ~ 0)
(26» 0)

23 ~ 0
38~ 0
33 ~ 0
31 ~ 0
?5 0
35

SFE

(15~ 0)
(8 ~ 0)
{&~ 0)

0)
( 15.0)

r 5»o)

(5»0)

TI-IE NAT F

flF RL EY
ARHFNT-1
ARMF, NT-2
ARMENT-3
AR ME NT-4
4R MFhiT-4
RER( FY
GALTIFRI
KIM

ACCAMP4hIYfNG THE

65 HRC 0 SFE NOTE M ABOVE
68 HBC 0 SEE NOTE N ABOVF
68 HBC 0
69 HBC Q
69 HRC 0 FLAST rCH FXC» ED
69 HBC 0 K-P TO SIG Pl ~ ED
69 HRC 0 K-P TQ SIGMA Pl
70 HBC 0 S IG P I ~ EDPMA

71 DPW A K-M4TR I X AN4L ~

MASSES QUOTE()

7/66
11/68
11/68
9/69
9/69
9/69
6/70
7/7P
3/71¹

Y¹o(169o) BRaNCHtNG Rartns

THE SUM OF ALL THE QUOTED BRANCHING RAT IAS 'f S MARF. THAN 1,0 THE

TWQ-BODY RAT IQS ARF. FROM PARTI AL WAVE ANALYSES ANO THUS PROBABLY ARE

MAR F RELIABL F THAN THF THR FF —ROAY RATIOS ~ WHICH 4RE AETFRMINFO FROM

BUMPS IN CR'lss 5 FCT I ONS ~ OF THE L ATTFR, THE S IGMA P I P I BIJ&P Lnnfc S

MARE SIGNfF [CANT (THE ERRAR GIVFN FOR THF, Lh&BD4 P I PI RATIO LOOKS UN-

REASANARLY SMALL) HARDLY ANY AF THF SIGMA PI Pl AECAY CAN BE VIA

Y¹1(13rI5) ~ FOR THEN NINE 7 IMFS A'S MUCH LAMBDA PI P I DECAY WOULD f)F

RE()UIP ED ~

40 Y¹p(1670) P ART14L DECAY MODE S
BELOW Xl = (P ART I AL-W IATH 1 I /TOTAL W IDT H, F TC 4 S IGV WHEPF

FXPL tCfT, ls [N THF. CQNVFNrtnN AISCUSSEO IN rHE v» MIVf-REVIFW.

Pl
P2
P3

Y¹0(1670) INTO KRAR N

Y¹0(1670) INTO L4NBOA ETA
Y¹0(16701 INTO 5 I 0'4!4 P t

0 EC AY M AS.") E S
497+ 939

111.5+ 548
1189+ 139

40 Y¹0(1670) BRANCHING RAT[ A5

RFI OW Xl = (PARTI AL-WIDTH I)/TOTAL WIDTH ETC ~ 4 SIGN WHERE

FXPL IC [T I 5 IN THF CONVENT IAN rII SCIJSSED IN THF Y¹ MINI-RFV I EW ~

R 1-
R1
Rl
Rl
Rl

Rl N

Rl
Rl N

Y«0( 1690) I N

(0.23)
(0 ~ 18)
{0.72)

0 ~ 28
0 ' 18

(0 ~ 34)
0 ' Z2

FFFECI' IS AT

TA {K BAR N) /TOTAL
SUGG

(0 03) AR MENT- 1

(0.03) CONF f)RTA

(0 ~ 04) RFPTAN24
(0 ~ 02) ARMENT-4
{0~ 02) C ANF flRTQ

K'f M

ENO QF REGION ANALYZFO ~ TH

Xl
68 CPIITR 0 ASSUMING J=3/2
6 I HRC 0
68 HRC 0 SFF NOTE M ABOVE

69 HRC 0
69 HSc o NEM Darh
70 HRC 0 K PrFLAST»CEX
71 OPWA K-MATRIX ANAL»

fs CAULD AFFECT VALUE OF Xl

7/68
11/68
11/68
9/69
9/6~
6/7Q
3/71¹

Rl
Rl P
Rl P
P1

1 A

Pl
Rl A

Rl 4
Rl P
R[

Y¹0(1670) INTA ( KRAR N) /TflTAL
(0 ~ 14) (0 ~ 04 ) ARNENT-1 68 HBC 0
0 ~ 14 (0 ~ 04) ARMENT-4 6& HBC 0
0 ~ 17 AP MFNT-3 69 HBC 0

(0 39) ( 0 0&) I:ANF ARTO 70 HRC 0
0 ~ 7. 8 K[M 71 npw A

FFFECT BELOW RFGIQN ANALYSEA VALUE OF 1R DOES
AFFFCT F I T OR VALUES AF ATHFR PARAMETERS

THI 5 I 5 THE 0 th NFTFR OF THF. C [RCLF. IN THE ARGANO

SIJPER I MPASF. 'l ON A LARGF, RACK('ROUND ~

X1
OLD DATA
NEW OAT A

K PrELASTrCEX
K-MATRIX ANAL ~

NOT

PLOT ~ IT IS

11/68
9/69
9/69
6/70
3/71¹

RZ
RZ
R2
R2
RZ
R2

R3
R3

Y¹0(1690) FROM KBAR V

(-0 ' 33) (0 ' 02)
-0 ' 36 {0»02)
-0 ' 27

0 ~ 31 ( 0 ~ 03')
-0 ' 40

TO 5 IGHA P I
ARMENT 3
AR MF NT-4
BERLEY
SALT I ER 'f

KIN

Y¹0(1690) FRAM KRAR N TQ LAMBDA PI PI
0 ~ 25 (0.02 ) BARTLFY

68 HRC 0
69 HBC 0
69 HBC 0
70 HBC, 0
71 now 4

SPR T ( X 1 «X2 )

OLD DATA
NEW DATA
K-P TQ SIGMA PI
5 fG P'[ r EOPWA
K-&ATP IX ANAL

1 1/68
9/69
6/70
7/7Q
3/7 I¹

SORT(X1¹X3)
68 HOBC 0 K-N Tn LAN PI Pl 11/68

PZ
RZ
PZ
PZ

Y»0(1670) INTO (KBAR N)¹(LAMBAA ETA)/TOTAL««2
N (0 ~ 039)DR 0 ~ 053 BF RLEY 65 HBC

(0 ~ 06 6) aRMENT-3 69 HBC

(0 ' 24) KIM 71 APMA

SFE THF NOTES ACCANPANY ING NASSFS f)IJOTEO

( P 1¹P2) /TOT AL¹¹2
0 SE E NOT F. N ABOVE
0

K-HATRIX ANAL'

7/66
9/69
3/71¹

R4
Q4

Y¹0{1690) FRf)M KBAR N TO 5 I GNA P I P t Sf)RT(XI¹X4)
(0 ~ Zl ) ARMENT —2 68 HDBc 0 K N TA 5[G pl p I 11/68

¹¹¹¹¹¹¹¹¹ ¹»¹¹¹¹¹¹¹¹¹¹«¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹

RFFERFNCES -- Y¹0(1690)

Rl
P3
Pl
Q3
P 'I

P l
R3

Y»0( 1670) F&ON KBAR N Tn
(-0 ~ 251 (0 F 06)

—0 ~ 27
-0 ' 30 (0 ' 03)
-0 ~ 27
-0.29 ( 0 ~ 03)
-0 38

SIGNA PI
ARHENT-2
ARMFNT-3
ARNENT-4
REPLFY
GALT

E'ER

I
Kf H

68 HBC
69 HBC
69 HBC
69 HBC
70 HRC
71 DPWA

SQRT( X1«X 3)
0 ALO AATA
0
0 NEW OAT A

0 K-P TA SIGHA Pl
0 S IC» P lr FDPWA

K-HATRt X ANAL ~

9/69
9/69
6/70
7/70
3/71¹

DAV IES

4'R HE NT-1
A R & F.N T -2
AP 'IF. NT-3
RARTLFY
RUGG
c ovFORTO

67 PRL 18 62
RFPLACED RY SUGG

68 NP 88 19'5
68 NP 88 216
6R NP 88 273
6A PRL 21 111I.

6& PR 168 1466
68 NP 88 265

+DOMELLr + (SRMNGHM, CVNASH RTHFRI)) I

68 ~

ARMENTERAS BAILLON + (CFRN HEIPEL SACLAY) t JP
hRMFNTFRAS BAILLON + (CFRN HFIOFL SACLAYI I
ARMENTERAS BAII.LON + (CFRN HEI DFL SACLAY)[JP
+CHU DOMO, GrREF. NE ~ + (.TIJFTS ~ FLQR ST BRANOE IS I f

+G 'f LOOSE r KNI C»HT r + ( RTHF Rnr f)R INC&HM» CV

NOSH�

) I
+HAR Ms ENr LAS I NSKI r + tCH[CACA HEIDEL) IJP

SERI EY 6'5 PRI 15 641
AP MENT-1 68 NP 88 I&5
AR MF Nr-2 68 NP 88 22 3

REFERFNCFS -- Y«0( 167P)

+CANNOLLYr HARTr PAUMr STANEHILLr + (BNL) IJP
ARMFNTERAS ~ 84ILLANr + {CERNr HE[DFL ~ SACLAY) f JP
AR NFNTFROS 84ILLAN + {CERN HEI DFL SACLAY ) I JP

AR4ENT-4 69
BFRTAN14 69
RERLFY 69
C ONFnRro 70
GAL T I E RI 70
KIM 71

SFE ALSO

NP 814 91
PR 177 7036
PL 308 430
EF I 70-28( SUB NP )
DIJKE 173
HARVARD PREPRfNT
OU KF 161

AR MEhlTEROS, RA[ LLON + ( CERN, HFI AEL, SACLAY) I JP
+RfG[ CARRARA CASAL[ + (PISA BNL YALE)I JP
+ HART r RAHMr 'WILl. [S r YAMA IATA (RNL) I JP
+HARMSEN+LAS INSK I++ ( EF I+HF fn I I JP
A ~ RARBARP GAL TIER I (LRL) I JP
J ~ K ~ K IN ( HARV) [JP
J ~ K ~ K IM ( HARV) I JP

AR MERIT-3

AR NE h)T-4
RERLEY
c QVFAprn
GILT IERI
Kf&

SFE AL

69 LUND P APFR 229
ARMENTEROS 3 VALUES

69 NP 814 91
69 PL 308 430
&0 EF I 70-28( SIJB NP )

70 AIJKF 173
71 HARV ARt) PRFPRINT

Sn f)UKE 161

ARMENTFRAS BAILLQN + (CFRN HFIDEL ~ SACLAY) I JP
ARE QIJQTEO IN LFV I SETT [ 69 ~

ARMENTFROS r 84ILLONr + (CFRNr HE IOEL ~ SACLAY) I JP
+ HART RAHM 'WtLLIS YAMAHAT:I {BNL)IJP
+HARMSEN+LAS INSK I++ ( EF [+HE I D)
A ~ BARBhfIQ GAL TIFR I {LRL ) I JP
J ~ K ~ K 'f M I HARV) I JP
J. K K IM (HARV) I JP

A(1750) 77 Y¹0{1750, JP=1/2+) I =0 Poi
SFE THE MINI-REVIEW AT THE STAR& QF THF Y¹ L ISTINCS

¹¹¹¹¹¹ ¹¹«¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹«¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹¹¹¹¹»»¹¹¹»¹¹¹¹¹¹¹¹¹¹¹»¹¹¹¹¹¹¹¹¹¹»¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹

PAPERS NQT REFERRED TQ [N DATA CARDS

SIR&ING- 66 PR 152 1148
LFV ISFTT 69 LIIND 339

( 8 IRHINGHAM GL ASGAW ~ IMPCOL AXFARP RUTHERFD)
R L EVI SFTT I t R APPARTE(JR) (CHI CAGO)

A(1690) &5 Y¹P ( f690 » JP=3/2-) I=0 D0 3
SEE THE Nf NI-REVUE AT THF ST ART OF THE Y¹ LISTINGS ~

TH[ s RESONANCE Is WELL Es Ta8) IsHED.

¹¹¹¹¹¹ «¹¹¹¹¹¹¹«¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹«¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹«¹¹««¹¹¹¹¹¹««¹¹¹¹¹¹¹¹¹¹

THE FV IDENCF. FQR THI S STATE IS
MAS FIRsr sf)ccEsTFA tN a phprt
N DATA SY THE SE Hh V I AR OF THE

WAS PARAMFTR I 2 ED 4 5 A TMO-STRAIGHT-L INE BACK GR

PARAMFT RI Z F D AS A RE SflNANCE SIJP FR f MPAS FD AN A

GRAL)h'lp, 4 RROAD RESANANCE RESULTED ( 4R&FNTFROS
ESSENTIALLY THE SANE OATAr RUT THIS TIMF WITH

STRA[NFO SUGGFSTEO A MUCH NARROWER RESONAhi{:F

TFRns 70') ~

SAMFMHAT CONFUSED ~ [T
AL r( AV F AVALYS IS QF K BAR

Pp1 A%PL f TJJAE wHFN I T
AUND ~ WHEN I T WAS RF. —

ONE-STRA IC»HT-L I NE RACK-
68)» A REANALYSIS OF

THF Ppl A%PL ITUDE UNCON-

AT H I ( HFR FNERGY ( ARNFN-

4 WIDER ANO MORE ELASTIC PQI RESONANCE AT ABOUT THE SAHE MASS IS
SUGGESTED BY THE ANALYSIS OF BAI\. EY 69 ~ THI 5 USES CANS [DER ABLY LFSS
DATA TH4N THF ARNENTEROS ANALYSES ~ FOR THI S REASEIN WE On NDT QUOTE ANY

PARAHETFRS FOR THE CITHER P ARTI AL MhVES OR& hl NFO IN THI '5 ANAL YS f S.

N

H

4
M

M

M

1 695 ~ 0
t 1696~ 0)
( 1681 0)

[hing[

~

( 1697~ 0)
17QI 0
1 691 ~ 0
1688' 0
1689 ' 0
1688~ 0
1680, Q

169Q,

(4 ~ ol
(3 ~ 0')
(2 ~ 0)
(8 ~ )
(7 ~ QI
(4 0)
f2 ~ 0)
(2 ~ 0)

(3 ' 0)
(5»0)

BUGG
APNENT-1
ARHFNT —3
RARTLEY
C ONF QRTO
RERTANZA
AP MENT-4
ARME NT-4
BERLEY
CONFORTO
GA LT [ERI
KIM

55 Y¹0(1690) MASS (MEV)

68 Ch(TR
68 HRC
68 HBC
68 DBC
68 HRC
69 HBC

HRC
69 HBC
69 HBC
7P HRC
70 HBC
71 DPWA

0 K-P r D TOTAL
0 FL ASTICr CH EXCH
0 K-P TO SIC»MA PI

0 K-P AND K-D DATA

0 ELASTICr CH EXCH
0 ELASTIC r CH EXCH
0 EL AS r CH EXC ~ Eo
0 K P TO SIG PI ~ En
0 K-P TO SI C»HA Pl
0 K-&rFLASrrCEX
0 SIG Pl r EOPWA

K-MATR I X ANAL ~

7/6 8
11/68
11/68
11/6sI
11/68
9/69
9/69
9/69
6/70
6/7 0
7/70
3/71¹

ARMFNTFRDS 70 GALTI FR [ 70 ANA K IM 7 [ PRESENT FV IAENCF. FOR A

Pp1 STATF IV THE SIGMA PI CHANNEL ~ IN Allot Tl&N THE ANALYSts QF K IM 71
[NDICATES A SECOND PASSIBLE Pot STATE AT ABOUT 1'570 ~ WE TENTATIVELY

L I ST THESF EFFFCTS TOGETHER ~



PARTICLE DATA GROUP Re{|iet{1Of PartiCle PrOPertieS S131

For notation, see illustrated itey at beginning of data card listings

Rmr~una

0

4I N

I
1
O

77 Y«0( 1750) MASS (MEV)

68 HBC 0 ELASTIC, CH FXCH
69 DPWA 0 FLAST IC ~ CH EXCH
70 HBC 0 ELASTIC e CH FX
70 HPC 0 SIGMA PI
70 HBC 0 SIG P I eEDPWA
RT ICUL AR P W ANA( ~ I NCLUDEO
71 DPWA K-MATRIX ANAL ~

71 OPWA K MATRIX ANAL ~

hNNE LS ~

77 Y«0( 1750) WIDTH (MFV)

(1745 ' 0) ARHE NTERD
( 174') ~ 0) BA IL FY
(1800 an) 4 R Mn N T E R O

f1750 an) ARMENTFRO
(1690 nl (10~ 0) GALT I F. R I

ER'jnR STATIST ~ ONLY- Nn ERROR OUE TA Ph
(1755 ' ) KI M

(1570 ' ) Kl&
PASS t BLF E&FFCT Ihl SIGMA P I AND KBAR hl CH

r)LD ANALYSIS USING OLD DATA

11/68
10/70«
6/70
6/70
7/70
1/71¹
3/71«
3/71¹

P2 Y¹0(1815) FROM KBAR N INTO SIGMA Pl SOP 7 (Xj¹X2)
R2 0.27 0 01 ARMENT-1 6& OP'W4 0 K-P TO SIGMA Pl
R2 0 ~ 23 0.025 BFL[ 67 OteWA 0 K-P TA S IGMA P I

R2 -0 ~ 26 0 ~ 03 GALTIERI 70 DPWA 0 K-P TO SIGMA Pl
R2 {0 2&) K[M 7 1 OPWA K-MATRI X ANAL ~

R2 ~ ~ ~ ~ ~ ~ ~ ~ ~

R2 AVG Mr)D 0 ~ 2641 0.0094 AVFRAGE ( ERROR I NCLUOFS SCALE FACTOR OF 1 1 )

P2 FfT 0 2&29 0 ~ nc)89 FRAM F IT ( FRROP INCLUDFS SCALE F ACTO& DF 1 0)

R3 V«0{1815) FROM KBAR N INTO Y«l(13e)5) PI SQRT (Xl«X3)
R3 0 ' 3 0 ~ 05 APMENT-2 6& HBC 0 K-P To LAM PI
R3 ~ ~ ~ ~ ~ ~ ~ ~ 0

R3 F IT 0 ~ 327 0 ~ 033 FROM F IT (FRROR [NCLUOFS SCALE FACTOR OF 1 0)

8/67
11/67
7/70
&/71«

W

W

W

et

W I

Pl
P2

( 147~ 0)
( 300 ~ 0)
(30F 0)
(70 ' 0)
(77 0)
{35~ )
cn )

SEE THE NOTES

77 Y«0{ 1750) PARTI AL DECAY MODF'5

Y«0( 1750 l I NTO KBAP.
Y«0( 17&0) INTO Streeeh Pl

AR MF. NTER 0 68 HBC 0
sall Fv 69 npwh n
AP MENTERO 70 HBC 0
ARMENTFRO 70 HRC 0
GALTI FR I 70 HBC 0
K[M 71 noWA
KIH 71 DPWA

ACCOMPAh{Y fNG MASSES QUOTFO

EL45TIC CH EXCH
ELASTIC ~ CH EX
SIGMA PI
S {G PI e FDPMA
K-MATRIX ANAL'
K-MATRIX ANAL ~

nECAv Masses
497+ 939

1197+ 139

10/70¹
6/70
6/70
7/70
3/71«
3/71¹

'Y«0( 1815) INTO {5 IGMA P I PI ) /TOTAL X4
No CL EAR SIGNAL ARMENT-4 68 HDBC 0 K-N TO SIG PI PI

THFRE t S 4 SUGGFSTtON OF 4 BUMP, ENOUrH To BF CONSI STFNT wt TH

WHAT f5 FXPECTED FROM SIGMA PI DECAY DF THF Y¹1{1385) -- ABOUT 0 ~ 02 ~

~ ~ ~ ~ ~ ~ ~ ~ ~

0 ~ 094 0 ~ 036 FROM FIT

P5
R5
R e

R5
R e

R5 F IT

FITTED PARTIAI DECAY MODE BRANCHING FRACTIONS

R4 Y«0( 1815) [NTO {Y«j(1385) Pf1/TOTAL X3
R4 0 ~ 20 0 ~ 05 BIRGE 65 HBC 0 K-P TO LAM Pl Pl
R4 ~ ~ ~ ~ ~ ~ ~ ~ ~

R4 FIT 0, j~j 0 035 FROM FIT (ERkDR INCLUDES SCALE FACTOR OF I 0)

7/66

1 1/re 8

77 Y«O( 1750) BR AN('. HING RATIOS

BELOW Xj = t PARTIAL-WIDTH I) /TOT4L WIDTH ETC ~ A SIGN MHERE

F XPL IC IT e IS [N THE CONVENT ION DI SCUSSED IN THE Y«MINI -REV IF W ~

Rj
Rl
Rj
R 1
R I

'[NTO 5[{;M4 PI 5QRT( X 1¹XZ)

ARMFNTEPO 70 DPWA 0 K"P To SIG)eh Pl
GA{ TIFRI 70 DPMA 0 K-P To SIGMA Pl
KIM 71 DPW A K- MATP I X ANAL ~

'SEF, THF. NOTES ACCOseteaNV ING MASSrtS QUOTED

R2 Y«0(1750) FROH KBAR hl

R2 {+0.20)
R2 N {-0 13) (0 ~ 03)
R7. (0 17)

6/70
7/70
3/71¹

Y«0(1750) [NTD (K84R N) /TOTAL Xj
(0 ' 4) ARMENTFRO 68 DPWA 0 ELASTtC CH FX{'H 11/68
{0.55) BAILEY 69 DP'WA 0 FL ASTIC CH EXCH 10/70«
{0~ 1") APMFNTFRO 70 DPWA 0 ELASTIC e CH EXCH 10/70«
(0 ~ 30) K'f M 71 DPWA K-MATR [X ANAL ~ 3/71¹

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, ¹ 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 listings
1 J 1 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 1 2 P 3 p

P 1 .624+- 010
2 —~ 230 ~ jjj&-e0083» ~ 047 0 jl 171+- 035

P 4 - 181 — 160 - ~ 952 ~ 094+- ~ 036

¹««««« ¹«¹«¹««««¹««¹««««« ¹««¹«¹¹««¹«¹««¹«¹«¹a««««««« ««««««««« «««««««

REFERENCES -- Y«0( 1815 )

4&MFNTFR 68
Rhtf FY 69
ARMENTER 70
GAL T I FP. I 7n
K I M &j

SF" AL Sn

Np Be( ) o5
THF5 I 5 UCRL-50617
DUK F AONF
DUKF C. DNF 173
HARV ARD teR FPR I NT

DUKF 161

REFFRENCFS -- Y«0( 1750)

AR 4ENTEROS e 8 AIL LD"le
DAVID SAAL Bat LF Y

AR MFNTFRAS e BAILLANe
A BARB ARO-BALT I ER I

J ~ K ~ KIH
J ~ K ~ KIM

+ {CERN et(F I DEl. e SACLAY l [JP
(LRL LIVERMORE) I JP

+ {CERN e HE lnEL ) I JP
(LRL) IJP

(HARV) I JP
(HARV) I JP

8 I RC. E
ARMFNT —1

' ARMFNT-2
BFLL
ARPENT-3
ARMENT-4
BUGeG

65 ATHF NS COIF 296
67 PL 248 I 98
67 ZE IT teHYS 202 486
67 PRL 19 936
68 NP 88 195
6S) NP BA 216
68 PR 168 1466

+FLY KALMUS KERNAN LOUIE SAHOURI 4 + (L RL ) I JP
ARMENTEROS e F LUZZl e + (CERNe HEIDF' e SACLAY) I JP
ARHENTFRDS ~ F LUZZ I e + (CF'RN ~ HFIDFLeSACLAY) I JP
R 8 BFLL (LRL ) [JP
AR MENTFP{)5 e BAI L LONe + f CF'RNe HE I DEL e SAC(-AY ) I JP
ARMFNTFROS e Bh ILLONe + ( CERN e HEI OFL e SACL AY ') I
+GILMDRE e KNIGHT ~ + (RHEL+8 IRM+CAVE ) I

A(1815) 39 Y«n( 1815 e JP=5/2+) [=0 ~05
SFE THF «INI-REVIFM AT THE START OF l HE Y«L [STINGS ~

«««««¹«a«««««««««a «««a««¹««««««««««¹ ¹¹««¹¹«««¹¹««¹¹¹
««a«««««««««««««a««*e «««a«a *«««a«a««*«aa««¹««

RR ICMAN 70
RR(CMANI 70
COOL 70
GAL T I ERI 70
C DNFDRTO 70
K IM 71

SFE AL SO

PL 318 152
PL 338 511
pp 1 n I 887
OUK F CONF 173
NP (SUBMITTED)
HARVAR'n PRE PRI NT

DUKE 161

+FERRO LUZZI P'ERRFAU +

+FERRO -LU Z Z I ~ l. AGNAUX

+G[ACDMELL [, KYCIA LEONT
A BARBARO-GALT [FR I
+HAP MSEN ~ LAS INSK I e +
J ~ K ~ K[M
J ~ K ~ K[ M

(CERN CAEN, 54CLAY)
(CERN)

ICe Lfe + (BNL) I
{L te L ) I J P

(CHICAGO HE [DEL) I JP
(HARV) [J
(HARV) I JP

PAPERS NOT REFE&RED TA IN DAT4 CARDS

39 Y«O( 1815) MA SS ( ~EV )

N

N

N

N

N

N

(2 0)
(4 ~ 0)
(2 ~ 0)
(4.0)
(an)
(len)
10 0)
jnen)
(2 ~ n)

1813 0
1816~ 0
1817~ 0
1819~ 0
1825 ~ 0
j819 0
1830~ 0
[820~ 0 (
1818.0
1810~

ERRnR STATIST ~ ONLY- BIO

ARMFNT- 1

BELL
APMENT-3
Bl.)GC,

BR [ CHAN
BP

ICEMAN

I
COOL
04LT IERI
CONF ART D

Kfes
ERROR DUE To P A

67 H e)C

67 HDBC
68 HRC
6A Ch{TR
70 CNTR
70 npw4
&0 CNTR
70 npwh
70 DPWA
71 D&WA
Rr f Cl)L AR

0 K-P TO SI GHA PI
0 K-N TO SIGMA PI
0 EL AST IC, CH F XCH
0 K-P e D TOTAL
0 . OTAL AND CH EX

S[GTOTe FL AS eC HFX
n TOTAL

0 K-P TA SIGMA Pl
0 FL ASTIC CH EXCH

K-MATP I X ANAL ~

P ~ W ~ ANAL ~ I NCLUDEO

39 Y«o( 1815 ) WIDTH (MFV)

TH't5 STATE I 5 WELL ESTABLI SHFD ~ MOST OF THF. QUUTEO ER-
R{lRS ARE ST4TI ST tr AL ONLY ~ THE SYSTEMATIC FRRDRS DUF. To
THE PARTI CULAR P ARAeSF TFR I Z AT lt)N USED IN THF P ~ W ~ A ~ ARE

NDT INCLUDED ~ FOR THIS REASt)N WF no NC)T {;ALCUl. ATE WE I('HTEO AVERAGFS FOR

&A55 ANO w[DTH ~

A/67
11/67
1 1/68
6/68
6/70
I/71«

10/70»
7/70
6/70
3/71«
1/71«

THE FOLL OW INr, PAPERS ARE NOW OF ONL Y HI S TAR I C AL INTFR E ST

CHAMBEPL
GALT IERI
SOOICKSO
HOLL FY
8 IRMINGH
C 0')L
GELF AND

ARMFNT FR
CONFORTO
LASINSKI

62 PR 125 1696
63 P{. 6 296
64 PR 133 8757
65 UCRL-16274 THESIS
66 PR 152 1148
66 PRL 16 1228
66 PRL 17 I 224
67 NP 83 5'92
68 NP 88 265
68 PR 163 1792

CHAMBERL4IN, CRAWE KEEFE ~ KERTH, + (LRL) [
A BARR ARO-GALT IC RI 4 HUSSh[N Rn TR IPP I LRL ') I J
SODICKSohl MANNFLLI &RISCH WAHL IG (M[TI BNL) ) J

'W R HALL EY (LRL ) J
8 IRMI N{ HAM GL ASGOW t C ~ OXFORD oUTHERFDPD
+GIACOMF LL I KYC I A LEONT f C LUNDBY + (BNL ) I

+HARMSFN LFVI-SFTTI ~ PPEDAZZ I+ {FF INS ARGON)
AR'MENTFRAS ~ FFRPO LUZ Zf+ {CERN ~ HEI 0 ~ SACLAY) I JP
+HARMSEN, LASINSK[e + (CH I C 4m, HF IDFL ) I JP
LASINSKI LFVI SETT[ e PRFDAZZI {CHICAGO) JP

g(183Q) 56 "* flll30 J =-"/2-) I=0 06
SEF THE Hf NI-REVIEW AT THE START OF THE Y» L I ST INCS ~

««««««««««««¹««««««¹«¹««««««¹««««««««¹¹«««««««««««««««««¹««««««««a«
¹¹«¹««¹«¹¹«¹¹««««««¹««««¹««««¹«««««a««««««¹««r«««««a««aa«««««««««««

Pl
P2
P3
P4
p»;

(15.0)
{12 0)

(4 ~ 0)
(7 ~ 0)
{6 0)
{an)

8~ ~ 0
64. 0
71 0
75 an
80. 0
7'9 ~ 0

100 ~ 0
100.0
90 an
70 '

SFE THF NOTE

(20 ~ 0)
t4 ~ 0)

5 ACCDMPAh)V

6r HBC 0
67 HDBC 0
6A HBC 0
6P CNTR 0
70 CNTR 0
70 DPMA
70 CNTR
70 DPWA 0
70 DPWA 0
71 DPWA

n

ARMENT-I
BELL
AR &F NT-3
BUrr,
BR[ C. MAN

BRIC MANI

COAL
GALT I ERI
C ONF ARTD
KIM

[h)( MhSSFS QUATE

CLASTIC e CH EXCH
K-Pe D TOTAL
TATA{ ANO CH EX
St GTOT EL AS CHEX
K-P e D TOTAL
K P TO Sf reMA Pl
FLASTIC e CH EXCH
K-MATP I X ANAL ~

Y«n( 1815 ) PART IA1 DECAY HOOFS

Y«0( 1815) INTO KBAR N

Y«0{[815) INTO SIGMh PI
Y«nf 1815) [NTD Y«1( [385) Pf
Y«nl 1815) INTO SICMA PI PI
Y«0( 1815) INTO LAMBDA Pf Pl

39 Y«n( 1815 ) BRANCHING RAT I OS

DFCAY MASSES
497« 939

1189+ 139
1385+ 139
1192+ 139+ 139
1115+ 139+ 139

BFLOW Xj = t PARTIAL-WIDTH 1)/TOTAL WIDTH ETC A 5[GN WHERF

5 XPL ICe f T I S [N THE CONVENTION Of SCUSSEt) IN THE Y«MINI-REV IEW ~

E RRDRS QUJTEO BY FXPERIMFNTFRS Do NOT INCLUDE UNCERTAINTY DUE

TO PARAMFTR fZAT ION USED IN THF. P ~ W ~ 4 ~ THEY SHOULD BE I NCPFASED ~

8/67
11/67
1.1/6 8
6/68
6/70
I /71«

10/70«
7/70
6/70
3/71«

M N

N

M

M

M

M K

K

THE BEST FVIDENCE FOR THIS RESONANCE CD&F5 FRO~ THF

5 IG&A P I CHANNF(. I T hPPFARS To RF WELL FSTABL I SHED

56 Y«0( 1830) MASS (MEV)

{3en)
( ll en)
{10 ~ 0)

(& ~ 0)
( 15e0)

1827en
1837~ 0
1807e 0
1831e 0
1840.0
1 830 ~

( 1720 ~ )
PASS[ BLF EFFECT &4 INLY
WITH THF. 1830 EFF ECT

ERROR STAT[ ST ~ ONLY-

ARNE h)T F RD
BF. LL
ARMENTFRA
r. ANFARTO
G4LTIERI
KIM
KIM

IN SIGMA Pt ~ NOT

67 HBC 0 K-P TO StGMA PI
67 HRC 0 K-P To SIGMA PI
68 HRC 0 FLhST[C C4 FXCH
70 OPWA 0 &LASTICe CH FXCH
70 DPWA 0 K-P Tn Sf G&h PI
71 DPWA K-MATRIX 4NA(

71 OPW A K-MATR {X ANAL

C(. EAR IF UNCDRRF{ATFD

8/67
11/67
11/68
6/70
7/70
3/7[«
3/71«

56 V«nt [830) W!DTH (MEV)

75 ~ 0
74. 0

123e 0
104 ' 0
150 ~ 0
80 ~

(20e)
SFF THF NOTES ACCOMPANY[

(an)
I 18 ~ 0)
( 3? ~ 0 l
t 3&en)
(30.0)

ARMENTERO 67 HBC 0
PELL 67 HBC 0
AR MENT FRO 68 HBC 0
CONFORTn 70 OPWA 0
(ehLTIFRI 70 ')PW4 0
Kt M 7 1 D&WA

K IM 71 DPWA

NG MASS ES QUDTFD

K-P To Sl GMA P I
&-P TO SIGeeh PI
FL AST I C e {:H EXCH
ELASTIC ~ CH FXCH
K-P TD 5 I GMA P I
K-MAT RI X 4NAL ~

K MATRIX ANAL ~

8/ee7
8/67

11/68
6/'70
7/70
3/71«
3/71«

56 Y«0[1830) PAPT IAL DFCAY MODES

h(O ERROR DUE TO PART tCUL AR P ~ W ~ ANAL INCLUDED I/71«

v«n{189 I
R),
R 1
R 1
Rj
Rj
R 1
R 1
Rj
Rj AVG

Rl FIT

1'5) INTO
0 ~ 62

{0~ 77. )
0 ' 65
0 ~ 58

(0 8)
0 63

'(0 ~ 52)

0 624
Oe 6241

Xl
0 ELASTICe CH EXCH
0 K-P e D TOTAL
0 TOTAL ANO CH EX

SI GTDT e EL AS ~ CHEX
K-P ~ D TOTAL

0 FLASTIC CH EXCH
K-MATRf X ANA[. ~

(KBAR N) /TOTAL
0 ' 02 ARMENT-3

BUGG
BRIC&AN
RRICMAN1
r.onL
C ONFORTO
KI M

68 HBC
68 CNTR
70 CNTR
70 Dpw4
70 CN TR
70 npwA
71 DPWA

0 02
0 ~ 02

0 01

~ ~ ~ ~

0 ~ nl 1 AVERAGE (ERROR INCLUDES SCALE FACTOR OF je5)
0 ' 0099 FROM F IT (ERROR INCLUDES SCALE FACTOR OF 1 3)

11/68 ' P 1
6/68 P2
6/70
I/7 I¹

10/70¹
6/70
3/71¹

Y«0( 1830) INTO KBAR N

Y«0( 1830) INTO SIGMA Pt

DFCAY MASSES
497+ 939

1189+ 1 39
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For notations, ee illustrated Jtey at beginning of data card listings

56 Y«ol 1830 } RRANCH[NG RATfnS

8 FLOW Xl = (PARTIAL-WIDTH ll/TnTAL WIDTH ETC 4 SIGN WHFRE

XPL ICrlT I S IN THE CONVFNT ION n[SCUSSFD [N THE Y«MINI-RFVIFW

'

X(&8V0)
~))

36 Y«nt 1870 ~ JP =1/2-) I =0 ~O 1

R

Rl
Rl
Rl
Rl

Y«nl 1830) INTO (KRAR '4} /TOTAL
0 ~ 09 {0~ Ol)
0 ' 03 (0 ' 02)
0.05 {0 02)

(0 ' 24)

X I.

ARMENTERO 68 HSC 0 ELASTIC ~ CH FXCH 11/68
RRfCMAr(I 70 'JPWA Stl TOT ELAS CHFX I/71«
cnNFORTD 70 opwh 0 FLAsTtc, cH ExcH 6/70
Kl M 71 OPWA K-MATRI X ANAL ~ 3/71«

THE Snl AMPLITUDE SHOWS 4 SECOND RFSDNANCF RFHAV [nR 4T
AROIJT 18 00 MFV I V RATH THF RRf (MAhl 70 AND K tM 71
ANALYSES. THE FLaSTtCtTICS nf THFSF Twn ANaLYSCS ARE
[N RAD DISAGRFEMENT ~

36 Y»0(1870) MASS t MEV}

R2
R2
R2
P7
R?

Y«0( 1830) (=RDV KSAR N

0 15 (0.02)
0.19 (0.01}

-0 ~ 16 (0 ' 03)
0 IS

fNTn SIGMA P[ SORT( X I ¹X2}
ARMENTERCJ 67 OPWA 0 K-P TO 5 I GMA P I
BELL 67 OP WA 0 K P TO S I Ci "(A P!
rALT[fRI 70 DPWA 0 K-P TO Sf GMA P[
KfM 71 DPWA K-MATRIX ANAL ~

4I

8/67
11/67
7/70
3/71«

( 1872 0)
(1780r )

(10 0) BP f CHAN

KfM

36 Y«0( 1870) WIDTH (Ms-V)

70 DPwA
71 npw4

TOT r FLhS r CHFX
K-VATR tX AVAL . 1/71 »

3/71»

«««««» aa««s¹»«¹ ««¹«««»s« «»essa«ea e»es«a«a¹ «»»sf««sf 4»ee«e«ee as«safe ( 100.'0)
(40 )

{70' 0} BR ICMAN
KIM

70 DPWA

71 OPWA

TOT r EL AS ~ CHFX
K-"4ATP I X Ahlhl ~

I/71«
3/71«

RFFEREr4CFS -- Y¹0(1830)

A R '4F 14T F. R

RFLL
ARMEVTER
C'1vFORTn

RR f GRANI
GAI TIFRt
c nvF DRTn
KIM

SFE AL

h7 PL 748 198 ARMFNTEROS ~ F-LllZZ Ir +
6? P PL 1 9 936 R R RFLL
rr 8 NP BR 195 AR MENTE Rn'5 r BA I L LONr +
ER I4P RR 265 +HARMSFhl ~ I. AS INSKI r +

Cor4FORTO 68 IS SI}~ERSFDED RY CONFORTO 70
70 PL 33R s I 1 +FF-RRO LUZZI r LAGNAUX

70 DIJKE CONF 173 A RARRARO-I ALT IER f
70 NP (SIJBrl[TTED) +HARMSFN, LASINSKf, +
71 HARVARD PREPRINT J K.KIM

Sn OUKC 1 ht J ~ K ~ K IM

t CFRNrHEIDELr 54CLAY) I JP
lLPL }IJP

(CFRN HEIDEL SACLAY) IJP
((:HfChGO HE[OEL) f JP

(CERN)
(LRL } I JP

{CH[CAGOr HE tnEL ) I JP
( HARV) I JP
[HARV) I JP

P1
P2

Rl
Rl
Rl

36 Yao( 1870} PART! AL DECAY MODF5

Y«0{1870) INTO KSAR N

Y«0( 1870) INTO SIGMA P[

DECAY VASSES
497+ 939

It&7+ 139

36 Y»0( 1870) BRANCHING RATIOS

Yso( 1870) INTO (KSAR N) /TOTAL X1
(0.18) (0 02) SP ICMAN 70 DPWA TnT Cl AS CHEX 1/71«
(0.8) KIM 71 DP'r(A K-MA R I X AN4L 3/71«

a..»»e» «»a«ee»a» a*a«a¹»»a»¹aaaaaaa «a«»»«as» ««ee»a¹«» «ease¹«ae «4«4«s»
«e*«e» eas««ea»» asses«««e ¹aeeaa»ee assess«e«««»sf«ese «sess«ee» «ass«as

R2
R2

Y«0[1870) FROM KBAR N TO SfGM4 PI
(0 24) K[4

SORT (Xl¹X?}
71 DPWA K-MATRI X ANAL ~ 3/71«

(860)rOY+0| ll *0, JP»3/2 I [=0

SEF THF r(IN[-REVIFW AT THE

Poe
START OF THE Y4' L I STINGS ~

e««ea» esse«4«¹e ««4«e¹e««eea««««e» *a¹»««e¹e«««aea««»»aa«a« a»«««aa««f¹

RFFFRFNCf S -- Y«0( 1870)
SR ICMAN 70 PL 338 511 C RR ICMAN M FFP Rn-LUZZ I J P LAGNAUX{ CERhI) I JP
K I 'l 71 HARVARD oREPRINT J K KIN (HARV} I JP

SEE ALSO DUKE 161 J ~ K ~ K I ul (HARV} [JP

M

r4

M

M

60 Y«o( 1860) MASS (MFV )

RUG ra 68 CNTR 0 K-P TOTAL
ARMENTFRn 68 DWPA 0 FLASTIC CH EXCH
RP ICMAV 70 Ch'TR 0 TOTAL ANO CH EX
RR ICMAN1 70 nPWA 0 S[GTOTrfLAsrCHFX
Cn"IFORTO 70 nPW 4 0 FL A STIC CH EXCH
K[M 71 DPWA K-MATRIX AN4L ~

SFS IiAVF THE FQ, ASSIGN&ENT THFY HAVE TO RE
FW nF CONFORTO 70 ANn RRICMaNI 70
AR IrhRAMETER I Z 4T ION USED rE RROR CAN RF. lAR(iE
A INLY IN 5 IGMA P I ~ WF. TENTAT IVELY LIST IT HERE ~

1870r 0
A FQ7 1864 0
A F07 187? 0

P03 1870~ 0
N P03 1RR1 ~ 0

I P03 I 71 or
A THF SE Twn A 4ALY
a nlscapnEn tN vf

N OUF Tn P ART I CLIL

1 P;1S'Sf RLE FFFFCT M

5ro
2.0
6

~ 0
ln ~ 0

60 Y«0( 1860 ) WIDTH f "IEV )

THE 0 i JAN TUr( NUMB ER S OF 7 Hl S ST ATE ARF PROBABLY 3/2+ ~

AN F07 Whs F IRST SIJGGESTEO I N THF PHASE SHIFT ANAL YS [5
(1F THE K BAR-N DATA RY ARMENT EROS 67 THE I SOSP IN-0 TnT ~

CROSS SECTION HAS A SHDULDFR nN THF HIGH S [DF OF Y«0(1815) THAT ls
COMPATIRLF. W ITH A STATE AT THIS MASS (RUGr as). THE ARMENTEROS 68 AND

rnNFnRTO f 8 4VALYSFS nF f&PPnVED KRAR-N OAT A f'4CLUOED THE F07 STATF ~

&{nwf VFR IN THF NFW hNALYSFS nF CONFORTD 70 ANnrlATERr BRICMAN[ 70 THE
Fo? I 5 VOT REQIJIPFn RY TH'6 NEW naTA AND A P03 RESONANCE Is ACCEPTABLE ~

[N ADDITION BnTH T4FSF VFW AN4LYSES INCLUDED RECFNT PnLAR IZATIO'4 DATA ~

7/68
'I 1/68
6/70
1/71«
6/70
3/714'
1/71»

I/71 4'

A(2010)
~ I))

89 Y«0( 2010 r JP =3/2- } [=0 ~o3
SFF. THE MIN[-REV IF'W AT THF. START nF THE Ya L I STINGS

SUCH A RESONANCE IS SUGGFSTEO RY ONE BUT NOT OTHER

PART I hl-WAVF. ANAl. Y SE 5 ACROSS TH[ S R FGI ON ~ IINT IL THERE
fs MORE fV I DFNCE WE OMIT THIS STATE FRII& THF. M4 IN
RAP YON 7 APL F, ~

89 Y«0( 2010 ) & hss (MFV)

l 2010 ~ 0) ( 30 ~ 0 ) GALT [FR I 70 r)PWA 0 K-P Tn SIGMA PI 7/70

89 Y»0(2010} WIDTH (MFV)

{130~ 0) (50 0) GALT [FR[ 70 npwA 0 K-p To 5 I GMA p I 7/70

89 Y»0(2010) PARTIAI nFCAY VnnES

P 1 Y «0( 2010 } INTO KBAR N

P2 Y¹0(2010) INTO SIGMA Pf

R9 y«Q(2010) RRANCHtNr, RATIOS

nFCAY MASSES
497«Q3Q

11?7+ 139

«a««s««»««¹««a«a««a¹«a«aa«««4««¹»aaa«s«»«as«ae»a»e»«««a»«»»«»»«»««a«a
«f «ease«eases«eee«¹«e««a««s¹«»a«e«»«a«»« sf«¹«¹¹e«s««»«~a»a«»a«¹e¹»»aa»«»ee»

N

A I. QT
F QT

P03
P03

I P03
SFF

40 0
39r 0
24 0
37 0
Ro ~ 0
20,
THF NOTES nCCnVPANY

RUGG 68
4RMEhITERn 6R
RR'tCrsAV 70
RR IC. MANI 70
cnNFnRTO To
K[M 71

[NG r(ASSES OUnTED

CNTR 0
nwpa 0
CNTR 0
npwh 0
npwA 0
npw4

K-P TOTAL
FLASTICr CH EXCH
TOTAL AND CH FX
SIGTOTr Elhs ~ CHEX
ELASTlC r CH FXCH
K-MATR I X ANA( ~

7/68
11/68
6/70
1/71»
6/70
3/71«

R FLOW Xl = ( PART I AL-W I nTH 1 ) /TOT AL W I DTH FTC ~ 4 S IGhl WH ER E

EXPL [CITr IS f'4 THE CONVENT InN nt SCUSSFO IN THF Y«&tNI-RFVIFW ~

R 1 Yeo( 2010'I FROM KBAR V TO SIGrr4 PI SORT (X 14'X?, )

Rl (-0 ' 20) (0 ~ 04) GALT fERf 70 DP'WA 0 K-P Tn SIGMA PI 7/70

s««sa««sa»sa«a¹ e«»a«a»»a e«sa«e¹a» a«»¹»«e«» a»»»»ass« ««a»««»a«»a»««ae¹

Pl
P2

60 Y¹0(1860) PAR T[AL DECAY MODES

Y¹0(I Atro) INTO KR AR N

Y«0(1860) INTO Sf GMA

60 Yao( 1R60) BRANCHING PAT[ OS

nECAY MASSES
497+ 939

IIRsI+ 139

RFFFRENCC S -- Y«0( 2010)

GALTIERt 70 OUKF CONF 173 A BARBAPO riaLT IER I

»a«a«4 a«e»4««ee ee«eases» es«4 eae«¹ »as«see«a «aaaf»sa» aa»«a««»«»»»»»»f«
¹«a«aa«a«

R I Y«0( 1860) [NTO (KBAR N) /TOTAL
Rl I J+I/2)X = 0 ~ 40 RUrrG 68 CNTR
Rl 4 FQT Qr12 0 02 ARMFNTERO 68 HRC

Rl 4 F 07 0 07 0 0? BRIC &AN 743 CNTR
P I PQ3 0 ~ 14 0 ~ 0? RR IC MANI 70 DPWA

Rl N P03 0 25 0 03 CnhlFORTO 70 DPWA

SFF THF. NOTFS AfCnVlrANY ING MASSES QUO Tf n

XI.
0 7/68
0 ELASTICr CH EXCH 11/68
0 TOTal AND CH Ex 6/To
0 5IGTOT ~ ELAS CHEX 1/71«

0 ELASTICr CH EXCH 6/70

AFLOW Xl = l PART I AL-WIDTH 1)/TOTAL WIDTH ETC ~ A SIGN WHERE

F XPL II: IT f 5 [N THF Ci)hlVF NT [ON DI SCIJSSED [N THE Y«M[ N[-REVIEW X(20' 0)
27 Yeo(2020r JP=7/2+) [=0 ~O 7
SCE THE MIN t-REV IE W AT THF START OF THF Y«L I ST IN(iS ~

SUCH 4 RES'1NANCF. I 5 SUGGESTFD RY ONE BUT NOT OTHEP

PART[ hL-WAVE ANALY5ES ACPn'SS THIS REG[n'4. IJNTIL THFPE

IS MDR E EVIDFVC F, WE OMI T THIS ST4TF. FROM THE Ma IN

BARYON TABLE

R2
RZ
R2
R2
P2

Y f0( 1860) [N TO SIGMA Vt {P2)
P PROBABLY SEFV I ALT IERI 68 DRC 0 K-N TO SIG PI Pl 11/68

POSSI RLY THI'.S RUMP SFEN AT 1840+-10 MFV WITH 4 W f 0TH nF 35+-10 MEV

I S THF Y«ot 1830) WHICH AECAYS STRnNGLY Tn SlrMA PI HOWEVFR THE

NARROW WIDTII HERF ARGUES FOR ITS SF ING THF. Y«0( 1860)

( 2020 ~ 0)

27 Y«0(2020) MASS (I4FV)

(70 ~ 0}

27 Y»0( 7020) WIDTH {MEV)

GALTlfRI 70 DPWA 0 K-P tn SIGMA Pl 7/70

sac 4 «» ««saaa«as »ass«ea«a»a«a»a»4 a ««a«»«f«s «eases«e» 4 see««ae» »a«see» ( 160 ~ 0) (30r 0) GALTIERI 70 DPWA 0 K-P Tn Sll &4 Pl 7/70

RfNT

ARMChlTFRO68 NP RS 195
RIJI I 6R PR 148 1466
GAL TIERI 68 PRL 2 I 573
RRI C MAN Tn Pl. 31R 152
RR t C'4hhl1 70 RL &38 511
C )VFORTn 70 FFI 70-43
KfM 71 H4RVARD trR EP

SFF. ALSn DUKE 161

REFFRENCFS -- Y«0{ 1860}

4P &ENTF Rns r RA[LLONr + (CERNr HE I DEL ~ SACLAY) I JP
+G[LMORE KNIGHT + (RTHFPO BRMNGHM CVNDSH) I
BARBAR n-BALT I FP I MAT I SON, + ( LRL ~ Sl. AC )
+FFPRn LUZZI ~ PERR EAU ~ «[CFRN ~ CAENr SACLAY)
+I'FRRD-LUZZI LAGNAUX {CERN)
+HAR r(S EN, LA S INSK I ~ + ( CHI CAGO HE IDEL ) I JP
J ~ K ~ Ktrl (HARV} IJP
J ~ K ~ KIM {HARV}IJP

P1
P2

27 Y«0(2020) PART[ AL DECAY &ODFS

Y«0{7020) INTCI KBAR N

Y«0(20?0) INTO StrrMA P I

nFCAY MASSES
497+ 939

1 197+ I 39

27 Y¹0(2020) RR4NCHING RATIOS

RFLOwr Xl = (PARTthL-WtnTH 1)/TnTAL W[DTH, ETC. A StrN, WHERE

EXPL IC IT [5 t'4 THF CONVF NT lnhl nf SCIJSS ED tN THF Y» 9 I'4l -Rf V IFW

ARMF'4TER

cnvfnRTn

LFV[ S&TT

P4PFRS NDT RFFERREO TO IN DATA CARDS

67 NP 83 592
AR V F I4T F R '1 S 6 7

68 hlP Rt) Zrr5
COr(FORT n 4A I S
69 I.UND 3 39

AR MFNTF Rns F-LUZ1 I + ( CERN ~ HEI OEL SACLAY ) I JP
l5 REPLACED RY ARMFhlTEPnS 68 AND CO'4FORTO 68

«HARMSEhl L45[NSKI + (CHICAGO HF. IDEl }[JP
SUPERSFDFr) BY CohlF(IRTD ?0

RE LEVI SFTTI [R4PPORTFUR)

REFERENCES -- Y«0( 2020)

GALT I FR [ ?0 DUKE CONF 173 A BARB ARO-GAL T I ER I (LRL. )[JP

R 1 Y«0( 2020) FROM KRAR N TO 5[Gr44 Pl SOP T ( X I « X? }
Rl (-0 ~ 15) ( 0 ' 02) GALTIERI 70 DPWA 0 K-P Tn SIGMA Pf 7/70

eas»»ass« ee»s»ee»a ass«»«««a e«a«ee»4«asa»ease» ~ aaf«a«as «ae«esse

4»«a¹4 ¹»«¹««s«««««4se»»e «««««a«4 «a««4»4 f««a»«¹«s««««««««««sf
f«saa«a4 ««4 f 4 «4 ««««««««4»««««sa«4 ««««««»«4 «»4 «4 ««»««««««»«4««««4»«»

ease«a eee«aef«e sea«essa« see»a««a« «eases«e» ease»as»a sea»»a»«« ««e««eae
««a« «««»«4 a«« aaa««aaf» «««««»««« ««»««««»» a««a««a«f «»»««««»a f»»»f«es



For notation, see illustrated key at beginning of data card listings

PARTIcf E DATA GRoUP Review of Particle Properties 5133

g~g yoFIS

J (ZIOO)
41 Y«0(2100 2 JP=7/2-I I=o GO 7
SFE THF MINI -REV IF W AT THE START DF THF Y«( I ST I NGS ~

+(~ I OO)
23 Y*QI PlQQI EPQSS SECT TQN AIIQ TNYAP I APT-MASS PEAKS

SEF THE MINI-REV IEW AT THE START OF THF Y¹ L I ST I NGS ~

THI 5 FNT'RY ONLY f NCL(lOES RFSULTS FROM PART! AL-WAVE

ANAI YSES ~ PARAMETERS DF PEAKS SEEN IN CROSS-SECT(ONS
AND IA(VARIANT-Alh55 f)ISTRIBUT IONS 4RDUND 2100 MFV ARF

GIVEN tN THE t4FXT F24 TRY ~ CVENTUALLY THE PARTI AL-WAVF. ANALYSES SHOULD

CIVE THE RES& RFSULTS AS THFY ISDLATF &HE G07 WAVE TA{IS SUPER IORITY

lS, HOWEVFR PRD4h Rl Y NOT YET ATTAINED, ANI) WF RELY ON BOTH ENTR IES
FDR VARAMF TERS GIVEN IN THF MAIN RARYON TABLF ~

SEE THE (4OTE TO THF G07 Y«0( 2100) 'WHI CH PR')CF EDS TH t S
F4TRY ~ HFRF WE l I ST f)A(LY PARAMFTFRS OF PEAKS IN CROSS
SECT fnf45 AND INVARIANT-MASS D(STR I BUT I()NS ~ THF. CROSS-

SFCT ION PEAKS ARE AT LEA5T DOMINANTLY ASSOCI ATFD WITH TH'F Y¹0{2100) ~

BUT MAY CONT A IN A SMALL CONTR I RUT 'I ON FRO& THE SUCPGF 5 TED BUT NOT E 5 TAR-

LISHED OTHER RESONANCFS IN THIS REGION ~

25 Y«0( 2100 I MASS (&FVI "- AS SEFN IN PFAKS

M

4l

M

M

h

'W

W h

4
4

Pl
P2
P3

K-P CH FX
K-P TO XI K
K-P TO 'SIGMA Pf
K-P TO SIGMA P I

FGI ON f N THF
IT I 5 NOT CI.EAR

A SO FAR OTHERWISE

41 Y¹0(2100 I 4 If)TH (MEV )

{145~ 0) HOWI. 66 HRC

{80 f)) llOPO) BURCUN 68 DPWA 0
ho ~ 0 {2&F 0) GALTIERI 70 DPWA 0

140 0 (15 0) RERTHON1 70 f)PWA 0
SEF. THE NOTES ACCOMPANY ING MASSES QUOTED

K-P TO XI K
K-P TO SIGMA P I
K-P TO SIGMA PI

41 Y¹0{2l, oo) PART IAL t)ECAY MODES

Y¹0( 21 of) I I NTD KBAR N

Y«O(2100) (NTO SIGMA Pf
Y¹0(2100) I NTn X I K

DECAY MASSE 5
497+ 939

1197+ 139
1321+ 497

41 V«0(2lof)) MASS t (EVI

{2120 O'I WOHL 66 HRC

(20RO Ol (10 0) 8(IR(PUN 68 f3PWA 0
2110~ 0 (2. 0 ~ 0) CALTtERI 7O DPWA O

2130.0 {20 ~ 0) ')ERTHDN1 70 DPWA 0
BURCU4 j38 SFE h RE SDNANCF. -LIKE EFFFCT IN THI S R

9 FACT tf)N K-tj Tn X I K ~ HOWFVFR AS THEY P(3INT AUT 2

WHETHER IT fl MAINLY THE CP07 Y¹0{2100)OP INSTEAD
UNn&SFRVFf) RESONANCE 4lTH A SPIN LFSS THAN 7/2 ~

7/66
10/69
7/70

10/70¹

7/66
10/69
7/70

10/70«

Pl
P2
P3
P4

t 2097Q 0)
2100~ 0
2121P 0
2107 ~ 0

( 2135 ~ 0)

t6 ~ 0)
{7~ 0)
{5~ 0)

t 10.0)
(70 ~ 0)

ROCK
t)U GG
BR I C A(AN

COD(.
LU

65 HBC
68 CNT R

70 CNTR 0
70 CNTR
70' CNTR 0

PBAR P '5 7 BFV/C
K-tjj 0 TOTAL
TCIT AL AND C H EX
K-Pj D TOTAL
(iAMMA P TO K+ Yt

25 Y¹0(2100) WIDTH (MEV) -- AS SEEN IN PEAKS

I 24P 0)
).40 ~ 0
147.0
18"~ 0
(40 ~ 0)

{14 0) {24~ 0) BOCK
(1~~ 0 I 8(ICi G

(15 ' 0) BRICMAN
cone
LU

6& HRC

68 CNTR
70 (NTR 0
&0 CNTR
70 CNTR 0

INTO KBAR N (Pl)

TOTAL ANO CH FX
K-P j I) TOTAL
GihMMA P TO K+ Y¹

25 Y¹0(2100) PARTIAL DECAY MOl)E 5

Y¹0{2100) INTn KBAR N

Y«ol 2100) INTO KBAR N P I
Y¹OI21OO) INTO L nMRf)A ETA
Y«0(2100) INTO LAMBDA OMEGA

DECAY A(ASSF 5
497+ 939
497+ 939+ 139

lll5+ 548
1115+ 783

25 Y¹0(2100) BRANCHING RATIOS -- AS SEFN IN PFAKS

7/66
6/68
6/70

10/70¹
1/7 1«

~/hb
6/68
6/70

10/704
1/7 1«

41 Y«0{ 2100) BR ANCH INCA RAT( DS

8 ELDW, Xl = {PART I A(. -W I DTH 1) /TOTAL WIDTH, ETC ~ A SIGN ~ WHERF.

F XP( IC I T ~ I S IN THE C'3NVENT ION Dl SCUSSE(3 IN THE Y¹ MINI-REVIEW

Rl
Rl
Rl
Rl
Rl

Y«ot 2100) tN Tn f KBAR N') /TOTAL
THFSE VALUES OF FLASTICITIFS ASSUME

0 ~ 305 BUGG

0 ~ 24 t D ~ 02'I BR I CMAN

0 ~ 4 COOL

X1
J=7/2--

68 CNTR
70 CNTR 0
10 CNTR

6/6 A

TOTAL ANO CH EX 6/70
K-P Q 0 TOTAL lo/10¹

R2
R2

Y¹0(2100) FROM KBAR N (NTD SIGMA Pl SORT(X1«X2)
«0 ~ 06 ( 0 ~ 03'I GALT IFR I 70 DPWA 0 K-P TO SIGMA PI 7/70
+0.16 {DP02) BFRTHON1 70 DPWA 0 K-P TO 5 IGMA PI 10/70«

R I Y«0(2100) INTO (KRAR N) /TOTAL Xl
Rl {0 25) 'WflHL hb HBC 7/66
Rl 0 (0 ~ 33) flAUM h8 CNTR K-P FLA POL ~ S IGT 7/70
Rl 0 DhUM 68 ASSf)MFS ( Jet/2)¹X VALUF. SEEN I N TOTAL CROSS SECTION ~

R2
R2

R3
R3

R4
R4

Y«0(2100) INTO KBAR N Pt
SEEN ROCK

P2

Y¹0(2100) FRAM KBAR N INTO L AMB(34 ETA SQRT (XI¹X3)
(0 F 09) OR LESS FLATTE 2 67 HBC 0 K-tj TO LAM ETA 6/68

Y¹ot2100) INTO t LAMBDA OMEGA) /TOTAL X4
(0 1) OR LESS FLATTC 1 67 HBC 0 K-P TO LAM (3MCGA 8/67

R3 Y¹0(2100) FROM KRAR N

'R3 (0.05)
R3 A (0 0& ) (0 01)
R3 t 0 ~ 003)

TO XI K SQRT(X l«X3)
TRf PP 67 RVUF 0 K-P TO XI K

R~JRGON 48 DPWA 0 K-P TO XI K

M(ILLFR r29 DPWA 0
SEE THE NDTES ACCOMPANY (NG NhAYSCS QUOTFI)

««¹¹¹¹¹«¹¹e¹¹«e¹¹¹¹¹¹¹¹¹ ¹¹a¹«¹««e««¹«¹¹«¹«¹¹«««¹¹e«¹¹««¹¹¹¹¹
REFERENCFS -- Y¹0(2100)

66 PRL I 7 107 C C WOH(. , F T SOLMtTL, M L STFVENSON t{.RL)IJP
67 24P 83 10 + l. F I TH + (LRL SLAC CERN, HEI DEL SACLAY)

68 NP 87 19 +ER'4F.. LACNAUX SFNS ~ STEUFR Uon (CFRN)JP
DAUM ls 8 CONF IRAeS THE SP(N-PARITY ASS IGNMFT4T.

NP RA 447 +MEYFR ~ P AU( I + {SACLAY ECOLFRANCE RTHFD)

69 THFSfSEUCRL 193~2 R A MULLER (LRL I

70 DUK E CONF 17 3 A RARRARD-GAL Tt ER I (L'RL) I JP
70 Attl &24 417 +VR ANA r RUTTERWORTHr + {CDFF ~ RHEL j SACLAY ) I JP

WOH L

TR(PP
0 h(l M

BUR AUN

'4ULLER
GALT I ERI
8 FR~ HOA(1

8/67
10/69
7/70

8 DC K

FLATTE 1
FLATTE 2
8UGG
BR ICEMAN

Cnnl.
LU

6'5 PL
67 PR
67 PR
68 PR
70 PL
70 PR
70 PR

17 166
155 151 7
163 1441
168 1466
318 152
ID 1887
D2 1846

REFERFNCES -- Y«ol 2100) AS SFFN IN PEAKS

+COOPERQFRFNCHEK INSANE + (CERNE SACLAY)

S M FL ATTE {LRL)
S M FLATTE j C G WOHL (LRL)
+GILMf)RE ~ KNIGHT j + lRTHFD RRMGHM CVNOSHI I
+FERRO LUllf Q PFRREAUQ+ (CERT4ECAENESACLAYI
+GIACOIIELL I E KYCIA ~ LCO'4T IC j L le + (BNL )

+GREFN BERG ~ HUGHES q I I NE HART j MOR t ~ + I YAL E)

PAPERS NOT REFFRRED TD tN DATA CARDS

te«¹«««¹¹4¹¹«¹ee«¹¹a¹«e«a«¹«¹¹«¹ea««¹«¹¹e¹a¹
'¹¹«ee«¹«¹«««¹«e«e«««¹¹¹«¹¹««EA¹¹«a¹«¹¹«a«¹«a

COOL 66 PRL 16 1228 +GIACOA(ELL I ~ KYCI A 2 LEONT tC LI 2 LUNDBY + {BNL) I
COOL 66 IS SUI ERSEOEO BY COOL 70.

~(2& &(3) 33 2Y3P3 QI, QR A2P132=Q ~ 05

35 Y¹0(2110 I MA'55 l ME V)

A(2350)
42 Y¹0(2350r JP= ) f=o

SEF T HF. MINI-REV IF 4 AT THF. START OF THE Y¹ l. I STINGS ~

DAUM 68 FAVORS JP=7/2- OR 9/2+ ~ 8'RICA(AN 70 FAVORS 9/2+ ~

(2110~ ) (10 I PERTHDN1 70 DP'WA - K- P TO 5 IG P I I/71«I 42 Y¹0(?350I MASS ( MFV)

t 185P)

35 Y¹0(2110) WIDTH t MEV)

(30. I

3~ Y¹ot2110) PARTIAL f)ECAY MODES

f)ERT HONl 70 DP4 A K P TO S I Ci P I

M

1/71« , I(

2 340 ~ 0
2358 ~ 0
2344 ~ 0

(2360P 0)

l7 ~ 0)
0)

(15 0)
(?0~ 0)

BUGC
BR I (.' MA N

c Do).
LtJ

68 CNTR
70 CNTR 0
70 CNTR
70 CNTR 0

K-P ~ D TOTAL 6/6 8
TOTAL ANO CH EX 6/10
K-Pr 0 TOTAL 10/70«
GAS(A(A P TO K+ Y«1/71«

f2 I
P2

Y¹ol7110) INTO KBAR N

Y¹0(2110) I'4TO SIGMA PI

Y«0( 7110) BRANCHING RATIOS

DECAY MASSES
497« 939

). 197+ 139
140 ' 0
324 ~ 0

( 190~ 0)
( 25 ~ 0)

( 20 ~ 0)
{30' 0)

BUGG
BRIC IAN

COAL
IJJ

42 Y«0( 2350 I WIDTH (MEV)

68 CNT R
70 CNTR 0
70 CNTR
70 CNTR 0

K-P P D Tf)TAL 6/68
TOTAL AND CH EX 6/70
K-PE D T,"ITAL 10/70¹
CPAA(MA P TO K+ Y¹ 1/71«

AFLOW Xl = (P hRT I Al -4 (DTH 1l/TOT A'L WIDTH CTC ~ A SIGN WHERE

F XPL I C I T 2 I 5 IN THE CONVENT ION DI SCUSSEO IN THE Y«MINI REV IFW ~

R2 Y ¹0(7110) CROM KBAR N TO SIGMA PI SQRT{X 1«X2 )
RL (+.17 ) ( 03) BERT HON I 70 DPWA — K- P TO 514 . P I I/71¹ P1

42 Y«ot 2350) PARTI AL f)ECAY MODES

Y«ot 2350) INTA KRAR N

42 Y¹0(2350 l BRANCHING RATIOS

DECAY MASSE 5
491+ 939

f)ER THONI 70 NP 824 417

RFFERENCFS -- Y¹0(2110)

+VRANA ~ 8UTTERWORTHE+ {CDEPERHEL ~ SACLAY) I JP

¹ «¹¹ «¹¹ ¹ ¹ ¹ ¹ «¹a ¹ ¹ ¹ ¹ ¹ «'¹¹ ¹ ¹ ¹ ¹ ¹
'¹

¹ '«a ¹ ««e '¹¹ '¹e e a ¹ et ee ¹ ¹
'¹e ¹ ¹ ««e e 'e

¹ ¹ te « t ¹ ¹ ¹ e ¹ e'¹ee ¹ ¹ ¹

a «¹¹e¹¹¹¹¹¹«¹«¹«a¹¹ae¹«aa«¹¹e««ate««¹«tea¹««ee¹««¹««««ea««t«a«¹««¹aa«e«¹¹¹e

Rl
Rl

Y«ot 2350) (NTD tKRAR N) /TOTAL XI
J I '5 NOT K'4OWN ~ THE FOLLOW ING IS (J+I /2 ) ¹X1

{OP 57) BUGG 68 CNTR

li1 0 ~ 25 RR ICMAN 70 CNTR 0
{1~ 0) C DDL 70 C(4TR

K-Pr 0 TOTAL
TnTAL AND CH F. x
K-PP 0 TOTAL

ee«tee¹¹« «a««tete« e¹«¹ea¹¹eaa«ea¹«ae ¹e«e¹a««« ¹¹ae¹«a¹

6/68
h /70

Io/7O»

M & 3100 MEV — PRQDUCTIQN AND eTQ T~ EXPERIMENTS

BUMPS
8UG4 68 PR 168 1466
DAUM h8 NP 87 19
RRICMAN 70 PL 31() 152
COOl. 70 PR 10 1887
LU 70 PR 02 1846

REFERENCES -- Y«ol2350)

+GILMORE ~ KNIGHT ~ + {RTHFDEBRMGHMQCVNDSH) I
+ERNE j LAGNAUXE SFNS ~ STEUER ~ UOO {CERN)JP
+FERRO LULlf PERR EAU ~ + (C'ERN CAEN ~ SACLAY)
+41 ACOMELL I KYCIA 2 LEONTIC ~ L I + t BNL) I

EAGRE

ENBERG ~ HUGHES j MI NE HART ~ MORI ~ + l YALE)

e«naca ¹«¹¹eaeee«¹a¹««eee «ae«*««e«e¹eae¹ee¹«ee«e««e» et«a«eee«¹ee«¹eea PAPERS NOT REFERRED IN DATA CARDS

COOL 66 PRL 16 1228 +GIACOMELL I ~ KYC I Ar LEONT ICQLI ~ LUNf)BY ~ + t B(4L I

COOL bb I S SUP ERSEDF.O BY COOL 70 ~

««*eat e«««eeet« t«««et««e e¹«e«««e¹ eee«««¹ee e¹t««eeet tee««eeet «tet«et«
a«eeet e««e«eeet ee«eee««« «««¹ee««¹l e«ee«e«te ««eat««e«
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For notation, see illustrated key at beginning of data card listings
Baryons

~(a585) Y»0{2585 r JP= 1 f =0

SEE THE MINI-REV IFW AT THE START OF THF. Y¹ LIST[ NGS ~

LIEIGHTED AVERAGE = 13EI2 .65 + 0 .72
ERROR SCALED BY 1.3

7 Y¹0(2585) MASS (MCV)

2&85 0
(2 &30~ 01

45 ~ 0
(25epl

ARRAMS
LU

70 CNTR K-P r 0 TOTAL lp/70¹
70 CNTR 0 G&AMMA P TA K+ Y¹ I /71¹

( 300 ~ 01
( [50 ~ 0)

Y»0{ 258" ) WI 'ITH {MF Vl

ARRAMS
LU

70 CN TR K-P, 0 TOTAL 10/70¹
70 CNTR 0 GAMMA P TO K+ Y¹ 1/71¹ CHISQ

Pl

Ri
Rl
Ri
Rl C

Rl
Rl C

7 Y¹0(25851 PARTI AL DFCAY MADES

Y»0(2585) INTO KRAR N

AEcAY 4lhssF s
497+ 939

Y¹0{2585 ) BRANCHING RATIOS

REFFRFNCES —- Y¹0(2585)

Y»0(2585) INTO (KBAR Nl/TPTAL Xl
J [5 NOT K "lf)WN ~ THE FOLl AW INC& I S {J+1/2 )»Xl e

( 1 op I ABRhMS 70 CNTR K-P r 0 TOTAL lp/70¹
(0&12) {A&12) RRICMAN 70 CNTR TOTAL AND CH EX 10/70¹

F IT OF TOTAL CROSS SFC T I Ahl GIVFN BY BR I CMAN 70 IN THI 5 RFGION
I 5 POOR ~

1365 1375 1385 1395

AGUILAR
IEGEL
ONDON

IRMINGHA
MITH
IIITH
RMENTERO
ULIE

OOPER
LY

1405

70 HBC

67 HBC 3.1
66 HBC 0 ~ 9
66 HBC 0.0
65 HBC 0.8
65 HBC 0.0
65 HBC 0 ~ 4
64 HBC 1 .1
64 HBC 3.8
61 HLBC 2.9

12.9
(CONLEV
=0 .114)

ARRAMS 70 PR 10 1917
RRI CMAN 70 PL 318 152
LLI 70 PR 02 1846

+COAL () I ACOMELL I KYC IA I FOhll IC + {RNL) I
+FERRO LUZ2[& PERP FAU& ¹ {CERN&CAEN& SACLAY)
+C&R EENBERC&r HUGHFS r MI NEHARTr MARI r+ ( YALE 'l

PAPFRS NOT RFFERRED TO IN DATA CARDS

YM1 (1385)+ MASS (MEU)

CnAL he PRL ih 1228 +G IACOMELL I, KYC[A, LFONT ICr LUNDRY' + (BNL 1 I»¹¹¹»¹¹¹¹»¹»¹¹»»¹¹»»¹¹¹»»¹¹¹¹¹»»»¹¹¹»»¹¹¹¹¹¹¹»¹»¹»»¹¹¹»»¹¹¹»¹¹»¹¹¹»»»¹»»»¹»¹»»¹¹¹»¹»»¹»¹¹»¹¹¹«»¹*¹¹¹¹¹¹¹¹¹¹ ¹¹¹»¹¹¹¹¹ WEIGHTED AVERAGE = 138S.9 + 1.5
ERROR SCALED BY 2. 2

19 5(GMA + ([[89&JP=1/2+) I=i

SEE L [ST [NGS OF STABLE PART I CLFS

¹¹»»¹»»»r»¹»»»»»»¹¹»»»¹¹»»»¹»»»¹¹¹¹¹¹»»¹¹¹¹»¹¹¹»¹¹¹»¹»¹¹»¹¹¹»¹¹¹¹¹¹¹
rc»¹*»» cc»»¹¹»»¹¹»»»¹¹»»»¹»»¹¹»»»¹¹»¹¹»»¹¹¹¹¹»¹¹¹»»¹¹¹¹¹»¹¹¹¹¹»¹¹¹»¹¹¹

20 SIGMA — (1198rJP=l/2+1 f=l

OFF L [ ST f NC&S OF STABLE PART I CL FS

g0 21 SIGMA 0 (1193,JP =i/2+) I =1

SFF LI STINGS OF STABLE PART ICLES

Z(1385)
Pq 3

FOR Al SCUSS ION OF INCONSISTENCY OF ERRORS ANO OUR
MOOIFfCAT IANS SFE NOTF. ON K¹(890)

43 Y¹1{1385& JP= 3/2+) I =I

«»»¹¹»»¹¹¹¹¹¹¹¹¹¹¹¹¹¹»¹¹¹»»»'¹¹»»»'»¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹»¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹

¹»»»»¹¹»¹¹¹¹»¹¹»»¹¹»»¹¹»¹»¹¹*»»»¹¹¹¹»»»¹¹¹¹¹¹¹¹¹¹¹¹»¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹

1360 1380 1400
YM1 (1385)— MASS (MEU)

5IEGEL 67
LONDON 66
SMITH 65
SMITH 65
ARMENTERO 65
HU(JE 64
COOPER 64
ELY 61
DAHL 61

1420

HBC

HBC

HBC

HBC

HBC

HBC

HBC

HLBC
DBC

CHISQ
5.8

12.1
4. 7
3.6
0.2
1.0
5 ~ 1
1.7

34 .0
(CONLEV
=0.000)

M

M

MP

M

43 Y¹l(1385) MACS (ckEV)

1 41 [ 1 3 84 ~ 01
38( 13&4~ 0 I

(1385~ 0 1

( 1 3c?2 ~ 0)
106(1381F 0)

(1392~ 01
(1389 0)

0)
(4 0)

{ 10 ~ 0 1

{3~ 0)

ALSTAN
MAPT[ N

RERGE
COLL EY

CURTIS
MUSC&RAVE

RALTAY

60 HRC
hl HRC

61 HBC
62 HL BC
63 ASPK
65 HRf;
65 HRC

+- K-P 1 15 RFV/C
0+ K20 P 98 BEV/C
+- K-P ~ 4- ~ R5 BEV/C
0- PI- PRP 2 ~ REV/C
0 PI-P le '5 REV/C
+-OPBAR P 3-4 BEV/C
+- PBAR P 3 ~ 7 REV/C

FOR THE TABLFS WF USE ONLY THF. UNSTARRED DATA& WHICH
h &TEMPTS TO ARTh[N THE SFPARATE CHARGE-STATE MASSES AN

W I A T H 5 . 5 E E H 0W F. V E R T H F. I A. E0G R A M 5 I N 5 ER T E 0 I N L I S7 I N G

THFSE [NAICATE SER IAUS SYSTF MhTI CS PFRHAPS ARISING FROM INTERFFRFN{. E E

FECTS THAT CHANGE H ITH PRAAUCT IAN &FCHANISM AND BEAM MOMENTUM ~

7/66
7/66

0 R

n R

0 R
0 R

R

0 R

0 R

D

0 R

R R

(0 ~ 01
(17. 1

(4 ~ 3)
(2 ~ pl
{7,2)

( 17e 21
(llop)

9 ' 0
{6&3)

FDUN A AN

(4 2)
(7 ~ 1

{2e?1
(1 ~ 5)
{2' 1)
(2 ~ 0 I

(9 ~ 0 1

p
(2op)

T W I TH DATA

ELY
COPPER
HOWE
AR MENTFR 0
SMITH
SM[™
LO NDON

LONDON
SIFGEL

IN MASS l IST[hlG ~

61 HLBC
64 HRC
64 HBC
65 HRC
65 HBC
65 "IRC
66 HRC
he HRC

HBC

+- K-P I 11 BEV/C

+- K-P 1 ~ 22 BFV/C
+- K-P 9-1 2 RFV/C
+- K-n 1 ~ 8 8 EV/C
+- K-P I ~ 95 RFV/C
+- K-P 2 24 REV/C
+- I AHROA 3 PI FVTS

K-P AT 2e 1 GEV/C

43 Y¹(-)— Y¹(+I MASS DIFFERENCE (MEV 1

8/66
10/69

8/66
8/h6
9/66
9/66
8/hh
7/66

10/69

F 154
F.

170
859
750
250

5 2 0

5
8 40
8

3 ~ 9
i)F 3 ~ 0
3 ~ 9
1 6

0
2el
1 ' 9
OF lo4
'.)F 1.1
4 ' 0
AF 2 ~ 0

0
1 op
6 ' 0

1 376e 0
F RR.)R

1375 0
1381e0
1387~ 0
1382 6
1384~ 3

F RROR
ERROR

1383 0
ERROR

1378o 0
I 384o4
I 390~ 0

I. ~ 11 BEV/C
STATIST ERR'
I 45 REV/C
le22 BEV/C
~ 9-1 e 2 RF V/C
1 e95 BFV/C
1 oR REV/C
5 TATI ST. E R ~

STATI ST F R ~

5 K- P

STATIST' ERR'
24 REV/C

AT 2 e 1 GEV/C
4 GEV/S I Cr ~ PI

ELY 61 HL RC + K-P
ENI ARGEf) TO 3.9 BY US&BECAUSE LT

COOP ER 64 HRC + K-P
HUWE 64 HBC t K-P
ARMF NTFRO 65 HRC + K-P
SM f TH h". HRC + K-P
SMI TH 65 HRC + K-1

FNLARGED TA 2& 1 BY US r 8 ECA USF. LT
ENLARGFA TA 1.9 RY US RECAUSF LT

BIRMI NGHA 66 HRC + 3 ~

ENLARGED +0 4 0 BY US BECAUSE LT
LO&AON 66 HBC + K-P
5[FGFL 67 HRC t K-P
&C&I)I LAR 70 HRC + K-P

M+
M+

M+

M+

4+
4+
M+

4»

M+

M+ 1260
4+
4+
4+ AVG

~ ~ ~ e ~ ~

1382 ' 65
~ ~ ~

0 72
( SFF ff)
3 ' 0
4 ' 4
OF 3 ' 0

le5
1 ~ 0
?. ~ 6
4 ~ 0
AF 1.8
nF 1 4

p
2 ~ 0

AVFRAGE {ERROR INCLUAFS SCALE FACTOR OF 1 3)
FOGRAM RELAW 1

fl AHL 61 DRC — K-D 0 ~ 45 BEV/C
E(.Y hl HLBC

ENLARGED TO 4 ' 4 BY USrBECAUSE LT STATIST ~ FRR ~

COOPER 64 HRC
HOWE 64 HRC
ARMENTERO 65 HRC
SMITH 65 HRC — K-P 1 ~ 8 REV/C
SMITH 65 HRC — K»P lo95 REV/C

EhlLARGFO TO 2 ~ 6 BY USrRECAUSF. LT STATIST ~ ER ~

FNLARGEA TO 4 ~ 0 BY US&BECAUSE LT STAT)ST ~ FR ~

LONDON 66 HRC
S I FGFL 67 HRC - K-P AT 2e 1 GEV/C

1382~

1376 ~

93
E 224
F

200
10 86
1380

0
0

E RRDR
0
3
0
5
R

ERROR
F RRDR

0
7

1392~

1385~

1384
13&1
I. 399~

120
5 58
5

M- S
M-

370
M

A VC&

I ')89 ~

I 390~

~ ~ ~ ~ ~ ~

1385~ 9
~ ~ ~

1 ~ 5 AVERAGE {ERROR INCLUDES SCALE FACTOR OF 2 ~ 2)
SE F. IOFO GRAM BELOW )

10/69

9/66
9/66

10/69
10/69
9/67

10/69
7/66

10/69
5/70

I 0/69

9/66
9/66

10/69
10/69

7/66
10/69

W+
W+

W+

W+
H+
H+
W+ 40
H+ 1260
W+

W+
W+ AVG

W-

W-

W-
H-
W- 370
W-
W- AVG

I64, 0)
(20, 0)
(40.0)
(Bpe 0)
(30~ 0)
(38& 0)
(26o pl

AR ~ 0
51, 0
46 ~ 5
32, 0
30e 3
33, 1
2& ~ 0
36.0
33 '

35.9

(40 ~ 0)
66 ~ 0
88, 0
62 ~ 0
38.0
29 ' 2
17 1
31.0
~ ~ ~

36 ~ 3

43 Y¹1(1385) W lOTH (MEV)

AR LESS

( 10 ~ 0)
(9 ~ 0)
(9 ~ 01
( 5

op�)

AL5TAN
MART IN
R F. RC&E

CALL&V
CIIRTI 5
MU SGRAVE
RALTAY

60 HBC
61 HRC

61 HBC
62 4LBC
h3 OSPK
65 HBC
65 HRC

0+
+
0-
0
+-0 7/66

7/66

Bop
10~ 0

3 ~ 0
3 ' 0
3e 1
3 ~ 8
6 ~ 0
3 ' 0

12 ~ 0

El.Y
COPPER h4
HUHE 64
AR MENTFRO 6&
SMITH 65
sMI TH 65
R[RMINGHA 66
5!FGFL h7
AGUI L AR 70

HL BC
HRC
H I)C
HRC
MRC

HBC
HRC
HRC
HRC

+
+
+

+ K-P le 8 BEV /C
+ K-P 1 ~ 95 REV/C

+ 3 ~ 5 K- P
K-P AT 2 ~ 1 GEV/C

+ K-P 4 C&FV/5 I 0& ~ P I

9/66
9/hh
9/6 7

I 0/6'r
5/70

2 ~ 6
( SFE

10.0
10F 0

7&P
3.0
5 ' 7
4 ~ 4
4 ~ 0

AVERAGE I f RROR !NCI.
IDFOGRAM RFLAH )

DAHL 61
FLY
COOPER 64
HOW F. e4
AR MFNTFRO 65
SMITH 65
SM [TH 65
Sf FijEL 67

UAES SCAI F FACTOR f)F 1 ~ 9)

DBC
HI RC
HRC
HBC
HRC
HRC
HBC
HRC

K-P 1,80 REV/C 9/66
K-P 1 ~ 95 BF V/C c?/66

AT 2 ~ 1 GFV/C 10/ec?

6 ~ 3 AVERAGE (ERROR INCLUDES SCALE FACTOR OF 3 5)
( SEE IOEAGRAM BELOW )



For notation, see illustrated key at beginning of data card listings

PARrrcLr. DATA GzoUv Revieto of Particle ProPerlies 5135

B~ryons
WEIGHTED AVERAGE = 35.9 + 2.6

ERROR SCALED BY 1.9

CHISQ

ALSTON
DAHL
MART IN
BERGE
BASTIEN
F.LY

AL S TON

C OLLE Y

CURT IS
COOPF. R

HUWE
ALSO

60 PRL 5 520
61 PRL 6 142
61 PRL 6 283
61 PRL 6 5'57
61 PRL 6 702
61 PRL 7 461

62 CFRN CONF 311
62 PR '128 1930
63 PR 132 1771
64 PL 8 365
64 UCRL-11291 THF Sl S
69 PR 180 1824

REFERENCES -- Yel{ 1385)

+ALVARFZ EBERHARD GOOD, GRAZI AND + (LRL ) I
+HORWITZ, MILLFR, MURRAY WHITF. (LRL )
+LE IPUNFRi CHINOW SKY ~ SHIVFLY ~ + ( RNLi YALF )
+BAST I ENi DAHL i FERRO-LUZZ I iK IRZ ~ + (LRL I
P BASTIFNiM FERRO LUZZI i 4 H ROSENFELO (LRL I
¹F(ING,GIOAL PANi POWELL, WHI TE (L&L) J

+AL VAR EZ i FERRO-LUZ Z I i ROSENFELO ~ + ( LRL I

+GELFAND NAUENBERG + (COL()4IBIA RUTGERS) JP
+COFF INiME YERi TERW ILL IGFR l MICH) J
+FILTHUTH FRIDMAN MALAMUOi + (CERN AMSTR)
0 0 HUWF (LRL ) JP
0 0 HUWF (LRL )

10 30 50 ?0

LAIR 70
El 67
INGHA 66
H 65
H 65
NTERO 65

64
ER 64

61

HBC

HBC

HBC

HBC

HBC

HBC

HBC

HBC

HLBC

0.0
3.3
0.5
3.3
1.7

12.5
2.3
2.3

25 ~ 9
(CONLEV
=0.001)

MUSGRA VE 65 NC 35 73'5
ARMFNTER 65 PL 19 75
84LTAY 65 PR 140 81027
SM I TH 65 THE 5 I S ( UCI 4)

+PFTMEZASi+ (BIRMGHM ~ CERN ~ FP ~ t&PCOLiSACLAYI
ARMFNTEROS i + (CERNiHEIDELiSACLAY I
+SANDWE I SS i TAFT 'iC{ILW ICKi K0PP ~ + ( YAL Fi BNL )
L T SMITH I UCLA I

8 I RMINGH 66 PR 152 1148 BIRMINGHAM GLASGt)W I C ~ OXFOROYRUTHERFORD
LONDON 66 PR 143 1034 +RAU S4MIOS ~ YAMAMOTO GOLDBERG + (BNL SYCR I J
SIFGEL 67 'JCRL 18041 THESIS 0 M 5 IEGEL {LRL )
AGUILAR 70 PRI. 2'5 58 +BARNESi BASSANOi CHt)NGi E ISNERi+ (BNI. i SYR I

QUANTUM NUMBER OET FRMINATIONS NOT RFFFRRFD TO IN DATA CARDS ~

5HAFER 64 PR 134 81372
MALAMUD 64 PL 10 145

J 8 SHAFERi 0 0 HOWE

F MALAMUD, P E SCHLF IN
(LRL 'I JP

(CERNiUCLAI JP

eeeeeeeee e¹¹e¹eeeeeeeeee»¹¹ eeeeeeeee e¹¹e¹e¹ee¹¹¹eeee¹e¹¹ee¹e¹¹¹¹eee¹¹e¹¹¹ee¹»¹ee¹¹ee¹¹¹e¹¹¹e¹¹¹¹e¹¹¹ee¹¹¹e¹¹¹*e¹¹¹e¹¹¹¹e¹»
Y+1 (13B5)+ WIDTH (llEV)

M & 1600 MEV — PRODUCTION EXPERIMENTS

WEIGHTED AVERAGE = 36.3 a 6.3
ERROR SCALED BY 3.'5

eeeeee eee¹eeee¹ea¹¹eae»¹»e¹¹eeeeeee»ace¹»» e¹e¹eeee»e¹ee¹e¹¹e

E(1440)
BUMPS

80 Y¹1(1440i JP= I 1=1

SEE THF. MINI-REVUF AT THF START OF THF. Y¹ L I STINGS

0 40 BO

Y+1 (1385) — WIDTH (f1EV)

EGEL
I TH

ITH
I1ENTERO
WE

OPER
Y

6? HBC

65 HBC

65 HBC

65 HBC

64 HBC
64 HBC

61 HLBC

CHISQ
1.7

1B.9
1.5
0.3

13.S
26.B
B.B

71.7
(CONLEV
=0.000)

CLINF 68 PRL 21 1372
ALE XANOE 69 PRL 22 483

REFERENCES -- Y¹1(1440)

0 CL INEi R LAUMANNi J MAPP
ALFXANDER ~ HALL i JEW ~ +

('W I SCOW S I N )
(LRL i RIV FR SIDE )

e¹$¹eee¹¹¹¹¹e¹¹e¹¹ee¹¹ee¹e» ¹e¹¹ae¹¹¹¹¹¹¹ae¹¹¹e¹¹¹¹ee¹¹e¹¹»¹¹¹
¹¹ ¹ ¹ee¹¹¹~ ¹e¹¹ee¹e'e¹¹eeee¹¹e

Z(1480)
BUMPS

23 Y¹1(1480i JP= I I =1

SEE THE MINI-REVUE AT THE START OF THE Y¹ LI STINGS ~

CLINF. 68 F IND A NARROW PFAK 4T 1440 MEV t JUST ABOVE
THE KBAR N THRESHOLD I IN THE LAMBt)A PI t NVAR I ANT M455
FOR K- 0 TO L AMBOA P I- P EVENT 5 ~ THFY Dl SCUSS ALTER-

NATE INTERPRETATIONS -- THAT fT fS 4 RESONANCF. OR A KtNFMATIC EFFFCT ~
IN CLINF. 68 THF. K- BEAM 'Nt)MFNTUM I 5 0 ~ 4 GFV/C ~ IN A STUDY OF THF SAME
REACTION WITH 4 MOMENTUM OF 1 ~ 1 GEV/Ci ALEXANDER 69 F INO ND PEAK ~ . IN
ADDITION THEY ARE ABLE TO EXPLAIN THE RFSULTS OF BOTH EXPERIMFNTS
WI THOUT I NVOK I NG 4 NF W RF SON AN C E~

43 Y¹1(1385)PARTI AL DECAY MO()ES

PEAKS ARE SEEN IN LAMBDA P I AND SIGMA PI SP"-CTRA IN
THF. RF. AC TI ON P I+P TO K+ PI Y AT 1 ~ 7 GEV/C ~ ALSO THE
Y POLARI ZATION OSC II.LATE 5 IN THE SAMF. REGION ~

P1
P2

Y¹1(1385) INTO LAMBt)4 PI
Y¹1(139&) I NTO S t GMA P I

43 Y¹1(1385) BRANCHING RATIOS

t)ECAY MASSES
1115+ 139
11»+ 139

SEE MILLER 70 FOR A DISCUSSION OF THI S STATE ~ HE SUGGESTS A POS-
SIBL'E ALTFRNATE EXPLANATION IN TER~5 OF 4 REFLFCTION OF Nel/2(16701
DFCAY TO LA«DA K.

23 Y¹1(1480) MASS (MFV)

Rl
Rl
R)

1
'R I
Rl
Rl
R 1 AVG

1( 1385)
0 ~ 04

(0.04 )
Oi09
0 ~ 163
0 ~ 08

0 101

INTO f SIGMA Pl)/tLAMBDA Pl)
0 ~ 04 BASTIEN 61 HBC

OR LESS AL STON 62 HBC
0 ~ 04 HUWF. 64 HRC
0 ' 03& AP MF NTERO 65 HBC
0.06 I ONDON 66 HBC

~ ~ ~ ~

0 ~ 028 A VERAGE ( ERROR INCI. UDES
( SE F IOFOGRAM BELOW I

t P2) /(P 1)
+
+-D

+
+

SCALF F ACTOR OF 1 4 I

WEIGHTED AVERAGE = 0.101 + 0.028
ERROR SCALED BY 1.4

7/66
7/66

0 {
M 0 (
M

M

M AV ERA rF.

1480 ~ 0)
1465 0)
1479 ~

1465m
~ ~ ~ ~ ~

MF AN IN GL

(15 ~ 0)
(20 ~ 0)

10 ~

15 ~

YU-LI PAN 69 Ht)C
YU-LI PAN 69 HBC
PAN 70 HRC
PAN 70 HBC

~ ~ ~ ~

ESS (SCALF FACTOR = 1 0)

23 Yel(1480) WIDTH {MFV)

{35' 0)
{25 0)

31 ~

30'

W 0
W O

AV ERAGE

YU-L I P AN 69 HBC
YU-I I PAN 69 HBC
PAN 70 HBC
PAN 70 HBC

15 ~

20 ~

~ ~ ~ t ~ ~ ~ ~ ~

MEANINGLF. SS (SCALE FACTOR = I 0)

+ Pt+P TO K PI (AM
+ Pt+P TO K PI SIG
+ P I+P TO K Pl LAM
+ P I+P TO K P I SIG

+ PI+P TO K Pt LAM
+ Pl+P TO K PI SIG
+ PI+P TP K PI 1.AM

+ Pl+I TP K Pl SIG

9/69
9/69
3/71¹
3/71¹

9/69
9/69
3/71¹
3/ 71¹

23 Y¹1(1480) PARTIAL OFCAY MODES

Pl
P7
P3

Ye 1 I 1480) I NTO KBAR N

Y»1(1480) INTA LAMBDA PI
Y¹1(1480) INTO SIGMA PI

DECAY MASSES
497+ 939

1115+ 139
1189+ 139

23 Y¹1(1480) BRANCHING RAT I OS

8 1 V»1 {1480) INTO (SIGMA P I ) /(LAMB()A P t ) (P 3) /lP2)
Rl O (0~ 72) ( 0o49) YU-Lt PAN 6& HBC +
Rl Oe 82 0 ~ 51 PAN t 70 HBC +

R2 Y¹1{1480) INTO ( PROTON KOBAR) /{LAMBDA P I I (PI I /( P2 )
R2 O {0 36) t 0 ~ 25) YU-LI PAN 69 HBC +
R7 Oe36 0+25 PAN 70 HBC +

9/69
3/71¹

3/71¹

ONDON 66 HBC

RI1ENTERO 65 HBC

UWE 64 HBC
ASTIEN 61 HBC

-0.05 O. OS 0.1S 0.2S 0.35
Y&1 (1385) B.R. INTO (SIGNA PI) &LAI1BDA PI

CHISQ
0 ~ 1
3 ~ 1
0.1
2.3
5.7

(CONLEV
=0.129)

¹¹¹»¹¹e¹¹¹e¹¹¹ea¹¹¹e¹¹¹e¹¹¹e¹¹¹»¹¹¹e¹¹¹¹¹»¹¹¹e¹»¹¹¹e¹¹¹¹¹»¹¹¹
REFFRENCES -- Y¹ltlr 80)

YU-L I PA 69 PRL 73 R06
YU-LI PA 69 PRL 23 t)08
MI (.LER 70 DUK F 229
PAN 70 PR D2 i 449

YU-L I PANe F I. FORMAN ( PFNN I I
YU-L I PANg F L FO'RMAN (PFNN) I
0 H MILLER (RF VIEW TALK ) I PURDUE I
+FORMANiKOiHAGOP IANi SELOVF. ( PENN)»a¹¹¹¹e¹¹¹¹ee¹¹¹¹¹¹¹¹¹¹¹ ae¹¹aee¹¹e¹»¹¹e¹¹¹¹¹¹¹ae¹¹¹a¹¹¹»e¹e¹e¹¹¹ea¹

EN{) PRODl)CTION EXPER t MFNTS
¹

.¹¹e¹eeeeeeee¹ eeaeaee¹e ee¹¹eeaeeeee¹¹e¹eeee¹¹ee¹eeae¹¹eee¹ee¹¹¹ee¹
¹¹¹¹¹¹ ee¹¹e¹e¹eee¹¹»e¹e»a¹¹¹¹ee¹¹a»a»ac¹¹¹ee¹eeee¹¹e¹¹¹e¹e¹¹¹¹»¹¹¹¹¹
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For notation, see illustrated key at beginning of data card hstings

Z(1620)
~l

32 Y¹1(1620 r Jp=1/2-) I=1 s-)f f
THP K-MATRIX ANALYSIS OF KIM 71 SUGGESTS THIS STATE ~

THF. f LAST[CI TY f 5 RF ALLY 5 MALL r

reported evidence for this state in the A77 channel

(ARMENTEROS 69), which they now disclaim. This is
because of the fact that new data. have been added at

( 1620. I

32 Y»1( [62 0 l MASS (HF Vl

KIM 71 DPWA K-MATRIX ANAL' 3/71»

the low-energy end of their previous analysis (i. e. ,
around the l600-MeV region) and now the preferred

32 Y¹1(1620) WI ATH (MFV)

(40 ~ I KIH 71 DPWA K-MATR IX ANAL ~ 3/71»

37. Y»1( 1620) PARTIAL DECAY MODES

Pl Y»1(16?0) INTO KRAR N

P2 Y«1( I hZO) INTO 5 [GHA P I
P3 Y»1( lh20) INTO LAMBDA PI

DECAY MASSES
497+ 939

1197+ 139
111'5+ 134

32 Y«l ( 1620) BRANCHING RAT I AS

RFLOW Xl = (PARTIAL-WIDTH 1)/TAT&L WIDTH, FTC ~ A SIGN 'WHERE
E XPL IC ITr I S IN THF CONVFNT [ON At SCUSSEA fN THE Y» MIN[-REVI EW~

Rl
Rl

Y ¹I(16?0) [NTO KRAR N

(0 05) KIM
Xl

71 DP WA K-MATRI X ANAL ~ 3/71»

RZ
RZ

R3
R 3

Y«1(1620) FROH KRAR N TO SIGMA P[
(0~ Afl) KIM

Y»1( lh?0l FRAM KBAR N TA LAMBDA Pf
(Orlfl) Kf M

SQRT( Xl»XZ l
71 OPWA K-HATR I X 4NAL ~ 3/71»

SORT(Xl»X3)
71 APWA K-MATRIX ANAL ~ 3/71»

REF ERENCFS -- Y»1( 1620'I

KIH 7) HARVARD PR FPR INT J ~ K ~ K I M

SPE A[ SA AIJKF 161 J ~ K ~ K IM
(HARV) I JP
(HARV) I JP

«»««»««¹»»»¹«¹»»¹»¹»»»«»««««¹»¹»» «¹««»«»¹»»»»»»«»«» «»»»»»»»»»«««»«»»

solution shows structure at a higher mass, in the ATI

channel.

Production experiments. Here the evidence is

only in the A7[ channel. The BNL-CCNY colla, boration,

with increased data, CRENNELL 69, still claim the

effect in the ATI channel (no evidence seen in KN or

KN7r). SABRE 70 studied the same reaction at 3.0
GeV/c with coznparahle statistics anti tio not see any
evidence for it in the JIL7[ channel; on the contra, ry,
they believe it to be a spurious peak resulting from
misidentified Z from the production of Z(f670) de-

0 +ca.ying into Z Tr . CRENNEI L 69 give counter argu-
rnents to show that this is not the case in their data

Z(1620)
79 Y«1( 1620 ~ JP=I /2+) I -"1 ~l

SEE THE MINI-RFVIJE AT THE START AF THE Yt LIST[NGS ~

THF PART I4L-WAVE ANALYS IS OF K- N TO SIGMA PI BY
ARMENTERAS 70 SUGGFSTS SIICH 4 RE'SANANCF ~ KIM 71 F fNDS
A SIGNAL IN RATH KBAR-N AND SIGMA Pl

Yt1( 15ZO ) MASS ( HF V'I

1500 -- 1 600 ~

( 1670r I
AR MF NT ERA 70 HDBC 0- K-N TO 5 [CrMA P I
K[M 71 DPWA K-MArR I X ANAL ~

79 Y«l( lhZO) WIDTH (HFVl

«»»»¹¹t«¹»«»»««¹««««««»««¹t¹¹« » «» t»«»»»««»«»»»» «»«»»»»»»«t»»»»tt»«««»»»»
»»t««««»«»«tt»¹»«¹««««»«»»»*¹t»t»«»«»»»»»«»«»»t»»»»»««»»»»»»t»»»»»»»t«»»»«»

6/70
3/71»

and the controversy goes on. AMMANN 70 studied.
the sasne reaction at 4.5 GeV/c and report a state at
1640 MeV, again decaying only into Avr (no evidence
seen in Z7[ or KN channels). The closeness of this
mass to f670 ~eV is suggestive that this effect may be
related to what goes on in that region (see discussion
below).

(50r0)
(&0~ I

APMENTERA 70 HDBC 0- K-N TO 5(GHA PI
Kf M 71 DPWA K-MATRIX ANAL ~

6/70
3/71» In conclusion, for Z(&620) we have to wait for

Pl
PZ

79 Y«1( 1620) PART f AL OEC4Y MODES

Y» 1(.l 620) [ NTO K BAR N

Y»1(fh?O) INTA 5[CMA PI

79 Y»1( 1620) BRANCH fNG RATIOS

DEC AY M ASSE 5
497+ 939

1197+ 139

more data and for a. complete understanding of the

entire mass region f600 to 1700 MeV. The hope is
that the determination of quantum numbers for each

RI
Rl
Rl

RZ
RZ

BELOW Xl = (PART I AL-W IATH 1 I/TOTAL WIOTHr ETC ~ 4 SIGN WHERF

EXP(. IC IT I 5 IN THF CANVENT IAN DI SCUSSFD IN THF. Y» HIM[-REVIEW

Ytl( 1620 l INTA KRAR

(0 14l Kf M

Xl
71 APWA K-HATR f X ANAL ~

Y»1( lh20l FROM KRAR N TO SIGMA Pl SQRT (XI»XZ )
(+0 7) ARMENTERO 70 HDBC 0- K-N TA SIGMA P I
(0 24l K IM 71 DPWA K-MATRIX ANAL ~

6/70
3/71»

3/71»
Z(1620)
BUMPS

78 Y«1(1620r JP= I I=l PROOFS EXP'

SEF. THE HINf-REVUE AT THE 5TART AF THE Y«L I .TINGS

of these effects for each decay mode may eventually
clarify the situation.

«»«¹*» «»»»««»»¹ ¹»t«»««t»»¹»««»»»«»»»t»»»»»»»»»»»»»»»»»«t»«»»»»t««»«

REFERFNCES -- Y«1( 1620)

ARMENT&R 70 DUKE 123 ARMENTERAS r BA ILLONr +
K I& 71 HARVARD PREPRf NT J~ K ~ KIM

SFE AL SO OUKF 161 J ~ K KfM

(CERNr HE IOEL ) I JP
(HARV) IJP
[HARV) I JP

Note on Z( f620}

«»«»«»»««««»»¹««««««««t» «»«»««»»» «»«»«»«»t »tt»tt»»»»«t»t»t»» t«»«t«»
»««»»»»¹»»t»»»«»»t«»«¹»«»»t»t»t»« t»»t»»»«»»»»»»»»t»»««tt»»»»»»»»»»»

TH[ 5 R F SONANC F NEEDS CONF I RMAT I AN THF. R F Si)L7 5 OF

CRENNELL 69 AT 3 ~ 9 GEV/C ARF. NAT CONF[RMFD BY THF SABRE

CO[.LABORATION AT 3 ~ 0 GEV/C ( BARR E 70I ~ HOWEVFR IN AN EXPER [MENT AT

4 ~ 5 GEV/C ~ AMMANN 70 SFE A PEAK AT 1642 &EV WHICH ON THF. BASIS OF
BRANCHI NG RAT IAS THEY DO NOT ASSACf ATE WITH THF Y»1( 1670) . SFF. MILLER
70 FOR A RFVI EW OF THESE CONFL ICTS

THERE WAS AN INDICATION OF A Y«lt 1610l [N AN EARLY PHASF. -SHIFT
ANALYSI S OF K-P TO L AMBOA P f HOWFVER MORE OFTAIL ED ANALYSIS OF

HORF EXTENSI VE DATA RY THE SAHF. (CERN HEI OELBERG, SACLAY) GRAU&

FAIl. EO TA CONF IRr( TH[5 RESULT HOWFVFR THF Y NAW SEE IT [N THE Sf GMA PI
CHANNEL (SEE PRFVIOL)5 ENTRY'I ~ (DLD LAMBDA Pf ANALYS [5 L I STED 45
ARMFNTERAS 68 NEW ANALYSIS AS ARMENTERAS 70 ~ l

78 Y«1(1620) HASS (MFV)

This state was first suggested by the BNL-CCNY

collaboration (CRENNELL 68) who presented evidence

for it in the reaction K n ~ Z(f620} TT+g with Z(1620)

decaying into AY( . Since then there have been con-

flicting reports about this state. A good review of the

production experiments ha. s been recently given by

MILLER 70. %e summarize here the situation.

N

M

M

M AVG

W N

W

W

W AVG

( 1616~ Ol
EVF. NTS AF

20 161fl ~ 0
1619» 0
1642 ~ 0
~ s ~ ~

1619~ 4

(8 0) CR ENNELL 68 DBC +- K-D 3 ~ 9 REV/C
C RENNEL L 68 ARE IN THE LARGER S AMPL F. [IF 6 RFNNFL L 69 ~

3 ~ 0 RLUHENFCL 69 HRC + KA L JNG + oROTON

8 0 CRFNNELL 69 OBC +- K-N TO L4M 3 P [
12 ~ 0 AMM4NN 70 DRC K-P 4r5 GFV/C

3 ~ 8 AVERAGE ( FRROR [NCLIJDFS SCALE FACTOR OF 1 4)

78 Y«1( 1620) WIDTH (MEV)

11/68

9/69
6/70

(66r Ol
20 30r 0

72, 0
55 ~ 0

(16~ 0)
10 0
22 ~ 0
24 ~ 0

CRENNFLL hfl ABC
BLUMENFEL 69 HRC

15' 0 CRENNELL 69 DRC
AMMANN 70 ABC

+- SEF NATE N ABAVE 11/68
+ 9/6 ss

+- 9/69
K-P 4 ~ 5 GEV/C 6/70

~ r r r
41 ~ 3

SE

4 ~ 0 ~ ~

AVER AGE ( ERROR INCLUDES SCALE FACTOR AF 1 5 I

E THF. NOTE 5 ACCOHPANYING THE MASSES QUOTEO

Formation experiments. The CHS energy inde-
It

pendent (see note on Y 's} partial-wave analysis

(ARMENTEROS 70) shows evidence for a P&& state at

16&0 MeV in the Z7( channel. They had previously

P1
P2
P3
P4
P%
P6

Y»l(1620l
Y«l( 1620)
Y»1 (16201
Y»1 ( 1 620l
Y«1(1620)
Y»1( 1620)

78 Y»1( 1620) PART I AL DECAY MODF 5

INTO KRAR
I NT 0 L AMRDA P I
INTO Y«1( 1385) PI
INTO LAMBDA P I PI
INTA SIGHA PI
INTO Y¹0(l, 405) PI

DECAY sIASSES
497+ 939

1115+ 139
1385+ 139
1115+ 139+ 139
1197+ 139
1405+ 139
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For notation, see illustrated key at beginning of data card listings

R I
Rl

R2
R 7.

R2

Y«l( 1670) INTO &KSAR N) IILAMSQA PI)
&0.0) &Qil) CRFNNELL 68 DSC

0 0 4 AMr(AKIN 70 ORC

& P 1)l (P2)
+

K-P 4 ~5 GEV/C

78 Ysl& 1620) BRANCHtNG RATIOS

Y«lt lf'20) INTO (L AMSDA P I Pl) /& LAMBDA P I 1 {P4)/(P3')
14 & 7 ~ 5 ) hP PR.')X RLUMENFE L b9 HSC «

6/70

Z(16"IQ)
44 Y*1(1670,JP = 3/2-1 I =1 i 3
'SEE THE MI «Il-RF V!IF AT THF. START OF THF Y«L f ST tNGS ~

SEE NATE ABAVE
W FLL FSTASL I SHFD RESONANCE ~ IT HAS SEEN SEEN IN RATH
FORMATION ANA PRODUCT IAN EXPFRIMFNTS HCIWFVFR THE
BRANCHING RATIAS OBTAINED OY THESE TWO MET!{DOS SHOW
LARGE INCANSISTENCf ES ~

R4
R4
R4

Ys I ( 1620) f Nl'O LAMROA P I
LARf E

(P7)
CRFNNElL 6R OSI. +-

(P3)/(P2)

K-P 4 ~ 5 G EV/C

Y« I{1620) INTO & Y«1 (I 385) PI) /(1 AMSDA P I 1

(0 ~ 2) (0 ~ 11 CRFNNELL 6R DRC
(0 ' 3)i)R LFSS CL= 9& 4MMANN 70 QSC

11/68

11/68
6/70

S FF. L t ST I NG AF PROOUC CION FX PER IMENTS BELOW

45 FOR THF. QUANTUM
'

NUMBERS» THE ANAlY SES OF lAMBDA PI CHANNEL t IN
FCIRMAT f AN EXP ~ ) AS WF& L AS THE S IGM4 P I CHANNEL AGREE AN JP=3/2- ~

44 Y»1( 1670) MA SS I MEV)

R '5

RS

P»r

Rh

Y«l( 1620) INTO t SIGMA of) /(LAMROA P I)
( 1 ~ 11 ( 95 PC UPPER L I WIT ) Ai»MANN 70 DSC

Y*1&1620) INTO (Y¹0I 14051 P I 1/( LAMBDA P I }
0 ~ 7 0 ' 4 AsIMANN 70 OSC

( P51/ t P21
K-P 4 ~ 5 GFV /C

f P6) I f P2)
K-P 4a5 GEV/C

r. RF qNFI I.
f»l!f NF. NFf'

CRI: "INF LI,

A»RA'4N

RFFFRENCFS -- Y«1{ 1620)

I BNL i CCNY) I
{SNL I t

{BNL, CONY) I

Sr& PRL 21 64f» '+AFLANFY FLAr»INI 0 KARSHONi
69 PL 298 SB riL U '» F.N F F. L 0 ~ K 4 L 8 FL E I S&. H

rrr9 i I!NO o AP FR 183 +KhRSHAN LA I CINE (L SCARR +

(:.R FNNFLL 49 RF 'SUL TS ARE QUOTED IN LEV I SETT& 69 ~

70 RRL 24 327 «&'ARF INKFL CARMANY ~ GUTAY « t PUROUF ~ tNA )

PAPERS NOT RFFFRRFQ TO IN AAT4 CARDS

h(r»F NTFR
LFV[ SETT
TRI PP
S hRR F.

AR MENT frR
'»I L L &-: R

68 NP &f) 183
69 LUNA C rPIF
49 UCRL 19)61
70 NP 816 ?01
TQ OUKF. 123
70 AIIKF 729

AR r»FNTF RAS, R 4 I LL r)N + (CERN+HE I 0+SAL AY )
R LFVI SFTTI

(RAPPORTEUR�)

EF INS
R 0 TRIPP (LRL )
SABRE COLL 48 t SACL, AMST, BGNA »REHA EPCIL )
ARMFNTFRAS vSAILLON + &CERN+HE ID+SALAY)
D H MILLFR (RFV'IFM TALK) ( PI)R DUF. I

» «««e» «««» «»««» e««e«««es e«e«es««e»«se«»se¹ ««sess«ee «««es«eee eeeeese

6/70

6/70
M

M

M

»»

M

1660.0
1668,

t 1661~ 0)
Ief)0 ~

1663~ 0
1 672 ~ 0
1660'
1662 ~ 0
1665 '
167Q ~

60' 0
56 ~

(44 01
47 ~ 0
49 ~ 0
34 ' 0
'50,
4 f) ~ Q

50,
40e

{5~ 1

\2 ~ 01

t 2 ~ 0'I

{5~ Ql
(10~ 1

BFRLFY
AR MF NTF R

ARMENTE 2
ARr»ENTE4
AR MENT- 5
BERLEY
AR MFNTER
GAI TIER t
GALTIFRI
Kf M

64 HRC
68 HRC
br) Hf)C
69 ABC
69 . HSC
69 HRC
70 HSC
70 HRC
70 HRC
71 OPWA

44 Y»'1(1670) WI 0TH & MEV)

BF.RLFY
AR MFNTER
ARMFNT E 2
ARMFNTE4
ARMFNT-5
BERLEY
AR MENTER
GA LTI ER I
GALT I ER I
Kj I»

64 HBC
6R HRI:
6 f) HBC
69 DRC.
6'9 HRC
6'9 HRC
70 HSC
70 HBC
70 HSC
&I DPM A

(18 )
(4~0)

Ql

(5 Ql
( IQe )

Ysl( 1670) PARTIAL DFCAY MODES

0 K-P TO LAM P(0
0 K-P f'. LAS ~ +CH ~ EX
0 K-P TO SIGMA R I

K-N TA SIC,— Plo
Q K-P TO SIGMPI FD

K-P TA 5IG PI
OK-P TO LAM ~ PI E I

f) S IG P jicOPMA
0 L4M ~ Pt i EOPWA

K-MATRIX ANAL

0
0 K-P ELAS +CH~FX
0 K-P TQ SIGMA Pf

K-N TO 5 I G- P IQ
0 K-P TO Sl GMP f Fri

0 K-P TO LAMB+PI
Q S(G PI, EQPWA

0 LAM Pf i EDRMA
K-MATR I X ANA(. ~

7/66
Il/68
11/68
12/68

5/70
5/70
7/70
7/70
3/7 1»'

7/ee
11/68
11/68
12/e8
9/69
'5 /70
5/70
7/70
7/70
3/71»

«e««««

««««««
«as .:*«

Note on Z(4670)

Formation experiments show the presence of

«s«e«s««««e«««es» ««ee¹» «»e «««»ss««e»ss«««*s««e«e«»»e» ee««««e
FNO PRUQUCT ION FX PER IMFNrS

««««««e«swee» «««» ««ee««sse»««»ss«s» ««»»«s»se e««e»»»es «ee«eee»
*»«««s«s ««s««»»e» «««»««ae» ««e«e«ee» esses«e»» «eee»esse eee»»es» Pl

P2
P3
p4

'P5
P6
P7

Y«1 I 1670)
Y e 1 ( 1 e 701
Y¹l(1670)
Y«l( 16701
Y»1( 1670)
Y»1{16701
Y«1( 1670)

INTO
I NTA
tNTA
INTA
INTA
I NTO

I NTO

KBAR N

LAMBDA P I
SIGMA Pf
LAMBDA P I Pl
SIGMA Pl P 'I

Ye 1 t 13851 Pl
Y»'0(14051 Pf

DECAY MASSES
497+ 939

1115+ 139
1 197« 139
1115+ 139« l39
1197+ 139+ 139
1385+ 139
14 05+ 139

only one I = 1 state in this energy region with major
decay modes into KN (9/0) &7r (IO/0), Z7r (40/0) and a

very small branching fraction into Z777r. Its quantum
Pnumbers a.re J = 3/2

Production experiments are more confused.

Rj.
Rl
Rl
Rl

R2
R2

44 Y «1 & 1670) BR ANCHING RAT IOS

BELOW Xl = (PAR TI AL-M IDTH 1 ) / TOTAL 'WIDTH» ETC ~ A S I GN WHERE
EXPL IC IT IS IN THF. CONVENT ION flISCI)SSED IN THF Ys MINI-REV IEM ~

Y»1( 1670) INTO 'I LAMBDA P I Pt ) /TOTAL
(0 ~ 11 ) AR LF SS AR MFNTF3 6R HRC

t P4 ) I TOTAL
K-P {PI= 091

Y«lt 1670) INTO (KSAR N) /TOTAL X).
(0~ 09) (0+0? I ARMENTER 68 HRC
0.08 &0 ' 0?') ARMENT-5 69 HSC 0 ELAS +CH ~ FX+ ED
0 F 07 KIM 71 APWA K-MATRIX ANAL ~

9/69
9/69
3/7 1»

9/69

When determined, the most likely quantum numbers

are also 3/2 [for Zrr and A!i405)ri]. The measured
branching ratio R = Zrr/Zrrrr changes with the rnornen-

turn transfer to the proton. This was first observed.

by EBERHARD 69 who suggested the existence of
rr

Z Y with the same ma. ss and quantum numbers; one

object with a large Z7r7r tmainly A(f405)7rj decay mode

produced peripherally, and another one with a large
ZTT decay mode produced at lax'ger angles. This ob-
servation has now been confirmed by AGUILAR-

BENITEZ 70 .
The other difficulty comes from the different

Arr/Zri branching ratios reported by the various ex-
I&

periments. The possibility of a. third. Y& state with

a large Arr/Zrr branching ratio still artists This la.rge

branching ratio is the main justification for this hy-

pothesis and needs confirmation. It relies on the
0 +separation between K p-~ATr 7r and K p~ Z 7r Tr

that is experimentally difficult at high energy. These

problems are reviewed by MILLER 70.
Two resonances of the same spin and paxity have

been hypothesized by EBERHARD 69 as the origin of

much of the complexity observed in the l600 to 4700

MeV region in production experiments. See also
note on Z(i6ZO).

R4
R4

Y«l(16701 INTO t Y»0(1405) PI )/TOTAL
( 0 ~ 061 OR LF SS ARMENTF3 6R HRC

( P71I TOT AL
K-P AND 0-P 1«09 ll/68

R5
R5
Rg
R5

Yelt 1670) 'FROM KBAR N TO LA»IBQh PI SIR 7 {X I e X2)
+0. 1 ARMENTER 70HRC K-P TO Lhrr»B Pl
+0.09 (0 02) GALTIFRI 70 HBC 0 LAM Pl, EDPMA

0 ~ 08 KI M 71 DPW 4 K-MATR t X ANAL ~

'5 /70
7/7Q
3/7 1»'

R6
Rb
Il6
R re

Re
Re
Rb

Yt lt 1670) FROM
t+0 ~ 21)
+0 ~ 19
+0 20
+Qo 18
+0.18
0.15

KRAR N TO S IGMA Pf
t 0 ~ 01) ARMFNTE2

ARMENTE4
{0~ 01) ARMFNT-5

BERLF.Y
{0F 061 GALT IER I

Kf M

SQRT(Xl«X3)
68 HBC 0 ALA DATA
69 OSC
69 'I&BC 0 NEM DATA
69 HBC
70 HBC 0 S IG PI i EOPWA
71 f)PMA K-MATRIX ANAL e

11/68

9I69
5/70
7/70
3/71»

R7 Yel( 1670) INTO {Y«1( 1385 ) P I )e (KBAR N) /TOTAL»»2 {P6»P1'I/TOTAL»«2
R7 (0 031) (0 00r I SI MS 68 DSC 11/68

RS
Rf1

Y«lt 1670) tNTO (Y«0(140'5)Pt)»(KSAR N)ITOTAL»»2 (P7«PI)/TOTAL«e?
I 0~03) OR LESS RFRLEY 69 HSC 0 K-P ~ 6- ~ 92 SFV/C 5/70

»es««» «e«e«»see»»se««s»» «sees»»»» «eee»eee» eee»e»»e»

RFFERENCES -- Y«1( 1670)

BFRL EY 64 AUBNA CONF I 565 +CONNOL&.

Y»HART�

»R AHM» STONEH tll, + tSNL I I JP

ARMFNTER 68 NP 88 195
ARMFNTE I 68 NP BR 183
ARMENTE2 68 NP 88 ?23
ARMENTE3 68 Pl 2f)8 521
51 MS 68 PRt. 2 1 141

ARMENTERAS iRAILLON «(CERN+HEID+54CLAY) IJP
ARMFNTEROS, RAILLON + (CFRrrf»HEI Q+SACLAY1I JP
ARMENTFROS+BAILLON + (CERN+HFIOE+SAClAY I IJP
ARMENTERAS, RAILLON + (CERN«HEID+SACLAY) I

3 Sf MS ~ ALBRIGHT ~ BARTLEY, rr»EER«(FLO+TAF TS+BR41

ARMFNTE4 69 NP 810 459
ARMENT-5 69 NP 8 14
BER(. FY 69 Pl 30 8 430

ARMENTERAS, RAtLLr)N, MtNTEN + (CERN+SAC(. AY) J
AR MENTERAS» SAILLONi + (CFRN ~ HE I AEli SACLAY') I JP
BERLEY »HART ~ RAHM ~ MILL IS ~ YAM4 IOTA (RNL I

ARr»ENTER 70 AUKE 123 ARMENTFROS ~ SAILLON ~ +
GAL T'IF. RI 70 DUKE 173 4 ~ RARSARQ GALTIER I
Kl M 71 HARVARD PREPRINT J ~ K ~ KIN

SEE At. SO DUKE 161 J ~ K ~ K IM

(CERN» HE tD)
(LRI. I I JP

(HARV) I JP
{HARVlfJP

P4PERS NOT RFFERRFO TO IN DATA CARDS

BAST IFN1 63 PRL 10 18S P L BASTIEN» J P BERGE (LRL I I J
RF Pl AC ED SY RA ST I EN 2 ~ SUT S I »(I L AR AND MORE READ IL Y AV A I LASL f.

BAST IFN2 63 UCRI. -10779 THESI S P l BASTIEN (LRL) I J
T-ZADEH 63 PRL 11 470 TAHER-2 hAEH» PROW SE» SCHLE IN i SLAT FR ~ + ( i)CI.A ) J P

SEE NOTE FO&. LOWING SCHLEIN 66 ~

SCHLF IN 66 UCLA-1016 P ~ E ~ SCHLEIN» T G ~ TR IPPF (UCL A1 J P
REANALYSES DATA OF T4HFR-ZADEH 63 BASTIEN 63 hNQ AlL PUBL ISHFD
LAMBDA & I CRASS SECT ION DATA IN THE L tGHT OF THE ROM KNOWN
Y«1(1765) RFVFRSFS THF MOOEL-DEPENDENT CONCLUSION OF TAHER-
ZAOEH ON THE PREFERRED JP ASSIGNMENT {FROM 3/2+ Tf) 3/2-) ~

S~ART e6 PR(. 17 556 W 8 SMART ~ 4 KERNAN G E K4LMUS ~ R P FLY (LRL I IJP
ARMEAITER 67 NP 83 59? ARMENTFROS FERRO-LUZZ't+ (C'ERN HEIO ~ SACLAY)

»»e»»e »see»«»»» »e»esse»s «e»»e»e»» »sees»»»» e»»»see»e e««e«»see »»ee»»«e
e»»»ee »»»sees»e »sees»»ee »e»e» ee»» ee» »ee»ee » eee«e»ee » «e«esses »»ee»»»

R3 Y«l(1670) INTO (StGMA PI Pf )/TOTAL ( PS) /TOTAL
R3 4 {0~ I4) AR LESS ARMENTE3 68 HRC K-P 4NO 0-P 1« ~ 09 ll/68
R3 4 RATIO ONLY FOR (SIG2PI) SYSTFM tN f=l WHICH CANNOT SE Y«l (1385) 11/68
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Z(1670)
BUMPS

SEF. NOTE PREC EO I NG Y¹1I 1670')
f&RC)BARLY THFRF ARE TWf) STATES AT SAME lehSS WITH SAME

QU4»T!JM NUMRFRS ONE DECAY INC tNTO S IG&4 P f AND LAMBDA

P I THF. OTHER IN~ Tf) Y «0(140'5) P I BRANCHING RAT f OS NOT

[lf SFNTANGL EO

YET�

& WF L I ST THEM TOGETHER FOR NOW ~

For notation, see illustrated key at beginning of data card listings

X(1S70) PRODUCTION EXPERIMENTS
Z(1690)
BUMPS

Sar@one

58 Y«l( 1690& JP= ) I=1

SFF. THE MINI-REVUF. AT THE 5TAP T flF THF. Y¹ LIST INGS ~

SFE NOTE PRFCEOING Y¹1(1670)Lt STfNGSr SEEN IN PPO ~

EXPERIMENTS ONLY MAI N DECAY MODE IS LAMBflh PI ~

44 Y¹l(I. 6701 MASS (MEV) -----PRODUCTION ' 58 Y¹1(1690) ulhSS (MEV)

(1685' 0)
1660 0

{1665 ~ 0)
70( 1661~ )

SFF BARNFS
1570 0
1&68~ 0

M

&{

P
p

M

M 4 ~ ~ ~ ~

M AVFR AGE MFANI NG&LE

ALFXANOER 62
ALVAREZ 63
BUGC 68
PRI MER, 6R

ANALY S I S flF f)AT A (
AGUI L AR 70
AG{JI LAR 70

10 ~ 0
{5.0)
(9 ~ )
69 FOR NEW

6 ~ 0
10 ~ 0

~ ~ ~ ~

SS (SCALC FACTOR = 1 0)

HBC 0-
HBC +
CNTR
HBC +
3 T IMF S
HRC
HRC

P I -P 2-2 ~ 2 RF.V/C
K-P 1 ~ 51 REV/C
K-P r 0 TOTAL C 5
K-P 4 ~ 6-5 ~ GEV/C 7/68
MnRE DATA) 10/69
5 I(& ~ PI K P 4 GEV 5/70
5IG ~ 2PI K-P 4GEV 5/70

M

M P
M N

M

M P
M P
M N

M

30( 1715~ 0) ( 12 ~ 0) ( OLLFY 67 HRC + K-P 6 GFV/C

60t 1694& 0) (24 ~ 0) PAfMFR 68 HBC + K-P 4 ~ 6-5 GEV/C

(1700,0) (6 0) 5 I MS 68 HBC — K-N TO I AM Pl PI
(1700& 0) t ZO ~ 0) MOTT 69 HBC + K-P 5 ~ 5 GEV/C

46(1682~ 0) (2 ~ 0) BLUMENFF L 69 HBC + KO LONG + PROTON

SFF. Y¹1(1*70) LI STING-AGUIL AR 70 WITH THRFF. T I MFS THE DATA OF

PR I MFR 68 Sf{C)W THAT THFY HAVF. NO EV I DENCE FOR Y¹( 1690)
TH I '5 AN AL Y S I S ~ MH I CH I 5 0 I F F I CUL T AND R EQ( I I R E 5 5 F V FR 4 L 4 5 SUMP T I ON 5

AND SHOWS NO UNAWRIGUO(JS Y¹1(1690)Sjf&NAL, SUGGFSTS JP=5/2+. Si)C'H A

Y«WD(JLO LEAD ALL PRFV IO()SLY KNO'WN Y¹ TRA JFCTOR tES.

8/r& 7
7/6 8

11/6R

9/6 9

44 Y «1( 1670) WIDTH {ME V) -----PRODUCTION

W (45 ' 0)
M 40 ~ 0
W ( 30.0)

P 70 {60~ )

M SF.
W 110.0
M 135~ 0

~ ~ ~ ~

W AV FR AGF RF AN I N

AL F. XANOF. R rr?. HRC 0-
10 ~ 0 ALVARFZ 63 HRC +

( I. 5.0) BUGG 68 C NT R 11/66
( 20 ~ ) PRIMER 68 HBC + K-P 4 ~ 6-5e GFV/C 7/68

F. THF. NOTC5 ACCOMPANY I NC THF MASSES QUOT FD ~

12.0 A('UI LAR 70 HBC 5 IG P I K-P 4 GEV 5170
40 ~ 0 30 ~ 0 AGUILAR 70 HRC 5 IG ~ 2PI K P 4GEV 5/70

~ ~ ~ ~ ~

(LFSS {SCALE FhCTDR = 3 ~ 4)

44 Y¹1(1670) BRANCHING RAT IOS PROD ~ EXP ~

Aj
Rl
Rj
Rl
Rl
Al
Rl
Rj

Y¹1(1570) INTO (KRAR N) / (5 f GMA PI )

0 (0.14) OR LFSS ALVAREZ
(0 ~ R ) +- ~ 25 OR Mf)RF. SM ITH
( 0 ~ e&) 'lP LF. SS LONDON

{0~ 025) RUGC&

0 (0 ~ 24) OR LFSS PA f MFA

( 0 ~ 26) flR LF SS BARN ES
{0 2 ) '.)R l. "-55 AGUI L AR

PROD ~ FXP ~ (Pl)/(P3)
63 HBC + K-P AT 1 ~ 1'5 REV/C
63 HRC 0-
66 HBC + K-P AT 2 ~ 25 BEV/C 7/66
68 CNTR 0 ASSURING J=3/2 11/66
68 HBC + K-P 4 6-5 ~ (&FV/C 7168
69 HBC + K P 3 ~ 9 5 GEVIC 10/6'9
70 H(3C 5/70

D ( Lh~B. Pj ) I (5 IG Pl ) PR()O,
hLVAR EZ 63
SMITH 63
HUWE 64
LONDON
B(JTTON-5 68
PPIMCR 68

fl Tlf I S flECAY TCf BF Al. L Y¹(
flN OF OAT 4 ~ ( 3 TIMES 'KrfRE 0
15 BAANES 69

FXP ~ (P2)/(P3)
HBC + K-P AT 1 ~ 15 REV/C
HRC 0-
HBC +
HBC + K-P AT 2 ~ 25 BEV/C 7/66
HBC + K-P AT 1 ~ 7 GFV/C 10/69
HRC + K-P 3 ~ 9-5 GEV/C 10/69

1690)- SEF. BARNF. S 69 FOR
ATA)

HRC + K-P 3 ~ 9-5 GEV/C 10/69

RZ Y¹1( 1670) I »
R? 130 (1 ?0)
RZ (1 2)
R? 0 15
RZ 0 ' 6
A2 33 0 ~ 11
RZ o 0 (0 ~ )
R2 o PRIMER 68 4 &q(JM

R2 P»EW INTFRPRATAT
R? 0 ~ t&5 0
AZ ~ ~ ~ ~ ~ ~

R2 AVFR AGE MFANINGLFSS

T

C

I

0 ~ 07
OR LFSS

0 F 06

~ ~

( SCAL F. F4CTOR = 1 ~ 5)

R3
R3
R3
R3

Y¹l (1670) INT() ( LA&8 ~ PI PI )/ (5 IG P f ) PROD (P4) / I P3)
90 ( 0 ~ 56) ALVAREZ 63 HBC + K-P AT 1 15 RFV/C

( 0 ~ 17) SM IT H 63 HPC 0-
{0 6) OR LF SS LONDON 66 HBC + K-P AT 2 ~ 25 BEV/C 7/66

58 Y¹jt 1690 l Mf flTH (MEV)

30 ( 100& 0) ( 35 ~ 0) COLLEY & 7 HB(. +

60 (105~ 0) ( 35.0) PRfMFA 68 H(3C +

N {62~ 0) ( 14 ~ 0) Sl MS 68 HBC — SEE NflTE N ABOVE

( 130~ 0) ( 25 ~ 0) MOTT 69 HBC +

46 (25&0) {10 0) BL(JMENFF L 69 HBC +

SFE THF. NOTFS ACCOMPANY I NG TH'E MASSFS QUOTEfl

58 Y¹1{1690) PARTIAL DECAY MODES

Pl
P2
P3
o4
P5

Y¹1(1690) INTO KBAR N

Y¹1(1690) INTO LAMBDA Pt
Y¹1(1690) INTO SIGMA Pt
Y¹1{1690) INTO Y¹l(1385) ot
Y¹1(1690) INTO LAMBDA PI PI ( INCL()DING P4)

58 Y¹1{1690) BA ANCH ING RAT I ()S

DECAY MASSFS
447+ 939

1115+ 139
1197+ 139
)3RR+ 139
1115+ 139+ 139

Al
Rl
Rl

Y¹1(1690) INTO (KBAR N) /(LAMBDA P f)
18 0&4 Oe25 C')LLFY

(0 ~ 2)OA LESS MOTT

67 'f BC
59 HBC

(Pl)1(P2)
+ 6/30 EVENTS
+

R3 Y¹1(1690) INTO ( Y¹1 ( 1385 ) P I ) /( LAMBDA P I) t P4) l(o2)
R3 (0&5)OR LESS NIDTT HRC +

R4
A4
R4
R4
R4 AVG

Y¹1(1690) I NT() (Lh,"IBDA P I PI ) /t LAMBDA P I) t P5) I (P2)
0 ~ ".. 0&25 COLLEY 67 HBC + 15/30 FVFNTS

2 ~ 0 0 ~ 6 RL(J4ENFFL 69 HBC + 31/15 FVENTS

~ ~ ~ ~ ~ ~ ~ e ~

0 ' 72 0&53 AVERAGE t FRROR INCL UDCS SCALE F ACTflR C)F 2 ~ 3)

R5 Y¹1(1690) INTO (Y¹1t 1385) of)/(LAMBDA Pf Pf ) (Ph) 1(P o)
R5 SMALL COL( EY 67 HRC +

R5 L ARGF SI MS t&8 HRC

R? Y¹1(1690) INTO ( SIGMA P t ) I (LAMBDA P f ) {P3)/(PZ)
R? 0 ' 3 0 ~ 3 CflLLFY 67 HBC + 4/30 FVFNTS

R2 {0~ 4)OR LFSS (40 PC CL) MOTT 69 HBC +

8/67
7/6 8

11/68
9/64
9/5 9

8/6 7
9/69

8/57
9/69

9/69

8/6 7
9/69

8167
11/68

R4
R4

Y¹1(1670) INTC) ( 8 I GMA 'P I PI ) I {S IG P I ) PROD ~ ( P5) I ( P3)
1RO (0 ~ 56) ALVAREZ 63 HRC + K-P AT 1 e 15 85 V/C «¹¹¹¹¹«¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ «¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹

R6
R t&

A &r

Rb A

A

Y¹l( 1670) INTfl ( SIGMA P I ) I (SIGMA Pl P I )
4 OA L ES.& 8 IRM INGHA 66 HBC

0 ' 30 0 ' 15 LONDON 66 HBC

8 ET WFFN 2." AND 0 ~ 74 CRFP HAR 0 69 HBC

DEPEND I NG ON THF PRODUCT I f3» ANC&L F.

( P3) /IP5)
+ K-P AT 3 ~ 5 GEV/C 11/67
+ K-P AT 2 ~ 2'5 REV13 +/66

K-P AT 2 ~ 6 f&FV/C 9/69

A r Y«1(1670') I NTfl ( Y¹0(1405) P I) I \ 5 IG OI ) P'ROD ~ (P7) I {P3)
50 3 ~ I ~ 6 LDNDDN Wb HRC + K-P AT 2.25 BfV/C 7/66

R5 P 17 (0 5R) (0 70) PRIMFR 68 HBC + K-P 4 6-5 GEV/C 7/68

REFERENCES -- Y¹1{1690)

BLU&ENFE 69 PL 298 5 8
MOTT 69 PR 177 1966

8 J BLUMFNFFLD, G A KALRFLEISCH {8»L) I

+AMMAR r f)A VI S r KROPAC e + ( NORTHWEST r AA(&ONNF ) I

Cf)LLEY 67 OL 248 489 ( BA&GHM GL ASG, I MPCOL MUNICH OXFORD RTHRFRD ) I

DFRR ICK 57 PRL 18 266 +FIELOSr LOKENr AMMAR& (OARGO»NE&NOATHWFST) I

OERR I CK 67 I 5 RE PL AC FO RY MOTT 59 ~

PRIMER 6R PPL 20 610 +GOLDRFRG JAEGFA. BARNES, ¹ (SVRAC(JSE. RNL) I

Sf MS 68 PRL 21 1413 +ALBR IGHT ~ + ( FLOR STr TUFTS& BAANDE IS) I

R7
A7

Y¹1(1670) INTO ( Y¹0(140'5) PI ) /( SIGMA Pl P I ) I P7) / (P5)
0 90 0 10 0. 16 FBERHARD 65 + K-P AT 2 ~ 45 BE'V/C 7/66 PAPERS NOT REFERRED TO IN OATh CARDS

RR
RR

Y"1\ 16"0) INTO ( Y¹0(1405) PI ) /( Y¹l(13R'5) PI ) (P7!/t o6)
tO R) DR Mf)RF EBERHARD 65 + K-P AT 2 ~ 45 BEV/C 7/66

P9
R9

Y¹1(1670') IN (f AMBDA Pt Pfl/tS(GMA PI PI)
0 35 0 ' 2 8 I PMINGHA 66 HBC

(P4) /(P5)
+ K-P AT 3.5 GEV/C ll/67

R10 Y«1(1670) INTO (LAMBDA oj)/(SIGMA PI PI ) (P2) I ( P5)
wjn t ~ 2) CfR 1 F SS BIRMINGHA 66 HBC + K-P AT 3 ~ 5 GEV/C 11/67

AGUILAR 70 PRL 25 '58 AGUILAR-BENITE Z BARNES 84SSAND+ ( BNL+SYR )

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹«¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

ENO Y¹lt1670) PRDDUCTION EXPER j&ENTS

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹

R 11
A 11

Y¹1(1670) INTO (LAMB Pl)/ (LAMB PI + 5 fG PI) (P2) /(PZ+P3)
t0. 6) nR LCSS AGUI LAR 70 HBC

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹«¹¹¹¹¹¹¹¹¹«¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹«¹¹¹¹¹¹¹¹¹

5170
57 Y¹lt1750 ~ JP=j/2-) 1=1

S"11
SEF. THE &IN I-REV IEW AT THE START OF THE Y¹ L I STINGS ~

44 QUANTUM Nf)MBER DETERMINATION

Ql JP=3/2+ LEVF. QUE 65 HRC INTO Y¹( 140 &) +P I 11/68
Q3 Jo =3 /2- EBFRHARD 67 HBC + tNTO Y¹(1405) o I 11/68
Q4 400 Jo =3/2- BUTTON-SH 68 HRC +- j»TO 5 IGZERD+Pl 11/68

THFAF IS N(JW EV IDENCF IN THREF CHANNELS FOR AN Sl 1 RE-
SONANCF. NEAR THI 5 ENERGY, I NTCAPP FTAT lilN OF THF SIGMA

ETA THRESHOLD RUe&fP ON ITS OWN MERITS IS NDT CONCLUSIVE

(CL I NE r&7)»- MORF DATA ARE NEFDED ~ BUT BY ANALO('Y WITH THE 5 IMILAR

N ET A Af&)0 LAMBDA FTA THRESHOLD EFFFCTS r WHICH ARE hl. MOST CFRT 4 INLY RF-
SONANCES IT SFEMS VERY LIKELY THAT THIS TC)O I 5 A RESONANCE ~ SEE THE

PAPPORTFUR TALKS DF FFAAO LUZZI 46 AND )eEYER 67 FOR DISCUSSIONS ~

P FFERFNCFS -- Y¹1(1670) PROOUC EXPERIMENTS

AL FX 4NDE 62 CERN CONF 320 AL EXANDE A JACOBS KALBFLE f SCH MILLER + tLRL l I

ALVARFZ 63 PRL 10 1'34 +4( STO»eFEARD-LUZZ Ie HUWEr + (LRL)
S&{ITH 53 ATHFNS CONF 67 G A 5MI TH (LRL)
HUrlF. 64 PR 190 1824( 1469) D il HUWF tLRL )

EBCRHAPD *5 PRL 14 466 +SHI VE LY ROSS 51 EC' AL F I CENEC r (LRL

ILL�

) I

IN THE ENERGY- INDEPENDENT P ARTI AL WAV E ANALYS IS OF K- N TO LAMBDA

Of e THE Sjl AMPLITUOF APPEARS TO RFSDNATE (ARMFNTEROS 69) ~ IN 1968 IT
APPEARED TO RES JNATF NFAR 1650 MFV {ARMENTEROS 68) ANO WAS L I STEfl

HFRE fN 4S 4 SFPARATE STATE, NOW 't T HAS MOVFO CLOSF FNOiJC'H TO THF.

OTHER EFFECTS TO BE TENTATIVELY Lf STFO WITH THE~ RUT THE SI ZF. OF THE

CHANGE tN THE MASS SHOULD BE 4 HEALTHY WARNING THAT THF PARAMETERS

GI VEN Ff)R RESONANCES IN LOWER PART I AL WAVES FROM SUCH 4»AL YSES ARE

SUBJECT TO l AR(F CHANGE ~ (ARMFNTEAOS 70, FRflM WHICH THE RFSONANCE

PARAMETERS ARE QUOTED I S A SL IGHT UPOAT ING OF ARMENTFADS 59 )

8 IRM INGH
( Cf NOON

BARNES
f3U0f
8 IJT TON —5
PR I MER

AC&(J f LAR
FBERHARfl

66 PR 152 1 14 8
66 PR 143 1034
69 BNL 1 3823
68 PR 16R 1466
6R PRL 21 1123
68 PPL 20 610
70 oRL 25
69 PRL 22 200

f3 I RMINCHAM GLASGOW I.C ~ Y OXFORD, RUTHE'RFORD

+RA(J ~ SAMIOS & YAMAMOTO r GOL OBFRG& + ( BNL r SYCR ') I J
+CHUNG&EISNER&FLAMINIO+ (BNL r SYR )

+Off MORF. KNIGHT DAVI FS+ (8 IRMI CAMB RUTH) I

J BUTTON SHAFER (UNIV e{AS+LRL ) JP
+G&llLDB F RGe JAEGER e BAR NES e OORNAN + ( SYR eBNL )
+8 ARNE 5 RAS SAND CHUNGr E I SNE R r+ ( RNL SYR )

+FRI Ff)MAN& PR I OSTF I Nr ROSS (LRL )

PAPERS NOT REFFRRFO TO IN DATA CARDS

THERE IS WEAKFR EV IDFNCE Ff)R THI 5& RFSONANCE IN AN ENERGY-DFPENOENT

P ART I AL-WAVE Af'JALYSI 5 DF ELAST IC AND CHARGE- EXCH4NGE SC ATTFR ING (CC)N-

FORTO 70)
KIM 71 IN 4 MULTICHANNEL ANALYST 5 FINDS A SfJRPRI SINGLY LARD&F.

ELASTICITY ( ~ 8) ~ AND SMALL FR AMPLIT()llE IN THE LAMBDA P I CH4NNE{ ~

IN Vl EW .IF THESE DISCREPANCIES WE DO NOT QUOTE ANY V4LUES FOR

THE RR ANCH ING R AT IDS ~

57 Y«l( 1750) MASS I MFV)

EVE QUF. 65 Pl 18 69
L EE /&6 PAL 17 45
ERFRHAPrl 67 PR 163 1446

+ ( SACLAY EP GL ASGDM IMPCf)L OXF RTHFD) JP
Y Y LEF& D 0 REEOERr R W HARTiJNG tWISC) JP
+PRIPSTFIN ~ SHI VFLY &KRUSE ~ SWANSON (LRt- r ILL) I JP

¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹««¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹

NEAR SIGMA FTA THRESHOLD
ABOIJT 1750~ 0
ABCfUT 1730~ 0

t 1757~ 0) (10~ 0)
(1790& )

CL INF 67
MPYFR 67
ARMFNT ERO 70
CONFOATO 70
Kf M 71

DRC — K —N TO SIC&A F. TA

RVU E
HDBC 0- K-N TD L AMRf) 4 P I
flPWA 0 CLASTIC e Cff f. XCH
&)PWA K-MATRIX ANAL

9/66
9/69
6/70
6/70
3/71¹
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For notation, see illustrated key at beginning of data card listings

Saryons

PL
P2
P3
P4

57 Y¹1{1750'I Wl &TH (MEV I

ABOUT 60 ~ 0
ABOUT RP. P

{55' 0) {10' 0)
{50~ 1

MEYER 67 RVUF
AR&ENTERO 70 HDRC 0- K-N TO LAMBDA Pl
CONFORTO 70 OPWA 0 ELASTIC CH EXCH

KIM DPWA K-MATRI X ANAL o

57 Y¹1(17501 PART I AL DECAY MODES

Y¹1(17501 INTO KRAR N

Y¹1( 1750 ) I NTO SI GMA F TA

Y¹1{1750) INTO LAMBDA P I
Y¹1(17&0) INTO SIGMA PI

DEC AY M ASS ES
4 97+ 939

1),97+ 548
1115+ 134
1197+ 139

57 Y¹i(17501 RP ANCHING RATIOS

RFLOWr Xl = (PART IAL-WIOTH ll/TOTAL WtDTH, ETC. A SIGN, WHERE

F XPL IC IT r IS IN T HF CONVENTION OI SCUSSED IN THE Y¹MINl-RFVIEW ~

9/69
6/70 P 1
6/70 PZ
3/71¹ P3

P4
P5
P6
P7

45 Y¹1 ( 1765 ) PARTI AL DECAY ¹IODE5

Y¹1(17651
Y¹1{17651
Y¹1(1765)
Y¹L(1765)
Y¹1{1 765)
Y¹L{L?5&)
Y¹1(1765)

I NTO K RAR N

{NTO LAMBDA Pl
INTO Y¹0(1'520) PI
INTO Y¹1(13851
I NTA Slf&MA PI
INTO SIGMA ETA
I'NTO SIGMA Pf Pl

DFCAY MASSFS
4974 939

1115+ 134
1520+ 139
1385+ 139
1197+ 139
1197+ 548
1197+ 139+ 139

45 Y¹L{17651 BRANCHING RAT IOS

BELOW s Xl = (PARTIAL-WIDTH 1)/TOTAL WIDTH ~ ETC ~ A StGN ~ WHERE

FXPL IC IT I S IN THE CONVFNT ION Dl SCUSSEO IN THE Y¹ MINI-RFVIEW

E RRORS QUOT Et) RY EXP FR IMENTER S OO NOT I NC LUDE UNCERTAINTY DUF

TO PARAMFTR IZATION USED IN THE P W ~ A ~ THEY SHOULD BF INCREASED ~

A2 Y¹l(1750) FROM KRAR N INTO SIGMA FTA SQRT ( X 1¹X2 )

RZ SF. FN CL INE 69 OBC — THRFSHOLO BUMP, 9/69

A3
R3
R3

Y¹1(1750) FRAN KRAR N (NTO LAMROA Pl SQRT{X 1¹X31
(-0 25) ARMENTERO ~0 IPWA 0- K-N rn LAMBDA PI 6/70

(0 ~ 091 Kl M 71 nPWA K-MATRIX ANAL ~ 3/71¹

R4 Y¹L{1750) FROM KBAR N TO SIGMA Pf SQRT(X1¹X41
R4 (0 ~ L5) KIM 7) DPWA K-MATRIX ANAL ~ 3/71¹¹4¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹ 4¹4¹¹¹¹¹¹¹¹¹¹4¹¹444¹¹¹¹¹¹¹¹¹¹4¹¹¹¹4¹

Rl Y ¹I(1750'I INTO (K BAR N) /TOTAL Xl

RL (0~ LZ) (Qe05) CONFORTO 70 DPHA 0 ELASTICv CH EXCH 6/70
Ri 'I 0 ~ 81 KIM 71 DP W A K-M ATR I X ANAL ~ 3/71¹

Ri
Ri
Rl
Rl
Rl
Ri
RL
RL
RL
Rl
RL
Rl

Y¹1{1765) INTO
(0 61

0 ~ 53
(0 ~ 371

0 ~ 45
0 ~ 36

(0.41
Qi 36

(0 ~ 421
~ 0 ~ ~ ~ ~

AVG 0 ~ 421
FIT 0 ~ 424

(KRAR N)/TOTAL
GALT IERI

0 ~ 0& UHLI G

RU ErG

0 F 01 AR MF NT-I
0 ' 02 BR I CMANL

CnnL
0 02 CONFORTO

Kl M

63 HBC
67 HRC
68 CNTR
68 DPWA

70 DPWA

70 CN TR
70 DPWA

71 OPWA

Xl
0 K-P RVUF
0

0 EL AST IC CH FX{.H
S I 0 TOT ~ EL AS r CHE X

K-PE n T )TAL
0 ELASTIC ~ CH FXCH

K-MATRI X ANAL ~

0 ~ 030 AVFRAGF ( ERROR INCLUDES SCALF. F ACTOR OF 3 7)
0 026 FROM F IT ( FAROR INCLUDES SCALF FACTOR OF 3 31
( SEE IDEOGRAM RELOW

9/65
11/66
11/68
1/71¹

LP/70¹
6/70
3/71¹

REFFRENCES -- Y4'1{17501

CL I NF 67 PL 250 41
MEYFI{ 67 HF IDEI. R"R{' C 117
AR'4ENTFR 70 nUKE 123
CONFORTO 70 NP (SUBMITTED)
Kl e 7 1 HARV ARCI PR EP R I NT

SFF AL SO DIIKE 161

CL INE 4 OLSSON
J MEYER (RAPPORTELIR)
ARMFNTEROS RAILLON +
+HARMSENr LASINSK I r +
JeK ~ KIM
J ~ K ~ K IM

{WISCONSIN) I JP
(SACLAY')IJP

(CFRN4 HEIOFL) IJP
(CHICAGO HF IDEL ) I JP

( HAA V 'I t,)P
{HARV) I JP

PAPERS NOT AFFERRE 0 T() t N DATA CARDS

FFRRO-LU 66 RFAKELFY CONF Lt)3 I sFRRO LU221 (RA~PORTEUR1 ( CFRN)

ARMf NTFR ea NP Rt) 183 ARMFNTFROS, RAILLON + {CEAN HEf DEt ~ SACLAY) I JP
ARM ENT ER 69 LIIND CONF PAPER ARMFNTEROS ¹ RAILLONv + ( CERN ~ HF IOELv SACLAY) I J'P

¹¹¹¹¹¹¹¹¹ ¹¹¹4¹¹¹¹¹ ¹¹¹¹¹4¹¹4'¹¹¹4¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

¹¹¹ ¹ ¹*¹ ¹¹¹¹¹ ¹¹¹ ¹¹¹¹¹ ¹ ¹¹¹ ¹¹¹¹¹ ¹¹¹¹ ¹¹¹¹¹¹¹ ¹¹ ¹¹¹ ¹¹¹¹¹¹ ¹¹¹¹¹¹¹¹¹

WEIGHTED AVERAGE ~ 0.421 + 0.030
ERROR SCALED BY 3.7

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, (ix,
and scale factor, which are differ-
ent from the values shown here.

g(f yy6S)
4. Y ltl7, J = /2-1 l=l

SEE THE MINI-RFV{EH AT THF

D, t;'
START OF THE Y¹ LISTINGS ~

M

l4

M

M

M

M

45 Y¹1{176'51 MASS (KIEV)

1765~ 0 10 ~ 0
L?55 ~ 0 L Pip
1750.0 10 0
I 746m 0 R, Q

1768~ 0 4 ~ 0
1775 0 7 ~ 0
1768 0 2 ~ 0
1770' 0 10' 0
175".P 10 ~ 0
1770' 0 3 ~ 0

{1765 ~ I

FRROR STATIST . ONLY-

GALT I E Rl
ARME NT F R

RFLL 1
FENSTFR
RUGG
SvIAA T
AA RENT-1
COOL
GA L TIER I
CONCORTO
Kt&

No FRROR DUE TO

AVERAGF MEANINGLESS (SCALE FACTOR = 1 ~ L I

45 Y¹l(1765 ) WIDTH (MFV)

63

66
56
68
68
68
70
70
70
71

P ART

DRC Q

HRC 0
ORC.

HRC 0
{'.NT R

RVUE 0-
CIP WA P
CNTR
DPWA 0
DPWA 0
DPW A

I CULAR P ~

K-0 1 ~ 51 BEV/C
K-P TO Y¹1520 P I
K-N TO Y¹1&20 PI
K-P To Y¹1520 Pl
K-P, D TOTAL
K-N TO LA~BOA Pt
FLASTfC¹ CH FXCH
K-Ps 0 TOTAL
K-P TO LAMBDA Pl
ELASTIC' CH EXCH
K- MATR I X ANAL ~

WE ANALo {NC{ UOED

7/66
7/66
9/66

11/ee
7/68

11/68
I. 0/704'
7/70
6/70
3/7 L4'

1/? 1¹
0.2 0.4

CHISQ
CONFORTO 70 DPWA 9.3
BRICMAN1 70 DPWA 9.3
ARMENT-1 6B DPWA B ..5
UHL I G 67 HBC

27.0
(CONLEV
=0.000)D. B0.6

YM1 (1765) INTO (KBAR N) ~TOTAL

W

W

W

W

W

W

W AVG

60 0
70m 0
70 ~ 0

110~ 0
146 0
12 I) ~ 0

{100~ 0
115~ 0
132 ~ 0

{100' )

10~ 0
20 ~ 0
20 ~ 0

7 ~ 0
9 P
8 ~ 0

10 ' 0
10~ 0

GAL T I FR I
RELL 2
FENSTER
RUGG
CHAP. T

AR ME NT-I
C OOL
GALT I FR I
CANFORTO
KIM

63 DRC 0
66 DRC
56 HRC 0
E 8 CNTR
5R A. VUE 0-
68 DPWA 0
70 CN TR
70 DPHA 0
70 OPWA 0
71 DPWA

K-P vo TOTAL

ELASTIC4 CH EXCH
K-P v D TOTAL
K-P TO LAMBDA P I
ELASTIC 4 CH EXCH
K-MATRI X AM Al. ~

~ ~ ~ ~ ~ ~ ~ ~ ~

113~ 5 10~ 0 AVERAGE ( ERROA INCLUDES SCALE FACTOR OF 2+9)
( SF E IDEOGRAM RELIlW )

7/66
9/66
7/68
7/68

11/68
10/? 0¹

7/7Q
6/70
3/7 1¹

R2
R2
R2
R2
RZ
RZ

RZ

R3
R3
R3
R3
R3
R3

AVG MOD 0+ZK5
F IT 0 ~ Z49

0,020
0 ~ 013

AVER AGF ( ERROR I NCLUOF 5 SCALF. FACTOR OF 1 ~ 31
FROM F tT (ERROR INCLUDES SCALF FACTOR OF 1 1)

Y¹1(1765 ) FRCIM KR AR N I NTO Y¹0(15 20) P I SORT( Xl¹X3)
0 ~ 27 Pe 03 APMFNTFRO 65 HRI. 0 K-P TO Y¹1520 PI
0 ~ 35 0 ~ 05 FENSTFR E6 HBC 0 K-P TO Y¹1520 PI

AVG

FIT
0 ~ 291
0 ~ 243

~ ~ ~

0 ~ 035
0 ~ 021

AVERAGE (ERROR INCLUDES ScALE FAcToR OF 1.4)
FROM F IT (FRROR I VCLUOFS SE:ALL' FACTOR OF 1 3)

Y¹1(17651FROM KBAR N INTO LAMBDA SQRT {X l¹X21
-pe 266 0 ot)L? SM ART 68 OPH A 0- K-N TO L AMRDA P I

-pe 22 0 ~ 03 GALTIERI &0 DPWA 0 K-P TO LAMBDA P I

(0 ' 30) KIM 71 DPWA K-"IATAIX ANAL ~

7/ et)
7/70
3/7L¹

9/65
9/56

WEIGHTED AVERAGE = 113.5 + 0.0
ERROR SCALED BY 2.9

A4
R4

R4
R4
R4

AVG
FIT

0 ~ 256
0 ' 236

Oo032
Qe023

AVERAGF (FRROR INCLUOFS SCALE FACTOR OF 1 2)
FROM F IT (ERROR INCLUDES SCA'LF. FACTOR OF 1 01

Y¹1(1755) FROM KBAR N INTO Y¹i(13')5) PI SQRT(X 1¹X41
0 ~ 24 0 ~ 03 ARMFNT-2 67 HRC 0 K-P To LAM PI P t 8/67

0 ~ 32 0 ~ 06 Sl&S 58 DRC - K-N To LAM P I P I 11/68

R5
R5
R5
A5

R5
R'5

AVG

FIT
0.067
0 ~ 066

0 ~ 017
0 F 016

AVER Afr E {ERROR I NC{ UOFS SCAL E FACTOR OF 1 0 )

FROM F tT '(FAROA INCLUDES SCALE FACTOR OF I 0)

Y¹1{1765) FROM KRAR N INTO SIGMA Pl SQAT(XL¹X&I

0 ~ 0& 0 ' Q2 AR4IENTFRO 67 OPIA 0 K-P To S IRMA PI

+0 ~ 06 0, 03 GALTIFRI 70 OPWA 0 K P ~ 0 SI G IA Pl

{Q.pe) KIM 71 OPWA K-MATRIX ANAL'

8/67
7/70
3/71¹

0 50 100
YM1 (1765) WIDTH MEV

150

CONFORTD
.GALTIERI
ARMENT-1

.SMART

.BUGG
-FENSTER
-BELL 2
-GALTIERI

200

CHISQ
3.4
0.0
3.3

13.0
0 ~ 3
4.7
4 ~ 7

2B.7
5B.1

(CONLEV
=0.000)

I

250

'?0 DPWA

70 DPWA

6B DPWA

6B RVUE

6B CNTR

66 HBC

66 DBC

63 DBC

R6
Re
R6
Re

R7
R7
R7
R7

RS
RR
RR
RB

R9
R9
R9
R9
R9

9/65

Y¹1(1765) fNTO I Y¹1 (1385)/t KBAR N) t P41/t Pl. I

0 ~ 2 & 0 09 UHLIG 67 HRC 0 K-PE ~ 9 GEV/C

~ ~ ~ ~ ~ ~ ~ ~ ~

FIT 0 ~ 310 0 ~ 061 FROM FIT (ERROR INCLUDES SCALF. FACTOR OF 1 I)

Y¹1{17651 INTO ( S tGMA PI P I ) /TOTAL {P7) /TOT AL

P {0~ 121 ARMENT-2 68 HORC D- K-N TO 5 I G PI Pl

P FOR ABOUT 3/4 OF THIS THE SIGMA Pl SYSTFM HAS 1=0 ANO IS ALMOST

P ENTIRELY Y¹0{1520) FOR THE OTHER I/4 THE StGI4A PI HAS l=l, THIS

P t S ABOUT WHAT I S EXPECTED FROM THF. KNO'WN RATE Y¹1(17651 To Y¹1{13851
P Pl r AS SEEN tN LAMBDA Pl Pl ~

9/65

11/6A

Y¹I ( 176'5 l INTO ( LAMROA P I 1/( KBAR N) (P2)/t Pl)
0 ~ 33 0 ~ 05 UHLIG 67 HBC 0 K-P ~ 9 GFV/C

~ ~ ~ 0 ~ ~ ~ ~ 0

FIT 0,344 0 ~ 040 F ROM F IT {FRROR INCLUDES SCALE F AC TDA CIF I ~ 2)

y¹1(1765) INTO t Y¹0{1520)/(KBAR N) tP3)/t Pl )

0.28 0.05 UHL I G 67 HRC 0 K-P e ~ 9 GF V/C

~ ~ ~ ~ ~ ~ '~ ~ '~

F IT 0 327 0 ~ Q47 FROM F IT {FRROR INCLUDES SCALF FACTOR OF 1 ~ 1 )
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For notation, see illustrated key at beginning of data card listings

FITTED PARTIAL DECAY MODE BRANCHING FRACTIONS

Ra i'gona

P 2 P 3 P 4 P 5 P 6
P I ~ 42 4+- ~ 026

12 II

P 3 ~ 240
P 4 —~ f)32
P 5 —~ 095

6 —~ &55

146+- ~ f)
- ~ 031

o 004
,012

—~ 2&2

14
~ 1 3 94- ~ 020- ~ 008 ~ 131+-~ 024

—~ 023 ~ 003 ~ 01 0+- 00&
- ~ '594 - ~ 569 —~ 068 ~ 149+-~ 042

4¹¹¹«««444¹«¹¹4«¹¹¹¹¹«4¹««4««««4¹ ¹««e¹«e¹e«¹¹4«««¹¹¹4¹e¹4«¹¹
RFFERFNCES -- Y«1( 1765)

GALTIFR[
hRMFNTFR
BFLL 1
BELL 2
FFNSTFR
AR&"NTFR
AR&FI(T-2
UHL IG

63 PL 6 2o6
6 & PL 19 338
66 PRL 16 ?03
66 UCRL-16936 THFS[S
66 PRL 17 841
67 PL 248 198
67 ZEIT ~ PHYS ~ 202t 486
67 &R 15'5 1448

A BARR ARf)-GALT IER I ~ A HUSSA lN 'RD TR IPP (LRL ) I J
4 R r(F I(T F. R f) 5 + \ CFRNt HFIDELBERGr SACLAY) I JP
R 8 BFLL r R W Bf RGE ~ Y-L PAN ~ R T PU (LRL) I JP

s) BFLL (LRL ) I JP
+GELFANO HARMSFN L-SETT[ + (CHI ARG(CFRN) ) IJP
ARMENTFROStFFRRO LUZZ I+ (CERNtHEIDr SACLAYI)P
AR I4FNTFROSt FERRO-LUZZI+ {CERNtHEIO ~ SACLAY)
+CHARLTf)N CONOON GLASSFR YODH ~ + (MD USNRL)

aft '«FN&-L
ARMF NT-2
BUGG
5 I %IS

SM4RT
BR[C'44NI.
C Of)L
GALT(EPI
C nNF fIRTn
KfM

SFF AL

68 NP 88 195
6II NP 88 216
Irtf( PR L6I) 1466
68 PRL 21 1413
68 PR L6o 1330
70 PL 338 511
70 fsR 10 LBR7
70 DUKE C(INF 173
70 NP ( SUBMITTED)
71 HARVARD PRFPRINT

5 0 DUKE 161

AR MENTERf)S t Ba[LLONt + (CERN, HF[ OEL, Sac( a Y) t JP
ARMENTFROS ~ BAILLON ~ + (CERNt HFI DEL ~ SACLAY) I
+0ILMORE tKN[GHTtf)AVIES+ {BIR"II rCAMB ~ RUTH) I
SI I( S ALBRIGHT BART LFY MF ER+ ( FL. O+7 AFTS+BRA)
W M SMART (LRI. ) [JP
+F F RR&-LUZ Zf ~ L AGNAUX {CERN)
+GIACOMELL[t KYCI A ~ LEONTICt Lfr + {BNL ) I
A RARBARO-GtALT IER 'f {LRL)I JP
+HARMSFNt LAS INSKI t + (CHICAGrlt HF IDEL ) I JP
J ~ K ~ KIM (HARV) IJP
J ~ K ~ KfM (HARV) I JP

PAPFR5 NOT REFERREI) TO I N DATA CARDS

( CHI CAGOt HE IOEL ) I JC fl'4f= DRTf) 6 sf t(P BB 265 +HARMSENt LAS [NSK I t +
C 0NF fl R T fI 4 9 I S 5U 8 FR 5 E (I E 0 BY C ANF OR 70 70¹¹¹««e»¹«4¹¹ee«ee«««¹e¹«e¹eeeeeeee«eeeeeee«e eeeeeee¹e ¹eeeeeee¹»¹¹¹¹¹¹««¹¹«««¹e««¹¹«¹«e¹«««e¹«ee«¹«»«»see« «ee¹«««¹¹«4»««¹¹¹

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 listings
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 t.

Z(1915)
~l

46 Yel(191'5t JP=5/2+) I=1 C g g
SEE THE MINt-REVIFW AT THE START OF THC Y¹ LISTINGS ~

11 0
10 ~ 0
20 ~ 0

0
(3 ' 0
30 0
10 0

ST ~ ON

SMART 68 DPWA 0- K-N Tf) LAMBDA P I
COX 70 DPWA — K-N TO LhseBDA P I
BERTHON 70 DPWA 0 K-P Tfl L AMBDA P I
BERTHONL 70 DPWA 0 K-P TD SIGMA PI
BR I CMANL 70 f)PWA Sf GTOT EL AS CHEX
GALTIERI 70 DPW4 0 K-P TO L4MBDA PI
Lf TCHFI EL 70 f)PWA 0- K-N Tn LAIIIBDA PI

L Y Nf) ERR OR DUE TO PART I CUL AR P ~ W ~ ANAL ~ I NC LU Of 0

190' 0
1903~ 0
1910~ 0
1900.0
1936~ 0
1905 0
I 895' 0

FRROR 5 TA T I

M N

M

M

M av
~ ~ ~ ~ ~ ~ ~ ~ ~

ER AGE r4FAN INGLE SS ( SCALF FACTDR = 1 0)

46 Y¹1(f916) WIDTH (I4EV)

W 4
W

'W

W

W

W

W

W

A

W ~ ~ ~ ~ ~

AV FR AGF. MEAN INGLF

(20 ' 0)
25 ' 0
?0 0
20to
12 0
27 0
20 ' 0
15 ~ 0

PREVENTS FROM f)FT

AR MENTF. R 1 6~ OPWA
SMART 68 DPWA

BERTHON 70 DPWA

BFRTHONL 70 OPWA

RR I CMANL 70 OPWA

CO X 70 DPWA

GALTIER I 70 f)PWA

LI TCHF[ EL 70 DPWA

ERMI NING lit{a&8 T

(&Ot 0)
52 0
60» 0
75 ' 0

135.0
77 ~ 0
70 ~ 0
70. 0

LACK AF I)4Th

0 FLASTIC ~ CH EXCH
0- K-N TO LAMBfra fs I
0 K-P TO LAMRDA P I
0 K-P TO SIGMA

S IGTOT, ELAS ~ CHFX
K-N TO LAMBDA P I

0 K-P TO LAI(BDA P I
0- K-N Tf) LAMBDA P I

H)S AMPL(TUDF
~ ~ ~ ~

SS {SCALE FACTOR = I 9)

46 V»1{1915 ) PART IAL DECAY t{Of)ES

PL
PZ
P3

Y4'1( 1915) [NTO KBAR N

Y¹1(1915) INTO LAMBDA PI
Y¹lt1915) [NTO SIGMA Pt

DECAY MASSFS
497+ 939

1115+ 139
1197+ 139

4'6 Y¹1(191 I) BR4NCHING RATIOS

RELf)W t XL = ( PART IAL-WIDTH 1) /TOTAL W IDTHt ETC ~ A 5 IGNt WHERE

FXPL tl:IT IS 'IN THE CONVFNTION OI SCUSSE() IN THE Y« t4[ Nf-REVI EW

THIS RESONANCF. WaS FIRST SEEN [N THE TOTAL-CROSS-SEC-
T[ ON MEASUREI{ENTS OF COOL 66 ~ IN THI 5 FNTRY t HO WEVFR ~

WE L I ST I3NLY THF RFSULTS FROM PARTIAL-WAVE 4NALYSF5.
SFF THF, NEXT ENTRY FOR THE PARAMETI RS OF PFAKS SFFN APOUND 1900-lo50
MFV IN CRASS SECTIONS AND INVARI ANT-MASS DISTP. [BUT[(INS ~ WF. M4K'E TH[ 5
SF PARAT f ON fs ECAUSF. ONL Y THF, PARTI AL-WAVE 4 NALYS&5 I SOLATF THE F15 WAVE

(DR AT L EAST ATTEMPT TO -- THF. Sf GNAL [5 WEAK) ~ THf S MASS REGION IS
Cf)MPL I C AT ED AND POf)RLY UNDERSTOOD ANf) THF. PF AK S MAY Cf)NT A IN MORE THAN

JUST THE Y¹1(1915l~ SFE 4LSO THE NOTE TO THE NFXT ENTRY.

46 Yel ( 1915) MASS t &EV)

7/68
6/70
7/70

10/70«
1/71¹
7/70
6/70
I/71«

11/67
7/68
7/70

10/70«
1/71«
6/70
7/70
6/70

11/67

Z(1880)
~II

67 Y«1(1880t JP=L/2+) I=1

SFE THE Mf Nf -REVIEW AT THE START OF THF. Ye L ISTINGS ~

R 1 Y«1{1915) INTO {KBAR N) /TOTAL X1
RL A (0 12) ( ~ 01) ARMENTFRL 67 DPWA 0 ELASTICt CH EXCH 11/67
RL 0 18 {0~ 02) BRICMANL 70 DPWA Sf GTO& ~ ELAStCHEX 1/71«
R), 0 ~ 11 ( 0 ~ 03) CONFORTO 70 DPWA 0 ELASTIC CH FXCH 6/70

SUCH A R FSf)NANCE I S SUGGESTEO RY SOME BUT NOT ALL
PARTIAL-WAVE ANALYSF5 ACROSS THI S IIEG(ON ~ UNTIL THERE
IS MORF FV II')ENCE ~ WF OM [T TH[ 5 STATE FROM THE HAIN
BARYON TAB) E ~

67 Y¹I{1880) t(ASS (r{FV)

R7
R2
RZ
R2
R2
R2

Y¹1(1915) FROM
-0 ~ 08
-0 ~ 1
-0~ 09
-0 ~ 11
-0 ~ 07

KBAR N INTO
{0 ~ 02')
(0 ~ 02)
(0 ' 02)
{0' 03)
{0~ 015)

LAMBDA PI
SMART
BERTHON
COX
GthLT[ER I
Lf TCHF IEL

SQRT(XL¹X2)
68 OPWA 0- K-N TO LAMBDA P I
70 DPWA 0 K-P TO LAMBDA P I
70 DPWA — K-N TD LAMBDA P I

70 DPWA 0 K-P TO LAMBDA Pl
70 DPWA 0- K-N TD LAMBDA PI

7/68
7/70
6/70
7/70
6/70

M

t(
AVG

1882 ' 0
{LR "0~ Ol

f920~ 0
480UT 1
1950 0
o ~ ~ ~

L9 14 ~ 5

40 ' 0

30 0
50 ~ 0

50 0
~ ~ ~ ~ ~

21 ~ 6

5'MART 68 DPW4 0- K- N TO I AM

I)a IL FY 69 DPWA 0 ELASTIC, CH
LITCHF (EL 70 DPWA 0- K- N TO LAM

4RMENTFRO 70 [PWA 0- FLASTICr CH
GALT I ERt 70 DPWA 0- K- N Tf) Lat(

P I 7/68
E XCH 10/70«
P[ 6/70
EXCH 6/70
P I 7/70

AVFRAGE ( ERROR fNCLUOES SCALE FACTOR OF 1 0)

R3 Y¹1(1915)FROM KBAR N tNTO SIGMA Pl SQRT ( X le X3)
R3 4 (0 ~ 00 ) (0 ~ 01) ARMFNTEIIO 67 DPWA 0 K-P TD SIGI44 Pl 11/67
R3 -0 13 (0 03) RERTHONL 70 DPWA 0 K-P TO SIGMA PI 10/70¹
R3 -0 ~ 06 (0 ~ 03) GAL T I ER f 70 f)PWA 0 K-P TO Sf Gula of 7/70

44444¹ 444«¹¹4«e 4¹¹¹«4¹4«e«4«¹¹¹44«4«4¹e44« 4«¹e¹4e¹¹4¹¹4«4¹«¹e¹e4e4¹¹
RFFFRENCFS -- Y«1( 1915)

W

W

W

W

I(
w avG

222 ~ 0
(200 0)

170 ' 0
4 f)DUT

200. 0

LI)3 ~ 4

67 Y¹1(1880) Wt DTH (MEV)

1 &0 ~ ')

40 ~ 0
0 0

40 0

SMART 68 OPWA 0- K- N TO LAW

BAILFY 69 f)PWA 0 ELASTIC t CH
L ITCHF[ EL 70 DPWA 0- K- N TO LAM

ARt(ENTER 0 70 I PW 4 0 EL AST IC t CH
G4LT[FRI 70 DPWA 0- K- N TO LAM

P I 7/68
EXCH 10/70«
Pf 6/70
EXCH 6/70
Pf 7/70

30 6

67 Y¹1(1880) PARTIAL DECAY I40f)ES

AVERAGF I ERROR INCLUDES SCALE FACTOR OF 1 0)

4 R4IENT FR
ARMENTE1
SMART
BERTHON
BERTHONL
RRICMANL
C ONF ORT0
COX
GALTIER I
L ITCHF IF

67 PL 248 1 98
67 NP R3 592
68 PR 169 1330
70 NP f)20 4 76
70 NP 824 417
70 PL 3 38 511
70 NP ( SUBM [TTEO)
70 NP R19 61
70 DUKE CONF 173
70 NP 822 269

AR MENT EROS t FERRO-LUZ? I+ (CERN t HE I Ot SACLAY)
AR MENTEROS FERRO-LUZ2 I+ ( CFfrN HE IDt SACLAY)
W t4 SMART (LRL) I JP
¹RANGAN VRANA ~ +(COL FRANCE RHEL ~ SACLAY) I JP
+VRANA BUTTERWP RTH + ( CDEF ~ RHEL 54CL AY) I J
+FERRO-LUZZ[tLAGNAUX (CFRN)
+HARMS EN ~ LAStNSKf t + {CHf CAGOt HF. IDFL ) I JP
+I SLAM, COLLFY, + (Bf RM, Ef)[N, GLAS ~ LOIC) I JP
A BARBARO-GALT I ER [ (LRL) I JP
P J LI TCHF IELD (RUTHERFORD) I JP

Pl
P?

Y«1( LBRO) INTO Kf) AR N

Y¹1(1IIIID) INTO LAMBDA PI

67 Y¹1(LSIs)0) BRANCHING RAT [OS

DFCAY t(ASSES
4 97+ 939

1115+ 134

PAP F'RS NOT RFFERRFD TO IN DAT4 C4RDS

SMART 66 PRL 17 556 M SIIART ~ 4 KERN ANtG E KALI4USt R P FLY (LRL) I JP
SMART 66 IS SUPERSEDED BY SMART 68 '

CONFORTO 68 NP 18 265 +HARMSEN LAB I NSK I + (CHI CAGf) HE IOEL )

CONFORTO stB IS SUPERSEDED I)Y CDNFORTO 70 '

Rl
RL
Rl

R7
R7
RZ
R2
RZ
RZ

BELOW Xl = (PARTI AL-WtOTH 1)/TOTAL WIDTH ~ FTC ~ A S(GN WHFRF

E XPL IC IT I S IN THE CONVE NT ION DI SCUSSEO [N THE Y«MIN[-REVIEW ~

Y¹1(1880) INTO (KBAR N) /TOTAL Xl
(0 22) BAILEY 69 DPWA 0 FLASTIC ~ CH EXCH 10/70¹
(0 20) ARMENTERO 70 IPWA 0- ELASTIC t CH FXCH 6/70

Y« lf 1880) FROM Kf)AR N INTO LAMBDA P I SQRT {XL¹X2)
-0 11 0 ~ 03 SMART 68 DPWA 0- K- N TD LAM P I 7/68
-0 ~ 14 0 03 LITCHFIEL 70 OPWA 0- K- N TO LAM P I 6/70
-0 ~ 09 0 ~ 04 GA(. TIER[ 70 DPWA 0- K- N TO LAM PI &/70

AVG 'IOD 0 ~ 117 0 ~ 019 AVERAGE (ERROR I 4C( UDES SCALE FACTOR OF I ~ 0)

REFERFNCFS -- Y¹1(1&80)

?9 Y¹1{lo00-1950) CROSS-SECT[(IN ANO PRODUCTION PEAKS

Z(1900)
BUMPS

SFF THE MINI -RFV LF'W 4 T THF. START OF THF Y¹ L f ST INGS ~

SE~ THE NDTFS TD THF Y¹l(1915) AND Y¹1(194'0)t WH [CH
IMMEOL ATELY PROCEED AND FOLLOW THI 5 EN RY ~ HFRF.

I. I ST ONL Y PARAMFTFRS f)F PEAKS SEEI4 I N CROSS SFCT IONS
AND INVARIANT-MASS OI STRIBUT IONS ~ THE CROSS-SFCT ION PEAKS 4R E ALI4f)ST

CERTAINLY ASSI)C[ ATED WITH THE F 1'5 Y¹1(L&L5) SEEN I N PA(IT[ AL-WAVE

4NALYSE5 ~ THE [NVAR I ANT-MASS PFAKS SEEM MORE L IKELY TO OE ASSOCIATED
W t TH THE NOT-COMP(. ETELY-ESTABL I SHEf) f)13 Y«1( lo40) ~

«»¹«¹¹«¹«4«¹«¹¹««¹«««« 4'«e¹««'«4 «¹'¹»«¹««««¹¹«««««¹e»'«4«¹»««¹»e ««4¹'«e«e
«ee¹e» ¹«eee¹ee¹e««e¹«e¹» «eeeeeee« «e«ee¹e«e «eeeeee«» «e¹e««¹«» «»¹¹«ee«

SMART 68 PR 169 1330 W M SMART
RAIl FY 69 THESIS UCRL-506[7 DAVID SAAL BAILEY
L I TCHF(E 70 NP BZ7 269 P J L'(TCHFIELD
ARMFNTFR 70 DUKE CONF 123 ARMENTER()S ~ s)hlt. LON +
GAL T IFR I 70 DUKF CONF 173 A BARBARO-GAL T IER I

{LRL ) I JP
(L'RL L IVE'RMORE ) I JP

( RUTHERFORD ) I JP
{CERNt HE IDEL ) I JP

(LRL) I JP

««««¹4 «¹««¹««««¹«e«e«e«e «««««««««««¹¹¹«¹«¹««»««»««¹ ¹4»4 4 4 «4 ¹ «»»4 ¹¹«
e¹«e«¹«¹e««¹eee *«e««««e«¹¹«e¹¹«¹e¹««4¹eee¹«««««»«»4 4 ee¹44 «ee e«4 ¹«e¹

M

M

M

M

29 Y«1( 1900-1950) MASS {MEV)

BUGG
BRICMAN
cone
PEAKS
BOCK
AGUILAR

1.7)

CROSS-SECT ION PFAKS
1905~ 0 5 ~ 0
1906.0 6 0
1912~ 0 10~ 0

I NVAR I ANT-MASS-DISTR I RUT ION
( 1o42 ~ 0) ( 9 ~ 0)

1 940 ~ 0 11~ 0
~ ~ ~ ~ ~ ~ ~ ~ ~

AVERAGE MFANfNGL ESS (SCALE FACTOR

65 HBC
&0 HBC

P BAR P 5 7 BEV/C
3.9-4.6 I.EV/C K- 5/70

68 CNTR K-P ~ 0 TOTAL 1 1/66
70 CNTR 0 Tf)TAL ANO CH EX 6/70
70 CNTR K-P ~ 0 TOTAL 10/70¹
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For notation, see illustrated Jtey at beginning of data card listings
Saryons

29 Y«1{1900-1950) WIDTH l MEV) 47 Y«1(2030) MASS (MFV)

W

'W

cknss-sFcT IDN pEAKs
60 ~ 0 I 0 ~ 0
50 ~ 0 12 ~ 0

(30 ol
INVARI hNT-MASS-rJ(STR IBUTIDN

( 36~ 0) (20 ~ 0) ( 36 ~ 0)
90 0 20 0

~ ~ ~ ~ ~ ~ ~ ~ ~

AVFR AGE MFANINGL'ESS {SchlE FACTOR

RUGG
BR I CHAN
Cont
P{'-AKS
RACK
AGUILAR

te2)

68 CNT R
70 CNTR 0 TOTAL ANO CH EX
70 CNTR K-P s 0 TOTAL

65 HBC
70 HRC + 39-4 6 GEV/C K-

11/66
6/70

10/70«

5/70

M

H

M

M

N

( 2030 ~ 0)
2032 ~ 0
2030 ~ 0
203 5 ~ 0
2027 ' 0
2010m 0
2 000 ~ 0
2022 ~ 0
~ ~ ~ ~ ~

AV FRAGF MEAN fNGLF

(20 ' 0)
6 ' 0

10 ' 0
10~0

6 ~ 0
Ifl ~ 0
20 0

4 ~ 0
~ ~ ~ ~

55 (SCAL E FACTOR

'WOHL

SMART
BFRTHDN
BF. RTHf)NI
CCIX

GALTI E Rl
G ALT I F. R I
L I TC HF I E L

66 HBC 0
bfl DPWA
70 DPWA 0
70 OPWA 0
70 DPWA
70 DPWA 0
70 DPWA 0
70 DPWA 0-

K-P

K-P
K-P
K-N
K-P
K-P
K-N

TO LAH Pfo
TO LAMBDA P I
rn t. AHRDA p I
TO 5 I GHA P I
Tn LAMBDA P I
TO LAMBDA Pf
TO SIGMA PI
Tn LAMBDA P I

7/66
blbfl
7/70

10/70«
6/70
1/70
7/70
6/70

PI
P2
P3

Ri
Ri
Ri
91
Rl

Y¹I {1900-1950) INTO KB4R N

Y«it 1900-19&0) INTO LAHBDA PI
Y¹I ( 1900-1950) INTO SIGNA PI

DECAY MASSES
497+ 939

1115+ 134
1197+ 139

2' Y»1{1900-19»0) BRANCHING RATIOS

Ya 1( 1900-1950) INTO I KBAR N) /TOTAL
THFSE VALUES f)F FLASTICITIES ASSUME

0 ~ 04 RUGG
0 ~ 01 0 ~ 02 t)RICMAN
0 F 07 COOL

{p 1 ) /7 nr AL

J»5/2
68 CNTR
70 CNTR 0
70 CNTR

ASSUMING J=5/2
TOTAL AND CH EX
K-PE D TOTAL

29 Y«1( 1900-1950) PAR Tl AL DECAY MODES

6/6 8
6/70

10/70»

47 Yell 2030) Wt DTH (MFV)

(170 0)
160 ~ 0
165» 0
150~ 0
158oo
1'I 5 ~ 0
100~ 0
170~ 0

16 ~ 0
30 ~ 0
20 ~ 0
lb. O

15 ~ 0
40 ~ 0
15e 0

15 ~ 0

WOHL
'SMART

fJERTHON
RFRTHONI
Cnx
GALTI FR I
GALT IERI
1. I TCHF IEL

~ ~ ~ ~ 0 ~ ~ 4 4
AVFR AGE. Mf ANINGL ESS (SCALE FACTDR = 1 3)

bb HBC 0
68 DPW4
10 DPWA 0
70 npwh 0
70 OPWA
70 OPWA 0
70 DPWA 0
70 DP'WA 0-

K-N TO
K-P TO
K-P TO
K-N TO
K-P TO
K-P TO
K-N TO

LAHBOA Pf
I AMRDA Pf
SIGMA PI
LAMBDA PI
LAMBDA PI
SIGMA P f
L A MROA P I

7/66
6/68
7/70

10/70«
6/70
7 /70
7/70
6/70

R2
R2

R3
R3

Y«1( 1900-1950) INTA (KRAR Nl / {SIGMA PI ) (PI)/{P3)
( ~ 37) OR LESS RARNES 6'9 HBC + 1 STAN ~ DEV ~

Ye it 1900-1950) tNTD {LAMBDA P I )/(SIGMA Pf ) (PZ)/{P3)
( ~ ZB) OR LFSS BARNFS 69 HBC + 1 STAN DEV ~

10/69

1O/69

P1
PZ
P3
P4

47 Y¹1(2030) P ART I AL DFCA Y &DDE 5

Y«1( 2030) I AITO Kf)AR N

Y»1{2030) INTO LAHBDA P I
Y«1{2030) tNTn SIGHA Pl
Y»1(2030) INTA XI K

DECAY MASSES
497+ 9 39

1115+ 134
1 )97+ 1 39
1321+ 497

ROCK
C nnl

RUG Cj
RARNFS
RRICHAN
cong
AGIJ ILAR

REFERENCES -- Y«1(1900-1950)

65 PL 17 166 +COOP ER fR ENCHe K IN SON ~ + (CERNr SACLAY) I
66 PRl 16 122 8 +G IACDHELLI, KYCI 4 ~ LEANT IC, Ll, lUNDBY, + (RNL I I
CO')L 66 15 SUP CPSFDED BY COOL 10~

6s) PR lh8 1466 +GILHDRE, KNtGHTgOAVIES+ {BIRHIwcAHR RUTH) f.

69 PRL 22 479 +FLAHf NI D ~ HDNTANFT SAMIDS + I BNL+SYRA)
70 PL 31 8 1'52 +FERRO LIJZZI ~ PERREAU ~ + (CERN CAEN SACLAY)
70 PR 1D 1887 +I IACOMFLL le KYC the LEONTIC o L ~l

¹
+ (BNl )

70 PRL 25 ".. 8 AGUILAR-BENI TELE BARNESp + ( BNL ~ SYR )

PAPERS hlOT RFFERRED TO IN DATA CARDS

PRIMER 68 PRL 20 610 ' +GOLDBERG« JAEGER~BARNES+DORNAN + f SYRaBNL)
PRIMER 68 IS SUP LRSEDED BY 84RNES 69 ANO AGUILAR-BENITEZ 70 ~

««a»ee ¹««e¹ee«e eeee¹¹«eeea»e«e¹e« ee¹e¹eee»eeee«»e»¹ ««e«»ace« eeeeeee»
47 Y»1(2030) BRANCHING Rhrlns

R 1 Y»1( 2030) tNTO t KRAR
Rl (0.25)
Rl 0 17 0 ~ 04
Ri 0 (0~ 11)
R 1 0 DAUH 68 4SSUMES {J+

Nl/TOTAL
W OHL
C AMPRFLL
DA UM

1/2 ) «X VALUE SEFN IN

Xl
66 HRC 0 K-P CH EX
'?I DRC — K- NEUTRON ELAST
68 CNTR K-P ElA POL ~ S IGT
Tnrhl cRnss sEcr IDN.

R2
RZ
R2
R2
RZ
RZ
R2
R2
RZ

INTO LAMBDA
Wf)HL 66
SMART bfl
c, nx 70
BERTHDN 10
L I TCHF(EL 70
C&ALT IFR I 70

SORT( Xl»X2)
HBC 0 K-P TO LAMBDA Pl
OPWA — K-N TO LAMBDA P I
DP'WA — K-N TO LAMBDA P I
DPWA 0 K"P Tn lANBOA Pl
DPWh 0- K-N TO lANRDA PI
DPWA 0 K-P TO LAHJIDA P I

Y«1{Z030) FROM KBAR N

(0' 20)
+0+21 0 ' 01
+0 ~ 19 0 ~ 01
+0 ~ 2 0 ~ 02
+0 ~ 20 0 F 008
+0. 16 0.03

~ ~ ~ ~ ~ ~ ~ ~ ~

AVERAGF MEANINGLESS (SC4LF FACTOR = 1 ol

7/66
1/71»
7/70

7/66
6/68
6/70
7/70
*/70
7/70

Z(i94O}
98 Y»1(1940¹ JP»3/2-I l=i 1 3
SFE THE M(NI-REV IFW AT THE START OF THE Ye L I STINGS ~

»«¹a«e a«ee¹«ee» eee»«eeee ee««¹a»e» ««»aeeee» «eeeeeeee eee»»eee»»e»e«ee»
eeee¹e ¹eeeee«ee «eeee«e»e»«««««»a» »«««««eee eeeeeeeee ¹««»»»e«» eeeeeeee R3 Y«it 2030) FROM KBAR N INTO SIGMA PI

R3 -0 ~ 0»2 0~010 GALTI ER I
R3 -0F 09 0 ~ 02 RE Rr HnNI
R3 e 0 ~ 0 ~ ~ ~ ~ ~

R3 AVERAGE MEANINGLESS \ SCALE FACTDR = 1 7l

SORT {X I »X3)
70 DPWA 0 K-P TD SIGHA PI
~0 opwA 0 K-p Tn slGMA pl

7/70
10/70»

SUCH 4 RFSCINANCE IS SUGGESTEO BY SOME RUT NOT ALL
P ART I AL-WAVE ANALY SE5 ACROSS THI S RFGION ~ IJNT IL THERE
I 5 HDRE EVIDENCE WE OMI T THIS STATE FROH THE HAIN
BARYON TABLE ~ THIS EFFECT IS PFRHAPS ASSOCIATFO WITH
THE BUMPS SEEN I N PRODUCT IDN FXPER IHENTS NEAR THIS
MA 55 ~ SFE THE PRFCEDING ENTRY ~

98 Y¹1(1940) MASS (HEV)

R4
R4
R4
R4

Y«1{2030) FROM KRAR N INTO Xl K SQRT ( X 1e X4)
(0 ' 05) OR LESS TR IPP 67 RVUE 0 K-P 1{I XI K

(0~ 05) OR LFSS BURGIJN 68 OPWA 0 K-P TO Xl K

(0 ~ 023) HULLER 69 DPWA 0

«ee«¹e «»»«ace¹»»»«ee»e»e eeee»»»ee eeee»»¹¹e ¹«¹««e¹ae»«a«»e«¹e»*»«ee»»

REFFRFNCES -- Yet(2030)

fl/67
10/69
7/70

H

AVG

W

W

AVG

1 940 ~ 0
1940.0
1 940 ~ 0
~ ~ ~ ~

1940' 0

200 ~ 0
200 ~ 0
ZRt) ~ 0

235 ' I

50 0
«0 ~ 0
30 ~ 0

0 ~ ~ ~

21 F 6

98 Y«1(194o) WfnrH (HEv)

50 ~ 0
50 ' 0
40 ' 0

GALTIFRI 70 OPWA
CihLI' I ERI 70 DPWA

LITCHFtEL 70 DPWA

K- N Tn LAM PI
K-P TO SIGMA Pl
K- N TO LAM PI

28~1 AVFRAGF (ERROR INCLUDES SCALP FACTOR Of 1- 1')

GALTIERI 70 DRWA K- N TO LAM PI
GALTIFRI 70 DPWA K-P TO SIGMA Pf
LITCHFIEL 70 DPWA K- N TO LAM Pf

A VERA('F. ( F RROR I NCL {IDES SCALE FACTOR OF 1 0)

7/70
7/70
7/70

7/70
7/70
7/70

'W DHL
TRI PP
BURGIJN

DAUH
SHART
HULI, ER
COX
BERTHDN
L I TCHF I E
GALTIFRI
RERTHDN1
C 4 HPBE LL

66 PRL 17 107
67 NP 83 10
6fl NP BR 447

DAUM 6A CONF I RMS
68 NP 87 19
68 PR 169 1 336
69 THF. S I 5 UCRL 19
70 NP 819 61
70 NP 820 476
70 NP 822 269
70 fIUKF CONF 173
70 NP 824 417
71 NP 825 75

C G WDHL s F T SDLMITl r M L STEVENSON (LRL ) I JP
+ LF I TH ~ + (LRL eSLACv CERN ~ HF t DELi SACL AY)
+HEYER ~ PAIJLI r TALLINI + (SACL+CDF+RHEL)

THE SPIN-PAR I TY ASS IGNNENT ~

+ERNE' LAGNAUXe SENS, STFIIERqUDD (CERN) JP
5HART {LRL)I JP

372 R A MULLER (LRL )
+ISLAM ~ CDLL'EY, + {8IRM, EntN GLAS, LAIC) I JP
aRANCAN VRANA +( COL FRANCE RHEL SAClAY) I JP

J I, I TCHF IE(.D (RUTHFRFO'RD)IJP
4 BARBARD-rhlTIERt tLRL) I JP
+VRANA ~ RUTTFRWORTHe + ( I:DFF ~ RHELe SACLAY) I JP
+MORTON ~ NFGUS GOYAL ~ MILL FR (GL AS LOIC ) I JP

9fl Y«1(1940 I P ART 14L DECAY &DOES
eeeee» ee»a«ee»« e»»««ee»« ee»aces»e »«»e«»eee «¹»«ee¹a» »»«ee»«¹« »«¹ee«¹¹
eee»»e ««»»«»»»« e««»«««»e «««»««««» eee»¹eeee e¹»eee»¹e e««»»»ee«

Pi
P2
P3

Y» 1( 1940) I Nr() KRAR N

Y¹1(1940) INTO LANBD4 PI
Y«1I 1940) INTO SIGNA Pl

98 Y«1( 1940 I BRANCHING RAT(OS

DECAY HASSFS
497+ 939

11).5+ 139
1197+ 139

z(2oao}
BUMPS

28 Yei(2030) CRO'SS-SECT'IDN ANO INVARI ANT-MASS PEAKS

SEE THE MINI-REVIEW AT THE START OF THE Ye L I STINGS ~

BELOW ~ Xi = (PARTIAL-WIDTH 1) /TOTAL WIDTH ~ ETC ~ 4 SIGN ~ WHERE
FxPLICIT, ts IN rHF cONvENrtON DtscussED IN THE Ye MINI-REvlEW.

Ri Y«1{1940) FROM KBAR N INTO LAMBDA Pl SQRT l X 1»X2 I

Rl -0 12 oa04 GAI. TIFRI 70 DPWA K- N TO LAM PI
Rl -0 ~ 14 0 03 LI TCHFIEl 70 DPWA K- N TCI LAN PI
Rl ~ ~ ~ ~ ~ ~ ~ ~ ~

R 1 AVG Mon 0 ~ 133 0 ~ 024 AVFRAGE t ERROR INCLUDES SC4LE FACTOR Of 1 ~ 0)

7/70
7/70

SEE THE Nnrc Tn. THE F17 Y»1(2030) WHICH PROCEEDS THt5
ENTRY ~ HERE WE LI ST ONLY PARAMETERS OF PFAKS IN CROSS
SECT IflNS ANO IAIVAR I ANT-M4SS D I STR IRUT IDNS THF. CROSS-

SFCT IDN PEAKS ARE AT LEAST DOMINANTLY ASSf)CI ATED WITH THE Y«l(2030) r
BUT NAY CONTAIN 4 SHALL CONTRIRUTIDN FRDH THE SUGGESTFD RUT NOT ESTAB-

LISHEDD

OTHER RFSONA'4CES fN TH( S 'RFG ION ~

28 Y«1(2030) MASS (HEV) -- AS SFFN IN PFAKS

Yell 1940) FROM KRAR N I NTO SI GHA PI SORT ( X 1«X3 )
RZ -0 ~ 12 0 ~ 03 GAL T JER I 70 OP'WA K-P Tn S I GHA PI 7/70

»»a»¹» ee»ee¹ee¹ ¹eeeeeeee ee«e«eeee eeeeeeeee aeeeee«e» eeeeeeeee eeeeeeee

REFERENCES - Yel(1940)

( 2022 ~ 0)
2020 0
2 049 ~ 0
2025 0

tZ025 ~ 0)
4 ~ ~ ~ ~

4V ER AGE HE AN INGL

(20 ' 0)
7 ~ 0

0
10 ~ 0

(20 ' 0)
a a ~ ~

ESS {SCAlE

Bl ANP I ED
RIJGG
BR. I CMAN

Cnnl
LU

FACTDR "- 2 8)

6» CNTR 0 GAMMA P TO K+ Ye
bR CNTR K P ~ 0 TOTAL
70 CNTR 0 TOTAL AND CH EX
70 CNTR K-P ~ n TOTAL
«0 CNTR 0 GAMMA P TO K+ Ye

6 /68
6/70

10/70«
1/71«

GALT IFR I 7Q DUKE CONF 173
L I Tf:HF IE 70 NP 822 269

A BARB ARO-GALTIER I
P J l I TCHF I ELO

{LRL)I JP
(RUTHERFORD)IJP

28 Y»1{2030) WIDTH t HCV) —AS SEEN IN PEAKS

»««««e«««e«ee»»»e» ««««»»»«e «e«»»«e«»»eeeeeeee e»eeeeeee ««»»««ee
aa»»e»e«e «ee»»«e»» ae»aa»e»e e«e«ee«e» eeee«eee«ee»eeeeee

47 Y»1{Z030e JP~7/2+) I =1 Fp 7
SEE THE MINI-REVIEW AT THE START OF THE Y«LISTINGS.

t20 ~ 0)
10 ' 0
11 ~ 0

(120~ 0)
130m 0
126~ 0
165' 0
(flO. 0)

4 ~ ~ 4 ~

AV ER AGE HE AN I HGL

6» CNTR 0
68 CNTR 6/68
10 CNTR 0 TOTAL AND CH EX 6/70
70 CNTR K P i 0 TOTAL 10/70'¹
70 CNTR 0 G4MHA P TD K+ Ye 1/71»

BLANP IED
RUGG
RRI CHAN
cnnl
LIJ

~ ~ 4 4
ESS lSC4LE fACTOR "- 1 ~ 0)

28 Y» I I 2030) P4RT I Al DECAY MODES
THIS ENTRY ONLY tNCLUDES RESULTS FROM PARTIAL-WAVE
ANALYSES PARAMETERS DF PEAKS SEFN tN CROSS-SECTIONS
AND INV hR I ANT-Hh 5S 0 I STR I BIIT IONS ARDIJNO 2030 HEV ARE

"IVEN IN THF NEXT FNTRY ~ EVENTUALLY TH'E PARTI AL-WAVE ANALYSES SHOUlo
C I VE THE BEST RE SULT 5 45 THEY I SDLATE THE f 17 WAVE ~ THI 5 SUPERIOR t TY
ISg HOWEVERr PRDBABI Y NDT YET ATTAINEOa ANO WE RELY ON BOTH ENTRI'Es
FOR PARAMETERS GIVEN IN THE HAIN BARYON TABLC ~

Pl
P2

Yei(2030) I NTO KBAR N

Yel(2030) INTCI KRAR N P I

DEC AY MASSES
497+ 939
497+ 939+ 139
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For notation, see illustrated key at beginning of data card listings

Saryons

Rl
R 1
Rl
Rl
Rl

28 Y«1( 2030 ) BRANCHING RAT I OS -- AS, FEEh) I N Pf. AKS

Y e 1 {2030) INTA ( KRAR N) /TOTAL Xl

THE SF. VALIJES AF FL ASTI{:ITIFS ASSUME J=7/2
0 131 RUGG 68 C NTR 6/68
0 ~ 27 (0 ~ 02) RRICMAN &0 CNTR 0 TOTAL AND CH FX 6/70
0 12 conc 70 CNTR K-P E 0 TATAL 10/70«

III

W

l70 ~ 0)
( 135.0)

26 Y» ll 2100) WIDTH (MFV)

(30 0)
(30 ' 0)

26 Y«l(2100) phRTIAL DFchv MAAEs

CTALT [FR I 70 DPWA 0 K P TO LAMRDA PI 7/70
GALT [ERI 70 I)PWA 0 K-P TA S( GMA P I 7/70

82 Y « 1(2030) I NTn KBAR N PI P2

RZ S & F hl ROCK HPi C

e»¹¹ae¹¹»a«»ac«¹¹¹ee»¹e»¹¹ee¹»«ee¹ee««ec«» eeee««eee»«ace¹«»» eee»e¹e»

P 1 Yel( 2100) INTA KBAR N

P2 Y«1( 2100) INTA LAMBDA P I
P3 Ye[ {2100) INTO Sf GMA PI

26 Y«1(?100) BRANCHING RATIOS

OCCAY MASSFS
497» 93&

1115+ 134
1197+ 139

RL hNPI FO
CnnL

BIJCFG

RR [CHAN
c.nnL
LE)

PRL 14 741
66 8RL 16 I ZZ SI

COOL "" I S SUP FR
68 PR 1rs8 1466
70 PL 3[8 152
70 P R 10 1887
70 PR 02 [846

RFFFRENCFS -- Y«0( 2030) AS SEEN [N PEAKS

+GRFENRERG HIJGHES K[TCHIN(' LU + {YALF(CFA) )

+GIACAMELL I KYC[ A LEANT fC L I LUNDBY ~ + {RNL ) I

SF DEA EBY COOL 70 ~

+G I[.MAR. KNIGHT ~ + {RTHFD BRMGHM CV NOSH) I
+FERRO LUZZI PERR EAU + l{.FRN CAEN SACLAY)

+0[ACOMELL [, KYCIA LFONTIC LI + (RNL ) I

+GREENBFRGE HUGHES 2 HINEHART E MARI E+ ( YALF )

RFLOW ~ Xl = {PART f AL-WIDTH 1 ) /TOTAL WIDTH, ETC. h SICH, 'WHFRE

E XPL fC I T F I S I EI THE CANVF NT ION 0 I SCIJSSF 0 IN THF Ye M[NI-REV IFW ~

R 1 Yel (2100) FROM KBAR N TA LAMRDA P I
R 1 (-0 07) ( 0 ' 02) GALTI'ERI

SQRT (X 1»X2 )
70 DPWA 0 K-P TA 1 AMRAA P I 7/70

R 2 Y«1( 2100) FRAM KBAR N Tn S [CMA P [ SORT(X1«X3)
RZ I+0.13) {0,02) GAL TI FR I 70 I)PWA 0 K —P Tn SI ( Nih PI &/70

ee¹»»e»e»eae»e¹ ee¹»«««»««e¹«»e»¹e ee»e«e»»e eeeeee»e»»¹«¹«»¹e¹«»«e»»»e

~II
y(apt?P) SA YAI I EGYG JF=S/2 I l=i Ff h

TH I S STATE HAS RFFN SIJGGESTFO BY ONLY ONF PARTI AL

WAV F. ANALYS f S h( ROSS THI S RF CION IT NFFDS CONF t RE(AT IUN

34 Y«1( 2070 ) &h %S ( ~E V)

GAL T I ER I 70 OIJKF. CONF 173

RF FERF NCES -- Ye I ( Zlc)0)

A BARB ARA-GAL T!ER I (LRL) I JP

¹ 4I4t e»¹ 4t¹¹'¹««e¹«e»¹«4I «»«'¹ ee¹e«»¹'¹«»¹4l'¹¹»¹ee a«¹¹«e«« « ««» 41«»»ee» e'a»e «4I'¹
¹4»4¹eee»¹¹e¹»e«e»ca«««e ¹e»¹eeee«««»»¹¹«¹¹e«¹«»»eee ¹»¹n¹»«¹¹»»4¹4ee¹

W ) 8200 MEV — PRODUCTION ~D crTOT~ EXPERIMENTS

(10 ~ ) RFRTHON1 70 DPWA — K- P TO S IG P I 1/71¹

34 Y«l{ Z070) WIDTH (MEV)

( 140 ~ ) (20 ~ ) BERTHA%1 70 DPWA - K- P To S[G PI 1/714'
e»e»e« e»e»eee»e eeeee»»»4t e¹ee«»ee« «¹¹¹«¹¹««»»e¹¹*ee¹«e«e»e«»e «e«e¹«e«

Pl
P?

Y«1{2070) &ARTIAL DFCAY MODES

Y"1(2070) INTO KRAR

Y«l(2070) INTA SIGMA Pl

DECAY MASSES
&97+ 939

1197+ 139

34 Yel (2070 I BRAiNCH[hl(i RATIOS

8 FLOW, Xl = (PARTIAL-Wlt)TH I)/TOTAL WIDTH ~ FTC ~ A StGN ~ WHERE

EXPLI CIT ~ IS IN THF C )NVF NTIAN DI SCUSSED tN THE Ye MINI "REVI FW,

48 Yel(22'504 JP= ) I=1

~(22 0) SFE THF 'Alii[-IIEIIIEH AT THE START HF THF YF LiSTINGS.

THE PIIASF. -SHIFT-ANALYSIS RESULTS ARE Tnt) WFAK TO

HARN ANT SFP AR AT I NG THF M FROM THF PRODUCT ION AND CRASS-
SFCT ION EXP ER IMFNTS ~ IN AN ANhLYS I 8 OF CLASTIC ANO

Pr)LAR I ZAT ION I)ATA OAIJH 68 COULD NAT FXCLUAF ANY

PASS I 8IL I TY FRO& JP= ". /2+- TO JP= 11/2+- FOR TH I S STATE. ARI CHAN 70
SUGGESTS 7/2- ~

RZ Y«1(?070) FRAH KBAR hI TO 5 IGMA SQRTt Xl«XZ)

RZ (+~ 12) ( 02) RERTHANI 70 DPWA — K- P TO S tG P I

BF RTHAN1 70 NP 824 417

RFFFRENCFS -- Y«1( 2070)

+VR ANA 2 RUTTE RWARTH ~ + ( CDEF E R HEL F SACL AY ) I JP

Z(8080) )8 Y«1(2080E JP=.3/2+) I=1

SF E TSIF MINI -REV IF W AT THE START OF THE Ye L I STINGS

SUCH h R ESI)NANCF. I 8 SU('GES 7 E 0 BY SAME BUT NAT AI. L

P h&T IhL —IRIAVE ANALYSFS ACROSS THIS RFGfnN ~ UNTIL THERE

IS MARE EvtnFNCF, WF nMIT THtS STATE FROM THE MAIN

BARYON TARLF. ~

88 Y«1(2080) &ASS (MEV)

4 «¹«e«»e¹«»ee«««»¹«e»«¹««4e«««ace«e¹ ¹«eee««eee«¹«ee¹e¹e»¹ee»eeeeee«¹¹4¹eeee
¹ ¹ ¹ ¹»e» e» «e «» ee «* ¹ e ««¹«««« tt ¹ «««» ¹ «e ¹ e» ee» e ¹ e e ««» e«e» 4I e e» ¹ e 4I 4I e e ¹»»a ¹»»'ee» 4t e 4t

1/71«

M

M

M

M

W

W

W

W

48 Y¹l{?250)&ASS {MFV)

I 2245 ~ 0)
{229&. 0)

2250 ' 0
2237H 0
22&5 ~ 0
?280 ~

( 22'50 ~ 0)

t6 ~ 0)
7EO

1 I. ~ 0
[OF 0
14 ~ 0

(20 ' 0)

BL ANP I ED
BACK
BUGG
RR t CHAN
COAL
AG IJI LAR
LU

I 150.0)
(21 ~ 0)
230 ' 0
164H 0

(),70 ' 0)
100ED

( 125~ 0)

( 17 ~ 0')
20 ' 0
50 ' 0

ZOAO

BLANPIFD
(21.0) RACK

8 UG{i
RR I CHAN

COAL
AGIJI LAR
LU

~ ~ ~ ~ ~ ~ ~ ~ ~

AVERAGF. EIEANINGLESS (SCALE FACTOR = 3 ~ 3)

~ ~ ~ H ~ ~ ~ ~ ~

AV ERA GE IEANINGL ESS ( SCAL E FACTCIR = 1 ~ 4)

48 Y»lf 22 "0) WIDTH f MEV)

65 CNTR
65 HBC
68 CNTR
70 CNTR 0
70 CNTR
70 HBC +
70 CNTR 0

IJN 5 C h) T R

65 HRC
rT8 CNT R

70 CNTR 0
70 CNTR
70 HBC +
70 CNTR 0

GAMWh P Tn K+ Y»
PBAR P 5 7 REV/C
K-PE 0 TOTAL
TOTAL ANA CH CX
K-P 0 TOTAL
K- 3F&"4' 6 GFV/C
GAMMA P TA K+ Ye

GAMMh P TA K+ Ye
PBAR P 5 ~ 7 GYEV/C

K-P, n Tn TAL

TOTAL AELIA CH FX
0 TnTAL

K- 3F9-4 ~ 6 CFV/C
GEAE4MA P TA K+ Y¹

6/68
6/70

10/70«
5/70
1/71«

6/68
6/&0

10/70¹
5/70
I/71«

(2 082 ~ 0)
( 2 07OH 0)

(4 ~ 0)
(30 0)

cnx 70 OPWA — K- N TO LAM PI
LITCHF IFL 70 APWA 0- K- N Tn LAM P I

6/70
6/70 48 Y¹1(2250) PART IAL OFCAY 40DES

( 87 ~ 0)
f 2 10.0)

8& Y»1(2081 ) Wt ATH {s4EV )

{?0' 0)
(40 0)

88 Y¹1(2080) PARTIAL AFCAY MADES

cnx 70 DPWA — K- N TA LAM P I
L ITCHF [EL 70 AP'WA 0- K- N TO LAM P I

6/70
6/70

Pl
P2
P3
P4

Y»1( 22510) I NTA KBAR N

Y«1( 2250) I NTA LAMBDA P I

Y¹1(2250) INTO SIGMA Pl
Y»1(?2 0) INTO KBAR N P I

48 Y¹1( 2250') BRANCHING RAT t AS

DECAY EIASSFS
497+ 939

1115+ 134
1197+ 139

497+ 93o+ 139

Pl
P2

Y¹1l2080) I NTO KBA& N

Y«1(2080) I ELITO LAMBDA P I

DECAY MASSFS
497+ 939

1115+ 139
RELOW Xl = {PARTIAL-WIDTH 1)/TOTAL WtATH ETC ~ A S(GN WHERE

FXPLICIT IS IN THF CONVENT IAN 0[SCUSSEA IN THE Ye MINI-REVIEW ~

88 Y«1 ( 2080 ) BR ANCH tNG RAT I OS

RFL')W, Xl = tP ART I A[.-WIDTH 1 ) /TATAL WIDTHS ETCH h S IGNY WHERE

EXPL f CITE I S IN THE CONVENT fCIN OI SCUSSEA IN THE Y«MIN I-RFV IEW ~

Rl
Rl
Rl
Rl
Rl

Y «1 ( 2250) INTA ( KBAR N I /TOTAL Xl
J IS NOT KNOWN ~ THF FOLLA'WING IS {J+1/2)«Xl,

(0 47) BUGC 68 CN&R

(0 ~ 16') (DF 12) BR IC MAN 70 CN TR 0 TI1TAL ANA CH EX

t DE42) COAL 70 CNTR K-P E D TOTAL

6/68
6/70

10/70«

Rl Y«1{2080) FRAM KBAR N TA LAMBDA SQRT {X1«X2 )

Rt (-0, 16) (0 ' 03) COX 70 DPWA — K- N TO LAM Pl
Rl (-0 09) (0 03) L[TCHFIEL 70 DPWA 0- K- N TO LAM PI

»eee«eeee e»eee»eee»ee¹«««»¹ e«e»»«ee» e¹ee¹«4«»»ee«e»»»e

REFERFNCFS -- Yell 2080)

6/70 R2 Y«1(2250) FROM KRAR N Tn LAMBDA PI SQRT(X1¹X2)
Ili/70 R 2 THF FALLOWING ASSUMES JP=9/2- ~ DATA INSUF ~ FAR DETERM, THIS AMP,

RZ (-0.18 ) GALT I ER I 70 DpwA K —p To LAE48AA p I 10/70¹

R3 Y«1{2250) FRAM KRAR "4 TO SIGMA P I SQRT(X1«X3)
R3 THF FOLLOW IELICF ASSUMES JP =9/2- ~ DATA INSUF ~ FOR DETFR.'I ~ THI S AMP ~

R3 (+0.07 ) GALTIERI 70 APWA K-P TO SIGMA PI 10/70»

COX 70 NP 8 I.9 & I
1 I TC HF IE 70 NP 8 22 269

+ I SLANE COLlFY E +
P J Lt TCHF IFLt)

(BIRM, EAIN, GLAS, LOIC) I JP
(RUTHERFORD ) I J P

Z(2100)

I

26 Y«l(21004 JP 7/2 ) I 1 ~1 7
SFE THE HINI-RFVIEW AT THE START OF THE Ye LISTfNGS ~

e¹4«e««ee«4I«¹4I«»ee»«4I««e ¹«ee¹ee¹¹««««»«»»» e««e»eeee «ee»e»«»e ¹¹e¹eeee
e¹a»e» ¹»e««ee«» e«eeae«ee e«e¹¹e¹eeeee«»eeee eeeeeeeee ee¹»eeee«e«ee«eee

84
Rh

R5
R5

(Pl) /(P3)
69 HRC + 1 STAN AFV LIMI T 10/69

(P2)/tP3)
69 HBC + 1 STAN AEV LIMIT 10/69

REFERENCES -- Y»1( 2250)

Y«l(2250) INTO (KBAR N)/(SIGMA Pf )

I 0 ~ 18) OR LF SS 8ARNES

Yel(2250) INTO (LAMBDA Pf)/(SIGMA Pl)
t0 ~ 18) OR I E is BAR NES

{2060 ~ 0)
(2120A 0)

26 Y«l(2100) MASS t MEV)

(20 0)
(30 0)

GALT IERI 70 DPWA 0
GALTIERI 70 DJWA 0

K-P TA LAMBDA PI
K-P TO St GHA PI

SUCH A RESONANCF. IS 'SUGGESTEO BY SOME BUT NOT ALL

PARTI AL-'WAV E ANALYSES ACROSS THIS REGION ~ UNTIL THERE

IS A{OR F EVI AFNCE E WF OE4[ T THTS STATE FROM THF MAIN

BARYON TABLE

7/70
7/70

BLANPIEO 65
BOCK 65
BUGG 6')
BARNES 69
BR I CHAN 70
COAL 70
GALTIFRI 70
AGUtLAR 70
LU 70

PRL 14 741
PL 17 166
PR 168 1466
PRL 22 479
PL 318 1'52
PR 10 1887
DUK F CDNF 173
PRL 25 58
PR D2 1846

+GRFFNRERCTEHIJCYHES ~ K I TCHf NGE + (YALE( CFA) )
+COOPE REF R ENCHE K I NSONS + {CFRN, SACLAY)
+GI I MARE KNIGHT + l RT HFD BRMGHM CVNASH) I

+FLAMI A{I 0, MAE{TANET SA .I CIS t BNL+SYRA)
+FERRO LUZZI 4 PERR EAIJS+ {CERNECAENE SACLAY)
+GIACOMFLL I KYCI A LEONT IC Ll + (BNL )

A BA RR ARA-GAL T I ER [ (LRL)IJP
ACEUI LAR BENI T FZ 4 BAR NESS + {BNLr SYR)
+GREENRFRG HUGHES MINEHART MORI + ( YALF)
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PAPERS NOT REFERRED TD IN DATA CARDS

AAUH

»«¹»»¹¹««»«¹«¹»»««¹«¹¹¹«¹¹¹»¹¹»¹«¹«¹»«»»»»¹¹«¹»¹»¹¹«¹«»«¹»«¹¹¹««¹¹«¹¹«¹»¹¹«¹¹««¹¹¹¹««¹¹¹¹¹¹¹¹¹¹ ¹¹«¹¹¹«¹»¹««'«¹¹¹«

Cr}OL 66 PRL 16 1228 +GIACOHELLI KYCIA LFANTIC LI LUNDBY + lBNLI I

COAL 66 IS SUPFRSEDFA BY Cnni 70.
DAUBFR 66 PL 23 154 +SCHLF IN SLATER STORK T [CHO (UCLA(LRL) I J

SUC&GEST S J «9/2 RESONANT BE r(AV IAP [N 5 I CeMA- P I+ ~ BUT APPFARS
I NCONS t STENT W I TH PARAMETERS AF COOL 66 ~

68 NP 87 19 +FRNF. LAGNAUX SENS STEUER UDO I CERN) JI

EHRL ICH 66 PR 152 I 194

REFERENCES -- Y»1(3000)

R FHRI ICHe W SELAVF. H YUTA ( PENN( BNL ) )

EXOTIC HYPERONS C((DSS SECTION LIMITS (MICROBARNS)

THI 5 I 5 NOT A COHPLETE I I ST ~ 'WF. Wl LL TABULATE FXAT tCS PRO I NDW ON

««««¹» «¹«««¹«»«¹»»««¹»»»«¹»««»«»«¹»««««»¹»»»»¹«»»»» «»«»«»»»««»»««¹a»¹¹¹«¹¹«¹»»»¹»««¹«a»«««»» «*«««««»» «»«*««»»» «««»««»»»» ««»«»»» ««»»»«««»

~(z~5s) 53 Y¹lf2455 e JP= ) I=j

SEF THE MINI-REVIEW AT THE START OF THE Y¹ LISTINGS ~

CR G
G

CR 4
CR 4

(20 ~ I OR LESS GALTIFRI 68 DBC K-N TO SG-PI-Pt 0
ABOVF LIMIT FAR MASS LT 2 15 GEV AND GAMMA LT 60 HEV- [2 I GFV/C K«I

t 40 ~ I AR LFSS GA jT IER I 68 DBC K-N TO SG Pf PI 0
ABAVC LIMIT FOR MASS LT 2 ~ 3 GEV ANO GAMMA LT 120 Mf V- (2 7 GFV/C K-I

7/70
7/70
7/70
7/70

REFERENCES --- EXOTIC HYPERONS

THFRF [5 ALSO SOHF SLIGHT EVIDFNCE FOR Y¹ STATES IN

THIS MASS REGION FROM THE REACTION GAMMA + P TO K+ + MISSING MASS
SF F GR FE NBERG 68 ~

53 Y¹1[245" I H455 (MEVI

GAL TIF RI 68 PRL 21 573 4 ~ BARBARA-GALTICRI CHA'AW ICK + (LRL+SLACI

¹¹»¹»»¹¹¹»»¹¹«»¹¹««»¹»«»«¹«»¹¹¹««¹¹«»«¹¹«¹¹*«««¹«¹¹»¹«»¹¹»«»¹«»»¹««»
¹ ¹'««¹¹

'¹¹ ¹ ¹ ¹ ¹ ¹ ¹ ¹ ¹ ¹ ¹ ¹
'¹

¹ ¹ ¹ ¹ ¹ ¹ ¹

M

M

M

AVC

7455 ~ 0
24&5 e 0
~ ~ ~

2 45'5 ~ 0

7 0 B(IGG 68 CNTR K-P, A TOTAL 6/68
10 ~0 ABRAHS 70 CNTR K-P, 0 TOTAL 10/70¹

~ 0 ~ ~ 0 ~

) ~ 7 AVERAGE (FRROR INCLUDES SCALE FACTOR OF 1 ~ 0)

53 Y¹1(245 ) ) WIDTH (HEV)

100%0
140~ 0

20 ~ 0 BUGG
ABRAHS

68 CNT R 6/6 8
70 CNTR K-Pe D TOTAL 10/70«

'53 Y¹1(2455) PARTIAL DECAY MODES

Pl Y¹l(2455) I NTO KBAR N

'53 Y»1( 2455 I BRANCHiNG RAT IOS

DECAY MASSES
497+ 939

Rj
Q j
Rl C

Rj C
Rj C

Y«1(2455) INTO (KBAR N)/TOTAL Xl
J I '5 NOT KNOWN ~ THF. FOLLOW I NC I 5 \ J+1/7 I «Xl

(0~ 3} BUC.G 68 CNTR
0» 39 ABRAMS 70 CNTR K-P e D TOTAL

[0~ 05) (0 ~ 05) BRI CHAN 70 CNTR 0 TOTAL AN'} CH EX

FIT OF TOTAl CROSS SFCT ION GIVFN BY BR[CHAN 70 IS POOR IN
TH[ S RFCeI AN ~

6/68
10/70»
6/70

Resonances
The - resonance situation has long been and

will probably long remain unsettled. This is be-
¹¹¹»««»«¹«»»«¹¹««»¹»¹«»««¹«»¹»»»«»» ¹»»»««¹¹»»»«¹¹¹¹»¹¹¹¹¹«»¹ ¹»¹¹«¹¹¹

RF~FRENCFS -- Y»1[2455}

ABR ASS 70 PR 1D 1917
RUfifi 68 PR 168 1466
BR I CHAN 70 PL 318 1'52

+CAALe GIACOHELL I e KYCI Ae LEANT ICe + (BNI I I
+G ILMORE KNIGHT + t RTHFD BRHGHH CVI»DSHI I
+FFRRO LUT 2 [ e PERR EAU ~ + t CERN ~ CAEN ~ SACLAY)

PAPERS NOT REFFRREO TO IN DAT4 CARDS
ABR AHS 67 PRL 19 678 +COOL, GIACDMFLLI KYCf 4 ~ LEONTIC ~ L f + (BNL)

ABRAHS 67 IS SUPFRSFDFA BY ABRAMS 70 ~

GREFNBER 68 PRL 20 721 GREENBERGe HUGHES ~ LU ~ MINEHART, + (VALE}

¹»»»»»»»»»»»««»»«» «»» ¹¹»««¹»¹»»«»»»««»»»¹»»«»'¹«¹¹«¹¹¹»¹»¹«»¹¹«¹¹¹¹»'¹
» «»» *«»»'«»«»¹««¹»««»«¹¹¹»«»«»¹¹««»»¹»»»¹«» ¹«¹««»¹¹«¹».«¹¹¹¹««¹«»«¹¹

cause 4) they can only be produced as part of a
final state, K +p -~ + others, and 2) they are so
produced with very small cross sections ((50 pb).
Thus the numbers of events available are small,
and the analysis is more complicated than if direct
formation were possible. Only the ™(4530) is
really well established. There ax'e at least two-

z(a62o} Y» 1[2620e JP = I I =1

SFF, 7 HC NINI-RFV [E W AT THE START OF THE Y«LIS&f NG'5 ~

54 Y»1(2620) HASS [NEVI

states in the &800-2000 MeV region and there are
indications of several more above 2000 MeV, but

7 620 ~ 0 j&»0 ABR AHS 70 CN TR K-P ~ D TOTAL I.D /7 0»' the situation is very unclear. %e are fox'ced to
54 Y¹1(2620) WIDTH (&FVI

( j75»0) ABRAHS 70 CNTR K-P D TATA[

54 Y¹l.(2620) PARTI AL DECAY HOOFS

Pj Y«l[ 2620) INTO KBAR
DECAY MASSES

497+ 939

Y¹1(2620 } BRANCH'tNG RATIOS

Rj V¹jt2620) [NTO (KBAR NI/TOTAL Xl
Rl J I S NAT KNOWN ~ THE FOLLOWING I 5 (J+I/21«XI»
Rj 0 ' 36 0 12 BR [CHAN 70 CNTR 0 TOTAL ANA CH EX
R j. (0 ~ 32 I ABRAHS 70 CNTR K-P, D TOTAL

10/70¹

6/70
10/70»'

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 mea-

ger data available at this time.

REFERENCES -- Y«l( 2620)

ABRAHS 67 PRL I 9 678 +COOL, GIACOHFLLI KYC I 4 LEANT IC l I + (BNL 'I

45RA'»5 67 I 5 SUPERSEDED BY ABRAHS 70
ABRAMS &0 PR 1D 1917 +COOL e GIACAHELL I ~ KYCIA e LEANT ICe + IBNL)
BR [CMAN 70 PL 318 15? +F E'RRO LU22[ PERP EAU»+ ( CFRN ~ C AFN SACl AY)

»»»a»»»««»»»¹¹»»»«»»»«»»»¹«¹»»««¹»»«»$¹»¹«»»¹»«¹¹¹»»»«»»»«»«»««»»¹««
»«»«»« ««»» ««»«« ««¹¹»¹¹¹*«¹«¹«¹«¹«««»«»» ««« «¹»¹««'««» «««» «»¹»» »¹¹»«»«¹

STATUS OF THE XI «RESONANCES» THOSE WITH AN OVERALL STATUS AF ¹«¹OR

ARF INCLUDEt} IN THF MAIN BARYON TABLE ~ SEEe HOWEVERe THF NATFS FOR THE

INDI VIDUAL RESANANCF S PART I CULARLY FOR THF Xl ( l820) AND X I ( 1940) FOR
ADOIT [ANAL WARNINGS ~

STATUS AS SF.EN IN

z(oooo) 59 Y¹1(3000~ JP= I 1=1

SrE THE HIN[-RFVIFW AT THF START OF THF Y» I )STINGS ~

OVER ALL
PARTICLE l I J STATUS XI PI LAM K SIG K XI¹P I OTHFR CHANNFLS

( 3000~ 0)

ENHANCEMENT [N L4MBOA PI ANO KBAR N INVAR[4NT HASS
SPFCTR4 AND IN HISSING MASS OF NEUTRALS RFCOIL[NG
AGA INST KO ~ EVIDENCE NOT CONCLUS IVF ~ OHI TT'FD FROM

TABLE.

Y¹1(3000) MASS (MFV)

FHRL I CH 66 HBC 0 P I-P 7 ~ 91 8EV/C 9/66

Y«1(3000) PART tAL nECAY NODES

XI( 1320) Pll
Xf (1530) P13
XI(1630)
XI ( 1820)
Xl ( 1940)
XI (2030)
Xl(22 50)
Xl ( 2500)

LAMBDA Pl

3-BODY DECAYS
3-BODY DFCAYS
3-BODY DECAYS

P[.
P7

Y«1(3000I INTO KBAR N

Y»1(3000} INTO LAMBDA PI

DEC AY MASS ES
497+ 939

1115+ 139

GOODs ClE ARe AND UNHI STAK ABL E ~

CeAOOe BUT IN NFED AF CLAR IF (CATION AR NAT A85OLUTELY CERTAIN ~

NFCDS CONF IRMATf AN ~

WF 4K ~
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22 XI — {1321'JP=l/2 ) I=1/2

SEE LISTINGS UF STABLF. PARTICLES

23 XI 0 (1314s JP=1/2 ) 1=1/2

SFF. L I STINGS OF STAt)LE PART TCLFS

ea«e«e«4» e«4««¹¹«e «»«4«*»««»ee»«e««e «»4¹¹«44¹44«e«4»¹4 «»eee»«e
e««eee «e»»«««e«aee««aea««ee««e«e¹ «»a««ace» «ac«ee««e eeeeeeee» eeeeee«»

:"(1530} 49 Xt »1/2( 1530 ~ JP=3/2+) I=l/2 1 3
TH I S I S THF. ONLY RF ALLY WFLL-F ST ABL I SHED X I« ~ THE
QUANTUM NUMBERS 3/2+ ARE FAVORED RY THF DATA

WF Dt) NOT USE O'ETERMINATIONS OF THE MASS AND THE Wt 0TH OF THIS
STAT F UNLESS THEY ARE &rCOMP hN [F0 BY SOME 0 ISCUSS[ ON OF SYS)'EMAT ICS
AND RESOLUTION ~

49 XI«I/2{ 1530) MASS (MFV)

«eea««ee» «e«a««ee«e«e»«««4» ««e«««ee» «e»¹«e«ee e¹«ee«eee ee»«ace»
«4«««» e»«««eae» «e*«a««ee «a«a«*««¹ «¹ee»«ee» a««»«««a« e«e«»«e¹» eeee««e»

:"(1820}

QUOTE THEMs BUT
([F ANY AT ALL')

Decay mode

AKD

50 X[»1/2{1820s JP= ) [=I/2

AS THF. ACCOMPANYING IOEOGRAMS ILLUSTRATE ~ THE S I TUAT ION
I S CONFUSED ~ UNT IL SOME FUTUR E CLAR IF tCAT ION WF. L I ST
UNDER X [(1820) EVERYTHING REPORTED lhl THE MASS RANGE
1750-1875 MFV ~ WHFN BRANCHING RAT EOS ARE REPORTEDs WE

THFRE ESPECIALLY ONLY THE MOST QUAL ITATIVF, CONCLUSIONS
ARF JUST[FIFO

-(4820)
Masses and widths of reported enhance-

rnents in the -(i820) region (solid

rectangle s indicate e r r or on ma s s) .

BADIER 65

M

M-

MO

D

D R

D

D R

0
D AVG

55 ( 1 529+ 0)
(1532~ 0)

38 1535~ 7
76 152t) 7

5 ' 7
(7 0)

2 ~ 0
RFDUNDA
~ ~ 0

4 ~ 0

('5 ~ 0)
(2 0)

3 ~ 2
1 1

PJERROU 62 HBC 0- K-P I i8 GEV/C
BAD[FR 64 HRC 0- K-P 3 GFV/C
LONDON 66 HBC — K-P 2 24 GEV/C 7/66
LONDON 66 HBC 0 K-P 2 ~ 24 GEV/C 7/66

49 Xle( —)-XI«(0) MASS DIFFFRENCE (MEV)

0- I ~ 8-[ ~ 95 GEV/C 7/66
0- 2%24 GEV/C 7/66
0- I ~ 7-2 7 GEV I C 7/66

3 0 PJERROU 65 HBC
0) LOND ON 66 HRC

3 ~ 2 ME RR ILL 66 HBC
TH DATA IN MASS LISTING ~NT WI
~ ~ ~

2 ~ 2 AVFRAGE (ERROR INCLUDFS SCALE FACTOR OF 1 0)

Xt«1/2(1530) WtnTH tMEV)

AK

7T, AK
+

1T

=-(i530)~

Z K

AK

~ ~ ~

~ ~ ~

I I )

1800 1900

SMITH-2 65

ALITTI 69

BMST 70

BMST 70

BMST 70

BMST 70

W

W

W

W

W AVG

7 0
s) ~ 5
7 0

~ ~ ~ ~

7 3

2 ~ 0
3 ' 5
7 ' 0
0 ~ ~

1 7

SCHL E I N 63 HBC
LONDON 66 HBC
BERGE 66 HBC

0 1 ~ 8 r 1 ~ 9'5 GEV/C
0 2 ~ 24 GEV/C 7/66
0 I ~ 5-1 ~ 7 GFV/C 7/66

AVERAGE (ERROR INC{ UDES SCALE FACTOR OF 1 ~ 0)

M + I /2 (MeV)

50 XI ¹1/2{1820) MASS (MEV)
49 XI«1/2(1~30) PARTI A( DECAY MODCS

PI Xl «I/2( 1530) INTO XI
DECAY MASSES

1321+ 139

PJF&ROU 62
SCHLEIN 63
BADIFR 64
P J F. & R OU 6'5
BFRG& 66
LONDON
MERRILL

REFFRENCFS -- XI «1/2(1530)

PRL 9 114
PRL 11 167
DUBNA I 593
PRL 14 275
oR I 47 945
PR 143 1034
UCRL-16455 THE S IS

+PROWSE SCHLEIN SLATER STORK ~ T(CHO (UCLA) I
«CARMONY PJERROU St ATFR STORK«T tCHO (UCLA)IJP
+DEMOUL IN GOLDBERG ~ + {FP SACLAY AssSTR ) I
+SCHLF IN SLATER ~ SMITH STORK TICHO (UCI. A)
+FBFRHARD ~ HUBBAROt MFuR ILL e 8-SHAF ER s+ {LRL ) I
«R AU SAM[r!5 YAMAMOTA GOL DB ERG + ( BNL SYCR ) I J
0 W MERR ILL (LRL ) JP

PAPERS Nf)T RFFERRED TO IN DATA CARDS

t)THER STRONG DFCAYS ARF Ft)RBIDDFN BY ENERGY CONSFRVATION ~

ea««a« ae«e««ea» aeeeaeeee ee*aaeeee ««a«««ee» ¹eee«»e«e «eee»ee«» «»«ca«e«

M

M

M

M

M

M

M

{1770%0)
29 1817~ 0
30 [814m 0
40 1830 ' 0
25 1830+ 0
65 1795~

'5 & 1820~

35 [854m
6'5 1871~

7 ~ 0
4 ~ 0

10~ 0
10 ~ 0
10'
12 ~

12 ~

11 ~

HALSTF INS
SMITH 1
BAD[ FR
At ITTI
C R F. NNE L L
RMST
BMST
8 MST
RMST

~ ~ ~ 0 ~ ~ ~ ~ ~

AVERAGE MEANINGLESS (SCALE FACTOR = 2 ~ 4)
( S E'E IDEOGRAM BELOW )

63 FBC
65 HBC
65 HBC
69 HBC
70 DBC
70 HBC
70 HBC
70 HBC
70 HBC

0- K-FR 3 ~ 5 GEV/C
0- LAMBDA KBAP,
0 L AMBDA KBAR

LA% 5[G KBAR
0- 3 ~ 6«3 ~ 9 GEV/C

0 XI-PI+ (2 ~ 9 K-P )
X I{1530) PI
SIGMA- KOBAR

0 LAMBDA KOBAR

9/69
10/70«
7/70
7/70
7/70
7/70

SHhFER 66 PR 142 BUTTON-SHAFER LI NOSEY MURRAY ~ SMI TH

A SPIN-P AR I TY OF. Tf RMI NATION
{LRL ) JP

««4*«¹ ««ea«4«¹e «a*«4«»4« «««««44«« ¹«4«»e¹¹e4»ee»4«4« »«¹¹«4««¹«4«44¹¹4
4««4»» »e««««««« «ee««a«¹« a«¹4»e«»e ¹«4»»«e«e «44««e¹¹»' «4»44«»4« «ae¹««4«

=-(183O}

40 1635~

40 '57

10 ~ 70 HBC 0 INTO X I- PI+ 7/70

21 Xt«I/2{1630) WtOTH {MEV)

18 ~ RMST 70 HBC 0

21 XI»1/2(1630) PARTIAL DECAY MODES

21 Xl«1/2( I&30, Jo= ) I =I/2

THI S I S A 3- r)R 4-STANDARD-DEV I ATION BUMP SEEN I N ONF.

CHANNEL IN ONE EXPERIMENT BAR TSCH 69 SEE A SMALL BROAD
FNHANCE4!EhlT NEAR 1650 MEV - IT IS NOT CL FAR THAT IT IS
TH& SAMF, &HENOMFNON AS 8&ST 70 ~

THIS FFFECT NEFDS CONF [RMAT ION ~

21 XI»1/2( 1630) MASS (MFV)

BMST
Bf1ST
BMST
BMST
CRENNELL

.ALITTI
BADIER
SMITH 1

1760 1800 1840 1880 1920
)(IM1i2 (1820) f1ASS I MEV)

70 HBC

70 HBC

70 HBC

70 HBC

70 DBC
69 HBC

65 HBC

65 HBC

CHISQ
20.4
7.4
0.0
6.9
0.8
0.8
3.3
0.4

40.0
(CONLEV
=0.000)

Pl X I «1/2( 1630) INT3 X[ P I

SFEN IN K- P TO XI- PI+ KO ~

DECAY MASSES
1321+ 139

50 Xl»1/2(1820) WIDTH (MEV)

BMST 70 DUKE 317

RFFERENCCS -- XI »1/2( 1630)

BR ANDF I S+M AR YL AND+ SYRACUSE+ TUFT S COLL AB

PAPFRS NOT RFFERREO TO IN DATA CARDS

APSELL 69 PRL Z3 884 + {BRANDEIS MARYLAND ~ SYRACUSE ~ TUFTS)
AP SELL 69 I S SUPERSE DFO BY BMST 70

RARTSrH 69 PL 288 439 + (AACHENr BERLIN« CFRN« LONDON« VIENNA)
KALB&LF I 70 DUKf CONF 331 G R KALBFL F I SCH (RNL) I

KALBFLEISCH 70 SUMMARI LES FVIDFNCE FOR ISOSPIN 1/2 ~

4«««4» «¹«««»»a««»«»e«e»» «»»»««»«««««««»»4» e««««e»e¹»¹ee»e«44 «4¹»¹4«
e¹e»e¹»»««4¹«4««e«4»«4¹444»e«e«»«¹«««44«44 «¹¹4«e»¹4«4¹eee«*» «*»»«¹»

65
55
35

(80~ 0)
(12 ' 0)

30 ~ 0
55 ~ 0

103 0
99~

82 '
56

OR LESS
t4 ~ 0)
7 ' 0

40 ' 0
38 ' 0
31
42»
14 ~

39 '

20 ~ 0
24 ~ 0

HALSTF IN 5 63
BAD[FR 65
SM I &H 2 65
AL I TTI 69
CRENNF[L 70
BMST 70
BMST 70
RMST 70
BMST 70

AV ER AGF. MFA NIGGLE SS (SCALE FACTr)R = 1 4)
( SEE [DEOGRAM BEL DID )

FBC
HBC
HBC
HBC
DRC
HBC
HBC
HBC
HBC

0- K-FR 3 ~ ". GEV/C
0 L AMBDA KBAR
0-

L AM« BIG KBAR
0- 3 ~ 6« 3.9 GF V/C

X I-PI+ (2 ~ ss K-P)
XI(1530) PI
SIGMA- KDBAR

0 L AMBDA KOB AR

9/69
10/704
7/70
7/70
7/70
7/70



C~E D.&T& GRo~TP Review of I'grtiele I roper6es S145

For notation, see illustrated key at beginning of data card listings

—50 50 150

~ BMST
.BMST
BMST

-BMST
CRENNELL

ITTI
ITH 2

70 HBC

70 HBC

70 HBC

70 HBC

?0 DBC
69 HBC

65 HBC

2'50

CHISQ
0 ~ 2
1 ~ 0
0.9
3.4
3.9
0 ~ 2
2.9

12.5
(CONLEU
=0.053)

1900 1940 19BO

XIx{1i2(1940) MASS (MEU)

BMST

BMST
GDLDWASSE

DAUBER
ALIT TI
BADIER

2020

70 HBC

70 HBC

70 HBC

69 HBC.

6B HBC

65 HB'C

CHISQ
2.2
0.3
0.2
9.3
0 ~ 9
1.0

14.0
(CDNLEU
=0.0161

XIX{1&2(1.B20) WIDTH (MEU)

Pl
P7
P3

P5

RI
RI

50 Xi»1/2(1820) PARTI AL OFCAY HADES

XI»1/2t 1820) INTt)
Xf¹1/2{1820) INT!)
XI«i/2{ 1820) INTA
XI«1/2{ 1820) INTO
Xt¹(1820) INTO XI

DECAY NASSES
L A@I BAA KB AR 1115+ 497
Xf PI 1321+ 139
SIGWA KBAR 1197+ 497
XI « I /2( 1530) P I 1530+ 139
P f PI I XI P I NOT Xi»( 1530) ) 1321+ 139+ 139

&0 XI»1/2(1870) BRANCHING RATIOS

XI«1/2{ 1820) INTI) (LA&BOA KBAR) /TATA{. t P 1 I / TOT AL

0 ' 3 0 ~ 15 AL ITT I 6& HBC 9/69

"2 X I«1/2( 1940) WIATH (NEV)

RADI FR 6c
AL I TT I h9
DAII 8 E R 69
GOLAWASSF. 70
8!lST 20
Ru!ST 70

'3'5 140~ 0 35 ~ A

27 80.A 40 ~ 0
65 98 ~ 0 23 ~ 0
21 &6. 0 26 ~ 0

1 10 12'9 ~ 30,
40 42 ' 3rs ~

~ ~ ~ ~ ~ ~ ~ ~ ~

AV FRAGE NEANINGLE SS I ICAL F FACTOR = I 2)
I SF. E IDEOGRA~ BELOW )

HSC
HBC.

HBC
HBC
HBC.

HRC

0 xf- PI+
0 X I- PI+ 11/68

XI PI 1'I /6 8
X I PI 10/70¹

0 X!-Pf+ (7 9 K-o! 7/70
X I(1530) P I 7/70

RZ
RZ

Xt «I. /2 {1820) INTO tX I P I ) /TATA(
0 ~ I 0 ALITTI

(PZ)/TOTAL
69 HRC 9/69

R3
R3
R3

XI ¹ 1/2( 1820 ) INT!3 ( SIGNA KR AR) /TOTAL (P3)/TOTAI.
{Ai02) OR LESS TRIPP 67 RVUE

0 ' 3 0 ~ 15 AL I TTI 69 HBC
8/67
9/69

R4
P4
R4

X I«1/2( 1820) INTO t Xf ») /2{ 1530) PI) /TOTAL (P4) /Tt)TAL
0 ~ 3 0 ~ 15 AL IT T I 69 HRC 9/69

{0 2") np LF ss I')hURFP 69 HBC K-P 2 ~ 7 RFV/C 9/69

R5
R5

R6
R6

R7
87

R9
P.9

HAL STF I»
SHI TH I
Sho I ER
SRITH 2
TR I PP

X I ¹1/2(1820) I "ITn ( XI P I PI )/ (L AHRA A KBAR) {P'5) /(Pl)
( 0.1 ) !)P NORF SN )TH 1 65 HSC

XI(1870) INTO (XI Pl)/(Xf (1530) PI) (P2) / {P4)
I ~ 5 0 ~ 6 0 ~ 4 AP SFLL 70 HBC 0

Xl(18ZO) INTO (XI PI PI )/(Xl(1530) Pl) IP5) /(P4)
0 ~ 3 0 ~ 5 APSELL 70 HSC 0

63 S I FNA Cr)NF 173
65 PRL )4 75
65 Pl 16 1~1
6c ATHf NS CONF 251

NP tI3 10
USES DATA O~ SNITH

RFFFRENCES -- Xl ¹1/2(1820)

HALSTE I'»SL 10 + I BERGFN CFRN F& RTHF UNICO(. ) I
+L INOSFY BUTTON-SHM-FR, »IUt! !!AY (LRL ) I JP
+DFNOULIN GOLABERG + (EP ~ SACLAY ANSTR) I
G A S& I THr J S L INA'SEY (LRL)
+ LF I THs + (LRL «SL AC«CERN ~ '{E I DELE SACL AY)

le

XI ¹1/2( 1820) INTO ( Xl PI ) / (I.ANR!3A K BAR) ( P2) / (P1)
0 ~ 2A 0 ~ 20 BAD'I ER 6'5 HRC

X I»I/2( )820) INTO {XI »( 1530) PI 'I /{L AN KRAR I ( P4) / (P1)
0 ~ 76 0 13 SNI TH I 6c HRC

7/66

6/70

6/70

T 70
T 70
OWASSE 70
BER 69
TTI 6B
IER 65

-50 50 150
XI+1i2 (1940) WIDTH (MEU)

250

52 X I ¹1/2{1940 ) PARTI AL OEChY "lOAFS

HBC

HBC

HBC

HBC

HBC
HBC

CHISQ
1.9
1.6
1.B
0.1
0.1
2.0
7.5

(CDNLEU
=0.1E)6)

ALI TTI 69 PRL 22
DAUBER h& PR 179 1262
CRcN»f I I. 70 PR 10 847
AP SFLI 70 PRL 24 ~7&
RNST 70 AUKF 317

+BARNES r&LANINIO ~ &ET 1GER «+ I BNL «SYRACUSF ) I
+RE'RGE HUBB ARO NFRRI LL &ULLFR t'LRL )
+KARSHAN ~ LA I ONF ALL SCARR ~ SCHUNANN(SNL )
+ {RRANDFISe NARYLANA, SYRACUSEr TUFTS) I
RRANOE I S+N!ARYL AND+SYRACUSE+TUFTS COLL AS ~

PAPERS NOT REFERRED TO IN AATh CARDS

P1
02
P3

XI (1940'I INTO X't PI
XII 1940) INTA Xt (1530) PI
X I (1940) 14Tf) Xl Pl P I {XI P I NOT X I I 1530) )

52 XI»1/2( 1940) BRANCHING RATIOS

AEC. AY H ASSI S
1321+ 1 39
1530+ 139
1321+ 139+ 139

MERRILL 68 PP 167 1202 0 W t(F RR ILLA' J BUTTON-SHAF ER (LRL )
WEAK I V I AENCF C!INCFRN[NG JP.

APSFLL 69 PRL 23 884 + (RRANAEIS ~ NAPYLANA, SYRACUSE, TUFTS)
APSFLL 69 IS SUPERSEDED BY BNST 70 ~

RZ
RZ

R3
R3

THE XI(1940) IS SEEN NAINLY IN XI PI ANO SnNE tN xI {1530) Pl. tT
HAS BEEN LOAKF. "; FOR IN OTHFR CHANNFLS BUT NOT SFEN ~

Xf t1940) tNTO ( XI PI ) /IXI(1530) Pf ) tPI I/(P2)
2+8 0 ~ 7 0 ~ 6 AP SELL 70 HBC 0

XI(1&&0) INTO {XI Pl Pl ) /(XI ( 1530) PI ) {P3)/{PZI
0 ' 0 0 ~ 3 APSELL 70 HRC 0

6/70

6/70

52 XI¹1/2{ 1940e JP= ) I «1/2

52 XI «1/2( 1940) IlhSS (&EV)

35 1933~ 0
27 1930 0

1894 0
71 1955~ 0

I 10 19"4i
40 1961~

16 0
20 ~ A

18 ~ 0
14 ' 0

8 ~

SAD f FR
ALI TTI
&AURFR
GOLAWASSE
8&ST
R.'NST

65 HRC
68 HRC
69 HBC
70 HBC
70 HSC
70 HRC

0 Xf- PI+
0 XI- P I+

XI PI
XI PI

0 XI-PI+ {2~ 9 K-P)
Xf(1530) Pl

~ 0 ~ ~ ~

AV ER AGE NEANINGL
~ o ~ ~

ESS (5{:ALF FACTOR = 1 ~ 7 )
( SF E IAFA GRAN RELOW )

WF L IST UNDER XI (1940) FVERYTHING REPORTED IN THF NASS
RANGE 187'5-2000 &EV THF SITUATION f S PERHAPS NOT

{)WITF Sn UNC LFAR AS IS THE ChS E FOR THE X I I l. 820)

11/68
11/68
10/7 0¹
7/70
7/70

Bht) IEP
AL I TTI
OA!JBF.R
APSFLL
f OLAwhsS
8&ST

65 PL 16 171
68 PRL 21 1119
69 PR 17& 1262
70 PRL 24 r77
70 PR IA 1960
70 OUKF 317

RFFEt!FNCFS -- XI»1/2(1940)

+t)ENOULIN, {:OLDRERG + (FP, SACLAY, AHS(') f

+FLA "hf'VIOr NFTZGER ~ RAACIJ ICICLE+ (BNLr SYRACUSF ) I
+RERGF HIIRBARD ~ HERR tLL, &ULLER tLRL) I
+ (SRANOE I S NARYL ANf) SYRACUSF TUFTS) I
F L GOL'IWASSER P F SCHULT2 t ILLI»nt S)
BRANAF IS+HARYLANA+ SYRA(USE+TUFTS COLLAR

PAPER S NOT REF F'RRF 0 TO I N OATh CARBS

23 884 + (SRANAE f 'S ~ ulhRYL AND~ 5YRACUSF ~ TUFTS )
69 I S SUPERSFAFA RY 8 "IST 70

APSFLL 6& PRL
APSELL¹¹¹»¹¹¹¹'¹¹¹¹¹¹«¹¹¹«¹¹¹¹¹¹¹¹¹¹¹¹¹¹ ¹¹¹¹¹¹«¹¹¹«¹¹¹¹l¹¹ ¹¹¹¹¹»¹¹¹¹¹»»¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹««*¹¹¹¹¹¹¹¹»¹«¹¹¹¹¹¹«¹¹¹¹¹¹¹¹¹¹¹¹¹¹¹»¹¹¹¹¹¹¹¹¹¹

¹¹¹¹¹¹ ¹¹»¹»¹¹»¹¹¹¹»«¹¹¹«»«¹¹»¹¹¹¹¹¹¹ ~¹¹¹«¹¹¹¹»¹¹»¹¹¹»¹¹¹¹»¹»¹¹«»«»¹»
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~/"12030) 68 xl*l/2l20'80 JP= l l=l/2 =-(a500) 99 XI ¹1/2{2'5008 JP= ) I = 1/7.

42 20308 0
4il 7058 ~ 0

68 XI «I/2(2030) Mh'SS f MEV)

10 0
17 ' 0

AL I TTI 69 HRC - K-P 3 ~ 9-5 REV/C 9/69
RARTSCH 69 HRC K-P 10GFV/C 9/69

I T I 5 QUITE PASS IRLF. THAT THE REASON THP FXPFR (6{ENTS
Dl Sh GREE 48OUT THE MASS ANO WIDTH I 5 TH4T THFY ARE
SEEING DIFFERFNT X I ¹S~ FOR NO'W HOWEVER WE GROUP

THEM TOGFTHFR

AVER AGF. MFAN INGLE SS f SCALP FAC TOR = I ~ 41 99 XI ¹1/2(7500) MASS (MEV)

68 XI«1/2( 20301 WIDTH l 8{EV) ')0 Z43 0 ~ 0
45 2600. 0

7. 0 ~ 0
10 ' 0

ALITTI 69 HRC — K-P 4.6-& GFV/C
BARTSCH 69 HBC 0- K-P 10 GFV/C

9/69
9/69

W

W

W

4'5 0
57~ 0

40 ~ 0
30 ~ 0

20 ~ 0 AL I TT I 69 HRC
BARTSCH 69 HRC

AV ER AGF MEAN fNGL ESS t SCALE FACTOR = 1 01

9/6 9
9/69

~ P ~ 6 8 P O ~ ~

AVERAGE MFANINGLESS (SCALE FACTOR = 3 ~ 11

99 XI ¹1/2(2500) W IDTH {MFV)

P1
PZ
P3
P4
05

R 1

Rl

69 XI«1/2{2030) PARTIAL DECAY MODFS

X I «1/2(2030) INTO XI PI
XI «1/2 ( 2030) I VTD L AMRDA KRAR
XI»1/2(2030) IVTD SIC/MA KBhR
X I «1/2( 2030) INTO XI ¹I/2{1530) PI
X i«1/2(2030) INTO LAMBDA (DR SIGMA) KRAR Pl

DECAY MASSF5t32l¹ 139
1115+ 497
1197+ 497
1530+ 139
111".« 497+ 139

68 XI ¹1/2(2030) BRANCHING RATIOS

X I «1/2( 20301 IVTCI (X t PI ) /(MODFS Pl TO P41 (Pl) /(Pl+P2+P3+P4)
(0' 30) OR LESS AL IT& f 69 HBC - I STD DEV L I NIT 9/69

W

W

W

Pl
P2
P3
P4
P5
P6

150.0
59 0

60 ' 0
27 ' 0

40 0 AL I TTf 69 HBC
RARTSCH 69 HRC 0-

99 X I ¹1/2{25001 PARTI AL DECAY MADES

XI«1/2(2500)
Xi« 1/2( 2500)
XI ¹1/Z{2".00 )
X I« 1/2( 2500)
XI«1/2{ 2500)
XI e 1/2( 2"00 1

INTO X'I o I
INTO LAMBDA KBAR
INTO SfGMA KRAR
INTO XI «1/2( 15301 PI
I VTO LAMBDA (ns SIGMA)
INTO XI PI Pl

KRAR PI

DECAY MASSES
1321+ 139
1115+ 497
1197+ 497
1'530+ 139
1115+ 497+ 13&
1321+ 13"+ 139

AVERAGE MFANINGLESS {SCALE FACTOR = 1 6)

9/69

RZ
'RZ

R3
R 3

R4
R4

X I¹1/2(20301 INTO (l 4'I KBhR)/lMODES Pl TO P4 ') (P2) / {Pl¹PZ+P3+P4)
0 ~ 25 0 ~ I& AL I TT I 69 HBC 9/69

XI«I/2{ 2030) INTO {Sf G KiBAR) /{ MODES Pl TO P41 (P31/{Pl+P2+P3+P4)
DP 7.2 DP 20 ALITTI 69 HRC 9/6 9

X I» 1/2( 20301 INTO ( XI e Pl 1/ t MOOFS P 1 THRU P4) {P41/(P1+P2+P3+P4)
(0~ 151 OR LESS AL ITTI 69 HBC — 1 'STO DEV LIMIT 9/69

X I«1/2(20301 INTO L4MRDA (OR SIGMA) KBAR Pf {P5)
SEEN RARTSCH 69 HRC 9/69

Rl
Rl

99 XI ¹I/2 (2500) RRA NCHI NG RAT I OS

X I«1/2(2'500) INTO ( XI P I I / tMODFS P 1 THRU P4)
(0 ~ 5)OR L ESS AL I YTI 69 HRC

(PI ) /(P1+P7+P 3+P4)
). STD OEV L IMI T

R2
R2

XI«l/2(2500) INT3 (LAM KRAR)/('IOOFS Pl THRU P41 (P2)/{Pl«P2+P3+P4)
0 ' 5 0 ' 2 ALITTI 69 HRC

8 3 XI« I/2( 2500) INTO ( SIG K BAR) / I 8{ODES P 1 THRU P4) (P3 ) /(P 1 «P2+P 3+P4)
R3 0 ~ 5 0 ' 2 AL I TTI

9/69

9//6 9

9/69e¹¹¹e¹¹¹««¹¹eeee¹ee¹e¹ee¹¹e«eeeee ca«¹¹«ee¹e¹e¹eeee4 ee¹«¹¹¹ee«aee¹eee

RFFERENCES -- XI «1/2(20301

R4
R4

XI«1/?t 2500) tNTO ( XI« PI ) /(MODES P 1 THRU P4)(0.2)OR LFSS AL ITT I 69 HRC
( P41/{ PltPZ«P 3+P4)

1 STD DEV I l&IT 9/69

AL I T)'I 69 PRL 22 79
RARTSCH 69 Pl 2RR 439

+RARNES FLA8{IN(OO MET ZGER + I BNL SYRACUSE) I
+ t AACHFN BERLf N ~ CERN LOVDON VIENNA)

R5 X i«1/2(7&00) INTA LAMRDA (OR SIGMA) KBAR (P5)
R5 SF. EN BAR T SC H bcJ HBC 0- 9/69

Rb
Rb

XI*1/2( 25001 INTO X I Pl P I
SFEN

(P6)
RARTSCH 6& HRC 0- 9/69

/2250) 22 XI* l2280 JP=

THF. 'EV li)FNCE FOR THI S STATE IS WFAK ~ SARTSCH 69 SEE
A RiliXIP 1F NOT MUCH STATIST ICAL S IGNIF IC4NCE IN L AMBDA-
KRAR-P I S IGMA-K BAR-PI AND XI-P I-PI XIASS SP ECTRA
GO( Di(ASSER 70 SFF 4 N4RROWER BUMP IN XI-PI-Pf AT 4
Hf GHER MASS. PERHAPS THFY hRE THE SAME STATE ~ PERHAPS
THFY ARE NOT ~

22 Xle (2250) MASS (MFV)

35 2244 0 52 0 RARTSCH 69 HBC K-P 10 GFV/C
M 18 2295 0 15 ' 0 I:OLDWASSE 70 HBC — K-P 5 o5 GEV/C
M ~ ~ ~ ~ ~ ~ ~ ~ ~

AV FR AGF MEAN f VGLFS S (SCAL E FACTOR = I 0)

9/69
10/70¹

REFERENCFS -- x I ¹I/2 (2500)

AL I TT I 69 PPL 22 79
BARTSCH 69 PL 28R 439

+RARNFS FL AMINIO, MFT ZGER + ( BNL SYRACUSE ) (
+ ( AACHFN RERL IN CFRN L')NOON V f ENNA )

¹e¹«e»«4¹e¹«eee «¹e«¹¹ee¹e¹¹«¹¹ee¹eeee¹«ee¹¹¹¹e¹e¹e¹¹e«¹¹e¹¹¹ee«¹e¹ee¹¹ee¹e¹ee¹e¹¹¹«e¹¹eeee¹¹e¹eee«e¹ee¹¹¹e»ee«ee¹eeeee «¹¹¹¹«e¹*«*««aceI

22 XI¹ t 2250) W IDTH ( MEV)

1308 0 RD ~ 0
LESS THAN 308 0

RAR T SCH 69 HRC
COL OWASSF. 70 HBC - K-P 5 ~ 5 GEV/C

22 Xle (22501 PARTI AL DECAY MODES

9/69 i

Q10/70¹
24 OMEGA - {1675 JP=3/2+) I=O

SEE LISTINGS OF STABLE PART I CLFS

Pl
PZ
P3

Xf ¹I/2(22&0) INTO XI PI PI
XI «1/2(2250) INTO LAMBDA KBAR PI
XI«1/2{2250) INTO SIGMA KRAR P I

DECAY MASSES
1321+ 139+ 139
1115+ 497+ 139
1197+ 497+ 139

ee¹¹«ee«eee¹e«e e«eee«eea «eee*¹¹e»eeeeeee«» eeeeeeee» «eeeee«ee ace¹«ee
REFFREVCES -- XI e {2250)

RARTSCH bo PL 288 439
GOI DWASS 70 PR 10 1960

.+ ( 44CHFN ~ RFRL IN ~ CERN, LONDON VIENNA)
E L GOLOWASSERO P F SCHULTZ ( ILL INOf S)
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Appendix I
TEST OF 2ti=i/2 RULE FOR K DECAYS

The quantities of interest for making tests of

theoretical predictions regarding the Xi=i/2 rule for
K decay are usually partial decay rates for single
channels or special sums of channels. It is not possi-
ble to compute the errors on sums, differences, and

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 we give some of these quantities below.

Table I. (000) or (+-0) refer to the sign of the pions

r
K (000)

3
K (+ -0)

r I r +Kz K7(
44

2. Three-pion decays
We follow here the tests done by Mast et al. ,

3

based on the general analysis of K decays suggested.

by Zemach. Both decay rates and slopes (energy
dependence of the Dalitz plot distributions) are used.
The 2tl = I/2 rule gives the following predictions:

into which the K decays.

r =I' k r = (6 51+ 1Z)X10 sec6
+K(3 K 3 K

r r
Kg K (+ -0)

J

r /r
K K

p3 e3

= 0.659+.022 l
4 2 K ) K

'T 1

/
K K

= 3. 329+.086

I = I' + I = (12.71+.16)X10 sec6
p p p

K)3 K 3 K

KO / Ka
p. 3 e3

K (000) K (+-0)

= 0.689+.022

1.701+.072

1. Le ptonic de cay rate s

The I' rate s are us eful in tes ting the

L3

Ieptonic A I = I/2 rule in the way suggested by
1Trilling. The predictions are

I' / 2I' = 1.012, a phase-space
X3 f3

2factor „and
r r =r r

K
IJ.3 e3 p 3

From Table I,
JZr +

= 0976+ 022
K

A3 A3

arid

I'
p

fJ.3

p

e3

I -1
K+3

= 1.046+.048

These results seem to show a less than 20 dis-
agreement with the predictions, but the errors should

be regarded with caution in view of the internal dis-
agreements in the data. (Note the ideograms in the

data listing for the charged K meson. )

Method

UDP NUDP CNUDP
1.487 1.487 1.441y (ooo) =

~,'(-) =

)3(++-) =

Q4(+00) =

1.Z19 1.293 1.278
1.000 1.000 1.000
1.247 1.182 1.146

The slope
tabulated in the

follow s:

s for the various decays have not been
Stable Particles Table. They a.re as

g
K+

'r

-0.206+0.007

-0.194+0.0 07

0.200+0.005

g
KT'

g
K~(+ -0)

0.527+0.017,

0.603+0.028 (Error scaledX3. 1)

A difference in the 7' and 7 slopes would be an

indica, tion of CP violation in this decay. Since no

'lT5=g+g- —g= 0
K (+ -0)

where the g. are the phase-space factors. These
factors have been calculated as described in Ma, st

3et al. by use of a relativistic formulation and the
masses and slopes from this compilation. The fac-
tors labeled UDP are the relative areas of the Dalitz
plots, as s uming a uniform distribution. The NUDP
include the observed slopes (see below). The CNUDP
have been calculated by including the final-state
Coulomb interaction. The values are:
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difference is present at this time, we average the

tw o and us e thi s value in T4.
Using the CNUDP and rates and slopes re-

ported here, we get:

D e cuplet
Octet

Mass Formulae

2(N+=) =3A+ Z

GMO

GMO

(1)
(2)

T

T2=
T3=
T 4
T

The three -pion

1.006+0.043,
0.954+0.025,
1.184+0.028,
0.064+0.010,
0.139+0.030.
final state can be in isospin

References
G. T r illing, K -Me son De cays, UCRL- 16473 (up-

dated from Argonne Conference Proceedings, 1965,
p. 115).
Z ~ N. Brene (CERN), private communication. In

our Jan. 1968 edition we had erroneously used 1.04.
3. T. S. Mast, L. K. Gershwin, M. Alston-Garnjost,
R. O. Bangerter, A. Barbaro-Galtieri, J. J. Murray,
F. T. Solmitz, and R. D. Tripp, Phys. Rev. 183,
1ZOO (1969).
4. C. Zemach, Phys. Rev. 133, B1201 (1964).
5. C. Bouchiat and M. Veltman, Topical Conference
on Weak Interactions, CERN 69-7 (1969), p. 225.

states I = 1, 2, 3. T1 and TZ test the existence of

isospin I= 3 in the final state and are consistent with

no or very little I = 3. T4 is related to the I = 2

amplitude in the final state and indicates the presence
of I = Z. T3 and T5 give information on the AI = 3/2
part of the I = I amplitude relative to the BI = I/2 part
Both tests indicate the presence of AI = 3/2.

The rate tests T1, TZ, and T3 could differ
from 1.0 by as much as 10% owing to the m mass
differences and the occurrence of big slopes. The

error on g 0 has been scaled by a factor of 3.1
KI.(+-0)

to compensate for the disagreement among the de-
terminations of this parameter. Since this error is
the main contribution to the T5 error, the reader is
cautioned to refer to the gKo 0 ideogram in the

KI (+-0)
data card listings before interpreting T5.

A- M8 Mixing
Nonet sin 9 =

A — A' angle

GMO

Here GMO stands for the Gell-Mann-Okubo formula;

(3)

(4)

Decay R.ates

In terms of a relativistically invariant matrix

element T, the decay rate for two-body decay of a

resonance of mass M is

fT] RZ
I ~

MR.
(5)

where R = k/M is the two-body phase space factor.'2 R.
Since the numerator is an invariant, and since 1 must

transform as i/E, we introduce the denominator f/+
(see FEYNMAN 62).

For meson decays (see below) the rates are

calculated according to Eq. (5); for baryon resonance
+decays into i/2 baryons and 0 me sons, one next

2.
takes into account the fact that spin sums in I T~ in-

troduce another factor M, cancelling the f/M . We

are then left with

M, for baryons
R

(5')

M, for mesons
MR.

(5& I)

2
The powers of the nucleon mass MN or MN have been

introduced so that we can treat
~ T~ as dimensionless.

2
~ T ( contains centr ifugal bar r ie r facto r s,

which we call B&. We then have

the particle symbol indicates its mass. The formu-

lae 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.

Appendix II
A. SU(3) CLASSIFICATION OF BAR.YON

R ESONANCES

Decuplet
~Singlet

Octet

(cg) Bg(k) M kZ N

R.

MN
DgD FgF) j ) MR.

G8 = A cos6I-A' sin6
Nonets f G = & sing+~' coso

(6)

(7)

(8)
There are a few multiplet s that have been

studied and we r epor t he re the r e suits. The r ele vant

formulae are given below.

with cDgD + CFg

G1 = c1g1
(9)
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$5 (&0)

Fits of baryon d.ecay rates within SU(3) can be found,

among others, in TRIPP 68 and 69 and LEVI SETTI
69.

Here c. are the SU(3) coefficients with the sign con-
1

vention adopted in this article [see note preceding
the table of SU(3) isoscalar coefficients and Fig. 3,
"Note on Y s"]. M is the nucleon mass, M is
the resonance mass for which 1"is calculated, k is
the center-of-mass momentum for the channel being

considered, g. are the relevant couplings. For the
1

case of singlet-octet mixing, formula (8) has to be

used in conjunction with (6) and (7). G8 and G rep-
resent the couplings for the rnultiplet, and A and A'

represent the couplings for the physical states. In a

recent fit of all baryon states into SU{3) rnultiplets by

the CHS collaboration (PLANE 70) two forms have

been tried for B~.
(a) The form B~ = k D~(kR), R being the radius

of interaction and D~ the polynomials in kR given by

BLATT-WEISSHOPF 52. Usually R is taken to be 1

Fermi (TRIPP 68).
(b) The form B~ = k . It turns out that the values2$

of 8 and g /g obtained withthe two forms for Bf are
the saxne, although the absolute values of gF and gD
depend upon the form used.

The relation between gD, gF and the D (sym
metric) and F (antisyrnmetric) couplings is as follows:

The most recent published survey is by the
CHS collaboration (PLANE 70); we report their re-
sults in Table I. A new fit by the BNL group has been
reported by Samios at the Kiev Conference~ (SAMIOS

70). The results of the two analyses are in good. agree-
rnent, although the procedures used are somewhat
different. We refer the reader to these papers for
more details. Some comments are given below.

-Nonet (Baryon - Eta Resonances)
2

For this nonet relation, (7) was multiplied by
the factor

M - M

where M is the decay baryon and M -M = 564 MeV
is the difference of the mean i/2 and i/2 baryon oc-
tet masses. This kinematic factor comes from PCAC

arguments (i. e. , the assumption that am. al vector cur-
rent remains an octet in presence of symmetry
breaking) and it was advocated by Graham et al.
(GRAHAM 67). For the i/2 nonet it has been used
in this form first by Gell-Mann et al. (GELL-MANN

68).
The two values of F/D a.re dependent upon what

value is used for the decay N(f525) -+ Nq. The first
value is obtained by using 60/0 for the Ng branching

ratio, the second value by using ™l5/0. SAMIOS 70
reports only the second value. However, there a.re
now reservations about the second. value (see footnote

Table I. SU(3) baryon multiplets with two or more known members. +The coupling constants are those for decay into baryon (i/2 ) octet gl
pseudoscalar meson octet. Values of 8 and F/D taken from PLANE 70.
The analysis reported by SAMIOS 70 finds similar results.

aOctet members

3/2 N(i 520)

5/2 N{i670)

5/2 N(i688)

A(1690) g(1670) "{4800)

A{i830) ~(1765)
A(4815) g {19k 5)

Decuplet members

i/2 N' (i535) A(f670) Z(i750) (i825)

Singlet

A(4405)

A(15ZO)

c
geo

6(deg)
b

l8 + l7

-25 + 6

F/D

-2. 9
-0. 21

2. 3

-0. 19
0. 8Z

3/2 A (iZ36) Z{l385) {f530) 0
7/2 A (i950) Z{2030)

0. 94 to 2. 38

0. Z5 to 0. 97

a.. Masses in parentheses are the nominal masses used in the Baryon Table. For the
members, the value of the mass is the one predicted by SU(3), using the mixing angle

calculated by using the rates.
b. Values calculated from the decay rates (Eq. 8).
c. Values taken from TRIPP 68 who uses the convention of Eq. 6 with B~(k) being the
BLATT-WEISSKOPF 52 form.
d. SAMIOS 70 finds F'/D = i. 5 for this octet
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o to Baryon Table).
B. SU(3) CLASSIFICATION OF MESON

RESONANC ES
All of the discussion above applies, . except

that for Bosons the GMO formula is usually applied to
the square of the mas ses, as opposed to the first
power for fermions. Thus for example, Eq. (2) be-
comes

4K= 3q+ ~. (2' )

The symbol K was introduced by Glashow and. Socolow
for the square of the K mass, etc.

Because of the difference between Eqs. (5' )

and (5"), there is also an extra factor of (M /M ) in

Eqs. (6) and (7). The three established nonets (0
+

2 ) a.nd their mixing a,ngles are listed. in Table II.

R. Levi Setti, in Proceedings of the Lund Inter-
national Conference on Elementary Particles (f969).

R. D. Tripp, in Proceedings of the 3rd Hawaiian

Topical Conference on Particle Physics, UCRL-f9361
(L969).

D. E. Plane et a.l. , Nuclear Physics BZ2, 93
(f970). Also T. Meyer snd D. E. Plane, CERN/D. Ph.
II/Phys. 70-45 (to be published, f970).

N. P. Samios, BNL report 15284. To be published
in Proceedings of the 15th International Conference on

High Energy Physics, Kiev, 1970.

s ——

Table II. Mixing angles from quadratic SU(3) mass
formula. Of the two iso-singlets, the mainly octet"
one is written first, followed by a semicolon.

Octet members

0 possible nonet [s, K, q;q' ]
alternative nonet f 7), K, q;E]
I p(765+10), K", $;~]

2 [A2(4 300+20), K (&420), f';f]

40. 4+0. 2

6. 2+0. I'
39. 5+0, 7'
33.7+3. 9'
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