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This data survey represents a merging of two periodic
compilations of data —University of California Radi-
ation Laboratory Report UCRL-8030 by Barkas and
Rosenfeld, which has been issued several times since
1957, with accompanying wallet cards, and the tables
of Matts Roos. ' The wallet cards contain considerably
more information than is summarized here; accordingly,
they and the complete UCRL-8030 Rev will continue
to be available from the Lawrence Radiation Labora-
tory, University of California, Berkeley. (The wallet
cards can be requested in two sizes: 2.5x3.5 in. , to
fit American wallets, and 7x10 cm, to fit European
wallets. ) We hope that readers will inform us of mis-
takes and omissions in our data.

As the available particle-spectroscopic data have
grown, so has the job of compiling them, and we have
finally automated the process. Accordingly, all data
and references have been punched on cards. Cards are
listed on pages 986-996.The data averaging has in most
cases been done by a computer program. Further, our
program plots ideograms of the input data, so that we
can display clearly the cases with inconsistencies which
make that averaging fraught with danger. Wherever
it is possible, we have calculated a y' for the sample,
and if y' is larger than its expectation value, we have
written in the tables, after each error, ")& Scale,"
where "Scale"=Lcm/(zzzt' —1))&, sV being the number
of experiments used in the calculation. Whenever this
warning is included, we suggest that the reader look
at the appropriate ideogram (pages 997—1000) and
make his own estimates of the experimental situation.
"Scale" is discussed further under "Procedures for
Treating the Data. "

The data are summarized in three tables. Table S
covers all the stable particles: leptons, mesons, and
baryons —i.e., those states which are immune to decay
via the strong interaction.

There are two tables of data on the unstable particles,
one on meson resonances, and one on baryon resonances.
For the reader's convenience, these tables include again
basic information on stable mesons and baryons.

Each table is of slightly different form; thus Table S
includes mass differences, and will eventually include
magnetic moments, whereas the baryon table includes
information on what pion and K-meson beams will

form certain resonances.

' Matts Roos, Nuel. Phys. 52, 1 (1964); and Rev. Mod. Phys.
35, 314 (1963).
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NOTES ON THE TABLES

Quoted errors represent standard deviations.
The quantum number C stands for the eigenva1ue

of the charge-conjugation operator applied to a neutral
meson. The notation C„(zz for neutral) means the
eigenvalue of C applied to the neutral member of a
nonstrange triplet, like the pion.

The approximate quantum number A has been sug-
gested for mesons and the photon by Sronzan and
Low. 2 It is far from established as a good approxima-
tion even for low-mass mesons, but we list it because
at present it is a handy mnemonic.

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

We assume that particles and antiparticles share the
same spins, masses, and mean lives. ' ~

For particles whose quantum numbers are well es-

tablished, we hst only those decays which do not violate
strong selection rules.

For resonances, j. represents the full width at half-

maximum.
For broad resonances there is an inconsistency in the

way the central value M& is usually stated. For a well-

studied resonance like Pie(1238) or Fe*(1520) it is
conventional to call M& or E& the energy at which the
resonant amplitude becomes pure imaginary. )For
Xg*(1.238) this corresponds to 1238 MeV.j But this
does not mean that the peak in an observed cross section
occurs at Mg, because kinematic factors enter into
the relation between amplitude and cross section. This
is discussed in Appendix I to the original UCRL-8030.
Thus the peak in the zrp cross section near 1238 MeV
actually occurs at 1225 MeV. Nevertheless, for all
resonances except Fe~(1520) and 1'*(1238), it is
conventional simply to report the energy of the peak
in the observed cross section. Ke follow this inconsistent
convention. Perhaps our next edition will include a
small correction table.

' J. B. Sronzan and F. E. Low, Phys. Rev. Letters 12, 522
(1964).'T. D. Lee, R. Oehme, and C. Yang, Phys. Rev. 106, 340
(1957).' S. Okubo, Phys. Rev. 109, 984 (1958).

~ A. Pais, Phys. Rev. Letters 3, 342 (1959).
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TABLES FROM UCRL-8030(rev. ) June 1964
Table S - Stable particles

important decays

I(J )CA
JP-1 C A+

Mass
(MeV)

0

Mass
diff.
(MeV)

Meag. life
(sec)

stable

Mass Partial
(BeV) mode

stable
Fraction

p or
pma

(MeV) (MeVPc)

ve
g v~0

e&

V

0(&0.2 keV)
0(&4 )

o.51ioo6
+0.000002

105.659
+O. OOZ

- 33.95
+O. 05

K. $2(0 )A 493.8)
? eO. Z

498.0
+0.5

-4.2
+0.5

Xscale= i.Z

1(0 ) C"A 139.60,
+0.05

4.590
135.01 +.004

Xscale=2. 4

stable stable

stable 0.000 stable

evv

p.v
ev
P,vY
z'ev

1.80) 10-«
+.29
Xscale= i.3

1.2Z9X10-8
+.008

0.018

0.244

50 joK1& 50%K2

YY
Ye+e

pv
0

m+m m
+

For other

Z. 2001X10 0.011
+.0008
Xscale =2. 5

2.551Xi0-8 0.019
+.026

100% 105..15 5Z. 8

100/o
(i.24+.05) 10
(1.24+.25)10 4

5 g 3)10-8
98.8

(i.19+.05)%

33.95
139..10
33.94
4.08

135.01
133.99

29.80
69.80
29.'81
4.49

67.51
67.50

(63.1+.4)'%%uo 388.1 235.6
(21~ 5+.4) /p 219.2 205.2
( 5.5+.1)% 75.O 1Z5.5

decays see Table S Decays

O Kig

g Kz

0{0.-+)G A 548.7
? +0.5

-0.9iygr~
+0.07
Xscale=Z. 3

0.9ZX10-10
+.oz

5.62xi0-8
+.68

0.248

O. Z48

I' &10 MeV 0.301

m+m (69.4+5.1)%
{30.6+1.1) /o

Tr m Tr (27.1+3 6)%
(12.7+1.7)%
(26.6+3.2)%

mev (33.6+3.3) /o

(35.3+3.0)%
3~ or ~ 2Y (31.8+2.3) jo
+++ m (27.4+2. 5) jo

( 5.5+1.3)/o

218.8
228.0
93.0
83.8

25Z. 7
357.9
548.7
143.7
134.5
269.5

X

zo6. z
Z09.2

139.5
133.1
216.2
229.4
274.4
179.4
174.4
Z36. Z

QZ($2+) 938.256
- i.z933

939.550 +.0001
+0.005

stable

1.01X10
+.03

0.880

0 883 pe v 100 /o 0.78 1.19

0R

A QZ($2+) 1ii5.40
+0.11

Z $2(QZ+) 4489.4i
+0.14

2.9
z' 1192.3

+0.3
1197.08 4.7 5

+0.19
Xscale = i.4

z.6zxio-io
+.02
Xscale =1.5

1.244 p~

nz'
pp. v
pev

0.788X10-10 1.415
+.OZ7

& 1.OX10 1.422

p t('

nm+
For other

(67 ~ 7+1~ 0) /p 37 ~ 5 1PP.z
Xscale = 1.2
{31.6+2.6) /o 40.9' 103.6
&1X10 4 71.5 130.7
(.88+.08)10 176.6 163.1
Xscale = i.7

51.0+2.4% 116.13 189.03
49.0+2.4% 110.26 185.06

decays see Table S Decays
100% 77.0 74.5

1.58X10 10 1.433 n~ 100 jo 116.94 191.73
+.05 For other decays see Table S Decay

QZ(QZ ) 43%4.3
? +1.0

3.o6xio-io 1.7z7
+.40

Am 100 jo 76.9 150.1
For other decays see Table S Decay

6.5

13ZO. 8
+o.z j

Xscale= i.3

1.74X10-10 1.745
+.05

n- 0(QZ') ~e75 -0.7X10~10
?? k3

A. H. Ro senfeld, A. Barbaro -Galtie ri, W. H. Barka s, P.
UCRL-8030 - Part I. June 1964.

AK

100 /o

{3.0+1.7) 10-3
&5xio-3

65.8
204. 9
214.7
221
66

L. Bastien, J. Kir z, M. Roo s

138.7
189.4
303.0
z96
z16



Roszm'Fr. D zT AL. Data on E&lementary Particles and Resonant States 979

Table S Decay
An Appendi~ to Table S for particles with many decay Inodes

Partial
Inode

V
0

m+m+m-
6 0

'lF IJI. V
'F 0

~ z+e+v
++++e+v

Rate

63.i+.5%i ~
2 i.5+.4'%%uo

5.5+.i /o

i.7+. i%
3.4+.Z /0

4.8+.2'%%uo ~ X
(4.3+.9)io
&o. ixio-5

(Me V)

388.i
Z i9.2
75.0
84.2

Z53. i
358.3
214.1
2i4. i

p o p
(MeV c)
Z35.6
205.Z

iZ5. 5
i 33.0
Zi5. 2
Z28. 4
Z03. 5
203.5

pTf
n'F
n~
Ae+v
p'Y

np, + v
ne+ v

n'p

n}J.-v
ne v
Ae v

Am
pTf
pe v
Z+e v
Z e+v

(5i.0+Z.4)%
(49.0+2.4'i%%uo

-0.4Xio ~:

-0.2Xi 0-4
-3X«-3
&2.3Xio 4
«.Ox«4

i00%
-O. iXi 0-4
(o.66+o. i4)i o
(i.4+0.3) i0-3
(0.75+0.28) iO-4

i00%
&0.4%
&0.4%
&0.3%
&0.25/0

ii6. i
ii0.3
ii0.3
73.5

25i. i
i44. 2
249.3

i i7.9
i i7.9
i5i.9
Z57. 0
8i.2

76.9
Z49.4
388.5
i 37.4
i 29.7

i89.0
i85. i
i85. i

7 i.7
Z24. 6
202.4
223.6

i9Z. 7
i92.7
Z09. 3
Z29. 8
78.9

i 50.i
309.3
33Z. 0
i 30.7
iZ3. 8

A. H. Rosenfeld, A. Barbaro-Galtieri, W. H.
P. L. Rastien, j. Kirz, M. Roos
UCRL-8030 — Part I. June i 964.

Barkas,
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Notes on Table S

The quantum numbers of all the stable particles
seem well established, with the exception of the parity
of . Of course, if we accept SUB, then becomes —,'+,
and 0 must be 2+.

Note that, since the preceding compilation, the
proton mass has risen by 43 keV, and the A mass by
40 keV (see notes on these individual entries).

Notes on the Meson Table

For neutral mesons, C has the eigenvalue ~1, and it
turns out that we can write'

G= C(—1)' (2)

Now 6 and I have eigenvalues, of course, for all mem. -

bers of a charge multiplet, C only for the neutral
member. So to generalize Eq. (2) we define C„as the
eigenvalue of C for the neutral member of the multi-
plet, and then write for any member of the multiplet

(3)

The Symbol Minded-A pproach

In addition to their colloquial names, we have used
the names suggested by Chew, Gell-Mann, and Rosen-
feld9": atomic mass number 2, hypercharge I', and
isospin I have been grouped into a single symbol. For
mesons (A=O), we use q for (V=I=0), m for (F=O,
I= 1), and E for ( I'= 1, I=—,'). A, I', I are easily de-
termined, so all mesons can be given a symbol inde-
pendent of ideas about Regge trajectories or SU3. In
addition we introduce some subscripts to condense
data on J and I".

0. for 0+, n' for its Regge recurrence 2+,

P for 0, Pn for its Regge recurrence 2,
y for 1 (like the y ray),
8 for 1+.

Meson Decays Azto Zx or ICE

In this discussion we use KE as an example. If the
KE system is in a state with orbital angular mo-
mentum l, Bose statistics require' that for a neutral

6 I. D. Lee and C. N. Yang, Nuovo Cimento 3, 749 (1956).' L. Michel, Nuovo Cimento 10, 319 (1953).
8 A. II. Rosenfeld, in Proceedings of the Varenna Sunzmer

5cfzool, Course Z6, 196Z (Academic Press Inc. , New York, 1963).
9 A. H. Rosenfeld, in Proceedings of the 106Z Annua/ Inter-

national Conference on High-L&'nergy Physics (CERN, Geneva,
1962), p. 325.

' G. I . Chew, M. Gcll-Mann, and A. H. Rosenfeld, Sci. Am.
210, 74 (1964).

Quantum lUumbers and the Symbol C„

For nonstrange mesons we list the eigenvalue of the
6 parity operator' ~

6 Ce2n' i'

pair

for a charged pair, C has no eigenvalue, but 6 does, '
namely,

G ( ])(+I (5)

Thus consider the A2 meson m (1310). Its main decay
mode is mp, hence G= —1. It is also seen to go to E—

E&,
so I=1. Then, by (5), observation of this mode es-
tablishes that l is even.

Next consider the A1 meson m (1090). Its main decay
is again 7rp, so again G= —1, then again /(EE) must
be even. Of course, if @re have guessed correctly that
A1 has J"=0,we never expect to see ICE.

Finally consider the 8 meson s (1220) . Its main decay
mode is 7rsr, so G=+1, I=1. This time (5) forces
l(KE) to be odd. Hence nonobservation of ICE is
evidence against a 1 interpretation of B.

Whenever l is even, neutral KE must. appear as
E~E~, E2E2, and E+E in the ratio 1:1:2.If 1 is odd,
we can find only E&E2 and E+E, in equal numbers. "

Notes on the Baryon Table

Here we have included one extra column to describe
the beam with which these resonances can be formed.
In the case of "m.p" resonances, where we are accus-
tomed to talking of the "600 MeV" and "900 MeV"
resonances, we have listed the beam energy in MeV.
But beams nowadays are usually referred to by mo-
mentum, so for the more recently discovered "Ep"
resonances, we list the K beam in Mev/c. One can
convert back and forth with the help of Fig. 2 on wallet
card 2.

Symbol Minded A -pproach for Baryons

Again we use familiar symbols to denote 3=1, and
various values of strangeness and isospin: namely
X, h. (for F'0*), Z (for Yi ), , and 0 . Since there is
no current symbol for E~*, we invent A.

To get subscripts we add —, unit of J to the list of
subscripts for mesons, i.e.,

o fol- &+ OII fol ~~+,

like the Regge series iU(93g), .&r(16gg), ~ . ~

P for —,',
+ fol

b for —',+, like the series 6(1238), g(]920), ~ ~ ~ .

PROCEDURES FOR TREATING THE DATA

Except for mean lives, we have averaged the input
data weighted according to inverse-square error, i.e.,
according to the prescription of least squares. We have
belatedly realized that it would have been just as easy

"M. Goldhaber, T. D. Lee, and C. N. Yang, Phys. Rev. 112,
1796 (1958); D. R. Inglis, Rev. Mod. Phys. 33, 1 (1961).
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Me sons

Important deca.ys

Mass I(J ) CA
(MeV) —= e stab.

548.7 0(0-+)C+A-
+0.5

Syrnb. M
(MeV) (BeVZ)

& I0 0.301

Prac-
Part ial tion
mod. e s jo

See table S

p ox'

prna~
(M eV ) (MeV/c )

7 8Z. 8 0(l ")C-A
+0.5

)&scale = 4.8
+ l.7

qZm 959
+2

o(o-+, i++, ...)c"A"

Conceivably strongly decaying
l(J&+)C or electromagnetic
decay of G= -i meson

0.6~3

0.920

~+~-~' 86
~+~-
neutral�(w

~+~ y . 3.2+%
e+e &0.3
P &0.5

qzm large
Zm &ZO

3% &30
4m 3
6m 3
'KIT+ '?

S

369
504
648
504
78Z
57Z

13k
680
540
400
uzi
680

327
366
380
366
394
377

232

4Z7
372
f89
459

K~K~ =%000 May be just large RK scattering length, see listings of data cards.

f019,5
+0.3

&&s cale

4253
+20

0{i )C A

= l.7

Suppressed.

0 (2++)C+A+

3.1 1.040
+0.6

by A=+1 approwirnation

f00
+25

4.574

6o

139 6 1(0 )C A
135.0

KKvr 4440 «l(0 +/++, ...)C"A

If we guess I=O, then G=+i

KgKZ
K" K

K" K
KKm.
Zm

KK
3m

See ta.ble S

4&+6
59+6

&10

la.r ge
8+6

23
32

740
i%7
885
974
695
z65

large 25
small 28 3
'? ii3i
'? 422

99&

409
&26
49Q
488
501
61k
547
386

&26
421
69k
503
67o

763 i{i . )C A+ 0.582&06
+5

&&scale= I.5

too
small

483
Z04

355
241

&.476

090 ol(o--)c A- m f25
H +25

May be just large pz scattering length
Only recently separated from A2

cz&5 ~ a(a++ z )c A+ & . rzz
+18 H ~ ~ +47n

Xscaale = 1.9
Zm
KK
4m

-Coo 188 Z5l
&5 . G- forbidden for

odd. X.if I=I

Coo 293 335
&30 I forbidden for even X

&10 G forbidden for evenX
&50 657 5Z5

A2 1310

K

~(z+-)c+A ' ~» 8on CLI
I I

Only recently sepa. rated from Al(f090)
493.8 1/2(0 )A K 0.244
498.0

P'lf

KK
'BIT

See table S

70
-30+7
seen

408 4 l8
8&6 562
6zz 5z9

Existence not yet definitely established

K' 89k l/Z(l-)A' K
'Y

50 0.794
+2
&(scale= l.3

-f00
&0.Z

&Q. Z

Z58
i%8

27

288
zi5

8Z

C ~ZlS «3/Z(l+)A
~ '? '?

A. H. Rosenfeld, A. Barba. ro-Galtieri,
UCRL-8030 - Part I. June f964.

60 1.476
+10

H. - Barka, s,

Kg
K'm

strong

Bastien, J.

-30
184

&0
253'

M. Roos
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p
n

Beam
zp(MeV}

I(J )

Kp()g V/c) ~=es1eb.
1/2(1/2 )

Barypns

Sym- Mass
bol (MeV)

N 938.2
939.6

1" Mas s 2

(MeV) (BeV)

0.88
0.88

Important Decays
Frac-

Partial tipn Q
mode ( jo) (MeV)

See table S

p or
pmax
(MeV/c)

N" i (1480)
I

N "i (1512)

N"'/ (1688)

550 ~p
{MeV)

600 T(p

900 mp

N1/2(2190) 1935 wp

(2700)

N 3/ 2 (1238)

N 3/ 2 ( 1 9 Z 0)

3265 +p

198 mp

1347 ~p

N'3/2(2360) 2350 mp

1/2 {1/Z )
E
t

1/Z(3/Z )
I I
I

1/z (5/z')
I

1/2(9/2')

3/Z(3/Z')

3/Z {7/2')
I

I

3/Z(11/2 )
~ s 7 7

o(1/2')

—. 1480

NY

NII
a

1518
10

1688

Z700

1Z36
2

III(g ) 2360

1115.4

NI»(? ) 219o

-240 Z. 19

125 2. 30
+12
100 Z. 85

-200 4.80

-100 7.29

1Z5 1.53

170 3.7 0

-200 5. 57

1.24

-50 402

mN

Nmm

-80 440
301

-80 610
471

34 842
237

&N -10 1282

See table S

-30 111Z
577

large 1213
-6 162Z

ioo 16o

426

572
538

888
710

1115
1182
233

722
430

988

Yo( 1405)

YO(15ZO)

&0 Kp

Kp 395
(MeV/c)

0(1/Z-)

0(3/Z )

1405

1518.9
+1.5

50 1.97

16 Z. 31
+2

100 76
10

55+7 190
29+4 87
16+2 1Z4

151
69

266
Z43
Z51

Y' (1815} 1040 Kp 0(5/2 )

(0 Kp 1(1/Z+)

1815

+1189.4
-1197.1
1192.4

70 3.29

1.41
1.43
1.4Z

80
&10 486
&15 420

? 151
See table S

541
504
515
344

Y "(1385) (0 Kp 1(3/2 ) 1382.1 53 1.91
+.9 +2

)(scale= 1..5 yscale=2. 4

96+4
9+4

1Z7
55

Z05
1Z4

Y,"(1660) 715 Kp 1 ( ) 166o
+10

44 Z. 76
+5

-16
-32

l1at 33
23

ZZ5
3Z8

~ 405
188
Z65

406
383
439
321
389

Y
1(1765)

(1530)

- "'(1810)

940 Kp 1{5/Z ) 1765
+10

6o 3.12
+10

1.7 5
1.73

1529.1 7.5 2.34
+1.0 +i. 7

1810
+20

-70 3.27

)lp

Only recently re solved from YA(18 1 5)

1/2(1/2") - -1321
1314

1/2(3/2 )

p vrave

1/2(

KN
Am

See table

60 50"

S

-100 73 148

l~

1T

AK
tT

zK

-45
~45
&10
&10

141
197
354
127

Z25
386
4o6
307

510 517
Npt yet resolved
from Yo(1815)

See table SQ (1675)0 0(3/2+) Q 167 5 Z. 81
6

A. H. Ro s enfeld, A. Barbaro Galtie ri, %. H. Barka s, P. L. Bastien, J. Kir z, M.
UCRL-8030 - Part I. June 1964.

Roos
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to weight them according to the prescription of maxi-
mum likelihood, and we may do this in the next edition.

When no errors are reported, we merely list the data
for inspection.

When inequalities are reported, we have on the first
iteration ignored that experiment; then checked to
see if the weighted average violates the inequality.
If so, we changed the input data from (x to x+x, or
from )x also to x&x.

y2 Scale Factor

When we calculate the weighted average (x), we
also calculate y'. If there are S experiments each with
properly estimated errors, normally distributed, the
average value of y' should be E—1. If g' is much larger
than Ã—1, we should probably not average the data.
So we plot an ideogram to help the reader decide which
data to reject. He can then make his own selected
average. However, if y' is not too much greater than
E—1, and we cannot select a single bad experiment,
we can still be conservative by the following approach.
Instead of rejecting one culprit, we can assume that
all experimentalists underestimated their errors by the
same factor Lwhich is, of course (x'/tV —1)'*=—"scale"].
If this were true, then we could correct the calculated
error of the mean 5(x) simply by multiplying it by
"scale." The reader may wish to do this. This scaling
approach is already common practice in bubble-
chamber experiments, where track distortions are not
fully understood. For bubble-chamber data, it can be
justi6ed. For this compilation, it has all the disad-
vantages of penalizing a whole class of students because
of one naughty child, but (like the schoolmaster) we
sometimes know of no other simple solution.

Conversion of Mean Lives to Rates

An experimenter has a choice of reporting a mean life
or a rate. Suppose he has an infinitely large bubble
chamber; then he can report

where E is the total number of decays observed, and
t; is the elapsed proper time for each decay.

Or alternatively he can report a rate

I' =E/Zt, .

If his errors are large, it is probably because E is
small. In that case one can see that the distribution of
rate F, with Ã in the numerator, should be fairly
Poisson. But the distribution on mean life 7., with E
in the denominator, will be badly skewed. Accordingly
we have inverted all mean lives before averaging or
making ideograms.

Branching Ratios

We take the g as an example. We can think of only
four decay modes (partial widths) which should

add up to 100%, i.e., P1(g~yy), P2(~37r'+7r'yy),
P3(~m.+n. ~'), and P4(~vr+7r y) .

Six diferent sorts of branching ratios have already
been reported, each involving diferent combinations
of P1 ~ P4, i.e.,

neutral P1+P2R1=
charged P3+P4 '

2y P1
R2=

charged P3+P4 '

x+x y P4
R4= =, etc.

x+x m' P3'
J. Peter Berge has kindly provided us with a program

which makes a simultaneous best x2 fit of all Pi (where
i=1, 2, 3, ~ ~ ~ ) to the input ratios, and then calculates
an error matrix. We list the (Pi) and 8(Pi) from this
program, where 8(Pi) are the diagonal elements of
the error matrix.

NOTES ON THE DATA CARDS

Most of the entries are self-explanatory. In the case
of bubble-chamber experiments on resonances, we
thought is useful to fill in the actual number of events
seen in the resonance peak —hence the second field
entitled "Events in Peak. "

Some of the data on the mass of the p, for example,
are followed at the far right by the enties +, —,or 0,
depending on whether the experiment involved p+,

p, or p'.
If skewed errors are reported, as is often the case for

mean-life experiments, both the fields "error +" and
"error —"are used. If there is no entry in "error —,"
then the errors were symmetric.

Partial decay modes: For two-body decays our com-
puter program calculates the Q value, and the mo-
mentum of decay. For the three body decays, it
calculates Q, and then calculates the maximum mo-
mentum that any of the three particles can have. The
numbers S——or U——in the far right-hand fields are
simply the mass codes of the decay products for this
program.

COMMENTS ON THE INDIVIDUAL PARTICLES

Stable Particles

Mass of the EEectrort

This is taken from Cohen and DuMond (coHzN 63) .
Note that the electron mass estimate has increased
by about one part in 104.

Mass of the Charged Piort

A series of experiments by Barkas, Birnbaum, and
Smith (nxRKAs 56) yielded

m /m~ =0.148876&0.00016.
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(The error here is a standard deviation; originally,
a probable error was quoted. )

Using the current proton mass value, we then have

m =139.68~0.15 MeV.

These experiments also report a mass for the nega-
tive pion, but in view of the present evidence that the
stopping power of matter is not the same for negative
particles as for positive, the result for negative pions is
now rejected. A good measurement has, however, been
made by Crowe and Phillips (cRowz 54) by observing
photons from x capture in hydrogen:

m =139.37&0.14 MeV.

These constitute the reliable direct measurements of
the charged pion masses. By assuming that the neutral
particle emitted in x+ decay is massless, however, and

by measuring the momentum of the muon emitted in
pion decay, Barkas, Birnbaum, and Smith were able
to make another estimate of the pion —muon mass dif-
ference which apparently is more accurate. The meas-
urements obtained in two experiments are

and

m —m„= 34.00+0.076 Me V,

ns —m„=33.89&0.076 MeV,

average =33.94&0.05 MeV.

With this mass difference, and the muon mass quoted
above, one obtains the value listed in Table S:

m =139.60&0.05 MeV.

Because the masses of all the heavier mesons, of the
unstable baryons, and of the strongly decaying states
all depend on the pion mass, the present situation in
which everything depends on a single ten-year-old
experiment is unsatisfactory, especially because the
current mass value is nearly two standard deviations
larger than the excellent measurement by Crowe and
PhlHlps.

The pion-to-proton mass ratio was carefully measured
and is believed to be reliable to the accuracy quoted
for it. The muon decay momentum, from which the
x—p, mass difference is obtained, on the other hand,
was something of a by-product of the main experi-
ment. Consequently it was not measured many times
and with a variety of experimental arrangements, as
it should have been had it then been considered of
prime importance. The two determinations from which
the present value are derived in fact differ by 0.11 MeV.
It is clear that a new, precise determination of the pion
mass is overdue.

Muss of the Neutra/ Pion

The m. —m' mass difference has been measured with
a very good accuracy and the quoted error is too small
to a6ect the m mass uncertainty, which is therefore
the same as that for the charged pion.

Mass of Charged E Mesons

Because the three-pion decay mode has a low Q value,
the E+ mass is best obtained from the measured ranges
of the pion decay products. The Q value adopted by
Cohen, Crowe, and DulMond (coHzN 57) need not
be changed because there has been no better new data:
it is Q= 75.11&0.14 MeV. This, with the mass of three
pions, gives 3f~+——493.9&0.2 MeV. A measurement
of the K mass has been made with comparable ac-
curacy by Barkas, Dyer, and Heckman. They give

M~—=493.7&0.3 MeV.

Ke take for the mass of the charged E meson 493.8&0.2
MeV.

Sign of the Eq E2 Muss D—ifference

According to the experiment performed by Meisner
et al. (MzIsNKR 63), E2 is heavier than E~.

Mass of the Proton

This report does not undertake any new re-evalua-
tion of the fundamental physical constants. We quote
the National Research Council Committee on Funda-
mental Constants (coHzN 63) for the proton mass
and other equally basic data. Even such well-known
quantities are, however, still in a state of flux. When
the current values are compared with those in the book
of Cohen, Crowe, and DuMond (coazN 57), for ex-
ample, the electron charge is found now to be larger
by one part in 40 000 and the electron mass is larger
by 9 parts in 10'. Although none of the changes is
serious for most work in high-energy physics, the
proton mass has been readjusted upwards by 0.043
MeV to a point where it affects the A mass.

Mass of the Neutron

Here we use the neutron —proton mass difference, the
error in which is too small to affect the neutron mass.
Taken together with the new proton mass, this number
gives the quoted neutron mass.

Muss of the A Hyperon

The A mass from emulsion measurements has been
recently reviewed (aHowMzK 63). This is combined
with hydrogen bubble-chamber measurements (aALTAv
62) (ARMzNTzRos 62). The weighted average obtained
was

M~ ——1115.35&0.11 MeV.
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ln view of the readjusted proton mass, we quote it as

Mg= 1115.40+0.11 MeV,

which is about 0.04 MeV higher than our value of
1115.36 quoted in the preceding edition of UCRL-8030.

Masses of the Charged Z Eyperons

These come from Barkas, Dyer, and Heckman
(RARKAs 63) and from Burnstein et al. (RURNsTE?N 64).

The errors are largely systematic and react the
uncertainty in the x and E masses as well as in the
hydrogen and emulsion range-energy relations. The
raising of proton and pion masses has a slight effect
in the Z masses.

Masses of Cascade IIyperons

These are'affected to the extent. of 0.04 MeV by the
revised mass of the h..

Branching Ratios of the g Mesons

The neutral decay modes of the p have so far been
resolved experimentally only into "2p" and "non-2p".
For the latter, the most likely candidates are 3x' and
x'pp, both of which are electromagnetic decays of
amplitude e' with comparable phase space. However,
we have the theoretical prejudice that 3+0 should be
rather close to (2) m+m mo. Accordingly all experi-
mentalists have assumed that the "non 2p" decays
represented six photons coming from the decay of 3x',
and calculated their detection efficiency on this reason-
able hypothesis.

Unstable Mesons

Difficulties with Assi gnment of the Approximate
Quantum Number A to the AZ Meson

The two dominant decay modes of A2 seem to be
tnr and ICE, roughly in the ratio of 7/3. But pn has

A =—1, EE must of course have A =+1.This seems
to be the only meson for which the A approximation
fails almost completely. Even if the approximation
turns out to be good for low mass, it apparently be-
comes poor for these heavier mesons.

Z~ Decay Mode of the E~E~ Enhancement

The E~E~ enhancement (be it an actual resonance
or a large s-wave scattering) probably has a two-pion
mode, . but even if the so./EE branching ratio were as
large as 1/1 the two-pion mode would not yet have
been detected. The explanation is that the production
of E&E& is very small compared with the production
of pion pairs. Thus Alexander et al. (ALExANDER 62)
reported a E~E~ peak containing about 30 visible events.
For their path length of 10 events/pb, if we assume that
there exists a 0++ state X' that decays into E&E&,

EsE2, and E+E~ in the ratio of 1:1:2, and that E~Eq
pairs are seen only 9 of the time, this still corresponds
to X' production of only 30 yb.

Now the cross section for the reaction m p~ns. +m

induced by pions of the same momentum (about 2

BeV/c) is 5 mb, and —,', of these pion pairs have an
invariant mass in the I' region (1000+50) MeV.
For the purpose of this discussion this means that the
two-pion background in the E region is 500 pb, or
15-fold larger than the signal, and explains why interest-
ing upper limits in the m.n-/ICE ratio are experimentally
inaccessible.
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Stable Particles

DATA FOR TABLE S (REFERENCES AT LOWER EIGHT)

( "AL I IEk I knsf NF ELU JUNE/64)

IATA FDIC )ABLE 5 ON S(4&LE P4KTICLf5
STABLE MEAN(tIG (MMVNE Tu STRUNG DECAY

CODE LVENT QUANTITY fakoa+ faaot- KEFERENCE YR TECHNIOUf.
I h tet 4K

~ INDICATES DATA IGN()REO SY PROGRAMS

9 PIO LIFETtH'E (VNI TS )0++-)bl
C& &l&l: LVE&C I IIIIANI I I Y ERROR+ ERROR- KEFEaf'4CE Ya TECHNI DUE

I i» t't hit

~ I »CO I h TE 5 04 f I IG'4URE 0 SY PRDGRAIIS

I F-NtUIRINO (0» Jiel/2)

) E-NEUI R I;iU MASS (KEVI

5 9T 74&

5 9T 44
$
5 9T 88
5 9T

S 9T

1 9
I ~ 9
2ej
2 ' 8
I ~ 05

I 25

0 ' 5
I ~ 3
I ~ I
Oe9
Oe)8

0 57

0 ~ '5

Oe&
1 ~ 0
0 ' 9
Qel&

GLASSER bl EMUL ~
SHWE 62 EIIUL
Tlf TGE 62 f)IUL
KOLLfa 6 3 EMUL
voN DARofL 63 cNTK

0 ' 45 EVANS 63 EMUL

IM ~

5 I »» ~

Iv

Lf SS THh¹
Ltss fltAN
LESS THAN

0.25 LANGtk
tt I '5 HA)I I L TQhl

0 55 +UR- 0 ~ ZS FR(EI)MAhl

MU-Hf UTR I CD I 0 ~ J~ 1/2)

52 Ch)TK
53 CNTR
54 CNTK

5 9P)
5 9P2
5 9P3

9 )4EUTRAL P)ON PAKTIAL DECAY MODES

P)0 l)4TO ZGAICMA

PIO IHTU f t f GAMMA

PIO l¹TO CtLfCTRQtIS

9»&Et&TRAL PI (.h t&kANCII f 0 kif Ili'S

$0$ 0
$ 3$ 3$ 0
5 3$ 3$ 3$ 3

Zt» e LESS IIIAH
LE SS )lth¹

2 MU-Hf UTR l¹0 )CA SS (MEV)
3.5 SARICAS 56 EMUL
CeO UUOZ)AK 59 CNTR

E-LFCTKON (0 ' 5 ' J~)/2)

3 ELfCTKON Miss (Mf V)

9k I ~ P fC Ihfl. ( At l»A F+ t ) I (
O. r 1)(t? n. C(.(48

5 94) ~ US)HG I'Ahpf SKY I..AT IU
S 9k I 27 0 ~ (») ) 7 Ir ~ tta 15

2')he &»4)

SA i»i I &) 5
I ~ 5'»

t'ODA r' V

6 ) )»c&C

ht& et&C

(P7) l(PI )

Sv 0 511006 0 F 000002 COHt&4 63 RVUE

REFtaEI(cf$ FUR TASLF 5 ON SfASt, f PlATICLES

4 MUON ()06»J~I/2)

MUQt4 MASS (Mf V )

IOEH f If IC ~ YR AVTHOIC 5 JOUR ~ VOL PAGE YR lh)ST)TOT)ON COU

5 Cv 105~ 659 Oe00? FEIN&ERG 63 avvf
I E-'4EUTK I NU (0 ~ J~)/2)

5 4T
5 4T
5 CT
5 Cf
5 Cf

5 4f
5 Cr
5 4(

2 200
2 211
?»Z?5
2 208
2 ' 203

2e 198
2 ~ ZOZ
2 ~ (97

MUON L I FE T I ME ( UN I I 5 )0+~-6)

Ue 015
Oe 003
Vennb
0 004
0 004

0 ~ 015
0 003
0 ' 00h
0 004
0 004

I (5HER
&CEI TER
4$TSURY
ffLtGOI
LUNDY

59 CNTK
60 CNTR
60 CNTR
60 CNT)t
62 CNTR

0 00 I 0 ~ 001 FARt. EY 62 CNTK
0 ' 003 0 003 tcKHAUst 62 CNTIC

0 ~ DOZ 0 ' 002 MEYFR 63 CNTR

MUON PARTIAL UECAY MUOES

(.ANGE K

HAMI L TO»4

FR(ED¹4N

8AKKAS
OUULIAK

52 CNTR L M LANGfk e KJO MOFFAT Pk
53 Ci&ITR 0 R HAMIL TOH + PIC

58 C»ITR L FRIED»IAN ~ L G SMI fH Ptt

IIU NEUfa)NO (Oe J~)/2)

8& 689 52 INOliNA
'92 1521 53 PRINCf TON

109 2214 58 8 I4 L

56 EIIUL W H SARKAS +
59 CNTR»4 OUOCIAK +

Pa 101 778 Sb L t( L
Pk l)4 334 59 L K L

3 fLECT»(ON ( Oe 5 ~ Jie1 /2)

63 ItVUE t R COHEN ~ JWM DVI»&U&4O Itt'PORT IUPAP 43 RVUE

5
1
)

5 2
5

5 CPI
S CPZ

4P3
S 'n4

MOON INTO t (E-HFU) (MU-Nf U)
MUi)¹ INTO E ZGiltMA
MUON INIU )ELECTRONS
MUON INTO t GA»»MA

5 35 IS 2
5 35 05 0
5 3S 3$
5 3$ 0

)IUON ( )06» J&1/2)

S 4&)e
5 4kte

S
S 4&? ~

CICZ e
5 Ck? ~

5 4k? ~

5 Ck3 ~
4&C S ~

5 4&C3 ~

5 Hi» o
5 Hilt ~

8(
tlU

&MODE

Lt SS THhh

I» U f)N I te f &3

LESS THAN

I.t S5 I H A l&i

L E SS THAti
(.tSS THhh&

MUUh I N I 0
LtSS THAw

LESS THAN

IS9 37
I S9~ h&e

34 F 00
3 I ~ II9

Sl- ( IV UHI T 5 OF )0~~- l) (P3)/(PI )
5e0 PAR«f R I 62 CNTR

AL(KHANOV 62 SPRK
le5 I-KANKEL 2 63 CNTR
I 45 BASAEV 63 SPRK

&+GAMMA ( IN UI4 ITS OF )0~ ~-& ) (P4)/ IPI )
1.? FRANKFL I 63 SPa«
0.6 PARKER 2 64 SPRK

8 CHARGED PIVN (140» JPGen--) I &»I

8 CHAKGtO Pf MASS (MfV)

0 14
0 ~ 15

CROWE 54 CI4'f R
SAR«hs 56 EMUL

8 Pl+ MU+ I»ASS DIFF tltf NCE (Mf VI

Oe D?b
0 ~ 076

84RK AS
BAR«AS

56 EMUL
56 EMUL

MUOi¹ SRAMCHI&CG RAT IUS

t »ZGAMMA ( Ik Uhl 'f 5 OF )Oi+-5) (P2)/(Pl)
1.6 FRAN«EL 1 63 SPRK

F 15HEIC
45 7 IIUKY
OE VU'4 S
LA THR Die

Li fit&COP
Rf I ffk
TELEGD I

J FISHER +
4 ASTSUK Y +
5 OtVUNS
J LATHICUP +
J LATHROP +
R 4 REITfa +
V L TELEGDI

59 CNT&t

40 CNTR
60 XKAY
60 «RAY
60 XRAY
60 CNTR
60 C»4TR

CHAAPAK
HUTCHlhlsON

61 Ch)TR te CHAKPAK
61 (.h)TK 0 P HUTCHINSON

59 Cf&»N

40 i)VERI'UOL
4&0 COLO»I&I 4
60 CHICAGO
40 CHIC4GQ
60 C4RNEGIE
(&0 CHICAGU

PXL 3
ROCH 60
PKL
Nc
NC I?
PRL
RUCH 60

349
542
330
109
1)4
22

713

PRL 6 128 61 CEA»4
PRL 7 129 6) COt. UMSI 4

AL I KHihOV
CHAkl AK

FAICLE Y

LUNDY
PARKF. k I
SHAP I AO

62 SVk«
62 CNfR
62 (.NTR
62 Chl'Ilt
62 CI4(k
62 ItVUE

4 I AL)KHANUV +
G CHAICPAK +
F J M fARLEY +
R 4 Lt)h)f)Y
5 PARKEK» 5 PfhPIAN

SHAPIRO

CtRN
PL
CERN
Pl(
NC
PR

423
I 16

62 415
125 1686

23 485
125 1022

62 I TEP
62 CERN
62 CERi4
62 CHICAGO
62 f F I »4$

62 COLUeilt I 4

IIASAt &I

ECKHAUSE
Ff I hit t KG

f RANKtL 1
FRAh«tL 2
IIIE YER
PAk&CE&c

63 I TEP
43 CAKNEG) t
63 AVUE
63 PEN + I.KL
63 PE&4 + LRL
63 COLUMS 1 4
6C EF )NS

)6 139?
1 32 422

IS 431
27 894

130 351
132 2693
133 8768

63 SPKK
63 CNTR
63 KVUF

SPAK
63 CNTR
63 Crifa
64 SPRK

4 I IIASAEV +
ECKHAUSE

G Ff l¹SFKG» LM I.EOEKMAN

5 FRA'i«EL +
5 FKANKFL
5 L &EYEK +
PAKKE&t ~ 4 IDE»CSUN» RAY

JETP
PR
AR¹5

PR
PR
PR

8 CHARGED PION I )»0»JPC-"0--) I

5
5 4
5 4
5
5

5 4

5
5 4
5

5
5

5
5
5
5 4
5

4
5

5 tt I
5 8 f »I000

HT

S BT ~

2& ~ 6
25 ' Cb
25 6

8 CHAR ~ i»f Ljf E TIME (Ut4(TS )0~~-9)
Oe5 0 ' 5 CROWt 57 KVUL'

0 ' 32 0 F 32 ASHKIN 60 CNTK
0 &S 0 ~ 8 ANOE R SON 60 CNTIt

KERR I SON 62 l(VVF.

CRIjWE
SikKAS
CkU»tt
C As f AGNCL I

54 ctiTK K I caowE ~ RH PH)t L IPs PR 96 470 54 L R L
5h f MUL 8ARKAS ~ 8IICNSAUMe SMITH PR 101 778 56 L R L

57 KVue K M Cauwf Nc 5 541 57 STANFORD

f vUL C CASTAC'iOL I »M MUCHh(CH PR 112 17?9 58 ROPE

S 8
S

S 8
S

5 SPl
5 BP2
S SP3
S BPC

8 CHARGED PIOti PARTIAL OIECAY eeDOES

CHAR ~ PION INTO MU (MU-NEU)
CHAReV ION IN)'U F (E-Nf U)
Clt4a» P I UN INTO MU (I"U NEU) GAI»MA

CHAI( PION INTO P IO E If-¹EU)
8 CHARGED PION SRANCH)h)G RA f IUS

5 CS 2
S 3S I
5 CS 7S 0

9S 3S I

ANGE RS(:N
A5HK I i4

BACASICW
MfltiC I SUi¹
SHAP IKC

C Z I &ck

I)EPUMttlf k
OUNA(TSEV

60 Chf R

60 Ch(R
62 CNTR
62 ICVL&f

62 KVUE

H L hrlntkso¹ +
J ASHKIN +
K SAC, ASTDee +
4 W Mfkk)SAN
G SHAPIRO +

63 CNfa J 8 Cl)RR
63 C»ITR P UEPOtIMltR +
63 CNTR 4 F OUNAIT5tV +

Pk 119 2050 60 EF INS
tic lb 490 60 CERN
PKL 9 400 62 L a L
%DVP ll I 62 L IVERPUUL
PR 125 1022 62 COLUMBIA

PR 130 341 63 L R L
PL 5 61 63 CERN
SNL 344 43 J IIIIR

5
S 8
5 8
5 b
S 8

5 8
S 8
S 8

S ttk) ~ CIIAR P IUN INTO MO NEU GAMMA (U»4175 10&e~ -4) (P3)l(I»1)
5 Sk) Zd 1 ~ ZC 0 25 CASTAGNOLI %S EMVL

8AK TLt TT
Ol CAPUA

64 SPRK D Siaf( ETT +
64 CNfk E Ol CAPUA +

IIAPS 9 71 64 COLUM& I 4
PR )3381333 44 COLU»ISIA

5 8
5 8

5 Hk?ie
S It 44I'

5 SR?

CHAR ~ PIUN INTO E NFU
I ~ Zl De07
I ~ 247 0 ' 028

(VISITS )0~~-4) (P?)l(Pl)
ANOERSDhl 60 ChITR
Ol CAPVA 64 CNTR

9 h)EUTRAt. I»(0»4 (135~ JPG 0--) I I

Hk3 ~

5 HK) 10
'lit 3 SZ

5 Hk) 40
S 8C3

5 &I&i

5 9l)
S ')u

Vl I

S 9r.

ti:
DU

CIIAC. PIU'4
7 ' 0
I ~ 15
I ~ 30
0 ~ Vb

INTO P(0 t ¹EU
Oe6
0 22
Oe 35
Oe23
9 NEU'fkAL PION

(UNITS )0~ ~ -S) (PC)/IP)).
ISACASTOW 62 Ce(TR
OEPOMI»IER 63 Ct4TR
DUNAITSEV 63 CNTlt
SA)ITLETf 64 SPRK

()35»JPG~O--) I~)

4 ~ 59
Ce 59
4 ~ SC
4 ~ C»0

4 ~ 55

4 ' 6056

Oe01
Oeo)
0 01
0 F 04
Oen?

0.0055
0 03

PihlOF SK Y
CHlhIOWSK 7
HAOD{)CK
HILLMA»I
CASSE LS

C? I Rlt
Pf f RUKHlhl

51 CNT»t +
54 CNTR
%9 Ch)TK
59 CNTK
59 CNTK

63 Chlfk
6 3 CNTR

9 P I M45S O'IFFEaftICE (Pl+-)-(P 10) (MEV')

Pii4UF SK'Y
CASSELS
CH)NOW SK Y

HAUUUI. 'K
H I L L h»4hN

& t&Ghl'e V
SA»» I(;S
GC. AS StR
SH»te
TIE TGt

51 CiNfa
59 cltfa
54 CNTK
59 CNTR
59 CeifR
I& f&

h) I&f&C

6) tMUL
E MUL

62 FMUL

63 C»4fk
6% tHOL

t MUL

t»3 CN(k
63 CNTk

CE (&!t
EVAhS
KULLfk
PE T&C&I«HI'4

VU»4 OAROtL

PANUFSK Y ~ AAMDDf e HAULE Y

J M CASSEt. s
CHI riOWSKY ~ STE INSERGta

R P HADI)OCK
P HILLMAN
Vit ICI.: &'0&.V ~ »C Ih I
.i P Sit' I l"
R C GLASSER +
H SHWf +
J T IETGE

Pk
PPS
PR
PRL
NC
JFI i

&» 1

pa
PR
PR

81 560
92

93 586
3 478

14 887
I I 75'e

I rt 2? 5
123 1014
)2'e 1024
127 1324

51LRL
59
54

COLUM&�)4

59LRL
59

J I"I+
COL U«& I 4+'NL

6) NAvAL ats
62 L R L
42 le PLANCK

J 8 CLIkk
U EVANS ~ J MULVEY

L KULLEK +
VI PETKUKHIN ~ PRU'KOSHK l»4

G VON OAKOEL +

Pk 130 341 6$ L R L
S)ENA C7? 63 DXF URO

27 1405 6'S STt VENS
5 I E'4A 208 6 S OUSNA
t»L 4 51 C»3 CERN

5 9
5 9
5 9
5 9
5 9

9

9

5 9

5 V.
9

5 9
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Stable Particles (,CorJtir1ged)

{GAL 7 I f RI » RUSE NF f LD JUVE/64)

DATA F0@ TAHLf 5 ou STABLE pARTIcLEs
SraBLE Mta:IING t»UNE TU STRUNG Otcav

Cout «vfuf {IUANTI TY- tkkuk» ERkuk- REFERENCE Yk rfCH SIGN
P"AK

I14DICATES DATA IGhDKE D BY PILOGRAMS

12 KOL PARTIAL DECAY HOOE5

cUDK EYENf vUANr1f Y ERKUR»
ls PEAK

ERROR- REF EktNCE YR I'f CH SIGN SL2PL
512P2

KOL INTO PI+ PI-
KOL INTO P IO PIO

5 85 8
S 95 9

~ (VDtCATES nhra tGNORED 8Y PRUGRaMS 12 KOL BRANCHING RATIOS

SLOM
SLUM

493 ~ 9
4930 7

slut 0 ' 95
SLOT 1 ~ 2LI
SLOT I ~ 227
SLOT 52 LE 60
Slut I ~ 2L

10 CHARGED K (494 ~ JP*O-) I&L/2

LO CH4RGED K MASS {MEV)

002
003

COHEN
BARKAS

57 I{VUE
63 tt4UL

0 ~ je
00026
00015
0 ~ 3
0006

0025
0 F 026
0 ' 015
0 ' 3
0006

ILOFF
FITCH
ALVhkEZ
EISENBERG
SUkkOWK 5

56 f MUL

57 CNTR
57 CNTR
58 EMUL
59 c;irk

10 CHikoK LIFETIME (UNlfS 10»» 8)

SL?kl ~
SL281
517kl
512kl

512'{20
5124?
SL2kz
51282
512k?
SL21(2

KOL INTO
0 Zl
0 F 26
0 ' 30

L066 0 ' 335
198 0 ~ ZBB

{Pln PIO)/TOT4L
0 ~ 11
0 ~ 06
0 ' 035
0 ~ 014
0 ' 021

KOL tNTU {Vt+ PI-)/TOfiL
0068 0 ' 09
0 70 0 18
0 F 74 0 F 07

C'eAwFUkO
BaGLtN
BROWN
BROWN
CHRE r IF.N

59 HSC
60 PBC
61 XSC
63 XBC
63 PSC

(P1)/TOTAt.
CRAWFORD 59 HSC
Ci)L1JMHI 4 60 HSC
ANDERSON 62 HSC

(P2)/TOT1L

SLOT 33
SlUT 51
slor 293
510T
SLOT

1 ~ 38
Zl

1031
I ~ 25
I ~ 231

00 ZC
00 36
0008
0022
0 ~ 011

0 F 24
0023
0 F 08
0 ~ 17
F 011

I'REDEN
SHOWN IK
NORD(N
HARKAS
SOYARSKY

60 f MUL

61 EMUL
61 H BC
61 t HUL
62 CNTR

10 CHARGED K PARTIAL DECAY HOOKS

&LUPI CHAR ~ K INTO MU (NFU) K MU2 SCS2
SLOP7
SLUP3
SLOVC
SLOP5
SLOP6
SIOPl
SLOPB

CHak. K
CHhk ~ K

CHAR ~ K
CHAR ~ K
CHAK0 K

POS I f 0K
PUS I T.K

INTO PI P)0
INTO Pl P I+ P I«
INTO P I ZV!0
INTU MU P IO tif U

IN TO E P IO NEU
tNTU PI» Pl L»NEII
INIU Pl+ Pl+ «NEU

Pt 2
TAU
TAU PRIME
K MU 3
K t
K E» 4
K t C

5 bs 9
5 85 85 8
5 85 95 9
S 45 9S 2
5 35 95 1
5 85 85 35 1
5 85 85 35 1 KEFfkENC«S FUK fhHLF. 5 UN STAHLE PART IC{.f 5

10 CHARGtO K HKANCHINC RATIOS IDEiITLF IC ~ YR AUTHORS JUUk0 VOL PAGE Yk INST I tUT (UN CUD

510kt ~
SLOKL
SLOK I
St uk I
SLUR I

SLOR2»
SLOk2
Stukz
Stok2
SLGKZ

CHhk ~ K
5' 5
5609
6402
63 ~ 0

CHAR. K
27 ~ l
2302
1806
2? ~ 4

SLOKC ~
5LOI44
51044
SLGKC
S10k4
StVK4

SLUR%A
SLOk5
510kb
SLG«5
SLOK5
Slok5

CHAR 0 K

2 ' I
2 ' 2
I ~ 5
tol
1 ~ 8

CHAe. K

2 AS

5 ~ 9
208
4 ~ 8
3 ' 0

slue' CHhk ~ K

5(OR 3 5 ~ 6
5(OR3 6 8
51083 .1 ~ 2
SIOK3 ~ 7
StrJR I 5 ~ I
SLOK3 2332 5 ~ 52

I'4ru MU NEU IMUZ)j.n
206
L03
0 ~ 8

IIITU PI PIO {P(2)
2 ~ 'l
202
009
008

(NTU Pl P I+ P I-(TAU)
0 ~ 4
0.4
0 ~ 3
0 ' 3
002
0 ~ 13

(UNITS 10»~-2)
8IRGE 56 EHUL
ALEXANDER %7 EMUL
TAYLOR 59 EHI»
ROE 61 XSC
SHAKLEE 64 XHC
CALLAHAN 64 XSC

P3) / tOTAL

(NTO pt zptu
0 ~ 'J

AC
002
0 ~ 2
0 ~,2

{TAU PRI&f ) {UNITS 10»»-2) {
SlkGE 56 EMUL
ALE XAVDtk 57 EMUL
TAYLOR 59 EMU{,
kOt 41 XSC
SHAKLEE 64 XSC

p4)/roTAL

»
+

IN f0 MU P10 NEU (MU3)
100
Loj
0 ' 4
00IJ
0 ~ 5

(UNITS 10» ~-2)
8 IRGE 56
ALEXANDER 57
TAYLOR 59
kof 6L
SHAKLEE 64

(P5)/TOTAL
EMUL +
EMUL +
L MUL

XSC
X BC +

(UNITS 10»~-2) (PL)/TO'TAL
S(RGE 56 tMUL +
ALEXANDER 57 EMUL +
RUE 61 XBC +
SHAKLff 64 XHC

{UNITS LO» ~-2) {P2)/TOTAL
SIRGE 56 EMUL +
ALEXA'40ER 57 tMUL +
ROE 61 XSC +
SHAKLtf 64 XSC

8 IKCK
ILUFF
ALE XANDE k
ALvakcz
COH« 4
F ITCH

E I SENSERC
HUkk0«ES
TAYLOK
FRLitf n

HAH KCS
HHU«M (K
IIOk 0 I N

ROE
HOYARSKY

SARKhs
8(k~f
S IRCK
81st
CAI. LAHAN
SHAKL«F

SLULK

10 CHARGED K (494 JP 0-) I I/2

56 t MUL k W 8 I ROE
56 FMUL K L (LUFF »
5 7 EyUL 4 ALE XhiuuEK
57 C.hTR L W ALVAKKL +
57 kVUF. «k COHFN ~ Ckuotf ~ l)IJMOND
57 CNTR V F ITCH»

NC 4 834 56
PR L02 927 56
NC 6 478 57
UCRLS030 57
FUND CONST PHY557
UCRLH030 57

L R L
t. e L
OU13L I I4

L k L
8 VUE
PR li4CE TO'4

510
SLO
Stu
51u
510
Slu

58 «MUL Y EIStNBEKG»
59 CN Tk H C SUiIRUWE 5 +
59 tyUL 5 TAYLOR
60 tkUL 5 C FREOIN +

61 EMUL W H BARKAS
61 tyUL 8 HHOWMIK +

61 HBC P NORIJ IN JR

'tc 8 66 3 513 Hf k'4
PAL 2 117 59 M I
Pk I 14 359 59 COLUMBIA
Pk LLS 564 60 L k L Ltv

Pk 124 1209 61 L R L
iic 20 Hsl 61 DELHI
Pk 123 ?168 61 L R L

Stu
SLO
SLG
510

510
510
510

61 XRC 8 P ROE + PRL 9 346
62 CNf R 4 M HUYARSK Y Pk 128 2398

61 MICHIGAN+LRL 510
62 M I T 510

63 tMUL HARKAS ~ DYtki HE CKMAI4
63 FHc K w 8(RGE»
64 I BC k W 8(RCE +
64 PBC St 5 I ~ 8{ikREAN I ~ CESTEk
64 XHC CAI. LAHAu MARCH ~ STCRK
64 XSC F 5 SH4KL«f +

PRL I I. 26
VRL 11 35
DUBiti
PRL 12 490
SUSM0 Vk JUNE
SAPS 9

63 L R L Stu
64 LRL+WISCON»84RI SLV
64 LRL+W I SCUN+81R I SLG
64 TOR I 14O 510
64 WtSCUNSI"I Slu
64 MICH)CA. '4 510

QUANTUM NIIMH«KS Df Tf RM(NAf IONS N{JT REF F RRED TO (N DATA CARDS

62 HEBC SLOCK qtf NDI iuARA ~ MOiiik I Cf Rh 371 62 i'4wE ST+BOLOGNA Slu

SIQR6»
510kb
51uk6
SLoke
SLOK6

CHAR ~ K
501
3 ~ 2
& ~ 0
4 ~ l

INTO E PID iufU I E3)
I 3
I ~ 3
005
003

(UNI TS 10» ~-2) ( Pb) / fOf AL
ALEXANDER 57 EMUL +
SIRGE 56 EMUL +
ROt 61 XSC
SHAKLf E bC XHC + CRAWFORD

RUS«14FELO
59 HSC
59 HSC

LL NEUTRAL K ( JP00-) 1=1/2

F 5 CkhWFORD + PRL 2 L12 59 L k L
i{usfi4&KLD0SULMITZ ~ fk(VP PAL 2 LLO 59 L R L

SIL
SLL

51087~ POSIT ~ K tNTU PI» PI E+ NtU
SLVR7 LL 2.3 Ool
SLOkl 75 4 3 0 ' 9

(UNITS 10»~ -5) {Pl)/TOTAL
8 IRGE 63 F HC +
SIKGE 64 FSC + 12 KO I ( JP =0- ) (=1/2

Sto&8»
SLOKS ~

POSI T ~ K INTO PI+ Pl+ t- .4f U

0 00 I UR LESS
(UNITS 10»»-5) (PS)/TOTAL

SIKGE 64 FSC +

64 PBC
(PS)/(P3)

11 NEUTRAL K {JP»0 ) l«t/2

ll KV-K CH. MASS DtFFfkENCK (MEV)

Ltok9» CHAR K INtO {MU PIQ NEU)/{Pl P I+ PI-)
5LUK9 L220 Uoel 0005 Hl 5 I

BLU."fNf f LU
HDLDT
HkUWN
CODVEK
t I SLtk

Cea«fuRD
BAGiLIN
8 IRCE
Huwt u

COLuks lh
MULLE k

58 CC
SH Cc
58 PBC
58 CC
58 PHC

59 HBC
60 VHC
en VHC
60 CC
eo Hsc
60 PSC

H BLUME VFtLD +
E BOLD T

J BRUWN 4
4 COUPE k +
F E(5{fk +

5 CkAWFURD +
C SAGL I i4 +
R W 8(RGE +
f BUWF. N +
REPORTED VIA M SCHWARZ
F HULLER +

CFKN
PKL
CERN
CtkN
CERN

z zee
NC 18 1043
KOCH 60 601
Pk 119 2030
KOCH 727
PRL 4 41H

59 L R L
60 FCOL ~ PULYf ~

60 L R L
60 PKINCETUV
60 COLUMH(A
6UL k L

272 58 COLUMBIA
1 150 58 0 I T

272 58 M(CHICAN
272 58 JUNGFRAU
27Z 58 COLUMB I A

512
512
512
512
bt2

512
SL2
SLZ
SLZ
stz
514

SLLG

gO
512 f 9u
Slzf 62
5L2T 29
SLZT 39
SIZT 259

'512 I 5) 2
SLZT 63
5t? I 5un
512 r 378
Stzf 2500

5 ' 4

1 ~ 07
V ~ Sl
0 ~ 84
1 ' 15
I ~ 06

I) 94
I 009
0 90
009C
0.88$

0 6
1 0 I

RosfiuFELD 59 HBc
CRAWFORD 59 HSC . +

0013
0 ~ 23
00 35
0040
0 F 08

0 ~ 13
0 ~ 15
00 L9
0 F 25
0004

SOLOt 58 CC
SRUII'4 58 PHC
COUPFR '58 CC
BLUIIENFELD $8 CC
E I St.ER $8 PSC

0005
0018
0005
00 0'5
00025

000$
00 I '5

0005
0 ~ 05
0002$

CRAWFORD
HOWE iV

GARF I VKKL
SERT 4NZA
GOLDEN

HBC
40 CC
42 HSC
4Z HSC
4Z HSC

12 KOL LIFEf IHE (UNITS LO»»-10)

SCO«N
FITCH
GOOD

ANuf RSU 4

Hfkfhh24
CRAWFURD
CAKF (14KE L
GULDE iu

SRU«I'i
CHR«T(EN
WO JC I CK I

63 XSC
63 PSC
63 HBC

J L SKOWN +
1I CHRET(EII +
5 G WOJCICKI

61 XSC J L HeuWN +
61 CNTR V L FITCH +
6 I PBC k H CU(JO +

e? HHC J a CND«esnN +

62 IIBC L BEKTANZA »
ez kvut F s LRAWFukiJ
67 HSC 4 F GARF INK«L
62 HHC k L GoLDE N

uc 19 1155 61 LRL+MIGHI{'hq 512
Nc 22 1160 bl PRINCE TON 512
Pk 124 1223 61 L R 512

CFKN 836 62 L R L
PREiJRINT 62 HRUOKHAVo
CERN 827 62 RVUE
NE V I 5 L04 62 COLUHS I A

C«RN 839 62 L It L

512
SL2
512
512
)itz

PR 130 769 6j LRL&MICHIG 512
Pk L31 2208 4% SR1+BRO+HAR+Hl f $12
SHIV COIItt 43 L R L Stg

St? I bon 0085 ,P004 0 ~ DC WQJCICKI 43 HSC
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Stable Particles (Corrrirrlrd)

t G41.TIER I yRUSENFE LO JUNE/44)

~)ATA FOR TABLE 5 OH ${ARlE PAkf {CLES
STABLE MEANING IMMUNf TO SIRONG DECAY

CODC CVE If i«iJANTt TY ERROR» tkROk- kfFEREHCE Y(t TECH SIGN
Iik Pi AK

CoDE EVENT OUANTITY eRRUR» ERRult- kffERENCE YR TECH SIQN
IN PEAK

~ INDICATES OATl IGNQREO SY PROGRASIS

14 PROTON {938»J~ 1/21 t»1/2

14 PR{)TUH MASS {ltEV)

~ I iVOI Car ES DATA ICiNURED SY PROGRAMS
516M 938»254 0»00% COHEN 4 3 'R VUE

5130 ~
5LSi)
51)u
SI SD
st )IJ ~ Cd
Sl su
Slsu
51 30

FOk SIGH
l«9
0»84
I ~ 5
0»b
& ~ 47
0~ 78
0 F 82

IJI- MASS Dt&f. Stf
0~ S
V.29 0.21
O»Z
0 ~ 6
0» I'5 0»20

ME I SHER 6 3
FITCH 61
GOOD 61
CANER IH I 62
GRAWFDR(l 64
GHittsrENSON63
AUBEI(T 64
FUJI I 64

13 K02 L IFF 7 IME {VhHOSEC)

{.HTk
PBC
Phc
HRC
5PRK'
PSC
SPRK

13 K02-Koj MASS 0 I f. I UN I ts uf 1/ IAUL)

SL70
5170

LE R939
1 ~ 2933

sleT ~ ovER
ster ~ ovfR

17 NfUTRON l93'9 ~ J~ 1/21 l»l/2

17 NfUTRON-PRUTON MASS Dl)- II{EV)

0 ' 0004
0»000L

BONOELIU 60 CNTR
SALGO 64

Lb PROTON Llff tlME {UNlrs 10»»26 YR)

1 5 SAGKENST0$$60 CNTR
leo GIAMATL 42 CNTR

513t ~
51 S I SC
SIST 15
SL3r

ASSUhfl) O'S»DO AND DELTA I»L/2 CRAWFURD 59 HBC
Sl 0 32 ~ 0 24 ~ 0 BAItDON 58 CC
51 ~ 0 24»0 LS»0 DARMON 62 FSC
54 ' 0 6«0 FUJ I I 64 SPRK

13 K02 PARTIAL DECAY MODES

$177 L»OL

L7 Nf UT(tUN L lf ET IME {Uhl Ts 10»~ 3)

O O3 O O3 SOSNOVSK IJ 59 P t Lf

sl SPL
51 SP2
511ie)
51 SPC
51 Sl«5

SL)kj ~
$4%r( I

K 02 t Nru
K02 I iV fU
KO2 I re TI;
KD2 jr«r 0
KVZ INTO

Ki)2 Ihf (I
0.38

3P IO
Pj» PI- PI(r
P I MU 'lE(FTI(IVO
P I E:le U I k I r{U
Pt+ Pt-

13 K02 BRANCHING itlTIOS

{PIO P IO P IO) /CHARGED
0»07 AH IK I NA 62 CC

5 9S 95 9
5 85 85 9
5 85 45 2
5 85 35 1
5 85 8

{PI)/IP2»P3»PC)

5 I Sw? ~ K02 I:it(I
51 3k? S?0 0 I 85
513k? s04 n. 13
513i(2 Cf') I) 157

{Pl» Pt PIO)/CHAR(iED
0 ' 038 0»034 45TIFR
0»02 CERN+ETH
0«03 I.VERS

61 Cc
63 CG
64 HBC

IP2) I{P2+P3+PC)

513k)~
slsk3 ~
51 3!(3

Ku? IhT(J
304 0.Ld

n. S56
CC
HRC

I Pl MI) NEUfk IHO)/CHARGFD
0 03 CERN»ETH 63
0»07 LUERS 64

I P3) I{PZ»P3»PC)
jofhrj f IC ~ YR AUTHOIts

REFE RENCES FUR TARI. E 5 ON STASLC PART ICLES

JOUR VOL. PAGE Yk jr{sfIfUT ION COO

51 Skh ~
511k4~
51)k4

KDZ Ihru
304 r 69
7) (I ~ 481

tPI E NEUTRINO)/CHakGED
(I ~ 03 GEkH+ETH 63
0 ' 05 LUERS 64

I PC) I IP2+P3+P4)
CC
HSC

13 K02 I JP»0-) l»L/2

&13k 5 ~
51 )k5

Kn2 I HTU
3?i) 0 ~ 415

IPI t HFU)/I {PI E HEU)»IPI MU HEU))
0 120 AST IER 61

I P41/ {P3+PC)
CC

513k6» KDZ jhrU(PI+ Pl- Plp)/TUT4L
SL Ske 16 0 ~ 18 u ~ 05 STERN 64 HSC

I P2 ) ITOTAL

sl )k9»
51 Skv»
51349~

KOZ IHTU {PI+ PI-) /CHARGE()
O n. (t Uk LESS
0 0.015 U.'t LcSS

HEAGU
LUeks

6L CC
64 HRC

{P5)I{P2+P3+PC)

IC FTA {549»JPG»0-») t»0

LC ETA MASS {i»EV)

SLSkf» KJ2 If»TU(LEPTO)l PI NEUTRIHU)/TOTAL IP)»PC)/TOTAL
Sl Sk7 14 ll ~ 58 0 ~ 17 ALE XAI'llJER (i2 HSC

SARDON
GRAWFCJRO
Asf Iek
F ITCH
GOOD
HEAGU

ALe Xh.VDEk
A'. Il K INA
Ca"e.ltlh I
Olkk(lh

CERv»e TH
Ul f4 'IQT

CHR I STEHSON
JUVarlUV I CH
ME I SHcR

'5S CC lt BA(tOON Et AL AHP
59 HBC F 5 CRAWFURO + PRL
61 CC 4 Asrlfk + AIX
61 CNrk V L f I TCH ~ P I ROUf yPERKINSNG
61 PBC k H GOOD + nk
61 CC u FIEAGU + Pkl

5 154
2 34L

227
22 LL60

12C 1223
6 5$2

58 COL/I)tb I 4
$9 L 'R L
bl ECOLE NlLYT ~

bl Plt INC+LOSALl
bl 'LHt L

JfNIL- {MUSC(JW)

$13
$13
SL3
$13
513
S13

63 HB(; Crkh»ETH 5 IEHA 25
USED' TOTAL LEPTON IG I(AT'Es VORMAL ~ BUT MU3/E3
63 SPRK J H CHR I STE %SON + BNL 74
63 SPRK J V Jr)va'IOV ICH RVL 42
63 HRC 0 W Me 15Ntk ~ CRAWFURD» 8"{L 67

43 CfkH+ETH $13
SURPRISINGLY SMALL
63 PRINCE TUN 513
63 BNL/MO $13
63 L k L SL3

62 HBC G ALEXANDCR + PRL 9 49 62 L k L SL3
62 CC M H AN)K)HA + CER!II 452 42 OUSIIIA $13
62 PRL U CANER INI + Pk 128 362 62 WISCDNSIN+LRL $13
62 fBC J DAI(MDNykOUSSff ~ SIX PL 3 57 42 EP SL3

SLCM 53 549 0
5 1 4M 3'5 546 «0
514rr 91 54A U
SLCI« 5u 546 O
SICM 549 ~ 3
SICH LC& 54& ~ 0

1 ~ 2
C«0
1 ~ 0

2 ' 9
0 ~ 7

BASTIEN
P I CKUP
ALFF
TUUHI G

DELCOURT
FUELSCHE

62 HBC
62 HSC
62 HBC
62 HBC
63 CHTR
64 HRC

AUREk)
CRAWFukD
FUJ)l
LUE (5
STEkV

64 PBC d hURf R'f + PRE PRINf
64 HBC (.KAWFORDS ~ GULUtr{ ~ NE ISNfRSAPS 9 443
64 SPkX I FUJ I I + SAPS 9 C42
64 HRC 0 LUERS » PR 13381277
e4 HAC 0 STFRN + 12 459

14 tfA t$49»JPG»0-») 1»0

eC EcoLE polit. $13
44 L R L $13
64 SNL + MARYLAND $13
64 R N L SL3
44 WISCONSIN»LRL $13

14 ETA W I DTH I ME V I

5 LCI» ~ 5)
5ICW ~ 9 I
SLCW ~ 50
SLCM ~ ICA

12 OR LESS
10 Ok LESS
14.0 DR LESS
10 OR Less

dhsr)EV
AL FF
f UOHIG
FOELSCHF.

62 HRG
62 Ht(C
62 HBC
64 HBC

514P I
5ICP2
5ICP )
SLCPC

5I4kl ~
5(4kj 10
SIC(I 53
514 (I )I
514 tl
5 LCi(l

tC ETA PAktllL DECAY MOOFS

f f4 INT4 ZGAPMA
Lr* INTU 3PIO A."ID P IO 2 GAMMA ~ CALLED 3PID
F 7 4 IHTD P I & Pj- P{0
E I A IhTG P I+ P I- GAMMA

14 ET4 BRANCHING k4TIOS

E fA INTO
2 ~ '1

3 ' 20
2 ' 5
2
3 ~ I

FItUT& hL/CHARGED
]«0
1»26
0 ' 5
(r ~ h
0 ~ 7

62 HdC
62 HB
62 4BC
62 H &1C

63 HIJC

PICKUP
A45T IEV
ALCF
SHhFER
l. {ELUS

SOS 0
5 9S 95
5 Rs ds 9
5 hs 85 0

{PL»PZ)/IP3+PC)

PE VSVck
ALFF
RASrlcN
CHkCT lf iV

fOe L SCHE
PICKUP
SHAF F. k
tOOH IG

61 HRC 4 PEVSHtR +
62 HRC C ALI-F +
62 wRC PL Bast{Eh
62 PBC M CHRETIEH +
62 HRC HW FUFLSCHEe+
62 HRC a P ICKUP +
6? Hdc J SUTTIJrl SHAFgk +
6? HRC 7 TDDHI 0

F teLDS
fOWL F. it
MI JL L F. IC

F UELSCHE
PETER&

63 HBC T Ftl:LDS ».
63 HRC E C FUWLEk +
63 DRC 4 MULL{'(
64 HRC HW FAELSCHE ~ H KklYSILL
64 Hhc M w PFTEks

SACC I 63 (.VTR C BAGCI +
dfk{Ht. LOT 63 kvut 4 HektHELUT
HUSCHBECK-CL63 HRC d RUSCHRFCK CCAPP»
CltAWFUkp 63 Hhc F 5 GkhWFUKO +
OELCuli(T 63 CNrk d DELCU(litf

Pkl 7
PRL 9
Pkl 8
PRI. 9
PltL 9
PRL 8
CERN
CEKN

42 I 61 HOPKINS/¹WSTRH SIC
322 62 COLUI«844»RUTU 514
114 62 L k L $14
127 42 RRA»SRU»HA»MIT+PSLC
223 62 YALE 514
329 62 MRC Orraira» hHL SLC
30942 L R L $14
99 62 JOHNS-HOPK»JIils 514

Pkl
5 If iVA 2
5 IENA
PRL 10
PL 7

37 43 FRASCATL
64 63 rtVUE

166 43 V IEHVA-Cf RN-AR
546 43 L R L +UUKE
215 63 fHs-DRSAY

$14
514
SLC
SLC
SLC

ATHEVS
nkL 10
5 IEVA
PR fu RE
THESIS

185 43 rl-i(ES ~ JHUPK ~ ilOC $14
LID 63 DUKt+Lkl S14
99 6 3 SAC La Y»kOME SLC

PUIIL 64 YALE $14
64 W I SG(IH 5 IF{ $14

SLCk2 ~
514k2
SIC&?

SLCIt3 ~
514k3
SICk3

f Tl lhTU 2()APMAIGHARGE(J
0 «99 0 ~ 48
I ~ 05 0 45

F. 'ra INru 3PIO/CHARGED
O ~ 66 0 ' 25
0 ' 55 0 F 23

ckAwFORD
l«Ereks

CkawfoftD
PE r F. RS

{P I 1/IP3»PC)
63 HBC
64 rIBC

IPZ)/{P3»PC)
6) HRC
64 HBC

HAST IEJI
ca%MD ii Y
kuSEHFFLD

62 HRL PL BASTIEN »
62 HBG u 0 CARMUHY +
62 HRC 4 H R(JSF. HFELO +

PRI. 8
PRL 8
~RL 8

LLC 6Z I ~ J ~ P ~ G ~ C
117 62 I ~ J
Z93 42 G

lb PROTON {938&J»l/2) I ~ I/2

IJuhsrun Hukdek DerekMIHATIOHS NUT REFERRED TO IN {)ATA CARDS

$14
514
$14

51444~

SICRC

SIC (5~
SICk0

hs HBC
b4 HBC

E t4 I HTU 3P ID/ {PI » PI- P lp)
2»0 L.n I-Uf LSCHE 64 HBC

Efl INTC {Pl+ Pl- GAMMA)/{Pj» PI- PI01
0 F 26 0 F 08 I DWLE k
0 ~ 14 0 ~ 08 FDELSCHE

I PC)/IP3)

{P2)/{P3)

84CKENSTUSS ~y (.NTR 0 K hACKFNSTOSS + HC 14 749 40 CERN
Gjh&af I 62 C irk L C Gtaieaf I » f RElIES PR 126 2178 6Z ClSE lf
GOHE '4 63 ki(UC I- k CUHFh ~ JWM ()V&UN(e RFPJkf IUPAP 43 kvUE

5L4
5 lb
$14

514kb '
5 1 4kri
5)4k'

E Tl I Ht(J 2 GAMMA/3P I 0
I ~ 1 0 ~ 3 (JR lf 550.80 0.25
I ~ t(r 0 ' 5

CHRF T t eh
BACCI
&VLLFk

t Pl I I IP21
62 PRC
63 Ckrit
h) (I(IG

50 5 V(lv SK I J
R(lhDE L I 0
SALGi)

I 1 NEUrku«I 193&eJ» I/2) I » 1/2

54 P I Lt SUSN(JVSK I J
(i(i C.HT h it (I rIUFIDEL I 0»
br« 54L"U»

Jerp 9 7L7 59 ItUSSIA
PR 120 887 br) USNR+Cl TUUNI ~ 517
VP 53 457 44 $17



RosENzzx. D KT Ax, . Data on Elementa~ y I'articles and Resonant States 989

Stable Particles (Coeaigeeed)

(GCLTIERI»ROSfNFELD JUNE/6C)

DATA FOR tASLI' 5 OH SfASLE PARTICLES
STABLE HEAi4IHG IMMUNE TO STRONG OEClY

CUDF tVE47 QUANT I TY ERROR+ ERROR- kEFERf NC'E YR TECH SIGI4
IN PEAK

CODE tVEHT QUANT I TY E«ok+ ERR{lk- RffEReNCE YR TECH SIGH
IN PE Alt

~ INDICATES DATA IGNOREO 4Y PROGRAMS

19 SIGNA+ BRANCHING RAf IOS

519RI~ SIGNA+ INTA {i4FUTRON PI+){HUCLtON Pl I (PZ)/(Pl+PZ)
519k1 308 0»490 oe024 HUHPHRL'Y 62 I{BC

INOICAftS. DATA IGNORtO SY PROGRAHS
519k2~
519k2~

5IGHA+
ABOUT

lhTU {NEUTRON PI+ G4H)/{Pl+ Nl {Lo+&-4) (P3)/(PZl
0%4 COURANT 63 HSC

18 LAHBDA (1115~ JP»j/2+) 1%0

18 LAMBDA MASS (VEV)

Sl SH I 1 L5 ~ 25 0 36 IIALT4Y 62 HSC

SLSV 25 1115' 04 0»41 4RHENTERUS 62 HBG

SLHH 317 1115»40 0%13 BHUIIM IK 63 RVUt
518H ~ L4MRDA MASS TO BE RAISEO Of 0 043 BEGAUSt PROTON NASS RAISfo

18 LAMBDA L IFET IMf- {UNITS LOe&- jo)

SL9|C3~ SIGMA+ INTU {LAMBDA E+ NEVI/(PI+ Hl ( Lo+&-4) (PC)/(PZ)
519R3~ 1 0.25 APPKUX SUltNSTt IN 63 HSC

SI')khan 5 IGM1+ INtV {l4 HV+/NEU) /{ P I+%I) {10++-4 ) ( PCi l/I PZ)
519k4 ~ 0 LtSS fHAN 2 ' 3 SURNSTE IN 63 HBG

519k5~ 5{GVA+ INtU (N E+ HEVl/(N Pl+) (UNITS Lo+&-4) (P7l/(P2l
SL9it5 ~ 0 LES5 THAN 2e6 SURNSTEII4 63 HSG
519k5~ LESS THAN 4 0 MURPHY 64 PBG
519kB~ I LESS THAN 1 ~ 03 NAUEi48fltG 64 HSC

SLIIT 188
Sj{If 74
Sjcll 6L
SLHT CO
SLBT 454

SLBT BZS
Sl ~t 140
51ST 600
$187 799
SLBT 748

2»oj
2%75
F 08
3 ~ 04
7 ' 29

Z. 72
2 ~ 72
? 69
7%69
2»58

0»21
0%45
O»46
0%78
u. 15

0» 16
0»29
0 14
0.11
0»11

0 ~ 21
0 ~ 38
0 ~ 31
0 ' 5L
0» 13

0 ~ 16
0»27
0 12
0»j I
0 ~ LL

GRAIIFORD
SDWEN
I.UNG
HUHPHRtY
SERTANLA

59 HBG
60 CC
62 PBC
62 HBC
62 HBG

BOLOT 58 CC
BLU»ef NFELO 58 CC
BRUQN 58 PBC
COOPER 58 CC
tlSLER 58 HBG

519HIII0 3 ' 8
19 5 IGHA+ HAGNIETIC HOIIENT (VAGHE TOMSg938 ~ 24 HEV)
1%3 HG INTURF 64 fHVL

519kb& 5 IONA+ IN I0 {P GANHA I / {P P I 0) (jo~e-3) (P5)/(Pll
SLVRb+ 8 AHOUT jeo NAUENStltG 44 HBG

Slkt 900
Sjst 2250
$18f . F000
Sjkt
Sjilt 1500

2 ' 44
F 31
2 68
Zeho
F 70

n. 11
0» 09
0»0 3
0% 28
0%07

0 ll
O O9
0%03
0» 20
O. OT

GAICF lblKEL 62 HSG
CRONIN 62 SPRK
GOLDEN 62 HSC
C-C GHAIIG 62 HSC,
HURRAY 62 HSC

IDENT If IC ~ YR 1UTHURS

REFERENCf$ fl)lt TABLE 5 UN STABLE PAI{TIGLf5

JOUk»VOL PAGE Yll INSTITUTION CU{)

518f Z239.
SIST HZD
518( 794
SIST 1378

2 ' 36
2» 75
2»59
2 ' 59

0%06
0%12
0»09
0»07

0»06
0 ~ 12

BLOCK 63 HESG
SERGE 63 HSC
HUBBARD 64 HSC
SGHIIARTL 64 HBG

SLBPI
518PZ
SLSP3
SLSP4

18 LAMBDA PARTIA{. DECAY NODt5

LAHHBA INtcl PROTON VI-
L. AMBDA lbltU blEUTRON P IO
L AMBDA I Ht 0 PROTON HU- IIEU TR I NO

LAMBDA INTU PROTON E- NEUTRINO

18 LAHBOA SRANGHfNG RATIOS

5165 8
SL75 9
SL65 4$ 2
SL65 3$ 1

SLHkj ~
SLBRL
Sjilkj
SLBKL 9t)3
SLBRI

LAMBDA INTO {P Pl-)/( {P Pl-I+('-I PIO) l
0»627 0 ~ 031 CRAiIFORO
0%65 0 ~ 05 GOLUNSIA
0»643 0%016 HVNPHREY
Q»685 0%017 AHDERSON

(PL)/(Pl+PL)
59 HBC
60 HBC
62 HBG
62 HBG

SLBRZ+
518k2
518RZ
SLHRZ
SLBRZ
$18k2 75

L AHSOA I NTO
0»23
0%4 3
0»28
0 ' 35
0 ~ 291

{N PIO)/{{P
0 ~ 09
0%14
0»08
Oe05
0»034

P{-)+{N Pln))
t {SLflt
CRAIIFORO
BAGL IN
BROIIN
CHRE I IEN

(PZl/(Pj+P2)
57 PSG
59 HSC
60 PBC
63 XBG
63 PSC

SLSR3~
SL8R3 15
SLBR3 8
$18R3 150
Si I Sk3 95
518kj 20

LAMRO4 lbltV
2 ' 0
3»0
0»82
0~ 78
I »55

{P E- NtU)/tUT4L
0»5
1 ~ 5 l»2
0 ~ l2 0 ~ 13
0012
0 34

(VNI TS 10~+-3 I {PC) / {P I+PZ I
HUMPHREY 61 RV{)t
AUSERT 61 FBC
ELY 43 FBC
II AGL I N 63 FBC
L IND 64 HSC

SLRRC& LAMBDA (HTCI {P VU- HEU) /TOTAL {UNI TS LO+e-4 l I P3) / {P1+P2)
SLHRCe 1 F 2 OR GKEATEit GO{ID 62 HBC
SLBRCe 1 1.0 uk I.ESS ALSTUN 63 HSC
SLBkC+ 2 l»0 QR LtSS KERNAN 64 FSC

f ISLEk
BLUHEHFELO
BOLDT
BROWN
COVVtk
E ISLER

C i\ 4 IIIF URO
BAGL I l4

BDHEN
GOLUHCI IA
AUBtRt
HUHPHREY

Al{DERSCH
ARMLNTEROS
SALTAY
BfRtANLA
CHANG

COUL
GRONI'4
FUNG
GARF I IIKt L

GOLQEH
GOOD
HUMPltf Y

HURkAY

ALSTU4
SAGL IN
BfRGE
SHQ&NIK
IILVI K

57 PBC
5II CG
5k CC
58 PBC
58 CC
58 HBC

59 HBC
60 I'HC
60 CC
60 HBC
61 FBG
61 QVllE

LB LAVB{lA {1115~ JPej/Zyl Iso

HC 5 1700 57
CERI4 270 5II
I'RL 1 148 58
CERN 270 58
CERN 270 58
CERN 270 58

F EISLER +
H SLUHENFFLD
E SOLDT +
J BROIIN +
4 COOPER +
f E I SLEIC

COLUHS I A+SNL 518
COLUMBIA 518
H'I 7 $18
MICHIGAN 518
JUNGFRAU 5 LB
COLVVB IA+P I+SO 518

518
SLS
SLB
SLB
518
518

PRL 2 Z66 59
NC LH LOC3 60
PR 119 2030 60
HOCH 726 do
A IX 1 197 bl
Pk{. 6 478 bL

R L
t COLE POI. YT
P k I NC f fOI4
COLUHS I 1
ECOLE POL I t»
L R L

F 5 CRAIIFORO +
C 81GL IN +
T BUiIEN +
REPORTED SY H SCHIIART L
8 AUBERT +
il E HUMPHkEY +

62 HBC
62 HBC
62 HB{;
6Z H8G
62 HBC

J 4 ANOERSOH
R ARHEHTEROS +
G SALTAY +

SERTAHLA
G-G CH4NG

CEkN 83Z 62 L R L
CEkN 236 6Z CER'4 ETC
CERN 233 62 YALE ~ SRKH
PREPlt(HT 62 II N L
NSA 16 2967662 DVKE

518
SLH
518
518
518

62 SPRK
62 SPkK
62 PSG
62 HRC

62 HBC
62 HSG
67 HSC
62 HBG

iI '4 {.
PRINCE TON
LRL
COLUMBIA
COLUMBIA
LRL
k (5CONS IH
L k L
LRL

518
SLB
518
Sl 8
S18
SLB
518
518
SLB

VCLRL 10926 63 L k L 518
5 I f i44 8 bj fP+CERN+UC+RU+SESLS
THE5) 5 63 L R L 5 jiI
HC 28 1494 63 RVUE SLB
'PR 130 766 43 i4 iltSTElt'4 518

63 HRC N H ALSTOH +
6'3 FSC C 81GLIN +
63 HBC J P StRGE
63 HVUE 8 SHU&II)K»OP GUYAL

63 HESC M N BLOCK +

COUL ~ JENK INS KYC IA ~ HILL+PR 12 7 2223 62
J CICUNIH + CtkN 459 62
5 Y IU FUN{i BAPS 7 6L9 62
A F GARF I NKEL blf V I 5104 62

ANT) PR I V GDMH 6$
It L GOLDEH CtRN 839 62

L GOOD o V G L IIIO PlCL 9 5LH 42
HUHPREYyR RUSS PR L27 1305 62

HURit4Y + CfRN 839 62

SLHHNo -I ~ 5
SLBHH~ 0%0
Sji)HHe8500 -L 4

18 LAMBDA HAGNEtlG MOMENT (H4GNETONSe938 ~ Zb HEV)
0%5 COOL 62 SPRK
Oeb KERNA»4 63 CC
0%7 ANDEltSOH 64 HSC

BROI»N
CHRETIEN
ELY
KtkNAN

63 XBC
63 PSC
63 FSC
63 CC

J L BROIIN +
H R CHRE flEN
R P ELY +
KERNAN HOVEY»OARSMAN +

PR 130 769 43 LRL+MICHIG 518
Pk 13L 2208 63 BRA+SRO+HAk+Hl t SLB
PR L31 868 43 LRL+U'4IV»CDL» 518
PR 129 870 43 ARGDNNE 518

19 SIGHAt (1189~ JP&j/2+l I el

ANDtRSON
HUBBARD
KERNAN
L I ND

SCHx4%T 2

64 HSC
64 HBC
64 PRC
4C HSG
64 HBC

J ANDERSOH ~ CRAIIFDRD SAPS 9 459 dC
J R HUBBARD + PR JUNE dC
4 KERHAN + . PR 13381271 44
L INDo SIHFORO ~ GOOD ~ STERN PREPIC INt 44
J SCHMARTL UCRL I 1340 44

L R L
L R L
LRL+UNIV»COLS
IIISCONSIN
L R L

518
518
518
$18
518

519M
Sl )V

1189%40
1189~ 5

0% 15
0%'5

BARKAS 63 EHUL
BURHSTEIN 64 HSG

519I
519( 127
5197 4l
519T 117
$19( 54

$197 23
5197
$19T 140
$19f 192
$19T 454

0 ~ 98
0»82
0%85
0 ~ Ii0

0 ~ 76
n. 75
0%82
0» 749
0% 765

0» Lb
0%34
0%14
0%10

0%22
0%13
0»10
Oe056
0»04

0» 12
o.20
0» 11
0»047

0% 14
0 09
0 F 08
0%052
0%04

GLASER
VUSCHEL
EVANS
FREDEN
XAPLON

CHIESA
SERTHELOT
SARKAS
GRARD
HUMPHREY

58 RVVE
60 EHVL
60 EHUL
60 EHUL
60 ENUL

61 EHUL
61 PBC
6L f HUL
62 HBG
62 HBC

L9 SIGNA+ LIFETIHE (UNITS LO&e-LO)
GiL 4 Stk
tVANS
FREDEI4
KAPLOH
P{7SCHtL

84RKAS
BERTHtLOT
CHIESA
GRAICD
HUMPHREY

19

58 RVUE 0 A GLASER +
60 EMUL O FVA'45 +
60 EHUL 5 G FREDEN
60 EMUL H F KCPLOH +
60 EMUL H PUSCHEL

bl tHUL H H SARKAS + Pk
61 PSC A BFRTHELOf + NG

6L tHUL A H CHIESA + NC

62 HSC F GRARD + G 4 SMITH PR
62 HBC H E HUMPHREY + R R RUSS PR

124 1209 bj L R L
21 693 bl SACLAY
19 1171 61 TORINO

L27 40762 L R L
127 1305 62 L R L

SIGMA + {1189~ JV I/2+I I I

CERe 27O 58 RVOE
NC 15 873 40 BRISTO{.
NC 16 bjj 40 L R L LIV
ANP 9 139 60 ROCHESTER
HP 20 254 60 N PLANGK

$19
519
$19
519
519

$19
519
SL9
519
519

$19VL
$19PZ
SL9P3
SL9PC
$19PS
$19P4
S19V7

PROTON P 10
NEUTRON PI+
HEU'TRON Pl+ GANHA
LAMBDA f+ NEU
PltOTOH GAMMA

l4EUTROH HV+ NEUTRINO
hEUTROH t+ NE V 78 INU

SIGNA + IHTU
SIGNA + IN)O
SIGNA + INTU
SIGNA + IHTU
5(@HA + INTO
5 (GN1 & INTO
5(GMA + INTO

19 5IGH4+ PARTIAL Df CAY NODES

51459
517$ 8
$17$ 8$ 0
$185 3$ 0
$14$ 0
5175 45 2
$17$ 3$ I

SARKAS
ALSO

SURNSTEli4
COURANT

BURHSTE I N

VC INTURF
MURPHY
NAUENSfkG

6'I tHUL BARKAS|OYtR ~ Hf CKHAH
61 EHUL J DYER
63 HSG R 4 SUkNSTF. IN +
43 HSC H COURANT

44 HBC SURNSTEIN DAY ~ KEHDt
64 EHUL 4 0 HUGFNTURFeROOS
64 PBC C T MURPHY

44 HBC V NAUfHHERG
AHD

PRL Ll 26 63 L R L $19
UCRL 9450 61 L R L S19
BNL 427 43 MARYL+CERN&BNL 519
5{ENA L5 4'j GERH+HARYLANP $19

PREPR INT 64 HA'RYL SL9
SAPS 9 459 64 VAIIOf RSILT $19
P't 134 8188 64 HISGONSIN 519
PRL 12 679 64 COL+RUfG+PRIN 519
PRIV CONN HAY 44 COL+RUTG+PRIHG $19

T'R I PP
ALFF
COVltAHT

JUANTVH NUNSER DEtfRHINATIOHS IIOt REF ERltfo tO IN DATA CARDS

62 HBC

TRIPP�»HATSON»f

ERROLULLI PRL 8 17$ 42 P SL9
63 HBC C ALFF + SIL'IIA I 205 43 GOLVN+RUTG+SNL $19
43 HSG H COURAI4t + SIEHA 1 73 43 HARYL+CERN+NRL $19
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Stable Particles (Con)in»ed)

{GAL f IfRl ~ RUSEIIFELD JUNK/64)

UATA FOR TAIILE 5 ON STALILE PART ICLES
5TAB(.E MEAN)NG IMMUNE TU STRUNG DECAY

{:Q{)f t Vf fff guaNT I I Y ERROR+ tkRUR- REF E'IE'iCE YR TECH 5(GN
PEAK

~ I Vol CATf 5 DATA (GNORE O. BY PROGRAMS

cDUF gvENT QUANT I TY tRRUK+ EKRUK- KE)'tKE'ICt Yt( TECH 5(GN
IN PEAK

~ liOICATf S 04Th IG.IOllto SY PROGRAMS

$23PI
$2)PZ
sz jpj
S23P4
$23P5

23
Xl 0 INTL& LAMBDA
X I 0 I VTU PKA'fON

XI 0 INTO PRDTOV
XI 0 INTO 5)Gtea+
Xl 0 INtO SIGMA-

XI 0 PART taL OECAY MODE. S
P)U
PI-
E- NEUt- &If U

f+ NEU

$&ns 9
siss 8
5165 35 1
5195 35 I
$205 3$ I

SZOII 1197~ 6
520M 588 1197~0

20 5(GMA" (1198eJPvt/Zi) Int

20 sfGMA- IIASS (IIEV)

0 ~ 5
0 ' 2

SARK45 63 f MUL

BUkNSTE IN 64 HBC

20 5 ICMA- L IFE'T (Mt (Uffl f 5

Ionic-10) S2)kl +
SK)WL ~

5? 3&2 ~
'23&2 ~

23 XI 0 BRANCHIN{i RAT IUS

XI 0 I:~ Ti)(P&UTL'v Pl-) / {LA~H44 PI{&)
0 0 ~ I'? i U". Lt S', i T I{.H'J

s) 0 IIITL&(Pni)TD I 8- Vtul/( L IPBUA P I( I

0 0.027 I).". LESS T I C ll& I

I ) HtiC
{PZ I/ {P 1 )

(Pjl/(PI )
6$ H"C

SZOT I ~ 67
52UT I ~ 8't
5?0 I 45
$20 T 45 1 ~ (5
5?UT CL I' 75

os40
0 33
0 12
oa 32
0 39

0 ' 28
0 25
0 12
0 ~ Ir
0 ~ 30

SROlt 8
L ISLER
CRA&IFDi(u
CHIESA
SARKAS

5II PSC
58 PSC
59 HBC
bl E)IUL
61 EMUL

523%3~
SZ'Ikj ~ 6 'S HL I.

24 OMEGA- I 1675~ JPv3/2+I Ino

Xl 0 lii(l&{5(Gt 4+ t Vtu}/{ Lh HUA 'Ptnl
0 D. I&ts l& l E5~ I ICHI&

t PC) /(PI )

520 T liob I ~ 58 0 ~ 06 0 ~ 06 HUMPHkf Y 62 HBC

20 $(GI»4- PARTIAL UtCAY MUI)ts

S24 ~
524)II 1 1620 0
$2cl Z le75.0

24 OMEGA- MA'$$ (Mf V)
QUANTUM NUMBERS l55 IGNEO FROM SU 3

25 ~ 0 10~ 0 E ISE'(BERG 54 EMUL
3 0 HARNt 5 64 HBC

520P I
5?GP2
$?OP 3
SZOP4
SZOP5

SIGMA-
'5 I Gl"A
sIGMa-
5 I Giva
5 (COMA

INTO
IN Ill
)NTU
INTO
INTU

Vf UTKDN P I-
NEUTRUiti PI GA) &4
NtuTRL, N MU- NEUTRINO
NEUTRDN t- WEUTR(NO
LAM&)I)4 t- tiEU'f RIND

?0 SIGMA- BRANCHING kAf IOS

SL7$ 8
$175 85 0
$175 4$ 2
S17$ 35 1
518$ 3$ 1

524T I 0~7

24 OMEGA — L IF E 7 t ME (Uff I TS 10~n-Lo)

SARIVE5 64 HSC

0 I 2 3 4 5 6 7 8
12345~ 7890123456789012345e789012345678901234567890123456789012345678901234567890

5?OIL I 0
SZOK L

SIGI'4 INTO (V Pu- Nfu)/(N Pl-) (UNIT5 10~ n-3) (P3)/IPL)
Dace 0 ~ 14 BURNS TE I ti 63 HBC

$2UK2 ~ SIGI&A» lfffL& {ff E- NEU)l('I Pl-) tUNIf5 10~ ~-3) (PC)/(PL)
$20&2 I 0 ~ 3 SURNSTE IN 63 HSC
SZU&? 9 I 0 0 0~% MURPHY 64 PHC
SZUK2 le . 1 ' 37 0 ~ 34 NAVE tibt RG 64 HBC

IOEIV TIE ICa Yk AUTHOKS

RF F ERENCES Fjk TABLE 5 ON STABLE PAKT (CLE 5

JDUK VOL PAGE Yk (NST I TUTI UN COD

5?Uil kn
SZU:I I

SIGMA '- INTU {LAMBDA t- NCU)/(N PI —I (UN IO++-4) (P5)/(Pl)
n. 75 o.28 SURNSTEIN 63 HBC 20 5) GMA - ( I L98 ~ JP ~ I/Zi) I*1

52 UiIC ~
SZ Ui(C ~

21 S(GMA 0 ( 1L93 ~ JPvt/2+) tnt

21 SIGtlA- Mass DIFFER~ {-I-(0) (IIEV)

5210 18 4 ~ 75 Oel t)URVSTE IN 64 HBC

21 StGMAD LIFEf IMt (UN(TS toed-LC)

SIGv'L — INfiJ (9 PI- GAMMA) / {ti P {-I {UN 10+~-4) (P2)/ tPL)
ABOUT 0 ~ 1 COURANT 63 HSC

HR ult'I
EISLt&
ck4wFURD
BAKKAS
CH ICSA

IIU &IPHk E V

SAKKAS
BURNS TE IN

C OUR A V T

Stl PB{.
58
59 HRC
61 E&UL
61 EMUL

62 HBC
63 EMUL
63 HSC

63 HBC

J RKU)tti
EtsLE.l +

F 5 CRAIIFORO
II H BARKAS +
A M CH(ESA +

5&( MICHIGAN
58 COLUMBIA
59 L R L
bl L k L
bl TOk (NO

SZG
520
520
S2U
SZU

Cf kti 270
CERN Zro

+ PR IV C{)MM
124 1209

NC L9 1171

62 L R L 520
63 L R L 52{&
6j MAltYL+CEKN+SNL $20
64 MARYL+Cf. RN+HNL $2U
63 4kff+VARYLANO S2U

1 2 7 1305
ll Zb

427

15

li E HUMPHRE Y + i( R RUSS PR
H BakKAS ~ UYEK ~ HECKMAN PRL
4 OUKNSTE I&i + 8 &IL

avD pklv cUMM
H CDUK4fff + 5 (E'IIA

$21 f ~ 1 0 UR Ltss DAY(5 ez E MUL

XI- t 1321 t JP&l/2 ) t&L/2

22 X(- MASS {MEV)

RURNS(E('I
MUKPHY

NlUENBE RG

64 HBC
64 PBC
64 ttBC

BURNSTE (N ~ UAY ~ KEHOE + PREPk Iff I JUNE
C T MURPHY PR
U NAUENSERG + PKL 12 679

Aelo PRIV CDIIM MAY

'. I SIGMA 0 (IL93r JPvt/2+)

64 MAR YL 520
64 )tt SCONS)N SZU
64 COL+RUTG+Pkfff $2I&
64 COL+RUTG+Ptll'4C 520

szzte LZ 1320o4
522M I I 1 )17~0
522v L8 1317~ 9
Szzte 1 1)Z? 0
$2?t. 1321 0

2 ' 2
Zoz
I ~ 9
I' 3
0 5

UCRI. 8030 58 KVUE
K 4NG-CHANG 6 I P SC
FGIILER bl PSC
LIRDIIN 62 HSC
HER fANZA 62 HSC

OAVI S
BUKNSTt LN

605 62 EFINS
64 MAR Yl.

22 X I - {1321 & JPvt/2) I vt/2

62 0 H Davis .+ 127
64 HBC HURNSTE lffeDAYyKEHOE + PREPRINT

S21
$2L

SZZT
5?zf 18
$2?f 62
SZZ( jjz
522 T 517
52? f 35f&
S2? ( 194

3 ' 5
I ~ 28
I ~ 55
I ~ 80
I ~ Bb
I ~ 77
I oe9

je4
0 ~ 41
OsjL
0 ~ 16
0 ~ 15
0 ~ 12
O. Ur

I ~ 23
0 ' 25
Oijt
0 15
0 ~ 14

KaNG-CHaNG
FOMLtk
SCHNE IDE R
CONffOLLY
JAUNE AU

{;Ail v0 V Y

HUBBARD

61 PBC
61 PBC
63 HBC
63 HSC
63 FBC
64 HSC
64 HHC

5?2&I 62 I 321 I 0 ~ 65 SCHNE IDER 63 HBC
522v 517 I )21~4 0~4 JANEAU 63 FSC
SZZM 505 ISZU ~ 4 0 ~ j L L)NI)ON 64 HBC
522M e AL. L THt XI- )I45SES TO Bf RAISED 0 ~ 09 Mf V BECAUSE LAMBDA RAISED

2'2 Xt- LIFtflMt (UNITS LD~~-IO)

UCRL&)030
FuwLFK
KANG-CHANG

58 kVUE
134 61 L R L
512 61 JINR RU55

S22
S22
522

BtkfaVZA
HkukN
'CONNOLLY

62 HSC
62 HBC
63 HBC

L BERTANZA +
H N BRO)IN +
P L CUNNOLL Y +

ANO PRIV COMM
Ffi{RU-LUZZI 63 HHC M FERRO-LUZZt +

P'lL 9 229 62 8ROOKHAVe
I&KL 8 255 62 BROUKHAV
5!ENA 34 63 8 N L

HY G LONDON AP& IL 64 8 N L
P& 130 1568 63 L R L

SZZ
$22
522
$22
522

J4uiiEAU 63 FBC L Jaufff au +
ALSO 6j FBC L JAUIVEAU +

SCHNC )UEK 63 HBC H SCHNE 1 DER
7 (CHD 63 RVUE t& K TICHO

5{ENA
PL
PL
HNL

63 E P+C E RN+UC +AU+ 0 t $22
49 63 Ep+ $22

360 63 CERVi $22
410 ej Rvuf SZ2

58 RVUE Ii H l(ARKAS A H RUSENFLLOUCRL8030tt PBC k 8 FU)HLER + P'lL 6
el PHC tt KANS-CHAN{i + JETP 13

SZZPL
SZZP2
SZZP3

22 XI- PAK I t AL DECAY MODE S

x I- INTO L AM804 p (-
XI- INTO Late804 E- Nf UTRI'(0
X(« IVTu Nfufkut( Pl-

SISS 8
SLBS 35 1
5L7S S

C A K IIOiV Y

HUBBakD
Luffouv

64 HHC U 0 CAR'40VY +
64 HBC J R ttuBRARD +
64 HBC G It L{)NOON +

oRL 12 482 6c ucLA SZ?
PR JUNE 6C L R L $22
BAPS 9 22 64 BNL&SYR S22

QUAVTUM NUMBER DFTERMINAT(Oils NUT REFtkktD TO (N D&(TA C4RDS

22 Xt- SRANCHthlG RATIOS

SZZ&l ~ XI- I'lu (L "vl. & f- I'Icl))/I L AMHU& P I-I t 1:&~ ~ -S I II&2) /{PI )
S?ikl ~ 1 I 7 C hhMG"iY t 43 I)BC &IULITE 8 HY f (C HL)

52ZKZ ~ XI- INTO t NEUTRON O'I-) / t la)ISOA P I-) I Loe ~-3) (P3)/( P I)
522RZv 0 Ltss TH4ti 5ao FERRO-LUZZ 163 HSC

C4KMDNY
SHAI-'EII

«-e Q

ALVARtZ
JAU'ifau

&LL SO
T I Ctlu

64 HHC
64 HBL

0 0 CARMDNY
J 8 SHAFfk ~

2 3 XI 0 ( (314~ JP I/i) I vl/i

5?2
SZi

59 HtiC L It ALVARtZ +
FHC L JAUVEAU +

6) I-BC L JAUI'If AIJ +
63 KVUE HUBB 4RO + ~ C4RMONY +

PKL
5 I ttiA
PL
8NL

2 215 59 L k L S2)
I I 63 f P+Cf ktt+UC+RU+St $2 3

49 63 EP+ 523
410 63 LRL+UC(. l 523

«L Lz 482 ec ucLa,
ALVARtl MEMO 508 MAY 64 L k Ly J

Xt MASS DIFFERENCE ( I (0)(IIIEV)

23 XI 0 (1314~ JPvl/2 ) lvt/2
C 4 &I MDIV Y

HUA84&ID
LOff OOti

Hts C
63 HSC
64 HBC

0 0 CARMUNY +
J R HUBBARD +
G )I LONDON +

PKL
PR
bAPS

482 64 UCLA
JUNE 64 LR L

9 22 64 8NL+SYR

S2)
$2s
S235230 23 6 8

52 30 '34 6~9
sz 3(t 45 e.1

L.e
2 ~ 2
Lee

JAUNEAL)
L.ONOON
CARMUNY

63 FSC
64 HBC
64 HSC L)MECA - t 1675~ JPvj/2+) I vO

523f 1 I
SZ jT 24 38
5237 45 3 5
S23T 101 ?~ 5

I'D
I'D
0 ~ 4

0 ~ 65
Oo&I

0 ~ 3

ALVA&IEZ 59 HBC
JAUIVElu 63 FSC
CARIIONY 63 HBC
HUBBARD 63 HBC

23 Xl 0 LIFETIME (UNITS Lone 10)
EISENSEKG 54 tkut, Y fl5tNBfkG
BAR'iES 64 HSC V f SARNES 4

Pk 96 54 t 54 CORNE L
PRL Lz 204 64 8 N L

AVO PR(V COMM )IAY 64 8 N L

0 I 2 3 6LZ3456789012)45678901234567890123456 rb9012345678901234567890

524
524
S24
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Meson Resonances

(REFERENCES AT IOWER BIGHT)

I GAL I If k I ~ ROSf Ivf fLO JUNf /4/64 I

uhTA Otf hESIJ;I RtsuiviNCES

C&,'I. '. &;VC ?I JIJJNI I IY tkiku84 tRROk MEFfkf'ICt YR TECHNIQUE ~
v' a«

CQlif t Vf i41 QUAN) I I Y tkkUR+ tkkuk- MEF Ckf. li.'t
I«? Pbilt

~ l&WJICATE 5 DATA LGNVREIJ SY PROGRAMS

4 PHf &I{0TH {MCV)

YR IfCH S I GI4

~ I .!' I c 5 t C 5 1 I 4 I "'luk f 0 8 Y pktiok ah 5

I uvci 4 l180 ~ Jp I ) I 0

U 4&4 ~ 34 '3 ~ 0 uR Ltss
U CII 19 Ji 1 liO
LI 405 15 3~ 1 0
IJ CII I ~ 4 I ~ 1

SCHLt I?4 6 3 HMC

GtLF 140 h3 H&IC

CONNOLLY 2 6 5 HdC
hkMEhftkus 63 HuC

I" C&in
li" AC

u I'. 9u
4 jv 4)J
u I?? SC

Fa?. u
11f~ C
TBC ~ u
7 &52 ~ ii
/BC ~ 4

I OMtGA MASS {vtv)

LE 0
L&C
0.9

LED

ALFF 62 HRC
ARMtkffkOS A2 HHC
Gtlf iNO 4 3 HSC
??VRI?AY 63 HBC
ARNE&4) fkus 63 HBC

L».&h f &JLL HlnTH {&VV)

V CVI
U CV2
IJ CV3
LI CPC
It 4&?5

U CVA
LI 4P1

p'HI PART f4L ntCAY Moni 5

PHI lhfu K+ K-
P&f I INTti kill knz
PHI INTO RHO Vt
F'Itl ltlTU VI+ PI-.
P?Il ltlfli Cv
P&f I I hf Li 0&i)t Mu-
PHI INTL Pl&3 r&h»a

'SIOSLO
SIL511
u ?5
S 85 8

5 45
S 95 0

u I '+ JO
u I '~ 34 &0 ~ tl

2 ~ I
3&0

U I if
u Lvz
ii I &?.3

u I&'~
I& 1&?S

U LV«
IVT

t&vt Ga
uvCGa
i)if t .&A

OME r&h

&IME Ga
&!MtG?h'
~ I» riA

GELFANO 63 HHC
1«Mf4ttkOS 63 HBC

I Dt&C& 1 PAKT IAL DECAY MODES

I 4TI: I' I + v I » ?? )u
I:vfu V I+ VI-
IMTI; Pf t Pl- {hMMA
I NTO «I0 GAMMA

I '0) i! c

Pl�&3

Ga~kh
IIITi& &u+ «U-
Itvt&! C+ f-

I OMEGA I)Rh 4CHI 4G RAT I CS

S aS 0J59
5 85 8
5 85 85 0
5 95 0
S 95 9S 0
5 45 4
5 35

PHI AK14CHII4&' «iF IOS

{P2)/lPl+P/)
63 HSC
64 H&SC

tP3)/{PI+V?)
AC HHC

I PC I/ {P 1+VZ )

U 4k'
U 482

LJ Ck3 ~
U Ckj ~

U CMC ~
U CAC ~

pl I I th) 0 t «vu I I I / {««BAK I
&) ~ 1 0 ~ I Lal

P&ff IMTu tvl+ vl-)/{K KBA&t)
&&i08 U!? Lt SS CO'4!JOLLY 2 65 H&&C

{P5)/{Pl+PZ)PH I I &if 4 l I + C )/ {K Kl)a&& )
0 ~ 01 u«LI 5$ GALTltk I AC HSC

V 4&?I ~ VHI Ihfu {ttf Kz)/{Kl K2 1?JD K+ K")
v elf LG u.co 0.10 iCHLE I'I
tt Ckf Zh 0~ 41 Oiuf Lal

4 L«l ~

ii I:cl
u Lkf
u Ltf
!I

I«L

4.3

20

&! .EGA )MT&i 48 uf KAL/{PI+ PI- PIG) I 8
0 ~ 1&J G ~ 04 ALF F 62
G ~ LO 0 ~ i)3 MURRAY 6 3
r ~ 11 &) 04 A'IMtNTEkus h3
0 ' LL n GZ OUSCHHLC«-Cb'S
0 ~ Cl 3 ~ 04 t ltl05 63

HRC
HMC

HI) C
HHC
MISC

IV40P5)/{PLI V
V CA5»

PHI INTL; {.Iu+ ?&U-)/{K Kkik)
OiGL &Ik Ltss G1L T I tk t 44 HBC

{Pb) / {P 1+P2)

!I 1 f2 ~
&I ff/ ~
il
u 1&&2 ~ 100
u 142 ~

ii I i&? ~ 32
4 fkL ~
I! I k?
ii 132~

L«r»
u i«2 ' 42
U I I ' ~

i)ifrih Itvfu {PI+ Pl-I/{Pl 0 Pl-
O.CLG Ok Lt ss
0 ~ I.L ua LESS
0 00'i ii I r.kchTtk
0 ~ u]
t' ~ 04? 0 016 0 01

u05 ilk Lt 3 5
n. GZ
Oiul&? u t!LZ Oiuub
0 ~ uns oR Lt is
l' ~ 006 - G ~ 002 t)R Gkf ATtk
&I ~ I I + u 01 &JR I.L:SS

P IO)
AVTTi)4 A I
ALFF 62
F ICK I'4GCM 63
4I. ITTt 63
MURRhY hj
484E4TEKOS 63
JAMt 5 65
101LKFk 4IC
LUfJtNS 64
HO&If 64
HO)IF. 64

{PZ)/IPL I
HHC
HSC
HBC
HOC
HHC NO INTEKFFRC.
HQC
HKC
8 VUt
RVUt 40 thf f kf ERE
HBC INTEFERt
HBC 4 INTERFERE IDENT IV IC ~ YR huf Hii&ts

Ke F e 4C «Ct 5 I!4 I?C SIJ 4 !IC SIINA'ICC S

J!Juk ~ Vo{, PiGt Y&L INS t I fUT I t)4 COU

u 1~1~

4 Lit) ~
&IVE:&1 I 8f5! I P t 0+fiavVA) I {&4C U fkAL ) {PC I / t PI )
Oii 4 I:fh&: F dak&vl!'I 1 63 XBC

I (it&tGA {TAO ~ JP&iv I ) I ~0

ti 1~4 ~

I ~C

&! 1 && ~

1&i 'i
i. I &'i ~

&I

ri?tr 1 I'Sf!i {PL+ Pl I a~MA) /lt I+ Pl- PI0) I P3I/{PI )
&' ~ &i 3? Or01'S SHAFEk 6 3 HIIC

&JMC=, a I.&f&; {E+ I'-)/IP I+ Pf- VIO) IPT) /tPL)
n. &. r? 0.0{3 SHAFE &I 63 HS&.
C ~ uu39 + 4 0015 OK LI 55 Ohkklk 2 63 VOC
I& ~ & GS &Ik LI sS GALT ital 64 MISC

MUT TO.&
MAGL IC
PEVSN&:R

hlt F
ALF I
Ak«t vtfkJS

{I HHC

6 I IIHC
61 HMC

42 HRC,
6? t&MC,

62 t&IIC

J &3UF f44
«C M4rl)C v
1 ptv54EK +

ALI I' +
C ALFI. +

ANMENtERUS

Pkl 9
P&IL 9
CC84

322 42 COLUMBIA+RUTGi U 1
325 62 COLO«8fhtkufG U I
90 62 CtR'4+{.F+t o U I

UCML RBL4 4&L L R L u 1
Pkl 7 I TH 61 L Ii I. U I
PRL 1 CZ1 61 IIOVk f45+ 4-AST u I

I «?i ~
&! I !&&~

~J?M
il j&i

Il &. A

u Ls ~

2 k fh&2VI 'I 3AG ~ JVti+ +) I&t) ~ 1
Vs&i«h&&LY SfkurvG DECaY of G{u-v OR L00) C +I

? CTA&?VI MASS {MFV)

'I Sr& ~ 0
AL I"?1~ &1

lbu, u
2 ~ 0
'? ~ 0

GVLOSERG I 64 HOC
KALI&I Lt ISCH64 HOC
GOLDKtkG 2 6C I!AC

ETA ~ LPI &0IOFI& {vtV)

12 ~ C ti!i Lt. Sb «hlkfLt{SCH64 HBC
81 Zn c oa Ltss '&OL OIIER&j ? 64 HIIC

2 F )10LPI Pa&I{ IAL OtCAY MnuES

,J".& nh Il 1 ! {I&ut MU-I/{Pl+ PI- PLO) I &? h ) / I P 1 )
'. ;". LESS GAL T IFR I 64 «HC

ALl If{ 63 H'&C

h&tME Nfl K&IS 6 5 Hui'
Bak«{4 I 63 XOC.
Itak". Iv ? h3 v&IC

Htk'IHCLtJF 63 MVUC

BUSCHR C«-CLA 3 I&ISO

J AllfTI +
4 hk«thf Ekui
V V OARMI '4 +
V V &&ARM I iv

1 AERfHE LOT
H 8USCHI! LL, K-CZAPP +

4C Z9
5 I C 4&'& 1
Vl 6
5 I I.&va 1
Slt4h
iftva I

F IC« I vtiFK
F lt L!IS
Grit 3vu
JhktS
VUK«CY
SHAI I.k

65
65
Aj
65
63
63

GAL I I tk I
HUMt
LUTJE 45
NALKL&t

64 HHC Ba?)FARO-GALTLERI, TKLVV
&?4 I!MC 0 0 HUMt
AC RVue 0 LUT JE45? 5TE INHEK&i f 4
64 HBC tt 0 IIALKEk

&lu841
'FHESI S
V 1L I?
Vl &I

I&HE I. ICKINGFR ?RUHI NSONi Shia JPAL I I
Hui f F IL LOS + 1 THk'ls
HHC '4 GtLFA fti + o'll I I
HVC JAVCS AH L KRAYOILL ."Kt&?&t I'4T
HMC J J MURK AY Vl 1
I&!IC J OUT TON-SH1f C&t StaNFuh&J

45165 i&el U
185 63 4-Mes ~ JHOPh?NOC V 1
C56 6.5 COLUMN)a+RUTCi U I

65 Yale U L
358 65 L R L U L

65 L % L U L

64 L II L
64 L k L

517 64 COLUMBIA
298 64 IIISCUNSI'I

U 1
J I
u 1
u L

515 65 Sar+ORS?ka080 U
2:lh 63 CEK&l+CF U
219 63 I ft v-Musco&4 U I
207 63 Iffy V L

60 aj KVIIt U I
166 63 Vlf '4'lh+Cekhvhks U I

II rif
u LVL

Zi& 5

u Zvc

E 'fh ~ 2I'I
tfh ~ jPI'li ~ LVI
t I 4&2!'I

I ffu Ffh 2vl
lsfu ZPI
I Ifu 3PI
I &fo ufHtR

2 C f1 ZVI ISRA)vCH)4G RAT IOS

5145 85 8
5 85 8
5 8S 85 8 XU&JN "i

5tf vt.isuN
bl HSC M tt XUUNI& +
I?2 HBC ?0 L stf VFNSUN LZ5

321 6L I?J?P
687 62 l?J?P

2 efh, 2V I {96G,JPG* + I I-O, I

QUANTUM NUMI&fk Llf TEKMINATIONS '4uf RFftkkFtt TO IN OATi CARDS

U
u 1

4 ? 4 I ~ C Fhii&&I I I'0 Ti; V I+ Pf-4 {NtuTRAL + C?JAR&if 0 CTh)
u L«1 ~ 35 33/10 0 ~ I «ALBFLt ISCH64 HBC

&J 2 (2 ~ E Fh ZVI fkft! ALL hfUTKAL5 {PI{Ok~ ZPID l4fufkaL ETA) )
u LM2 ~ LT ztlfo u I «ALKFLE I SCH64 HBC

u 7:CS~ C fa ~ 2 I lt Ti' Pl+ Pt-v ItVCUTKAL HEAVIF&f fHAN 2PI 0 Buf NUT f fi)
U 2«3 ~ 10 ln uk Lf. &S/70 KALAFLEISCHA4 HRC

.! Lk4 ~

u 244 ~
t {A~ 2V I INTO Pl? Pt-4{NEUTItil L ll Hf tk THA!4 2PIO)
4uf YF. 1 STIJ{)lEn KALBFLLI SCHA4 HBC

K

�«1
&{1 l 1020 ~ JPG&~EVt44+) I ~0

K I ?& I MAYVF. JUST Lh«Gt KK SCat TI'RIM& LF'IGTH OV IT tFO FROM TABLE

K I Kl IIASS IMI V)

ALtXANOEk
SIGI
BI NGHAV
f Ilk I'4

62 HBIC

62 HBC
42 I'BC
{I? HBC

GOLnhtRG I 64 Il&IC

KALIIFLC I SCH i&C HBC
GULIJRtkG 2 64 HSC
kaldflfl SCH 64 HRC

KiKi

GOln8t RG i
0 R KAluFLEISCtt +

GULOBf. RG +
G R KALRFLEISCH

HiPS 4 23 64 8NL+SYk
PRL lz 521 64 L 8 L
PKL LZ 546 44 S&{LvSY&L
nuBNA 64 L R L

«L0«1 {Li)20?EVE4++) I~O

G 1LEXA40ttl
A BIGI +
H H 8 tNGHAI0 +
1 R ktl)I IN +

PHI I 13200Ji?r?&if--) I'*0

VRL 9 C60 62 L k l
CER'4 2C1 bz CEII'. 4

Cfkh 240 62 fP+CERN
PRL 9 34 42 NISCONSIN

U 2
U
U
u 2

U 3
U
U
V

4 Sti ~ Lb 102&!.4 ALI Xi&vnCV 62 HIJC
u 300 ~ LJ&JO u CVPROX &5 I'4GHhM 62 PIIC
U jk ~ Lu00&u APPROX 8IGL 62 HBC

S ?I j«L OtCAY MODES ANO SAANC ~ RA't 105 SEE TEXT

PHI {10200JPG&il - ) {~0

4 PHI Mass {MlV )

Sf8 Ta&YLA
h&I&0C&f Ilk&is
CON'fOLLY 1
CONI4CLLY 2
Gf Lt AMO

SCHLE I N

GAL I ltk I
LAI

67 HBC L kfhfhtfzA
bS HHC, QUOT tO HY BEATHF LOT
A S HMC V L CONNULL Y
6'I HHC P L CUN4ULL Y

63 HOC '4 GELFANO +
63 HRC I' SCHLE IN

PRL 9
5 I C ?41 2
I?KL LC
5{f41 I
VRL 11
VRL lu

64 H{IC &thk&JARU-r&AL f I ekf ~ t« IPP OIJB)ta.
64 HSC Ii N L41 + 81P5

18042 8 4L
10 65 CER4vCOV

SF1638NL
L'50 &?S BNL+SYk

4 S CULUMR110RIJfli
Sha 45 UCLA

64 L R I.
22 {4 RNLvSY&L

V 4
U
V
U 4
V
u 4

U 4
IJ 0?

Ii Cv. SC I jf9~ C
O CM 1 I L&?L keh
u cM LJIT u
O Cv 8 L'ILG, 5

2 ~ 0
u ~ 5
2 ~ 0
0 ~ 5

SCI&Lt I'4 6 3 HAC
GCLf 140 hj HHC
ARI?E4T tROS 63 H&SC

iu:44OLL Y 2 6 3 HBC

OU1NTVV NUMBERS Of Tt&RVINAJ IOJ{5 IIOT R -f tkREI) fu IN Oifi CAI&OS
CQh'0GLLY 63 HBC P L CUN'4ULLY + Slt'fa 130 O'I HhlvSYR
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Meson Resonances (Coetieued)

DATA Q!4 MESON RESONANCES

GUOE t VENT i)UANT I TY ERROR+ ERROR- I(EFERENGC YR TECH SIGN
IN PEAK

~ t NO(GATES DATA IGNORED SY PROGRAMS

IN PEAK

~ INDICATES DATA IGNOREO BY PROGRAMS

10 Aj MESON I 1200« JPGii -) l«il

10 Aj MtSON MASS {MEV)

5 F I 1250«JPGii ++) (=O

5 F HASS (MEV)

U1 ok» 1200~ 0
u jof« ~ 170 1 ZOO 0
U1 of. 70 1090~ 0
UIOM 1080~ 0

APII'RUX
APPKUX

BELL IN(
CIOLOHABER
LHUNG
ADERHOLZ

63 PSC
b4 HBC
64 HSC
64 t(HG

IJ 5M

u
U '5M

U 5&«

U 5M

lZ50 ~ 0
1260,~ 0

65 1250 G

R5 1260 ' 0
100 1250 ' 0

25 ~ 0
35 ' 0

5 F W(DTH (MEV)

SELDVE 62 HBC
VE ILLET 63 FBC
GUIRAGUSSIA63 HBC
HONDAR 63 HSC
Lke 64 HBC

ulow ~ 170
Ujow
U10W 70
UIOw

550 ' 0
150F 0
125«0
80.0

10 Aj MtSQf4 I(IDTH {MEV)

APPRUX

25 ~ 0

GQLQHAStk 64 IIRC
CHuVG 64 HBG
GHUNGi ~ HCSS 64 HBG
ADERHDLZ 64 HRC

jn Al PARTIAL DECAY f DDkS

U Bw 100 ~ 0 25 0
U 5«f ~ 200 ' UR LESS,
U 5i« 85 160 ' 0
U 5W ' 140 ~ 0

SELOVE
VE(LLE)'
BONDAR
LEE

62 HRC
63 FBC
63 HBC
64 HBG

(J lop 1
ulop2
ulop3

4 I (NTD RHU PI
A1 INTU PI PI
4 I INTO KRhR K

U 95 8
5 BS
510511

5 F PAR'I I AL DECAY MODES
10 41 BRANCH(NG RATIOS

U 5PI
U 5P2

F INTO PI+ Pl-
F INTO 2PI+ ZPI-

5 F BRANCH(NG f(AT(US

5 RS 8
5 85 RS 85 8

UIOK 1»

U 1 OKZ ~

U1QK2 ~

hl INTO {PI P I) /(KHU Pl )

41 INTO tKBAR K)/(RHO Pl)
0 ~ 0'5 UR LESS CHUNG 64 HRC

(PZ)/(Pj)

(P3)/(Pj)

u 581~
U 5k 1

F INTO {4PI)/(2PI )
0 ~ OR 0 06 SQ&4DAR 63 HBC

(P2)/(Pl)

KKm
U bv 141n ~ 0

6 KKP I ( 14 10 ~ JPG««) 1=0 ~ 1

6 KKPI MASS (HEV)

ARME&4TERUS 63 HBC 0

IJ 6i4 60 ' 0

6 KKP I WIDTH {MEV)

ARMFNTEKQS 63 HBC 0 REFERENCES QV MESON RESONANCES

7 SIGNA HESDN l390 ~ JPG ) I 0
EV(okNCE .4QT YET CQMPELLI«IG«UMITTED FROM TABLE

PROBABLY 0(0++)

7 SIGHA MESON MASS (MFV)

IUEhTIF IG ~ YR AUTHORS JDUR ~ VOL PAGE YR INSTITUTION

5 F (1250«JPG» ++) Ino

CUO

u «Z"' 173
U
U 7M

5 7M ~
$7&r ~ 1800

595 u
390 C

379 ' 0
394 ~ 0
337.o

10' 0

4 ~ 0
VIA ETA

4 ~ 0 VIA TAU

SAM I QS 62 HSC
K IRZ 63 HBC
OEL FARRKO 64 SPRK
CRAWFORD 63 HBC BROWN-SINGER HODEL

PRIME KALMUS 64 PBC BROWN-SINGER MUOEL

SELOVt 62 t!BI; &4 SEI.OVE +
BoiVDAK 63 HBC L SOVDAk +
GUIKAGOSS(AN63 HBC 2 6 T GUIRAGDSSI AN

VE (LLET 63 ).BG J J VE(LLtT +
LkE 64 HBC Y Y LFE +

PRL 9
PL 5
PRL 11
PRL 10
PRL 12

272 6? PEN+'SNL
153 63 AACHEN+

85 65 L K
29 63 EP+Ii&(LAN

342 64 MICHIGAN

U 5
u
U 5
U 5
u

U Tw 173
U 7 if
U 7W
5 Tw ~

7w ~ IBOJ

50 0
RO ~ 0

139.0
104«0
87«O 9 ' 0

VIA ETA
VIA TAU

7 SIGMA MESQiV

20 ' 0

13~ 0

WIDTH (MEV)

SAIIIIIQS
K lk Z

OEL F ABBRO
CRAWFORD

Pk IME KALMUS

62 HBC
63 HBC
64 SPKK
63 HBC BROWN-SINGER HODEL
64 PBG BROWN-SINGEk HODEL

HACUP (AI(
ADki(HDLZ
SOOICK504

K Km-

63 HBG V HAGDPIA&4 ~ r( SELUVk
64 HBC V ADERHDLL +tAAGHEI4+)
b4 SPCH L SQD(CKSUN +

P r(L 10
PL 10
PRL 12

553 65 ( ~ J
240 I
485 64 I

6 KKP I ( 1410«JPGi«) I&0 ~ 1

f)UAJJTUM NUMBER DETEKMINAT(QNS NDT REFERRED TO I'4 DATA CARDS

u 5
u
U 5

9 RHO (750 JP( I-t) ARMLNTERQS 63 HRC k AkMENTEKQS + 5(ENA 287 63 CERN+CDf. U 6

u 9M 610
U
u 9&r 130
II
II '9II

77G. Q

74d 0
775 ' 0
76' 0
765 IJ

&55 ~ G

740 ~ 0
752 u

U )I 290
IJ 9!«
U 9M 240

9 RHO HASS tMEV)

10' 0

lo ~ 0
30 ' 0

ALFF 6?
KENNEY 62
GUIRAGuss(A63
tRWIN 63
LEE 64

HBC +
HBC
HSC
HSC
HBG

GHADW ICK 63 HSC +-0
«JALK FR 62 HSC -0
AL IT( I 63 HBC -0

SAP.'I Q S
CRAWF 0'lo
DtL FARBKQ
K IRL
KALMUS

7 SIGMA MtSQN (390« JPG= ) l=o

6? HBG 4 P SAHIOS +
62 HBC F 5 CRAWFLiko +
64 SPRK k DEL FABBRO +
63 HRG K IRZ «SCHWAR TZ ~ TR (PP
64 PRC 0 E KALMUS +

9 KHU (750«JPG=1-+) (= I

PKL 9 I 39 62 BNL+CC&4Y+CQ+KY U 7
PRL 11 564 63 L k L U 7
PRL 12 674 64 FRASCATI U 7
PR 130 2481 63 L R L u
SUBM«Pk JUNE 64 WISCQNSIN+LKL U 7

U 9M 19J
U 9(& .SOO
IJ 'JM 160
II 94' 500
IJ
u J& ~on
ui 9p

75' 0
750 ~ 0
775 ' 0
760 ' 0
763 ~ 0
770.O
Te5. (

20 ~ 0
IG ~ 0

10~ G

10 ~ 0
10.0
15 0

SAr((05 62
ALFF 62
Gu I R ACUS 5 I A63
ABQL INS 6 I
Lkw IN 63
GQLQHABER 64
LEE e4

HRC 0
HBC 0
HBG 0
HBC 0
HRC 0
HBC 0
HBC 0

ANDEKSQh
ALFF
KENNEY
SAHIQS
WALKER
Xuur«

61 HSC J A ANDERSON +
62 HBC C ALFf: +
62 HBC V P KENNE Y

62 HBG V 8 SAMIQS +
b2 HBL W 0 WALKEI( +
62 JIRC '4 Xu!ING ~ G R L YNC H

PRL 6
PRL 9
Pk 126
PKL 9
CE'A
PR (2(I

365 61 L K (. U 9
522 62 COL. +RUTG U 9
736 62 KENTUCKY UI4 ~ U 9
139 6Z BNL+CGNY»CU»KY U 9

42 62 WISCONSIN u 9
1849 62 L R L U 9

U 9w
IJ 'Jn
u

L' 9w
U wx
I& 9&i

I: '&w

610 130.Ci

90 au
290 11').0

130 (2". ~ u
65 ' 0

180 0
120 ' 0

9 KHQ )«IDTII (MCV)

10 0
I I& ~ 0

20 ~ 0
GUIRAGUSS t'i6 3 HHC
tkw lr4 65 HRC
HQND4R 64 HBC
wALKEk 62 HBC -0

ALFF 62 HHC +

SACLAY 63 HBC +
CHADW tCK 63 HBC +-0

ABQL( 45
AL I )'T I
CHADW (CK
GU(khC«OSS
ERWIN
SACLAY

Bur&0Ak
GOLDHABER
LCE

63 IIBC
6 3 H(iC
63 HBC

I 4&46 3 HRC
63 HBG
63 HRC

64 Ht«C
64 HBC,
64 HRC

L BiJNDAR +

G GDLDHABEK +

Ltd &UPS(NCLA(k +

&4G 31
PKL 12
PAL

M ABLILINS + PKL 11
J AL(TT I + !4C 29
0 8 CIIAUW(CK + PRL 10
LCT GUIK4iiQSS(AV PKL 11
L kW IN ~ 5 4T I E kBLQM «WALKER+ 5 ( E'44
ShCLAY ~ QRSAY«BAK I «SDLQG S(Er4A

3R I 63 UCSU U 9
515 63 SAC+QRS+84+BO U 9

62 63 QXFURD + PAUOVA U 9
85 65 L R L U 9

1 12 63 WISCONSIN U 9
259 63 SAC«URS«RAMBO U 9

7?9 64 AAC«B( ~ BD«H4 ~ IC+U 9
346 64 L R L U 9
34 Z 64 9 I CH I GhiV U 9

IJ
II
Il
IJ 9n'

IJ 'l'n

u lw
IJ

(9i) I 5ri 0
suo IOO I&

16u (75.u
3(&0 90 ~ (r
50!) 130' 0

1(&5«u
96 210' 0

20 ~ 0
10.0

10 ~ 0

20 ' 0

SAM I f)5 62
4LFF 62
rutRAGOSS(4e3
ABDL INS 63
GQLI)HABER 64
EKW IN 63
BUNUAK 64

HRC
HHC

HRC
HBC
HBC
HBC
HBC

ERW(!4
P IGKUP
5TU'IE H I L L

bj HBC 4 K ERWIN +
61 f!RG E PICKUP +
6 I HRC, I& L STQ&4EH ILL +

PKL 6
PKL 7
PKL 6

628 61 l«J
192 61 J
624 61 I' J

QUANTUM NI!MRER DETEKMINAT1ONi5 NJT REf EKREI) TQ IN DATA CARDS

U 9
u 9
IJ 9

KHD PAR f (AL DECAY MODES
jf& Al MES!)!4 (1200~ JPG«« -) (= I

IJ 9PI
U 9P2

KHQ INTU ?i'I
RJIO INTJ 4P(

5 BS i)

S SS RS BS 8
HFLL(:41
HUSQi4

63 PHC ' HtLLIN I +
63 PRC F R HUSQ'4« W 8 FKl'TTER

NC
RAPS

Z9 896 63 MILAN
8 325 65 UC BERKt(.EY

Ulo
Ulo

U 9kl»
IJ 'rk I ~

kHO (N)l 4P I/2P I
f&. &&5 QR LESS XUQi4G

9 RIIII Srfh&SCH I &4(S k4T (OS

62 HRC
(P2)/{Pj)

AQEKIIUL L
GHui40
GQLDHABEK
HE. SS

64 HRC M AUERHQLL PL 10 226 64 AACHEN+
64 JIRC 5 U Ctlu'4G + P.IIL 1Z 6? I 64 L R L

64 HBC G GOLDHABtk + PRL 12 336 64 L K L
64 HBC HESS«GHUNG «UAHL «r (LLEk+ uf&8VA 64 64 L R L

U I I)
ujo
U 10
Ujo
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Meson Resonances (Coietemged)

DATA UN HESON RESONANCES

CODE tVENT l)UANT I)'Y ERROII+ ERRUR REFERENCE Ylt TECH SIGN
IN PEAK

INDICATES DATA IGNOREO RY PROGRAMS

11 R MESON I 1220 ~ JPG» +) I»L

1 1 8 MESON MASS (HEV)

ULLM 60 1220 ' 0
Ul lte 95 1215~ 0 85 ' 0

ABQL INS 63 HBC +
CHUNG 64 HSG

t 1 8 HESQN WIDTH (HEV)

ULLW 60 LDDe0
Ullw 95 170 0

20 ' 0
30' 0

ABQL INS 63 HBC +
GHUiuG ~ HEss 64 HBG

UILPI
UI LP2
Ul IP3
Ul 1P4

ll R HESON PARTIAL f)ECAY MOVES

8 Mt:SUN INTO QMEC4+PI
8 MESON INTO 2P I+ 2PI-
8 MESON I&uTQ K KRAR
8 MESON INTO PI Pj

LL 8 PESQN BRANCHING RATIOS

U 15 8
5 85 85 85 8
510510
5 85 8

Ullkl»
Ullkl ~

U I. LR2»
Ullk2»

Ullk2»
U I 1!LZ»

8 INTO 4PI/(OMEGA Pj)
O. 5 UR LESS ARQL INS

8 MESON INTO (K KSAR) /(OMEGA P I I

0 ~ 10 13R LE 55 HESS

(P2)/(PLI
63 HBC +

(P3)/(Pl)
64 HBC

8 MESON INTO(PI PI)/(Pl OMEGA) (P4)/ IPL)
0 ' 3 OR LESS AntRHOLZ 64 HBC

12 42 MtSQ&u (1310eJP(p»2»-) I»L '

U12M 70 1310~0
U12M 1320~ 0

U12W 70 80+0
U12W LODeO

12 A2 MESON MASS (MEV)

CHUNG
4OERHULZ

12 A2 HESUN WIDTH (MEV)

GHUNG
ADERHOLZ

64 HBC
64 HSG

64 HBC
64 HBC

U12P1
ULZPZ
U12P3

12 A2 MESON PARTIAL DECAY MODES

AZ MESON INTO RHO P I
AZ MESON INTO KRAR K

A2 MESON IN'TO ETA PI

12 A2 HESQN BRANCHING RATIOS

U 95 8
510512
5145 8

U RL» AZ MESON INTO (K K)/(RHQ Pj)
U12RI 0~30 0 F 07

(P2)/(Pl)
GHUNG HESS 64 HBC

IT KAPPA (725&J!' = ) l=l/2

KAPPAesECN WtAKLY ANO jiu i)CCASIONAL EXPEltIMENTS

LT KAPPA H4SS (HEV) REFERENCES QN )eESQN RESONANCES

U17M 730 ' V
Ui TM 92 726 ~ 0
U17M 33 723 ~ 0
U17M 725 ' 0

3 ' 0
3 ' 0

ALEXANUtk
HILLER
WQJC ICK I
CuiuNQLLY

62 HSC + 0
63 HBC + 0
ei3 HSC
63 HSC

IDENT IF ICo' YR AUtHORS JOUR ~ VQL PAGE YR INSTITUTION CUO

Ll 8 MESON t1220 ~ JPG +) l=l

L7 KAPPA WIDTH (MEV)

ULTW» 92 20 ~ 0 OR LESS
ULTW ~ 33 12 ~ 0 UR LtSS

MILLER
WDJCICK I

b3 HBC + 0
63 HSC

AROL I 'VS

8 Q.'I I) 4 &I

CHU;gG&

63 HRC M 4BOLINS + Pi(L 11
63 HRI. L RQNOAR + l&L

63 HBC SU CHUNG + S(CNA

381 bj UCSD
209 63 AACHEN +
201 6) L R L

Ull
UIL
Uj I

18 K» (890pJP =1- ) I=j/2

18 K ~ MASS (I;EV)

hr)FkHULZ
HESS

64 HGC ADERHOLZ + PL . 10
64 HBG MESS e CHUNG& e OAHL ~ MI LL Eit+ DUSNA 64

240 64 AA+R I ~ BUy I!4 y IC+ Ul 1
64 L R L Ulj

&JUANTU~ NUMBERS DLTkkHINAT IONS NOT REFERRED TI) IN nATA CARDS

U18H 898 ' 0
ULSM 200 880a0
U18M 885 a 0
ULSH 3870 891 0

5 ~ 0

1 0

CHADwIC K 63 HRC +
ALk XANI)ER 62 HSC + 0
AkME urtkQS 62 HBG +-0
WQJC ICK I 63 HRC

CA&HO u Y 64 HBG O D CAltHUNY + PRL 12 254 64 Ucsn J,P

12 A2 MES&I&u ( 1310eJPG=2+-) I»L

Ull

U18N 70 897 ' 0
ULSM 150 885 ' 0
ULRM 200 892 ' 0

10 0

2 ' 0

CLILLEY
SMITH
KRAEMER

62 HISC 0
63 HSC 0
63 HRC 0

4DERHOLZ
CHUNG
HESS

tll&C H A I) F. k HUL Z + PL 10 236 64 AACHEN+

64 HtIG 5 U CHUNG t Pi(L 12 621 64 L R L

6 t t!SC Ht Ss & CHUNG i QAHL ~ M ILL. t&(+ DUBN4 6 t 64 L R L

ULZ
ULZ
U12

18 K ~ WIDTH (Htv)

UIBW
U18W 200
ULSW
ULBW 3870

ULBW 70
ULSW )50
ULBII 200

4b 0
60 ' 0
55 ' 0
46~0

6n ~ O
5C' ~ 0
50 ~ 0

8 ' 0
5 ~ 0

3 ' 0

1' 0 COLLEY
SMITH
Kk4EMER

62 HBC 0
63 HRC 0
63 HRG 0

Ct ADWICK 63 HBC +
ALEXANDER 62 HBG + 0
ARMENTEROS 62 HBC +-0
WOJCICKI 63 HBC

! K
ALEXAiuQEk
CQiuNCLLY
MILLER
WOJC ICKI

62 IISG
63 tlRC
63 HSC
63 . I Ii) I.

G ALEXAuDER +
P L CONNOLLY +
0 H HILLER +
S G WUJC IGKI +

PRL it 447 62 L R L
SIENA 125 63 8&uL»SYR
PL '5 279 63 L k L
PL 5 283 63 L k L

18 K ~ ( 8'IO ~ J P ~ L- ) I-"1/2

1 7 KAPPA ( 725, JP = ) 1«-1/2

ULT
U IT
U17
ULT

ULBPL
IJ j i!~2
ULSP)

18 K» PARTIAL DECAY HUOES

K» )N10 K Pl
K ~ )NTU K2PI
K» INTU KAPPA Pl

18 K» BRANCHING KATtQS

SLOS 8
5105 85 8
U175 8

ALSTQN 61 IiRC i". H ALSTQu +
ALEXAlcOER 62 HUC G ALE XAMDFR +
ARHENTERUS 62 HBC k ARHkhlTEkQS t
COLLF. Y 62 HBG D CULLFY +

PRL 6 300 6L L R L U18
PKL 8 447 62 L R L U18
CFkN 229 62 CFRN&CDF»FP UIS
CI RN 315 62 COLUteR14+RUTG U18

Ul gkl ~ K» INTO (KAPPA PI )/(K Pj)
ut8kt» 3 0.005 uk LtSS
Dirt&IL» 0 0 ~ 002 Qk LESS

I!18&2» K ~ INTU (K 2PI)/tK PI)
ULR. ;7» 0 0,002 Qlt LESS

(P3) /(P 1 I
GOLDHAStR 63 HRC
WOJC tCK I+ 63 HBC

(P2) /(Pl)
WQJCICKI+ 63 HSC

CtlADW (G K
GOLUHASEK
KRAEMCR
Stet TH

WOJC ICK I
WUJCIGKI»

63 IISC G 8 GilADW [C K

63 HBC 5 GOLQHARt k
63 HBC it KRAEHER +
63 Hr)C G A SMITH +
bl HSC S G WUJ(' ICK [
63 tifIG 5 J WUJC ICK I +

PL
ATHt t&S

ATHENS
PRL

' 10
UCRL
UCRL 1

309 6$
92 63

130 63
138 63

1138 63
ll39 63

UXFURn+PADOVA
L R L
JUHius HOPK
L R L
L k L
L R L

!)UAN) UH NUHStk f)ETFRHINAT IONS NOT REFE&tktU TQ IN DATA CANUS

ULS
U III
ULS
ULS
VIII
UL6,

19 K t RHU ( LZOO ~ JP » ) I ~I /2

19 KpkHU MASS (MEV)

CHINQwsKY 62 )&Bc tr cHI 'lowsK. Y + PRL 9 330 62 J

KgRHU(L200&JP~ ) I~L/2
UlVH 23 1175~ 0
II 1 uit 121' 0 15~ 0

i»ANGLER 64 IIRC
ARHENTEROS 64 H)IC

19 K ' RHO WIDTH (MtV)
ARMENTERI)s 64 I!RG k ARMENTEkQS + PL 9

AND PRIVATE CO»IUNICAT IOu
WANiSLI:. R 64 HHC )'P )iAIIGLCR WALK' k ~ tRW IN PL 9

207 64 GERN+CDF
HAY 64 CER'I+COF

rl 64 WISCONSIN

Uj&
Uju
U 1')

U I '1 tr ~ ? 3
UL9w

2.-( UR I kSS
bri. 0 10~ 0

IeANGLER 64 HBC
APMEuTCRQS 64 HSC

v I 2 6 7 8
I 734 5 ~ 189017)4 '%67 t&90 12 3456 7 89U I 2 $4'56 789012345678901234567890 12 345678901234 567890

0 I. 2 3 5 6
12345 ~ 7890123456789GI23456789012345678901234567890123456789012345(ITrt901234567890



994 Rzvxzms Oz MoozRx PHvsics ~ OcIoszR 1964

Baryon Resonances

(REFERENCES AT LOWER RIGHT)

(GALT IERI yROSENFELO JUNK/44)

(,'ATA UN t)ARYQN RtSDNANCES

CQ))t tvELJT JU4NfITY ERRUR+ ERROR- REFtRENCE YR TECH SIGN
(i~ Pt AK

CODE LVENT ()UANTI TY Ekkuk& ERROR- REFERtNCE Yk TECH 5 IG)(
IN PtAK

N t

(NI)ICATE5 DATA IGNORED BY PRUGRAHS

24 N+I/2 (L480gJPvL/2+) I~L/2

tx lsftNCE AND JP ASSIGNMENTS SLIGHTLY CURIOUS
Zh tl ~ 1/2(1480) H455 t MtV)

~ INDICATES CATA IGN()KED 8Y PkQGRAMS

28 "I~ 1/2(27np) H455 (&EV)
024iv, ~ lhpu ~ Q APPROX C(JCCON I 64 CNTK
uzhw ~ 1415~ 0 APPRox HAkf YkE 64 )cVUC
02hr I liii)5 0 APPRUX xQP E't 64 k VUt

24 N ~ I/Zt 1480) i)JIOTH (MEV)

02 8r. 2700 ~ 0 ALVAREZ 64 CNTL(

28 I+I/2(2700) WIDTH t)LEV)

024)L
024 ii

24D~U
238.0

t)AREYRC 64 Rvut
ROPER 64 R VUE

028)( Lpp. t) ALVARE. Z 64 CNTR

28 N&L/2(2700) PALCTIAL DECAY rOOES

N"(I512)
25 Pl+I/2 (15L?pJP=3/2-) Iv(/2

PAk(TY ASS IGNMC'iT STILL NOT FINAL

2'5 N+I/2(LVLZ) MASS IMFV)

028PL
UZHPZ

028;c I ~
UZHRL c)

N ~ 1/2t2700) INTO N ET4
N+1/Z(2700) INTO ti PI

516S14
Slc S it

)Jvl/2(2700) fiVTQ (N PI )/TOTAL
0 ~ 06 l)R LL SS

( P2 I / TOTAL
k ALVARE 2 tih CiLJ (R

28 ~ I+I/2(2700) 884NCHILJ(i iC4T IQS

525'l
025)i
025 ic

025r
liZ5M

UZ~r

1512 ~ 0
151? 0
151' 0
1515 au
(5tH ~ 0

1518~ 0

10.0

PE I F RL 5 60 RVUE
f AL. K-VAK I AN61 kVUE
HOYER 61 RVVE
DETUEUf 61 kVUE
BELLE TT INI 63 CNTlt

Auv IL 64 Rvut

02 5)i
025k
025'
025h ~

140.u
125 ~ 0
80 ~ 0
46 ~ L)

?5 N ~ I/2(1512) )(IDTH (MEV)

FALK-V4RIAN61 kvUt
IZ ~ 5 TUEUF 61 RVUE

APPROX RELLETTINJ 63 CNTR
Lukf c HALJ- l'IUTH AUVtL 64 RVut

l)2581
025PZ

25 N ~ I/Z(1512) "ARTfAL DECAY MODES
%+I/ZI1512) INFO N PI
N ~ I/2(1512) Ill)TO N Pl Pl

25 N ~ 1/2l 1512) 8kANCHING RATIOS

5165 8
SleS 8S 8

02)xI +
02'5 C I
U25kl
U25xl
025li L

UZ5x 1

9~ I/2(1512) INTO (N PI )/TOTAL
Di 79
Q.e?
Oob7
0 ~ 71
0 F 54

0.08
L).03

uMNE s
DEVL(N
LAYSOJC
OETQEUF
Auv IL

(PL)/TO'fAL
61 RVUE
62 CNTR
63 RVUE
64 CNRT
64 RVUE

5?6v
026r
'(JZbr
026M

I 715i 0
168' 0
1688 ' L)

1699.4

PEIERLS 60 RVUE
FALK-V4(RAiqbt RVUE
MOYER 61 RVUE
AUVIL 64 RVUt

Zb N+ I/2( (688) 'WIDTH IHE V)

N (l688) 26 N&1/2 ((688' JP~5/2+) (~L/2

TY ASS IGNME NT STILL NOT F INAL
2(i Nv I/2( 168)t) HASS (MEV)

REFEktNCES UN HARYuk RESUNANCCS

JOUR ~ VOL PAGE Yk INSTITUTION CLJDIDENT(F IC YR A(JTHGRS

(l480) 24 i' 1/2 ( 1480 ' JP=L/2+ ) 1=1/2

U24
i&24
UZh
UZ4

RARFYxt
C QC CO,'4 I
kl)PtR
Rui)ER

64 RVUE l 84kf Ykt +
64 CNTR 0 CUCt. QN I +
64 KVUE L D ROPER
64 kvUE L 0 ROPt R

13'T bh SACLAY+CAEN
134 64 CERN
340 64 LRL-L lvtRH(lkE
MAY 64 LRL-L I VLRMLllCE

8
8

12
~ CQv

PL
PL
PRL
PR IV

N"(I5I 2) 25 N+ I/2 ( 1512)JP= 3/2- l I &1/7

PELERLS
DETUEUF
FALK-VARIA
MOYEI(
QMNCS

DEVL IN
BELLE) TLNI
LAYSOs

60 kV(JE R f. PEIERLS PR
bl RV UE J F DETUEUF 4(r

CT6( RVUt FALg-V4% I ANT VALLAl)AS i.(MP
61 kVUt 8 J MQYEk lt MP

61 kvUF k OvNES, G VALLAJ)AS AIX

62 CNTR Of VL IN ~ i(OYER ~ PER! LMENDFZP)t
63 CNTR 0 Rl'LLETT IN( + NC

63 kVUE L( Lc LAYSOJL) NC

L(5
2

3S
SS

1

325 63
5T bl

362 61
367 6L
467 61

JcvlJt
RVUE
kVUE

k VUE

12'j 690 ci2 CNTR
29 L 195 63 P(54« I lit)JCL
27 724 63 RVUE

025
025
U? 5
u?5
U25

0?&
025
U?5

AUVIL
OETQEUF

bh KVUE P AUVIL AC LQVELACF.
64 CNTR J F QETUEVF +

PRJ;P ~ ICTP 37 64 IMPER ~ CQLLFGE 025
PL 8 74 64 54CLAY U25

'J)JANTUH NUMBER Df TERM INATIU!Ns NJT REFEL(RED TQ IN DATA CARDS

u?bk
l'26)L
026)c ~
t )26)ii ~

120 0
Llp. u
49 0
48.0

FALK-VA(kANbt RVUE
20 0 10 ~ 0 UHNES bl RVut

LOWER HALF NIOfu Auv IL 64 RVUE
HIGHER HALF l(IOTH AUVIL 64 ltvUE

CENCE
AUVIL
ROPEL(
Rt)PER

63 CNTR k CE:(CEgML)YEX +.
64 LCVUE P AUVIL, C LUVELACE
64 RVUE L D i(OPER
64 kVUE L D ROPER

STANFURQ 63 J P u25
PktP ICTP/37 64 J P U25
PRL 12 340 64 J P 025
PkL 12 340 64 LRL L lv(, RvORE U2 i

LJ?hP 1
U/6PZ
02hP3
0?6P4

0?hx I v
026)L 1
026ic I
IJ26)c 1

S165 8
5165 RS 8
518511
5145L6

0~ 1/2(1688) INTO IN Pl)/TOTAL
0 ~ 91 palp 0 13 urNE 5
0.H8 LAYSON
n. c 4 AUV I L

( Pl)/TOTAL
61 R VUE
63 RVUE
64 RVUE

26 N ~ 1/2( 1688) DECAY MODES
N ~ I/2(L68(LI INTO N PI
N ~ I/2(lb))8) INTU N Pl Pl
M+I/2( 1688) INTU LAMBDA K
N&L/Ztt68)L) INTO FTA Pk(JTQtt

Zb N ~ I/2(1688) d)cANCHING RAT IQS

N (l688) 26 N+ 1/2 ( 1hHH i JP~5/2+ l I =I /2

PE ICRLS 60 RLVUC JC F PE IEltt. S
FALK-VARIALL(fbt kVUE FALK-VARI ANl VALL404$
MQYER 61 KVUE 8 J MDYElc
UMNt S 61 RVUE i( OHNES)G VAL LA()45

PR LL9
RMP 33
x.'III P 3 S

A IX 1

325 60 Jt VUE
362 6L RVUE.
367 61 itVUE
467 61 kvue

U26
UZb
U26
026

L4YSON
AUVIL

63 kVUE k M L4YSQJLi
64 RVUE P AUVIL C LUVELACE

NC 27 TZ4 63 RVUE u?6
PRFP. IJ.TP 37 64 IMPFR ~ CQLLLGE U26

L)UANTUt N(JMRf k VF TEkMI HAT I UN 5 NL) 7 RCl. t X(LEt) TU I 9 l)474 CARI) 5 026

iJZ 7 2190i.0

N"(2I90) 27 N+I/2 (2190)JPv ) I=1/2

2'7 N+)/2(2190) MASS (Mtv)

DIODE NS 63 CigTK

CETOEUF
CCNCE
HEL(. ANQ

AUV IL

61 kVUC J F OETOEUF
63 C"CfR R CENCEgMQYER +
63 SPRK J 4 HELLAND +
64 RvtJE P AUVIL ~ C LQVEL4CE

4(X ? 57 6( J
STANFURQ 63 J P
P)CL 10 27 63 J
L'RF P ICTP /37 64 J P

U26
026
U?6
L)26

VZT)J 200 au

27 M+I/2(2190) )(IDTH (MEV)

010DENS 63 CNTR
N"(2I90) 27 N ~ I/2 (2190i JP= ) ( =1/2

02 7I'1
027 p2

02TP1 ~

uzfpz ~

ZT N ~ 1/2(2190) PARTIAL OtCAY MODES
N ~ I/Zt?190) INTO N Pl sles 8
N ~ I/2(219G) INTO LAMBDA K 51851 I

PI P FRACTLtiN (lASf:0 UN GUESS f HAT J=9/?
SQMt LArBDA K MOOC RtPOR TED 8Y SC'H)JAR fl bh

0 IOOtNS
SCHleAR I2

6'3 C4fR 4 N OIDDENS +
64 HRC J SCHJJARTL +

N"(2700) 28 "Cv1/Z(27i)D JP=

R ALVAREZ 64 CNTR R ALVARFL

PRL 10 262 63 8 N L
Bhl'5 9 420 64 L X L

U27
U27

) I = 1/2

PPEPk(N( iMAY 64 r I T+CAMRR IL)GE UZil
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Baryon Resonances (Continged)

COOt tVENT QUAHTI 7 Y fRROR+ EkROR KEFEKEHCE YR TECH 5IGN
lh PEAK

COOE tvf Nf QUAN) IfY tRROR+ ERROR kf FEKENCF. VR TECH SIGN
PEAK

~ INDICATES OAT A IGHOREO bv PKUGRANS

L'SIK
U31k
u)l"

L?jhev
LZSbel
I/SC. O

6 (l258,'i
oo 3

Lif HQFFNINISC RVUE
KLE P (KOV 60 IL VUE
KOPEK 6C KVut

IGHOREO 8Y PROGRAIL5

31 N»3/2 {1238 Jr 3/2+I I 3/2

31 N+1/Z( I/)8) MASS (NEV) Y,"(IBI5,'i 39 V+0 {1815~ JP»5/2 I I »0

39 V+0( 1815) NlSS I NEVI

CHAKL)tRLA It{62 CHTK

39 Y+{t{L815I M{0TH (NFV'I

U3)ie
L.'SIN
ujl» ~
Lt SLM ~
U3)» ~

CZ F 8
I I&~ 9
82 ~ 0
C'3 ~ 2
Mz ~ 6

SI H+I/g{ L?38) MIOTH (NEVI

LuMEK HALF MIOTH
F 9

UPPtk HALF MlofH
LUMtk HAL, F VII)TH
UPPLk HALI M{0TH

OE HUFFNANN5C KVUE
KLtPIILOV 60 RVUE
V)K 63 CNTK
KOPEK bh KVUE
KOPEK 4C RVUE

31 4+3/2t 1238) PARTIAL OECAY NUDF5

U39M
u 39M

ujVP I
LI39P2
U39p 3
U S9PC

120 F 0
70 F 0

Y»0(tht5) )NTL) KRAK N

Y»p(LAI&) 14fu 5{GVA Pl
Y+0{I815) INTO LANbua PL&
Y+0{lh15) IHTL) LAN801 ETA

CHAKSEKLAIN62 CNTR
GALTIEKL 63 HbC

jl V+0(1815) Pikf)AL OECAY KUOES

512517
5195 8
5185 8$
5185LC

USlPL ~ 'I ~ 31?{L23ILI IHT{I N Pl 5165 8 V+0 I 1815) 8RANCHING Rl7 IUS
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TABLES FROM UCRL-8030(rev. ) June 1964
Table IV. Atomic and nuclear constants in units of MeV, cm, and sec

G EN ERA L A TOM IC CONS TAN TS
b

N =6.0Z25Z X 10 molecules/mole

c =2.9979Z5X 101 cm/sec
e =4.80298 X 10 esu = 1.6021 X10 coulomb.

e

1 MeV = 1.6021 X 10 erg [ 1 ev = e(108/c)]
ft =6, 5820 )c 10 2 MeV sec= i.05450& IO erg sec.

%c = 1.9732 X'10 MeV cm [ = )t for p = 1MeV/c)

k = 8.6171 X 10 MeV/ C[Boltsmann constant]

a =
&

= 1/137.0388; e = 1.4399Xi0 MeV cme 2 „ -43

Cross Section

O'Th +» =G.66516y10 cm = 0.66516 barn8 2 -Z4
Thompson 3 e

Magnetic Moment and Cyclotron Angular Frequency

= 0. 578815X 10 MeV/ga tsse% „ -14
Bohr 2mc

=8.79398 X 10 rad sec /gauss
-1

2 cyclotron imc

g = 2t 1+ —- 0.328 ( —) ] = 2[ 1.00115%1 "3

2I 1 0.75 (-) I = 2( 1.0011650'10]

QUANTITIES DERIVED FROM THE ELECTRON MASS, m

Mass and Energy
m =0.5ii006 MeV = 1/1836. 10 m = 1/273. 19 m

p
me4 2 aZ

Rydberg R =
2

= mc )c ~ = 13 605 eV
Zf

Length (1 fermi = 10 cm; 1 A = 10 cm)
r = e /mc = Z.81777 fermie

= r a =3 A6$44y10 cm
Compton mc e

-2=a h
=

2
= r a = 0.5Z967 ABohr Z eme

Hydrogen-like atom (Non. Rel. ; tJ( = reduced mass).
Z 4 2 Z

1 pz e f' Y)[ ze
n 7 2 ' 'n=l Z

' c
(nT) p.ze j rms nWc

Magnetic Moment and Cyclotron Angular Frequency

Zm c
P

3.15Z4 X 10 MeV/gauss
-18

1 e
cyc lot r on

Zm c
P

= 2.79276;
"pj proton

4.7894@ 10 rad sec /gauss3. -1

1.9i28
~p j neutron

QUANTITIES DERIVED FROM THE PROTON MASS, m
p

Rest mass = 938.256 MeV/c = 1836.10 m =6.72ke lT

1.0782522 m&

where ml = 1 amu = C = 931.478 MeV
12

QUANTITIES DERIVED FROM THE MASS OF THE
CHAR0ED PION, m

Rest tnass = 139.60 MeV/c = Z73. 19 m = 0.14878 mZ

e p

Length

m c = 1.4135 fermi (- MZ fermi)

Natural (= "geometrical" ) Nucleon Cross Section

= 62.7 6 55 mb {1mb = 10 cm )
-27

m c

(3/2, 3/Z)ep Resonance of mass 1237 MeV (Q = 159 lvieV).

Center-of-mass momentum: p = Z30 MeV/c

Lab-system momentum: P = 303 MeV/c (T = 195 MeV)

RAD IOAC TIVIT Y

1 curie = 3.7 X 10 disintegrations/sec10

1 R = 87.8 ergs/g air = 5.49)(10 MeV/g air
Fluxes (per cm ) to liberate 1 R in carbon;2

3 )(10 minimum ionizing singly charged particles
0.9X109 photons of 1 MeV energy.
(These fluxes are actually correct to within a

factor of two for all materials. )

Natural background: 100 rnR/year

"Tolerance" 100 millirem/week [Note, 1 R may produce
up to 10 "Rem" (& equivalent for man), depending on
type of radia, tion. ]

. MISCELLANEOUS

Physical Constants

1 year = 3s1536x10 sec {= m X10 sec)-7 7

Density of air = 1.205 mg/cm at ZO C0

Acceleration by gravity = 980.67 cm/sec
1 calorie = 4. 184 joules
1 atmosphere = 1033.Z g/crn 2

Nume r ical Constants

1 radian = 57.29578 deg; e = 2.718Z8
ln 2 = 0.69315; log10 e = 0.43429;
ln 10 = Z. 30259; log10 Z = 0.30103.

Stirling ' s approximation

/Zan( —) &n .&/Zan( ) {1 t
1 1)

Gaussianlike Distr ibutions

For n & -1 but not necessarily integral:

r
OO

x exp -
2 dx = 2 n'. tr; ( )!=We/2Znt 1 x n, Znt 2

0 Zg .
Relation between standard deviation 0 and mean

deviation a:
'20'2 = ma,' C = 1.48Z6 probable error.

Odds against exceeding one standard deviation = Z. 15:1;
two, 21:1; three, 370: 1; four, 16,000: 1;
five, 1,700, 000:1

Based mainly on E. Richard Cohen and J. %. M. DuMond, "Present Status of our Knowledge of the Numerical
Values of the Fundamental Physical Constants, " Second International Conference on Nuclidic Masses, Vienna,
Austria, July 15- l9, &963.
bBased on atomic weight of C~Z being exactly 12.

C. Sommerfield, Phys. Rev. i07, 328 (1957) and A. Petermans, Helv. Phys. Acta. 30, 407 (&957).
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TABLE VII

CLEBSCH-GORDAN COEFFICIENTS AND SPHERICAL HARMONICs

1/2X1/2

33
mL m~g

+ I /2 t I /2 I

i./z - i/z

-1/2 tl/Z

-I/2 -I/2

2Xl/2
J 5/2 ~

Nl i 5/2
ml mz

t2 I/2 I
I

I

~2 - I /Z

! il +I/2
I

3

il - I/2,
o ii/z

~IZ ~12
~IZ -~12

1X'i/2

J! 3/Z '

M 33/2

l

-~™-'-~
+I t I/2

+1 -I/z

+ I/2

O -I/Z

- I +I/2

- I/Z

s/z 3/z
-I/Z - I/Z

~IS ~45
~45 -~15

~25 ~3

~35 -~25

5/z 3/z ~ s/z 3/z
3/2 t 3/2 il/Z i I/2

3/Z I/? ! 3/Z I/2
il/2 tI/2

I
-I/2 I/2

~2/3 ~I3
~23

5/2 3/2 5/2
3/z -3/z - s/2

3/2
3/Z

3/2X1/2
Jf

t3/Z + I/Z

i3/z -i/z

il/2 +I/z

+I jz - I/2

- I/Z t I/2

- I/z - I/z

3 /2

3/z - I/z

2 Z I
iZ il +I

I
~14

4 -~I

2 I ? I ?
0 -I -I -2

~IZ ~IZ
~12 -~IZ

~34 ~14
~174 &~34

0 -1/2

-I +1/2

-I -I/Z

1 -2 + I/2

-2 - I/2

, ~z

~ZS -~35

~45 ~IS
~45

Y "-y~ cos8;-Vw Y =-y~ sinceVms

= q~ ~-cos 8-Z) iI(3

Vm r) ~ z

IXl
J 2~M 32

2
tl

I 2
+I 0

0 2 I 2
0 -1 I -2

2 I 15 . 2 Z13(3Y —y& sin 8ez

+I tl I

0

0 tl

0 0
-I +I

0 -I
-I 0

~12 ~12
~12 -~12

~16 ~IZ ~13
~23, O -~I3

!~32

~IZ
~2 - ~IZ

2 I~/105 . 2 . ZipY = —y sin 8 cos'8 e4Vz~
3 I w 35 . 3 3ig

y sin 8e

(Y
I =

(
1) YI™

Y =y —l- o e- — o 8~; Y =--y — . 8~5 o 81~

3/2Xl
J 5/2~ M +s/?rn I mp

+3/2 +1

s/zt 3/?.
3/?

+3/z
5/2 3/2 I/2 5/2 3/2 I/2 5/2 3/2 5/2

+ I/2 t I/2 t I/2 -I/Z -I/2 -I/Z -3/2 -3/2 -5/2

+3/Z 0

+ I /2 + I

i 3/2 - I

i 1 /2 0

- I /Z +1

t I/Z

-1/3 0

-3/Z + I

- i/z

. 3/Z O

-3/Z -I

' ~zs g~s
&~35 -g ZT5

~110 4~25 ~12
~35 g I/i s -QT/5

~l -~85 ~I

~II0 -~25 ~1

4775

~2 -~35

2X I

!
J 3~M +3 ~ +2

m I m?

3 2 I 3 Z I 3 Z I 3 2 3
+I +I + I 0 0 0 I -I I. ? -2 3

+2 +I

+Z 0

+1 +I

i2 - I

ti 0~t I

tl -I

0 U

-I +I

0 -I

-1 0

+I

~23
~23 -$~13

~815 ~I6 -~310
~6I 5 -~12 ~II0

5 $~12 ~10
~35 0 ' -~2

~IS -~2 ~310
VY715 2J~12 ~i
~815 -~I -OTAL l,o

-I -I
0 $~13 - ~2

Note: When calculating ierms which are linear in the above coefficients (e. g. , interference,polarisation), the ~si n convention becomes important. This table follows the one inBlatt and WeistIkopf, Edmonds, Rose, Condon and Shortley, etc. Other authors(e. g. , Schiff, Bethe and de iloffrnann) use different conventions.


