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Thus far., it has been possible to associate the low-mass baryon 

and meson resonances with SU{3) multiplets. In addition to providing 

a. mass relation for members of a multiplet, the symmetry model 

relates th~ir partial widths for decay \into lower mass multipletLD With 
(-') l . ! 3 

the discovery of the f'( 1500)'1-·.o/ it· appears likely that the sequence 

f 0 (M = 1253±10 MeV; r ::= 100±25 MeV), A 2 (M = 1320±15 MeV; 
. ~ . . . 

r = 85±10 MeV), K., (M = 1410±:10 MeV; r = 100±20 MeV)., and . 
' , ' • I -~~, 

. p ( + \ 
f'(M= 1500,±20MeY; r = 100±25MeV) represents anonetofJ ~2 ) 

: '---"' 
mesons. Because of the variety of decay modes. accessible to these 

states, a comparison of available experimental data with the predictions 

based on SU{3) is of interest. Details of the calculations as well as 

references to other theoretical work on Jp = 2+ mesons are given by 
. (4···, 

Glashow and SocoloV{. __ ./· 

To estimate the branching ratios for the· f 0 and A 2, we used events 
_ _..-------------

produced in Tr-p . inter: actions a/(3.2 BeY;~:-') Since this mo~entum is near 
. "-·-~ j 

.threshold for Y + K':e {1400), we ob~~i";;;d~he branching ratios for K':< {1400), 
---~---~~----~- ···- ···--~.-.----------.-

/ . -
using events produced at ... _3. 9 and· 4.2 BeY/ c>· The quantity of film used 
0 ' ' '··---.. ~-.,,_,~~---~M~•--··--·--·--·-......... ~·""""'.r ' ' ' 

at each momentum is shown in Table I. Results ~m the branching fractions 

and cross sections a~e summarized in Table II. To facilitate comparison 

with other exp~!rinients, we indicate briefly the procedure used in the 

artalysis; details will be published elsewhere. 
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The number of events corresponding to each decay mode and seen 

in our sample was estimated. {In most cases a smooth curve was drawn 

over the mass spectrum of the decay products to represent the background; 

the number of events above the curve and near the mass of the decaying particle 

was .used.} This number was corrected for detection efficiency
5 

{column 4 

in Table II}, and converted into cross..,section units, by means of Table I. 

These values can then be directly compared to find the desired branching 

ratios. 
. . . //--·---·-···----------.., 

Since the f 0 
1 A 2, and K'·• (1400) are all producecfperipherall~)in 

.1T p 
2 ~--'------------------

interactions, the low D. {four-momentum transfer squared) events 
. --

were considered separately to reduce background. 
I 

In those cases where 

the peripheral sample did not show evidence for a particular decay mode, 

an upper limit for the branching: fraction is given. The removal of the 

corresponding number of events from this sample would leave a depression 

of one standard deviation in the background. 

0 + -The number off - 1T. + 1T events was estimated by comparing 

dip ion-mass spectra from the reactions 

and 

{ 1a) 

{ 1 b) 

To remove background in {1a}, the 1r-rr 0 mass distribution beyond 1350 MeV 

was normalized to the corresponding region_in th~'\~-1T ~ distribution and 
/' ' /' \ 

subtracted •. The difference shows a peak qf 110 ± 30) events centered at 
'-.. / 

. "~~ .. '---··· ./ 

1250 MeV, with a width r = 100 to 120 MeV. --

and 

Decays into KK pairs were studied in the reactions 

1r- + p - K:1 + K1 + n 

1T-+p-K
1

+K-+p. 

(2a} 

(2b) 

Both KK mass distributions show strong peaks at 1310 MeV,· so that the 

.• 
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K
1 

K1 events of reaction (2a) in the f 0 r_~_g_~on are strongly contaminated 

by A~ - K1 K1 decays. The~efore th~-_?ents above background in 

the 1200- to 1300-MeV interval is an upper limit to the number of 

f 0 
- K

1 
+ K1 decays, corresponding to a branching fraction6 

r {f0
- K + K- )/r (f 0

} ~ 0. 03. A consistent result is_ obtained when events 

with 6. 
2 

'<; 0.65 (BeY/ c)
2 

are examined separately; in this case a com

parison of KK spectra from reactions (2a) and (2b) suggests that at most 

4 ± 8 K 1 K1 events result from :::£ 0 decay. 7 

~--A2 • Evidence for the decay modes A 2 - iT + p, A 2 -iT + 11. and 

. 8 
· A 2 - K+ K has been reported by several groups. In the present experi-

9 I 
ment, the decays Az - 'TT- + p 0 and A~- '!! 0 + p were studied in the 

reactions 

and 

+ p -·.iT +iT 
. ' 

+ + iT + p 

iT + p - iT~ + p + MM, 

(3a) 

(3b) 

where MM stands for the mass of unobserved neutral systems; in {3b) 

; we require MM ~ 2m'!To. Because of large backgrounds associated with 

these reactions, there is some uncertainty in estimating the number of 

A 2 events. The decay mode Az- 11 + iT also contributes t~ the A 2 

peak in the iT + MM spectrum of reaction (3b). To estimate this contribu

tion, the MM distribution was plotted separately for the iT- + MM com-

binations in the .1.250- to 1390-MeV interval. Although no clear evidence 

for an 11 peak is observed, the MM distribution is consistent with the 

presence of at most 1.0 ± 10% 11 iT decays in the A 2 peak. Consequently, 

+30 almost all the 68_ 15 events above background in the iT + MM distribu-

'tion must be attributed to the decay Az- 'TT
0 + p -. - - + In the iT iT iT mass 

spectrum frorhreaction (3a), an A 2 peak of 165±45 events is observed. 

A consistent number of events. is fourid in the peak when at least one iT-iT+ {' 
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pair is required to be in the p 0 ihterval. Despite the marked differences 

in background in reactions (3a) and (3b), the relative size of the observed 

peaks is consistent with the equality of the rates r (Az- rr- + p0
) and 

r (Az- rr 0 + p -) •. 

The reaction 

... ,, - - - . + rr + p - rr + rr + rr + p + MM (3c) 

was used in the study of the sequence Az- lT- + Tl with Tl- lT+ + lT- + rr 0 

or. 11 - rr,+ + rr- + y. Near 1320 MeV 4 ± 3 peripheral events were found 

above background, and the total sample gives no additional evidence for 

this decay mode. This ,implies that the branching fraction 
. I 

. 10 
r (Az- rr- Tl)/r (Az) is equal to 0.03 ± 0.03 . . 

The decay A-- X 0 (959) + rr- is also allowed to proceed via strong· 
. 2 . 

interactions. No evidence for the Slequence Az- X 0 + rr- -+rr- + rr- + rr+ + Tl 

-· ·rr- + rr- + rr+ + MM was observed when events in (3c) were used. The 

branching fraction11 r (X 0
- rr- + rr+ + Tl with 11- MM)jr {X 0 ) z 2/5 was 

used to obtain the upper limit r {Az-rr- + X 0 )/r {Az)< 0.1. 

Identification of the KK peaks in reacti_ons {2a) and {2b) with the 

A 2 - K + K decay has been discussed elsewhere.
12 

Since the peaks correspond 

in position and width with those observed in reactions (3a) and (3b), we 

assume that all K 1 K- events above a smooth background in the Az region 

result from Az decay; this assumption yielded the branching fraction 

r <A2- K 0 + K-)/r {A 2) = o.o55 ± o.o15. 

~~---- K':c (1400). The decay mode {~·:~(-~~~~K ~] has been observed in 

both Kp 13 •14 and rrp interactions.
15 

The reactions 

' 
rr- + p- A+ K 0 + rr+ + rr- (+rr 0 ) 

{4a) 

(4b) 

were used to estimate upper limits for branching ratios of other decay 
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modes. The three-body final states in (4a)were used to find the cross 

section for the sequence rr- .+ p-+ A + K'~ (1400)- A (K. +--;:·) The Krrrr 
~-..... -..... _____...--../" 

mass distributions for four-body final states in (4a) and (4b) were ex

amined separately for events with a Krr combination in the K':c (890) 

interval or a rrrr combination in the p interval. Of the five-body final 

states in reactioh (4b), not one was compatible with either of the decays 

K'~ (1400)- K + 11 or K':c (1400)- K + "-/. The reactions analogous to {4a) 

and (4b), but with a ~ 0 in place of the A, lead to similar but even 

weaker conclusions. The branching fractions given in Table II are 

normalized to the observed K.rr mode. 

We acknowledge the important contributions of our scanning and 

measuring group supervised by T. Bonk. The efforts of Werner Koellner 

were invaluable in coordinating the .data-reduction operations. Drs. 

George R. Kalbfleisch and Gerald A. Smith participated in the early stages 

of the expe rirnent. 

- It is a pleasure to thank. Professor Luis W. Alvarez for his 

encouragement and support. 
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6. One fourth of the f 0 
- KR decays leads to K 1 K 1• [M. Goldhaber, 

T. D~ Lee,. C. N. Yang, Phys. Rev •. 112 1796 (1958)]. Since only 

about 213 of the K1ts decay via the charged mode, we observe only 

.about 119 of the KR . decays. Additional corrections due to finite 

chamber size and loss Of K1ts decaying close to the production 

· vertex are estimated to be below 1 Oo/o. 

7. A similar measurement has been made by Barmin et al. in a study 

of 1T-p interactions at 2.8 BeV I c in a heavy-liquid bubble chamber. 

8. 

/. 

They observed a peak at M(K1 K 1) = 1280 MeV. If this peak was 

assigned to the f 0
, they obtained the branching ratio 

. . t - . I 
r(f0

- K 1 K1)1r(f 0
-1T 1r·) = 0.023±0.01. (V. V. Barmin et al., 

Institute of Theoretical and Experimental Physics preprint No. 284, 

Moscow, 1964). Another i.rpp~r limit for the KK decay mode is 

quoted by Wangler, who used all events with K1 K1 n final states in 

a 75-MeV interval around the f 0 mass to obtain the ratio 

r (£0 -·K + K)lr {f0
- 1r + 1r) less than 0.16±0.07 [Thomas Patrick 

Wangler, Ph. D .. thesis; Strange Particle Production by 3 BeV I c 1T-

Mesons in Hydrogen, University of Wisconsin, 1964 (unpublished)]. 

~.) Study of Multiparticle Resonance Decays, Proceedings of the Coral 

) Gables Conference on Symmetry Principles at High Energy, Second, 

Coral Gables, Florida, January, _196~1 W. H. Freeman and Co., ' w-------~-~ ' -
San Francisco (1965). A compilation of the available data on 

; A 2 -'I') + 1T is given by J. Alitti, J. P. Baton, B. Deler, M. Neveu 7Rene, . 

l . . 
\ J. Crussard, · J. Ginestet, A. H. Tran, R. Gessarolli, and A. Romano, 

~ Phys. L~tters 15, 69 (1965). 
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M. Deutschmann et al., Aachen, Berlin, CERN collaboration, Phys • 
. ,. 

Letters g, 356 (1964); G. H. Trilling, J. L. Brown, G. Goldhaber, 

S. Goldhaber, J. A. Kadyk, and J. MacNaughton, private communica-

tion from G. H. Trilling; M. Aderholz et al., Aachen, Berlin, . 

Birmingham, Bonn, Hamburg, Imperial College-London, Munchen 

collaboration, 7l'+p Interactions at 4 GeV/c, preprint, December 

1964. 

11. M. Goldberg, M. Gundzik, S. Lichtman, J. Leitner, M. Primer, 

P. L. Connolly, E. L. Hart,' K. W. Lai, G. London, N. P. Samios, 

and S. S. Yamamoto, Phys. Rev. Letters Q_, 249 (1964); G. R. 

Kalbfleisch, 0. I. Dahl, and A. Rittenberg, Phys. Rev. Letters 

Q_, 349A ( 1964). 

12. S. U. Chung, 0. I. Dahl, L. M. Hardy, R. I. Hess, G. R. Kalbfleisch, 

J. Kirz, D. H. Miller, and G. A. Smith, Phys. Rev. Letters 12, 

621{1964);R. I. Hess, S. U. Chung, 0. r.·Dahl, L. M. Hardy, 

J. Kirz, and D •. H. Miller, Lawrence Radiation Laboratory Report 

UCRL-11443, July 1964 (unpublished). Presented at the International 

Conference on High Energy Physics, Dubna, USSR, 1964. The pre

liminary value .for the branching ratio r (A2 -KK )/r (A 2 - p11'} = 0.30 ± 0.07 

given in the second paper is in error, The· p -7l'o decay mode was· 

neglected, and the path length corresponding to KKp events was 

underestimated. 

13. N. Haque et al. (Birmingham, Glasgow, Imperial College - London, 

Oxford, Rutherford Laboratory collaboration), Phys. Letters 14, 338 
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(1965). In this experiment some indication for a K'~ { 140.0) 

-K':c(890)+1T decay :i:node was found. An upper limit of the 

order of 0.2 is given for the branching ratio into all K1T1T final 

states • 

S. Focardi, A. Minguzzi-·Ranzi, L. Monari, P. Serra, S. Herrier, . 

and A. Verglas, Phy's. Letters 16, 351 (1965) • . ,, -
15. L. M. Hardy, S. U. Chung, 0. I. Dahl, R. I. Hess, J. Kirz, and 

D. H. Miller, Phys. Rev. Letters 14, 401 (1965). 

·. 
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Table I. Summary of measured film used in estimating branching ratios. 

Final state 

2 prongs 

4 prongs 

Events involving 
strange particles 

Events involving 
strange particles. 

·~. I• 

Beam momentum 
. {BeV/c) 

3.2 

3.2 

3.2 

3.9 to 4.2 

Sample size 
(events/fJ.b) 

0.36 

1.1 

8.0 

4.5 
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Table II. Cross sections and branching fractions for the £0 , A 2, and K* (1400). 

Production reaction Decay mode Charge state observed · (
Charge state observed\ Events in peak 

All charge states "} Total Peripherala 

£0
- 2n Tr+Tr- 2/3 110::1:30 85 ±20 

£'- KR K~K~ 1/9 4± 

£0 - zn+z;r- 21T+21T- 5± 

p0 rr-- '11'+11'-rr- 1/2 165±45 97 ± 22 
A 2 - prr p-no _ rr-norro 1/2 34± 

~en 
d 

1/3 
A 2 - rpr 

~nn 2/3 

4± 4± 

4± 3± 4 

Az- KK K-K~ 1/3 53::1:10 36 ± 

A 2 - X 0
1r (11n1T+1T-)TT- d, e 2/5 0 ± 5 

K n- 4/9 
K*(t400)- Ktr 

K~no c, f 2/27 

14± 3 13± 

-1::1: 3 

K~Tlc c,d, f 2/27 
K* (1400)- K~ 

K~Tln c,d, f 4/27 

0 ± 1 

1± 1 

K''' ( 1400) - K w K 0 w c, f, h 1/5 
1 c 

0± 1 

K+rr-1T0 4/27 
K* (1400) - K*+(890)n<;: 

K* (890)n 
Ko.n+lT- h 28/81 3± 

K':<o (890) n° -K+tr-n° f 4/27 2 ± 3 

K'''(1400) -Kp 
K+p- ---.- K+n-rrO 4/9 

Kopo - K 0n+n- 7/27 -3::1: 3 

-6± 4 

For the £ 0 n.and AZp final states, 11 peripheral11 stands for 6. < 0.65 (BeV/c)2, 

For the K)~o (1400)A final state, "peripheral'' stands for a2 < 1.2 (BeV/c) 2. 

b. Including unobserved charge states. 

Cro.ss b 
section 

("b) 

465 ±130 

330 ±60 

12 ±12 

20::1: 5 

7 ± 2 

K ~ - rr+rr- decay required. 

d. Here T}c stands for TJ- 1f+TT-TI 0 or 1f+1f-ydecay;,and T}n stands for TJ- neutrals. we assume r(Tl-TJc);:::: 1/3 and r(TJ -11n) ::::: 2/3. 

We assume r·(xo.:.... 11~ rr+tr-) :::: 2/5. 

r(X0
) 

r(~) r(~) 

f. A- pTT- decay required. 

g. We set the "branching fraction" for K*(1400)- Krr equal to 1 and compare its other decay muJes with this arbitrary standard. 

h. we stands for w -TT+TT-TI 0 , We assume r(w.....:w~) :::::9j10. 
r(w) 

i. Either A - prr- or K~ _,. 'IT+'IT- decay required. 

Branching 
b 

fraction 

z 1.0 

< 0.04 

< 0,04 

0.9<~:~6 

0.03±0.03 

0,055 ±0.015 

< ·0.10 

1g 

< 1/2 

< 1/3 

1/3 ± 1/3 

< 1/12 
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