
TO BE SUBMITTED TO 
PHYSICS LETTERS 

CERN/TC/PHYSICS 65-26 
22.11.1965 

Aachen - Berlin - CERN Collaborat~on 

M. Deutschmfilm, R. Steinberg, H. Weber and W. Woischnig,· 
I. Physilmlisches Institut der ·Technischon Hochschule, Aachen 

V. Belyakm/, c. Grote, J, Klugow and S. Nownk++, 
Forschungsstello fV.r Physik Roher Energien der Deutschen .Akademie 
der Wis senschaften zu Berlin, Zou then 

S. Brandt+++, V.T. Cocconi, O. Czyzewski~, P.F. Dalpiaztt, E. Flaminio~~~, 
H. Hromadnik~'*=, G. Kellnertt3!:'.if and D.R.O. Morrison, 
CERN - European Organ.iza.tion for Nuclear Research, Geneva 

In a study (l, 2, 3) of the interactions p:roduced by 8 GeV/c positive pions 

in the Saclay 8lcm hydrogen bubble chamb01', the possible decay modes of the p-

'ro -meson into 4n tmd into m1, and of the A1 and A2-mesons into 3n, m1, n .I\. and KK 

have been investigated. The C-violating nri decay mode of the p is not observed. 

For the Al and A2-mesons, it is found that the np dec~~y mode is by f,ar the 

dominant mode. The modes m1 of A1 . and .i~2 , and KK of A2, occur.in a few percent 

of the cases at uost, hence there is no serious violation of the conservation of 

the Bronzan-L·)W quantum nur:J.ber4). ThG re(:lults, 13ummarized in Table I, have been 

obtained as described below. 

Out of tho 18,000 events of 2 nnd 4-prong interactions which have been 

analyzed, here we h0,ve considered the events in the following ·channels 
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(1) + + 0 
738 events n p --;. pn n 

(2) + + + -n p __ _, pn n n 1711 events 

(3) + + + - 0 . 1710 events n p -··7 pn' It n n 

(4) + + + - neutrals 2192 events. n p --?> pn n n + 
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In channel (1), 89 events have been attributed to the quasi two-body 

+ + + 0 k f . bl d f t,,.,· + . t f process n p -7 pp --> pn n • To loo -or a possi e ecay o ue p in o our 

pions, we have plotted the (n+n+n-n°)-effective mo.ss distribution for the events 

in channel (3). The result is shown in Fig. 1. No events lie in the p-meson 

mass region (0.62 to 0.88 GeV); this sets an upper limit of 1°/o for the 

branching ratio (p --7 4n)/(p --~ 2n) 5). 

From Fig. 1 a limit can be derived nlso for the existence of the decay mode 
+ + ++-o p _ _,, n 11 --7' n n n n , which would constitute a viola ti on of charge conjugation 

in strong interactions. Allowing for the neutral decay of the eta, one obtains 

(p --7 m1)/(p --~ 2n) < 3°/o . 

.Among the 1711 events of reaction (2), 543 events ful-

filled the double condition that no pn + combination has an effective nnss in the 

region of the N~238 isobar (1.12 to 1.34 GeV) and at least one of the n+n­

combinations has rui effective mass lying in the p-region. For these latter 

events, the n+po mass distribution is plotted in Fig. 2a, Two clearly resolved 

peaks are seen corresponding to the A1 and A2-mesons 6). We assume that the 

background under the peaks is represented by the curve (see figure), which is 

the result of an OPE-type cnlculation by Wolf 7 ). After subtraction of the 

background, one obtai~~ 95 events in the A1 mass region (0.95 to 1.125 GeV) and 

88 events in the A2 mass region (1.22 to 1.34 GeV). \Hth the assumption that both 
+ 0 0 + A-mesons have isospin I = 1, and therefore that the decays n p and n p are 

equally probable, which is not inconsistent with our results, there are then 190 

A1-mesons and 176 A2-mesons lying outside the N~ band and decaying into np. 

Fig. 2b shows for comparison the (n+n+n-) mass distribution Df the 263 

events of reaction (2) satisfying the condition that no (n+n-) combination has 

an effective mass in the p-band, still with N::t++ excluded. No evidence of A1 or 

A2 is found, the toto.l number of' events observed in the A1 and A2-bands, 

respectively, being consistent with bnckground. The ~ronching ratios 

12 and 10 

( + + + -)/( +- + 0) ( + + + -)/( + + 0) Aj_ --? TI n n A1 __ _,.. n p and A2 --~ n n n A2 --7 n p o.re both less 

thnn 3.5°/o. 

Evidence has been published8 ) for the existence of a nn decny mode for 

A2 , and possibly also for A1 ,using:i.ncident p:iDm of 2.7, 3.65 and 4.0 

GeV/c. For A2 , Trilling et 0.1. 9) reported for the nn decay a rate of 28°/o of 

the np mode. Such a large nn decay rate of A2 would constitute a serious 
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violation of the conservation of the nui-:1ber A proposed by Bronzan c,nd 

Low, whereas a decc:'.y rccte of n few percent would be accoptnb le. Our de: ta concern·-

ing such a decc.y mocle ccre presented in • 2c. .l11nong the 1710 events of 

chonnel (3), the events were chosen for which no (pn+) conbinntion lies in the 
~ + 0 

N1238 band and nt least ono of the ( n: TtTc ) combin~·d;ions hccs an effective p_mss 

in the region of the otn-meson (0.5 to 0.6 GoV). In tho 1/r1 effective mass 

distribution of Fig. 2c, there nre 1 cmd 3 events, respectively, in the nnd 

A2 bnnds, all being consistent uith a uniforr:1 background. J.l.fter correction for 

tho other decay nodes of tho otc,, one obtc'.ins C~1 --?- nri)/(A1 --~ n:p) < 1.5°/o 
(}t 

< Y/o. ~Chis rosul t, previously reported in 0,nd ( A2 ----) nn) ( ( A2 ,,. _ _, np) 
l$ 

reference ( l) , / inconsistent Hith the results of references (8, 9), but is in 

good agreonent with a recent vnluo of 3 ± 3° / o for the A2 reported by Chv.ng et 

nl.lO) at 3.2 GeV/c. Glashow nnd Socolow ll) h:cvG predicted on tho bnsis of 

SU(3) s;snnnetry C\ rntio (A2 --7 Tir1)/(A2--~ np) = 11/70 with no between tho 
-1-

menbe rs of the 2, nonot. Our result is j,ncom:i:;,tiblo 11:L th this vcJ.tw, but 

can reduce the theoreticnl estirc1nto. 

'r' r cl r ' ' • j +vo +( ,+ - ) + DO ""1 an. ~-\.2 CLeCc.y moue Ul co TI A --~ n \'II TI r1 __ , TI JC + neu trcls 

been investignted using the 2192 events of the re::wtion ( 4). It wrnJ required 

that a) no pTI + conbin!:'.tion h0,s ~::n effective netss in tho N:;e1,,~,8 region, 
c.) 

b) tho missing mass bo in the ot(1-rog:_on, and c) the (n+n- +neutrals) 

effective 11ns.s be in the x0 region ( C. 92 to 1.00 GeV). Tho result:Lng ( n +X 

has 

mass distribution is SllOWJ.'.l in 2d. No event l:'Los in the region and one 
12) 

Correcting for other doco,y raodes , 
is 

event/in the A2 region. an u ppor limit of 

l 50/ • b-'- • d ,-, b ' 1 ( ,• VO) /( , ) • o is o "2ino I or o·cn 11,1 --·> 'ITA / "'"1--~ np 

At lovJer onorg'ie s of tho i.r1c ider1t pio11s, ~~11 enJ:innc OL1on.t 11c:1s beer1 

, 13 lL:). 
ooserved ' in tho offoctive uecsEJ distribution of tho KK sys ten, with position 

r') 
and width similnr to thooe of the A2-meson. The nssumption was then nctde "'that 

this enk::ncemont iooprosonts 011 rclternc,te decay mode of tho A2-nGsons. Originally, 

this decay mode was considered to constitute a serious violntion 

of the conservc.tion of tho llronz2m-Low quern tun nm1ber. In the course of the 

-'- t· t ., n 8 G V'/ + , ' t' sys vomn ic s ucly or ,o c TL p in·cerc:::.c ions, c, 2 tiE1os lnrger than that 

used for co 1lecting 2 n:nd 4-prong eventc-l wrcs used to select 2-prong events 

associn.ted with ono neutrc:l s pc.rticlo uith visible decety. These events 

were s tucUed the groups t CSR.IT and in Uo.rs2:w nnd Cr2cow. The re1::ction 
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was used to investigate the KK enhancement possibly corresponding to an A2 decay 

mode. In about 800 events analyzed, 16 were found that could be assigned to 

reaction (5). The K+Ko effective mass distribution, corrected for K0 decays 

outside the chamber, is plotted in Fig. 2e. No events are observed in the A1 

mass region, which este,blishes the upper 'limit of 1°/o for the branching ratio 

(A1 ---; KIC)/(A1 --7 np). A total of 5 events are observed in the A2 mass region, 

of which about 1 event is consistent with a uniform background. .After correcting 

for the neutral decay modes of the K0 , and if one e,ssm1es that the enhancement 

observed is indeed the A2 , one obtains (A2 --7 KK)/(11.2 --~ np) = 3 ± 2°/o 15 ). 
10) 

This result is consistent with the result recently deduced by Chung et al. • 

As a conclusion, the TIT] deco.y Etocle of the A-mesons is not I..;i,portant enough, 

if it exists at all, to constitute a serious violation of the Branum-Low quantum 

number. The same is true for the KK decay mode, if tho peak observed in several 

experiments indeed represents the decay of the A2-meson. The TIY) decay rate of 

the A2-nieson is less than_ that predicted by Glashow and Socolow from SU(3). 
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scanning, moasuri:ng and computing staffs at each of our laboratories. We are 

pleased to acknowledge helpful discussions with Dr. R. Armenteros, Professor 

Ch. Peyrou and Dr. J. Prentki. We are very grateful to our colleagues in Warsaw 

and Cracow for results of their measurements on the KI( decay mode of the A-mesons. 
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:if . . 
As no N can be formed in reaction (5), here we take 208 and 197 events for 
A1 and Ar;, respectively, which includes corrections for tliose events with a 

+ be:.. ,. 1 • . t" ".J;I: • pre com ina·cion ying in he L\ mass region, 

( + + - 0) Fig. 1 J.!Jffecti ve mass distribution of the re re re re system in the channel 
+ + + - 0 

TC p --~ pre TI TC n • 

Fig. 2 Decay modes of the A1 and A2-mesons. 

a) (1/n\t) effective mass distribution for the events in channel 

b) 

c) 

d) 

+ + + - h + b. t' h . th TC"~ re p -~pre n n , w en no pre com ina ion as a mass in e ~\238 

region (1.12 to 1.34 GeV) and at least one n:+n:- combination has a 

raass in the p-region (0.62 to 0,88 GeV). The solid line represents 
7) 

the background resulting from an OPE calculation • 

Tho same distribution when no n:+n- combination is in the p-region. 

+ n Y) effective mass distribution for the events in the channel 
+ + + - 0 + n p ---; pn; re re n satisfying the conditions that no pn combination 

~ + - 0 lies in the N1238 region and at least ono of the n re n combinations 

has effective mass in the eta region (0.5 to 0.6 GoV). 

Eff t • d • t • b t • f th ' • t • +VO • th ha 1 ' ec ive mass is ri u ion ·or - e comoina ion re ,~ in e c nne 

re+ p --~ prc\i; + n - + neutrals 1 for the events satisfying the conditions 

that no pre+ combination is in the ~238 region, the mass of the 

missi:ng neutrals is in the eta region and the ( n \;- + neutrals) 

mass · · 'h ,ro · ( 0 9~ t 1 0 G v) is in ·c e .11. regJ.on • c:. o • ,e, • 

e) K+Ko effective mass distribution for the events of the reaction 
+ K+.:;o 1tP-?P 1 •• 
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Decay modes 
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Brariching :r·atios for rare decay modes of the p, A1 and A2-
rnesons, ,c::,s i3t::mdards (100°/o) the decay modes 
rcn for tho p-rneson and np fol' the A-mesons. 

100°/o ( C'mP) 
1 1.J.1.U p o/ 100 0 ( C''T1T' \ -. u .-JJ) ('"TD) \ j,) - ,/ 

(1°/o + -{- - (3.5°/o ( 3.5° /o n 11 ~c 

" 
"Q I + ( 1.5°/o 3°/o < J /o 'IT ~rj < 

~+vo 
JG .i.~ < 1.5° /o <1.5°/o 

TT+v-o 
i\.. l\.. < 1°/o 3°/o ± 2°/o 
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