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In awstudy (1,2,3) of the interactions produced by 8 GeV/c positive pions -

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

. . . L0 -
meson into 4n and into wn, and of the Al and Az—mesons into 3m, mn, w £ and KK

have been investigated. The C-violating 7mn decay mode of the p is not observed.

For the Al and A2—mesons, it is found that the mp decey mode is by far the

dominant mode., The modes nﬁ of A . and A2, and KK of Az, occur.in a few percent

1
of the cases at nost, hence there is no serious violation of the conservation of

4)

the Bronzan-Low quantum number °, The results, summarized in Table I, have been

obtained as described below.

Out of the 18,000 events of 2 and 4-prong interactions which have been

analyzed, here we have considered the events in the following ¢hannels

(1) n+p —~§.pn+no | 738 events
‘ (2> n+p'~—f>pn+ﬁ+n- 1711 events
(3). n+b —-%>pﬁ*ﬁ+ﬂ*ﬂo © 1710 events
(4 = p —~a-pn+n+n" + neutrals 2192 events.
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In channel (1), 89 events have been attributed to the quasi two-body

+ + + 0 . " + .

process m p ~3Ppp ~-=>pn m ., To look for a possible decay of the p into four
. , , + + -0 - . . . . -

pions, we have plotted the (n'n' 7w n )=effective mass distribution for the events
in channel (3). The result is shown in Fig, 1. 1o events lie in the p-meson

. . — o} .
mass region (0.62 to 0,88 GeV); this sets an upper linit of 1 /o for the

).

branching ratio (p --3 4ﬂ)/(p e

From Fig, 1 a limit can be derived also for the existence of the decay mode
+ 4+ + 4+ ~ 0 . . o . . ” . .
p =T N =—=>7T T T T, which would constitute a violation of charge conjugation
in strong interactions, Allowing for the neutral decay of the eta, one obtains

(p —3 mn)/(p —>2x) <3°/o.

Among the 1711 events of reaction (2), 54% events ful-
filled the double condition that no pn+ combination has an effective nass in the
region of the Nf938 isobar (1.12 to 1.34 GeV) and at least one of the n+n-
combinations has an 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 secn corresponding to the Al 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 calculation by Wolf 7). After subtraction of the
background, one obtains 95 events in the.Al mass region (0.95 to 1.125 GeV) and
838 events in the A2 mass region (1.22to 134 GeV), Hith the assumption that both
A-mesons have isospin I = 1, and therefore that the decays n+po and nop+ are
equally probable, which is not inconsistent with our results, there are then 190

Aw—mesons and 176 A2—mesons lying outside the I band and decaying into np.

Fig. 2b shows for comparison the (n+n+n_) nmass distribution of 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§++ excluded. INo evidence of A1 or
A2 is found, the total number of events observed in the Aland.A2~bands, 12 a;d 10
respectively, being consistent with background., The brenching ratios
(A; —-9~n+n+w—)/(A§ - n+po) and (A; ——ﬁ-n+n+n—)/(AZ ~—9-n+po) are both less
than 3.5%/0, '

Evidence has been published8> for the existence of a mn decay mode for
A2, and possibly also for Al,usingjncidentngns of 2,7, 3.65 and 4,0
GeV/c., Tor Ay, Trilling et al, )
the 7wp mode. Such a large 7mn decay rate of A2 would constitute a serious
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violation of The conservation of the cuantum number A proposed by Bronzen and
Low, whereas a decay rote of a few percent would be acceptable. Our data concern-
ing such a decay mode are presented in Fig. 2c., Among the 1710 events of

channel (3), the events were choson for which no (pn+) combination lies in the

*
N1238 han
in the region of “the eta~meson (0.5 to 0.6 GeV). In the n+n effective mass

: . - + = 0 . . . - .
d and at least onc of the (n = i ) combinations has an effective mass

distribution of Fig. 2c, there are 1 and 3 events, respectively, in the A, and

!

A2 bands, all being consistent with a uniform background. After correction for
the other decay modes of the cta, one obtains (A ——éuﬂﬂ)/(Al —— np) < 1.50/0
and (A »~$»ﬁn)/(A w—é~Tp < 50/0 This result, previously reported in
reference (l) / 1nconolsteﬂt with the results of refercnces (8, 9), but ig in

=} L > o 0 A T
good agreement with a recent value of 3 + 3 /o for the A, reported by Chung et

10 )
al. ) at 3.2 GeV/c. Glashow and Socolow 11)

2
have predicted on the bagis of

SU(B) symnetry a ratio (AQ ~—e-ﬁn)/(A2~u9 np) =,1l/7O with no mixing between the
- + - s 1 Fxd
members of the 2 nonet. Our result is inconpatible with this valuc, but mixing

can reduce the theoretical estimate.

The Al and AZ decay node into n+Xo —~9~ﬂ+<ﬂ+ﬂ~ﬂ> - n+n+ﬂM + neutrals has
been investigated using the 2192 c¢vents of the reaction (4). It was required
that a) no pn+ conbination has on effective mass in the N§238 region,

b) the nissing mass be in the eta~region, and c¢) the (n+ﬁ" + neutrals)

effective mass be in the XO region (6.92 to 1.00 GeV). The resulting (n+XO>

mass distribution is shown in Fig, 24, No event lies in the A, region and one

is i

event/in the AZ region, Correcting for other decay modes e , an upper limit of
C . . . . .

1.5 /o is obtained for both (Al o nXO)/(Al—-—-> ’)'Ep) and (Ag - ﬂxo)/(£x2~—-> np).

4.7,

At lower energies of the incident pions, an enhancement has been

. 13,14), - . o . . = . -
observed ! ‘>1n the effective mass distribution of the KK systen, with position
4
L

. - o . .
and width similar fto those of the Ag-meson. The assumption was then made that
this enhancement represents an alternate decay mode of the A -nesons, Originally,

this decay node was considered frecuent enough to constitute a serious violation

o

of the comservation of the Bronzan-Low quantum number, In the course of the

. . - +
systematic study of 8 GeV/o mnop i1 actions, a sample 2.4 times larger than that
used for collecting 2 and 4-vrong events wos used to select 2-prong events

associated with one neutral strange particle with visible decay., These events

i

he reaction

were studied by the groups at CERN and in Warsaw and Cracow. T
+ +=0
T p === pK K (5)

PS/5137/mhg
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e
'

was used to investigate the KK enhancewent possibly corresponding to an A2 decay
mode, In ebout 800 events analyzed, 16 were found that could be assigned to
reaction (5). The K+K effective mass distribution, corrected for KO decays
outside the chamber, is plotted in Fig, 2e., No events are observed in the Al
nmass region, which esteblishes the upper 1limit of lO/o for the branching ratio

(Al —-——)Kﬁ)/(l&1 s np). A total of 5 events are observed in the AZ mass region,
of which about 1 event is consgistent with a uniform background, After correcting
for the neutral deccay modes of the KO, and if one assumes that the enhancement

observed is indeed the Az, one obtains (Ag -=> KK)/(Ag ——— ﬁp) =3 = 20/0 15).

. . . . ‘ 10
This result is consistent with the result recently deduced by Chung et al. ).

As & conclusgion, the mn decay mode of the lL-mesons ig not . .portant enough,
if it exists at all, to constitute & serious violation of the Bronzan~Low quantum
number, The same is true for the KX decay mode, if the peak observed in several
experiments indeed represents the decay of the Ag—meson. The 7 decay rate of

1.5 Kl h}

the A -meson is less than that predicted by Glashow and Socolow
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5
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Ch, Peyrou and Dr, J. Prentki. Ve are very grateful to our colleagues in Warsaw
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lo) As no I can be formed in reaction (5)
Al and Ag’

, here we take 208
P

8 and 197 eventes for
respectively, which includes corrections for those event
combination lying in the wE

g with a
mass region,
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CAPTION FOR TABLE

TABLE T s Branching ratios for rare decay modes of the p, A and A2~
mesons, assuming as standards (1000/0) the decay modes
nn for the p-meson and mp for the A-mesons.

TABIE I

Decay modes p=-meson Decay mpdes A1~@eson Agnmeson
7w 100%/0 (8D) - 100%/0 (sm) | 100°/0 (STD)
n+ﬁ+n~no (lo/o n+n+n~ < 3.50/0 < 3.50/0
w <3°/o ' < 1.5%0 < 3%/

b <1.5%/0 <1.5%/0
e <1%/o 3%/ £ 2°/0
]
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