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Evidence is presented for an enhancement in the wnm mass spectrum at the A, mass re-
gion in 7*p interactions at 5 GeV/c. Assuming this effect to be the 4,, we calculate the
decay rate relative to the pm decay mode and obtain the results 0.29+0.08 and 0.10+0.04
for the two final states A,"A** and 4,"p, respectively. Possible explanations of the dis-
crepancy between these numbers are suggested.

Some evidence has been recently presented for
the possible decay of the A, meson into wrm,'™ in
either the neutral or charged mode. In this note
we present results on both decay modes observed
in the study of the final states 4,°A** and 4,%p in
the reactions

at 4.93 GeV/c. The data come from a complete
subsample of ~320000 pictures, which is ~40%
of the final sample of a high-statistics experi-
ment taken at the Stanford Linear Accelerator
Center 82-in, hydrogen bubble chamber. More
experimental details are presented elsewhere.®
In Fig. 1(a) we present the 7,*7 7° mass distri-
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- lot of M(7*7 7°) in the final state A**7*7 7% 7m 7°
o + 4+ 3 P
Tp=pmTT, (3) of Reaction (2) with the same A** cut shows
7*p=~prtrtrT (MM), (MM)=2n°, 4) strong w production. Defining “w events” by the
T T T T T
800 (a)
700+

il

300
—}J i
ioof;

n
[}
[}

T

EVENTS/20 MeV

n
o
T

ol |
08 10

14
M(GeV)

o8

0

Fig. 1. (a) M(r*n ) in the reaction 7™'p —a**n"7"n, The curve is the best fit to 4,° and hand-drawn background.
(b) M(r*7" 7% in the reaction m*p—~A**r*n*n 7" 7° (four combinations per event). (¢) M(wm*7") in the reaction 7*p
—A**wr*r”. The solid curve is the best fit to 4,0 and phase space. The background in the 4,° region is described
by two extremes: The dashed curve is pure phase space (fit 1 in Table I) and the dotted curve is a hand-drawn
straight line (fit 4 in Table I). (d) M(r*n*n") in Reaction (3). The curve is the best fit to 4,*, A,*, and hand-drawn
background. (e) M(wn*n®) in Reaction (4) with cuts to enhance the w as described in text. The solid curve is the
best fit to A," and phase space. The dashed curve is phase space in the 4," region.
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TABLE I. Results of several fits for the mass combination M(«w7*7”) in Reaction (2) with various types of back-

ground estimation. Errors are statistical only.

Mass Width
Fit no. Type of background (MeV) (MeV) Events in A, wnm/pm branching ratio
1 Pure PS 1335+ 9 130+ 26 174+ 18 0.36+0.05
2 Peripheral e*) ps 1334+ 9 78+ 26 11219 0.23£0.04
3 Polynomial modified PS 1335=11 120+42 155=27 0.32+0.06
4 Hand drawn (straight line) 133111 104+ 36 116+ 20 0.24+0.05

cut 0.76 s M(r*7 " 7°) <0.81 GeV we show in Fig.
1(c) the wr*n”~ mass distribution of Reaction (2)
recoiling against A**. We have fitted the mass
distributions of Figs. 1(a) and 1(c) with a nonrel-
ativistic Breit-Wigner shape and background. A
hand-drawn curve was used to describe the back-
ground in Fig. 1(a). For the A**wn*r” final
state® we tried a relativistically invariant phase
space (PS) as well as peripheral (~¢%) PS, PS
modified by a polynomial function, and hand-
drawn curves of several shapes to describe the
background.

Table I describes the results of several fits
with various types of background estimation. In
each case we give the best values for the mass
M and width T of the resonance. The significance
of the effect lies between 3.3 and 6.3 standard de-
viations (sd) depending on the background assump-
tion. All fits yield stable values” for M (~1335
MeV), and I values varying between 78 and 130
MeV. The dashed (dotted) curve in Fig. 1(c) de-
scribes a typical low- (high-) background esti-
mation under the resonance corresponding to fit
1 (fit 4) in Table I. The solid curve describes
the overall fit 1 and is not much different from
the other fits 2-4.

Assuming the wn*7n” effect to be an A,, we cal-
culated the decay rate relative to the p*n* decay
mode. To do this we have used fixed values for
the mass (1335 MeV) and width® (100 MeV). After
applying correction factors for the w tail (1.23)
and for unseen decay modes of the w (1.12), we
obtained for the various fits the number of events
in the 4,°~w7*7” and the branching ratios as
shown in Table I. The errors are statistical only.
In the absence of precise knowledge about the
shape of the background, we average between the
above mentioned results and, including the sys-
tematic uncertainties in the error, we quote as
best estimate for the branching ratio the value
(A% - wrm)/T(A,° ~pr)=0.29£0.08. This ratio
is somewhat higher than most of the previously

reported results. ™

We have further investigated the identification
of the wr*n” effect with that of the A, meson by
comparing the amount of 4,* produced in Reac-
tion (3) to that of Reaction (4). To enhance the
wm,’ component in the zero-constraint process
T'h=wn, n,%, w—=n,*1"7.° we have used a
method® that assumes only two 7%s, 7.° and 7,°,
in the missing-mass final state (4) and that the
w has zero width.!® Expressing in the wn,® rest
frame the absolute value for the momenta of each
7° and the cosine of the angle between their direc-
tions in terms of measurable quantities, we re-
quire the following cuts: [p(m,°) >0, Ip(r. %) 2
>0, and lcos [p(m °),p(r.%)]I< 1. In addition we
have required the mass of the (MM)n,* combina-
tion to be less than 1.3 GeV. This requirement
does not throw away any wn*n,° events in the A,
region but does cut out much of the background.
The 7*7*7” (MM) mass plot for the events satis-
fying the above mentioned requirements is shown
in Fig. 1(e). We observe a 4 sd signal centered
at M=1315+8 MeV and with a width of 70+ 24
MeV after we have fitted the signal by 7*pn*n " 7°7°
phase-space with the above mentioned cuts and
a Breit-Wigner resonance.

To get the number of A,*’s produced in Reac-
tion (3), we have fitted the 7*7*7~ mass spec-
trum by A, and A, nonrelativistic Breit-Wigner
shapes and a hand-drawn background [see Fig.
1(d)]. By correcting for unseen decay modes of
the w and for the A,* = p*7° p*—=7"7° unseen de-
cay mode, we obtain a branching ratio (assuming
that the wn*7° signal comes from a decay mode
of the A, with fixed values of M =1310 MeV and
I'=100 MeV) of!! T'(A,* -~ wnn)/T(4,* - pn)=0.10
+0.04 which is consistent with a previously ob-
tained result for the charged A4,.2

Figures 2(a), 2(b), and 2(d) show the dN/dt’
distributions of 4,°A** and A,*p in Reactions (1),
(2), and (4), respectively. They were obtained
by fitting the mass distributions separately at

853



VoLUME 32, NUMBER 15

PHYSICAL REVIEW LETTERS

15 APRIL 1974

T T T T T
(@) rp—-ASA* (c) mo=A,Pp
5001 Cptps T C,m 50
S
0 200K T, 120
B :
5 100 T b-a0:08 |
2 A saeos
o 50 LN,
> ol \
w [
20 T \ G
}T ; +
(d)m'o—Asp
50 iy wrtr® 50
o \ -
> *L H%e
[} H !
820F 1\ 7 420
S 1ok b-30:04 | iizzzoa Hio
[9p]
2 o] , 1
A AN —-
2r \ T 12
L L | L 1

05 10 15 05 10 15
fon+(Gev?) fpp(Gev?)

FIG. 2. (a)-(d) Production angular distributions in
the forward direction for the final states 4,°A**, A4,%p
in various decay modes of 4,. Straight lines are fits to
A exp(— bt’) with slopes b as given.

the various ¢’ intervals assuming fixed M and T’
values for the A, as obtained in each case for the
total ¢’ region. The straight lines correspond to
Aexp(-bt’) fits with slopes b as given in the fig-
ure. Since no reliable slope can be extracted for
A,"p via the pm decay mode of the A, because of
the A, tail,® we present in Fig. 2(c) the dN/dt’
distribution for the final state pA,*, A," = n7",
n,—7*7"7° produced in Reaction (1), where the
A,* signal (not shown) is almost background free.

In conclusion, we have simultaneously seen sig-
nificant signals in both the neutral and charged
M(wnn) states. However, the decay rate (assum-
ing the signals to be A,) relative to pr differ by
2 2 sd. We also note that the value of the mass
in the neutral state is higher by ~2 sd than the
accepted value® of the A, while the A," mass is
consistent with it.

It is quite possible that the above discrepan-
cies are due to statistical fluctuations or to some
unknown systematic biases.” However, we wish
to point out that another way to resolve these dis-
agreements is to assume that there exists an
I=0 state!? with a mass slightly higher than that
of the A,, which decays strongly into wnn. This
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hypothesis could explain the high values obtained
for both the decay rate and the mass of the wr*rn”
effect.’® No evidence for this hypothesis can be
found from the production distributions (Fig. 2),
which look similar for both decay modes of A,°
and A4,".
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Though the errors are large, the results are consistent
with the entire wmm signal coming from true w events
rather than from the 57 background.

"We have searched for a possible bias which could ex-
plain the high mass value for the wn* 7~ effect but found
none. In fact the w mass [Fig. 1(b)] turns out to be 784
+2 MeV, exactly as given by T. A. Lasinski et al.

[Rev. Mod. Phys. 45, S1 (1973)] so that a systematic
mass shift for the wnm system is improbable.
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101,655 than 5% of true w’s are lost due to the experi-
mental width in the w region in the missing-mass chan-
nel.

e have tried several background shapes for the fit
of the wr*n® mass distribution, including invariant
phase space as above and various hand-drawn curves.
The branching ratio is obtained by averaging the results
of these fits and the error includes the systematic un-
certainties.

12Note that there are two I=0, JP¢=1*" states that can
decay into wmm which are still missing in a simple quark
model.

BHigh values for the mass and the decay rate of the
wn*n” effect in the A, region, consistent with our re-
sults, are also reported in Ref. 3.



