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The properties of the A2 enhancement are determined from the XK and 7|p decay modes
independently. The characteristics of both systems are consistent with the decay of a
particle having I 8+=1 2 .

Existence of a strong 7t p enhancement between
1.0 and 1.4 BeV was discovered by Goldhaber
et al. in a, study of the reaction ~++p - v++ v+

+ & +p at 3.65 BeV/c. ' The Aachen-Berlin-
Birmingham-Bonn-Hamburg-London(I. C.) -Miin-
chen Collaboration and Chung et al.3 demon-
strated that the enhancement consisted of two
peaks: the A, at 1080 MeV and the A, at 1310
MeV. In addition, Chung et al. reported evi-
dence for existence of a KE peak at 1310 MeV;
the assignment IGJ =1 2 was deduced on the
assumption that the ~p and EK peaks represent-
ed alternative decay modes of the A, (1310).
In several recent studies of the 7tp system alone,
the assignment J+= 2 has been favored for
the A, (1310). ' In others, however, assign-
ments 8+=1+ or 2 have appeared more like-
lyv, ' in this case, the KE peak represents the
decay of a new particle. In the present Letter
we attempt to resolve this question by deter-
mining quantum numbers independently for the
KK and vp peaks; the analysis supports the orig-
inal assumption of Chung et al.'

The film was obtained in the course of a sys-
tematic study of n p interactions near 3.2 and
4.2 BeV/c in the Lawrence Radiation Labora-
tory's 72-inch hydrogen bubble chamber. The
experimental details are given by Hess' and
Chung. " The observed numbers of events and
corresponding cross sections are given in Ta-
ble I.

The AK system has been studied in both pE K,o
and nE, K, final states where the decays Ky'
—v++ n were observed; all successfully fit-
ted events in the fiducial volume were used.
In contrast, the A, (1310) represents less than
10% of the z+v v p final state, so that useful
comparisons are possible only after imposition
of stringent selection criteria. For subsequent
analysis, v pop events are defined as those
with at least one M(~+v ) combination in the
interval 0.66 to 0.84 BeV. Background due to
the sequence w +p-m +~ +N*++(1238) -m
+& +&++p has been minimized by rejecting
events with 1.12 BeV ~M(v+p) &1.32 BeV and

Ap~+' ~1.5 (BeV/c)'. In addition, events were

Table I. Final states analyzed.

Final state
Number of events

3.2 BeV/c 4.2 BeV/c 3.2 BeV/c 4.2 BeV/c

Cross section
(p,b)

p.'" .
pKK
nK 'K'

6318
228a
201b

2986
95a
68b

1910+80
65.1 +5.3
45.3 +4.1

1920 +100
65.7+7.9
36.6 +5.1

K ~++ ~ decay was observed for these events. The cross sections were corrected for this detection effi-
ciency (e = ~).

Decay of both K& ~ + m. was observed for these events. The cross sections were corrected for this detection
efficiency (e = 4/9).
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rejected if they fell into the region where the
Deck mechanism" is strongest, Ap&

— 0 55

(BeV/c) and Pp P0= cos8p ~ -0.8. Here pp is
the momentum of the outgoing proton and po
is the beam direction in the pv rest frame. 's

The effective-mass distributions, M(KK),
for the KK systems are shown in Fig. 1(a); the
M(v p ) distribution is shown in Fig. 1(d) for
events with bp (0.65 (BeV/c)2. In both cases
a good fit is provided by a Breit-signer res-
onance, with Mo = 1310+ 20 MeV and I" = 65 + 20

MeV, above a smooth background. The h~'
distributions for events in the A, interval, 1.24

to 1.38 BeV, are shown separately for EE events
[Figs. 1(b) and 1(c)] and v pc events [Figs. 1(e)

and 1(f)]. After comparison with control regions
we conclude that, within statistics, contribu-
tions from the 1310-MeV peak are similar in
all cases.

Possible quantum numbers for the EE peak
at 1310 MeV are readily deduced. Since the
decay E~ E, is observed, C is +1 and J is
(even)+. Histograms of decay cosine (cos()K
in the KK rest frame) and Treiman-Yang an-
gle are plotted in Fig. 2. The decay cosine dis-
tributions for both the E E,' and E, E, events
contain strong cos'6) components, so that J is
not equal to zero. Since I is 1 for E E,o, we
conclude that G = (-1) +I= -1. Consequently,
I is 1 and J+ is 2+, 4, etc. for the EE peak
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FIG. l. (a) Effective-mass histogram for the KK systems at 3.2 and 4.2 BeV/c. (h), (c) Histograms of &~~ at
3.2 and 4.2 BeV/c for KK events in the A2 region. (d) Effective-mass histogram for the v p system at 3.2 and
4.2 BeV/c. Selections are discussed in the text. (e), (f) Histograms of &p2 at 3.2 and 4.2 BeV/c for the mp events
in the A2 region.
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In deducing possible quantum numbers for

the rp system, we note first that the decay
A2(1310) -z+p is allowed, consequently G is
-1; in addition, Abolins et al. have shown that
I=1.'4 To determine the spin and parity, we
consider the decay correlations in the A, rest
frame, ' we define q as the relative momentum
of the & 7T pair forming the p, p as the mo-
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Deca y cosine Treiman- Yang angle (deg)

FIG. 2. Histograms of decay cosine (=PK P0 in
the A2 rest frame) and the Treiman- Yang angle for
KK events in the A2 region. The A2 histogram is
shown in (a) and (b) and the A2 in (c) and (d). In (c)
and (d) two points have been plotted per event.

mentum of the third pion, and cosp=—q P. For
collinear decays, corresponding to points on
the boundary of the Dalitz plot, we have cosP
= ~1. For these decays $(3v) is proportional
to Y& (q), so that P is —(—1); consequently,
for 3v systems with P= (—1), collinear decays
are not allowed. " Since the parity of the 3~
system can be deduced only from the density
on the Dalitz plot near the boundaries, a pre-
cise estimate of background is crucial; for sys-
tems with P = (-1), a small residual background
of collinear events can lead (erroneously) to
the opposite parity assignment.

The cosp distributions are shown in Figs.
3(b), 3(c), and 3(d) for events in the A, region
and control regions; the strong contribution
from the decay A, -7) +p produces the peak at
cosg =0.2 in Fig. 3(b). Events in the interval
1.24 to 1.38 BeV may be identified as (1) A2
-v+p, (2) vp background, or (3) 3v background.
We designate the fraction of events of each type
by &f. The smooth curve in Fig. 1(d) suggests
that e, + ca=0,6+0.1; the M(m+n ) distribution for
the events in the A, interval gives &, =0.4+0.1.

For comparison with the experimental data,
theoretical cosP distributions'6 for possible
J assignments were modified by addition of
noninterfering background. To examine the
dependence of each J+ assignment on background,
e, +e, was varied from 0 to 1. The &p background
was calculated using the matrix element for
an s-wave vp interaction (i.e., J =1+ appro-
priately symmetrized)'; a uniform distribu-
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FIG. 3. (a) Variations of X (19 degrees of freedom) for various J assignments for the A2 as a function of the
background level. (b) The cosP distribution in the A2 region. See text for explanation of the curves. (c) The cosP
distribution for the region below the A2 (1.0 to 1.14 BeV). (d) The same distribution for the region above the A2
(1.48 to 1.62 BeV).
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tion in cosP was assumed for the 3n background.
The behavior of )t' (for 19 degrees of freedom)
is shown in Fig. 3(a) as a function of the assumed
background level; the slopes are discontinuous,
since we have arbitrarily set e, =0 for Eg 0.6.
We note that when background is ignored, the
most likely assignments are J+=1+(I=0) and
J+=2 (I =1). However, for a realistic back-
ground level of 40 to 70%, J+=2+ represents
the only assignment (of those considered) com-
patible with the data': The fitted distribution
is shown in Fig. 3(b) for e, =0.4. Consequent-
ly, for a model with noninterfering background,
parsimony requires that we identify the rp and
KE peaks as alternative decay modes of an
I J =1 2+ state at 1310 MeV; production cross
sections are given in Table II. The combined
data give 1(A, -K+I7)/I'(A, - v+ p) =0.05
+0.02; a factor of —,

' has been included for the
unobserved ~ p decays. The decay A, —& + g
is allowed; some evidence for a peak near 1310
MeV has been reported. We have examined
the M(v ri) distribution from the m (n+v vo)p

final state and (after correcting for unobserved
decays) estimate I (A, - ~+q)/I'(A, -v+ p)
= 0.12 + 0.08.

Since A, events are concentrated at low 6&
and the decay A, -~+p is dominant, it is like-
ly that production occurs through p exchange.
Unmodified, this model predicts a distribution
cos 8K sin 6|K(1+acos2y) for the KK decay mode,
where cp is the Treiman-Yang angle, ' the cos8~
distributions in Fig. 2 are in strong disagree-
ment with this prediction. Similarly, the mod-
el does not account for the observed correla-
tion between the beam direction and the normal
to the rp decay plane. " Analogous discrepan-
cies in other reactions involving p exchange
have been explained by absorption effects."

We wish to thank the scanning and measuring
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experiment to a successful completion. It is
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out the course of this experiment.
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