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Decay Properties of the AZ(1310) Meson
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Richard I. Hess, ** Janos Kirz, and Donald H. Miller

Lawrence Radiation Laboratory and Departmeht of Physics
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ABSTRACT
The properties of the A2 enhancement are determined from the
KK and wp decay modes independently. The characteristics of both

systems are consistent with the decay of a particle having IGJP = '1—24.—.



-1- UCRL-16980

Existence of a strong mwp enhancement between 1.0 and 1.4 BeV

~ was discovered by Goldhaber et al. in a study of the reaction

- 1 . .
o p—wm o pat 3.65 BeV/c. = The ABBBHLM Collaboration® and

Chung et al. 3 demonstrated that the enhancemént consisted of two peaks:
the A, at 1080 MeV and the A, at 1310 MeV. In addition, Chung et al.
repdrted evidén’cé for existence of a KK peak at 1310 MeV; the assign-

ment IGJ'P = 172" was deduced on the assumption that the wp and KK

peaks represented alternative decay modes of the A2(1310). In several

recent studies of the mp system alone, the assignment JP = 2+ has been

favored for the A2(1310). 4-6 In others, however, the assignments

7F = 1% or 27 have appeared more 1ike1y;7_9

in this case, the KK peak
represents the decay of a new particle. In the present Letter we attempt

to resolve this question by determining quantum numbers independently

for the KK -and 11'p. peaks; the analysis supports the original assumption

of Chung et al. >

The film was obtained in the course of a systematic study of w p
interactions near 3.2 and 4.2 BeV/c in the Lawrence Radiation Labora-
tory's 72—inc'h'hydrogen’ bﬁbble chamber. The experimental details are

given by I—Iess;10 and Chung.. 1" The observed numbers of events and

corresponding cross sections are given in Table I.

‘The KR system has been studied in both pK K and nK9KY final
states where the decays Kg - 'n'+'n'_‘ were observed; all successfully fitted

events in the fiducial volume were used. In contrast, the 'A2(1310)

" represents less than 10% of ,_th'ev1r+"rr_1r~p final state, so that useful

comparisons are possible only after imposition of stringent selection

criteria. For subsequent analysis, 1r-p‘°p events are defined as those
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with at least one M(‘ﬁ'+‘n"—) combination in the interval 0.66 to 0.84 BeV.

" Background due ’to the sequence 'rr.p”> TT_TT_N (1738) - oo p has
been rn1'nn11zed by rejecting events th 1.12 BeV = M( p) < 1 32 BeV
and -A pﬂ+$ 1.5 (BeV/c)’ . In addition, events were rejected if tneyv
fell into the region where the Deck mechanismiz is stronge.st,
. L, B | » g
AT . £0.55 (BeV/c) and $ - =cosH < -0.8. Here is the
B - S0.55 (BeV/e) and B - By b 7 P

" momentum of the outgoing protcn and Po is the beam di_fe_ctiqn in the
- | 13
pw rest frame.
The effective-mass distributions, M(KK), for the KK systems are
shown in Fig. 1a; the' M(n po) distribution is shown in Fig. 1d for events

' with VAAZ < 0.65'(BeV/c_)2. In both cases a good fit is pro’vided by a

P
Breit- W1gner resonance with MO = 1310+ 20 MeV and F = 65:*: 20 MeV,
vabove a smooth background. The AZ dlstrlbutlons for events in the '

, N
| _A2 interval, 1.24 to 1.38 BeV, are shown‘separately for KK events

(Flg 1, b and c) and 1r p events (F1g 1, e and f) After comparison
w1th control regmns we conclude that, w1th1n statistics, contrlbutlons
from the 1310-MeV peak are similar in all cases.

Possible --quantum numbers for the KK

B peak at 1310 MeV are read1ly deduced Since the decay K Kg is observed,

"Cis +1 and JP is. (even) Histograms of decay cosine (cos QK in the
KK rest fr’dme)_and Treiman-Yang angle are plotted in Fio. 2. 'The

.decé.y co’sine .di'stributions for both the K-Ko and. KiKi events contaln

strona cos 9 components, s0 that J is not equal to zero. Smce, 1 15_ 1

for K K1

JP_‘is 2+,- -f}+, etc. for the KK peak at 1310 MeV.

, we conclude that G—( 1) "-1. »Conseque'ntly, 16 is 1" and



-3 UCRL-16980

In deduciné possible quantum numbers for the wp system, we
note first that the decay A2(1310)—>1rp is allowed, consequently G is -1;
in addition, Abolins et al. have shown that I = 1. 14 To determine the spin
and I,;oa.rit.y, we consider the decay correlations in the AZ rest frame; we
define. ¢ as the relafive momentum of the _rr+1r; pair forming the p?,
- p as the momentum of the third pion, and cosp= g4+ p. For collinear
dééays ,‘ C;Jrrespondirig’ to points on the boundary of fhe Dal.itz plot
cosP = x£1. For these décays Y (37) is proportional to Yg/[ (§), so that
P is —(-1)J; consequently, for 3w systems with P = (-1)J,',collinear
decays are not allowed. 15 Since the parity of the 3w system éan be
deduced _q_r_l}_y from the density on the Dalitz plot near the boundariés, a
précise estimate of background is crucial; for systems with P = (—1)J,

a small residual background of collinear events can lead (erronedusly) to

- the opposite parity assignment.

The cosP distrributionsv are shown in Fig. 3, b,c, and d for events
in the A2 region and contr.ql regions; the strong contribution from the
decay A, - P produces the péak at éo_sﬁ * 0.2 in Flg 3b. E.vents in the
- interval 1.24 to 1.38 BeV niay be identified as (1) Ay > wp, (2) wp back-
g'z_;ound, or (3) 3w background. We designate the fraction of events of
- each type by €;- The smooth curve in Fig. 1d suggests that
N .62. + 63' = 0.6 £0.1; the M(-rr+'n'-) distribution for fhe same events gives
€5 = 0.4%£0.1. |

For comparison with the experimental data, theoretical cosf |
.”distributionés“) for possible J_P assignments were m‘odiﬁéd by addition of
néni.n@rferihg ba';:]‘(g"ro.und. To e.xa.mine thé dependence of each JP assign-

ment on background, €, +e, was varied from 0 to 1. The p background was
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calculated using the matrix element for an s-wave wp interaétion_
(i.e., JP = 1+ appropriately syrnmetrized);” a uniform distribution

"~ in cosP was assumed for the 3w background. The behavior of ¥

(for 19 degrees of freedom) is shown in Fig. 3a as a function of the
'éssﬁmed background level; the slopes are discontinuous,_ since we have
arbitrarily setr‘ € =‘O for. €{3 0.6. We note that when background is

ignored, the most likely ‘assignments are JP = 1+(£ =0) and JP =27(¢=1).

However, for a rgélistic backgrouhd lével of 40 to 70%, JP = 2+
‘rép:esents the only assignment (of those considered) compatible with

the data: thve' fitted dibstributiovn is shown in Fig:. 3b for € = 0.4, Con-

_ sequeptly, fér a 'mvodel with noninterfering ‘background, pars-imony re-
quires that we identify the wp a.nd KI_{. peaks as alternative decay modes

of an IGJP

= 172" state at 1310 MeV; production cross sections are
given in Table II. The con‘vlbi.ned data give I‘(Ai—* KK)/I‘(A;—Hrp) =
0.05+0.02; a factor of 1/2 has been included for the unobserved Tr‘op—
décays. 'The decay AZ - 1N is allowed; some evidence for a peak near
1310 MeV hés Hbeen fepbrted. We have examined the M(w n) distribution
from the 1r‘-(1r+1r._1r°)p final state and (after cofrecting for unobserved |
decays') estimate [‘r(A'Z» xm]/[T (A;—» wp)] = 0.12&0.08.

vSin_c‘e A, e.vc_anfs are concentrated at low Al?;I and the ‘de_cay
A, »mp is dominant, it is likely that production occurs through p
exchangé. _ Unrnodified, this model predicts a cosZGKsinZHK(1+a cosZgd)
distribution for the KK decay mode, where ¢ is the Treiman-Yang.
angvle; the cos’GK distr_ibutions in Fig. 2 are in strong disagreément with
this prediction.. Similza'.rly,v the model dqes not account for the observed

correlation between the beam direction and the normal to the mp decay
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. plane. 1 Analogous discrépancies in other reactions involving p ex-
change have been explained by absorption effects. 18

We wish to thank the scanning and measuring staff for their un-
tiring efforts in bringing this experiment to a successful completion.
It is a pleasure to acknowledge the encouragement and support of

Professor Luis Alvarez throughout the course of this experiment.
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Table I. Final states analyzed.

Final state Number of events Cross section (ub)

3.2 IBeV/c 4.2 BeV/c 3.2 BeV/c 4,2 BeV/c
prinT®T 6348 2986  1910%80 1920100
p KK~ | 228% 952 65.1£5.3 65.7+7.9
nK{K) 201 6P 45.3£4.1  36.6%5.1

a. Kg - -n'+1r— decay was observed for these events. The cross sections
were corrected for this detection efficiency (e = 1/ 3).
b. Decay of both Kci)- - Tr+‘;r— was observed for these events. The

cross sections were corrected for this detection efficiency

(€ = 4/9).
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Table II. Cross section for A2 production.

Revaction Cross section (pb)

3.2 BeV/c 4.2 BeV/c
T p - Aép; ‘Aé - KK~ 18+ 4 17+ 5
T p - Agn; Ag - KR = 36+ 10 18+ 9

xp > Aspi A5 - p"v’ 150+ 50 : 175+ 45

Pea

[®]
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FIGURE LEGENDS

Fig. 1. (a) Effective-mass histogram for the KK systems at 3.2 and

Fig.

Fig.

4.2 BeV/c. (b) and {c) Histograms of Alil at 3.2 and 4.2 BeV/c for

KK events in the A2 i'egion.' (d) Effective-mass histogram for the
1-r.p0 system at 3.2 and 4.2 B'eV/c. Selections are discussed in the
text. (e) and (f) Histograms of AIZ) at 3.2 and 4.2 BeV/c for the L
events in the A, region. |

2. Histograms of decay cosine (= 1’5K f)o in the A, rest frame) and
the 'l‘i'eixnan~Ya.ﬁg angle for KK events in the A‘2 region. The A?:
histqgram'is shovm' in (a) and (b) and the Ag in {¢) and (d). In (c)

and (d) two points have been plotted per event.

3. (a) Variations of XZHC) degrees of fréedom) for various JP

. assignments for the A2 as a function of the background level.

(b) The cosf distribution in the A2. region. See text for explanation

‘of the curves. (c) The cosp distribution for the region below the

A, (1.0 to 1.14 BeV). (d) The same distribution for the region above

the A, (1.48 to 1.62 BeV).
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