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ABSTRACT
Data are presented showing that the Y;:('1385‘) produc-
tion angular distribution in the reaction 7 p— vkt and in
0 .
(p.)is

sp
characterized by peripheral and ant:ipenpheral peak1ng.

its charge-symmetric counterpart min (p )—> Y +K

- Explanation for the latter is sought in terms of baryon ex~"
change,v and to this end compari.sons‘ with other "N—-> Y*K re- .
actions are made. The peripheral peak cannot arise through
the exchange of any known meson. Alternative'explanations
are considered. |

The one-parﬁcle exchange model, whén ﬁodified by absqrption, has
\lbeen quite succe'sbsful_in predicting the pféduction angular aistributions andu
decay correlations in a large class of high-energy t\x;o—body précesses. In
paxtlcula r, the characteristic forward- peakcd productmn distribution can

be understood in terms of meson exchange, and backward peak1ng is at least

qualitatively explalned in terms of baryon exchange.
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For the reactions;
"p~ Y K'Y | (12)
and R | .
,w+n(p‘ )= e )Y KO ‘ (1b)
‘from 1.8 to 4.2 GeV/c, we present data on the production angular d1str1bu;
tlons, wh1ch are charactenzed by both forward and backward peakmg
‘throughout this energy range. At t:he same energ1¢s, we hav¢ also stud-

~ied the reactions

- * o S
Tp~> Y OKO, ‘ (2a)
+ ' *0 _+ .
™ n(psp)__-’, (psp)Y K, (Z_,b)
and |
+ ., *+_ + . '
m p(nsp) - (nsp) Y K, ' (3)

where both meson and baryoh exchange are allowed.1 There isvno known
meson whose exchange could produce the forward ?eak in reacl:ioh (1), and
it appears that sirn-ple= u-channel or s-channel effécts cannot account for '

\ this peaking. | |

| The data used in this report come from two separate experiments:

(a) Approximately 890 000 pictures of ™ p 1nteract1ons between 1.5 and
4.2 GeV/c in the 72-inch bubble chamber, in which more than 50 000 strange-
pérticlé events were found. A comprehensive report on this experimeht,
known as w63, has been publishec.l.”2 |

(b) An e#posu‘re known és m66A, consisting of.more than 400 000 pictures
of 1r+d, interactioris between 2.8 and -4.2 GeV/c in the 7.2-inch’ char_n‘be'r',

yielding about 17 000 events with visible decays of neutral strange particles.
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We have also used preliminary data from a lower-momentum run, véé_B,
for reaction (3) near 2 GeV/cl

Because of the rapid decrease of cross section with energy, particularly
for reaction (1), it was found convenient to group the data into three beam-
momentum intervals. The data of the two experiments were compared to
check for consistency and then were combined. For angﬁlar distributions,

a fiducial volume cut was rn:ade.v .The events were given weights (which ;av-

eraged 1.1) according to their detection probabilities. For this report, We

have examined only AKr (not ZKr) final states. Further details of the ex-
posures are given in Table I.

The data-analysis me_thods for 1r63 have already been described. 2 The
66 events were measured on both thé Spiral Reader and .F\‘ranékenstein
measuring machines. Ambiguous Franckenstein-measured events that might
be resolvable on the basis of track ionization infoi‘ma_tion were examiﬂ_ed on
the scanning table; the Spiral R.‘-eade_:r automatically obtained such informa-
 tion. We feel that the femaiﬁing arribigﬁities do not affect the conclusions '
of t;his report;' ,how;ever, the cross sections for w66, which are presented in
Table I, are preliminary.

The AT mass spectra in Fig. .'1 indicate the presence of Y1_*(1385). __

The Y* production angular distributions (Fig. 2) were obtained by dividing

th'e events. into six intervals in A production cosine, and, for each inter—
Val,' calculating the nﬁmber of Y* events present. ~ The fraction of each res-
onance and of phase_space was obtained by using the maximum-likelihood |
fitting program MUR.TLEBER.T, 3 which properly takes into accouﬁt the ef-
fects of K*(890) production competing with reactions (1) and (2). Itwasas s‘um ed

that the resonances could be described by simple Breit- Wigner matrix
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elements with isotropic decay distributions, and that the various contribu-
ting processes were ﬁoninter.fering. These assumptions seem to be justi-
fied by the absence of obviously important interference effects in the Dalitz
plots, and by the generally good fits we get to the mass projections over the
entire rﬁomentum region for the three reactions.

It is, of course, impossible to rule out some small but perhaps impor-
tant interference effects or other deficiencies in the model just described.
As a check on the method, the angular distributions were also obtained in a
more conventional manner: by making a .mas_s cut to select the Y*_(1385),
eliminating ex}ents in vthe K*(890) band, and subtracting, as'ba'ck'ground,
regions adjacent in AT mass. The qualitative agreement with the maximum—
likelihood results was quite good.

'Figﬁr.e 2 contains the esséntial results of this report. The dominant
featurés of reactions (2) and (3); and the backward peaks in feé.ction (1),
appear consistent with the allowed t- and u-channel exchanges.

The stativstically significant peripheral peak in reaction (1) persists
through the whole momentum region. The cros s .s ection in the forward di-
rection is estimated ‘fo be about 7 p_b/sr at 2 GeV/c and about Zpb/sr at the ,
higher momenta. Althoug_h the background is also peripherally peaked, the
peaking is stronger in the Y>"< region. The shad_ed ¢Vents (cos & >2/3) in Fig.

1 _vshow that. there is a definite Y* signal i_n the forward direction. The
fdrward péak cannot_Be attributed to the exéhange of any single kno{x}n meson,
since the t-channel quantum numbefs require a particle with ‘I = 3/2, S =1

: : : ot '
[for example, in reaction (1a), a K © resonance].
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If the reactions were dominated by a single s-channel resonant ampli-
tude, parity conservation WOﬁld require forwafd-back\;/ard symmetry in
the production distribufion in reaction (2) és well as in (1). The ‘a;lv:)sence of

i .
a backward peak in reactipn (2) at 2 GeV/c, where the statistics are best,
means that at least two significant interfvering amplitudes must be invoked
to explain the forward peak as ar_l.s—chanriel effect.. Thé persistence of the
forward peak in reaction. (i) as the erllerg.y varies argues against a fairly
simple s-channel effect. |

Production angular distributiéris calculated for baryon exéhange wi.th
absorption show, in some ‘case‘s, a significant tail extending té cos 8 = +1.6
Although one hesitates to take such az model seriously so far from the back-
ward region, it is conceivable that a;combination'of u-channel exchanges
interfering in a suitable fashion, péréllai)s with an s-channel resonant ampli—
vtl..lde, could generate a forward as Weill‘as"a_backw.ard peak. v.A répid change
in relative phase with u would be reéuired to give destructive interference
in the backward direction but cohstmctive interference in the forward di-
rection.

- We have not completed a study of the 'contributions"o"f two-meson-
exchange diagrams to reaction (1). In the simple quark model, ‘the éffect
we observe may be as sociated with double quark "scattAering.

The absence of forward peakibnvg 1n the twvo-body proce‘sses TT—p—>Z_K+

and K p >2nt has been cited as weak evidence against the existence of -

the particular meson needed to mediate these reactions. 8 The results

<

presented here indicate that such arguments against a K resonance are

not necessarily conclusive. A similar "forbidden'" forward peak has re-

ot
7S -

cently been observed in K p - KT =" reactions.?
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Table I. Exposure size and Y production cross section (approximate).

Momentum - Experi- Exposure 1r+n(p)—> (p)AK0ﬂ+ 1r+n(p)-,>(p)AK+1ro -n'+p(n)—>(n)AK+1r+
interval ment size [Tf-p - AK T,-“] [ﬁ'p_»AK “_0]
(GeV/c) (events/pb) : -

: J E3 A 3
(eventsa O'(Ya K) (eventsa o(Y K) (events o‘(Y*K)
per ub) {ub) per pb) (ub) per pb)? (ub)

1.9 - 2.4 T66B - =6 o , ' =2 . .. =90

1.8 - 2.2 63 42.54£0.7 = =8  42.8%4.0 =3  61.6%10.0
8-3.2 . wbbA =11 ~5 ~6 =5 ~25 ~5 ~34

2.9 -33 w63 12.8%0.5 ~8 5.0 1.0 =2 28.9%7.0 '

3.8 -4.2 TH6A =4 =2 . z7 =2 =23 =2 - =28

8-4.2 w63  5.620.4 =3 1.9214.9 =41  13.045.4

a. These columns apply to _the‘events represented in Fig. 1. The values given take into
account neutral de‘cays of A and KO, and the cuts on the c.m. energy made in 766 for the

maximum-likelihood fits.

A9y 882781 -TYON
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FIGURE LEGENDS

1. Effective mass of A for (a-c) 1T—p - A'K+1T-; and "rr+n - AKOTT+;

(d-f) = p > AK’1? and 7' —>AK+1TO;. and (g-i) 1'r+p >AK'r] The

beam momentum interval in (a), (d), and (g) is 1.8 to 2.4 GeV/c;

-in (b), (e), ‘and (h), 2.8 to 3.3 GeV/é; and in (c), (_f), arild: (i) 3.8 to

4.2 GeV/c. In (a), (b), aijld (c), events with produ’qfion cosine

greater than 2/3 are shaded.

2. Y1ﬂ<(1385) production angular distribution. The angle 0 lies be-
tween the incident pion and the K in the final state.

(a-c): reaction (1), @ p = Y*-K-l_ and 1T+n - Yq~+KO;

(d-f) : reaction (2), @ p — Y*OKotand mn - Y*0K+; ’

(g.-i) : reaci:ion (3), 1r+p —> Y*+K+. The beam momehntum interval
in (a), (d), and (g) is 1.8 to 2..4 GeV/c; in (b), (e), and (h), ‘2.8 to

3.3 GeV/c; in (c), (f), and (i), 3.8 to 4.2 GeV/c.-"'The er,ror.s shown

are statistical only.
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