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Abstract: Data in the channels T'p — fip KK
and 'rr+p - ﬂ+prﬁp at 13,1 CeV/¢ are presented;
the 47" K% ang p K (890) subsemples are
discusped In tearme of a double-Hegge model., Ho

resonance structury ac H{pPP) = 3.755 GaV is

observed, .
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A, Ingroduction

We have extended an analysis of the four-constrzint four-prong ﬂ+p
interactions at 13.1 GeV¥/c to include KK~ and PP pairs. The dats derives
from a ~ 9 event/pb equivalent exposure cbtained in the SELAC 82" hydragen
bubble chamber. The r-f separated n" beam hed a momentum spread of ~ 1.5%
in the chamber; however, from the known dispersiom, beam momenta were correlataed
with chamber ecordinatez and determined to ™ ,5%.

The ﬁfK. and ﬁ; candidates were selected from some 74,000 events which
failed the ﬂﬁfﬁ+h- hypothesis [1] and for which the unbalance of measured
momenta was less tham 2 GeV/c, By varying the beam until momentum was conserved,
the mazz o in f+p - ﬂ+pﬂ}hf wae determined from energy conservation; thiz method
was suggested and employed by Ehrlich er al, [21. This procedure waz cemplicaraed
in most cases by the Inability te uniguely identify 'l'r+,p,1{+ components of che
three positive tracks produced; for these events, permutations of {dentity were
included. The mass spectrum of the assumed particle-antiparticle pairs thus
obtained . contained large contributions extending through the K and p masgs
values, Those combinations for which at least one permutation had mz - (5].!-11}2
~ 13,500 events, were processed in the usual manner by the SQUAW fitting
routines with ﬁ+pK+K- and ﬂ+f5ﬁ fo;r-constraiﬂt hypothesea, Each of the 1,310
events passing 3QUAW was examined on the scanning table to ascercain whether
observed ‘ionizations were consistent with particle assignments of the fitted
hypethesis; 560 events were acceptable. Fioglly a P{};z} < .1% cut was I.m[:nr::.s«:-:ijr
reducing the sample to 468 good E?Entﬂ.ﬁ The m2 distribution of thusé com-
binacicns which passed 5QUAW is showm in Tig, 1; the solid sub-histogram cor-
responds to the 468 good events. The ordinate label applys stricbtly emly te
the selid area in that there are from ! = & combinatjons possible before applying
the {omlzation eriterion. Evidently the KK and p? events are well geparated
tn m%. This selection yielded 343 N pK K and 125 7 p pp events, corresponding

to croza sections of 39 % Bub and 14 % 5pb respectively.
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Each &tep im sifting the data preferentially reduced the number of event
peinte outside of the K and p mass ranges in the m2 plet, the final chi-
gquared cut nearly eliminating valuez of ml2 noet in the desired peaks. It
is apparant that selecting only on narrow m2 bandz about the K and p masses
in the original data sample would save much labor and geanerate Little real
event loss; our choice of m2 ::-'-Suﬂz WAS vary conservative,

The ratios M'p KK /M pA' 0" and T ppp/M pM M aze ~ 1/30 and ~ 1/85
respectively at 13.1 Ge¥/e, If we define r(a) as the ratio of cross
sections for 'I'I+p - "+p aa production at 8 Ge?fc[:j] to that at 13.1 CeV/c,
The data ylelds (™) »(&'): r(p) = 1.61 1.8: 1,1 which can be compared

= = -’5 =
with (P B.ﬂfPlﬂb 13.1) = 1.3.

lab
+ -
B. TP KK
- +
A zcatterplot of MK ™ ) vz H(ﬂ+p} is given in fig. 2, with a projection
++
on the M(ﬂ+p} axiz showing a coaspicuonsz A signal of ~ 99 events within
*
the mass band M(4) = 1.24 + .1 Ge¥, Events in the K (830} - E.H overlap
* T
region were divided between the 4 and K in ratlie to the population of their
- +
respective non-=overlapping sdjacent side bands. The prajection on che M{K 7 )

axiz 1=z given in fig. 3{a), where the shaded portiom corresponds to removal

x
of .|!~.4+ events, There aré ~ 106 points in the K (8%90) region defined as

x &
M{K )} = 0.8% + .1 GeV, and in addition there is some jndicacion of a K (1420)
- e e
T

*
signal, Removing tha K (890) bsnd yields the shaded area in the H(ﬁ*p}
distribution of fig., 2. The marginal enhancement at H(ﬂ+p} ~ 1.6 GV is alsc

cbserved in the 'I'I!+1:|TT+W- date where again it Lis more suggestive than

+
indicarive. Within the present data, the A decay 13 described by (I+3 cuszaJ)

where EI‘J is the usual Jackson angle; the H('I'T+p} ~ 1.6 GeV region is flat in

+
cez B_, and beyond M{™ p) ~ 1.7 GV, the eventa are almost wholly within

J’

coa EJ > .8,
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The M(K K ) spectrum is given in fig. J=b where the hatched area indicates

* -
removal of K ({890) events and the double hatched portion shows the H(K+K 3
distribucion producad with the A, There is, perhaps, an indication of a
*
shculdea in the @ or 5§ band and a modest f':'I and/or ﬁzn gignal. Selecting on
the A does not sharpen the fufhz signal, a tesult evidencly differenc from
[3] + _ o0

the 8 GeV data. & preliminary sample of ~ 50 events in the W pK K channel

also shows no ¢ signal, and comparably modest fofgzo prnduction.[ﬁ] The M[Kfp]

gpectrum suggests no clear resonance formation.

A low masg enhancement is evident in the H{K+K-ﬁ+} distributicon in fig. 4,
The hatched area remaing after removed of £++ ayante and the double~hatched
part is left following the further substraction of K*(EBU) events. A possible
explanacion of the H{K*K} threzhoeld enhancement will be given in the folleowing
gection, :
¢. KKP

The KFKP subsample of the data iz characterized by low four-momentum
transfers t{ﬂK*}, £(ME) and t{pp) and consequently a tendancy towards low
values of H{K*K); these features are reminizc¢ent of the (P behaviour through
the 51 enhancement region and suggest that a similar interpretation in terms
of a double-exchange peripheral amplicude may be appropriate [1]. By requiring
-t(ﬂK*} and =t{MK) < 2,0 {Gavfc)z and -t(pp) < 0.5 {GevICJE a peripheral set of
G0 events is obtained with the t¢-distribucions shown in £ig. 5; alse pictured
is the double-Regge diagram assumed, The amplitude was taken as

o % t o
* % K 47pp Fom
- - % *
ACK ,Pom.} = R(K) - (5,*/5) e (s, pfsnj
* *
with the usual Reggeized K ~-exchange propogater R{K )fand a lingaxr trojectaxy
” 2 I 2 2
¥ 1 {Q)K EHK t]. The vwalues {O)K L {GeV/c)” and 5, 1 (Ge¥/e¢)
are used throughout, Pomeranchuic exchange is described by aPum = 1 and an
expanential residue determined from elastfe scattering, The predictions are
normalized to the data snd comparisons ta the t-éﬁectra and mass distributions

are shovm in fig. 5 and fig. & respectively. Evidently there is n¢ necessity
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toe inelude a diagram involving K-exchange (K# and ¥ positions interchanged).
Duality arguments would guggest that the ohserved M{Kﬂk) threshold enhance-
ment corresponds to the axistence of 8 resonance In the KK# tystem at a low
wmass value; in addition to the A,(1640)T, there is a reported abmormal
{zpin-parity) state decaying into the KK* channel with a mass of 1.54 GCev,
listed a5 the Fl.EE]
p. XK AT
A description of the K*K A channel is given in ferms of che double-
exchange diagram shown f{n fig.7. There are 49 events within the kinemarical
region defined by -t{anf*il.ﬂ {Gevfc}i and =t{pa} < 0.5 {Ge?fc}z. The

double-Regge amplitude agsumed to describe this data is caken as:

¥ * o

o R (s~ /s

A = REY €5 -/8) oS

W
with o = '(uh? « t{pa)) and R(K ) a2 in section €, The t distributions and
mass spectrd are given in fig, 7 and fig, & respectively along with curves
¥
representing the predictions of A{K n)., Although sparse, the data are well

described by the double-exchange mechanism, -

E. _NPpPE

Both combinaciona of M{n’p} are shown in fig, D-a ﬁhergtiLfroductian is
¢ledarly evident, with approximately 307 of the reaction involving a 4. The
curve in fig, 9-a is the prediction of phase space, There is no suggesticn
of a resonant atate ac 3,755 GeV in the H(ﬁEp} distribution shown in fig. 9-b;

the only deviation from phase space is the high mass peaking which reflectas 4

£37

formation in M(T'p). The M(pp)} spectrum is given in fig. 1{; the two small

enhancements in the low masa range may correspond to production of ﬁﬁ{Zl&D} and
st S—

p(2290) reupectiv&ly.tﬁ]

.
F. Conelusion

The reaction w'p = mpk K occurs with & frequency of 1/30 th of that of

L .
the n"pn"n” channel; whereas the latter is dominsted by p, £ ang gt praductinnJ




the former consists mostly of theﬂ_lﬁ{____@_?_?} and .ﬂH states, =ach of which con-
stitutes ~ A0 ¢f the reaction; there iz some evidance for a 1{*(]'_&202. The
significant difference 1s the lack of two-particle final states in the K+Kf
case, no evidence for a strong @ {e.g.) 1s observed, The data are consistent
with the predictions of double-Regge exchange; K*fPomerannhuk exchanges in the
KK p state and K /M exchaoges in the A 'K K~ chsnnel, The M p — % ppp
reaction is 2.8 times less frequent than the Tr+pK+K.H state. Formation of ﬁ‘H'
occurs in ~ 0% of these events with the remainder evidently following phase
spare, Al resonance at H{pﬁb) = 3,755 GeV, reported by Ehrlich et al. [2],

was not obaerved,
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* ** The poasibility that the low masa KK# enhancement ia a decay made of

the diffractively produced Aa(lﬁ&ﬂ) is under investigation.
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FIGURE CAPTIONS

Distribution in m? for the reaction ﬁ+p *'“+pm+ﬁf at GevVic of those
event combinations £or which a fit was cbtained with m = M, ot Kp.

The solid area indicates the m2 distributicon of the final good event

sample,
Scatterplot of M(K ®*) va, M{n"p) axis. An event with iH{n‘p};1.235|*<ﬂ.;

Ge¥ was accepted ae a a**; the solid area corresponds to the removal
of K (890) pointa. ;

(a) Distribution in MK T"): the hatehed portion remaine after A** Subw
traction.

(b) Distribution in M(K'K") ; removal of K*{Egﬁ} eventa ylelds the
hatched area and aelectins on the EtEives the ¢rogsa-hatched spectyum,
Dlstribution in M(K'K™%'); removiog 4'* evente gives the hatched
spectrum; Eurther removal of K*{890) data yielde the croess-hatched area,
Four-momentum transfer diatributions fin the procesa Wp — pKTK{890);
the curves represent the prediction of the double-gxchange diagram showm.
Invariant mase distribuciona in the reaction ﬁ*p -+ pK*K*(EBG}; the
curves are from the double=Regge model.

Four~momentum transfer distributions in the process p = A™ K¥K™; the
curves rapresent the predietionse of the double=axchange diagram showu.
Invariant maes distributiona in the resction o'p = 4™ K'K™; the curves
are from the double-Regge madel.

(a) Distribution in M("*p) of the reaction Mp = mwppp at 13.1 GeV/e.
{b) Distribution in H{pﬁp} of the reaction n'p = ﬂ*pﬁp at 13.1 GeV¥/c.

10, Distribution im M(Dp) of the peaction #'p = W'ppp at 13.1 GeV/e,
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