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Final-State interactions in the v 4p-K+K+N REACTION*

Cideon Alexander,' Orin 1. Dahl, Laurance Jacobs, Georgo R. Kalbfleioch,
Donald H, Miller, Alan Rittenberg, Joseph Schwartz, and Gerald A, Smith

Dopartment of Physics and Lawreace Radiation Laboratory
University of California, Berkeley, California

Qctober 24, 1962

Liiithis Letter we report results of a study of the reaction W + p - K+ K+N
at incident momenta less than 2.3 BeV/c. Wao find that the distribution in mo-
mentum transfer to the recoil nucleon is consistent with the assumption that
most KE-pairs are produced in peripheral w + p collisions, 2a suggested
by the data of Erwin et al. 1 However, the effsctive~-mass distributions for the
KN system indicate that an additional contribution to the KEN final state arisco
from production of the isotopic spin I= 0 resonant st#te Yg (1520 MeV), 2 with
the subsequent decay Yg -~ K+N, We have also examined the KK effoctive-
mass distributions for possible effects due to final-atate interictions. Althéugh
the KQ.K' effective-mass distribution is consistent with the phase-space estimate,
an enhancement is observed for the neutral KK-system (Kl Kln final states) in
the region MZ(KlKl) = (1.02 BeV)Z. A satisfactory fit to the data in obtained
if the anhancément is attributed to strong scattering in the 1= 0, S-wave KK otata.
In a study of the reaction K~ + p=Ai+K+K at 2.24 and 2,5 BoV/c, Bortanza
et al. have observed a similar enhancoment at approximately the same maoo;
however, only final states of the type A K,K, were found. 3 The relation of
the two results is discussed,

The data were obtained during an extoneive exposure of the Lawronce
Radiation Laboratory's 72-in. hydrogen bubble chamber to a secondary %
beam at six momeontum settings ranging from 1.51 to 2.25 BeV/c. A total of

225,000 picturcs with 10 to 20 * mesone oach werc takon and scanncd for
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visible production of strange particles, Of the 12,000 eveonto measured, 158
were unambiguously identified via the kinematical constraint program
PACKAGE as belonging to one of the following hypotheses:

a. " +p=ek® 4K +p, with K9 =0t 40",

-5

b. n°+p~1{°+x K0

+n, with K0 =o' +9°, and Klow' +17,
The number of observed events together with the approximate path length
examined is summarized in Table L

The Dalitz plot for the reaction % +p - K° + K~ + p, together with ito
projections on the MZ(KQK') and MZ(K'p) axes, ic shown in Fig. 1. Since
the effects of two-body interactions may be obscured in events occurring too
close to the kinematic threshold, all events for which the laboratory momentum
of the incideat pioa p is lessthan L% BeV/c have been plotted separately and
are not used in the analysis of effoctive-mass distributions. The phasc-space
curves represent weighted averagen for the data appoaring in tho plots. A
strong enhancement appears in the MZ(K™p) distribution at M° = (1520 MeV)?,
with estimated full-width I" ¢ 25 MeV, §&ince the resonant state, Y;(ISZO MeV)
io readily produced in the 7  momentum interval studied here, ¢ we attribute
the peak to the reaction #° + p - Y; + K0 followed by Y; -« K +p. No
significant deviation from the phase-space curve is obscrved for either the
Mz(Ke K") or the M"(x"p) distributions,

The Dalitz plot for the reaction @ + p - K% + EU' +n is shown in
Fig. 2. In the present experiment we can fit only those events for which both
the KO and ;;3' decay via the K, - LT mode; interactions leading to tho
K, K,n final states are kinomatically underdotormined, since necither the

neutron nor the K, is oboerved. 5 In addition, the Ko cannot be dictinguiched
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from the 1?- . 80 that each event must be represented by two points on the
Dalitz plot. The distribution for (K —6) is otill unique and may be compared

directly with the M (Ko K7) diotribution. in the other projection we are con-

strained to study the sum of the distributionﬂ for M (K n) and M (Fn) It

must be noted that if the product CP is conserved in production and decay,
the gbserved KIKI events result only from those states in which the relative
angular momentum, L, of the neutral KK systém is even. Consequontly,

the Kl |P events serve as a detector for only a restricted portion of the

0 -b— n final state.

A comparison of the MZ(K,1 Kl) distribution with the phace-space curve
indicates a syostematic tendency for the Kliﬁl oystem to dbe produced with low

effective mass, a peak occurring in the region MZ(KlKl) - (1.02 BeV)z. Since

no corresponding deviation is observed in the Koﬁ’p events, wo ascribe tho

effect to a strong interaction in the 1 = 0 KK system. 6 Possible assignments

ot

for the erhanced state are 0 » etc. (spatial parity is designated by the

firet superscript and G-parity by the second), This result may be compared .
to the similar enhancement reported by Bertanza et al,, in which no KIKI
final states were observed. With CP conservation, the difference in decay
states is sufficient to conclude that the observed enhancements muet arise
from strong interactione occurring in two states of the neutral KK syetem

with opposite parity.

The combined Mz(Kon) and MZ(EUn) distributions have been czaminod

for evidence of the decay Yg - ;EG + n. Taking into account

I‘(Yg - K +p)/ I‘(Y** "T)'* n) = 1, and the rolative detection effictencico, 3:1,

for KOK'p and KGEEU;; final statoo due to Kg decay, the ~20 Yguszo MeV)
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decays observed in the Kol‘l-p channel lead to the expectation that - 741.5
Ko{’:a-n events will be associated with Y; decay. Although we obeorve no
enhancement in the M interval centered about 1520 MeV, a peak of about
12 counts is present in the next higher interval. Although this M?' distribution
may arise from a eeries of statistical fluctuations, the sbift in the position
of the Y;(ISZO MeV) resonance may be due to interference with the strong
Koy:ﬁ‘interaction.

The distributions for the cosine of the nucleon recoil angle in the

n 4+ p c.7i. system, and the invariant momentum transfer to the nucleon,
Az, are given in ¥ig. 3. Chew and Low have shown that if one-pion exchange
{OPE) contributes to reactions (a) and (b), the double-differential ¢cross section

is dominated in the limit Az-o - mwz by the term7

2 2 Mk 2
e _ % " A
=TT * * ; c ginm - KK}U (1)
dalam® I g ﬂzp“ (6°¢M ”3)2

where M ioc the effective mass of the KK-system, f io the 7N coupling
constant (X 21/ 2 for w' exchange), k"(or kK) ig the momenmrix of either plon
(or either kaon) in the =n c.m. system, and ¢ (ww— KK) in the KK pro-
duction cross section at energy M for the appropriate initial and finsl charge
states. The solid curves in Figs. 3a and 3b were obtained by suitable inte-
grations over Mz (KK), where we have taken g(nw - Ki)« kK/kw and Eq. (1)
to be valid for physical values of AZ. Agreement with the data io satisfactory.
In addition, Treiman and Yang have pointed out that for reactions occurring
periphorally, there can be no corrclation between directiono defined in the
rest frame of the incident pion by EOX}S‘ (initial and final nucleon momentum)

and EKXEK .8 After cubtraction of evento associated with Yguszo MaV) decay,
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the distribution in the angle ¥ = cos'l (onﬁ . EKXES"'K) for all remaining events

is uniform within statistics.

If the adequacy of the OPE mechanism is accepted for KK pro-

ductions not associated with Yg decay, Eq. (1) may be used to estimate the

cross gections for wem - K + K, ? In particular, we shall consider the

strongly interacting 1 = 0 state. &ince the enhancement in M?‘(Kl Kl) occurs

0.0, 10

close to the K K" threshold, "~ it is poseible that it may arise from strong

S.wave scattering in the KK-system. 1 For simplicity we take into account

only the two channels KR «eKE, and KK e mn. Using the goro-effoctive-

12

range approximation” ~ and detailed balancing, we can write the S-wave KK

production croes section for pure I = 0 initial and final states:

4wk K Zb

g olmn = KR) & g © 0 (2)

: 4 e’
Ky (14b gk, ) “Hagk )

where Ao z aO +1i bo

additional factor of two arises from symmetrization of the initial and final

is the I = 0, S-wave, KK scattering length. The

atates. Since we assume that the KK system is produced in the S8-wave, one-

i3

fourth of the events will lead to the lel final state, Taking into account

the isotopic composition of the initial s n' state, we obtain
o(n n’ = R K)) = (1/3) (1/4) 0 y(mn = KK) . (3)

Using Eqea. (1), (2), and (3), we have evaluated dc/sz for several com-
binations of aq and bo. For normalizgation, it was aspumed that all events
with MZ(KIKI) leoce than 1.3 Bevz were associated with the enhancod 017 stato.
We find that A/ < # (4 to 6) + i0.3 fermis provides an adequate fit to both tho
observed croos section’? {dctermined predominantly by bo) and the chaps of
the M*(K,K,) distribution.
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r = 0.8620.08(20°1°

(see for example G, Alexander, 8. P. Almeida, and F. 8, Crawford,
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6. The !=1 KK system can be produced from either the 1= 1/2 or I = 3/2
component of the initial »~ + p state; consequently destructive inter-
feronce is possible in the K°K° channel, Because the data were ob-
tainod over a2 range of incident momenta, wo considor ouch a complote

accidental cancollation unlikoly.
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These cross sections were estimated in Ref, 1. It may be noted that
the cross sections of Erwin et al. are overestimated because kK
rather than k“ is used in the numerator of Eq. {1). -

In the absence of a strong KK inmteraction, explicit evaluation of Eq. 1
yields results for the expected MZ(K.K) distribution quite similar to
the phase-space estimate, Consequently, conclugsions based upon 2
comparison with the phase-space curves remain unchanged.

The possibility that the enhancement arises from the decay of a zero
strangeness J = Z'M. resonant state cannot be ruled out, However,
such a state may be expected to decay much more rapidly into two or
four pions. Since no well-established peak has been observed in the
neutral #n system in the corresponding mass region, the hypothesic
is not required by existing experimental data. It may be noted that to
the estent that KK-pair production occurs peripherally, the'lowest
relative angular momentum allowed to the K'K~ eystem is L = 1. The

centrifugal barrier in this state may contribute to the tondency for the
2
|
K
See for example R. H. Dalitz, Strong Interaction Physics and the Strange

Dalits plot (Fig. 1) to be depopulated as M*(K'K™) = (M o + M
K

Farticles, Enrico Fermi Institute for Nuclear Studies Report
EmNs‘el“sgo
In addition to having I = 0, the initial S-wave #w gtate is even under charge

conjugation, C. 8ince I and C are conserved in the peripheral
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collision, the final charge state must be (1/2) (KOE;G' + izb'i(o)
- (1/2) (x*&” + x°kY) =1/2) (K, K, + K,K)) - (1/2) (K*'x™ + k"1
Z—nea for example, M. Goldhaber, T.D. Lee, and C. N, Yang, Phyo.
Rev. 112, 1796 (1958) /.

14. Using the path length given in Table I, for p_>1.95 BoV/c, and cor-
recting for the 10% electron and muon beam contamination, wo

estimate the contribution to the cross section to be 0.1pb per ovent.
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Table I
Beam momentum Number of observed events Path length

(BeV/c) 0~ 0D 5

, KXKKp K'K'n {10” meters)
1.51 0 0 5.1
1.69 2 7 6.4
1.89 16 10 10.1
2.0% 13 8 - 3.4
2.17 24 18 12,2

. &,25 37 23 15,2

- - - - - -

Total 92 66
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FIGURY LEGENDS
Fig. 1. Dalitz plot for v~ +p - Ko + K + p. Phase-space curves are
normalized to the total number of events., Events for incident pion
momenta, p,_, léss than 1.95 BeV/c are projected oeéarately. Tho
shaded areas correspond to p, < 1.78 BeV/c. Sce text for detailo.

Fig. 2. Dalitz plot for o~ + p = K, + K, 4+ n. Each avent yields two pointo

1 1
on the plot. Fhase-space curves {(dotted) are normalized to the total
number of events with p_ > 1.95 BeV/c. The effoct of strong 1= 0,
S-wave KK scattering is indicated for several values of the complox
scattering length AO =a, +i by See text for detailn.

Fig. 3. Production ¢c.m. angular distribution and invariant momentum
transfer, Az, for the receil nucleon, The solid curvas were colculated
assuming that K&-pair production cccurs in periphoral collisions.
Data are for P, > 1.9 BeV/c. Elimination of events poosibly
asgociated with Yg decay results in no nignificant chango in the

distributions.
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