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and the average s was 22.9 GeV?. The acceptance
for ¢’s was 60% larger than that for p%s; the
corrections were similar except for meson mass
cut (0%), K decay (42%), and unseen decay modes
(104%). The ratio of the ¢ virtual photoproduc-
tion cross section to the total virtual photopro-
duction cross section is 0.0017 +0.0009 compared
with 0.0046 +0.0006 for photoproduction.’

We are indebted to C. A. Lichtenstein and to
W. Atwood and S. Stein for supplying us with com-
puter programs for the evaluation of radiative
corrections. We are grateful to D. Schildknecht
for illuminating discussions on aspects of the
VMD model.
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Backward scattering in the reaction K;"p—pK " is studied in the momentum interval
1.0 to 7.5 GeV/c. Comparison of K;"p—~pK" and K*p—pK* backward scattering, where
respectively Z exchange and A plus £ exchange can contribute in the # channel, reveals

that
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above the resonance region. This result provides direct evidence for the dominance of

the A contribution over the Z contribution in the K*p —pK* production amplitude.

In this Letter we present the first measure-
ment of the backward differential cross section
for the reaction

KLOP"pKSO 1)

in the momentum interval 1.0 to 7.5 GeV/c. When

combined with previously measured K*p - pK*
cross sections, these data provide a direct com-
parison of A and ¥ exchange couplings.

Indirect comparisons of the A and Z couplings
have been made using backward 7 p — A°K° datal*?2
which, like Reaction (1), isolate #-channel Z~ ex-
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change. However, comparisons of the reactions
K*p—~pK* and 77p -~ A°K° involve systematic un-
certainties from the use of SU(3) relations,? and
from kinematic effects when particle masses in
the initial and final states are different.®

Our results are based on the analysis of ~1
million photographs of K,°p interactions in the
SLAC 40-in. hydrogen bubble chamber. The data
in Reaction (1) were found in a scan of one-prong-
plus-vee events, measured on conventional film-
plane machines, and processed with the TVGP-
SQUAW computer programs. The incident flux
and momentum spectrum were determined by
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FIG. 1. Differential cross section for K% —K J'p
plotted in six momentum intervals between 1.0 and 7.5
GeV/c. The uncertainties on the points are calculated
as discussed in the text, The datum point between 0,5
2 cosf2 ~0.5 in the 5-7.5-GeV/c data represents an
upper bound on this cross section corresponding to 1.9
events (85% confidence level) when no events were seen.
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measuring K ;° decays in the chamber, as de-
scribed by Brandenburg et al.*

The total sample for all center-of-mass scat-
tering angles (-1 <cosf <1) consists of 2411
events. In the backward hemisphere (cosf <0)
there are 425 events, none of which is kinemat-
ically ambiguous with other hypotheses. A spe-
cial scan of 15% of the film for backward K,°p
-~ pK ° events yields a scanning efficiency of 70%
for 0,;,>45°,° compared to the scanning efficiency
of 90% for forward events. The scanning effi-
ciency for backward events is found to be inde-
pendent of beam momentum and of K ° decay
length for lengths above 0.30 cm. In addition to
the scanning efficiency correction, events have
been corrected for the neutral decay mode of the
K% for K° decay loss (average correction fac-
tor of 1.08 for cosf <0), and for loss of events
with steeply dipping protons (correction factor
of 1.05). The uncertainties in our data points
include their statistical error as well as the un-
certainties in the scanning efficiency, the beam
momentum spectrum, and the correction for loss
of events with steeply dipping protons. However,
an overall systematic uncertainty in the magni-
tude of the K,° flux, ~10%,* has not been included.

The differential cross sections for Reaction (1)
are presented in Fig. 1 for six momentum inter-
vals spanning our energy range. The general
features of these angular distributions are the
well-defined forward and backward peaks occur-
ring in all the data, the existence of a shoulder
at cos6~0.6-0.8 which disappears with increas-
ing momentum, and the very rapid decrease of
the 90° cross section with energy.® The forward
cross sections have been discussed previously.”

We now consider the backward peak in the K;°p
—~pK ¢° differential cross section. To obtain back-
ward cross sections, the data are extrapolated
to 180° (#’ =0) assuming an exponential form?®

do _(do) _pr_T do) -
du’ - (du’>0e oe ) (2)

_kg —Ql 180
where #’ =u,,, —u. The fitted slope parameters,
the resulting backward cross sections, and the
momentum-transfer intervals used for the ex-
trapolation are recorded in Table I. The back-
ward cross-section errors are taken to be the
fractional uncertainty in the last data point.

For the highest momentum interval, 5-7.5
GeV/c, the data are insufficient to determine the
backward slope. In this instance, the slope pa-
rameter in Eq. (2) is fixed to the high-energy
value, b=5.5+0.5 GeV ™2 for the related reac-
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TABLE 1. KLop *'pKSO backward differential cross sections at 180° (# =uy,y).

Beam Momentum-~transfer

momentum interval, #’ Slope (do/du)u=umax (do/dS) 1490
(GeV/c) (GeV?) (GeV~?) (ub/GeV?) (ub/sr)
1.0~1.5 0.0-0.22 7.5+1.8 2750 =600 330 £175
1.5-2.0 0.0-0.3 6.0£1,5 730170 138 +32
2.0-2.5 0.0—0.4 9.0£2.0 350 £120 90 +30
2.5-3.5 0.0-0.6 1,5+1.4 17+ 7.4 6.2+ 2.7
3.5-5.0 0.0-0.8 6.0%3,0 7,784 4,47%:8
5.0=7.5 0.0-0.6 5.540.,5° 1.3%%:% 1.13%8

2Data intervais chosen consistent with the backward differential cross section
being described by a single exponential, as in Eq. (2).
bSlope value taken from the related reaction 7" p — A’K? (see text).

tion 7°p - A°K°.° This value is in good agree- for the reactions K'p -pK* K p - pK~ ' and
ment with the average slope from Reaction (1) K'n—-nK*'? For the K*n reaction the cross sec-
below 5 GeV/c, although the backward slopes in tion has been reduced by a factor of 4 to corre-
the K ;% —~ pK s° data do vary significantly in the spond to the K% —pK° contribution to K,°p -pK ¢°.
resonance region. Although the K'p~pK*, K'p—~pK~, and K,°p

The backward cross sections for Reaction (1) - pK ¢° backward cross sections are approximate-
are plotted as a function of K;° momentum in Fig. ly equal for momenta near 1.5 GeV/c, it is ob-

2. For comparison, Fig. 2 also shows (do/df),,,° ‘ served that they diverge rapidly above 2 GeV/c
so that for momenta = 3 GeV/c,

do 1/do .

(d“—)moo(KLop~PK50)~3<55>1800(K p —~pK*), (3a)
do Oy oK) m (@) -
(dﬂ>1800(KL p pKSO)~ 5 dQ IBOO(K p _'pK )' (3b)

A similar result has recently been reported at I
2.3 GeV/c in the annihilation channel pp — KK * =2.5+ 0.8, in agreement with the backward K*p
where the ratio of cross sections is o(pp ~K°K,°)/ —~pK* data and consistent with no energy depen-
o(pp~K K*)=0.1+0.06 in agreement with Eq. (3a).

To determine the energy dependence of the re- Kp INVARIANT MASS (GeV)
lations in Eq. (3), the backward cross sections in 1000 ZI‘O ‘ 2;5 ‘ 3ﬁ| 3%5 |
Fig. 2 are parametrized by the power-law form % o K? p—pKS
(d0/dS),5p0 < P, ~", for momenta =2.5 GeV/c. ? » K*n—= K4
For K*p and K™p reactions we find #~2.7 and = © K™ p—=pK~
~3.8, respectively, as shown by the curves in 100 ° K'p——pK"
Fig. 2. In the analysis of the K ;% —pK ;° data,
we assume that the K% —pK° amplitude dominates
the K% —pK° amplitude above ~2.5 GeV/c. The
K*n—nK"* data at 2 GeV/c are therefore combined
with the K,% —pK ;° data, yielding the value »
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FIG. 2. Backward differential cross sections, (do/
A ge, for Kp'p—pK®, K 'n—nK*, K*p—pK*, and
K p—pK ", plotted as a function of momentum. The
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dence for the result in Eq. (3a).

The comparatively rapid falloff with energy of
(do/df) 1500 (K™p —pK ™) can be understood by not-
ing that exotic (Z*) exchange or double Regge ex-
change is required above the direct-channel res-
onance region.'® Duality then predicts a similar
behavior for the resonance region where cancela-
tions must occur in the backward direction be-
tween the amplitudes for different s-channel re-
sonances.

The smallness of backward K ;% —~pK¢° com-
pared to K*p - pK™ has a direct interpretation in
terms of A and Z trajectory exchange. Backward
K;% - pKs® may proceed via & exchange, where-
as backward K*p scattering may proceed via ex-
change of Z or A. Since the Z-exchange contri-
bution to both reactions is identical, the A-ex-
change contribution to K*p -pK* must dominate,
even though Z 5 is the highest-lying hyperon tra-
jectory that can contribute in this channel.

We note that this result is consistent with a pre-
diction of Barger'® that A,, A, should dominate
both Z,,Z, and Z,Z4 contributions to K*'p —pK*
backward scattering.’” Support for this argument
comes from dispersion-relation calculations that
find gagy¥ >&sxy’ from low-energy data,'® and
also from SU(3) models® that relate N, and A,
Regge amplitudes in 7*p backward scattering®®
the A and £ amplitudes in backward K*p - pK*
production.

In conclusion, the comparison of backward K ;%
-pK® and K*p - pK* cross sections provides evi-
dence that u-channel A exchange dominates Z ex-
change in the high-energy K'p - pK* production
amplitude.
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