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ABSTRACT

Recent data on K(]).up - Kgp are interpreted in terms of two
distinctly different Regge models, both of which provide good de-

scriptions of the data. The forward differential cross sections for
K(ip — Kgp and T p — 7°n are used to determine an f/d ratio for the

nonflip coupling of vector mesons to baryons.
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The recent data’™> on the reaction

K1p —Kgp (1)
adds interesting information to the class of pseudoscalar meson-~baryon inelastic
scattering reactions. The behavior of reaction (1) is in several ways similar to
pion charge exchange

T p—tn . (2)
Both reactions have forward peaks in the differential cross section, show structure
in the region 0.3<-t<0.8 GeVz, and fall rapidly for -t 1.0 GeVz. Meson ex~
changes in the t channel are highly restricted for both reactions. Reaction (1) is
expected to be dominated by w exchange, 4 whereas reaction (2) has been well des-
cribed in terms of p excha.nge.5

In this letter we analyze reaction (1) in terms of two distinctly different Regge
models. The first is the model of Ahmadzadeh and Kamfmann6 (hereafter called
AKM) and the second is the strong cut Regge absorption model (SCRAM). 7 Both
models have been successful in describing reaction (2), and we present their ex~
tension to reaction (1) below. By comparison of the forward cross sections of (1)
and (2) we also extract information on the £f/d ratio for the nonflip coupling of
vector mesons to baryons.

The amplitudes in the AKM model are written as t-channel helicity amplitudes
using a form suggested by the Veneziano model. The reactions are assumed to
proceed by the eXchange of vector meson trajectories (w,p) and lowef lying tra-~
jectories (@', p') with the same quantum numbers as the vector mesons. For re-
action (1), the w and pv é.mplitudes (or w' and p' amplitudes) are identical except
for their residues, and in our fit we consider composite w+p and w'+p' exchanges,
denoted by V and V', respectively. The nonflip amplitude, A’, and the flip ampli-
tude, B, are written as A'(K:([:p—*Kgp) =~(AlL+A% ) and B(K%p-—vKgp) =-(By+By1)-
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Both A\'f and BV vanish for t values where on(t) =0, -2, ... . The trajectories

are assumed to be linear with a common slope, and for our fit we have used

ozv(t) =ozv(0) +t and ozv,(t) =t. The variables of the fit are the nonflip residues,

,81\17 and B%,, the flip residues, [J’g and ST and the trajectory intercept, aV(O) .
The SCRAM amplitudes are expressed in the s-channel helicity formalism as

a sum of a Regge exchange term and an absorptive cut cbrreetion term. . The non~

flip (++) and flip (+-) amplitudes are of the form M —M +A MCUT

e M FA M , where V

again refers to a composite (w+p) exchange for reaction (1). TheAk 4y Are param-
eters which account for additional cﬁt strength arisingv from absorption via inelastic
scattering. The expected range is 1.0< A< 2.0. The nonflip and flip amplitudes
are expected to have zeroes in -t at ~0.2 and ~0.6 GeVz, fespectively, caused

by cancellations of the pole and cut terms and not by the usual Regge nonsense
Zero mecha.nlsms8 as in the AKM amplitudes. For our fit the cut strengths, A e

the Regge residues, » and the trajectory intercept, on(O), were varied.

T
The fitted parameters for both models, shown in Table I, were determined by
a maximum likelihood method using all K‘;Jp-*Kgp‘ events from Ref. 1 in the infer-
vals 0.05<-t<1.2 GeV2 and 2.0< Pyag < 7.0 GeV/c. The results are compared
to the data in Figs. 1 and 2, where the solid (dashed) curves refer to thé AKM
(SCRAM) model. The differential cross sections shown in Fig. 1 are well described
by both models. Even below 2 GeV/c, where s-channel resonances are expected to
be important, good agreement is obsei'ved for -t<1.0 GeVz.
The forward differential cross sections are compared with the models in
Fig. 2a. The data below 10 GeV/c are well reproduced both in magnitude and in
energy dependence. For comparison to the preliminary high energy measurements

from Serpukhov3 the models have been extrapolated to 50 GeV/c and are seen to be

consistent with the data. The phase of the forward amplitude as a function of
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laboratory momentum is shown in Fig. 2b. Good agreement is again observed
below 10 GeV/c. ‘However, the extrapolations of the models to high energy are4
clearly incompatible with the measured phases. If these preliminary measure-
ments are confirmed, the validity of most Regge models, including the AKM and
SCRAM models,will be in serious doub’c._9

Since both models give equally good descriptions of K(I:p—»Kgp below 10 GeV/c,
we cannot favor one over the other. However, the predicted differential cross sec-
tions at 20 GeV/c, shown in Fig. 1, are significantly different for -t 30.4 GeVz.
Measurements in this momentum region would certaiﬁly be helpful in evaluating
the models.

Further observations may be made on the results of the fits:

1. Trajectory intercept. The w trajectory intercept value is somewhat model

dependent. The effective intercept, a(0)=0.47+0.09, reported in Ref. 1 was
found by assuming that the phase of the forward amplitude is given solely by the
Regge signature factor. Consequently, the effective intercept is in better agree-
ment with the AKM value (0.51) than the SCRAM value (0,; 36) since the latter is
affected by the cut contribution in the forward direction.

2. Strength of flip and nonflip amplitudes in AKM. It has been specula‘ced10 that

the t-channel helicity amplitudes are dominated by nonflip for reaction (1) and flip

, is found

for reaction (2). However, the ratio of nonflip to flip couplings, IB?/./ ﬁf;
to be the same for both reactions in the AKM fits.

3. Strength of flip and nonflip amplitudes in SCRAM. The ratio for s-channel

helicity couplings, |y_H_/y | is nearly twice as large for reaction (1) as for re-
action (2) in the SCRAM f{its.

4. Secondary amplitudes in AKM. The behavior of the secondary amplitudes in

reactions (1) and (2) is quite different; in particular the secondary flip amplitude

is much more important for Kip —*Kgp.
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5. Cut strengths in SCRAM. The A parameters indicate that the inelastic con-

tributions to the cuts are considerably stronger for KN than for 7N. It would be

interesting to see whether this feature is maintained, say, for KN charge exchange.
We turn now to the question of determining an f/d ratio for the vector meson-

baryon SU(3) coupling by comparison of the forward differential cross sections for

1,3,12-15 . re summarized in Table I where R is

reactions (1) and (2). The data
the ratio=E:‘lo-/ dt(Kgp)]/ [dcr/ dt(won)] evaluated at t=0. R is observed to be independent
of energy with an average value of 0.91+0.12, At t=0, the nonflip amplitudes may

be written16 as:
o o :
AR p—Kgp) = -y [(3f—d) Z ,g(S) - (f+0) Z pKK(S)]
- o
A p-Tm) =-2 V2 y(f+d) Z o A5
where the Z functions describe the dynamics of the indicated processes exclusive
of the coupling constants. In the Regge picture, the phase of each Z function is
given by the signature factor for the exchanged trajectory. Consequently, to a

good approximation the phases for all three Z functions are equal since @ p(O) and

1 ~
o w(o) are nearly equal.” Furthermore, we expect IZpKK(S)/ Z pmr(s)l ~ 1 and
|Z pKK—(S)/ZwKK(S)I = 1,which lead to
t/a= LxY2R =-6.8 113 (3)
1-V2R .
Equation (3) is related, via isospin invariance and the optical theorem, to the
expression of Barger and Rubinl7:
- (T - Tp(1*p) + oK) - 0 (KTn) W
T{TP) = o (™) - o (K™n) + (K n)

This expression yields an estimate of ~-3%£/d< -5. However, note that (3) depends
only on the ratio of two experimental cross sections whereas (4) depends on the ratio
of sums and differences of four different cross sections and is therefore much more

susceptible to possible systematic effects in the data.
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The results of the AKM and SCRAM fits also give f/d ratios:

1+ B1)/By(2)
[f/d]AKM = =-
1- By(D/By(2)
1+ V2 (v, (O/y,_ (2) -2.1 solution I
/dgepam = P
1-+v2 (7, W/, @) | -3.5 solutionII

It is unfortunate, but not unexpected, that the £/d ratio is modei dependent.
For comparison, Barger and Olsson18 have found a value of ~2.0 in .a Regge analy-
sis of #N, KN, and NN total cross sections, whereas Salin19 has found a value of
-11 in a Regge analysis of 7N — YK and KN — Y7 reactions. Our results suggest
that the £/d ratio lies between -3 and -7.

In conclusion, we find that (1) the recent K(I)Jp — K(S)p cross section data may be
understood in terms of either the AKM or SCRAM' model, both of which have been
successful in describing T p charge exchange; (2) the predictions of both models on
the phase of the forward amplitude disagree with the preliminary data above 20 GeV/e;
(3) the complexity of the differential cross section requires significant secondary
contributions which could be due to either lower lying trajectories (as in AKM) or
cuts (as in SCRAM); (4) the w trajectory parameters are consistent with a linear
trajectory of unit slope passing through the physical w mass; and (5) the f/d ratio
for VBB nonflip coupling lies in the range -3 to -7, althc:';ugh the exact value is

model dependent.

We wish to thank R. Blankenbecler, F. Gilman, J. Gunion, and G. Kane for

stimulating discussions.



10.

11.
12.
13.
14.
15,

16.

REFERENCES AND FOOTNOTES
A. D. Brody et al., “The reaction K7 p—Kgp from 1.3 to 8.0 GeV/c, "
Report No. SLAC-PUB-888 (submitted to Phys. Rev. Letters).
P. Darriulat et al., Phys. Letters 33B, 433 (1970).
Dubna-Serpukhov Collaboration, Contribution to the XVth International Con-
ference on High Energy Physics, Kiev (1970); see J. V. Allaby, CERN
preprint 70-2989 (1970).
F. J. Gilman, Phys. Rev. 171, 1453 (1968). |
For example, see J. D. Jacksdn, Rev. Mod. Phys. 42, 12
(1970).
A. Ahmadzadeh and W. B. Kaufmann, Phys. Rev. 188, 2438 (1969).
F. Henyey et al., Phys. Rev. 182, 1579 (1969).
For a recent review of Regge terminology, see V. Barger and D. Cline,

Phenomenological Theories of High Energy Scattering (W. A. Benjamin,

Inc., New York, 1969); also see Ref. 5.

Several possible explanations for the unexpected energy dependence of the
phase have been suggested by V. Barger and R.J.N. Phillips, Phys.
Letters 33B, 425 (1970).

V. Barger, CERN Topical Conference on High Energy Collision of Hadrons,
Vol. I, 3 (1968); also see Ref. 4.

W. Rarita et al., Phys. Rev. 165, 1615 (1968).

A. 8. Carroll et al., Phys. Rev. 177, 2047 (1969).

M. A. Wahlig and M. I. Mannelli, Phys. Rev. 168, 1515 (1968).

P. Sonderegger et al., Phys. Letters 20, 75 (1966).

A. V. stirling et al., Phys. Rev. Letters 14, 763 (1965).

The SU(3) singlet has been removed by the réquirement that the physical ¢
meson be decoupled from the nucleon vertex.

-7 -



17,
18,

19.

II°

V. Barger and M. H. Rubin, Phys. Rev. 140, B1365 (1965).
V. Barger and M. Olsson, Phys. Rev. 146, 1080 (1966).

Ph. Salin, Nucl. Phys. B3, 323 (1967).

TABLE CAPTIONS
Fitted Parameters for AKM (Ahmadzadeh-Kaufmann Model) and SCRAM
(Strong Regge Cut Absorption Model) for K%p - Kgp and 7 p — °n.

Comparison of (dcr/dt)0 for K(I)_.p — Kgp and T p— 7°n.

FIGURE CAPTIONS
Differential cross sections for K%p - Kgp. The data are from Ref. 1 and

have been averaged over three momentum intervals: £2.0

1.3<p,p
GeV/c ($), 2.0<p, , ,<4.0 GeV/c (¢), and 4.0<p  ,  <8.0 GeV/c (4).
The solid (dashed) curves here and in Fig. 2 are the result of a fit with the
AKM (SCRAM) model (see text).

(a) Forward differential cross section for K%p — Kgp. The results of the
Regge model fits for 2 SPrAR <7 GeV/c are extrapolated to 50 GeV/c. The
data are from Ref. 1 (shaded region), Ref. 2 (+), and Ref. 3 (). (b) Phase

of the forward amplitude. The data from Ref. 1 are shown by solid circles (§).



Table I

AKM SCRAM
' o o -  o._a ) o 1 p—1°n 2
Parameter KLp—+KSp T p—Tn Parameter KLp—oKSp
Sol. I Sol. I
oy (1) 0.51+t | 0.5 +0.9t ay(t) | 0.36+t |0.47+0.9t | 0.42+¢
0 1(8) t ~0.02+0.9t Ver -44.5 -22.6 -34.9
A (Gevh | 13.2 9.81 Yoo 67.2 P 85.7 | 129.3
foevh | 166" | 119, M 2.08 1.29 1.31
By Gev S| 112 -36. }\+_ 1.85 1.51 1.55
,s{,, @ev 3| -230. P 38. Ey (GeV)|  0.17° 0.17 0.27

a. For AKM see Ref. 6. For SCRAM see Ref. 7, where two solutions are given.
b.
c. Parameter held fixed in the fit.

The relative sign of the nonflip and flip amplitudes is not determined by our fits.

Table I1
2 )
PIAB (do/dt), = (mb/GeV") o o
. 3 S —— 5 R(Ksp/"f n)
(GeV/c) KLp—-»KSp T p—T D
2- 3 0.88+0.20% | 0.82+0.10°¢ 1.07 = 0.28
3- 4 |0.622014% |0.8020.10%® | 0.7820.20
4.8 | 0.4420.11% | 0.53+0.02° 0.83 % 0.22
5.9 0.3520.10% | 0.37x0.02f 0.95 + 0.28
16-20 | 0.16%0.05° | 0.14%0.01% 1.13 £ 0.35
WEIGHTED AVERAGE 0.91 + 0.12
a. Ref. 1 d. Ref. 13
b. Ref. 3 e. Ref. 14
c. Ref. 12 f. Ref. 15
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