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An amplitude analysis of charge-exchange and strangeness-exchange reactions in pseudo-
scalar-meson—baryon scattering is presented for the momentum interval ~4 to ~ 16 GeV/c.
The imaginary parts of the s-channel helicity-nonflip and helicity-flip amplitudes are assumed
to have “J,” and “J,” structures, respectively, as specified by the dual absorptive model of
Harari. This model has been successful previously in explaining the main features of elastic
scattering data. The present analysis applies this model to inelastic scattering reactions and
determines empirically the real part of the s-channel nonflip amplitude from the data. The
resulting amplitudes reproduce well the existing differential cross section and polarization
data for charge-exchange and strangeness-exchange reactions. The p and A, amplitudes in
K N charge exchange are found to be in approximate agreement with strong exchange degener-
acy. In contrast, the K * and K ** amplitudes in X and A reactions are not strongly exchange-
degenerate, even though equal forward differential cross sections are observed for the line-
reversed pairs of reactions TN —KY and KN — 7Y.

I. INTRODUCTION

Many studies of charge-exchange and strange-
jness-exchange data have been made using sim-
ple Regge poles,! SU(2) or SU(3) relations,? 3 FESR
(finite-energy sum rules),* ® complex Regge poles,®
Regge models with absorption or cuts,””!” and
direct amplitude analyses of the data.!®"22 The
main conclusions are:

(1) Simple Regge-pole models using only leading
Regge exchanges cannot describe the data.

(2) The helicity -flip amplitudes are found to
have the simple Regge-pole form, with absorp-
tion (cuts) playing a minor role.

(3) The helicity-nonflip amplitudes do not have
a simple Regge-pole form but appear to be signifi-
cantly affected by absorption.

(4) It is not clear how absorption effects are to
be calculated.

Evidence for the importance of absorption has
recently been reemphasized by Harari.?® In partic-
ular, Harari observed that the “crossover” effect
in elastic scattering occurs at approximately the
same value of momentum transfer, —£~0.2 GeV?,
as the zeros in the contributions of the prominent
TN resonances to the nonflip scattering amplitude
at low energy.?%?> Simple Regge-pole models
would have predicted the first zero of the nonflip
amplitude to occur at —£~0.6 GeVZ. Harari then
obtains a consistent interpretation of the data by
assuming that duality®*:26:?” relates s-channel reso-
nance structure to absorbed Regge-exchange am-
plitudes.

The subsequent introduction of the dual absorp-

s

tive model (DAM) by Harari?®+?® has explained the
features of elastic scattering differential cross
sections and polarizations that had previously
eluded the weak!?"*® and strong'! absorption mod-
els. In the DAM, the imaginary part of the Regge-
exchange s-channel helicity-nonflip amplitude is
assumed to have an approximate “J,” behavior
with an absorption zero at —¢~0.2 GeV? (“cross-
over” zero). The extractions of this amplitude
from the data, both for crossing-odd (p, «°) (Refs.
29 and 30) and -even (f°) (Ref. 31) Regge ex-
changes, have proven to be in good agreement
with this prediction. The helicity-flip amplitudes
in the DAM are expected to be nearly Regge-like,
in agreement with elastic polarization data and
the differential cross sections for 77p —u1° and
Tp -n'n.

Despite these successes the DAM provides no
simple prediction for the real part of the s-channel
helicity-nonflip amplitude. Apart from 7N scat-
tering,!® little is known about this component of
the scattering amplitude. In the present analysis
we empirically determine this amplitude, and
simultaneously obtain a comparison of the DAM
to the reactions

TP ~1n, 1)
TP ~1'n, @)
Kp—K5p, ®)
and to the pairs of s-u crossed reactions
K*n-K%, (4a)
Kp-K°n, (4b)
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Kp-~1"2%, (5a) To make a more quantitative comparison of the
I 5b) model to the data, we choose the following para-
TP . ’ ( metrization for the s-channel nonflip amplitudes:
T — 7t A0 ,
K% —-1"A°, (6a) ImMX)\ =o(sr 1) zgg'(s/so)a(t)eziyt' JO(T‘/—-L‘-' ,
Tp - K°A°, (6b) (8a)

The purpose of our analysis is to investigate
whether a consistent and simple description of
the above reactions can be found in the momentum-
transfer interval, 0< —f<1 GeV?, and in the mo-
mentum interval from ~4 to ~18 GeV/c. The scat-
tering amplitudes are determined for each of the
above reactions. Processes related by s-« cross-~
ing are then compared in a manner that explicitly
includes the effects of absorption. Tests of ex-
change degeneracy® are possible, therefore, with-
out having to rely on the predictions of simple
Regge models implicit in previous compari-
sons,3%3

We have also compiled the strangeness-exchange
data for reactions (5) and (6) in the momentum in-
terval ~3 to ~16 GeV/c. Certain general features
of the data are noted to have direct implications
on the structure of the helicity amplitudes. These
systematics of the data are compared to the re-
sults of the DAM, and to the predictions of Regge-
pole and Regge-absorption models.

II. PARAMETRIZATION OF THE DUAL
ABSORPTIVE MODEL

The dual absorptive model has been previously
described by Harari.?®*?® The features of this
model are largely extracted from the data and in-
clude in a direct manner the effects of absorption.®

The s-channel helicity amplitudes initially sug-
gested by Harari have the following forms:

vector)
b

ImM pp=(S, 2) oc(&)“To(r/~1)” (tensor

ReM py=o(S, )ocunknown ,

IMM pyey (S, ) ()T, (rV=2)” <Z:::Z§> ’ "

ReM proy (S, 8) o “J, (V=) tan[ 27 a(t)]
(vector exchange)

o “J, (rV=t)” cot[3ma(?)]
(tensor exchange),

where A\ is the net change in s-channel helicity,
a(?) is the Regge trajectory function, and 7 is the
“interaction radius.” “J,,” is a Bessel function
appropriately corrected for contributions to the
scattering amplitude coming from a finite interval
in impact-parameter space; a typical parametriz-
ation®®+?® is of the form

“Tan(PV=1)" = eAtT 5y (¥V=0) .

ReM {y-(s, 1) =83 (5/5,)°® AV’
X(1+ayt' +byt”?+c ")
x ePv#'tan[370(0)],
for vector exchanges; and for tensor exchanges:
ImM R, (s, 1) = =gT(s/s,)2®eATH g (v V=1),
ReM §-ofs, £) =83 (s/5,)*Vetr"” (8b)
X (1+agt’ +bt?)elr’
x cot[3ma(0)],
where the real parts of the amplitudes have been
parametrized by polynomials in ¢’ =#— ¢pn,% and
where the Regge phase is assumed to hold for
t=0. This phase choice is in agreement with data
on K% regeneration®” and with the determination
of the forward 7N charge-exchange amplitudes in
Ref. 22.
The helicity -flip amplitudes have been chosen
similarly:
MEyoy(s, 8) =g Y (s/5) Ty (rV=t")”
x{tan[3ma(?)]+i},
M%yo, (s, 0) =g T (s/s)* O IT (vV=1')”

x{cot[sma(?)] =i} .

9

To remove the difficulties of Eq. (9) that occur
when the zeros of the Bessel function and the
singularities for integer values of a(?) do not pre-
cisely coincide, the functions “J,” for vector-

and tensor-exchanges have been chosen as follows:

DL V=t =d (rV=E)erv'’

« (COS[%M(t)] cos[378(0)] >
cos[378(#")] cos[5ma(0)]/
and (10)
GT(r V=) =, (V=T )eArt’

x( sin[37a(?)] sin[375(0)] )
sin[z7(#")]sin[zma(0)]/ *

We note that the » and A parameters in Egs. (8)
and (10) are chosen to be independent of helicity;
this restriction is consistent with preliminary fits
to the data which allowed the 7 and A parameters
to be different for the two helicity amplitudes. The
function B(¢') is defined to be zero and minus one
at the first and second zeros of J,(»V=#'), respec-
tively:



o

B(t’) = ﬁo"'Bltl )
Bo= X2/ (%2 - X?), (11)
B=7%/(X? - X?),

where X, (X,) is the position of the first (second)
zero of J,(X).*® The resulting amplitudes, May.,,
are now free from singularities in the region of
interest, —f<1 GeV2. To show that Egs. (9) and
(10) do provide a smooth interpolation for the real
part of the tensor helicity -flip amplitude, in Fig.
1 we compare this form (solid curve) to a typical
example for the singular form (dashed curve):

J,(rV=t"eAt cot[3ma(?)] .

For our fits to the data, the parameters in Egs.
(8) and (9) are: the coupling constants, ga,; the
exponential slope parameters A and B; the poly-
nomial coefficients a, b, and c; and the interac-
tion radius 7. The amplitudes have been defined
to have the explicit energy dependence of Regge
theory; a(f) is the “p” trajectory, «(f)=0.5+0.9¢,
and s, is set equal to 1 GeVZ. The model param-
eters are assumedtobe independent of energy over

| the energy region studied.®® These choices are sug-
gested by the absence of an appreciable energy

1 | 1
0.8 1.2

-t (Gev?d)

FIG. 1. Example of the real part of the helicity-flip
amplitude for tensor exchange in the present formulation
of the DAM (solid curve). The dashed curve is of the form

J o V=T) et cotlima (t)],

where a singularity (vertical line) results when the zero
a(t) is slightly displaced from the zero in the Bessel
function. :
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dependence in the polarization for the charge-ex-
change and strangeness-exchange data (see Figs. 3,
12, and 13), together with the shrinkage of the dif-
ferential cross sections observed in the same data
(see Figs. 2, 16, and 17).

For the present analysis the differential cross
section has been defined by

2
o = oLy 3 M | mib/Gev?, (12)

where ¢q is the center-of-mass momentum.*® Fi-
nally, the polarization, P, and T and S param-~
eters are given by*

—2Im(MppoMar=y)

P:
[Marzol ® + [Mays, |®
~2 Re(MAX: 1‘43‘)\= )
T= 0 = 13
Mo+ 1M s |2 (13)
S = [Mpr=o|® = [Mppoy |2

T Mpnso|?+ [ M a4 |2

III. DAM COMPARISON TO THE DATA

We first compare the DAM to 7N charge-ex-
change data to obtain a consistency check of the
parametrical description of the amplitude struc-
ture described in Sec. II. Many of the features of
these amplitudes have already been determined
by Halzen and Michael® in an analysis of a com-
plete set of 7N scattering data at 6 GeV/c. Having
found that the p-exchange amplitudes in the DAM
are in agreement with previous studies, we then
deal with reactions (2)—-(4) which isolate p, w°, and
A, exchanges. The analysis then turns to the K*
and K** exchange reactions (5)—(6). A brief re-
view of the experimental data indicates the impor-
tance of absorption in these channels and suggests
energy trends. The K* and K** amplitudes are
then determined, and compared to the p and A4,
amplitudes.

A. Study of p- and A, -Exchange-Dominated Channels

The results of comparing the present model to
the data for reactions (1) and (2) are shown in

Figs. 2 and 3. The parameters determined from
these data are given in Table I, and the data
sources are compiled in Table II. The energy
and momentum-transfer dependence of the differ-
ential cross sections and polarization are seen to
be well reproduced by the model.

The corresponding amplitude structure evaluated
at 6 GeV/c is shown in Fig. 4. The helicity-flip
amplitudes are in agreement with simple-pole
models containing nonsense-wrong-signature
zeros; the nonflip amplitudes are strongly ab-
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sorbed with the imaginary parts showing the
“crossover” zero at —£~0.2 GeV2. For the 7°
amplitudes the real part of the nonflip amplitude
is not well determined past —£20.2 GeV? since
accurate polarization data do not exist in this mo-
mentum-transfer region.*

The 7N charge-exchange amplitudes are ob-
served to be in good agreement with previous am-
plitude analyses.'®+'®2! In particular, a qualitative
comparison to the results of Halzen and Michael'®
is shown in Fig. 4(a); a quantitative comparison is
not possible, however, since the over:-all phase of
the 7N amplitudes in Ref. 18 is undetermined.

For the present figure the amplitudes of Halzen
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and Michael have been rotated by a constant phase,
~14°; to agree with the Regge phase at /=0.

The absorption parameters #» and A determined
from reactions (1) and (2) (see Table I) are ob-
served to be in good agreement with the values
found for (p, w)° and f° amplitudes?°~%! from anal-
yses of the nonflip amplitudes for elastic scat-
tering. This agreement is interesting since in the
present analysis these parameters are determined
from helicity -flip dominated processes. This
agreement also shows the consistency of our para-
metrization in Eqs. (8) and (10) where we assume
that » and A are independent of helicity.

If we define A’=A+a’lIn(s/s,), then the imagi-
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FIG. 2. Differential cross sections for (a) 7 — 7% and (b) 7 — n% from references in Table II. The curves are the

DAM descriptions of the data (see Sec. IIIA).
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FIG. 3. Polarization data for (a) 77— 7% and (b)
77p— 1z in the momentum interval 3.6-18.2 GeV/c. The
curves are the DAM comparisons to the data.
nary part of the DAM amplitude is

ImMA)\(t) = C'eAItJAX(y V"‘t) N

and the Bessel transform in impact-parameter
space is%®

. C 72+ b? rb
() - (2)

(14)

where I,, is the hyperbolic Bessel function. For
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the region (75/24’)>1, this reduces to
Im i, (6) ~ 2(7rrbCA’)”2 exp <_(2/—1-’b)2>

which is independent of Ax for sufficiently large
values of (#b/2A’). In the region b~7 the Ax de-
pendence is negligible for the present analysis,*
and the amplitudes are nearly Gaussian, centered
at ¥ and with width (24’)/2. To the extent that
Eq. (15) is independent of Ax, the agreement with
the results of Davier and Harari®*~* therefore
indicates that the impact-parameter representa-
tions of the helicity -flip and -nonflip amplitudes
are the same.

We now consider the KN charge-exchange reac-
tions for which the amplitudes are assumed to be
linear combinations of the vector and tensor am-
plitudes determined from the above fits to 7N
charge exchange and 1° production. Thus, in the
model comparisons to the KN charge-exchange
data (see Table II) only the coupling constants, and
the parameters 7 and A are allowed to vary. The
results for the differential cross section, shown in
Fig. 5(a), agree well with the data. The model
parameters found are presented in Table I. The
predictions of SU(3) for the coupling constants
(see Table III) are also given in Table I and the
agreement is observed to be good.

The amplitudes for KN charge exchange are
shown in Fig. 6. For the exotic K*n channel the

TABLE I. Model parameters for reactions with p, w? and A, exchanges in the ¢ channel.

. Kip—~K}p
Reaction T™p— 1% p—nn K*n—K%? Solution 1 Solution 2

7 (GeVY) 5.19 4.99 5.13 5.00 5.13

Vector exchange p cee p p +w? p+wd

Ay (GevTHP ~0.93 -1.11 ~1.20 -1.95

g5 -15.0 -10.4 (~10.6) -15.8 -15.3

gV -30.9 -21.8 (-21.9) 11.9 10.7

ay (GeV~?) 5.56 5.56 5.56 5.56

by (GeV™Y 10.20 10.20 10.20 10.20

¢y (GeVS) 5.22 5,22 5.22 5.22

By (GeV™?) 1.5 1.5 1.5 1.5

Tensor exchange coe A, A,

Agp (GevYP -0.72 -0.70

gl .o -17.56 -8.88 (~9.25)

gt e -14.9 -16.3 (~18.2)

ay (GeV™?) .- 7.28 7.28

by (GeV™Y e 4.88 4.88

By (GeV™) 2.0 2.0

28U(3) predictions for the coupling constants, g, are shown in parentheses, see Sec. IITA.
b For comparison of the present A parameters to the exponential parameter of Harari, 4’ (see Ref. 29) we note that

A'=A+o' In(s/sg ~A+2.1 GeV™? at 5 GeV/c.
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TABLE II. Summary of experimental data references.

|

Expt. momenta

Reaction (GeV /c) Reference
P — 1'% 3.67, 4.83, 5.85, P. Sonderegger et al., Phys. Letters 20, 75 (1966).
13.3, 18.2
9.8 A.V, Stirling et al., Phys. Rev. Letters 14, 763 (1965).
5.9, 11.2 P. Bonamy et al., Phys. Letters 23, 501 (1966); P. Bonamy
et a., Nucl. Phys, B16, 335 (1970).
3.47, 5.0 D. D. Drobnis et al., Phys. Rev. Letters 20, 274 (1968).
5.0, 8.0 O. Guissan, presented at Rencontre de Moriond, 1971
(unpublished).
P —1'n 3.72, 5.9, 9.8, O. Guissan e al., Phys. Letters 18, 200 (1965).
13.3, 18.2
366(5) E. H. Harvey et al., Phys. Rev. Letters 27, 885 (1971).
3 2 3.47. 5.0 M. A. Wahlig and I. Mannelli, Phys. Rev. 168, 1515 (1968).
5'9’ 1'1 2’ ‘ D. D. Drobnis et al., Phys. Rev. Letters 20, 274 (1968).
Uy e P. Bonamy et al., Nucl., Phys. B16, 335 (1970).
04— g0 —4, 4—
Kpp—Ksp 2-4, 4-8 A.D. Brody et al., Phys. Rev. Letters 26, 1050 (1971);
SLAC Group B (private communication).
- _._'0
Kp—~K'n 5&37'1’ 9.5, P. Astbury et al., Phys. Letters 23, 396 (1966).
K*n—K% 5.5 D. Cline ¢t al., Nucl, Phys. B22, 247 (1970).
12.0 A. Firestone e al., Phys. Rev. Letters 25, 958 (1970).
T p —~K+ ¥ 3.0, 3.25, 4.0, S. M. Pruss et al., Phys. Rev. Letters 23, 189 (1969).
5.05, 7.0
3.23 R. R. Kofler et al., Phys. Rev. 163, 1479 (1967).
5.4 W. A. Cooper et al., Phys. Rev, Letters 20, 472 (1968).
6.0, 10.0, 14.0 A. Bashian e al., Phys. Rev. D 4, 2667 (1971).
mp —~K"Z" 2.0, 3.1, 4.0 0.1.Dahl ¢ dl., Phys. Rev. 163, 1430 (1967).
—K0A° 3,4,5,6 C.E.W.Ward et al., Bull. Am. Phys. Soc. 17, 126 (1972);
C. E.W.Ward (private communication),
3.9 M. Abramovich et al., Nucl. Phys. B27, 477 (1971).
4.5, 6.0 D. J. Crennell et al., Phys, Rev. D 6, 1220 (1972).
7.91 R. Ebrlich et al., Phys. Rev. 152, 1194 (1966).
8.0, 10.7, 15.7 W. H. Willen et al., in Proceedings of the Fourth International
Conference on High Energy Collisions, Oxford, 1972
(unpublished); W. A, Love (private' communication).
mn—K*A° 6.95 J. Lynch (private communication).
K~p—m-Z*t 3.95 L. Moscoso et al., Nucl. Phys. B36, 332 (1972).
4.07, 5.47 J. 8. Loos et al., Phys. Rev. 173, 1330 (1968).
8.0, 16.0 D. Birnbaum et al., Phys. Letters 31B, 484 (1970).
K n—7"30 3.0 S.A.B.R.E. Collaboration, Nucl. Phys. B33, 61 (1971).
—~m"A? 3.6, 3.9 D. J. Cremnell ¢t al., Phys. Rev. Letters 23, 1347 (1969).
4.5 W. L. Yen et al., Phys. Rev. Letters 22, 963 (1969);
W. L. Yen et al., Phys. Rev. 188, 2011 (1969).
4.9 B. J. Burdick et al., Nucl, Phys. B41, 45 (1972).
K% —m+20 2-3, 3-5 A.D. Brody et al., SLAC Report No. SLAC-PUB-823, 1970
0 (unpublished);
—~ A 5-8 R. J. Yamartino ef al., Bull. Am. Phys. Soc. 17, 145 (1972);
R. J. Yamartino (private communication).
K~ p—r'Al 3.5 B.G.L.O.R. Collaboration, Phys. Rev. 152, 1148 (1966).
3.9, 4.6 M. Aguilar-Benitez et al., Phys. Rev. D 6, 29 (1972).
3.95 L. Moscoso et al., (see reaction K~p —~Z* above).
41,55 D. Reeder (private communication).
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FIG. 4. s-channel helicity amplitudes evaluated at
6 GeV/c for (@) np— % and (b) 7p—n"2. The solid
(dashed) curves represent the imaginary (real) parts of
the amplitudes. The imaginary parts of the amplitudes
are essentially Bessel functions, J ) (see Secs. II and
MIA). The solid (open) points in (a) are the results of
the amplitude analysis of Halzen and Michael (Ref. 18)

for the real (imaginary) parts of the s-channel amplitudes.

For comparisons to the present amplitudes, the ampli-
tudes of Halzen and Michael have been rotated by a con-
stant phase, ~ 14°, to agree with the Regge phase at
t=0 (see Sec. IIT A).

amplitudes are seen to be predominantly real, and
are in approximate agreement with the prediction
of strong exchange degeneracy.®? At ¢=0, the ratio
of ImMpy-o/ReMpy-,=10% in agreement with ex-
perimental estimates using the optical theorem.*
Since the imaginary parts of the DAM amplitudes
have the same structure in ¢ for vector and tensor
exchanges, a cancellation of the imaginary terms
is possible even for the strongly absorbed nonflip
amplitudes.

The values for the quantities P, S, and 7 that
result from the present parametrization are
shown in Figs. 5(b)-5(d). Due to the uncertainties
in ReMf, ., mentioned previously, these predictions
must be considered to be qualitative. They do sug-
gest, however, that the polarization for K *n will
be small, that the polarization for K“p will be
negative in the interval 0.4 <-#<1.0 GeV?, and that
the S and 7 parameters will be quite similar for
K*n and K™p channels for —¢< 0.5 GeV2.
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The analysis of Martin, Michael, and Phillips®
using SU(3) to relate experimental data on charge-
and strangeness-exchange reactions yields a
similar prediction for K 7p polarization, but sug-:
gests that the K *n polarization will be substantially
larger than that shown in Fig. 5(b). This would
imply that the K *» amplitudes possess significant
imaginary parts, which is not in agreement with
the present determination of the amplitude struc-
ture (see Fig. 6).

The amplitudes determined from 7N charge ex-
change have also been compared to the data on the
reaction K} p - K%p. As in the study of KN charge
exchange the model amplitudes have been con-
strained to the 7N charge-exchange results, with
only the coupling constants being allowed to change
significantly. The results of this comparison,
solution 1, are shown as the dashed lines in Fig.
7(a), and the parameters are recorded in Table I.
Solution 1 is observed to provide a good descrip-
tion of the differential cross section in the region
-t20.3 GeV?, but for larger momentum transfers
provides values that are too low.

An alternate solution, solution 2, is also shown
in Fig. 7(a) and recorded in Table I. In this para-
metrization, the exponential parameter, A, has
been varied to provide the best description of the
KS%p - KSp data. The resulting value, A=-1.95
GeV ™2, is significantly different, however, from
the previous results for 7N charge exchange and
7° production.

We note that the imaginary part of the nonflip
amplitude is the dominant term for the reaction
K%p -~ KS%p as expected if it proceeds mainly by
w® exchange.** The zero in this term for —#~0.2
GeV? (the crossover zero) produces a steep for-
ward peak (slope parameter ~ 10 GeV~2), and in
addition tends to cause a dip in the differential
cross section. However, the helicity-flip ampli-
tude does contribute in the vicinity ~#~0.2 GeV?
such that the differential cross section exhibits a
shoulder rather than a dip in this momentum-
transfer region.

The polarization predictions are shown in Fig.
T(b) and suggest that the K$p -~ K%p polarization
will be negative for momentum transfers —£<0.6
GeV2, The SU(3) f/d ratios for the vector nonet,
given in Table IV, have been determined by com-
paring the coupling constants for the reactions
K%p - KS%p and n"p—~7°n. Solutions 1 and 2 are
observed to give essentially equal values of
(f/d) ax=o ~ =5.3 (see also Ref. 37) and (f/d) are
~0.32 for nonflip and flip coupling, respectively.

B. Study of K* and K** Exchange Reactions

To investigate systematic trends in the 7N
-~ K(A,Z) and KN-7(A, Z) data and to study the
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FIG. 5. (a) Comparison of KN charge-exchange differential cross sections: K*» —K%'at 5.5 and 12.0 GeV/c; K p
—K% at 5.0 and 12.3 GeV/c. The solid (dashed) curves are the results of DAM comparisons to the K p —K% (K *n —K %)
data. (b), (c), and (d) DAM predictions for KN charge-exchange polarization, T, and S parameters, respectively.

TABLE III. SU(3) relations for pseudoscalar-meson—baryon scattering.

t -channel
SU(3) amplitude ? exchange Reaction amplitude
Ay p —VIA(r~p—nn)
Arp A, VZA@ p—1'n)
Ay +Ap Py Ay A(K~p —K")
—Ay +Ap Py A,y AK*n—~K)
(1-2a)A, py w0 —-A(KYp —~K3p)
(1-2a)Ay +(1—2a')Ap ° K*, K** —A(t*p =K+ Z*)=—V2Z A(m~p —~K 29
—(1—2a)4y +(1—-2a")Ap ® K *, K** —A(K~p—1"Z*) =V2 A(K 7 —10Z")
=—V2 A(Kn—1"Z0)
=—V2Z A(K"p — 1+ 2)
(1—-20/3)Ay +(1 —2a' /3)Ar K *, K *x —VZA(mp KA =—VZ A(r*n —K* A
—(1-2a/3)Ay +(1—2a’ /3)Ap K *, K ** ~VZAERD -1t AY)=—VEAK n—1"AY

=—@2N3)AK p—1'AY

2 The f/d ratios are contained in a=1/(f/d +1).
b The = amplitudes have been written assuming ¢-channel exchanges with isospin x} can be neglected.



|

2172
Mayso (mb/Gev?)

, (mb/Gev®)'?

AMPLITUDE ANALYSIS OF CHARGE-EXCHANGE...

K™p —= K°n K*n—= K°p |
0.6 L — 0.2 T 1
0.5 | U )
N
| P
0.4 0 //'
0.3 4 =04 =
!
0.2 -~ -02H =
| —MAG &
ol 7 79371 ———ReaL ] 2 Ol
~—_ | ©
0 \/‘ -0.4 I 6 GeV/c E
-0.1 4 -o0s} - bl
helhel
“02 ¢ 1 0er p
05 -~ ol k- -
0.4 n o &/
03| ~+ -0l T 0.0
//
0.2 | 4 -0z -
/
0.1 - +4 -03}f / — |
- / z
s / o)
0 f 7 -0.4 L/ ~ =
\ / \ N O
-0.1 -4 -0.5 "1/’ - z
, .
\\ // j
-0.2 \__/ -1 -06 - - 8 -
—0.3 1 1 1 -07 L 1 ]
0O 04 08 12 16 0O 04 08 12 16
-t (Gevd)
FIG. 7.

FIG. 6. Resultant s-channel helicity amplitudes,

summed over p and A, exhcnages, for the reactions (a)
Kp—K% and (b)K*n—K% at 6 GeV/c.
(dashed) curves represent the imaginary (real) parts of

the amplitudes.

The solid

2471

Kip——Ksp

T T T
(a)

L 113

——-=SOLUTION | 7
—SOLUTION 2 -

2-4 GeV/c

C ]

- -

- .

- -

- -

- -
I T T T T

- (b) A

///’

L z= .
| 1 | | |

0] 0.2 0.4 0.6 0.8 1.0 1.2

-t (Gev?3)

(a) Differential cross sections for K %p —K%

in the momentum interval 2 to 8 GeV/c. The dashed

(b).

(solid) curves are the results of the DAM comparison to
the data for solution 1 (and 2) as discussed in Sec. IIIA.
The corresponding polarization predictions are shown in

TABLE 1V. f/d ratios determined from model comparisons to the data.

Vector exchange

Tensor exchange

Kp —7(A, Z)

Reactions (f/d)A)\ -0 (f/d)(V) (f/d)(g))\ . (f/d)(,ﬂ: .

_p . ", }
K)p—Kp (soln. 1) -5.15 0.30 .

™p— %
KYp—~KYp (soln. 2) —5.42 0.34 .
KN charge exchange
KN — 7 Z (model 2) } —4.70 —0.45 1.78 1.35
KN charge exchange
KN — 1A (model 2) }‘ 9.10 0.24 -0.15 -0.22
mp —~K (A, Z)
Bp —(n, z) model D -2.26 0.15 -2.86 0.27
=K (A, Z)

(model 2)} -2.11 0.15 —4.48 0.34
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momentum dependence of their differential cross
sections, we have made a compilation of forward
differential cross sections and slopes between ~3
and ~16 GeV/c. These data,*® from references in
Table II, are shown in Figs. 8-11.

Above ~4 GeV/c, approximately equal differen-
tial cross sections at =0 are observed for the
% channels, TN-KZ and KN-7Z (see Fig. 8), and
also for the A channels, TN—K'A and KN—7A (see
Fig. 10), although a nonstatistical scattering of the
data points between experiments appears to be
present. The slope parameters for the Z data are
nearly equal for the 7N and EN channels (see Fig.
9), although the 7N values appear to be slightly
larger than the KN values. In contrast, the slope
parameters for TN— KA are significantly greater
than those for KN~ 7A (see Fig. 11). The differ-
ence of slope parameters for the A channels has
been noted previously.33

Regge shrinkage would predict an increase of the
slopes with momentum as indicated by the curves
in Figs. 9 and 11. The data are observed to be in
qualitative agreement with shrinkage, but the large
uncertainties cannot rule out alternate interpreta-
tions.

The measured values for the = and A polariza-
tions are shown in Figs. 12 and 13, respectively.
Two interesting trends are apparent. First, the
data show no obvious change with energy, suggest-
ing that the energy dependences of the helicity-flip
and -nonflip amplitudes are the same (as expected,
for example, by Regge theory). Second, the po-
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PLas (GeV/c)

FIG. 8. Differential cross sections extrapolated to ¢t =0
for TN —KZ (solid points) and Kz — 12 (open points).
Preliminary data have dashed error bars. The data refer-
ences are summarized in Table II. The curve is the
comparison of the DAM to the data (see Sec. III B).
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|

larizations approximately obey the relations
P(tN—KA)= —P(nN-KZ)

and
P(EN-~mA)==P(EN-7Z).

This mirror symmetry suggests that the A and =
channels have qualitatively similar amplitude
structure and places a restriction on the relative
signs of the helicity-flip and -nonflip amplitudes.*’
It is interesting to briefly examine whether

standard Regge-exchange models can account for
the observed trends in the strangeness-exchange
reactions. Both A and X production are assumed
to be described by K* and K ** Regge exchanges
in the ¢ channel.*® Simple Regge-pole models with
exchange-degenerate K * and K ** trajectories

¥
>
(%3
£
m
4 |- 4
o 7tp —K*'st
» L " 7op ——K°Z°
0 1 L1l L
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P_ag (GeV/c)

12 T T T T
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=6 il b —
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0 1 I | 1
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FIG. 9. Slopes of the forward differential cross section
tions for (a) p —KZ and (b) KN —uZ. Preliminary data
have dashed error bars. The data references are sum-
marized in Table II. The curves are the comparison
of the DAM (model 2) to the data for theoretical slopes
calculated in the momentum-transfer intervals. A: (0=
-t =0.3 GeV?); and B: (0.1= — < 0.4 GeV?).
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FIG. 10. Differential cross sections extrapolated to
t=0 for TN —~K A (solid points) and KN —7A (open points).
Preliminary data have dashed error bars. The data ref-
erences are given in Table II. The curve is the compari-
son of the DAM to the data.

predict
do - do
i (KEN-7Y) =7 (TN-KY),

where Y represents either A or Z. This relation
is observed to be approximately satisfied by all
the data at £=0 and by the = data for —¢>0, but
disagrees with the A data away from the forward
direction. Independent of exchange degeneracy,
simple Regge models predict opposite signs of the
polarization for KN and 7N channels,

el ./‘
U B
T =/A ]
RTIER
: O /;/TT_D“’K"AO
4r i ¢:’+/ é = mhn—KA o
2lal o 3K°p—'””\°‘

— K'n——7"/°

0 K p—7°A°

B (Gev™2)
[e)]
I
Y
T Ty
i

0 1 Lol 1 TR B N N W 1

| 10 100
PLag (Gev/c)

FIG. 11. Slopes of the forward differential cross sec-
tions for TN —K A (solid points) and KN — mA (open
points). Preliminary data are denoted using dashed error
bars. The data references are given in Table II. The
solid curves are the comparison of the DAM (model 2)
to the data as discussed in the caption to Fig. 9.

do - do
P o (RN=7Y)=~P — ("N~ KY),

in disagreement with the data for both A and =
final states. On the other hand, standard absorp-
tion models can reproduce the experimental po-
larizations'4"*® but predict that

do/dt (EN-TY)

do/df(iN=KY) !

in contradiction to observation (see Figs. 14 and

15). This result applies to both weak and strong

absorption models, and arises from.the subtrac-
tive nature of the absorptive corrections in these
models.'*"!5 In summary, no clear understanding
of the reactions TN— KY and KN-7Y is provided
by the standard models.

Before making a detailed comparison of the
DAM to the data, we first comment on the hypoth-
esis of strong exchange degeneracy for the K*
and K** exchanges. Since the s channel in KN
- 7Y is not exotic, duality does not require the
K* and K** exchanges to be strongly exchange-
degenerate. The large polarizations observed in
the KN channels, for example, disagree with
strong exchange degeneracy. In contrast, the
duality diagrams?® [or equivalently, strong ex-
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O

-0.5 1 1 1 1 I 1 L
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@]

|
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FIG. 12. Polarization for the reactions (a) ntp—K*Z*
in the momentum interval 3—14 GeV/c, and (b)K p
—m Z* at 3.95 GeV/c. The solid (dashed) curves are the
comparisons of the DAM model 1 (model 2) to the data.
See Sec. III B of the text for the distinction between mo-
dels 1 and 2.
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FIG. 13. Polarization for the reactions (a) 77p —K°A°
at 3.1 and 3.9 GeV/c, and (b) KN — 7 A in the momentum
interval 3.9 to ~ 8 GeV/c. The solid (dashed) curves are
the comparisons of the DAM model 1 (model 2) to the
data. .

change degeneracy for KN charge exchange together
with SU(3) symmetry and equal f/d values for
vector and tensor exchanges] suggest that the am-
plitudes for the KN—~ 7Y channels should be purely
real, and studies of the low-energy data do show
an approximate averaging to zero of the imaginary
part of the nonflip amplitude.*® The present anal-
ysis using the DAM does not allow strong exchange
degeneracy for the K* and K** amplitudes, how-
ever, as indicated by the following two observa-
tions:

(1) If the Ax =1 amplitudes were strongly ex-
change-degenerate, then the polarization for KN
- 7(A, Z) would be

Pocd (rV=f)ReM ppo (s, 1)

The polarization would then be required to have

(at least) the zero structure of JO(T‘/TL‘); in partic-
ular it would be zero for —£~0.2 GeV2.%° This
feature is not observed in the present data (Figs.
12 and 13) which have polarizations in both A and
Z channels of ~50% in this ¢ region. A similar
argument in the region —#~0.6 GeV? can be applied
to the hypothesis of strong exchange degeneracy
for the helicity-nonflip amplitude and is also in
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FIG. 14. Differential cross section at ~4 GeV/c for
(a) ™p —K*Z* (solid points) and K p—n"Z* (open points).
The solid (dashed) curves, denoted (I), are the compari-
son of the model 1 version of the DAM to the data in the
7*p (K~p) chanmel. (b) 7p —~K"A" (solid points) and
K p—1A" (open points, scaled by a factor of 2). Solid
curves (I) and dashed curves (II) are the comparison of
the DAM, models 1 and 2, respectively, to the data.

disagreement with the DAM.

(2) The experimental observation that
do/dt (RN—~7Y)
do/dt (nN— KY)

for —¢>0 implies that the real parts of the vector-
and tensor-exchange amplitudes are approximately

>1
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equal, rather than the imaginary parts as sug- A(MN=KY)==A,+Ap.

gested by arguments of strong exchange degener- . -

acy. Denoting the K* and K** amplitudes by AV The ratio dO'/dt (KN"' TTY)/dO/dt ('”N"’ KY) then can
and A, respectively, the amplitudes for KN and be greater than unity only if Re(4,Af)>0. Using
7N channels are the parametrization for the DAM of Eqgs. (8) and

_ (9), we have
ABN-1Y)=A,+ Ay,

S—

Re(A,A¥) o [(1+ayt’ +byt”)(1+apt! +bp22)e®v* B | _[J (»V=1")]?, (16)

where the first (second) term is from the real (imaginary) parts of A, and A;. Note that the contribution
to Re(4,A4%) from the Ax =1 amplitude is zero since these amplitudes are defined to have Regge phases in

Egs. (8) and (9). As seen in Eq. (16), the imaginary parts of the amplitude considered alone would errone-
ously predict

do/dt (RN—7Y)

do/at iN=KY) < 1"

The real parts therefore must contribute to make this ratio greater than unity. In fact, the largest split-
ting of the following ratio of differential cross sections,

[Zg (RN~ ﬂY)—Q(nN-—KY)]/[ (EN= ”Y)““ 7 (TN~ KY):I

tends to occur for ReA,=ReA;.

We now turn to the parametrization used for the K* and K** exchange amplitudes in the DAM. The basic
amplitude structure is assumed to be similar to the p- and A,-exchange amplitudes of Sec. III A, but now
a difficulty occurs with the choice of phases. If we use a linear Regge trajectory passing through the
physical K* and K** masses then a zero in the K* helicity-flip amplitude appears at —f~ 0.4 GeV? which no
longer coincides with the first zero of the J, (V=) for » ~ 5 GeV~! (corresponding to an interaction radius
of ~1 fm). The simple Regge-pole form for the helicity -flip amplitude is therefore no longer identical to
the DAM amplitudes. A second difficulty occurs with the conventional value for the Regge trajectory in-
tercept, ax(0)=0.33, since this value predicts a fall with energy of the cross sections which appears to
be more rapid than the data [for example, Bashian efal.®* find ay(0)=0.7 for 7*p -—K*Z*]. In order to
deal with these problems we have chosen the following modified form for the vector s-channel helicity am-
plitudes (hereafter called model 1):

ImM 7\—0(3 t)= =g (s/so)a(t)+Au Ayt ('r*’—t'),

ReM {yo(s, ) =gl (s/5,) 2 2 eAVt' (1 4 a,t’ + b, 2"?)eP V¢ tan[ 310 ,(0)] ,

and (17)

)+ At ' cos[ira(t)] cos[inB(0)] 1 tan[3ma(f)
Ml =115/t (5,07 SO COR TR ) (tain ) BG4+

—
where «(f) and a,(f) are the p and K* Regge tra- ReM ¥, (s t)\:gl"(S/so)“(‘)"A“eAV"

jectories, respectively, and A« is an additional

parameter used to obtain an adequate energy de- X (37V=t)(1 + x¢' + y#?) tan[i12(0)] ,
pendence.®? The modifications are designed to

preserve the “J,,” structure while allowing the (18)

amplitudes to have the K* Regge phase at £=0.

where x and y are parameters to be determined
Analogous amplitudes apply for the K** (tensor)

from the data. The tensor amplitudes are the

exchange. same as in model 1. Note that for model 2 the
We have also considered a second parametriza- AXx =1 amplitudes can also contribute to the inter-

tion, hereafter called model 2, that partially re- ference term evaluated in Eq. (16).

laxes the restrictions of model 1 (Eq. 17). For We now present the results of our analysis for

model 2 the real part of the vector helicity-flip the strangeness-exchange processes. In view of

amplitude is chosen to be the difficulties in parametrization of the K* and
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FIG. 15. Differential cross sections for mtp —K*Z* at
14 GeV/c (solid points), and for Kp—7"Z* at 16 GeV/c
(open points). The solid (dashed) curves, denoted (II),
are a comparison of the model 2 version of the DAM to
mp (Kp) channels. The model comparisons have been
calculated at 14 GeV/c.

K** exchange amplitudes, we regard the results
presented as a representative, but not unique, de-
termination of the amplitudes. The parameters for
the Z data and the A data have been found separate-
ly and are summarized in Table V. The differen-
tial cross sections for model 1 are compared to
the = reactions in Fig. 16 and to the A reactions
in Fig. 17 over the momentum range ~4 to ~16
GeV/c. In Figs. 14 and 15 comparisons are made
at specific energies for pairs of line-reversed re-
actions using both models 1 and 2. Good agree-
ment is found with the differential-cross-section
data; in particular, the model curves are able to
describe simultaneously both the Z reactions and
the A reactions, even though these two sets of
reactions behave quite differently under line re-
versal. The polarizations (see Figs. 12 and 13)
are also adequately reproduced by the models.
Thus both DAM parametrizations are found to
provide good descriptions of all available data al-
though somewhat better agreement is observed
for model 2.

K=z}

TABLE V. Model parameters for strangeness-
exchange reactions.,

K™p—nz* K% —m+ A°
Reaction Model 1  Model 2 Model 1 Model 2
r (Gev) 5.04 4.97 4.77 5.13
Aa 0.065 0.065 0.065  0.065
K * exchange
Ay (GeVT?) 0.30 0.21 -0.17  ~0.78
g% 17.0 17.1 12.3 11.9
g7 -18.5 -17.7 12.6 12.3
ay (GeV7? 3.23 3.61 0.79 2.51
by (Gev™) 2.57 2.95 1.77 0.95
By (GeV™?Y) 0.0 0.0 0.0 0.0
% (GeV™?) e 2.29 e 1.80
y (GeV™) 2.01 0.82
K ** exchange

Ap (GeV?®  —0.01  -0.17 -0.56  —0.69
g7 2.95 2.48 2.36 2.31
gt —-2.24 -2.41 2.26 2.97
ap (Gev?) —0.77 -0.67 —0.48  ~0.22
by (GeV™Y —8.05 -7.87 —-0.66 -6.15
B, (GeV™?) 0.5 0.5 0.0 1.0

It is interesting to compare the results of the
DAM analysis to the compilation of A and = slopes
and forward differential cross sections. The re-
sults for the differential cross sections at £=0
are given in Figs. 8 and 10, and show the Regge
dependence assumed in the model. In Figs. 9 and
11, two curves are displayed for each reaction
corresponding to the model 2 slopes determined in
the two momentum-transfer intervals, region A:
(0s —-£<0.3 GeV?); and region B: (0.1 -£<0.4
GeV?). The slope parameters are seen to differ
considerably depending upon the ¢ region chosen,
especially for the 7N induced channels where dif-
ferences larger than 1 GeV~2 are found. These
dependences on the f region may explain part of
the scatter of the experimental slope values (see
Fig. 9 and 11) and also may cause a spreading of
the values for the forward differential cross sec-
tions that are determined by extrapolation. In
particular, we note that for the 7N channels the
model yields a smaller slope for region B than
for region A whereas the opposite is true for the
KN channels. Extrapolation of these slopes would
then yield

do/dt (RN—~7Y)

do/dE(IN=KY) -

at £=0 even if the true value of the ratio were
unity. This trend is in fact suggested by the =
data shown in Fig. 8.
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The prediction for the S and T parameters for
the 2 and A reactions are shown in Figs. 18 and
19, respectively. For the T data the two models
are nearly indistinguishable, whereas for the A
data the two models predict quite different ¢ de-
pendences. The measurements of the S and T
parameters therefore would be essential in de-
termining the true amplitude structure.

The s-channel helicity amplitudes, evaluated at
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6 GeV/c, are shown in Figs. 20-23. The individu-
al K* and K** amplitudes for the Z reactions are
essentially equal for the model 1 and 2 solutions
(see Fig. 20), whereas for the A reactions the
real parts of both the helicity-flip and -nonflip
amplitudes differ appreciably between the model

1 and 2 solutions (see Fig. 21). As noted above,
the S and T parameter predictions for the A data
are correspondingly quite different for the two
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FIG. 16. Differential cross sections for (a) m'p—K*Z* and (b) K"p—7"Z* in the momentum interval ~ 4 to 16 GeV/c.

The curves are a comparison of the DAM (model 1) to the data.
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models. The resultant amplitudes for specific =
and A reactions are displayed in Figs. 22 and 23;
the amplitudes for other strangeness-exchange re-
actions are simply related by Table III.

Several observations may now be made from the
amplitudes determined in the present analysis:

(1) Qualitatively similar structures in momen-~
tum transfer are found for p(4,) and K*(K**) am-
plitudes using the model 2 results.

(2) For the A reactions the values for the expo-
nential parameters, A, are in good agreement
with the results for 7N charge exchange and 1 pro-
duction; however, somewhat different values are
found for the Z reactions.

(3) The approximate agreement with strong ex-
change degeneracy for the p and A, amplitudes in
KN charge exchange is not found to apply to the
K* and K** amplitudes in Z and A production.
Rather, the ratios of imaginary to real parts of the
forward amplitudes for Kp - n(Z, A) are observed
to be approximately unity (see Figs. 22 and 23).

In addition, from Table V we observe that the
ratios of coupling constants are

lg"(8)/g7(A)| ~ | g"(Z)/g"(2)|~6,

for both helicity-flip and -nonflip amplitudes.>®

As noted previously, the failure of strong exchange
degeneracy follows from our formulation of the
DAM having equal radii of interaction for vector-
and tensor-exchange amplitudes, and from the
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FIG. 21. s-channel helicity amplitudes for (a) K * and (b) K ** exchanges in the channel 77p —~K %A at 6 GeV/c. The
solid (dashed) curves represent the imaginary (real) parts of the amplitude for the DAM, model 1, results. Parts (c) and
(d) are the same as (a) and (b), respectively, but are for the DAM, model 2, results.
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Rp—= 73 large polarization observed in the KN strangeness-
0.1 0.5 T exchange data.
o 0a b (0 | (4) The apparent failure of strong exchange de-
’ | generacy for K* and K** amplitudes implies a
% -0.1 4 o3 R :'FQAE/Z?_ . breaking of SU(3) symmetry. That is, the K* and
E —o2 1 o2 \\ 6 Geve K** amplitudes are not directly related by SU(3)
3 1 scalar coefficients to the p and A, amplitudes de-
£ -o03 RN R 7 termined in the analysis of reactions (1)-(4).
zé —0.4 i ° \\l/ - Furthermore, if the coupling constants for the
05 4 oL ST (A, Z) reactions are compared to those for the KN
: ’ charge-exchange reactions, then the f/d ratios
- -02 R . found are incompatible with those determined for
N T o1 ki the (p, w°) exchanges (see Table IV). It is interest-
= ing to note, however, that if the coupling constants
E; n ° for the T reactions are compared to those for the
2 4 -o. 4 A reactions then f/d ratios are derived which are
E on i in good agreement with those found for the (p, w°)
S s L exchanges.
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amplitudes determined in the present study repro-

duce well the data for reactions (1)—(6) and also
other channels are related as given in Table III. The R R R ons (1)—(6) )
curves show the DAM, model 1, results. The DAM, satisfy the requirements imposed by previous am-
model 2, results only differ in the real parts of the plitude analyses of elastic scattering data. The
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6 AMPLITUDE ANALYSIS OF CHARGE-EXCHANGE... 2481

in Kp-~K° and K*n—K% (where the s channel
is exotic for the K *n case), but is significantly
violated for (K*, K**) exchange in the reactions
TN-KY and EN- 7Y (where the s channel is not
exotic for either reaction).

The reactions (1)—(4) are closely related since
they involve nonstrange vector (p, w°) and tensor
(A4,) meson exchanges with exchange-degenerate
Regge trajectories. The model satisfactorily de-
scribes the available data on these reactions, ex-
cept perhaps for the K}p - K%p data for -2 0.3
GeV2,

The p-amplitude structure determined in the
present work, where

IM gy ax(7V=E)e4t,

is observed to be consistent with the results of
previous amplitude analyses. Essentially equal
values for the parameters 7 (radius of interac-
tion) and A are found for the p and A, amplitudes
(predominantly Ax =1); these values also are in
agreement with the parameters obtained for

(p, w)° and f° exchanges from elastic scattering
data (predominantly Ax =0). This result suggests
that the impact-parameter representations for all
of these exchange amplitudes are approximately
equal.

The comparison of the p and A, amplitudes to
KN charge-exchange data yields coupling constants
which are in good agreement with SU(3) predic-
tions. The resulting amplitudes for K*n—~K% are
approximately real, and the polarization for this
reaction is expected to be small. This result sug-
gests that strong exchange degeneracy applies to
absorbed Regge-exchange amplitudes in exotic
channels.

The vector couplings determined for 77p -7’z
and K3p ~KS%p yield SU(3) f/d ratio values
(/@) pr=o~ =5.3 and (f /d) pr~; ~ 0.32 in good agree-
ment with previous studies.

We have summarized the data for the reactions
TN-KY and EN-~7Y, where Y is A° or Z, by com-
piling the differential cross sections at £=0,
(do/dt),, and the slopes of the forward differential
cross section, B, in the momentum interval ~3 to
~16 GeV/c. The data are observed to satisfy the
following relations:

do do\ ,+
<3?>0(7TN-’ KY) = <a—t—>o(KN" TY)
and

B(tN—KY)>B(EN~1Y),

where the inequality of the slope parameter is
especially pronounced for the A° reactions. The
equality of the forward cross sections suggests
that the Regge phases hold at /=0

[agx(0) > axxx(0)], and that absorption does not
alter the phases of the forward amplitudes appre-
ciably. This result is supported by 7N charge
exchange and also K§ regeneration data where the
experimentally determined phases are near the
values predicted by Regge theory. However, ab-
sorption does alter the amplitudes significantly
for —£>0 and can cause the observed differences
in the slopes of the forward cross sections for
line-reversed pairs of reactions.

The polarization data for the strangeness-ex-
change reactions are also compiled in the momen-
tum interval ~4 to ~14 GeV /c. Polarizations for
both 7N and KN channels are observed to be large,
to be nearly independent of energy, and to be sat-
isfied approximately by the relations: P(7N - KA)
=—-P(rN-KZ) and P(EN~wA)=-P(EN—-7Z). The
large values of polarization are in disagreement
with the expectations of the duality diagrams for
strong exchange degeneracy in KN channels.

The present analysis reproduces well the ob-
served features of the strangeness-exchange reac-
tions (5) and (6), using the same basic amplitude
structure for K* and K** exchanges as for p and
A, exchanges. However, the relation between
coupling constants for the (p, 4,)-exchange reac-
tions and the (K*, K**)-exchange reactions indi-
cates that the K** is suppressed with respect to
K* in disagreement with SU(3) predictions. In the
present formulation of the DAM, where nearly
equal radii of interaction are used for vector and
tensor exchanges, the suppression of K** relative
to K* is needed in order to reproduce the large
polarization observed in reactions (5) and (6). The
K*/K** ratio of couplings suggests that one should
be cautious about applying SU(3) symmetry between
the (K*, K**) and (p, 4,) exchanges.

In conclusion, the present formulation of the
DAM provides a consistent picture of inelastic
pseudoscalar-meson~baryon scattering. In order
to evaluate the validity of the amplitudes deter=-
mined in the present analysis, further experi-
mental work is necessary. Measurements which
appear to be particularly needed for further prog-
ress are: (1) polarization for 7 7p -1° for —£>0.2
GeV?, (2) do/dt for KN-wA° (3) polarization for
KEN-~7A° and EN-7Z above ~8 GeV/c, and the
more difficult measurements of (4) polarization
in K*n—-K%, and (5) S and 7T parameters in
strangeness-exchange reactions.
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We study the constraints at high energy that analyticity imposes on amplitudes given a low-
energy theorem and an upper bound to the amplitude at intermediate energies. These con-
straints prove to be nontrivial when applied to the pion electromagnetic form factor. We
suggest that our results may be useful in a future analysis of the contribution of the spin-
dependent forward Compton amplitude to unpolarized Compton scattering. This application
will require experimental data on the forward differential cross section in the resonance

region.

In a recent paper Levin, Mathur, and Okubo'®
have phenomenologically discussed bounds on the
pion charge radius in terms of the modulus of the
pion electromagnetic form factor on its cut. In
this analysis they discovered an interesting side

result. They found that the modulus of the pion
form factor cannot begin to fall rapidly in a
“dipole” fashion until a four-momentum transfer
squared of at least 17 GeV? is reached. What is
remarkable about this result is the small amount



