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We present the results of a fit to K+p and K p total cross sections and elastic differential
cross sections and polarizations, as well as a calculation of the ratios of the real to the
imaginary part of the forward elastic scattering amplitudes using the Frautschi-Margolis
Regge-eikonal model. The results of the fits, especially in large-angle K P scattering,
present evidence for the validity of a multiple-scattering picture.

Some time ago Frautschi and Margolis' de-
veloped the proposition that a moving-pole Pom-
eranchukon plus lower trajectories be eikonalized.
This provides a model of moving Regge poles and
cuts with no parameters other than those for the
poles. The model as has been pointed out' predicts
the following properties of high-energy scattering:

(l) The total cross sections for hadron-hadron
interactions will eventually rise to their asymptot-
ic finite values from below.

(2) The ratios of the real to the imaginary part
of forward elastic scattering amplitudes will all
be positive (although very small in magnitude) at
high enough energies.

(2) The Pomeranchukon contribution to the
elastic differential cross sections will continue
falling as energy increases at all but the smallest
values of momentum transfer.

(4} Diffraction dips due to multiple Pomeran-
chukon exchange will be present at high enough
energy.

(5) Mild violations of factorization (=20%) of
amplitudes exist.
Further, the model can account for the following
features:

(6) At intermediate energies (s20 GeV/c) there
will be strong shrinkage in exotic channels in
contrast to nonexotic channels, where there will
be less or no shrinkage or even antishrinkage.

(7) Crossover points which are at too large ~tj

values in Regge-pole theory (if they are assumed
to be associated with nonsense-wrong-signature
points} are moved towards their correct values
when eikonal-model cuts are introduced.

(8) Turning for a moment from elastic scatter-
ing, the extension of eikonalization to nonelastic
processes converts forward dips into spikes. "

The specific purpose of this paper is to examine
in what detail the Frautschi-Margolis Regge-
eikonal model is capable of describing high-energy
elastic scattering. We have undertaken to do the
analysis to be described because of new data from
Serpukhov' for K'P and K P total cross sections
as well as new data from other sources for elastic
differential cross sections' and polarization. '

Data on the line-reversed reactions' K p -EPn
and fC 'n —K'P at around 5 GeV/c and above indi-
cate approximate exchange degeneracy for the K-
nucleon system between trajectories of opposite
signature. Assuming exchange degeneracy and
dominance of the trajectories p, u, P', and A. ,
in addition to the Pomeranchukon, one can de-
scribe high-energy scattering in terms of rela-
tively few parameters. "

Preliminary calculations indicate that we will
be able to describe ~'p as well asPP andPP elas-
tic scattering at high energies equally well. We
leave these cases for later discussion.

In the exotic K'P channel we write the Regge-
pole amplitude for helicity nonflip and helicity
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flip, respectively,

A„=iCv(e»'+ C,e»') —C„(1+bt)e"v "', (la)

Av=iCve~t(e»'+ C,e»') —Credit e 'v 0 5',

(lb)

where

—= v(JA„J'+jAef')

V = -,'(S —Q),

y, = a,. + o v'(1nv —in/2), j = 1, 2

n = a„+0.95 ln v.

The formulas above have energy in units of GeV.
We have taken the exchange-degenerate Regge
trajectory to be given by

a„(t)= 0.43 + 0.95t.

It follows that for the K p channel, using cross-
ing symmetry, we have nonflip and flip amplitudes
A„and A~ through the replacement of n by n
= ac+0.95(lnv —in) and (Cr, Crv) by (Cze """,

-0 .43 i1t)

The two exponentials in the Pomeranchukon
residue allow for a t-dependent slope' "of dif-
ferential elastic scattering at small momentum

transfers which will decrease with increasing ~t~.

The linear term in t in the spin-nonflip non-Pom-
eranchukon Regge residue provides some freedom
to arrange the details of the surface peaking of the
interactions. "

We eikonalize the amplitudes above following
Frautschi and Margolis' and Frautschi, Kofoed-
Hansen, and Margolis. ' We replace v by s in
the calculations.

Results for the total cross sections, differential
cross sections, and polarizations, fitted to ex-
periment, are shown in Figs. 1-3. The predicted
ratios of forward real to imaginary part of the
scattering amplitudes are also shown in Fig. 1.
Values for the fit parameters are the following:
n~ =0.51, a, =2.47, a, =0.20, a~=0.28, b=0.63 or
1.02, all in (GeV/e) '; Cv=2.00, Cr =7.64, both
in [mb/(GeV/e)']'/'; Cve=0. 64, C~e=-4. 16, both
in [mb/(GeV/e)4]'/'; C, =1.08. One of the two fits
has a value of b = 1.02 (GeV/c) ' which provides a
factor 1+bt~ 2o.e(t)+ 1 as part of the nonflip
Regge residue.

One sees in Fig. 1 that there is reasonable
agreement with total cross-section data at and
above 10 GeV/c. The K'P total cross section
rises slowly with increasing energy. Roughly
speaking, the rise is described mathematically

y the form
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FIG. 1. (a) K+p and K p total cross sections as func-
tion of p&&. Data from Ref. 3. (b) Ratios of forward
real part to the imaginary part of K+p and K p elastic
scattering amplitudes as function of pL,&. Solid line:
5 =0.63 (GeV/c) . Dashed line: 5=1.02 (GeV/c)
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FIG. 2. (a) K+p elastic differential cross section at
pj &

=6.8-14.8 GeV/c. Data from Ref. 4. (b) K p elastic
differential cross section at ph& = 9.0-15.91 GeV/c. Data
from Ref. 4. (c) K+p elastic polarization. Data from
Ref. 5. (d) K p elastic polarization. Data from Ref. 5.
Solid line: b=0.63 (GeV/c) ~. Dashed line: b=1.02
(GeV/c) ~.
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There is agreement with experiment in the
position of the crossover point between K p and
K'P scattering which occurs near t=-0.3 (GeV/c)'
atP„„=5GeV/c. For w'P a.s well as pp andpP one
can expect the crossover to occur at smaller ~t~

because the Regge trajectories which produce it
apparently couple more strongly when compared

FIG. 3. K+p and K p elastic differential cross sections
at 5 GeV/c and K'p scattering prediction at 200 GeV/c.
Data from Ref. 4. Solid line: b=0.63 (GeV/c) 2. Dashed
line: b=1.02 (GeV/c)

to the Pomeranchukon coupling. ' We note that the
form of the Regge residue used is of some im-
portance in determining the exact position of the
crossover.

We remark further that this model yields through
a series of small momentum-transfer scatterings
(multiple scattering) an amplitude at large mo-
mentum transfer which is in good agreement with
K P data. It is to be noted that there are no non-
exotic baryon exchanges which will permit back-
ward K P scattering, unlike K'P scattering. The
possible importance of baryon exchange cuts at
intermediate angles has been discussed elsewhere
for channels which can have nonexotic backward
exchanges. "

There is some disagreement, mainly at 5 GeV/c,
between the fits and experiment in the differential
cross sections in the region of momentum transfer
t = -1.0 to -2.5 (GeV/c)'. We expect that this could
be corrected by consideration of different residue
functions for the pole amplitudes and possibly
modest deviations from exchange degeneracy.
Lower trajectories could of course contribute
non-negligibly as well.

Returning to total cross sections, in Fig. 1 the
K'P total cross-section fit is perhaps slightly
more constant as a function of energy than the
data. Within the framework of this model a faster
rise with energy (and more flatness in the K p
case) can be obtained with a larger Pomeranchukon
slope than that found here, op'=0. 51 (GeV/c) '.
The Pomeranchukon slope obtained in these fits
is not bigger, partly because of the constraint of
fitting polarization data as well as db/dt and o„,.
An important test of the model will be measure-
ments of total cross sections at National Accelera-
tor Laboratory energies.

It has been pointed out above that the good fit to
the large-angle K p scattering data at 5 GeV/c
provides evidence for the dominance of multiple-
scattering effects at these large momentum trans-
fers. A further consequence of multiple scattering
is a repeated change in sign of the polarization for
both K'P and K P scattering. The first sign
change in the fits shown here is near t = -1.0
(GeV/c)' for both K'P. There is evidence in the
data for this feature and further measurements
would be of interest. Fits of Tuan et al. '~ with
only single and double exchanges (scatterings)
show no sign change near t= -1.0 (GeV/c)' for K'P
scattering, and a sign change near t= -1.5 (GeV/c)'
for K p scattering.
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A method for deriving rigorous upper bounds on asymptotic values of total cross sections
is discussed. The size of the bound is determined by low-energy data. A functional form
for the total cross section at high energies is assumed and bounds on the parameters intro-
duced are obtained. The method is applied to 7r-x scattering, and numerical estimates,
using experimental data, are given for different parametrizations. For an asymptotically
constant az(s), we find Oz(~) & 40 mb. Better data would improve the accuracy of this bound
and could lower it significantly.

One problem often faced in physics is to esti-
mate, or at least to limit, an experimental quan-
tity in regions where it has not been measured.
In this note the Froissart-Gribov representation
and a knowledge of finite-energy scattering will be
used to limit the value of the total cross section
at asymptotic energies, assuming a functional
form for 0~ in this region.

Suppose that the experimental situation is as
follows: The total cross section is known for x,
the square of the center-of-mass momentum, be-
tween zero and c. Further, a partial-wave anal-
ysis of elastic scattering has been performed for
0 &x & b & c, so that a finite number of partial-
wave elastic cross sections are known. For val-
ues of x above c, the functional form of o~ will be
assumed. For example, one could take the cross
section to be given by

or(x) =~r(~)+[or(c) -or(~)](c/x)'", x o- c (1)

d= dxKx 2l+1 a x P
0 z

where

K(x) =[30m(1+x)" x' ] '

w =1+2/x,
and d is defined by

x+1 '"
d =lim, ~2

e'~2" sin52(x).
x~0

(3)

The a, 's are the partial-wave amplitudes for the
absorptive part in the crossed channel.

as suggested by Regge theory, and derive an upper
bound on or(~).'

The Froissart-Gribov formula for the D -wave
scattering length d for spinless particles of unit
mass (isospin will be neglected for the moment)
1s


