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Pion-Nucleon Scattering from SO to SOO GeV/c
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We show the general features to be expected in scattering at energies high enough that the scattering
amplitude consists of only the Pomeranchuk Regge pole and the two-Pomeranchuk-cut terms. The predic-
tions of the Reggeized multiple-scattering quark model for pion-nucleon scattering at lab momenta up to
500 GeV/c are given as a speci6c example.

I 'HE unexpected. constancy of meson-nucleon total
cross sections from' 30 to 65 GeV/c has presented

high-energy phenomenology with an unpleasant choice.
We either (a) accept the observedcons. tant values as
asyn1ptotes and discard the Pomeranchuk theorem, or
(b) continue to expect asymptotic equality of particle
and antiparticle amplitudes, but admit that asymptotic
energies are as yet far away.

That either choice requires a revision of the Regge-
pole treatment of these amplitudes is clear, since ex-
tensions of the best pre-Serpukhov Gts' are in dis-
agreement with the new data. Choosing (a) necessitates
some terms effectively breaking line reversal. The second
alternative maintains the traditional Pomeranchuk
pole, but assumes that the remainder of the Regge
description is more complicated than previously thought;
either a proliferation of poles or a cut is required.

In this paper we take the latter viewpoint and assume
that a Regge cut corresponding to double Pomeranchuk
exchange is the culprit. The feasibility of such a model
has been shown by our previous work' using a Reggeized
multiple-scattering quark model, which correctly pre-
dicted the Serpukhov data, as well as by more recent 6ts
by Barger and Phillips. 4 In both of these calculations, it
is found that the cut contribution to the total cross
section is negative and of the order of several Inb. Since
this contribution will shrink proportionally to (lns) ',
the principal ncw result of its inclusion is the prediction
that total cross sections will rise by several mb before
approaching their asymptotes. The logarithmic rise is
so slow, howevcl that lt sccms lmposslblc cvcl to attain
even roughly asymptotic energies.

In other words, it appears that we can never get to the
asymptotic region. It may nonetheless be possible,
however, to reach energies at which scattering ampli-
tudes become simple, although not asymptotic; that
is, at which aH inelastic c6ects have disappeared, and
only the vacuum pole and its associated cuts are ob-
served. Ke propose to call this energy region "the
Pomeranchuk region. "
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The general features of scattering in the Pomeranchuk
region can be seen by writing a simple form for the
scattering amplitude:
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In (1) we have assumed a linear vacuum trajectory,
rrp(h) =rr+Ph. The phase of the amplitude is correctly
given by the dependence on (s/r') only; C, p, and so are
real constants. We have assumed that the I, dependence
of pole and cut residues can be cRectively parametrized
exponentially, leading to the normalization constant so.

In order that the slope of the diBraction peak produced

by (1) be consistent with observed values ( 10 GeV '),
so must be of the order of 10 2 or j.0 3 GCV2. Thenegative
sign of the cut term is chosen in accordance with
observation; we feel that (1) reproduces satisfactorily
the characteristics of the Pomeranchuk region.

The Pomeranchuk trajectory has not been assumed
in (1) to have nz (0)=1 so that vanishing asymptotic
amplitudes may also be considered. Taking s»so so that
in(s/iso) =in(s/so), we 6nd total cross sections of the
form
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By substituting x= (s/so) ', it is easily shown that the
function de6ned by (2) has no minima if n(1 and a
single minimum if 0.&1. An increase in the total cross
section therefore guarantees that o,(~ ) does not vanish.

Let us now assume that 0.=1 and. examine the
diBerential cross section. It can be written

de s 's' P trs—=C — —2 cos(-', orPh)i-
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Near h=0, (3) may be equated to the usual diffraction
peak parametrization do/dh re exp'�(s)h+c(s}h'j by iden-

tifying powers of f. The results are
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That is, we expect that a minimum will occur when

when
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Fze. 1. Predictions for pion-nucleon %otal cross sections from 50
to 500 GeV/c lab momentum. (s ztttl
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which, for suKciently large s, yield

(4b) and a maximum when

(
g ) kP&2

spl 2 ln(s/s, )
b(s) =2P ln(s/sp),

c(s)= ——,'p'tt ln(s/sp) .

The value of b (s) thus predicts shrinkage of the diffrac-
tion peak, in agreement with the result obtained by
neglecting the cut. The curvature c(s), being pro-
portional to p, is a consequence of the cut; its negative
sign indicates that the differential cross section drops
more rapidly with t than for a purely pole-dominated
amplitude.

The variation of (3) with t is also of interest for larger
momentum transfers, where interference between pole
and cut terms produces a structure in the differential
cross section. To investigate this structure, we differ-
entiate (3) with respect to t and assume that the struc-
ture occurs for momentum transfers small enough that
the variation of cos47rpt is negligible. Then it follows
that

2 In[tt/In(s/sp)]
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It follows from (7) that t, approaches the origin, but
only loglogarithmically, i.e., extremely slowly.
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provided that both of these t values are such that
cos~trpt~, p= 1. Including the variations of cosxttrpt should
not alter the locations of these points appreciably;
therefore we expect the structure to occur near
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»G. 2. Differential cross sections for elastic x+p scattering at 100,
300, and 500 GeVjc lab momentum.

»0 3. DÃcr|;g.tial cross section for I'x p —+~e) at 100, 300, and
$00 QcV/c lab momentum.
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thus,
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The location of this structure can be related to the
ratio of cut to pole contributions in (2). For n=1, we
have
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If the differential cross section near t=0 is taken as
do/dt(s, t) = [do/dt(s, 0)j(s/so)'~', then the structure oc-
curs when d0' f ocul d0—(s,t) =

i

———(s,0) .
dt k(roui, dt

At experimentally available energies, structure is gener-
ally seen at t= —0.6 GeV', which for the observed
diffraction peaks corresponds to a cut/pole ratio of
0.2—0.3.This figure is in accord with the cut contribution
found by fitting the data. ' '

Since the spin-Qip amplitude for Pomeranchuk ex-
change seems to be small compared to the nonAip term
(as shown by the absence of a dip in the forward
differential cross section), it is reasonable to assume that
its contributions may be neglected entirely in the
Pomeranchuk region. We mention, however, that if it is
parametrized similarly to (1), a nonvanishing polariza-
tion may result from pole-cut interference. Its form is
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FrG. 4. Predictions for the phase of the forward elastic x+p
amplitudes from 50 to 500 GeV/c lab momentum.

In summary, then, the principal features to be ex-
pected when the new accelerators allow us to reach the
Pomeranchuk region are (a) shrinkage of the drffraction
peak, (b) slowly rising total cross sections (if n= 1), and
(c) structure in the differential cross section around
t —0.6, moving extremely slowly toward the origin. In
order to put quantitative mesh on these qualitative
bones, we give in Figs. 1—5 the predictions obtained by
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extending our earlier pion-nucleon 6t up to 500 GeV/c.
Since these curves go far beyond the region we fitted to
obtain them, they may disagree with experiment; their
general features, however, should be qualitatively cor-
rect if the amplitude is approaching the form (1).

The x+p total cross sections we obtain are shown in
Fig. 1.For o &(or p), the P' and p poles and the cut terms
in our model cancel each other quite well, leading to a
nearly constant total cross section. For o &(n.+p), how-
ever, a minimum is reached around 90 GeV/c lab mo-
mentum, and thereafter a slow [ 0.05 mb/(100
GeV/c)j increase is observed. The differential cross
sections for elastic scattering shown in Fig. 2 show
substantial shrinkage of the di6raction peak; the slope
b(s) increases from 9.2 GeV ' at 50 GeV/c to 11.5
GeV ' at 500 GeV/c. Our fits did not, unfortunately,
include points with —t&0.3 GeV', so the t= —0.6
structure cannot be shown. The charge-exchange differ-
ential cross section shown in Fig. 3 has fallen to the
order of a few pb/GeV'. For completeness, we give in
Figs. 4 and 5 the predicted phases and polarizations.
The Pomeranchuk contributions are becoming essen-
tially imaginary in this region, and the variations of the
real-to-imaginary ratio from zero result from the small p
terms. The predicted elastic polarizations are very
small; the sharp rise in the charge-exchange polarization
is extremely parameter dependent and may not be
reliable for that reason.
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FIG. 5. Polarizations predicted for (a) elastic and), ';(b) charge-
exchange pion-nucleon scattering at lab momenta 100, 300, and
500 GeU/c.


