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We propose an expression for calculating Regge-cut contributions to inelastic scatter-
ing, based on the absorption model. We present a brief justification of our expression,
using the idea of an instantaneous composite structure for the scattering particles. We
apply the model to p exchange in r p

In recent years, a phenomenology of high-ener-
gy (quantum-number exchange) reactions based
on Reggeon exchange has enjoyed some success. '
W'e claim, however, that recent detailed experi-
mental information makes it clear that the de-
scription of high-energy reactions based on ana-
lytic properties in the angular-momentum plane
will not be simple mathematically. In particular,
we show that physical arguments regarding multi-
ple scattering as well as experimental data de-
mand a large role for Regge cuts. ~ We present
an expression for the "principal cut" 'associated
with any pole. The expression involves only one
(scale) parameter, slightly larger than unity, in
addition to the parameters needed to describe the
pole.

The experimental evidence indicating a strong
role for cuts is shown through (1) forward peak-
ing in n-exchange processes, s and (2) dips and
secondary maxima. There is also a variety of
relatively detailed experimental indicators such
as (3) polarization in w charge-exchange scatter-
ing and (4) the crossover in the w+P differential
cross sections. All these phenomena can proba-
bly be accurately understood in terms of the
principal cut and its interference with the pole
contribution. Detailed applications to (2)-(4) are
presented. Good agreement with experiment is
found. For w exchange at very small momentum
transfer our formalism is qualitatively the same
as the absorption model of Gottfried and Jack-
son. We will discuss m-exchange processes in a
future publication.

The model we use is an absorption model with
Regge-pole exchange input. We start with the
Sopkovich formula4y'

pand the root of Sl =1+2it Tl in a binomial
series:

TAbs T ex
l l l

el ex ex el
l l l l

We drop higher terms, which go to zero if the
elastic scattering is the same in the initial and
final states, and which are different in different
absorption models. The terms we retain in 5Tl
are exactly the double-scattering terms (and, in
particular, shadowing terms) in a multiple-scat-
tering theory. ' They represent an elastic and an
exchange scattering occurring in either order.
Thus, neglecting spin for ease of exposition, if
we partial-wave analyze the single-scattering (or
pole-exchange) amplitude

T =Q(2l+1)T P
l l

and the usual elastic amplitude

T —=f Q(2l+1)T P,
the Sopkovich formula for the full amplitude
(equal final and initial scattering) is

T =Q(2l+ 1)S T P =T +6T
l l l

with

5T=2ikg(2l+1)T T P .
l l l

One finds immediately

5T= fdQT (Q,)T (A ). (2)

In this formula Tlex is an amplitude for the ex-
change of some quantum number in a single scat-
tering and Sl is the elastic S-matrix element in
either the initial or final state. Tl is the am-
plitude to be compared with experiment. We ex-

For T we use observed elastic cross sec-
tions, setting the final elastic scattering equal to
the initial by averaging. For T we use Regge-
pole exchange, with the usual Regge-pole param-
eters varied in order to give a good fit to experi-
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mental data. The Regge-pole amplitudes have

the most simple structure; they are evasive and

have no nonsense dips.
Our model must be justified. Both Reggeiza-

tion and absorption involve composite structure,
and it is not a priori clear that the same effect
has not been included twice. A detailed argu-
ment that two different effects are involved will
be presented in a later paper; we only outline the
argument here. The original absorption model'y'

used elementary particle exchange for the single-
scattering amplitude Wx. It clearly lacks the
composite structure of the exchanged particle.
This showed up in the incorrect energy depen-
dence in the original absorption model.

The effect absorption takes into account is the
geometric (or composite) structure of the scat-
tering particles. For example, in the eikonal ap-
proximation derivation of the absorption model,
the scattering is pictured as the passage of a
particle through an extended optical potential,
with the scattering which effects the quantum-
number exchange occurring at some intermediate
point on the trajectory of the particle. Regge-
pole exchange involves a form factor, which is
also a manifestation of the structure of the scat-
tering particles. However, the form factor only
involves the time-averaged structure, whereas
the absorption at high energies involves the in-
stantaneous structur e.

In summary, the original absorption model
lacks the structure of the exchanged particle,
and the Regge-pole model lacks the instantaneous
structure of the scattering objects. Our model
includes both.

In the t-channel angular-momentum plane, our
correction 5T is a Regge cut, with the usual
branch-point trajectory (if elastic scattering is
given by a Pomeranchuk-Regge pole). The fact
that its singularity structure is completely dif-
ferent from the input Regge pole is further evi-
dence that a new effect is included. '

The justification of our model requires that the
exchanged Reggeon effecting the quantum-number
exchange be a "particle. " It is not clear that
such a description applies to elastic scattering
(or "diffraction dissociation" scattering). There
is no known particle definitely associated with
the Pomeranchuk Regge trajectory, so that this
may not be a simple Regge pole representing sin-
gle elastic scattering. Related models have as-
sumed a related description for elastic scatter-
ing, involving single and multiple Pomeranchuk

Regge-pole exchange. ' Although this assumption
is plausible, our justification of our model does
not extend to these models. Therefore we apply
our model only to inelastic (tluantum-number ex-
change) scattering.

We consider the reaction n P —n n via p ex-
change in order to illustrate the formulation and

especially the phenomenon of dip plus secondary
maximum. The amplitude is the sum of p Regge-
pole exchange and the associated absorption
term:

~+MM„, —M, +M

(4)

where, for unpolarized nucleons,

do/dt = (64mk~s) '(1M++ I
~+

I M+ l~)

For the purposes of computation the Regge-tra-
jectory exchange factor is approximated so that
at high energy and small angles,

P iP 2 2
My =e y(-t) '

3 (t} ]

. --,'isa(t) E a(t)
X&

p + 2 1
++ 3 a(t) -1

„.--,'isa(t) E a(t)
x~ +

0

where y's and E,'s are real constants to be chos-
en. In other words E, is chosen to optimize the
approximation y= const. Here E is the lab ener-
gy. Two more constants enter in the assumed
linear trajectory: e = ep+ Qgt.

The elastic-scattering amplitude will be taken
to be

P . GtM, =5,(i+p)so'e

We will take p, o', and G from experiment, in-
cluding their gradual energy dependence.

The double-scattering integration can be car-
ried out analytically to yield a simple form when
some high-energy small-angle approximations
and an expansion in the parameter a,/[(1-ao)(F
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+ G)] are made:

p& (i+ p)(r noF/a, FGt/(F+ G) 2 e, n, Get
+ 8x(F + G) 3 ' F+ G+ o.,/2(l-a, ) (F+ G)I

where F = n, [ln(E/E, ) --,'iw], A = y G( t)'"-/(F + G),
and A+ = y+, with the value of Eo appropriate to
the (+-) or (++) case and where the factor A, a
scale factor for the double-scattering term ex-
pected to be somewhat larger than unity, has
been introduced.

A fit has been made to the differential cross-
section data, '0 using helicity flip only (omitting
consideration of data very near 0 where helicity
nonf lip must dominate). The results are shown

in Fig. 1 using the parameters given in the cap-
tion. " The value for trajectory slope o., is 1.2
(BeV/c), similar to values currently accepted.
The value of eo is significantly less than the ef-
fective value a(0) =0.6, which, in the absence of
consideration of cuts, has been considered the
proper value for the p. Using these new parame-
ters, a =1 yields m&=0. 725 BeV, in good agree-
ment. The value A =1.9 seems reasonable to us
in terms of the contributions of other intermedi-
ate states such as A, instead of n and other Xl- &

trajectories instead of the nucleon.
There is no difficulty in describing the dip at t

= -0.6 in this theory. '~ The dip moves slowly as
a function of energy so that experiments at 70 or
200 BeV/c will probably be needed to observe its
motion. It is the logarithmic shrinkage of the sin-
gle-scattering term embodied in the e~1 ln( /Eo)f

factor that determines the motion of the dip.
This competes with the decrease in total cross
section which reduces the magnitude of the dou-
ble-scattering or cut term. At very high energy,
assuming a Z

—const, the shrinkage dominates
the motion.

The diffraction dip, as observed in n charge-
exchange scattering, should occur in most other
processes. The position should vary with the
range of interaction. In most cases rather care-
ful examination may be required to see dips be-
cause different exchanges and especially differ-
ent helicity amplitudes each contribute a dip at a
different position tending to obscure the phenom-
non.

The charge-exchange helicity-nonf lip amplitude
has also been calculated using the same value for
A and the trajectory, choosing a new value for
Eo (E,+) to fit the difference in total cross sec-
tions".

ImM =k(s)'"[u (w P)-v (w+P)].
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Re[(-i-0.2)M++] = 0, (10)

occurs near t = -0.15 at 8 GeV/c in excellent
agreement with experiment. It is associated with
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FIG. 1. Fit to the differential cross section for n' p—non (see text). The parameters used at 4.8 GeV/c
are p=0.2, 6=3.8 (BeV/c) 2, and 0=29 mb. These
change slightly in the appropraite directions at higher
energy. The other parameters are 0.

&
= 1.2 (BeV/c)

80=0.54 BeV, 0.()=0.37, and A. =1.9.

A fair fit is found for E,+ =0.1." With these Pa-
rameters the crossover of de(w p)/d& and «(&+p)/
dt, '4 which is assumed to satisfy
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a minimum in lM++ L The polarization in charge-
exchange scattering at small momentum transfer
has a maximum of about 10% near t = -0.15,
which is in reasonably good agreement with ex-
periment. "

Disagreements between the predictions of sim-
ple Regge-pole models and experimental data
have often been resolved by adding extra trajec-
tories. In particular, the trajectory of the B me-
son has been used to resolve such disagreements
as polarization and details of differential cross
sections. These are just the sort of disagree-
ments that the cuts can resolve. As an example
consider w photoproduction. Here the B has
been used" to explain the partial filling in of the
dip at t = -0.5 BeV . In our model, the dip will
be partially filled in because the single scatter-
ing and double scattering are not exactly 180' out
of phase. The difference between our model in-
volving absorbed ~ exchange, and a model having
an ~ pole plus B exchange could be determined by
a polarized-photon experiment. "

*Work supported in part by the U. S. Atomic Energy
Commission.

)Present address: Stanford Linear Accelerator Cen-
ter, Stanford University, Stanford, Calif.

~See, e.g. , the review article by L. Bertocchi in the
Proceedings of the International Conference on Ele-
mentary Particles, Heidelberg, Germany, 1967 (North-
Holland Publishing Company, Amsterdam, The Nether-
lands, 1968), p. 197.

Related models are discussed in the following: R. C.
Arnold, Phys. Rev. 153, 1523 (1967), and Argonne Na-
tional Laboratory Report No. ANL/HEP 6804, 1968
(unpublished); R. C. Arnold and M. Blackmon, Argon-
ne National Laboratory Report No. ANL/HEP 6814,
1968 (unpublished); G. Cohen-Tannoudji, A. Morel,
and N. Navelet, Nuovo Cimento 48A, 1075 (1967);
E. J. Squires, Phys. Letters 26B, 461 (1968); J. Fink-
elstein and M. Jacob, CERN Report No. TH880, 1968

(unpublished); J. N. J. White, Phys. Letters 26B, 461
(1968); S. Frautschi and B. Margolis, CERN Reports
Nos. TH909 and TH916 (unpublished).

3G. Manning et al. , Nuovo Cimento 41A, 167 (1967);
A. M. Boyarski et al. , Phys. Rev. Letters 20, 300
(1968); P. Heide et al. , Deutsches Elektronen-Synchro-
tron Report No. 68/22, 1968 (unpublished); Aachen-
Berlin-CERN Collaboration, Phys. Letters 27B, 174
(1968); see also M. LeBellac, Phys. Letters 25B, 524
(1967).

4J. D. Jackson, Rev. Mod. Phys. 37, 484 (1965);
J. D. Jackson, J. T. Donohue, K. Gottfried, R. Keyser,
and B. E. Y. Svensson, Phys. Rev. 139, B428 (1965).

5N. J. Sopkovich, Nuovo Cimento 26, 186 (1962).
6R. J. Glauber, in Lectures in Theoretical Physics

(Interscience Publishers, Inc. , New York, 1959),
Vol. 1.

D. Amati, S. Fubini, and A. Stanghellini, Phys. Let-
ters 1, 29 (1962), and Nuovo Cimento 26, 896 (1962).

See Arnold, Arnold and Blackmon, Frautschi and
Margolis, and Cohen-Tannoudji et al. (Ref. 2).

The error in all approximations made is 1-2%.
P. Sonderegger et al. , Phys. Letters 20, 75 (1966).

.~At this writing, we are making a best fit to the dif-
ferential cross section with both flip and nonf lip con-
tributions and to the total cross section difference [Eq.
(9)]. The parameters presented in this Letter are not
final.

~2The dip is due to destructive interference between
and the double scattering (or shadow correction)

which is, for general reasons, broader in t. The situ-
ation is the same as for the dip in p-light-nucleus elas-
tic scattering.

K. J. Foley et al. , Phys. Rev. Letters 19, 330
(1967).

~4K. J. Foley et al. , Phys. Rev. Letters 11, 425
(1963); see also V. Barger and L. Durand, Phys. Rev.
Letters 19, 1295 (1967).

~~P. Bonamy et al. , Phys. Letters 23B, 501 (1966),
and D. D. Drobnis et al. , Phys. Rev. Letters 20, 274
(1968).

J. P. Ader, M. Capdeville, and Ph. Salin, Nucl.
Phys. B3, 407 (1967).

~7P. Stichel, Z. Physik 180, 170 (1964). An experi-
ment is in progress at Cambridge Electron Accelera-
tor; D. Luckey, private communication.

949


