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A representation for the Pomeranchon exchange and the multiple scattering corrections is suggested,
which contains crossing symmetry, asymptotic Regge behaviour, and obeys the duality requirement of

a non resonating background. A very good description of the proton-proton elastic scattering is obtained
in the diffraction, intermediate and large angle regions.

The Pomeranchuk trajectory has been for a long time a kind of mistery, since it was first introduced
to get asymptotic non-zero constant cross sections. Recently, however, some light has been thrown on
the dynamical role of this trajectory, which dominates the high energy behaviour of all elastic and some
inelastic scattering amplitudes. First of all the Horn-Schmid [1-3] duality between Regge poles and low
energy resonances, together with the Harari suggestion [4] to associate the Pomeranchuk contribution
with non resonating background at low energy, have led to a clear distinction between "ordinary" tra-
jectories and the Pomeranchon. A further step in this direction is the idea that the leading vacuum
singularity can be generated from ordinary trajectories in a scheme of successive approximations to
unitarity [5,6]. All these arguments have prevented to represent rigorously the Pomeranchuk contribu-
tion by means of a Veneziano-like amplitude [7], which seems to be so approximately true in nature,
-and this term had to be added by hand, with evident lack of crossing symmetry.

In this note we suggest a representation for the Pomeranchon exchange which satisfies the require-
ment of Regge asymptotic behaviours and crossing symmetry, without however any direct channel res-
onances. This representation can be extended to incorporate the multiple scattering corrections in a
way strictly connected to the eikonal formalism [8]. The resulting amplitude is applied to the high ener-
gy p-p elastic scattering, giving a very good description of the differential cross section, in the full
range of ¢, It predicts moreover the right ratio Re A(0)/Im A(0) for the forward non flip amplitude, and
a total cross section which rises from 40 mb at 20 GeV to ~ 50 mb at infinite energy, in the limit
ap(O) =1. In our treatment a slope oy, =1 (GeV)'2 is required for the Pomeranchuk trajectory.

More explicity let us consider an elastic process with no direct channel resonances and with the ¢ and
« channels identical, for example 71" or p-p scattering. Let a(f) = a(0) + @'t be the Pomeranchuk tra-
jectory and let put first (0) = 1. The amplitude

Apole (u,t) = - pT1-a(u)+i] T1-a() +i]/1"(1+i) T[1-a(u) - a(t)+1] (1)

where B is a constant, has the following properites:

i) No resonances in the:s channel, or in the zero-width approximation, no poles for low s positive
values.

ii) Asymptotically it behaves:

a(t) T'[1-a(f)+i]

;:fr:o Apole (@,t) = - B[-a(u) +1i] —ra+ (2)
t fixed

and symmetrically for s - « and « fixed. The eq. (2), neglecting terms of order 1/s, shows clearly
Regge behaviour and a completely imaginary amplitude in the forward direction. For small t, further-
more, it holds approximately,
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Fig. 1. p-p differential cross sections do/df in units of cm2/(GeV/c)2, as functions of -£. The experimental points
are taken from ref. [14] - [17]. The fullines result from eq. (9).

with an accuracy of about 10% for¢ < 1 (GeV/c )2, ‘This gives the right "reduced" signature factor, and
explains why the unity has been chosen as the coefficient of the imaginary part of the argument of the

gamma function.
iii) In the #(u) channel, where #(%) now.is the energy variable, the presence of a non-zero imaginary

part in the argument of the gamma function, will prevent the amplitude to blow up along the real axis™
This smooth behaviour does differentiate the Pomeranchukon from the ordinary trajectories represented

by a Veneziano formula.
We want now to extend eq. (1) in order to incorporate the multiple scattering corrections, which do con-

tribute significantly at small / [8] and furthermore, are essential for the right large angle behaviour [9].
In the framework of the Glauber-type eikonal approximation it has been shown [8] how, starting from a
single ¢ -channel Pomeranchon exchange in the form

* Eq. (1) of course exhibits complex poles in the lower s half-plane, but our amplitude has to be regarded only as an
approximation near the real s axis.
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pole( »t) large s [so p(-zin)
small ¢
where at high energies ¢ is essentially a constant, one can generate the z-th order scattering term,
corresponding to » Pomeranchon exchanges:

t ) 1 - C n-1 S i, Qn(t)
Ayls,t) large . fnn i l}_—T—qlg(S/so)—'z‘iﬂ:' [s—o exp(-zm)] (5)
small ¢
where

a,t)=1+a%t/n.

This result, which is valid only at high energies and small angles, can be also obtained by analysing
the contributions to the scattering amplitude from a certain class of branch points in the complex
j-plane [10], with the help of some results of Regge cuts discontinuities {11]. In a previous paper [9],
furthermore, if was suggested how to approximate in a crossing symmetric way the contribution of the
Jj-plane branch points, disregarding complications due to the signature factors. Next step will be there-
fore to generalize formula (1) in the way suggested in ref. 9, to include the multiple Pomeranchon ex-
change in both #and « channels, consistently with the eikonal approximation results.

We write the complete amplitude which includes all the Pomeranchon effects as follows:

8 A Tl-o,,)+i]T[1-a,u)+i] 1 -1 1 -1
TT) I‘[T—am(t)-an(uhi] mm! [-Bm(u,t)]m Sl [—Bn(t,u)]n (6)

Alw,) = m,n=1
n=
H

where @y, (%) =1 + a'x/m. The functions B;,(«,¢) and By (t,u) are requested to satisfy:

slin:oﬁm(u,t) = B/{lg[-a(u)+i] -3in} (7a)
t—0
slgnao Bu(t, u) = B/1g[-a(t) +1] - hir} (7b)
Uu—

in order to reproduce the eikonal results (5). The whole ¢ and # dependence however, which reflects the
structure of the Regge culs also outside the large s, small f or small # regions, is completely unknown.
We can nevertheless try to guess, with again the help of the eikonal approximation. The z-th order term
corresponding to# Pomeranchon exchanges, with total momentum transfer ¢, see eq. (5), can be visual-
ized as a single pole exchange carrying out a momentum transfer //z, with a "residue" function prop-
ortional to

{-¢/l1g(s/s0) - sin "L,

Consequently we parametrize the function Bm(u,t) as follows:

2

Bn(a,1) = BIL = oy (t)+ 1] /{1g[ -0t ) + 1] - $imaty ()} (8)

where #y, = - s +4M2 -t/m; and [1 - am(t)+i‘ takes approximately care of an eventual further dependence
on ¢/m. The same is applied the # channel exchanges.
We arrive finally to the amplitude:

B & T(l-a,@)+i|T[1-a,@)+i] 1 8|1 - ey (t) +1 | }m‘l’
"T(+1) ma=1 L (1-0y,()-a,u)+i] mm! {1g[-a(uy,)+1i] - 3im oy, (£}
( Bl-au@)+i| -

Alu,t) =

1
oy 1g[-alt,) +i] - % im ap(u) ’

where again uy,; = -s + 4M2—t/m and {y =~ s+ 4M2—u/m.
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We emphasize however that eq. (8) is just a guess to check experimentally eq. (6), which does not
change the essential features of the amplitude and is justified a posteriori (see below) by the very good
agreement with the experimental data.

The amplitude (9), apart a phase factor, is not too much different from the one given in ref. 9, so
the main conclusions on the asymptotic behaviours in the fixed f, and large angle regions are substan-
tially unchanged.

Finally, for the sake of completeness, we must add to eq. (9) the amplitude corresponding to the ex-
change of ordinary trajectories in % and ¢ channels. These will be degenerate, giving no contribution to
the forward imaginary amplitude, and the amplitude is represented by a Veneziano formula [7]:

Aglu,t) =y T[1 -ag(®)]T[1 -ad(u)]ﬁf‘[l -ag(t) - ag(x)] (10)

where v is a constant and ag(f) is the p-P' trajectory.

We shall compare now with the p-p data our complete amplitude, which is essentially the helicity non-
flip amplitutude, having completely neglected any spin dependence. We have in practice only two param-
eters, a' and B to fit the ¢ dependence of do/df in the full angular range, and the energy dependence of
0%)(1’}, ReA(0)/Im A(0) and do/dZ. In order to reproduce however the diffraction peak a normal slope of
1 Gev-2is required, and this reduces to only one parameter the freedom of our amplitude. The p-P’
contribution (10) is completely negligible at 20 GeV, while it amerilorates the ratio Re A(0)/Im A(0) at
smaller energies. The double sum (9) has been evaluated by computer and the best results are obtained
with 8 = 5.0 + 0.5. Let us discuss them in detail.

i) The differential cross sections do/df are shown in fig. 1. ‘As one can see from there, the agree-
ment is excellent, in the full range of ¢ and for different values of the laboratory momentum. The dif-
fraction peak strinks suitably as s increases, and the intermediate and large angle features previously
discussed [9,12] are reproduced. The role of the secondary trajectories is limited at a very small
angular (-#5 1 Ge V/c )4 and energy (p1, < 15 GeV) range. The effect of the helicity flip amplitudes can-
not change the essential feature of the model, but can however further amerliorate our results, for
example neart ~ - 1.5 (GeV/c)2. At very high energies (Serpukhov and CERN-ISR experiments) a
further fall of do/df is predicted. tot

ii) Our model. with a(0) =1, gives a logarithmical rise of O'pop as s increases. From 36 mb at
12 GeV and 40 mb at 20 GeV, at%t will rise to ~ 50 mb at infinite energy. The physical reason of this
rising is well known [8,13], andp 1s due to the Glauber shadowing of the multiple scattering. The dis-
agreement with the small, observed decrease of o%)%t at present energies can be attributed to one of the
following reasons: a) direct channel resonances are not completely negligible; b) the Regge cuts con-
tributions are more complicated than those guessed in our amplitude; c) a(0) deviates from 1.

iii) The ratio Re A(0)/Im A(0) for the forward non flip amplitude is -0.27 at 20 GeV and decreases
logarithmically to ~ -0.35 at infinite energy. At laboratory energies smaller than 20 GeV, the right
magnitude and the rising behaviour is obtained with the help of the secondary trajectories contribution
(10), which is computed by fixing the p-P' parameters at the standard values ap(O) =0.5, ap = 1 GeV-2,
and y, which is free, equal to ~ 1.

We will add more details on this subject, as well discuss the implications of our model for pp
scattering, isobar production, and similar topics of experimental interest in a forthcoming paper. We
conclude with a final comment about unitarity. Our amplitude (9) gives, a posteriori, a very good
description of the single and multiple Pomeranchon exchanges which, according to a now accepted
philosophy, must be considered as the unitary contributions to the physical araplitude. In this sense we
shall speak of a "good" approximation of the true amplitude. On the other hand, the threshold conditions
on the imaginary party of the amplitude [9], with the above choice of ¢' and 8, are not fulfilled, as one
can see by computing numerically the whole series. Nevertheless, a small deviation of ¢(0) from 1,
which consequently affects the trajectories @, (¢) of the branch points in the j-plane, can lead to radi-
cally different result at the threshold, without however any appreciable change at high energies. Pos-
sible consequences on this point will be further discussed.

The author is greatly indebted to Dr. M. Cassandro for his contribution at the early stage of this
work, and for many discussions.
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