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Abstract

Pomeron was introduced as a key object which provides the non-vanishing high energy asymptotic of the total
cross sections of strong interactions. The universality of this object was observed first in the studies of the elastic
cross sections t-slope shrinkage. Besides the one Pomeron exchange,the unitarity generates more complicated multi-
Pomeron contributions which, in particular, describe the diffractive dip structure of the differential 2 → 2 cross
sections at a larger t. Somewhat unexpected universal features of Bose-Einstein correlations reported in the studies of
inelastic events at CERN hadron colliders (ISR, Spp̄S) are naturally explained within the Pomeron approach. Large
Hadron Collider (LHC) opens the possibility to investigate such phenomena in more details and with a high precision.
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1. Introduction

There are several ways to measure the ”radius” of the
strong interaction. Lepton-proton elastic scattering pro-
vides very valuable information on proton structure with
precise knowledge of interaction mechanism. Interac-
tion of hadrons ( elastic and inelastic) is an instrument
to investigate the nature of strong interaction and the
information on the size of the radiation of secondaries
is only the part of collected knowledge. Elastic scat-
tering provides only one-dimensional information - dif-
ferential cross-section. Parameters of this function are
being used to chose the best theoretical model, and the
slope of the forward cone is only one of them . Multi-
particle production reactions have a lot of information,
and Bose-Einstein correlations are being used to esti-
mate the dimensions of radiation region.

2. Elastic scattering

Well known method to measure the radius of hadron-
hadron (proton-proton, pion-proton, kaon-proton and so
on) interactions is to study the t dependence of elastic
cross section, dσ/dt. Since we are talking about the ra-
dius it is convenient to describe the elastic cross section

in terms of the elastic amplitude, A(ρ), written in impact
parameter �ρ representation. Two dimensional vector �ρ
is the difference between the centers of colliding (beam
and target) hadrons in impact parameter (transverse to
the beam axis) plane. At high energies

√
s the value of

ρ does not change during the interaction. This reflects
the angular moment conservation; each ρ selects a cor-
responding partial wave l = ρ

√
s/2.

In ρ representation the elastic cross section reads

dσ
dt
=

1
4π

∣∣∣∣∣
∫

d2ρei �Qt�ρA(ρ)
∣∣∣∣∣2 , (1)

where at high energies t = −|Q2
t |.

Assuming, for simplicity, the Gausian distribution
A(ρ) = A0 exp(−ρ2/2B) we get from (1)

dσ
dt
= π(A0B)2eBt.

The elastic slope B = Bel measures the width
√

2B of
the distribution A(ρ) in impact parameter plane.

With an accuracy ∼ O((ReA/ImA)2) the amplitude
A(ρ) can be restored from the known elastic cross sec-

Available online at www.sciencedirect.com

Nuclear Physics B (Proc. Suppl.) 219–220 (2011) 10–16

0920-5632/$ – see front matter © 2011 Elsevier B.V. All rights reserved.

www.elsevier.com/locate/npbps

doi:10.1016/j.nuclphysbps.2011.10.063

http://www.elsevier.com/locate/npbps
http://dx.doi.org/10.1016/j.nuclphysbps.2011.10.063
http://dx.doi.org/10.1016/j.nuclphysbps.2011.10.063
http://www.sciencedirect.com


tion

ImA(ρ) =
∫ √

dσ
dt

16π
1 + (Re/Im)2 ei �Qt�ρ

d2Qt

8π2 (2)

�
∫ √

dσ
dt

J0(Qtρ)
QtdQt√
π
.

In this way we can study not only the width of the
distribution but the precise shape of the amplitude.

Recall that in general the interaction radius depends
on energy. In terms of a single/one boson exchange the
largest radius is provided by the pion exchange. Due to a
small mass mπ the corresponding Yukava potential has a
long range tail V ∝ exp(−rmπ). However the interaction
caused by spin zero one pion exchange falls down with
s as σ ∝ 1/s2.

Spin one gluon exchange gives the cross section
which does not decrease with energy but its radius is
limited by the confinement. To get the largest cross sec-
tion we have to consider the chain (sequence) of inter-
actions with relatively low partial sub-energies. On one
hand in the resonance region the amplitude is close to
its maximum value allowed by the unitarity, on another
hand at each step the interaction radius changes (in one
or another direction) by the value δR ∼ 1/m leading to
the ’diffusion’ in impact parameter plane. At each step
the energy of incoming particle diminishes few times.
After the number of steps n ∼ ln s the final radius be-
comes R2 = R2

0 + n · (δR)2.
The picture described above is called the multi-

peripheral model of high energy interaction. It was first
considered in[1]. In terms of Feynman graphs (Fig 1) it
looks as a sum of ladder-type diagrams.

Figure 1: (a) The ladder diagram for one-Pomeron exchange; (b) cut-
ting one-Pomeron exchange leads to the multi-peripheral chain of final
state particles; (c) a multi-Pomeron exchange diagram.

After the summation we get the Regge amplitude for
the Pomeron exchange

A(t) = A0

(
s
s0

)αP(t)

and the cross section

σ = σ0(s/s0)αP(0)−1.

For a not too large momentum, |t|, transferred through
the Pomeron the Pomeron trajectory αP(t) can be pa-
rameterized as αP(t) = 1 + ε + α′Pt where α′P is called
the slope of the trajectory.

Correspondingly the elastic ab-cross section takes the
form

dσab

dt
=
σ2

0

16π
F2

a(t)F2
b(t)
(

s
s0

)2ε+2α′Pt

,

where the form factors Fa, Fb describe the matter dis-
tribution in the incoming hadrons ab, while the slope
of Pomeron trajectory α′P accounts for the growth of in-
teraction radius caused by a long chain of intermediate
(relatively low sub-energy) interactions which length in-
creases with ln s. In the case of Gaussian form factors
F2

a F2
b = exp(B0t) we get the elastic slope

Bel = B0 + 2α′P ln(s/s0).

Pomeron was introduced initially as a key object which
provides the non-vanishing high energy asymptotic of
the total cross sections of strong interactions. The uni-
versality of this object was discovered in PNPI/CERN
SPS experiments (WA9 and NA8 1976-1980 [2]).The
pp-,π±p- elastic scattering with small momentum trans-
fer ( |t| < .04GeV2 was studied in wide energy range.

The conclusions were :
” The results of the slope parameters from this exper-

iment together with the analysis of the available world
data demonstrate that the existing experimental data are
consistent with the hypothesis of a universal shrinkage
of the hadronic diffraction cone at high energies. The
value of the asymptotic shrinkage parameter α′P was
found to be independent of the kind of the incident
hadron and of the momentum transfer in the |t| range
|t| ≤ 0.2GeV2;α′P = 0.28 ± 0.03GeV−2.”

These days the slope has been measured till
√

s=1800
GeV ( Fig 2). The measurement were done in the region
of |t| ∼ .1GeV2.

One can see that collider data has quite large uncer-
tainty. Pomeron exchange,the unitarity generates com-
plicated multi-Pomeron contributions which, in particu-
lar,describes the diffractive dip structure of the differen-
tial 2 → 2 cross sections at a large t.Hopefully LHC
experiments ( ALFA [4] and TOTEM [5]) will mea-
sure elastic cross-section in wide energy- and momen-
tum transfer range to come to precise conclusion on the
Pomeron trajectory parameters.
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