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In this contribution we describe a QCD motivated model for total cross-sections which uses the eikonal representation

and incorporates QCD mini-jets to drive the rise with energy of σtot, while the impact parameter distribution is

obtained through the Fourier transform of the kt-distribution of soft gluons emitted in the parton-parton interactions

giving rise to mini-jets in the final state. Using a phenomenological ansätz for the behaviour of the strong coupling

constant αs in the infrared region, our model gives a description of the total cross-section in agreement within limits

imposed by the Martin-Froissart bound.

1. INTRODUCTION

We present here our most recent results for a QCD motivated description of the total cross-section [1]. The QCD

contribution to the rise in the total cross-section had been advocated [2] soon after the ISR results indicated that the

total cross-sections were increasing with energy by about 10% above their previous values obtained in fixed target

experiments. Subsequently, in order to incorporate the QCD contribution as well as to satisfy unitarity, use was

made of the eikonal representation, with the impact parameter distribution obtained from the hadronic form factors

[3]. Although the rise of the total cross-section was correctly identified as being due to the rising number of low-x

gluon collisions, these models were usually unable to describe the gentle rise of the cross-section, and were not able

to really connect with the rich jet phenomenology and the description of parton-parton scattering. Our aim has been

to cure both of the above problems. First we have concentrated on calculating the so called mini-jet cross-sections

through most commonly used DGLAP evoluted parton densities[4], and then we have added soft gluon emission from

initial state valence quarks to introduce acollinearity in parton-parton scattering. Soft gluon emission in kt -space is

naturally energy dependent, thus curing one of the problems of the description in terms of hadronic form factors. The

other important difference with existing models, lies in our treatment of the infrared region. The model in fact takes

its name from the Bloch-Nordsiek (BN) theorem in QED, and its requirement of emission of an indefinite number

of soft quanta. When the QED re-summation procedure is transported to QCD, one encounters the problem of the

infrared behaviour of the running coupling constant αs. We believe that the contribution from the infrared region is

very important for the treatment of the total cross-section and have built our BN model on the behaviour of αs in

the infrared. To do so, we have made use of an ansätz for such behaviour put forward long time ago to describe the

intrinsic transverse momentum of Drell-Yan pairs [5]. Such ansätz relates the rise with energy of the cross-section to

the parameter regulating the emission of zero momentum gluons.

2. THE BLOCH-NORDSIECK MODEL FOR TOTAL CROSS-SECTIONS

The usual impact parameter representation of a purely absorptive cross-section is written as

σtot(s) = 2

∫

[d2~b][1 − e−n(b,s)/2], (1)

1

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Publications of the IAS Fellows

https://core.ac.uk/display/291586568?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://arXiv.org/abs/0810.3411v1


34th International Conference on High Energy Physics, Philadelphia, 2008

where the eikonal function n(b, s) is physically interpreted as the average number of collisions at a given impact

parameter b and squared c.m. energy s. We distinguish between collisions calculable as QCD minijets, and everything

else, writing the average number of collisions as

n(b, s) = nsoft(b, s) + nhard(b, s) = nsoft(b, s) + A(b, s)σjet(s) (2)

with nhard including all outgoing parton processes with pt > ptmin. For its construction we use QCD minijets

and a soft gluon distribution, which are described in the following two subsections along with a comparison with

experimental data.

2.1. QCD Mini-jets

The mini-jet cross-section which drives the rise of the total cross-section is calculated in our model through the

usual expression for inclusive jet production, namely

σAB
jet (s, ptmin) =

∫

√
s/2

ptmin

dpt

∫ 1

4p2

t
/s

dx1

∫ 1

4p2

t
/(x1s)

dx2

∑

i,j,k,l

fi|A(x1, p
2
t )fj|B(x2, p

2
t )

dσ̂kl
ij (ŝ)

dpt
. (3)

where A and B are the colliding hadrons or photons, in this case A − proton, B − proton/p̄. By construction, this

cross-section depends on the particular parametrization of the DGLAP [4] evoluted parton densities, some of which

do extend to very low x-values but not too high p2
t values. See [1, 6, 7] for more details. This cross-section strongly

depends on the lowest pt value upon which one integrates. The term mini-jet was introduced long ago [8, 9, 10, 11, 12]

to indicate all those low pt processes for which one can still expect them to be QCD calculable but which are actually

not observed as hard jets. pt being the scale at which to evaluate αs in the mini-jet cross-section calculation, one

can have ptmin ≈ 1 ÷ 2 GeV .

2.2. The Impact Parameter Distribution and Results

To describe the distribution in b−space of the partons in the hadrons, which enter the eikonal representation, we

use the Fourier transform of the re-summed kt distribution of all soft gluons emitted in the parton-parton scattering,

namely

ABN (b, s) = N

∫

d2K⊥
d2P (K⊥)

d2K⊥
e−iK⊥·b =

e−h(b,qmax)

∫

d2be−h(b,qmax)
≡ ABN (b, qmax(s)). (4)

with

h(b, qmax(s)) =
16

3

∫ qmax(s)

0

dkt

kt

αs(k
2
t )

π

(

log
2qmax(s)

kt

)

[1 − J0(ktb)] , (5)

In Eq. (5), the upper limit of integration depends on the kinematics of the sub-process

parton1 + parton2 → gluon + X (6)

while the lower limit of intergration is taken to be zero with

αs(kt) = constant ×

(

Λ

kt

)2p

kt → 0 (7)

To relate this behaviour, inspired by the Richardson potential for charmonium, to the usual asymptotic freedom

expression for αs, we have used the phenomenological expression

αs(k
2
t ) =

12π

33 − 2Nf

p

log[1 + p(
k2

t

Λ2 )p]
(8)
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Figure 1: Experimental data on proton-proton and proton-antiproton total cross-sections[13] and comparison with our BN

model described in the text. For a discussion of comparison with other models and explanation of symbols see [1].

It is clear that the closer p is to 1, the bigger the soft gluon integral h(b, qmax(s)) is and the stronger the saturation

effects will be.

The final results for the pp and pp̄ total cross-sections and their comparison with data and some other models are

shown in Fig.(1).
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