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Abstract

We discuss total cross-sections within the context of the QCD calculable mini-jet model,
highlighting its successes and failures. In particular we show its description of !
hadrons and compare it with OPAL and L3 data. We extrapolate this result to p total
cross-sections and propose a phenomenological ans¨atz for virtual photon cross-sections.
We point out that the good agreement with data obtained with the Eikonal Minijet Model
should not hide the many uncertainties buried in the impact parameter distribution. A
model obtained from Soft Gluon Summation is briefly discussed and its application to
hadronic cross-sections is shown.
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Figure 1: Energy dependence of �tot
ab for various choices of a; b as indicated in the figure.

The cross-sections for the photon-induced processes have been scaled as indicated on the
figure.

1 Introduction

This talk will be a short review of the status of the calculation of total cross-sections using

a QCD driven mini-jet model[1], with particular emphasis on recent measurements and

results of theoretical calculations of  cross-sections.

One of the aims of QCD is to calculate cross-sections for hadronic processes. We

find that the level of available experimental information on total hadronic cross-sections

has now reached a stage so as to allow, for the first time, definite progress in the calculation

of the one quantity which has so far escaped a complete quantitative understanding in a

QCD framework, namely the total hadronic cross-section. We have a complete set of

processes, pp, p�p, p and  measured in a common energy range,
p
s = 1� 100 GeV ,

with the purely hadronic processes measured up to
p
s � 3 � 105 GeV [2]. The latter

allows for very good parametrizations in a large energy range, the other two cross-sections

to test the QCD content of hadrons versus the one in the photons. In Figure 1 we show a

compilation of all presently available photon and proton total cross-sections, scaling them

so as to be able to compare one to each other.

For  p processes, the scale factor is the product of a Quark Parton Model factor

3=2 multiplied by a Vector Meson Dominance type factor 1=240[1], for  we just square

this factor. The plan of this paper is as follows :
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1. In Sect. II we describe our recent results for  and extrapolate them to  p

2. In sect. III we discuss a possible ansätz on an extension of the minijet model to

��

3. In Sect. IV we present recent results for pp and p�p, using an impact parameter dis-

tribution for partons in the hadrons obtained from the Bloch-Nordsieck summation

technique, and discuss its possible extensions to real and virtual photons.

2  and  proton

While for quite some time the photon-photon data at LEP exhibited a discrepancy between

different collaborations (although within the experimental errors), we now have two sets

of data points which are in excellent agreement with each other. A theorist can then start

his/her work. We show in Figure 2 the description of L3[3] and OPAL data[4] using the

Eikonal Minijet Model (EMM).

100

200

300

400

500

600

700

800

900

1000

1 10 10
2

10
3

√s (GeV)

σ to
t(n

b
)

LEP2-L3 189 GeV and
 192-202 GeV

 TPC
Desy 1984
DESY 86
LEP2-OPAL 189 GeV

GRS tot ptmin=1.5 GeV
k0=0.4 A=0 Phad=1/240

Figure 2: The total photon-photon cross-section as described by the EMM (see text)

The theoretical context in which this curve was obtained is discussed in [1,5] : the

EMM uses the eikonal approximation [6] to calculate the total cross-section, i.e.

�tot = 2P ab
had

Z
d2~b[1� ei�(b;s)] (1)
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and approximates the eikonal function neglecting <e�(b; s) and putting

2=m�(b; s) = n(b; s) = A(b)[�soft(s) +
�jet(s; ptmin)

P ab
had

] (2)

where the QCD calculable jet cross-section is the quantity which drives the rise [7] in all

total cross-sections. This function is defined as

�jet =
Z
d2~pt

d�QCD

d2~pt
=
XZ

dx1dx2f
i=a(x1)f

j=b(x2)
Z
d2~pt

d�̂ij;kl

d2~pt
(3)

where �̂ is the parton-parton cross-section for the subprocess ij ! kl, the sum runs over

i,j,k,l,=parton type and the integration covers a region from a minimum pt to the entire

phase space. The quantity �jet is higly dependent upon the regulator ptmin and one of

the aims of a complete QCD calculation is to eliminate this dependence. Presently this

is not yet possible, but one can nonetheless expect ptmin to be the smallest momentum

exchanged between partons such that perturbative QCD can be applied, namely not less

than 1 GeV and probably not more than 2 GeV. The parameter Pab
had � P a

hadP
b
had is in

principle energy dependent and P a
had can be interpreted as the probability for particle a to

behave like a hadron, i.e. Phadron
had � 1 and, typically, P 

had � O(�) [8,9]. Phenomeno-

logically, in order to obtain a description of the measured total cross-sections, there are

other input quantities which need to be fixed, namely �soft and the b-distribution function

A(b). One way to proceed has been, previously, to determine all the parameters from the

process p. However, the EMM model is not working very well for the proton case, as

discussed in [10], probably because of uncertainties in the hadronic transverse momentum

distributions, and we have opted, in this note, for a different approach, namely we obtain

the parameters from p, extrapolate them to  varying them within at most 10% to fit the

 cross-section, and then revert back and see what the best description of  will pro-

duce, when applied to photoproduction. The result of this modus operandi is presented

here. For Figure 2, we have chosen to describe the partonic matter distribution inside the

hadrons through a function inspired by the pion electromagnetic form factor, namely

A(b) =
1

(2�)2

Z
d2~qei~q�

~b(
k20

q2 + k20
)2 (4)

The scale k0 has been let to vary, according to an intrinsic transverse momentum ansätz

[1]. Thus, Figure 2 corresponds to k0 = 0:4 GeV , P 
had = 1=240; �soft = (21 + 42

s
) mb,

ptmin = 1:5 GeV and GRS [11] type densities for the photon. Next we extrapolate this

curve to p processes, putting �psoft = 3=2�soft, the proton form factor with dipole type

expression instead of one of the photon type monopole expressions, GRV type densities

for the proton [12] and GRS for the photon. The result is the upper curve shown in Figure
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3 and compared with old and recent data [13–16]. For completeness and as a reference

to our previous work, we also show a band, with the lowest curve corresponding to GRV

densities for both proton and photon, ptmin = 2 GeV , k0 = 0:66 GeV for the photon,

same P 
had as the upper curve, and �psoft = (31 + 10p

s
+ 38

s
)mb.
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Figure 3: Comparison between the eikonal minijet model predictions and data for total
 p cross-section as well as BPC data extrapolated from DIS[15]. Predictions from [17]
are also shown.

3 The Case of the Virtual Photon

Hadronic interactions of the virtual photon in e+e� and  processes have been a subject

of interest for some time now [18]. The appearance of experimental data on jet production

with virtual photons at HERA [19] and total �� cross-sections at LEP [20], has given

added impetus to develop a model which will describe the total cross-sections for virtual

photons, especially the ’resolved’ part [21].

We want to develop a model to understand these cross-sections in the context of

EMM. A possibility is that the virtual photon description be the same as for the case

of real photons except that the intrinsic transverse momentum ansätz is complemented

with a factor inspired by Extended Vector Meson Dominance[22]. For  processes, the

function A(b) would be modified to become

A(b;Q2
1; Q

2
2) =

m2
�

m2
� +Q2

1

m2
�

m2
� +Q2

2

A(b) (5)
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Such a factor is invoked only for the part of the cross-section which has a hadronic content.

In Figure 4 we show our predictions for the hadronic content of the �� cross-section,

excluding for the time being the direct and single resolved contribution. Similar results

can also be obtained using factorization in the context of the Aspen[17] model.

Figure 4: The EMM predictions for energy dependence of the double resolved part of
virtual photons cross-section. Q2

i corresponds to the virtual photon mass

4 The Bloch Nordsieck Model for the Impact Parameter Distribution

It is evident from the previous discussion, and we have pointed this out in many papers,

that it is not possible to have a QCD description of the total cross-section without under-

standing the transverse momentum distribution of partons in the colliding hadrons, or, in

the eikonal language, without understanding the impact parameter distribution. We have

attempted such description, and will show in the following the main highlights. Some

very recent results in the case of proton proton and proton antiproton are shown in Fig-

ure 5, where the two curves have been obtained using the eikonal formula of Eq.(1),

the jet cross-sections with GRV densities and ptmin = 1:15 GeV , �pp
soft = 48 mb,

�p�p
soft = 48(1 + 2p

s
)mb. Unlike the curves obtainable in a straightforward application

of the EMM with b-distribution determined by the proton form factor, this figure uses an
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Figure 5: Total proton-proton and proton-antiproton cross-sections, compared with an
eikonal minijet model which incorporates soft gluon summation

s-dependent b-distribution given by

A(b; s) =

R
d2~qei

~b�~q�(q; s)

(2�)2�(0; s)
=

e�h(b;s)R
d2~be�h(b;s)

(6)

where �(q; s) is the transverse momentum distribution of colliding partons generated by

soft gluon radiation from the initial state and, to leading order,

h(b; s) =
8

3�

Z qmax

0
�s(kt)

dkt

kt
[1� J0(bkt)] log

qmax +
q
q2max � k2t

qmax �
q
q2max � k2t

(7)

The functions h(b; s) and A(b; s) are energy dependent inasmuch as the kinematics of a

given subprocess determine how much energy is available to single soft gluon emission.

The energy dependence appears through the quantity qmax which is a function of the c.m.

energy
p
s and ptmin. In addition h(b; s) depends upon the single soft gluon distribution

function �s(kt)dkt=kt. Since �(q; s) is summed over all possible gluon distributions,

the infrared divergence is of course cancelled, there remains, however, the problem of
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evaluating �s in the infrared limit. We have used a phenomenological ansätz, namely a

singular but integrable �s and the result shown in Figure 5 is discussed in [10] for the

rising part of the total proton cross-sections. The main characteristics of this treatment

is that, as the minijet cross-section rises with energy, soft gluon emission produces an

acollinearity of the partons and reduces the probability of collisions. This affects the

cross-sections in two ways : at low energy it produces a very soft decrease in �pp and

contributes to the faster decrease in �p�p, at high energy it tames the rise due to �jet. It

is then possible to have a very small ptmin to see the very beginning of the rise around

10 � 20 GeV , without having too large a cross-section when the energy climbs into the

TeV range and beyond.

The above discussion illustrates also the way to study virtual and real photon inter-

actions : the aim is to obtain an energy and momentum dependence in the impact param-

eter distribution through the kinematics characterizing real or virtual photon process, as

it has been done for the proton. At high Q2
 , one can expect qmax in Eq.(7) to increase

with Q2
 , thus producing the same suppression effect that high c.m. energy values have in

the softening of the rise due to the jets. The overall effect may be similar to the EVMD

factor discussed in Sect. III. Work is in progress to apply the Bloch-Nordsieck formalism

to these collisions.

5 Conclusion

We have discussed total cross-sections for protons and photons, real and virtual, using

QCD calculable mini-jets cross-sections as the physical process which drives the rise of

all total cross-sections. We have used the eikonal formalism to unitarize the cross-section

and discussed possible ways to reduce the arbitrariness introduced in this formalism by

the impact parameter distribution. A QCD model using soft gluon summation has been

presented and compared with data for purely proton processes.
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