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Abstract

We calculate the probability of large rapidity gaps in higlereyy hadronic collisions using
a model based on QCD mini-jets and soft gluon emission dowmtire infrared region.
Comparing with other models we find a remarkable agreemeahgmmost predictions.
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1 Introduction

The possibility of the existence of large rapidity gaps iddoaic collisions was suggested
a number of years ago [1,2]. In [1], the occurrence of rapitkgions deprived of soft
hadronic debris was proposed as a means to search for Higga®produced by inter-
actions between colour singlet particles, é1g.Z bosons emitted by initial state quarks,
but with a warning against the possibility of soft colliseowhich would populate these
regions. For an estimate, an expression for the Large Rgi@ips Survival Probability
(LRGSP) was proposed, namely
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where|S(b)|? is the probability in impact parameter space that two hagliyyB got
through each other without detectable inelastic inteoastiA“? (b, s) is theb—distribution
for collisions involved in interactions in which only loy particle emission can take
place, andr (b, s) is the cross-section for producing, say, a Higgs boson,dh kadron-
ically deprived silent configuration. To use the above eignabne needs to estimate the
probability of not having inelastic collisions,S(b)|> = P,,_in(b) and the distribution
for low-p, interactions, namely the probability*Z (b, s) to find those collisions for which
two hadrons A and B at distan¢ewill not undergo largep; collisions. Introducing for
the scattered partons a cut-pff,;,,, above which the scattering process can be described
by perturbative QCD, we need to estimate thalistribution of all the collisions with

P < Pemin- IN Order to calculaté’,,_;,..;, one can approximate the bulk of hadron-hadron
collisions with a sum of Poisson distributions fbrindependent collisions distributed
around an average = n(b, s), namely
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which also leads to the following expressions for the total enelastic cross-sections
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and

o8 = 2/d2b[1 — e cos Rex(b, s)] 4)
wheren(b, s)/2 can be identified with the imaginary part of the eikonal fimety (b, s).
ApproximatingRex (b, s) = 0, allows a simple way of calculating,, if one has a model

forn(b, s). A possible strategy to calculate the LRGSP is then to buitadel for the total



cross-section and then insert the relevandistributions in Eq.(1). The basic quantity to
evaluate is thus

n(b,s) = nNF(b, s) + n"4(b, s) = AN (b, s)onp(s) + A" (b, 8)opara(s)  (B)

where we have split the average number of collisions betwesse with outgoing partons
below (NP) and above (hard) the cut-off,;,. In the next section we shall describe our
model [3,4] for total cross-section, comparing its restdtether models. Then, we shall
use theh—distributions from our model to evaluate the LRGSP at LHGiagomparing

it to different model results.

2 The Eikonal Mini-jet Model for total cross-section

To build a realistic model fos,,;, one needs to understand what makes the cross-section
rise with a slope compatible with the limits imposed by theigsart theorem, namely
0w < log®s. In our model, the rise im,,, is driven by the rise of low-x (perturbative)
gluon-gluon interactions, while the saturation imposeth@/froissart bound comes from
initial state emission of infrared gluons which temper thefast rise of the minijet cross-
section. The rise is calculated using perturbative QCD &listons producing partons
with p; > puin = 1 + 2GeV, using hard parton scattering cross-sections, and the ex-
perimentally measured and DGLAP evolved parton densif&3(s) in the scattering
hadrons. Thus parton densities and the elements of petigl§aCD are the only input
needed for the calculation ef,,.4. The rate of rise of this cross-section with energy
is determined by;,,.;, and the low-x behaviour of the parton densities. As noted be-
fore, the rise with energy of the cross-section obtained thiis is much steeper than that
consistent with the Froissart bound, but in our model thes s tempered by soft gluon
emission. The saturation mechanism takes place throughdtstribution obtained from
the Fourier transform of the resummed infrared gluon diatron. This distribution is
energy dependent and given by [5]

e~ (b,:gmaz)

A(b, S) = Ao/dete_iKt.bHC[{t) == fdzbe_h(b7q"Law) = ABN(bu Qma:v> (6)

where the functiork(b, g,...) is obtained through summing soft gluons [5] and requires
integration of soft gluon momenta from zerogg,, the maximum transverse momentum
allowed by kinematics to single soft gluons. The saturatibtine Froissart bound is due
to the increasing acollinearity of “hard” partons produbgdnitial state soft gluon emis-
sion. The single soft gluon distribution needed for the waliton of 4 (b, ¢,,..) requires
using infra-redk; gluons and different models with a frozen or singul@.,,,(k:) pro-
duce different saturation effects. We have shown [6] thatftbzen model is inadequate



to quench the rise due to minijets, since we see that the gadyin proton-antiproton
collisions requires minijets witp;,.;, ~ 1 GeV/, but then the total cross-section rises too
much. Put differently, but equivalently, raising,;, to fit higher energy values of the
cross-section, say at the Tevatron, would require, ~ 2 GeV but miss the early rise.
Instead, we find that a singular, produces an adequate-dependent saturation effect.
Singular expressions far, are discussed in the literature, in particular for quarkonmi
phenomenology [7]. Our choice is a singular, but integraxpression for the strong
coupling constant in the infrared region, namely

~ 127 (AQCD
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where the scale factor is chosen to allow a smooth interpol&s the asymptotic freedom
expression fory,, namely we choose

127 P
s(kt) = 8
(ki) 33 — 2Ny log(1 +p(—A5th)2p) (8)

The singularity in the infrared is regulated by the paramgtevhich has to be< 1 for
the integral inh(b, ¢.,..) t0 converge. The next input for phenomenological tests of ou
model is the number of non-perturbative (NP) collisions. Mgproximate it as

2€
n™ = AgNoo(1+ %) ©)
with e = 0, 1 for the procesgp or pp. We choose a constan ~ 48 mb and use for
ANE the same model as for the hard collisions, but we resjigt to be no larger than
~ 20%pimin, Since these collisions are limited 9 < pi,. The same functiom %
is then used for the LRGSP calculation, as discussed in tkieseetion where both the

estimated;,;,; as well as the LRGSP will be presented and compared with atbeels.

3 Total cross-sections and survival probability

Applying the above described model to the calculation dadltotoss-sections, gives the
results shown in the left panel of Figure 1. To obtain thisrigwe have used differ-
ent PDF’s and slightly different values for the parameters, and p;,,.;, and the vari-
ations are indicated by the band. We have shown [3] that thegi®tic behaviour of
this cross-section can be fitted witha? s type behaviour. This is a phenomenological
confirmation that the model satisfies Froissart bound.
We do not see in our model any hard Pomeron behaviour beyanahitial rise

and predict a value-#¢ = 100719(mb). The LRGSP can now be calculated using
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Figure 1. Total cross-section data [8] and models [9](laftyl survival probability for
large rapidity gaps for different models [10] (right).

the two quantities ") and AN¥ (b, s) which were input in the calculation of the total
cross-section. The right panel of Figure 1 shows such etrahsg with the yellow band
corresponding to various MRST densities [11], the centréllihe to using GRV densi-
ties [12] and the other lines and bands representing cosgpariwith other models, as
indicated. The most interesting result of this figure is thatpredictions for LHC agree
reasonably well amongst eachother, namély = 5 = 10%, in spite of the fact that the
various models differ greatly in details and the way in whtishy achieve results for to-
tal cross-sections consistent with the Froissart boundisThe model estimates for the
LRGSP are quite robust.

4 Conclusions

We have built a model fos,,; which incorporates hard and soft gluon effects, satisfies
the Froissart bound and can be used reliably to study oth@nmaim bias effects e.g. the
Survival Probability of Large Rapidity Gaps. It can also kéeeaded to calculations of
total yp and andy~ cross-sections.
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