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Abstract
A relation between hard diffraction at HERA and Teva-

tron is discussed. A model, which takes into account uni-
tarity effects is developed for interaction of high-energy
virtual photons with nucleons. It is shown that this model
gives a good description of HERA data on both total *y*P
total cross section and diffractive dissociation of virtual
photons in a broad region of Q2. Diffractive production
of jets in hadronic interactions is investigated and an im-
portant role of unitarization effects is emphasized. It is
shown how to describe the CDF data on diffractive jet
production at Tevatron using an information on distribu-
tion of partons in the Pomeron from HERA experiments.
Double-pomeron production of jets at Tevatron shows a
clear violation of factorization and is in a good agreement
with our prediction.

1 Introduction
Investigation of diffractive scattering of hadrons gives an impor-
tant information on structure of hadrons and mechanisms of their
interactions.
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There are two complementaxy points of view to these processes.
a) The s-channel view of diffraction.
It is well known that an absorption of an initial wave due to many
inelastic channels leads by unitarity to diffractive elastic scatter-
ing. At high energies lifetimes of hadronic fluctuations are large
r ~ E/m? and hadronic constituents can undergo elastic scatter-
ing . This process leads to diffraction dissociation of hadrons. An
elegant interpretation of diffraction dissociation in terms of eigen
states of diffractive part of S-matrix has been given by Good and
Walker [1]. They have shown that inelastic diffraction appears due
to a difference in the eigen values of diffractive scattering and for
strong absorption should have a peripheral form in the impact pa-
rameter space. Experimental data indicate that such a situation
takes place already at Tevatron energies. In QCD the diagonal
states correspond to partonic configurations with given transverse
separation
b) The t-channel point of view on diffraction.
The t-channel approach is based on the Regge model for diffrac-
tive processes. In this approach diffractive processes are mediated
by an exchange by the Pomeron (P) - the leading Regge pole
with vacuum quantum numbers. The Pomeron plays a role of an
exchanged "particle" and gives factorizable contributions to scat-
tering amplitudes. In impact parameter space Regge amplitude
has asymptotically gaussian form. This contradicts to a periph-
eral form for inelastic diffraction, which follows from unitarity in
the s-channel picture. However in the Regge theory it is neces-
sary to take into account not only Regge poles but also Regge
cuts, which corresspond to exchange by several Regge poles in
the t-channel. These contributions restore unitarity of the theory
and for inelastic diffraction they lead to a peripheral form of im-
pact parameter distributions and allow to understand an energy
dependence of the corresponding cross sections. The reggeon di-
agram techique [2] provides a regular approach to calculations of
multi-Pomeron contributions to diffractive scattering amplitudes
and Abramovsky,Gribov,Kahcheli (AGK) cutting rules [3] allow
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to determine multiparticle production processes.

2 Small-x physics
An interesting class of diffractive processes is studied in deep in-
elastic scattering (DIS) at small values of the Bjorken variable x .
They became especially actual due to recent experimental inves-
tigation of the small-x region at HERA accelerator.

Experiments at HERA have found two extremely important
properties of small-it physics : a fast increase of parton densities
as x decreases [4, 5] and the existence of substantial diffractive
production in deep inelastic scattering (DIS) [6, 7].

In the reggeon approach there are good reasons to believe that
the fast increase of the a^ with energy in the HERA energy range
will change to a milder increase at much higher energies. This is
due to multi-Pomeron effects, which are related to shadowing in
highly dense systems of partons - with eventual "saturation" of
densities. This problem was investigated recently in our paper [8],
where reggeon approach was applied to the processes of diffractive
7*j? interaction. In the reggeon calculus [2] the amount of rescat-
terings is closely related to diffractive production. AGK-cutting
rules [3] allow to calculate the cross-section of inelastic diffraction
if contributions of multi-Pomeron exchanges to the elastic scat-
tering amplitude are known. Thus, it is very important for self-
consistency of theoretical models to describe not only total cross
sections, but, simultaneously, inelastic diffraction. In particular
in the reggeon calculus the variation of A«// with Q2 is related to
the corresponding variation of the ratio of diffractive to total cross
sections. In the paper [8] an explicit model for the contribution of
rescatterings was constructed which leads to the pattern of energy
behavior of o$(W2, Q2) for different Q2 described above. More-
over, it allows to describe simultaneously diffraction production
by real and virtual photons. In this model it is possible to study
quantitatively a regime of "saturation" of parton densities.
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The model [8] uses the picture of diffraction dissociation of a
virtual photon into q — q pair, which ineracts with the proton tar-
get. Interaction of a large size component of this state is described
in a phenomenological way in reggeon approach, while the interac-
tion of the small size component in the wave function of a virtual
photon is calculated using QCD perturbation theory. The main
parameter of the model - intercept of the Pomeron was fixed from
a phenomenological study of hadronic interactions [9] (Ap = 0.2)
and was found to give a good description of 7*p-interactions in
a broad range of Q2 (0 < Q2 < 10 GeV2). Another important
parameter of the theory, the triple Pomeron vertex, obtained from
a fit to the data (TpPP/g^(0) « 0.1) is also in a reasonable agree-
ment with the analysis of soft hadronic interactions [9, 10]. The
model describes experimental data on the structure function F<i
and diffractive structure function F2£> quite well. It can be used
to predict structure functions and partonic distributions at higher
energies or smaller x.

Investigation of the (?2-dependence of diffraction dissociation
of a highly virtual photon gives a possibility to determine a dis-
tribution of gluons in the Pomeron [7, 10, 11]. It turns out that
contrary to the proton case both distributions of quarks and gluons
inside the Pomeron are rather hard. This indicates to an impor-
tant contrubution of "valence" gluons in the Pomeron. It should
be noted however that the form of the distribution of gluons in
the Pomeron is not well known at present. This is partly due to
systematic differences in Q2 dependence of diffractive structure
functions of HI and ZEUS (for recent discussion of these points
see [12]).

3 Hard diffraction in hadronic interac-
tions

Diffractive production of large mass states, which include hard
subprocesses, has been studied recently in high-energy hadronic
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interactions. Most of the results have been obtained at Tevatron
where diffractive production of jets, W-bosons, heavy quarks and
heavy quarkonia was observed [13, 14, 15].

The most interesting results were obtained for diffractive dijet
production. If we ignore rescattering corrections, for the moment,
then the cross section for diffractive dijet production , integrated
over t, may be written as

(1)

where a is the cross section to produce dijets from partons carry-
ing longitudinal momentum fractions X\ and P of the proton and
Pomeron respectively. It was found [13, 15] that calculation of
the cross section, based on this factorized formula with diffractive
structure functions obtained from HERA data, leads to a large
discrepancy with the CDF measurements both in the normalisa-
tion and in the shape of the observed distribution. Even taking
into account uncertainties in gluonic distribution of the Pomeron
discussed above the calculation lies about a factor of 10 above
the data. A fast increase of the cross section for /? —• 0 observed
at Tevatron differs strongly from predictions of models based on
HERA data. The last result is difficult to understand in the mod-
els which take into account an extra suppression in hadronic in-
teractions ("survival probability" [16]) due to rescatterings in the
eikonal approximation [17, 18].

This problem was considered in ref. [19]. It was assumed that
the sea quarks and gluons mainly occur in large size configurations
of the incident proton and thus have large cross sections, while
the valence quarks occupy predominantly small-size configurations
and are absorbed with substantially smaller cross sections.

In such a two-channel model the survival probability of the
gaps can be written as follows

2 _

232



where Mv>aea are the probability amplitudes (in impact parameter
space) of the hard diffractive process corresponding to the valence
quark and to the sea quarks and gluons respectively. The functions
Qi has been written in Regge form and values of the parameters
were determined in a two-channel global description of the total,
elastic and soft diffraction cross sections [20].

In this model the soft rescattering effects modify the (3 distribu-
tion of the dijet process in a characteristic way. First note that the
CDF measurements cover a narrow £ interval, 0.035 < f < 0.095,
and hence that the invariant mass squared of the diffractively
produced state, M 2 = £s, remains close to the average value
2 x 105 GeV2. Also the mass squared of the produced dijet system
Af? = xi0M2 does not change much compared to its average
value of 1.2 x 103 GeV2. Thus xx0 ~ 0.006 and so for 0 > 0.3 we
have x\ < 0.02, whereas for 0 ~ 0.03 we have X\ ~ 0.2. Therefore
for large 0 (small x\) sea quarks and gluons will give the dom-
inant contribution, while for small 0 the valence quarks play an
important role. Hence the survival probability should increase as
X\ increases and 0 decreases. Results of calculations based on this
model are in a good agreement with CDF data both in magni-
tude and form of 0 distribution [19]. In particular an anomalously
strong increase of this distribution as 0 —> 0 is reasonably de-
scribed.

This calculation of diffractive dijet production illustrates a cru-
cial ingredient necessary in the description of rapidity gap pro-
cesses. Namely that the survival probability of a gap can depend
on X\ of the partons of the proton . This leads to many experi-
mental consequences for processes with rapidity gaps [19].

4 Double pomeron jet production
The process of particle production by double Pomeron exchange
(DPE) gives an important new information on mechanism of diffrac-
tion at high energies. Production of dijets with two large rapidity
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gaps gaps (xp and xp are close to 1) has been observed at Teva-
tron [15]. Comparison of cross section of this process (crj>P) with
cross section of jet production in the process of single diffraction
dissociation (crgD) and in ordinary inelastic events (o£() allows
to study factorization properties of inelastic diffractive processes.
The ratio O^D/0™

 ca:a De written as:

» _
1 =

where 5j is the "survival probability" for single diffraction dis-
sociation. For simplicity I consider only contribution of gluons.
Account of quarks is straightforward.

The ratio of jet production in double Pomeron process to those
for single one has the form

where 5f is the "survival" probability for DPE.
So the ratio R1/R2 for the situation when f = £1, /? = A

(x = Xi) is equal to
.Ri (Si)2 . ,

R=R~2- 5? (5)

For a single Regge pole exchange (Sf = 1) R = 1 and thus
deviations of R from unity signals a breakdown of the factorization.
With account of absorption Sf = 0.1, S| = 0.05 at Tevatron
energies [20], So from eq.(8) it follows that we can expect R « 0.2
at these energies. Recent results of CDF show that R = 0.19±0.07
in a good agreement with theoretical expectation [21]. This result
shows that factorization is strongly Violated in inelastic diffractive
processes.
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