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The diffractive dijet cross sections for photoproduction and deep in-
elastic scattering were studied with emphasis on studying of factorisation
properties of diffractive processes. The production of isolated prompt pho-
tons in diffractive photoproduction was measured for the first time. The
measurement of exclusive dijet production was compared to predictions
from models based on different assumptions about the nature of diffractive
exchange.
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1. Introduction

At HERA, a substantial part of the ep cross section (up to 10%) is
represented by diffractive scattering processes initiated by virtual photons.
The observation of jets in diffractive pp scattering [1] opened the possibility
to study diffraction in the framework of quantum chromodynamics (QCD).
Then, the hard scattering coefficient functions can be calculated in perturba-
tive QCD. The diffractive deep inelastic scattering (DIS) process ep→ eXY
factorises in QCD, and it was proven to hold for inclusive and dijet diffractive
processes, assuming high enough photon virtuality such that higher twist ef-
fects can be neglected. Then, the diffractive parton distribution functions
(DPDFs) have to be determined from QCD fits to the measured inclusive
DIS diffractive cross sections. The concept of DPDFs plays an important
role in the study of diffractive reactions in DIS and can be an essential input
to calculations of hard diffractive processes at the LHC.
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The diffractive reaction ep→ eXY contains two distinct final state sys-
tems, where X is a diffractive hadronic high-mass state and Y is an outgoing
intact proton or its low mass excitation. In many analyses, diffractive events
have been selected on the basis of a large rapidity gap (LRG) between the
leading proton or low-mass system Y and the reminder of the hadronic fi-
nal state X. The main advantage of this method is its high acceptance.
A complementary way to select diffractive events is by direct measurements
of the outgoing proton in forward proton spectrometers. This method has
a disadvantage of lower acceptance but gives an opportunity to distinguish
between the case where the scattered proton remains intact or dissociates
into a system of low mass MY . These two methods of selection differ par-
tially in the accessible kinematic ranges and substantially in their dominant
sources of systematic uncertainties.

2. Diffractive dijet production in DIS and photoproduction

The new H1 analysis [2] of dijet production in DIS is based on the full
HERA II data sample resulting in significantly increased statistics with re-
spect to previous analyses. Furthermore, the cross sections are determined
using a regularised unfolding procedure which fully accounts for efficien-
cies, migrations and correlations among the measurements. The integrated
diffractive dijet cross section is found to be well-described by the NLO
QCD predictions using the H1 2006 Fit-B DPDF set. Both shapes and
normalisation of the double-differential cross sections are reproduced by
the theory within the experimental and theory uncertainties, as shown in
Fig. 1. The measured dijet cross sections are used to extract the strong
coupling constant in diffractive DIS processes for the first time. The re-
sult αs = 0.119± 0.004(exp.)± 0.012(DPDF, theo.) is consistent within the
uncertainties with the world average.

In the diffractive hadron–hadron interactions, where a hard scale is pro-
vided by jets of large transverse momentum, the predictions based on HERA
DPDFs, however, overestimate the data at the Tevatron and LHC, by about
one order of magnitude. This breaking of factorisation was theoretically
predicted to be present also in ep diffractive dijet photoproduction due to
contributions of resolved component to photoproduction in LO QCD which
resemble hadron–hadron collisions [3]. The contribution of resolved compo-
nent depends on xγ (fraction of the photon momentum participating in the
hard process), however, no significant dependence of data suppression fac-
tor1 on xγ was observed in previous measurements [4–6]. The overall data
suppression factors measured by two HERA experiments were different, the
H1 observed data to be suppressed by a factor of about 0.5–0.6 with respect

1 The suppression factor is defined as a ratio of data and NLO QCD cross section.
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Fig. 1. (Left) Ratio of the double-differential cross section to the NLO predictions
as a function of zP and Q2 and (right) p∗T,1 and Q2. The inner error bars on
the data points represent the statistical uncertainties, outer error bars systematic
uncertainties added in quadrature.

to the next-to-leading order (NLO) QCD prediction [4,5], whereas the ZEUS
data are compatible with the hypothesis of no factorisation breaking [6]. To
clarify the situation, a new measurement is provided by H1 for both DIS
diffractive dijets and dijets produced in photoproduction. The phase space
of these two measurements differs only in momentum transfer Q2 between
the incoming and outcoming electron which is defined as Q2 < 2 GeV2 for
photoproduction and 4 < Q2 < 80 GeV2 for DIS events. In contrast to the
previous measurements where the LRG method was used, diffractive events
were selected using a leading proton spectrometer VFPS. The measured dif-
ferential cross sections as a function of zP are for DIS and photoproduction
dijets shown and compared to NLO predictions in Fig. 2. It is seen that
NLO QCD predictions describe properly the DIS data but for photoproduc-
tion, the measurements are suppressed in comparison with NLO by a factor
of about 0.5.

In Fig. 3 (left), the differential cross section is shown as a function of
xγ for dijet photoproduction. Within uncertainties, there is clearly no in-
dication of the resolved-part (xγ < 0.8) being more suppressed than the
direct part (xγ > 0.8), which confirms previous measurements at HERA. In
a refined method for studying deviations of the NLO QCD predictions from
photoproduction data the cross sections measured in this regime are divided
by the corresponding cross sections in DIS. In such ratios, most of the data
and theoretical systematic uncertainties are reduced. The double-ratio of



858 A. Valkárová

IPz
0 0.2 0.4 0.6 0.8

ra
ti
o
 t
o
 N

L
O

 

0.5

1

1.5

 [
p
b
]

IP
/d

z
σ

d

50

100 H1
DIS

H1 VFPS data

)
hadr

δ (1+× 0.83 ×NLO H12006 Fit­B 

IPz
0 0.2 0.4 0.6 0.8

ra
ti
o
 t
o
 N

L
O

 

0.5

1

1.5

 [
p
b
]

IP
/d

z
σ

d

500

1000

H1
pγ

H1 VFPS data

)
hadr

δ (1+× 0.83 ×NLO H12006 Fit­B 

­PDFγAFG 

Fig. 2. Diffractive dijet (left) DIS and (right) photoproduction cross sections dif-
ferential in zP compared to NLO predictions. The inner error bars represent the
statistical errors, outer error bars statistical and systematic uncertainties added in
quadrature.
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Fig. 3. (Left) Diffractive dijet ep cross section in the photoproduction differen-
tial in xγ compared to NLO QCD predictions. (Right) Diffractive dijet DIS and
photoproduction cross sections normalised to NLO calculation and double ratio of
photoproduction to DIS cross sections, normalised to the corresponding ratio of
NLO predictions.
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photoproduction to DIS, data to NLO, is shown in figure 3 (right). The
observation of factorisation breaking by factor of about 0.5 is in agreement
with previous H1 measurements [4, 5], where complementary experimental
methods of diffraction selection have been used.

3. Hard photons and exclusive dijet production in diffraction

A new measurement was provided by the ZEUS Collaboration for diffrac-
tive photoproduction ep events in which a hard isolated “prompt” photon is
detected in the central region of the ZEUS detector and may be accompanied
by a jet [8]. In Fig. 4 (left), differential cross sections are shown as a func-
tion of the photon transverse energy EγT for the photon+jet configuration.
The shape of these distributions is satisfactorily described by the RAPGAP
Monte Carlo model [9], normalised to the data. The shape of the zP distri-
bution, see Fig. 4 (right), however, is not so well described. In particular, a
prominent peak near zP = 1 is seen and requires a further study. In future,
it is planned to compare these measurements with NLO QCD calculations
to have another handle of factorisation in ep diffractive photoproduction.

Fig. 4. Differential cross sections as functions of (left) EγT and (right) zP for events
with isolated photon accompanied by a jet compared to normalised prediction of
RAPGAP.

The production of exclusive dijets in DIS e + p → e + p + jet1 + jet2
which represents a complementary process to the exclusive production of
vector mesons was studied by the ZEUS Collaboration [10]. The differential
cross sections were compared to MC predictions for the Resolved-Pomeron
model [11] and the Two-Gluon-Exchange model [12] as implemented in RAP-
GAP MC. These two models predict the different shapes in the distribution
of Φ, which is the azimuthal angle between lepton and jet planes (for the def-
inition see Fig. 5 (left)). The shapes of the Φ distributions were parametrised
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in different intervals of β (momentum fraction of the struck parton with re-
spect to the Pomeron) with the function 1+A cosΦ as motivated by theory.
The dependence of the parameter A in intervals of β is compared with predic-
tions of two MC models in Fig. 5 (right). The Two-Gluon-Exchange model
predicts reasonably well the measured value of A for β > 0.3, whereas the
Resolved-Pomeron model exhibits a very different trend. In terms of absolute
normalisation, both the Resolved-Pomeron and the Two-Gluon-Exchange
model are below the data and thus fail to describe the measurement [10].

Fig. 5. (Left) Definition of lepton and jet planes, angle Φ is the angle between these
two planes. (Right) The shape parameter A as a function of β in comparison with
two models, the bands in model predictions represent statistical uncertainties.
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