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This contribution [1] reports on a recent measurement of diffractive dijet photoproduc-
tion, which is used to study the dynamics of absorptive (multiple scattering) effects
associated with the presence of beam remnants in diffractive hard scattering processes.
The corresponding rapidity gap survival probability is extracted as a function of several
variables from comparisons between data and NLO QCD calculations and is found to
be roughly constant at about 0.5. There is no evidence for the expected dependence
on the momentum fraction of the photon entering the hard scattering, xγ . The ratio
of the diffractive to the inclusive dijet photoproduction cross sections is also studied.

1 Introduction

Over the past 15 years, measurements by the HERA experiments have led to a revolution
in our understanding of diffractive scattering at the microscopic level in terms of QCD and
partonic interactions. Inclusive diffractive deep-inelastic scattering (DDIS) events of the
type ep → eXp [2, 3], have been used to extract Diffractive Parton Distribution Functions
(DPDFs) [2, 4, 5, 6] in the framework of a semi-inclusive hard scattering collinear factori-
sation theorem [7]. The DPDFs have been found to be dominated by gluons and to good
approximation exhibit a ‘proton vertex factorisation’ property, whereby they vary only in
normalisation as the four-momentum of the final state proton changes.

Given a knowledge of the DPDFs, NLO perturbative QCD calculations have successfully
predicted other DDIS observables at HERA, including dijet [5, 8], heavy quark [9] and
longitudinal photon-induced [10] cross sections. However, as has long been expected [7, 11],
DPDF-based predictions for hard diffractive processes in pp̄ scattering fail by around an order
of magnitude to describe the data [12]. This factorisation breaking is generally attributed
to absorptive corrections, corresponding to the destruction of the outgoing proton coherence
and the rapidity gap due to multiple interactions within a single event. These effects are
associated with the presence of a proton remnant in the event, in contrast to the point-like
photon coupling in the DDIS case. The corresponding ‘rapidity gap survival probability’
can be treated semi-quantitatively [13] and its prediction at LHC energies is a major current
issue [14]. It is therefore essential to test models of absorptive effects in as many applications
as possible.

The issues of DPDF applicability and rapidity gap survival can be studied at HERA in
hard diffractive photoproduction, where the virtuality of the exchange photon coupling to
the electron is close to zero. Under these circumstances, the photon can develop an effective
partonic structure via γ → qq̄ fluctuations and further subsequent splittings. In a simple
leading order picture, there are thus two classes of hard photoproduction as illustrated in
figure 1: ‘resolved’ interactions, where the photon interacts via its partonic structure and
only a fraction xγ of its four-momentum participates in the hard subprocess and ‘direct’
interactions, where the photon enters the hard interaction as a point-like particle and xγ =
1. Resolved photoproduction interactions resemble hadron-hadron scattering to a large
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extent [15] and are therefore expected to exhibit gap destruction effects. The gap survival
probability has been estimated in a phenomenological model to be 0.34 for resolved processes
[16] and is expected to be unity for direct photon interactions.
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Figure 1: Example leading order diagrams correspond-
ing to diffractive dijet photoproduction initiated by di-
rect (left) and resolved (right) photons. The momen-
tum fractions xγ of the photon and zIP of the diffractive
exchange are indicated.

Previous H1 analyses of diffrac-
tive dijet photoproduction [17]
have consistently measured cross
sections to be smaller than theo-
retical predictions, suggesting ra-
pidity gap survival probabilities of
around 0.5. A ZEUS measure-
ment at somewhat larger jet trans-
verse energies (Ejet

T ) [6, 18] yielded
a larger survival probability, com-
patible with unity. Neither col-
laboration has found any evidence
for the expected xγ dependence
and both have found a sugges-
tion of a stronger E

jet
T dependence

in the data than is predicted by
NLO theory [19], which may ex-
plain the apparent difference be-
tween the H1 and ZEUS findings.
At present there is no completely
satisfactory theoretical interpretation of these observations.

2 Data and Experimental Method

New diffractive dijet photoproduction cross section measurements have been made by the
H1 collaboration using a sample with an integrated luminosity of 47 pb−1, about a factor
three larger than previously studied. After obtaining a sample of diffractive events using the
standard H1 Large Rapidity Gap selection [2], the hadronic final state is subjected to the kT

longitudinally invariant jet algorithm [20], applied in the laboratory frame with parameters
R = 1 and p

jet,min
T = 2.5 GeV. The cross sections are measured in the kinematic range:

Q2 < 0.01 GeV2 0.3 < y < 0.65

E
jet1
T > 5 GeV E

jet2
T > 4 GeV

−1 < ηjet1 < 2 − 1 < ηjet2 < 2

xIP < 0.03 MY < 1.6 GeV |t| < GeV2 .

Here, the variables Q2 and y have their conventional DIS meaning, E
jet1
T and E

jet2
T are the

transverse energies of the leading and next-to-leading jets, ηjet1 and ηjet2 are the corre-
sponding jet pseudorapidities in the laboratory frame, xIP is the fractional momentum of
the incoming proton which is transferred to the diffractive exchange, MY is the mass of
the outgoing baryonic system (dominantly a proton) and t is the squared four-momentum
transfer to the proton.
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Figure 2: Ratios of measured cross sections to
NLO QCD calculations as a function of zIP ,
xγ and E

jet1
T . The inner error bars on the

data points are statistical and the outer error
bars show the quadratic sum of the statisti-
cal and uncorrelated systematic errors. The
dark band shows the experimental systematics
which are correlated between the data points.
The light band shows the scale uncertainty on
the NLO theory. The results obtained when
replacing the H1 2006 DPDF Fit B partons
with two other DPDF sets are also shown.

The data are compared with NLO calcu-
lations obtained from [21] with the H1 2006
Fit A and B [2] and H1 2007 Fit Jets [5]
DPDFs. The resolved photon is described
with the GRV HO photon parton densities
[22]. The DIS-γ scheme is used with four
quark flavours, Λ4 = 330 MeV and the fac-
torisation and renormalisation scales set to
E

jet1
T . Hadronisation corrections are ap-

plied to the parton level calculations using
the RAPGAP Monte Carlo model [23].

3 Diffractive Cross Sections

and NLO QCD Calculations

Figure 2 shows the ratio of the measured
diffractive dijet photoproduction cross sec-
tion to the NLO QCD calculation differen-
tially in E

jet1
T and in hadron level estima-

tors of zIP and xγ , obtained as described in
[17]. For most of the measured points, the
ratios are significantly below unity. When
taking the H1 Fit B DPDFs, which describe
a wide range of DDIS observables, there is
little dependence of the ratio on zIP . The
other two DPDF sets give ratios which are
consistent with H1 Fit B at low zIP , but
deviate at large zIP , where inclusive diffrac-
tive data give poor constraints on the gluon
density [2].

Integrated over the full measured range,
the ratio S of data to theory using Fit B is

S = 0.54 ± 0.01 (stat) ± 0.10 (syst)

±0.13 (scale) ,

where the first two uncertainties are experi-
mental and the third is the result of varying
the factorisation and renormalisation scales
in the theory by factors of 0.5 and 2. The
results when using the H1 Fit A and H1 Fit
Jets DPDFs are S = 0.43 and S = 0.65 re-
spectively, with similar uncertainties to the
Fit B case. Including the differences be-
tween the different DPDF sets in the uncer-
tainties and integrating over the full mea-
sured range, the rapidity gap survival probability based on Fit B is smaller than unity by
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2.4σ, confirming [17].
Notably, the measured ratio has only a weak dependence on xγ , in contrast to theoretical

expectations [16, 24]. On the other hand, some evidence for a dependence of the ratio
on E

jet1
T is observed. Since the correlations between the variables are complicated (e.g.

E
jet1
T and xγ are strongly positively correlated through the kinematic restrictions), more

differential studies are required to fully unfold the dynamics.

4 Diffractive to Inclusive Cross Section Ratios

Figure 3: Ratio of the diffractive to the
inclusive dijet photoproduction cross section
as a function of xγ . The inner error bars
correspond to statistical uncertainties. The
outer error bars contain in addition the un-
correlated systematic uncertainties. Corre-
lated systematic errors are indicated by the
band. The data are compared with predic-
tions formed from the ratio of the RAPGAP to
the PYTHIA Monte Carlo model, both with
and without an underlying event simulation in
the inclusive (PYTHIA) case.

Measurements of ratios of diffractive to in-
clusive dijet photoproduction cross sections
have been proposed as a further test of the
dynamics of gap survival issues [16], and
have been studied further via NLO calcu-
lations in [24]. Their potential advantages
over straight-forward diffractive measure-
ments lie in the partial cancellations of some
experimental systematics as well as theoret-
ical uncertainties arising from the photon
structure and factorisation and renormal-
isation scale choices. A similar ratio was
measured by the CDF collaboration [12] as
a means of extracting effective pp̄ DPDFs
for comparison with HERA predictions and
assessment of gap survival probabilities.

In the low transverse momentum regime,
underlying event or multi-parton interac-
tions are known to have a non-negligible
influence on inclusive photoproduction jet
cross sections [25]. Here, the underlying
event is modelled using the PYTHIA MC
generator, which produces multiple parton-
parton interactions in the same event, tun-
able largely via a parameter p⊥min, corre-
sponding to the minimum transverse mo-
mentum down to which secondary scatter-
ing is calculated.

Here, the inclusive photoproduction
cross section is measured, using data from
the same running period as in the diffractive
case, in a kinematic range defined by the Q2,
y and jet ET and η ranges of the diffractive
measurement. The ratio of diffractive to in-
clusive cross sections is formed as a function
of several variables and shown for the exam-
ple case of xγ in figure 3. The data are compared with the predicted ratios based on the
RAPGAP and PYTHIA Monte Carlo models, both before and after underlying event effects
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are taken into account in PYTHIA. The PYTHIA underlying event corrections change the
predicted inclusive cross sections, and hence the ratios, by up to a factor of two at low xγ ,
diminishing as xγ increases. This effect is similar in size to the gap survival probabilities
suggested by the diffractive data in section 3. The large, but unquantified, uncertainties in
modelling the underlying event therefore preclude strong conclusions on the basis of the ratio
data at this stage. Nonetheless, the RAPGAP / PYTHIA ratio, with multiple interactions
included, describes the data rather well.
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