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1. Introduction

High energy diffraction is thought to occur due to a t-channel diffractive exchange (Fig. 1a),
called Pomeron (IP). The exchange has vaccuum quantum numbers, is colourless and transfers a
small momentum. These properties of the Pomeron exchange reflect experimentally into a large
gap in rapidity (LRG) between the hadronic systems of masses MX and MY (Fig. 1a). One of
the hadronic systems (Y) may be the scattered beam particle. The other system (X) may include
jets, charmed particles, etc. The squared four momentum transfer t and fractional longitudinal
momentum xIP of the diffractive exchange are typically small.

xobs
γ ∼ 1.0(> 0.75) xobs

γ < 1.0(< 0.75)

Figure 1: Diffractive scattering process ep → e′XY with the hadronic systems X and Y separated by the
largest rapidity gap in the final state. a) general graph, b) point-like photon process graph and c) hadron-like
photon process graph.

a) b) c)

In the framework of QCD, the cross section of diffractive scattering can be calculated as a sum
of universal partonic cross sections convoluted with universal diffractive parton distribution func-
tions (dPDFs) of the proton (this is the QCD hard diffractive factorisation theorem). Note, that the
universal partonic cross sections are known to be process dependent. The universal diffractive par-
ton distribution functions are expected to be process independent. Thus, QCD calculations based
on the dPDFs are expected to predict production rates for various diffractive reactions, inclusive or
semi-inclusive. The validity of the QCD factorisation was proved [1] for diffractive deep inelastic
scattering (dDIS) mediated by a point-like (direct) photon (Fig. 1b). Estimates of the diffractive
dijet cross sections for the Tevatron [2] based on the dPDFs measured at HERA are a factor of
5-10 larger than the measurements [3]. This suppression of the observed cross section is ascribed
to re-scatterings between the spectator partons from the interacting hadrons. Additional particles
created by the re-scatterings partly fill the rapidity gap, suppressing the observed cross section con-
siderably. The ep scattering via photons of low virtualities Q2 < 1 GeV2 (photoproduction, PhP)
involves a hadron-like (resolved) component of the photon (Fig. 1c). Thus for diffractive photopro-
duction (dPhP), QCD factorisation is not expected to hold like it does not hold for hadron-hadron
scattering. An eikonal model [4] predicts a cross section suppression by about a factor of three for
resolved photoproduction at HERA. It should be noted that the introduction of a suppression factor
for the resolved contribution into the next-to-leading order (NLO) calculations may be not straight-
forward. The direct and resolved processes are defined uniquely only in leading order (LO). At the
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NLO these two processes are related, and relationship between them is factorisation scheme and
scale dependent. Only the sum of both contributions can give the physically relevant cross section,
which is approximately independent of the factorisation scheme and scale.

Recent experimental data [5, 6, 7] from the ZEUS Collaboration at HERA on diffractive dijet
and charm production in deep inelastic scattering and photoproduction are reviewed. Cross sec-
tions for diffractive dijet and charm production were measured during the 1998–2000 data taking
period, when HERA collided 27.5 GeV electrons1 with 920 GeV protons. Deep inelastic events
were identified by the detection of the scattered lepton. Events without a measured scattered elec-
tron were regarded as due to photoproduction. Jets were identified with the kT algorithm [8].
Charm production was tagged by the detection of a D∗ meson. Candidates for D∗ mesons were
reconstructed with the mass-difference method. Diffractive events were identified by a large gap
in pseudorapidity between the produced hadronic-state X and the outgoing proton. The proton dis-
sociative admixture was evaluated to be 16±4 % and subtracted [9]. The diffractive cross sections
were measured as functions of the following variables: the photon virtuality Q2, the photon-proton
centre-of-mass energy W , the mass of a diffractively produced hadronic state MX , the fraction of
the proton’s momentum xIP carried by the Pomeron, the fraction β (zobs

IP ) of the Pomeron momen-
tum and the fraction xobs

γ of the virtual photon longitudinal momentum, participating in the hard
subprocess, the transverse energy ET or momentum pT and pseudorapidity η of the jet or the D∗

meson.
RAPGAP Monte Carlo [10] leading-logarithm (LL) simulations of diffractive jet and charm

production were used for the cross section calculations with the H1 Fit 2 parameterisation of dPDFs
[11]. The calculations were performed using leading order matrix elements. Higher order QCD
corrections were approximated by the QCD parton shower model MEPS [12], based on the leading
logarithm DGLAP [13] splitting functions. The ep interactions at small Q2 were modeled with both
direct and resolved photon processes. The photon structure was parameterised by the GRV-G-LO
set of parton densities [14].

The next-to-leading order calculations were performed with the renormalisation and factori-
sation scales set to the transverse energy of the leading parton jet or the transverse energy of the
charm quark. For dijet production, the NLO parton level predictions are corrected to the hadron
level using correction factors determined with the Lund string model of hadronisation [15]. The
correction factors, calculated with RAPGAP, were found to be ∼ 1. For charm production the NLO
parton level predictions are corrected to the hadron level using the Peterson fragmentation function
[16]. Diffractive dijet and charm production processes are directly sensitive to the gluon content of
diffractive exchange (via the dominating process γg → qq̄, Fig. 1b).

2. Comparison of the ZEUS data with theory predictions

2.1 Diffractive deep inelastic production of dijets

The diffractive dijet cross sections have been measured [5] in the range 5 < Q2 < 100GeV2,
100 < W < 200GeV, xIP < 0.03 with a data sample of 65 pb−1. The two highest transverse energy
jets with −3.5 < η∗

jet < 0, E∗ jet1
T > 5GeV and E∗ jet2

T > 4GeV were selected. The measured cross
1Hereafter, "electron" is used to refer both electron and positron beams.

3



P
o
S
(
D
I
F
F
2
0
0
6
)
0
0
7

D*(2010) and dijet diffractive cross sections from the ZEUS experiment at HERA I.A. Korzhavina

sections (dots) are compared with the theoretical predictions (histograms) in Figs. 2, 3. The energy
scale and the proton dissociation subtraction uncertainties are shown as shaded bands in the figures.
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Figure 2: The cross sections for diffractive deep inelastic production of dijets in comparison with LL MC
predictions.

The LL Monte Carlo calculations were performed using the generators SATRAP [17] and RAP-
GAP [10]. SATRAP describes a diffractive process in terms of the saturation model with parton
showers modeled in the Colour Dipole Model [18]. The cross sections were calculated using the
proton dipole cross section obtained from inclusive DIS data. The contributions from resolved pro-
cesses are missing in the calculations. RAPGAP MC calculations were performed as described in
the introduction. Both sets of LL calculations are consistent with the data in normalization within
10% and reproduce data shapes reasonably well. A small resolved photon admixture (hatched his-
tograms), contributing mainly to low zobs

IP and xobs
γ range, improves description of the data shapes.

NLO QCD predictions (Fig. 3) have been obtained with the DISENT program [19] for various
sets of diffractive PDFs determined from QCD fits to the HERA diffractive DIS data. Within the
experimental uncertainties and uncertainties in factorisation and renormalisation scales (30-40%,
not shown), the predictions based on the H1 2002 (prel.) [20] and ZEUS LPS [21] dPDFs are
compatible with the measured diffractive dijet cross sections in shape and normalization. The
normalization of the prediction with the GLP dPDFs [22] is substantially lower than those from the
other two sets. The difference observed between the three sets of predictions may be interpreted as
an estimate of the uncertainty associated with the diffractive PDFs.

2.2 Diffractive photoproduction of dijets

The diffractive dijet cross sections have been measured [6] with a data sample of 77.6 pb−1 in
the range Q2 < 1 GeV2

, 0.2 < y < 0.85, xIP < 0.025. The two highest transverse-energy jets with
|η jet | < 1.5, E∗ jet1

T > 7.5GeV and E∗ jet2
T > 6.5GeV were selected. In photoproduction, a sizable

contribution to the cross section is given by resolved photon processes (Fig. 1c), in which only a
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Figure 3: The cross sections for diffractive deep inelastic production of dijets in comparison with the NLO
QCD predictions.

fraction xobs
γ of the photon momentum enters the hard scattering. The measured cross sections (dots)

are compared with theoretical predictions (histograms) in Figs. 4 and 5 separately for samples
enriched in direct (xobs

γ > 0.75) and resolved (xobs
γ < 0.75) contributions, respectively. The energy

scale and proton dissociation subtraction uncertainties are shown as shaded bands in the figures.
The LL predictions from the Rapgap MC are normalized to the data by a global factor of 0.53.

Apart from zobs
IP , which is sensitive to the uncertainties of the diffractive gluon distributions, the LL

calculations describe the shapes of all cross sections for both the direct and resolved enriched sam-
ples. The ratios of the resolved-enriched to the direct-enriched cross sections were compared to the
calculations as well. It is expected that in the ratios uncertainties such as those due to the diffractive
PDFs cancel, providing a more reliable comparison with the predictions. The ratios (not shown)
are well described as functions of all variables, indicating that the LL MC calculations reproduce
both the direct- and resolved-enriched samples alike in various kinematic regions. A suppression of
the resolved photoproduction data is expected to be observed from certain theoretical calculations
(e.g. [4]), but no such evidence is found.

Two sets of NLO QCD calculations [23] (Fig. 5) are compared to the data: a model with the
resolved photon contribution suppressed by a factor of R = 0.34 and a model without the suppres-
sion (R = 1). The diffractive PDFs from H1 2002 Fit (prel.) [20] are used in both cases. Both
model predictions (Fig. 5) do not reproduce the normalization of the data. Diffractive dijet pho-
toproduction is overestimated (underestimated) by calculations with R = 1(R = 0.34), based on
dPDFs which give a good description of the diffractive deep inelastic dijet data. The ratios of the
resolved-enriched to the direct-enriched cross sections are well reproduced by the NLO predictions
with R = 1 (not shown), indicating no evidence for a suppression of the resolved photon processes
relative to the direct photon processes in any particular kinematic region. An uniform suppression
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Figure 4: The cross sections for diffractive photoproduction of dijets in comparison with the LL MC pre-
dictions.
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Figure 5: The cross sections for diffractive photoproduction of dijets in comparison with the NLO QCD
predictions.

for both resolved and direct processes provides a better description of the data assuming the H1
2002 Fit (prel.) dPDFs.

2.3 Diffractive photoproduction of D∗±(2010) mesons

Cross sections for diffractive photoproduction of D∗±(2010) mesons2 have been measured [7]
in the kinematic range Q2 < 1GeV2

,130 <W < 300GeV, 0.001 < xIP < 0.035 with a data sample
of 78.6 pb−1. The D∗ candidates with pT (D∗) > 1.9GeV and |η(D∗)| < 1.6 were selected in the

2From now on, the notation D∗ will be used for both D∗+ and D∗−.
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decay mode D∗+ →D0π+, followed by D0 →K−π+ +(c.c.). A clear signal of 458±30 D∗ mesons
was observed in the ∆M = M(K,π,πs)−M(K,π) distribution (Fig. 6) at the nominal value. After
non-diffractive and proton-dissociative backgrounds were subtracted, the cross section, integrated
over the above range, was found to be

σep→e′D∗X p′ = 1.57±0.12(stat.)+0.20
−0.22(syst.)±0.08(p.d.) nb.

The last uncertainty is due to subtraction of the dissociative background. The measured cross sec-
tion is sizable in comparison to the inclusive D∗ photoproduction cross section of 18.9±1.2+1.8

−0.8 nb,
measured by the ZEUS experiment in a similar kinematic range [24]. This observation indicates
that diffractive charm production is not suppressed as much as some early models predicted [25].
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Figure 6: The distribution of the mass difference, ∆M = M(Kππs)−M(Kπ), for the D∗± candidates (dots)
with pT > 1.9GeV and −1.6 < η < 1.6, reconstructed in the range Q2 < 1GeV2, 130 < W < 300GeV
and 0.001 < xIP < 0.035. The histogram shows the ∆M distribution for the combinatorial background. The
shaded band shows the signal range in which the background subtraction was performed. The signal has
458±30 D∗ candidates.

The measured differential cross sections (dots in Fig. 7a) are compared to the LL MC expec-
tations from the resolved-Pomeron model [26] (histograms) based on the H1 Fit 2 parton density
parameterisation [11]. The calculations were performed with the MC generator RAPGAP [10] in
the same kinematic region for both direct and resolved photon mechanisms of charm production,
with the resolved component including flavour excitations and amounting to 35% of the total. The
expectations overestimate the current measurement by a factor ∼ 3 but reasonably reproduce the
data shapes. Scaling the resolved component by 0.34 [4] would not give a substantially better
description of the data in both shape and normalisation.

The cross sections for diffractive photoproduction of D∗ mesons (histograms in Fig. 7b) were
compared to the next-to-leading order of QCD predictions calculated with the FMNR code [27]
using the H1 2006 Fit A, Fit B [28], the ZEUS LPS [21] and the GLP [22] diffractive PDFs. To
account for the proton-dissociative contribution, present in the H1 2006 and GLP fits, the corre-
sponding predictions were scaled down by factors 0.81 and 0.7, respectively [28, 22]. The estimated
QCD scale uncertainties are shown as shaded bands for the results with dPDFs from H1 2006 Fit A.
The uncertainties for the calculations with other dPDFs are similar and not shown. (Uncertainties
of the dPDFs are not included in the calculations.) The differential cross sections calculated with
H1 2006 or ZEUS LPS dPDFs are close to each other and reproduce the measurement (Fig. 7b) in
shape and normalisation. The calculations with the GLP Fit are systematically lower than the data.
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Figure 7: The cross sections for diffractive photoproduction of D∗ in comparison with a) the LL MC and b)
NLO QCD predictions.

a) b)

3. Conclusions

Data from the ZEUS Collaboration at HERA on diffractive open charm photoproduction and
dijet production in DIS and photoproduction have been compared with LL MC and NLO QCD
predictions using various parameterisations of diffractive parton densities.

The LL calculations describe the shapes of the dijet cross sections well for both low and high
Q2. While for DIS production data and calculations are in agreement, the calculations overestimate
the photoproduction data.

For the NLO calculations, the agreement between data and predictions depends on the dPDFs
chosen. Given the H1 2002 (prel.) diffractive PDFs, the NLO calculations are in good agreement
with the diffractive deep inelastic dijet data. The diffractive dijet photoproduction data are overesti-
mated by the NLO predictions, suggesting that factorisation is broken for this process. No evidence
is observed for a suppression of resolved photon processes relative to direct photon processes in
diffractive dijet photoproduction. A uniform suppression for both resolved and direct processes
gives a better description of the data.

The predictions of the LL MC for the differential cross sections of diffractive photoproduc-
tion of D∗± overestimate the data, but reproduce the shapes with the resolved photon contribution
acounting for 35% of the total. The NLO predictions based on H1’s fits A and B, as well as the
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ZEUS LPS fit are consistent with the data. The normalisation of the prediction of the GLP fit is
substantially lower than those from the other fits.

The differences observed between the theoretical predictions based on the available dPDF
sets may be interpreted as an estimate of the uncertainty associated with the diffractive PDFs. At
present it is hard to make a definite statement about the validity of the QCD diffractive factorisation
theorem unless a better understanding of the dPDFs and their uncertainties obtained.
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