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Measurements of D ∗ (2010) meson production in diffractive deep inelastic scattering (5 < Q2 < 100 GeV2 ) are presented
√ which are based
on HERA data recorded at a centre-of-mass energy s = 319 GeV with
an integrated luminosity of 287 pb−1 collected by the H1 detector. The
reaction ep → eXY is studied, where the system X, containing at least
one D ∗ (2010) meson, is separated from a leading low-mass proton dissociative system Y by a large rapidity gap. The kinematics of D ∗ candidates
are reconstructed in the D ∗ → Kππ decay channel. The measured cross
sections compare favourably with next-to-leading order QCD predictions,
where charm quarks are produced via boson-gluon fusion and they are
independently fragmented to the D ∗ mesons. The calculations rely on
the collinear factorisation theorem and are based on diffractive parton
densities previously obtained by H1 from fits to inclusive diffractive cross
sections. The data are further used to determine the diffractive to inclusive D ∗ production ratio in deep inelastic scattering.
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Introduction

The collinear factorisation [1] approach is an effective
tool to describe the diffractive deep inelastic scatterQ
e(k )
e(k’ )
ing (DDIS) processes ep → eXY , where the systems
X and Y are separated by a large gap in rapidity
γ *(q )
c
... D*
due to the colourless exchange, often referred to as
c
z
s
X(P )
a pomeron (IP ). The diffractive parton distribution
W
x
functions usually extracted from inclusive DDIS show
that gluons constitute the main contribution to the
DPDFs. To date, analyses of HERA data support the
Y(P )
p(P )
t
validity of the collinear factorisation theorem in DDIS
as evidenced by experimental results on inclusive proFigure 1: The leading order
duction , dijet production and D ∗ production. A brief
diagram for open charm proaccount of a new measurement of D ∗ (2010) meson
duction in DDIS at HERA.
production in DDIS [2] is presented here. The D ∗
meson originates from the fragmentation of a charm
quark, produced mainly via the boson-gluon-fusion (γ ∗ g → cc) at HERA energies,
figure 1, and is therefore sensitive to the gluon content of the pomeron. The gluon
content of the pomeron can be accessed directly and the collinear factorisation can
be tested. Compared to the previous H1 publication [3] the analysis presented corresponds to a sixfold increase in the integrated luminosity.
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Kinematics of the deep inelastic scattering

The standard DIS kinematics is described in terms of the well known invariants
s = (k + P )2 ,

Q2 = −q 2 ,

y=

q·P
,
k·P

W 2 = (q + P )2 ,

x=

Q2
, (1)
2q ·P

where the four-vectors are indicated in figure 1. The diffractive kinematics are defined
as:
MX2 = (PX )2 , MY2 = (PY )2 , t = (P − PY )2 , xIP =

ŝ + Q2
q · (P − PY )
, zIP = 2
, (2)
q·P
MX + Q2

where MX and MY are the invariant masses of the systems X and Y , respectively, t
is the squared four-momentum transfer at the proton vertex and xIP the fraction of
the proton’s longitudinal momentum transferred to the system X and zIP represents,
in leading order, the momentum fraction of IP participating in the γ ∗ g → cc process,
where ŝ denotes its centre-of-mass energy squared.
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Monte Carlo Models and Fixed Order QCD Calculations

The diffractive proton elastic ep → eX(D ∗ )p and proton dissociative ep → eX(D ∗ )Y
are modelled with the RAPGAP Monte Carlo event generator [4]. Following a detailed
H1 detector response simulation the samples are passed through the same analysis
chain as used for data and are used to correct the data for detector effects.
Predictions for D ∗ cross sections in next-to-leading-order (NLO) QCD precision
are obtained using HVQDIS [5,6]. The calculation relies on collinear factorisation using H1 2006 DPDF Fit B NLO parton density functions [7]. Massive charm quarks are
produced via γ ∗ -gluon fusion. Fragmentation into D ∗ mesons is performed independently in the γ ∗ p rest frame using the Kartvelishvili parameterisation with parameter
values, as well as the uncertainties on them, suited for use with
q HVQDIS [8]. The
factorisation and renormalisation scales are set to µr = µf = Q2 + 4m2c with the
value mc = 1.5 GeV for the charm pole mass. The variations by factors of 0.5 and 2
are used as the uncertainty of the scale’s choice. The uncertainty introduced by the
particular choice of mc is evaluated by varying it to 1.3 GeV and 1.7 GeV.

4

Experimental technique

A detailed description of the H1 detector can be in [9]. The selection of DIS events is
ensured by a scattered electron signal in the backward lead-scintillating fiber calorimeter. The decay products of the D ∗ meson are observed as tracks in the central tracker.
Hadronic final state objects represent combined information from central tracker and
LAr calorimeter.
The measured Q2 and y span 5 < Q2 < 100 GeV2 and 0.02 < y < 0.65 ranges,
respectively. The large rapidity gap (LRG) selection of diffractive events is primarily
provided by a cut on the position of the most forward cluster in the LAr calorimeter
above the 800 MeV energy threshold, ηmax < 3.2, augmented by vetoes from forward
detectors. The xIP < 0.03 range is used. The detection of D ∗ mesons is based on the
+
full reconstruction of its decay products in the ‘golden channel’: D ∗+ → D 0 πslow
→
+
− +
(K π )πslow + (C.C.) with a branching ratio of ∼ 2.7 %. The K and π candidate
tracks are required to satisfy pt > 0.3 GeV transverse momentum cuts while the πslow
track pt > 0.12 GeV is required in the laboratory frame. An 80 MeV mass window
cut ensures consistency with D 0 hypothesis of K and π system. The D ∗ meson
candidate kinematics is restricted to pt,D∗ > 1.5 GeV and |ηD∗ | < 1.5. The variable
±
∆m = m(K ∓ π ± πslow
) − m(K ∓ π ± ) is used to determine the D ∗ signal by means of
simultaneous fits of the right and wrong charge combinations of the tracks for a better
background shape determination yielding N(D ∗ ) = 1169 ± 58. The N(D ∗ ) obtained
from fits to the data in bins of event observables compare well with the simulation.
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Results
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The number of fitted D ∗ mesons is corrected for detector effects, branching ratio of
the golden channel, contribution of other D ∗ decays and higher order QED processes
at the lepton vertex. The phase space of the measurement reads 5 < Q2 < 100 GeV2 ,
0.02 < y < 0.65, xIP < 0.03, pt,D∗ > 1.5 GeV and |ηD∗ | < 1.5. Since MY and t are
not measured directly an extrapolation is performed to the range of MY < 1.6 GeV
and |t| < 1 GeV2 . The integrated cross section of D ∗ production is measured to
be σep→ eYX(D∗ ) = 314 ± 23(stat.) ± 35(syst.) pb. The theoretical value calculated
theory
+54
+68
+7.0
in next-to-leading order QCD reads σep→
eYX(D ∗ ) = 265−40 (scale) −54 (mc ) −8.2 (frag.)
+31
−35 (DPDF) pb. Within uncertainties both normalisation and shapes of the measured
cross sections are reproduced by the theory, see figure 2. The experimental precision
in the region of medium and highest xIP and zIP , figure 2b, may provide a room further
constraints on the gluon part of the DPDFs.
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Figure 2: Differential D ∗ production cross sections in DDIS and data to theory ratios
as a function of; (a) Q2 and y, (b) log10 (xIP ) and zIobs
P .
The fraction of diffractive contribution to the D ∗ production in DIS, RD , is determined using also the H1 DIS results [10]. Integrated over the whole phase space the
theory
+0.5
results read RD = 6.6 ± 0.5(stat) +0.9
= 6.0+1.0
−0.8 (syst) % and RD
−0.7 (scale) −0.4 (mc )
+0.7
+0.02
−0.8 (DPDF) −0.04 (frag) % for the data and theoretical prediction, respectively, where
the predictions profit from partial cancellation of the scale and mc uncertainties. The
fractions measured differentially are shown in figure 3a. Both the total and the differential data RD are consistent with theory showing strong kinematical dependence
that can be explained limitations of the diffractive phase space domain. In figure 3b,
RD integrated over the full phase space is compared with previous measurements
performed at HERA both in the DIS regime [11–13] and in photoproduction [14].
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Figure 3: The diffractive fraction RD as a function of y, Q2 , pt,D∗ and ηD∗ (a).
Integrated RD compared with previous measurements from HERA (b).
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Conclusions

The integrated and differential cross sections of D ∗ (2010) production in diffractive
deep inelastic scattering are measured. The measured cross sections are well described
by theoretical predictions in next to leading order QCD. This supports the validity
of collinear factorisation.
The measured diffractive fraction of D ∗ production cross section in deep inelastic
scattering is in agreement with theoretical predictions in next-to-leading order QCD.
The value of the diffractive fraction is found to depend on certain observables. It
is, however, observed to be largely independent of other details of the phase space
definition.
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