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Abstract

Measurements are presented of diffractive open charm ptiiuat HERA. The event
topology is given byp — ¢ XY where the systemX contains at least one charmed hadron
and is well separated by a large rapidity gap from a leadimgrwass proton remnant
systemY. Two analysistechniques are used for the cross sectiorumegasnts. In the first,
the charm quark is tagged by the reconstruction &F&(2010) meson. This technique is
used in deep-inelastic scattering (DIS) and photoprodadtip). In the second, a method
based on the displacement of tracks from the primary vegeiséd to measure the open
charm contribution to the inclusive diffractive cross gaetn DIS. The measurements are
compared with next-to-leading order QCD predictions basediffractive parton density
functions previously obtained from a QCD analysis of théusive diffractive cross section
at H1. A good agreement is observed in the full kinematicmegiwhich supports the
validity of QCD factorization for open charm production iifficactive DIS andyp.
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1 Introduction

Diffractive processes in positron-protospf collisions are those where the hadronic final state
is separated by a large gap in rapidity, without hadrons, twb systemsX andY’, where the
systemY may consist only of a proton or low mass system. The sys¥em known as the
photon dissociative system. The diffractive event sigreatsiunderstood to arise from a color
singlet exchange between the two systexnandY’.

In quantum chromodynamics (QCD), the theory of strong adgons, the hard scattering
collinear factorization theorem [1] predicts that the sresction for diffractive deep-inelastig
scattering (DIS) factorizes into a set of universal diffrée parton density functions (DPDFs)
of the proton and process-dependent hard scattering deatBc Next-to-leading order (NLO)
DPDFs have been determined by QCD fits to the measured ciagsssof inclusive diffractive
scattering at HERA [2, 3] within the factorizable Pomerond®lo[4] and using the DGLAP
evolution equations [5]. The DPDFs have been found to be datad by gluons, which carry
~ 70 % of the momentum of the diffractive exchange.

If QCD factorization is fulfilled, NLO QCD calculations bas®n the diffractive parton
density functions of [2, 3], should be able to predict theduaion rates of more exclusive
diffractive processes like dijet and open charm producitioshape and normalization. For
diffractive dijet production this has been tested in phatojpiction ¢p) and in DIS [6]. In
the regime of DIS the predictions of QCD have been found tanbgoiod agreement with the
experimental results.

e’ (k) e’ (k) e (K e’ (k)

—
Remnant

My [¢
c
Rapidity Gap :I %
JU NG P(Py) P(P) P(Py)
a) b)

Figure 1: The main processes of diffractive open charm productiddEBRA in the collinear
factorization approach. Figure a) shows the direct proces®re the photon enters the hard
scatter itself. Figure b) shows the resolved photon proedssre only a reduced fraction, of
the photon’s momentum takes part in the hard scatter.

In the collinear factorization approach diffractive opdraonm production at HERA is ex-
pected mainly to proceed via boson gluon fusion (BGF) asafepiin Figurdla. Thus it is
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directly sensitive to the gluon content of the diffractiveleange, which is only determined
indirectly and for low momentum fractiong- of the gluon in inclusive diffractive scattering
via scaling violations [3]. In the BGF process a charm quaticquark pair ¢¢) is produced of
which one quark couples to the photon with virtualily and the other to a gluon that emerges
from the diffractive exchange.

In Figurella the “direct photon” process is shown, where tha&tqn itself enters the hard
scatter, which is expected to be dominant éetproduction in DIS and photoproduction. In
photoproduction, however, the quasi real photon may alstvevnto a hadronic structure, as
indicated in Figurddlb, before it enters the hard scatterthiicase only a fractiom, < 1
of the photon’s momentum takes part in the scattering psp¢he rest forming a remnant. In
these “resolved photon” processes initial state intepastmay take place between the photon-
and the proton-remnant systems, destroying the rapidpysggnature and thus the diffractive
nature of the process. A breakdown of QCD factorization leehlwbserved for diffractive dijet
production inpp collisions at the Tevatron [7], where the prediction ovéneates the observed
rate by approximately one order of magnitude. Diffractipe charm production is especially
suitable for testing a potential suppression of the dirécitpn component of the production
mechanism in photoproduction.

In an alternative theoretical approach DPDFs are not inized and diffractive scattering is
explicitly modeled by the perturbative exchange of a celeslgluon state (two gluons or a gluon
ladder). Formulated in the proton rest frame the “two-glustate of the proton can couple
directly to thece pair (y*p — ccp) or to accg color dipole fluctuation of the photon{p —
ccgp) [8]. The gluon density of the proton is usually determinehi fits to the inclusive DIS
cross section in the,-factorization [9] scheme. A model combining the pertun®stwo-gluon
approach with the collinear factorization scheme, which &lso been used to fit the HERA
diffractive DIS cross sections, is given in [10].

Two methods to identify charm production are presentedisghper. In the first method
the charm quark is tagged by the reconstructiomdimesons. The measurement is performed
in DIS and, due to the high selectivity of the trigger, extethtb~p, where it represents the first
cross section measurement of diffractive open charm ptaduat HERA. In DIS it supercedes
a former analysis of H1 [11] with increased statistics anhweduced systematic uncertainties.
A similar measurement in DIS was performed by the ZEUS collation [12]. The results are
presented in the form of integrated and differentialcross sections and in DIS are extrapolated
into the unmeasured phase space of fifemeson using NLO QCD calculations in order to
determine the open charm contribution to the diffractivessrsection. The second method,
which was used to measure the total inclusive charm and yeeags sections in DIS [13, 14],
is used here for the first time in diffractive DIS. In this medhreferred to in the following as the
‘displaced track analysis’, the charm quark is identifiedHsy reconstruction of tracks, which
are displaced from the interaction vertex, that arise duerg lived charmed hadrons. This
method is used in a kinematic region with high acceptancéh®idecay products of charmed
hadrons within the silicon vertex detector of H1, which igdisn the reconstruction of these
tracks. With this method it is thus possible to measure tted tpen charm contribution to the
diffractive cross section with small extrapolations fror@Q calculations.

In sectionP the kinematic variables used throughout theepape introduced. A short
discussion of the H1 detector and the event selection aengivsectionBI3 arlll 4, followed by
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a description of the event simulation in sectffin 5 and thexsection determination with the
two independent methods in sectllin 6. The NLO QCD calcuiatand the comparison of the
measured cross sections with the NLO QCD calculations aigsed in sectiofik 7 afid 8.

2 Kinematicsof Diffractiveep Scattering

Due to the diffractive nature of the process the photon (Yath-momentuny) and the proton
(with four-momentump) dissociate into two distinct hadronic systetisand Y (with four-
momentapx andpy, respectively), which are separated by a large gap in rigdiditween the
final state hadrons. The kinematics of the inclusiyescattering are fully determined by the
negative squared four momentum transfer of the exchangetbpty?, the squared center of
mass energy of thep scattering process and the inelasticityy. In addition, the following
variables are defined to characterize the diffractive madfithe process

@
2q - (P —py)’

where My andt¢ denote the invariant mass of the syst&nand the squared four-momentum
transferred at the proton vertex, respectively. The véiap can be interpreted as the longitu-
dinal momentum fraction of the diffractive exchange withpect to the proton. The variabfe
(which is only defined in DIS) corresponds to the Bjorkewariable from inclusive scattering
taken with respect to the diffractive exchange. The quastitand M,  are constrained to be
small by the experimental selection and are integratediavglicitly. For the D* analyses the
observable$ is introduced as

q-(P—p
My =pt; t=(P—py); xP:M; B=

7 ®

2 sobs

S iy @
Tp- Y-S

wheres°** is a hadron level estimate of the invariant mass ofdhepair emerging from the
hard scattering process. It is reconstructed from theesemttpositron and the kinematics of
the reconstructed* meson including an approximate correction of the momenttitheoD*
meson to the momentum of the charm quark [11]. In direct BGIegsses$:® is a direct
estimator for the longitudinal momentum fractiep of the gluon that enters the scattering
process with respect to the momentum of the diffractive arge. In resolved processes
cannot be disentangled by the reconstruction method frermtimentum fraction., that enters
the hard scattering process from the photon side.

3 TheH1 Detector

A detailed description of the H1 detector can be found in [16hly the components most
relevant for this analysis are briefly discussed here. Thedioate system is centered at the
nominalep interaction point with the-axis pointing along the beam direction of the outgoing
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proton, also referred to as the ‘forward’ direction in thédwing. Charged particles emerging
from the interaction region are measured by the CentraKimgdDetector (CTD), which covers
arange of-1.74 < n < 1.74 in pseudorapidity. The CTD comprises two large cylindrical
Central Jet drift Chambers (CJCs) and twechambers situated concentrically around the beam-
line within a solenoidal magnetic field of15 T. It also provides triggering information based
on track segments measured in the plane of the CJCs, and on theposition of the event
vertex obtained from the double layers of two multi-wirepoational chambers (MWPCs). The
CTD tracks are linked to hits in the central silicon trackes{l') [16] to provide precise spatial
track reconstruction. The CST consists of two layers of #egied silicon strip detectors
surrounding the beam pipe, with a coverage-df3 < n < 1.3 in pseudorapidity for tracks
passing through both layers.

The tracking detectors are surrounded by a Liquid Argonraaleter (LAr) in the forward
and central region<{1.5 < n < 3.4) and by a lead-scintillating fiber calorimeter (SpaCal)
with electromagnetic and hadronic sections in the backwegtn [17] 4 < n < —1.4).
These calorimeters provide energy and angular recongtnuictr final state particles from the
hadronic system. DIS events are identified by the energysiispaf the scattered positron in
the SpaCal calorimeter. Photoproduction events are seledth a crystaCerenkov calorime-
ter located close to the beam pipezat —33.4 m in the positron direction (electron tagger),
which measures the energy deposits of positrons scattgradddes of less thah mrad. An-
otherCerenkov calorimeter located at= —103 m is used to determine the luminosity by
detecting the radiated photon emitted in the Bethe-Haitlecess{p — ep~y).

For the rapidity gap selection a set of detectors close tbéaen pipe in the forward direc-
tion is used. The Forward Muon Detector (FMD) is located at 6.5 m and covers a pseudora-
pidity range ofl.9 < n < 3.7. It may also detect particles produced at langdue to secondary
scattering within the beam pipe. A PLUG hadronic samplinigroaeter allows energy mea-
surements in the range 8% < n < 5.5. Finally, particles in the region d@f.0 < n < 7.5 can
be detected by the Proton Remnant Tagger (PRT), a set aillatioh counters surrounding the
beam pipe at = 26 m.

4 Event Sdlection

The data presented in this analysis were collected over ¢hesy1999 and 2000 and corre-
spond to an integrated luminosity 6f= 47.0 pb~! for the D* analyses and8.3 pb~! for the
displaced track analysis. At this time HERAwas operatedh wiasitrons of energy7.6 GeV
and protons of energy20 GeV so that the center of mass energy of thecollision is /s =
318 GeV.

DIS events are triggered by an electromagnetic energyeslustthe SpaCal calorimeter.
In the D* analyses the trigger further requires a charged track kigrike CTD and a recon-
structed event vertex, while a looser track requirementisfih the MWPCs is used in the
trigger for the displaced track analysis. In the offline gsa$ the scattered positron is selected
as an electromagnetic SpaCal cluster with endrgy> 8 GeV. Photoproduction events are

1The pseudorapidity of an object detected with polar anglés defined a$ = — In tan(6/2).
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suppressed by requiring.(£; — p.;) > 35 GeV. Here,E; andp.; denote the energy and
longitudinal momentum components of a particle and the suover all final state particles
including the scattered positron and the hadronic finaeqtidfFS). The HFS patrticles are re-
constructed using a combination of tracks and calorimegposlits in an energy flow algorithm
that avoids double counting. Theposition of the interaction vertex is required to lie within
+35 cm (£20 ¢m) of the center of the CTD for th&* (displaced track) analyses, where the
reduced range in the displaced track analysis is chosem@r tw match the smaller acceptance
of the CST. The kinematic variables of the DIS scatteringepss? andy are reconstructed
using a method which uses the angle of the hadronic finalistaigdition to the energy and the
polar angle of the scattered positron [3]. The acceptednkatie range in DIS is restricted to
2 < Q% < 100 GeV* and0.05 < y < 0.7 for the D* analysis and td5 < Q? < 100 GeV?
and0.07 < y < 0.7 for the displaced track analysis, where the reduced kinemange in
the displaced track analysis is chosen such that the direcfi the quark struck by the pho-
ton mostly lies within the angular acceptance of the CST &ad the HFS has a significant
transverse momentum.

Photoproduction events are selected by a trigger that mesjai scattered positron to be
measured in the electron tagger, a charged track signaki€iD and a reconstructed event
vertex. The events have passed an additional online satllger that selects events with
candidates for charmed hadron decays by calculating tlaiant mass of track combinations.
The inelasticityy is reconstructed from the energy of the scattered positndrisrestricted to
the rangd.3 < y < 0.65. The photon virtuality is experimentally restricted?d < 0.01 GeV-.

In all analyses presented in this paper diffractive evenessalected by the absence of
hadronic activity above noise thresholds in the most fodyzart of the LAr calorimeters( >
3.2) and in the forward detectors. This selection ensures beagap between the systemys
andY spans more tham units between; = 3.2 and7.5 in pseudorapidity. AsV/y is not di-
rectly measurable by this method the data are corrected igildevrange ofAfy < 1.6 GeV
and|t| < 1 GeV?, consistent with former measurements [3,6,11], with tHp bEMonte Carlo
simulations. The variablep is calculated from

2 M2
L D VR R s] @

K3

where the sum for the calculation 8fx runs over all HFS objects in the systexn Each of
the presented analyses is restricted jo < 0.04, which suppresses contributions from non-
diffractive scattering and secondary Reggeon exchandesdiBplaced track analysis is further
restricted toM x > 6 GeV.

5 Event Simulation and Acceptance Correction

The data are corrected for trigger efficiencies, detectoeptances, efficiencies, and migration
effects due to the finite resolution of the H1 detector usimdoate Carlo simulation. All the
generated events are passed through a detailed simulétioa detector response based on the
GEANT simulation program [18] and reconstructed using #rae reconstruction software as
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used for the data. For the event simulation residual nois&iboitions in the LAr calorimeter
and the forward detectors are taken into account.

Events are generated using thePGAP event generator [19], which simulates the process
etp — et Xp with xp < 0.15, assuming proton vertex factorization. Both Pomeron and
Reggeon sub-leading exchanges are included.: Bependence is of the fordw /dt oc ePrrt
with a slope parametelBz;, = 6 GeV~2. For the simulation of diffractive events containing
charm quarkRAPGAP implements the BGF process in leading order (LO) of pQCD.thRer
D~ analyses LO DPDFs are taken from a former analysis of H1 [2}. tRe displaced track
analysis the DPDFs are taken from [3]. To simulate higheepeffects of QCD, parton show-
ers are included in the calculations. Fragmentation isoperéd according to the Lund string
model [20]. In DISRAPGAP s interfaced to the QED simulation prografBRACLES [21] to
evaluate the radiative effects of QED. For diffractive gimybduction the contributing diagrams
of charm excitation and other resolved photon processemeleled in the event generation,
using the LO parton distribution functions for the resolyéaton obtained in [22]. In the exci-
tation processes the charm quark is treated as a massléss ipathe resolved photon, whereas
in all other processes the charm mass is taken into accotire galculations. The resolved pro-
cesses are found to contribute less théf of the charm signal and to be mainly concentrated
at large values of p and small values of,( D*) andz$.

Due to the limited detector acceptance in the forward re@bHI1 it is not possible to
efficiently detect a break-up of the proton into a low massmast stat&é”. To keep the un-
certainties arising from such proton dissociation proegssnall the measurement is integrated
over the regionMy < 1.6 GeV and|t| < 1 GeV?. Diffractive proton dissociative events
in the regionMy < 5 GeV are simulated usingAPGAP with a cross section dependence
of the formeProt with Bpp = 1.6 GeV~? and an approximaté/y- dependence of the form
do/dME o 1/ME [23]. The correction factoé?¥* for migrations across the measurement
boundary is evaluated in the simulation for each kinematic m the simulations the ratio of
proton elastic to proton dissociative interactions is tetikebel : 1, which is in accordance with
the inclusive measurements of [3,24]. The valué“8* is found to be in the rang&ss — 0.97.

Non-diffractive events with\ly > 5 GeV orzp > 0.15 are simulated brAPGAPIn DIS
and by the event generater THIA [25] in photoproduction. The non-diffractive background
contribution in the final event selections is estimated ttelse thars¥% for all data samples.

6 Open Charm Selection

Charm quarks are selected by two independent methods. firshenethod they are selected
by the full reconstruction of)* mesons. This provides a clear signature, which enables the
tagging of charm quarks in DIS and photoproduction. In tt@ed method the more general
character of the long lifetime of charmed hadrons is usedgbgnstructing the displacement
of tracks from the primary vertex in the CST of H1, similartyinhclusive charm production
measurements in [13, 14]. This provides the advantage ajladdceptance for charm quarks
and small correction factors for extrapolations to the fiase space. It is therefore especially
suited for a measurement of the total diffractive charmsestion.



6.1 Diffractive D* Analyses

In the D* analyses)** mesons are fully reconstructed using the decay channel

Dt — Dt

slow

which has a branching ratio @f57% [26]. The decay products are detected in the CTD. To
ensure good detection efficiency and to reduce combinatmaizgkground, the tracks are re-
quired to lie within an angular range 86° < ¢ < 160°and to have a transverse momentum
p; relative to the beam axis of at least0 MeV for the 7y, 300 MeV for the other pion
and500 MeV for the K candidate. The invariant mass of ther combination has to be con-
sistent with theD® mass within:=80 MeV. The transverse momentum and pseudorapidity of
the reconstructed* meson candidate are restrictedpt¢D*) > 2 GeV and|n(D*)| < 1.5.

The distributions of the mass differenceV = M(K¥r*r% ) — M(K¥x*) for all track
combinations which fulfill the above requirements for allested events in DIS and photo-
production are shown in Figul® 2. The number/tft mesons is determined by fitting these
distributions with a Gaussian function for the signal plusaakground parameterization given
by N(AM —m, )" (1 —us (AM)?*), wherem, denotes the mass of the charged pion ahd.
andu, are free parameters. The position and the width of the Ganugnction are fixed to val-
ues taken from higher statistics samples where no diffractuts were applied. The resulting
numbers of identified)** mesons in DIS and photoproduction are summarized in Bhble 1.

— (K~ nH)rt  (+C.C.), (4)

slow

Differential cross sections are obtained from the fitted benof D* mesons in each mea-
surement bin. A correction is applied for mass reflectiongimating from decays of th&°
meson other than that given in equatldn 4, which has beema&&ti to be3.5% of the D* sig-
nal [27]. A correction factor ofv 0.95 for the effects of initial and final state QED radiation
is applied to the DIS cross sections. The cross sectionsimeehter corrected usirgAPGAP
to determine the point in the bin at which the bin-averagedssection equals the differential
cross section.

6.2 Displaced Track Analysis

The production of open charm in diffraction is also investegl using a largely independent
method, which has been used in [13] and [14] to measure thkitaiusive charm and beauty
cross sections in DIS. This method distinguishes eventtagong heavy quarks from those
containing only light quarks by reconstructing the displaent of tracks from the primary
vertex in the transverse plane (impact parameter), caysttellong lifetimes of the charm and
beauty flavored hadrons, using the precise spatial infoom&tom the CST of H1. Due to the
low beauty fraction in the diffractive data sample, it is possible to make a measurement of
the beauty cross section and only a measurement of the chasssection is presented in this
paper.

As in [13, 14] the primary event vertex in the¢ plane is reconstructed from all tracks
(with or without hits in the CST) using the information on tpesition and transverse extent
of the beam interaction region. For the analysis, trackssalected if they have a transverse
momentum of more thaf.5 GeV and at least two associated hits in the CST. The impact
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parameter of a track is defined as the distance of closesbappi(DCA) of the track to the
primary vertex point in the transverse plane.

In order to determine a signed impact paramet@rf@r a track, the azimuthal angle of
the struck quarky,...x must be determined for each event. To do this, jets with amum
p; of 2.5 GeV, in the angular rangé5° < 6 < 155°, are reconstructed using the invariant
k. algorithm [28] in the laboratory frame using all reconstaat HFS particles. The angle
Pquark 1S defined as the of the jet with the highest transverse momentum or, if theneo jet
reconstructed in the event, 880° — ¢ej., Whereoe.. is the azimuthal angle of the scattered
positron in degrees. Monte Carlo simulations indicate that% of all charm events have at
least one reconstructed jet in the kinematic region desdratoove. The direction defined by the
primary vertex ane,...x in the transverse plane is called the 'quark axis’. If thelahgtween
the quark axis and the line joining the primary vertex to tbenpof DCA of the track is less
than90°, ¢ is defined as positive, and is defined as negative otherwisekd with azimuthal
angle outside-90° of ..k are rejected. The estimated errordis denoted as(4).

To distinguish between the charm and light quark flavors aairmethod to that in [14] is
used. The quantity; (5) is defined as the significanc&/¢(4)) of the track with the highest
(second highest) absolute significance that is associatee fjuark axis. In the present analysis
Ss3, which is the significance of the track with the third highassolute significance, is not used
due to lower statistics than in [14]. Events wheéfeand.S; have opposite signs are excluded
from theS; distribution, but contribute to th&, distribution. The distributions of; and.S; are
shown in Figurdl3 for the kinematic region given in seclbrAdeasonable description of the
data by the simulation is observed. The light quark signiteadistributions are approximately
symmetric around zero, whereas the charm distributions laavexcess in the positive bins
compared with the negative. It is thus possible to substbytieduce the uncertainty due to
the resolution of and the light quark normalization, by subtracting the cotg®f the negative
bins in the significance distributions from the contentshef torresponding positive bins. The
subtracted distributions are shown in Fighre 4.

The fractions of charm and light quark flavors in the data ateaeted in threel/ inter-
vals using a least squares simultaneous fit to the subtragtadd S, distributions (as shown
in Figureld) and the total number of reconstructed diffracévents before any track selection.
The significance distributions of the charm, beauty and liigivors, as predicted by the Monte
Carlo simulation for the luminosity of the data, are useceagiiates. In each interval the charm
and light quark flavor contributions from the Monte Carlo slation are scaled by factors
and P, respectively, to give the best fit to the observed subtdagte S, distributions and the
total number of events. Since the same event may entef thad theS; distributions, it was
checked using a high statistics Monte Carlo simulation thisthas a negligible effect on the
results of the fits with the statistics of the present datdy @w statistical errors of the data and
the Monte Carlo simulation are taken into account in the fite beauty scale factor is fixed to
P, = 1, and varied in the evaluation of the systematic unceresr(see sectidii®h.3). The results
of the fit to the complete data sample are shown in Fiflre 4.fiTlgé/es a good description
of all significance distributions, with @?/n.d.f of 18.1/12. Values of P, = 0.77 4 0.09 and
P, = 0.97 £ 0.03 are obtained. It can be seen that the resulting distribsittwe dominated by
charm quark events, the light quarks contributing only alkfrection, mainly due to strange
hadrons, for all values of the significance. The beauty daution forms a small fraction over-
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all, but increases with increasing%. Acceptabley? values are also found for the fits to the
samples in the separaté; intervals.

The results of the fitin each/% interval are converted to a measurement of the diffractive
differential cross section using:

dBO'E)E PC Ni\/ICgen(Sgad(Spdis(S]gCC .
d02dy dMZ L BV ’ ®)

where NMCeen s the number of generated charm events expected from théeMzarlo simu-
lation in each bin with volume BV corresponding to the lunsitp of the datal. A bin center
corrections®““ in the range.89 — 1.21 is calculated using the NLO QCD expectation to cor-
rect the bin averaged cross section to the cross sectionpacified point inQ?, y and M3.

A correction factor ofs*@d ~ 0.93 for initial and final state QED radiation is applied. The
correction factor for proton dissociatiéf* is described in sectidll 5.

Measurements of the ratio of the diffractive charm crosi@eto the total diffractive cross
section are made where the total diffractive cross sectialeiermined using

d3 op Nrec NMCgen 5rad5pdis(SBCC
= 6
dQ* dy dMZ NMGrecf "BV ©)
where N*¢ is the number of reconstructed data events in the bin afeee¥kent selection de-
scribed in sectiol4y M e (NMCeen) is the number of reconstructed (generated) Monte Carlo
events in the biny™4 andéBCC are the radiative correction and bin center correctionriolu-
sive diffraction, respectively. The ratio is then given by:

e d3oss dPop
D — 2 2 / 2 2 (7)
dQ? dy dMZ ' dQ* dy dM?Z

6.3 Systematic Uncertainties

The following sources of systematic uncertainty for the tifterent analysis methods are taken
into account; the estimated values are given in tBble 2:

e The simulated trigger efficiencies for tii& analyses are compared with the efficiencies
determined from data using monitor trigger samples. Withestatistics of these data
samples the simulated trigger efficiencies are found toeagrth the data, with a remain-
ing uncertainty in the range (3 — 5)% depending on the analysis. For the displaced track
analysis an uncertainty af% is assigned as determined from the data.

¢ For the DIS measurements the reconstructed polar anglenanehergy of the scattered
positron are varied within the estimated uncertainties-bfmrad for the angular mea-
surement and:-1% for the energy scale of the SpaCal, leading to an uncertainty2%
on the cross section measurements. In photoproductionatiearwithin the estimated
uncertainty oft1.5% on the energy scale of the crys€érenkov calorimeter of the elec-
tron tagger results in an uncertainty-62%.
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e The uncertainty of the track reconstruction efficiency andeautainties related to the sig-
nal extraction for thé>* analyses have been determined by analyzing inclusiveam-
ples as in [29] and are estimated to-b&% for the reconstruction efficiency of the three
daughter tracks of th&* meson in the CTD and-6% for the signal extraction. The
uncertainty on the correction for mass reflections is egéthto bet1.5% [27].

For the displaced track analysis a track efficiency unaettadf +2% due to the CTD
and of £1% due to the CST is estimated, resulting in an uncertainty-2f; on the
cross sections. An uncertainty in the resolutior of the tracks is estimated by varying
the resolution by an amount that encompasses the diffesdreteeen the data and the
simulation (see Figul 3). This is achieved by applying afitamhal Gaussian smearing
in the Monte Carlo simulation af£200 m to 5% of randomly selected tracks as®5,m

to the rest, resulting in an error 8 on the cross sections.

¢ The effect of a:4% uncertainty in the energy scale of the hadronic final stadddo a
change of the cross section in the raagée — 3)% depending on the analysis.

e The uncertainty in the acceptance and migration correstiwe to uncertainties in the
physics models for diffractive charm production is estieadby varying the shape of var-
ious kinematic distributions in the Monte Carlo simulatieithin limits set by the present

measurements. Reweighting the shapes ofithes andQ* distributions by(;--)*%2%,

BE93 and(1 + log,,(Q?/GeV?))*! in DIS results in an uncertainty af5% on the total
cross section for thé* analysis andt-(12 — 18)% for the displaced track analysis. A
variation of thez» andy distributions by(.>-)**** and(;)*? in photoproduction re-
sults in an uncertainty of 1% on the total cross section. The uncertainty on the fraction
of the Reggeon contribution is estimated by varying its raimation in the simulation
by +£100%, which leads to an uncertainty d@f1% (+4%) for the D* analyses in DIS
(photoproduction) and-(1 — 9)% for the measurement bins of the displaced track analy-
sis. A variation of the distribution bye*?! for proton elastic scattering and thé, and
the ¢ distribution by(MLé)iOf’ ande*!! for proton dissociative scattering as well as the
ratio of proton elastic to proton dissociative scatteriegeen! : 2 and2 : 1 results in a
systematic uncertainty on the cross sections in the raride- 5)%.

e The uncertainties for residual noise in the FMD and the PLEBrameter in the simula-
tion are estimated using a set of randomly triggered evanisglthe data taking period
and result in a combined uncertainty 6t .5%. The tagging efficiency of the PRT for
proton dissociative systems withy: > 1.6 GeV or |¢| > 1 GeV? in the simulation is
adjusted with the help of an independent non-diffractiadample with activity in the
forward part of the LAr calorimeter and the FMD, where suchres are enriched. The
effect of the remaining uncertainty on this efficiency on ¢hess section measurements
is estimated by varying the simulation within the statestiaccuracy of the measured
efficiency and is estimated to lie betweef7 —9)%. The uncertainty on the tagging effi-
ciency of the FMD is estimated to kel 0% [3]. The effect on the cross sectionstis %.
The residual influence of non-diffractive background frorergs without a rapidity gap
is estimated by assigning-a100% uncertainty to the corresponding event samples in
the RAPGAP simulation. This leads to an uncertainty on the cross segtio the range
+(1 - 3)%.
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e The uncertainty of the charm fragmentation scheme is estinay changing the para-
metrization of the longitudinal fragmentation functioorn the Lund-Bowler model [20]
to Peterson functions with= 0.078 (¢ = 0.058) [30] in the simulation of the events for
the D* (displaced track) analyses, which results in an uncestaintthe cross section of
+1% (£4%) for the D* analyses in DIS (photoproduction) and-b7% in the displaced
track analysis.

¢ Forthe displaced track analysis the uncertainties onfiiinfies of the variou$ mesons,
decay branching fractions and mean charge multiplicitresestimated by varying the
input values of the Monte Carlo simulation by the errors anwhorld average measure-
ments. The values and the uncertainties for the lifetimethefD mesons are taken
from [26] and those from the branching fractions of charmrigsiéo hadrons from [31].
They are consistent with measurements in DIS at HERA [32¢ Wdlues and the uncer-
tainties for the mean charged track multiplicities for ehajuarks are taken from [33]. A
combination of all these uncertainties results in an erf@% on the cross sections. For
the D* analyses the uncertainty &f2.5% on the branching fraction for the decay channel
in equatior¥ is taken from [26].

e The uncertainty on the asymmetry of thelistribution for the light quarks in the dis-
placed track analysis is estimated by repeating the fits thighsubtracted light quark
significance distributions (shown in Figulle 4) changedtyp%. The light quark asym-
metry is checked to be within this uncertainty by comparhmgasymmetry of the Monte
Carlo events to that of the data, in the regiom dof < |§| < 0.5 cm, where the light quark
asymmetry is enhanced. This results in an uncertainty orerbes section of=4% at
high Mx and of £16% at low My.

The uncertainty on the beauty contribution for the dispdairack analysis is estimated
by repeating the fits with the subtracted beauty quark sgnifie distributions (shown in
Figureld) changed by 5%, which results in an negligible error on the cross section at

low My increasing tg;'s % and; ;3% in the middle and higti/x bins, respectively.

An uncertainty on the quark axis in the displaced track asiglig estimated by shifting
it by +2° (4+5°) for events with (without) a reconstructed jet. These shifive been
estimated in [14] by comparing the difference betwegn..,. and the track azimuthal
angle in data and Monte Carlo simulation. The resultingreorothe cross sections is
+3%.

The uncertainty in the calculation of QED radiative effastfound to be+2% in DIS.

The uncertainty in the bin center correction for the dispthtrack analysis is estimated
by varying the shape of th@?, 3 andxzp distributions of the NLO QCD expectation.
This leads to a:(8 — 10)% uncertainty on the cross sections.

The uncertainty of the luminosity determination is estiedato bet1.5%.

The total systematic uncertainty for each data point has bbe&ined by adding all indi-

vidual contributions in quadrature. For th¥ analyses it ranges betweeblo and30% for the
differential cross sections and amountsttos% for the integrated cross section in both kine-
matic regimes. For the displaced track analysis it rangesd®n26% and47% for the three
points of the inclusive charm cross section measurement.
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7 QCD Calculations

7.1 NLO Calculationsin Collinear Factorization

The measured charm cross sections are compared with NLO @EDIations based on two
alternative sets of diffractive parton density functiorai H1 [3] which both provide a good
description of the inclusive diffractive DIS data. As ddfahe standard parameterization H1
2006 DPDF Fit A is chosen. The alternative set of DPDFs (H1I62DBDF Fit B) is obtained
from a slightly different parameterization of the gluon digy at the starting scale of the fit
procedure. It leads to a steeper fall-off of the gluon dgredithigher values ofp. In the fit to
the inclusive diffractive DIS data [3] charm quarks are teeleas massive, appearing via BGF-
type processes up to ordef [34]. The quark mass is set ta. = 1.4 GeV and the scale for
heavy flavor production tp, = pf = 2m..

In order to be able to compare the measuf&dcross section to the results based on the
NLO QCD fits diffractive versions of the programs'QpIs [35, 36] in DIS andFMNR [37, 38]
in photoproduction are used. The renormalization and tbefeation scales are set o =
pr=+/Q*+ 4m?in DIS and tou, = py = \/p? + 4m? in photoproduction, respectively. For
both calculations the charm mass is chosen tenbe= 1.5 GeV. The calculations result in
predictions for the production of charm quarks. To obtaedgtions for a measurement bf
meson production hadronization corrections evaluatedigusie LUND hadronization model
as implemented iRAPGAP are applied. For the longitudinal fragmentation Petersmctions
are used with = 0.035 as suggested for NLO predictions by [39]. For the calcuratibthese
corrections parton showers are included to simulate theehigrder effects of QCD in the event
generation of the LO Monte Carlo program. To estimate thetamty of the NLO calculations
the renormalization and the factorization scales are sanabusly varied by factors of2 and
2, the charm mass is varied Hy0.2 GeV and the Peterson fragmentation parametswvaried
by £0.025. The uncertainties originating from all these variations added in quadrature.
They result in a combined uncertainty on the theoreticagratedD* meson cross section of
~ 25% in DIS and= 22% in photoproduction.

7.2 Two Gluon Exchange Models

The measured* cross sections are compared with QCD calculations basdtequetrturbative
two gluon approach of ‘BJKLW’ [8] using the, unintegrated gluon density J2003 set2 evolved
by the CCFM [40] evolution equations obtained from fits [9itie inclusive DIS cross section.
These calculations are applicable only in the region of bmal(z, < 0.01), where contri-
butions from secondary Reggeon exchanges can be negldctexhsure that the perturbative
calculations are applicable a cut on the transverse momreoitthe gluon ofy! > 2.0 GeV for

the process*p — cégp is applied.
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7.3 TheMRW Model

The measurements of the diffractive charm cross section$wdDe also compared with the ap-
proach of ‘MRW'’ [10] which can be considered to be a hybridref two approaches described
in sectiond<Zll anlic.2. The parameters of the input DPDFs determined from a fit to the
H1 inclusive diffractive data [10]. At low#, charm is produced via a ‘resolved Pomeron’ mech-
anism by BGF-type processes calculated up to ordems in the approach of sectifiil7.1 At
high 3, the perturbative two-gluon state participates directlghie hard interaction via ‘photon—
Pomeron’ fusion. This ‘direct Pomeron’ contribution is femto the~*p — cép contribution

of the BJKLW model and depends on the square of the gluorilaision of the proton.

8 Reaults

In DIS the integrated cross section of diffractit®* production in the kinematic range df<
Q? <100 GeV?,0.05 < y < 0.7, zp < 0.04, My < 1.6 GeV, |t| < 1 GeV?, p,(D*) > 2 GeV
and|n(D*)| < 1.5 is measured to be

olep = eD™E XY )pis = 234 & 29(stat.) £ 34(syst.) pb, (8)

which is in good agreement with the measurement in the sansariatic range in the previous
analysis by H1 [11].

In photoproduction the integrateg cross section of diffractiv®** production in the kine-
matic range ofp? < 0.01 GeV?, 0.3 < y < 0.65, zp < 0.04, My < 1.6 GeV, |t| < 1 GeV?,
p(D*) > 2 GeV and|n(D*)| < 1.5 is measured to be

olep — eD™EX'Y),, = 265 £ 50(stat.) 4 41(syst.) pb. (9)

A comparison of the measured integrated cross sectionsSnaldtl photoproduction with the
predictions of the NLO calculations for the two sets of H1 @ @PDFs (Fit A and Fit B) [3]
is given in tabldll. A good agreement between the data crat®ie and the NLO QCD
calculations is observed.

The D* meson cross section in DIS is also measured differentialip dunction of the
D~ kinematic variableg.(D*) andn(D*), the DIS kinematic variableg and ?, and the
diffractive variablest p, 3 andz5t*. They are listed in tablH 3 and shown in Figulles 5 Bnd 6.
The data are compared in the figures with the predictionseoNthO QCD calculations. For
the cross sections as a function of thé and DIS kinematic variables the predictions for the
two sets of DPDFS are similar with both providing a good dgsicn of the data. For the
comparison with the diffractive kinematic quantities th#estences in the predictions for the
two DPDFs are larger, with$* showing the largest sensitivity, where the steeper fdllbbf
the gluon density in Fit B is reproduced. However, within gresent experimental errors and
theoretical uncertainties these differences cannot lméves. The good description of the NLO
QCD calculations for all of theD*, DIS and diffractive kinematic distributions supports the
assumption of QCD factorization, in particular, the conitghty of the gluon density obtained
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from scaling violations in the inclusive diffractive crossction with that required to describe
the D* data.

In photoproduction the)* cross section is shown differentially as a function of e
kinematic variableg,(D*) andn(D*) and the kinematic variablein Figurel¥ and as a function
of the diffractive kinematic variablesp and=$* in Figurel®. The values are given in talle 4.
The data are well described by the theoretical predictiatisimthe larger experimental errors
for photoproduction. As in DIS the largest sensitivity te ttifferent parameterizations of the
gluon is evident in the$* distribution. The shapes of theg:* distribution for the predictions
in DIS and~p are compatible which is due to the fact that both kinematignmes probe the
diffractive gluon density at a similar scale.

The good agreement of the NLO QCD predictions with the meakuaross sections ob-
served in DIS and photoproduction, both in shape and nozatédn, supports the assumption
that QCD factorization is applicable in both kinematic regs. A quantity, which is less sen-
sitive to the input of diffractive parton density functioasd theoretical uncertainties is defined

by

gmeas O.theo
(o™me==f™)., (10)

R’Vp _
DIS — (O-meas/o-theo)DIS

wheres™ and ot denote the measured and the predicted integrated crossnstmt D*
production. To reduce theoretical uncertainties due toapxiations from different regions
in y the cross section in DIS is further restricted to the range.®f< y < 0.65 as for the
photoproduction measurement. The DIS cross section inghge is shown in tabl® 1. The ratio
R} is found to bel.15+0.40(stat. ) £0.09(syst. ), with the systematic uncertainty originating
from the model uncertainty on thedistribution in DIS, the fragmentation uncertainties amel t
uncertainties on the Reggeon contribution. The theodaticeertainty onRk})js is £7%. The
measurement ok}, shows no evidence for a suppression of the photoproductiorponent
although the statistical error of the measurement is large.

In Figurel® an additional comparison of both the NLO QCD clations and of the predic-
tion from the perturbative two gluon calculation of BJKLW] p8ith differential cross sections
in the range of validity of the two gluon modet 6 < 0.01) are shown. The cross sections are
given in tabldlb. Within the uncertainties a good agreemetwéen the data and both the NLO
QCD calculation and the model of BJLKW is observed. For the ghuon calculation in this
kinematic range the*p — ccgp contribution is seen to dominate with th&p — c¢ép process
contributing only at high values aft*. Varying thep; cut-off for the gluon in they*p — ccgp
process byt0.5 GeV leads to a variation of the cross sectionof5% and is also compatible
with the data.

The measurements of the diffractive charm DIS cross sexiiofy?, y and M3 obtained
from the displaced track method are converted to measutsrimen,, 3 andQ? using

3 ~cC 3 cc 2
d’of B d°of sy

dzpdfdQ? — dQ?>dydM% 3 -

(11)
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The diffractive charm reduced cross section is defined as

<eo 2 d*op pQ*

pler 5. Q0) = 40 2rar (1 + (1= y))°
whereq is the fine structure constant. The reduced cross sectigpr®ximately equal to the
charm contributior?”,” (%)% to the diffractive structure functiof,” ®) The difference is due to
the contribution from the longitudinal diffractive charrmoss section, which is expected to be
small for the data points presented in this paper.

(12)

The measurements ofpa$S obtained from the displaced track method are listed in #ble
and shown in FigurE10 as a function @ffor fixed values ofQ? andzp. In the figure, the
displaced track method data point measuredzat= 0.01 is interpolated ta: » = 0.018 using
a parameterization af}; from the NLO QCD fit. The measured points:af5$5 are compared
with the results extracted from the* meson analysis. For this purpose thé cross section
is measured in the sandg?, y and M% ranges as for the displaced track method. The results
are given in tabl@7. These measurements in the vidibl&inematic range;(D*) > 2 GeV
and|n(D*)| < 1.5 are extrapolated with the NLO calculation programQpis to the full D*
kinematic phasespace in order to extract the diffractivenogharm cross section. The extrap-
olation factors are found to be 2.5. The NLO calculation program is also used to evaluate
the bin center corrections, which are made to the same teatues as in the displaced track
analysis. The H1 data are also compared withmeasurements from the ZEUS collabora-
tion [12] which are interpolated to the same kinematic raamgéhe H1 measurement using the
NLO QCD fit and corrected with a factor 623 to account for the difference in the measured
range fromMy = m, to My < 1.6 GeV [24]. The measurements fopc55 from the displaced
track analysis and th®* extraction methods from both H1 and ZEUS are in good agreemen
A comparison with the predictions of the NLO DPDFs shows adgi@scription of the data.

In table® and FigurEdl1l the measurements are also presentee iorm of the fractional
contribution of charm to the total diffractivey cross sectiorfss. In the given kinematic range
the value off§; is ~ 20% on average, which is comparable to the charm fraction inribke
sive cross section at low values of Bjorkerfor similar values of)? [14]. The NLO QCD
predictions shown in FigulElL1 are found to describe the dath

In FiguredIP anlid 3 theps$S and /& data are compared with the predictions of the MRW
model [10]. In the kinematic range of the measurements #solved Pomeron’ contribution,
where charm is generated via BGF, is seen to dominate in tlelnad low/3, while the ‘direct
Pomeron’ process, where charm is generated via ‘photoneRmbnifusion is significant at high
values of3. A good description of the data is observed supporting thiditsaof the DPDFs
extracted in this model.

9 Conclusions

Measurements are presented of the diffractive charm cexs®n using two independent meth-
ods of charm reconstruction. In the first method charm quar&sagged using* mesons. In
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the second method tracks, with a significant displacemem the primary vertex, are recon-
structed using the CST of H1. These displaced tracks ariseddihne long lifetime of charmed
hadrons.

The diffractive D* cross section is measured in DIS and photoproduction. Tiegrated
cross section in DIS is in good agreement with a former measent of H1, which was ob-
tained from an independent dataset with less than half tiénlosity of the present measure-
ment. This is the first cross section measurement of diffrcpen charm photoproduction
at HERA. A comparison with QCD calculations in NLO based onOPB obtained from
inclusive diffractive scattering at H1 is in good agreemeith the measurement in both kine-
matic regimes. No evidence is observed for a suppressiondatoproduction. In the region of
xp < 0.01 the DISD* data are found to be also well described by a model based turipative
two gluon exchange arnd-factorization.

The displaced track measurements are madg at 35 GeV- for 3 different values of: p
andp. In this kinematic range the charm contribution to the istle diffractive cross section
is found to bex~ 20% on average which is compatible with the charm fraction idusive DIS
found at low values of Bjorken for similar values ofQ*. The cross sections are found to be
in good agreement with the measurements extrapolated fiert cross section results and
to be well described by the predictions of NLO QCD. At lew, the data are found to be also
well described by a hybrid model based on two gluon exchandeldfractive parton densities.
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H1 99-00 N(D*) Cross Section pb ]

Data H1 2006 DPDF
FitA  FitB
DIS | 0.05< y <0.7 | 122+ 15 | 234 + 29 (stat.) & 34 (syst.) | 287458 272478

0.3<y <065 34+8 | 55+ 16(stat.)+ 9(syst.) | 86420 8442

vp | 03<y<0.65| 70+13 | 265+ 50 (stat.) £ 41 (syst.) | 360+2 359423

Table 1: Measured cross sections and NLO QCD predictions for diffved)* meson produc-
tion in the visible ranges of DIS and photoproductiap). The uncertainty on the NLO QCD

predictions is given by the variation of the mass, the scatetae fragmentation parameters as
described in the text.
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Uncertainty (%)

Source of Uncertainty D D Displaced
(vp) | (DIS) | track(DIS)
Trigger efficiency 5 3 1
Scat.e* energy/anglel% & 1 mrad (DIS), 1.5% (yp)) | 2 2 2
Track reconstruction efficiency 6 6 2
Signal extraction method{*) 6 6 —
Reflections () 1.5 1.5 -
4 resolution 25 pm & 200 pm) - - 2
Hadronic energy scale {0) 1 1 3
QCD model (reweightsin p, 3, Q%, y) 1 5 12 — 18
Proton diss. model (reweights i}, My, fraction) 4 5 5
Noise in FMD and PLUG 1.5 1.5 1.5
Tagging efficiency of FMD (0%) 1 1 1
Tagging efficiency of PRT'C; %) 7 9 9
Non-diffractive backgroundl(00%) 3 1 1
Reggeon contributionl 00%) 4 1 1-9
Fragmentation of quarks 4 1 7
Branching fractions / lifetimes / track multiplicities | 2.5 2.5 3
Asymmetry ofé for light quarks ¢&50%) - - 4—16
Beauty fraction {}o0%) — — 0 — 40
Quark axis 2 °/5 °) — — 3
Luminosity 1.5 1.5 1.5
QED correction — 2 2
Bin center correction - - 8 —10
| Total | 15 | 15 | 26-47 |

Table 2: Systematic uncertainties for the measurement of diffracipen charm production for
the inclusive cross section in the visible range for the rstaiction of D** mesons in DIS and
photoproduction and in the differential bins for the dispaa track method in DIS.
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DIS D** meson cross section as a functiorpgfD*)
Range (GeV) Bin Center (GeV) | do/dp:(D*) (pb/GeV) | dstar (%) | dsyst (%0)

2.0 — 2.5 2.20 169 25 16
2.5 — 3.0 2.75 114 25 15
3.0 — 3.6 3.35 76 24 15
3.6 — 10.0 5.45 8 23 15
DIS D** meson cross section as a functiom6D*)
Range Bin Center do [dn(D*) (pb) Ostat (0) | dsyst (%0)
-1.5 - —=0.75 —1.17 92 22 15
—0.75 — 0 —0.33 101 21 15
0 - 0.75 0.42 81 25 15
0.7 — 1.5 1.12 40 37 21
DIS D** meson cross section as a functionyof
Range Bin Center do /dy (pb) Ostat (0) | dsyst (%0)
0.05 — 0.15 0.09 975 18 15
0.15 — 0.30 0.22 423 25 15
0.30 — 045 0.38 198 37 16
0.45 — 0.70 0.55 141 37 18

DIS D** meson cross section as a functiongf
Range (:eV?) Bin Center (GeV) | do/dQ? (pb/GEV?) | Sstat (%) | dayst (%0)

2.0 — 5.0 4.0 17 27 17
5.0 — 15.0 9.5 7.6 21 15
15.0 — 35.0 23.5 3.6 21 14
35.0  — 100.0 60.5 0.6 31 14
DIS D** meson cross section as a function@f(x )

Range Bin Center do/dlog(xp) (pb) Ostat (0) | dsyst (%0)
30 — =26 —2.79 36 39 30
—-26 - =22 —2.39 118 22 21
-22 - —18 —2.01 138 25 15
18 - —-14 —1.55 275 21 17

DIS D** meson cross section as a function:¢f

Range Bin Center do/dz5* (pb) Sstat (%0) | dsyst (%)
0 —  0.15 0.07 312 44 19
0.15 — 045 0.29 325 19 15
0.45 — 1 0.69 99 17 30

DIS D** meson cross section as a functiorigf(3)

Range Bin Center do/dlog(B) (pb) Ostat (0) | dsyst (%0)
-25 - —138 —2.12 55 40 19
1.8 - —1.2 —1.57 120 23 14
—-1.2 — =06 —0.88 123 18 16
—0.6 — 0 —0.28 50 27 21

Table 3: Differential cross sections for diffractive** meson production in DIS, as a function
of p:(D*), n(D*), y, Q?, zp, 23* and 3, given in the range o < Q% < 100 GeV?, 0.05 <
y < 0.7, zp < 0.04, My < 1.6 GeV, |t| < 1 GeV?, p;(D*) > 2 GeV and|n(D*)| < L.5.
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vp D** meson cross section as a functiorpgfD*)

Range (GeV) Bin Center (GeV) | do/dp:(D*) (pb/GeV) | dstar (%) | dsyst (%0)
20 - 2.6 2.25 160 39 16
2.6 — 3.2 2.95 172 26 14
3.2 — 10.0 4.95 10 29 17

vp D** meson cross section as a functiom;6D*)
Range Bin Center do [dn(D*) (pb) Ostat (0) | dsyst (%0)
—-1.5 — —0.65 —1.05 112 28 15
—0.65 — 0.20 —0.28 169 25 15
0.20 — 1.50 0.82 27 67 23
~vp D** meson cross section as a function;of
Range Bin Center do /dy (pb) Ostat (0) | dsyst (%0)
0.30 — 040 0.35 1010 34 16
0.40 — 0.50 0.45 785 29 16
0.50 — 0.6 0.57 555 36 20

vp D** meson cross section as a functiod@f(z p)

Range Bin Center do/dlog(xp) (pb) | Istat (%0) | dsyst (%0)
-30 - =22 —2.59 77 30 19
—22 - —18 —2.01 266 27 15
-1.8 - —-14 —1.61 214 42 17

~vp D** meson cross section as a function:gf

Range Bin Center do [d=3* (pb) Sstat (%0) | Ssyst (%0)
0 — 0.15 0.06 680 36 16
0.15> — 0.45 0.28 400 26 15
045 — 1 0.70 51 37 48

Table 4: Differential cross sections for diffractive** meson production inp, as a function
of p:(D*), n(D*), y, xp and z5%*, given in the range of)? < 0.01 GeV?, 0.3 < y < 0.65,
zp < 0.04, My < 1.6 GeV, [t| < 1 GeV?, p(D*) > 2 GeV and|n(D*)| < 1.5.
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DIS D** meson cross section as a functiorpgfD*)

Range (GeV) | Bin Center (GeV) | do/dp:(D*) (pb/GeV) | dstat (%) | dsyst (%0)
20 — 3.0 2.45 58 23 18
3.0 — 10.0 4.95 5 22 18

DIS D** meson cross section as a functiom;6D~)

Range Bin Center do [dn(D*) (pb) dstar (%0) | dsyst (%0)
-1.5 — 0. —0.65 48 18 17

0. — 1.5 —0.33 16 34 23

DIS D** meson cross section as a function@f(x )

Range Bin Center do/dlog(xp) (pb) Ostat (Y0) | dsyst (%0)
-3.0 — =25 —2.71 43 32 30
—-25 — =20 —2.25 143 19 17

DIS D** meson cross section as a function:gf

Range Bin Center do [dz$5 (pb) Sstat (%0) | dsyst (%)

0 - 0.5 0.27 74 31 16
0.5 — 1. 0.69 91 19 42

Table 5: Differential cross sections for diffractiv®** meson production in DIS, in the same
kinematic region as that given in talfle 3 but further reggtttox» < 0.01.

Reduced Cross Sections(z p, 3, Q?)
Displaced track D~
QXGeV?) | ap | B | G5 | dstar (%) | bsys (%) | 5
35 0.004 | 0.25 | 1.50 | 25 21133
35 0.010 | 0.10 | 0.63 | 23 26 11.20
35 0.018 | 0.04 | 0.62 18 29 10.62

Table 6: The reduced cross sectiér;(z p, 3, Q*) obtained from the displaced track method.
The last column shows the results obtained by extrapoldtieg)* cross sections in tabB 7
using the H1 NLO QCD fit.

DIS D** meson cross section as a function\éf

Range (GeV) | do/dMx (pb/GeV) | dstar (%) | dsys (%0)
6 — 12 2.5 45 20
12— 20 5.0 26 15
20 — 99 0.39 42 17

Table 7: The differential cross section for diffractivé* production in DIS as a function o/
measured in the rangsh < Q2 < 100 GeV?, 0.07 < y < 0.7, zp < 0.04, My < 1.6 GeV,
[t| < 1 GeV?, pi(D*) > 2.0 GeV and|n(D*)| < 1.5.
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Fractional charm contributiofiyy
Displaced track D
Q*GeV?) | zp | B D | Ostar (0) | doyst (%) | f5
35 0.004 | 0.25 | 0.184 | 25 T2 10162
35 0.010 | 0.10 | 0.193 23 s 0.367
35 0.018 | 0.04 | 0.278 18 T2 10.278

Table 8: The fractional charm contribution to the diffractive crassctionf;; obtained from
the displaced track method. The last column shows the geebliained by extrapolating the

D~ cross sections in tabB 7 using the H1 NLO QCD fit and dividiggh®e measured total
diffractive cross section.
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in sectiond® anffA 1 for (a) DIS and (b) photoproduction. pammeterization used to obtain
the number of reconstructed® mesons shown in the plot is described in the text.
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H1 Diffractive D* in DIS
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Figure 5: Differential cross sections for diffractive* meson production in DIS as a function
of (@) p:(D*), (b) n(D*), (c) the inelasticity and (d) the photon virtuality)?. The inner error
bars of the data points represent the statistical uncettagof the measurement only, while
the outer error bars show the statistical and systematiceutiainties added in quadrature. The
data are compared with a pQCD calculation in NLO using tweealative sets of diffractive
parton density functions (Fit A and Fit B) extracted by H1.[3]
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Figure 6: Differential cross sections for diffractive* meson production in DIS as a function
of (a) zp, (b) 2% and (c) 5. The inner error bars of the data points represent the diatié
uncertainties of the measurement only, while the outerdrass show the statistical and sys-
tematic uncertainties added in quadrature. The data arepamed with a pQCD calculation in
NLO using two alternative sets of diffractive parton den&inctions (Fit A and Fit B) extracted
by H1 [3].
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Figure 7: Differential cross sections for diffractiv®* meson production in photoproduction
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the data points represent the statistical uncertaintiethefmeasurement only, while the outer
error bars show the statistical and systematic uncertasmtadded in quadrature. The data
are compared with a pQCD calculation in NLO using two altdive sets of diffractive parton
density functions (Fit A and Fit B) extracted by H1 [3].
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Figure 8: Differential cross sections for diffractive* meson production in photoproduction as
a function of (a)r p and (b)z4:*. The inner error bars of the data points represent the stiatié
uncertainties of the measurement only, while the outerdrass show the statistical and sys-
tematic uncertainties added in quadrature. The data arepamed with a pQCD calculation in
NLO using two alternative sets of diffractive parton den&inctions (Fit A and Fit B) extracted
by H1 [3].
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H1 Diffractive D* in DIS(xp < 0.01)
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Figure 9: Differential cross sections for diffractiv®* meson production in DIS, in the re-
stricted kinematic region of » < 0.01, shown as a function of (a}(D*), (b) n(D*), (C) zp
and (d)z5*. The inner error bars of the data points represent the diatis uncertainties of
the measurement only, while the outer error bars show thestitaal and systematic uncertain-
ties added in quadrature. The data are compared with a pQCIbutation in NLO and to a
prediction from the perturbative two gluon approach of BYKI8] with a cut for the gluon
momentum in the*p — ccgp process op, > 2.0 GeV. The dashed line indicates the resolved
~*p — cégp contribution only while the solid line shows the sum of4fig — cégp and the
~*p — ccp contributions.
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Figure 10: The measured reduced cross sectigns¢ shown as a function ¢f for two different
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measurements obtained frobt mesons from H1 in this paper and from ZEUS [12] are also
shown. Measurements at the same values afe displaced for visibility. The measurements
are compared with NLO predictions based on two alternatats sf diffractive parton density
functions (Fit A and Fit B) extracted by H1 [3].
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Figure 11: The contribution of charm quarks to the total diffractivess sectiorfs; shown as

a function ofj for two different values of . The inner error bars of the data points represent
the statistical uncertainties, while the outer error baepresent the statistical and systematic
uncertainties added in quadrature. The measurements amgaced with NLO predictions
based on two alternative sets of diffractive parton derfsityctions (Fit A and Fit B) extracted
by H1 [3].
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Figure 12: The measured reduced cross sectignz$s shown as a function of for two different
values ofz . The inner error bars of the data points represent the diaa$error, while the
outer error bars represent the statistical and systematicastainties added in quadrature. The
measurements obtained frobt mesons from H1 in this paper and from ZEUS [12] are also
shown. The measurements are compared with the model of MBMbdted on perturbative
two gluon exchange and DPDFs.
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Figure 13: The contribution of charm quarks to the total diffractive@ss section/sy shown
as a function ofg for two different values of . The inner error bars of the data points
represent the statistical uncertainties, while the outeorebars represent the statistical and
systematic uncertainties added in quadrature. The measemées are compared with the model
of MRW [10] based on perturbative two gluon exchange and D®DF
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