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Combination of Differential D** Cross-Section M easurements
in Deep-Inelastic ep Scattering at HERA

Abstract

H1 and ZEUS have published single-differential cross sections fordivelD**-meson
production in deep-inelastiep scattering at HERA from their respective final data sets.
These cross sections are combined in the common visible phase-spaceakpglmton
virtuality Q% > 5 Ge\?, electron inelasticity @2 < y < 0.7 and theD** meson’s trans-
verse momentunpr (D*) > 1.5 GeV and pseudorapidity) (D*)| < 1.5. The combination
procedure takes into account all correlations, yielding significantly cedexperimental
uncertainties. Double-differential cross sectiofg (Q?dy are combined with earligd**
data, extending the kinematic range dowrQ¥o> 1.5 Ge\2. Perturbative next-to-leading-
order QCD predictions are compared to the results.
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1 Introduction

Measurements of open charm production in deep-inelasitrelii—proton scattering (DIS) at
HERA provide important input for stringent tests of the theof strong interactions, quantum
chromodynamics (QCD). Previous measurements [1-20] hawenigtrated that charm quarks
are predominantly produced by the boson—gluon-fusionge®gg — ct, whereby charm pro-
duction becomes sensitive to the gluon distribution in thetgn. Measurements have been
obtained both from the HERA-I (1992—-2000) and HERA-II (20R807) data-taking periods.

Different techniques have been applied at HERA to measwa-cparm production in DIS.
The full reconstruction oD or D** mesons [1-6,10-12, 15, 16, 18, 20], the long lifetime of
heavy flavoured hadrons [7-9, 12, 14, 17, 19] or their septieleic decays [13] are exploited.
After extrapolation from the visible to the full phase spac®st of these data have already
been combined [21] at the level of the reduced cross-secaod have provided a consistent
determination of the charm contribution to the proton stnee functions, a measurement of the
charm-quark massy(m¢) and improved predictions faW- andZ-production cross sections at
the LHC. However, the extrapolation procedure requiresritezal assumptions, which lead to
theoretical uncertainties comparable in size to the erpamial uncertainties [21]. Moreover,
this combination was restricted to inclusive DIS varialdesy, such as the photon virtuality,
Q?, and the inelasticityy. Alternatively, the measured cross sections can be cordidirectly
in the visible phase space. In this case, dependences ohdbeetical input are minimised
and the charm production mechanism can be explored in tefnosher variables. Such a
combination, however, is possible only for data with the edimal state, covering a common
visible phase space. The recently published differentiatssection measurements by H1
[15,18] and ZEUS [20] for inclusiv®**-meson production fulfil this requirement. The analysis
of fully reconstructedD** mesons also offers the best signal-to-background ratiosamal
statistical uncertainties.

In this paper, visibleD**-production cross sections [6, 15, 18, 20] at the centrarags en-
ergy /s = 318 GeV are combined such that one consistent HERA data sdttasned and
compared directly to differential next-to-leading-ordBiLO) QCD predictions. The combina-
tion is based on the procedure described elsewhere [21aldpunting for all correlations in
the uncertainties. This yields a significant reduction efdlrerall uncertainties of the measure-
ments.

The paper is organised as follows. In Section 2 the the@iefiamework is briefly intro-
duced that is used for applying phase-space correctiometmput data sets prior to combina-
tion and for providing NLO QCD predictions to be compared @data. The data samples used
for the combination are detailed in Section 3 and the contlming@rocedure is described in Sec-
tion 4. The combined single- and double-differential cresstions are presented in Section 5
together with a comparison of NLO QCD predictions to the data.

2 Theoretical predictions

The massive fixed-flavour-number scheme (FFNS) [25] is usetthéoretical predictions, since
it is the only scheme for which fully differential NLO calatlons [26] are available. The cross-
section predictions fob** production presented in this paper are obtained using th© B3

Ln this paper, ‘electron’ is used to denote both electronpwsitron if not stated otherwise.
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program [26] which provides NLO QCDQ(a2)) calculations in the 3-flavour FFNS for charm
and beauty production in DIS. These predictions are usddfbosmall phase-space corrections
of the data, due to slightly different binning schemes am@kiatic cuts, and for comparison to
data.

The following parameters are used in the calculations aedaned within certain limits to
estimate the uncertainties associated with the pred&tion

e Therenormalisation and factorisation scales are taken ag,, = ps = /Q?+4mg. The
scales are varied simultaneously up or down by a factor offtwdhe phase-space cor-
rections where only the shape of the differential crossigestis relevant. For absolute
predictions, the scales are changed independentlybtartd 2 times their nominal value.

e Thepole mass of the charm quark is set tom; = 1.504+ 0.15 GeV. This variation also
affects the values of the renormalisation and factorisadcales.

e For thestrong coupling constant the valueagfzg(Mz) = 0.105+0.002 is chosen [21]
which corresponds tas'~(Mz) = 0.116+0.002.

e Theproton parton density functions (PDFs) are described by a series of FFNS variants
of the HERAPDFL1.0 set [24] at NLO determined within the HERW#d¥ [27] framework,
similar to those used in the charm combination paper [21].r@haeasurements were
not included in the determination of these PDF sets. Foraalieter settings used here,
the corresponding PDF set is used. By default, the scalésdaharm contribution to the
inclusive data in the PDF determination were chosen to bsistamt with the factorisa-
tion scale used in HVQDIS, while the renormalisation scalelVQDIS was decoupled
from the scale used in the PDF extraction, except in the cabese the factorisation
and renormalisation scales were varied simultaneouslya A&®ss check, the renormal-
isation scales for both heavy- and light-quark contribogi@are varied simultaneously in
HVQDIS and in the PDF determination, keeping the factoiasascales fixed. The re-
sult lies well within the quoted uncertainties. The crosgtisas are also evaluated with
3-flavour NLO versions of the ABM [28] and MSTW [29] PDF setheldifferences are
found to be negligible compared to those from varying otreameters.

The NLO calculation performed by the HVQDIS program yieldféedlential cross sections
for charm quarks. These predictions are converteB't6-meson cross sections by applying
the fragmentation model described in a previous publicaii]. This model is based on the
fragmentation function of Kartvelishvili et al. [30] whigbrovides a probability density func-
tion for the fraction of the charm-quark momentum transfdrio theD** meson. The function
is controlled by a single fragmentation parametgt, Different values ofak [21] are used
for different regions of the invariant mass,of the photon—parton centre-of-mass system. The
boundarys; = 70+ 40 Ge\? between the first two regions is one of the parameter variatio
The boundarys, = 324 Ge\? between the second and third region remains fixed. The model
also implements a transverse-fragmentation componenssigrEng to théd** meson a trans-
verse momentunky, with respect to the charm-quark direction [21]. The foliog/parameters
are used in the calculations together with the correspaneaniations for estimating the uncer-
tainties of the NLO predictions related to fragmentation:

e Thefragmentation parameter ag, the bin boundary & and the averagekr are varied
according to a prescription described elsewhere [21].
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e Thefraction of charm quarks hadronising into D** mesonsis set to
f(c— D*") = f(c— D*") =0.2287+0.0056 [31].

The small beauty contribution to tliZ* signal needs a detailed treatment of Bibadron
decay taD** mesons and is therefore obtained from NLO QCD predictionséauty hadrons
convoluted with decay tables B** mesons and decay kinematics obtained from EvtGen [32].
The parameters for the calculations and the uncertaintees a

e Therenormalisation and factorisation scales y = us = ,/Q2+4n‘% are varied in the

same way as described above for charm. The variations atedgmultaneously for
the calculation of the charm and beauty cross-section tainées.

e Thepole mass of the beauty quark is set tom, = 4.754+0.25 GeV.

e Thefragmentation model for beauty quarksis based on the Peterson et al. [33] parametri-
sation usind, = 0.0035+ 0.0020 [34].

e Thefraction of beauty hadrons decaying into D** mesonsis set to
f(b — D*¥) = 0.17340.020 [35].

e Theproton structureis described by the same PDF set (3-flavour scheme) usedefor th
charm cross-section predictions.

The total theoretical uncertainties are obtained by addaithgndividual contributions in
quadrature.

3 Data samplesfor cross-section combinations

The H1 [36—-38] and ZEUS [39] detectors were general purpaestuments which consisted
of tracking systems surrounded by electromagnetic andomé&icalorimeters and muon detec-
tors. The most important detector components for the measemts combined in this paper are
the central tracking detectors (CTD) operated inside sathonagnetic fields of 16 T (H1)
and 143 T (ZEUS) and the electromagnetic sections of the calagrse The CTD of H1 [37]
(ZEUS [40]) measured charged particle trajectories in thiapangular rangeof 15° < © <
165(164)°. In both detectors the CTDs were complemented with highluéisa silicon ver-
tex detectors: a system of three silicon detectors for Hhsisbing of the Backward Silicon
Tracker [41], the Central Silicon Tracker [42] and the Forav&ilicon Tracker [43], and the
Micro Vertex Detector [44] for ZEUS. For charged particleasping through all active layers
of the silicon vertex detectors and CTDs, transverse-moumenesolutions ofo(pr)/pr ~
0.002pt/ @ 0.015 (H1) ando(pr)/pr ~ 0.002%7/ ¢ 0.00814 0.0012/ pt (ZEUS), with pr

in units of GeV, have been achieved.

Each of the central tracking detectors was enclosed by af sel@imeters comprising an
inner electromagnetic and an outer hadronic section. Theaddrimeter system consisted

2In both experiments a right-handed coordinate system idarag with theZ axis pointing in the nominal
proton-beam direction, referred to as “forward directipahd theX axis pointing towards the centre of HERA.
The origin of the coordinate system is defined by the nomimtaraction point in the case of H1 and by the centre
of the CTD in the case of ZEUS.



Kinematic range
Data set Q? y pr(D*) | n(D*) | £
(GeV?) (GeV) (pb™)
H1D** HERA-II (mediumQ?) ([18]| 5: 100[0.02:070| >15 |-15:15 348
Il |H1 D** HERA-II (high Q%) [15](100:10000.02:070| >15 |-15:15| 351
Il | ZEUSD** HERA-II [20]| 5:10000.02:070{1.5:200|-15:15| 363
IV | ZEUSD** 98-00 [6]| 1.5:10000.02:070{1.5:150{—-15:15| 82

Table 1: Data sets used in the combination. For each dataeeéspective kinematic range
and the integrated luminosity’, are given.

of the Liquid Argon calorimeter (LAr) [45] and the backwardald—scintillator calorimeter
(SpacCal) [38] while the ZEUS detector was equipped with a aamspting uranium—scintillator
calorimeter (CAL) [46]. Most important for the analyses condal in this paper is the electro-
magnetic part of the calorimeters which is used to identifgi measure the scattered electron.
Electromagnetic energy resolutiongE) /E of 0.11/+/E (LAr) [47], 0.07/+E (SpaCal) [48]
and 018/+/E (CAL), with E in units of GeV, were achieved.

The Bethe—Heitler processp — eyp, is used by both experiments to determine the lumi-
nosity. Photons originating from this reaction were detddiy photon taggers at about 100 m
downstream of the electron beam line. The integrated lusiiies are known with a precision of
3.2% for the H1 measurements [15,18] and of about 2% for the ZElg&urements [6,20,49].

Combinations are made for single- and double-differentiabg sections. In Table 1 the
datasetbused for these combinations are listed together with thisible phase-space regions
and integrated luminosities. The datasets I-lll are usatktermine single-differential com-
bined cross sections as a function of &" meson’s transverse momentugy; (D*), pseu-
dorapidity, n(D*), and inelasticityz(D*) = (E(D*) — pz(D*))/(2Eey), measured in the lab-
oratory frame, and of)? andy. The variablesE(D*), pz(D*) and E. denote the energy
of the D** meson, theZ component of the momentum of tf¥* meson and the incoming
electron energy, respectively. Owing to beam-line modiices related to the HERA-II high-
luminosity running [50] the visible phase space of thessss®ctions at HERA-II is restricted
to Q° > 5 Ge\?, which prevents a combination with earliBr* cross-section measurements
for which the phase space extends dow@fo= 1.5 Ge\2.

In the case of the double-differential cross sectidig AlydQ?, the kinematic range can be
extended to lowe€)? using HERA-I measurements [4, 6, 10]. In order to minimise tise of
correction factors derived from theoretical calculatiotie binning scheme of such measure-
ments has to be similar to that used for the HERA-II data. GrieedHERA-I measurements,
set IV of Table 1, satisfies this requirement and is therefioctuded in the combination of
this double-differential cross section. The visible phapaces of the combined single- and
double-differential cross sections are summarised inefabl

The measurements to be combined for the single- and doufieeatial cross sections are
already corrected to the Born level with a running fine-dinte constantr and include both
the charm and beauty contributions@&* production. The total expected beauty contribution
is small, varying from~ 1% at the lowesg? to ~ 7% at the highesD?. The cross sections

30f the two sets of measurements in [18], that compatible thighabove cuts is chosen.
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single double
Range in differential cross section
Q? (GeV?) | 5—1000 15—1000
y 0.02-0.7
pTr(D*) (GeV) >15
n(D") <15

Table 2: Visible phase space of the combined cross sections.

measured previously [6, 15, 18] are here corrected to the P& [35] of theD® branching

3.1 Treatment of data setsfor single-differential cross sections

In order to make the input data sets compatible with the phpaee quoted in Table 2 and with
each other, the following corrections are applied befoeedbmbination:

e The H1 collaboration has published measuremen®*6f cross sections separately for
5 GeV? < Q? < 100 GeV (set I) and for 100 Ge¥ < Q? < 1000 GeV (set II). Due
to the limited statistics at hig@?, a coarser binning ipr (D*), n(D*), z(D*) andy was
used in set Il compared to set |. Therefore the cross sectiarini of a given observable
integrated in the range 5 G\ Q? < 1000 GeV is calculated according to

gi(5 < Q%/GeV? < 1000 = a;(5 < Q%/GeV? < 100) (1)
Oint(100< Q?/GeV? < 1000
oNLO(100< Q2/GeV? < 1000

int

+ o0 (100< Q?/GeV? < 1000 -

Here oi; denotes the integrated visible cross section alt® stands for the NLO pre-
dictions obtained from HVQDIS. In this calculation both #weperimental uncertainties
of the visible cross section at high? and the theoretical uncertainties as described in
Section 2 are included. The contribution from the region B&/2 < Q? < 1000 Ge\f

to the full Q? range amounts to 4% on average and reaches up to 50% at higffBs?.

The bin boundaries used for the differential cross sect®a &nction ofQ? differ be-
tween sets |, Il and set IIl. At loQ? this is solved by combining the cross-section
measurements of the first two bins of set | into a single binr > 100 Ge\ no
consistent binning scheme could be defined directly fromsihgle-differential cross-
section measurements. However, the measurements of theddifferential cross sec-
tions Po/dQ?dy have been performed in a common binning scheme. By integyati
these cross sections in single-differential cross sections {@? are obtained also for
Q? > 100 Ge\? which can be used directly in the combination.

The cross-section measurements in set Il are restricteg (D*) < 20 GeV while there

is no such limitation in the phase space of the combinatitverdfore these cross sections
are corrected for the contribution from the ranggD*) > 20 GeV using HVQDIS. This
correction is found to be less tharil©.
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3.2 Treatment of data sets for double-differential cross sections

Since the restriction to the same phase spad@?idoes not apply for the combination of the
double-differential cross sections@f andy, the HERA-l measurement, set 1V, is also included
in the combination. This allows an extension of the kinemainge down t@? > 1.5 Ge\~.
The pr(D*) ranges of the measurements of sets Ill and IV are correctdeiname way as for
the single-differential cross sections.

To make the binning scheme of the HERA-I measurement cobipatiith that used for
the HERA-II datasets, the binning for all datasets is ralis€ross sections in the new bins
are obtained from the original bins using the shape of the BI&)redictions as described in
Section 2. The new binning is given in Section 5 (Table 9).sBire kept only if they satisfied
both of the following criteria:

e The predicted fraction of the cross section of the originaldontained in the kinematical
overlap region inQ? andy between the original and corrected bins is greater than 50%
(in most bins it is greater than 90%).

e The theoretical uncertainty from the correction procedsrebtained by evaluating all
uncertainties discussed in Section 2 and adding them inrgtuad. The ratio of the
theoretical uncertainty to the uncorrelated experimemtakertainty is required to be less
than 30%, where the theoretical uncertainty is obtaineduauating all uncertainties
discussed in Section 2 and adding them in quadrature.

This procedure ensures that the effect of the theoreticeémainties on the combined data
points is small. Most of the HERA-II bins are left unmodifiedl, of them satisfied the criteria
and are kept. Out of the 31 original HERA-I bins, 26 bins $gfise criteria and are kept. The
data points removed from the combination mainly corresgortie lowy region where larger
bins were used for the HERA-I data.

4 Combination method

The combination of the data sets uses xRaninimisation method developed for the combina-
tion of inclusive DIS cross sections [22,24], as implemdritethe HERAverager program [51].
For an individual datasetthe contribution to the(? function is defined as

. . . N2
(mf = 55¥} by — i)
I (d,e,Stat“i’e)z + (&,e,uncormi)2 .

Herep'© is the measured value of the cross section ini kaindy}’e, 0 e stataNdd e uncorare the
relative correlated systematic, relative statistical egldtive uncorrelated systematic uncertain-
ties, respectively, from the original measurements. Thantjtiesm express the values of the
expected combined cross section for eachiand the quantities; express the shifts of the
correlated systematic-uncertainty sourg¢e units of the standard deviation. Several data sets
providing a number of measurements (in@are represented by a totaf function, which is
built from the sum of thexg,, functions of all data sets

Xt%t(miabj) = ngxpe(miabi) + z b12~ 3)
e J

ngpge(mi ) bj) = (2)
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The combined cross sectiond are obtained by the minimisation ®f, with respect tan' and
bj.

The averaging procedure also provides the covariance xmaitthe m and the uncertain-
ties of theb! at the minimum. Théb; at the minimum and their uncertainties are referred to
as “shift” and “reduction”, respectively. The covariandéf the m' are given in the form
V =Vuncor+ Zszkys [23]. The matrix\yncoris diagonal. Its diagonal elements correspond to the
covariances obtained in a weighted average performed ialikence of any correlated system-
atic uncertainties. The covariance matrix contributivg‘gg correspond to correlated systematic

uncertainties on the averaged cross sections, such theletiments of a matri)ls"ysare obtained

as(Veij = (Slsyskéjsys’k, given a vectodYsk of systematic uncertainties. It is worth noting that,
in this representation of the covariance matrix, the nundfeorrelated systematic sources is
identical to the number of correlated systematic sourcéisannput data sets.

In the present analysis, the correlated and uncorrelatgdsyatic uncertainties are predom-
inantly of multiplicative nature, i.e. they change propamtlly to the central values. In equa-
tion (2) the multiplicative nature of these uncertainties$aken into account by multiplying the
relative errorsﬁe andd; e uncor by the cross-section expectatioh In charm analyses the statis-
tical uncertainty is mainly background dominated. Therefiois treated as being independent
of m'. For the minimisation ofZ, an iterative procedure is used as described elsewhere [23].

The 55 systematic uncertainties obtained from the origaidlications were examined for
their correlations. Within each data set, most of the syatenuncertainties are found to be
point-to-point correlated, and are thus treated as fullyadated in the combination. In to-
tal there are 23 correlated experimental systematic seusod 5 theory-related uncertainty
sources. A few are found to be uncorrelated and added in gtwadr For the combination
of single-differential cross sections the uncorrelatedeutainties also include a theory-related
uncertainty from the corrections discussed in Section 3¢kviaries between 0 and 10% of the
total uncertainty and is added in quadrature. Asymmetrgtesypatic uncertainties were sym-
metrised to the larger deviation before performing the ciovation. Except for the branching-
ratio uncertainty, which was treated as correlated, aleexpental systematic uncertainties were
treated as independent between the H1 and ZEUS data sets. tBéndistributions irpr (D*),
n(D*), z(D*), @Q? andy are not statistically independent, each distribution ismbimed sepa-
rately.

5 Combined cross sections

The results of combining the HERA-II measurements [15, 08,85 a function ofpr(D*),
n(D*), z(D*), Q% andy are given in Tables 3 — 7, together with their uncorrelatedi@nrelated
uncertaintie$. The total uncertainties are obtained by adding the untzie® and correlated
uncertainties in quadrature.

The individual data sets and the results of the combinatiersiaown in Figures 1 — 5. The
consistency of the data sets as well as the reduction of thertainties are illustrated further by
the insets at the bottom of Figures 1 and 4. The combinatiotize different variables have a
X2 probability varying between 15% and 87%, i.e. the data setsensistent. The systematic

4A detailed breakdown of correlated uncertainties can badan
https://ww. desy. de/ hlzeus/ heavy- f | avour/ dst arconbi nati on/ resul ts/cs/.
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shift between the two input data sets is covered by the réspemrrelated uncertainties. The
shifts and reductions of the correlated uncertainties arengn Table 8. The improvement of
the total correlated uncertainty is due to small reductin®any sources. While the effective
doubling of the statistics of the combined result reducesuhcorrelated uncertainties, the
correlated uncertainties of the combined cross sectiomsetuced through cross-calibration
effects between the two experiments. Typically, both effemntribute about equally to the
reduction of the total uncertainty.

The combined cross sections as a functiopefD*), n(D*), z(D*), Q? andy are compared
to NLO prediction8 in Figures 6 — 10. In general, the predictions describe tha deell.
The data reach an overall precision of about 5% over a la@siém of the measured phase
space, while the typical theoretical uncertainty rangesfB0% at lowQ? to 10% at highQ?.
The data points in the different distributions are stat@dty and systematically correlated. No
attempt is made in this paper to quantify the correlatiorte/ben bins taken from two different
distributions. Thus quantitative comparisons of theorgata can only be made for individual
distributions.

In order to study the impact of the current theoretical utasaties in more detail, the effect
of some variations on the predictions is shown separatefigare 11, compared to the same
data as in Figures 6, 8 and 10. Only the variations with thgelsirimpact on the respective
distribution are shown in each case.

The NLO prediction as a function gfr (D*) (Figure 11, top) describes the data better by
either

e setting the charm-quark pole mass to 1.35 GeV or
e reducing the renormalisation scale by a factor 2 or

e increasing the factorisation scale by a factor 2.

Simultaneous variation of both scales in the same direationld largely compensate and
would therefore have a much smaller effect.

The prediction for the(D*) distribution (Figure 11, bottom left) describes the shaptne
data better if the fragmentation parameters are adjusiddtbat the boundary between the two
lowest fragmentation regions [21] is varied from the defail70 Ge\? to its lower boundary
of 30 Ge\~2.

The preference for a reduced renormalisation scale alreddgrved forpr (D*) is con-
firmed by thez(D*) distribution (Figure 11, bottom right). However, the shagehe z(D*)
distribution rather prefers variations of the charm mags thie factorisation scale in the oppo-
site direction to those found for the- (D*) distribution. The distributions of the other kinematic
variables do not provide additional information to theseifgs [52].

As stated before, within the large uncertainties indicdgthe theory bands in Figures 1 —
5, all distributions are reasonably well described. Howetree above study shows that the dif-
ferent contributions to these uncertainties do not onlgafthe normalisation, but also change
the shape of different distributions in different ways.sltherefore not obvious that a variant of

5The NLO QCD prediction for the beauty contribution®d* production, calculated as described in Section 2,
can be found on
https://ww. desy. de/ hlzeus/ heavy- f| avour/ dst ar conbi nati on/ resul t s/ beauty/ .
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the prediction thet gives a good description of the distidyuin one variable will also give a
good description of the distribution in another.

Based on the above study, a ‘customised’ calculation isopmed to investigate the possi-
bility of obtaining an improved description of the data ih\&riables at the same time, both
in shape and normalisation, within the theoretical undetitss quoted in Section 2. For this
calculation:

e The renormalisation scale is reduced by a factor 2, withdl#ofisation scale unchanged.
e The change of the fragmentation paramsiet 30 Ge\? is applied.

e At this stage, the resulting distributions are still foundunderestimate the data normal-
isation. As the renormalisation and factorisation scates@commended to differ by at
most a factor of two [53], the only significant remaining henid the charm-quark pole
mass. This mass is set to 1.4 GeV, a value which is also cobhpatith the partially
overlapping data used for a previous dedicated study [2ffj@Eharm-quark mass.

¢ All other parameters, which have a much smaller impact [b2htthose discussed above,
are left at their central settings as described in Section 2.

The result of this customised calculation is indicated a®tted line in Figures 6 — 10.
A reasonable agreement with data is achieved simultangouslll variables. This a posteri-
ori adjustment of theory parameters is not a prediction,itbcén be taken as a hint in which
direction theoretical and phenomenological developmeoistd proceed. The strong improve-
ment of the description of the data relative to the centratimtion through the customisation
of the renormalisation scale is in line with the expectatioat higher-order calculations will
be helpful to obtain a more stringent statement concerrieggreement of perturbative QCD
predictions with the data. The improvement from the cussatnon of one of the fragmentation
parameters and the still not fully satisfactory descriptid thez(D*) distribution indicate that
further dedicated experimental and theoretical studigh®fragmentation treatment might be
helpful.

In general, the precise single-differential distribusaresulting from this combination, in
particular those as a function gff (D*), n(D*) and z(D*), are sensitive to theoretical and
phenomenological parameters in a way which complementsehsitivity of more inclusive
variables likeQ? andy.

The combined double-differential cross sections with theaurelated, correlated and total
uncertaintie$ as a function ofQ? andy are given in Table 9. The total uncertainty is obtained
by adding the uncorrelated and correlated uncertaintiggiadrature. The individual data sets
as well as the results of the combination are shown in Fig@rdricluding data set IV slightly
reduces the overall cross-section normalisation witheespo the combination of sets I-llI
only. The pull distribution of the combination is shown irgBie 13. The combination has
probability of 84%, i.e. all data sets are consistent. Thiéssand reductions of the correlated
uncertainties are given in Table 8.

A detailed breakdown of correlated uncertainties can bedoonht t ps: / / ww. desy. de/ h1zeus/
heavy- f | avour/ dst ar conbi nati on/ resul t s/ cs/ conbi ned_q2y. t xt.
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These combined cross sections are compared to NLO preutitiio Figure 14. The cus-
tomised calculation is also shown. In general the predistidescribe the data well. The data
have a precision of about 5-10% over a large fraction of thasueed phase space, while the
estimated theoretical uncertainty ranges from 30% atQ@8wo 10% at highQ?. As well as the
single-differential distributions, these double-diffatial distributions give extra input to test
further theory improvements.

6 Conclusions

Measurements dD**-production cross sections in deep-inelasficscattering by the H1 and
ZEUS experiments are combined at the level of visible crestians, accounting for their sys-
tematic correlations. The data sets were found to be cemsisind the combined data have
significantly reduced uncertainties. In contrast to thdi@acharm combination at the level of
reduced cross sections, the present combination does vesignificant theory-related uncer-
tainties and in addition distributions of kinematic vatibof theD** mesons are obtained.
The combined data are compared to NLO QCD predictions. Thdigirens describe the data
well within their uncertainties. Higher order calculatsowould be helpful to reduce the theory
uncertainty to a level more comparable with the data presisiurther improvements in the
treatment of heavy-quark fragmentation would also be dbbat

Acknowledgements

We are grateful to the HERA machine group whose outstanding®have made these experi-
ments possible. We appreciate the contributions to theteari®n, maintenance and operation
of the H1 and ZEUS detectors of many people who are not listedushors. We thank our

funding agencies for financial support, the DESY technitaf $or continuous assistance and
the DESY directorate for their support and for the hospialhey extended to the non-DESY
members of the collaborations. We would like to give crediali partners contributing to the

EGI computing infrastructure for their support.

References

[1] C. Adloff et al. [H1 Collaboration], Z. Phy&€72, (1996) 593 [hep-ex/9607012].

[2] J. Breitweget al. [ZEUS Collaboration], Phys. LetB407, (1997) 402 [hep-ex/9706009].
[3] C. Adloff et al. [H1 Collaboration], Nucl. PhydB545, (1999) 21 [hep-ex/9812023].

[4] J. Breitweget al. [ZEUS Collaboration], Eur. Phys. €12, (2000) 35 [hep-ex/9908012].
[5] C. Adloff et al. [H1 Collaboration], Phys. LetB528, (2002) 199 [hep-ex/0108039].

"The NLO QCD prediction for the beauty contribution®d* production, calculated as described in Section 2,
can be found on
https://ww. desy. de/ hlzeus/ heavy- f | avour/ dst ar conbi nati on/ resul t s/ beauty/
beauty g2y. txt.

14



[6] S. Chekanowt al. [ZEUS Collaboration], Phys. Ref269, (2004) 012004
[hep-ex/0308068].

[7] A. Aktaset al. [H1 Collaboration], Eur. Phys. £38, (2005) 447 [hep-ex/0408149].

[8] A. Aktaset al. [H1 Collaboration], Eur. Phys. £40, (2005) 349 [hep-ex/0411046].

[9] A. Aktaset al. [H1 Collaboration], Eur. Phys. £45, (2006) 23 [hep-ex/0507081].
[10] A. Aktaset al. [H1 Collaboration], Eur. Phys. £51, (2007) 271 [hep-ex/0701023].
[11] S. Chekanowt al. [ZEUS Collaboration], JHER7, (2007) 074 [arXiv:0704.3562].

[12] S. Chekanowt al. [ZEUS Collaboration], Eur. Phys. €63, (2009) 171
[arXiv:0812.3775].

[13] S. Chekanoet al. [ZEUS Collaboration], Eur. Phys. €65, (2010) 65
[arXiv:0904.3487].

[14] F. D. Aaronet al. [H1 Collaboration], Eur. Phys. 65, (2010) 89 [arXiv:0907.2643].
[15] F. D. Aaronet al. [H1 Collaboration], Phys. LetB686, (2010) 91 [arXiv:0911.3989].
[16] H. Abramowiczet al. [ZEUS Collaboration], JHER1, (2010) 009 [arXiv:1007.1945].
[17] F. D. Aaronet al. [H1 Collaboration], Eur. Phys. £71, (2011) 1509 [arXiv:1008.1731].
[18] F. D. Aaronet al. [H1 Collaboration], Eur. Phys. £71, (2011) 1769 [arXiv:1106.1028].
[19] H. Abramowiczet al. [ZEUS Collaboration], JHERS5, (2013) 023 [arXiv:1302.5058].

[20] H. Abramowiczet al. [ZEUS Collaboration], JHERS5, (2013) 097 [arXiv:1303.6578].
Erratum-ibid JHERD2, (2014) 106.

[21] F. D. Aaronet al. [H1 and ZEUS Collaborations], Eur. PhysCJZ3, (2013) 2311
[arXiv:1211.1182].

[22] A. Glazov, Proceedings of “IBInternational Workshop on Deep Inelastic Scattering”,
eds. W. H. Smith and S. R. Dasu, Madison, USA, 2005, AIP Coric 82, (2005) 237.

[23] A. Atkaset al. [H1 Collaboration], Eur. Phys. £63, (2009) 625 [arXiv:0904.0929].

[24] F. D. Aaronet al. [H1 and ZEUS Collaboration], JHE®L, (2010) 109
[arXiv:0911.0884].

[25] E. Laeneret al., Phys. LettB291, (1992) 325;
E. Laeneret al., Nucl. PhysB392, (1993) 162;
E. Laeneret al., Nucl. PhysB392, (1993) 229;
S. Riemersma, J. Smith and W. L. van Neerven, Phys. B&t7, (1995) 143
[hep-ph/9411431].

[26] B. W. Harris and J. Smith, Phys. R&57, (1998) 2806 [hep-ph/9706334].

[27] HERAFitter-0.2.1htt p: // proj ects. hepforge. org/ herafitter.

[28] S. Alekhin, J. Blumlein and S. Moch, Phys. RB86, (2012) 054009 [arXiv:1202.2281].
15



[29] A. D. Martin et al., Eur. Phys. JC70, (2010) 51 [arXiv:1007.2624].

[30] V. G. Kartvelishvili, A. K. Likhoded and V. A. Petrov, BB. Lett.B78, (1978) 615.
[31] E. Lohrmann, “A summary of charm hadron production fraes”, [arXiv:1112.3757].
[32] D. J. Lange, Nucl. Instrum. MetiA462, (2001) 152.

[33] C. Petersomt al., Phys. RevD27, (1983) 10.

[34] H. Abramowiczet al. [ZEUS Collaboration] Eur. Phys. €71, (2011) 1573
[arXiv:1101.3692 ].

[35] K. A. Olive et al. [Particle Data Group Collaboration], Chin. Phys382(2014) 090001.
[36] I. Abt et al. [H1 Collaboration], Nucl. Instrum. MetA386, (1997) 310.

[37] I. Abt et al. [H1 Collaboration], Nucl. Instrum. MetA386, (1997) 348.

[38] R. D. Appuhnet al. [H1 SPACAL Group], Nucl. Instrum. MethA386, (1997) 397.

[39] U. Holm (ed.) [ZEUS Collaboration], “The ZEUS DetectoB8tatus Report
(unpublished), DESY (1993), available on
http://ww- zeus. desy. de/ bl uebook/ bl uebook. ht m .

[40] N. Harnewet al., Nucl. Instrum. MethA279, (1989) 290;
B. Fosteret al., Nucl. Phys. Proc. SuppB2, (1993) 181;
B. Fosteret al. [ZEUS Collaboration], Nucl. Instrum. Met&A338, (1994) 254.

[41] J. KretzschmarA precision measurement of the proton structure function F, with the H1
experiment, PhD thesis, Humboldt University, Berlin, 2008. Also agaie at
http://ww- hl. desy. de/ publications/theses _list.htnl.

[42] D. Pitzlet al., Nucl. Instrum. MethA454, (2000) 334 [hep-ex/0002044].

[43] 1. Glushkov,D* meson production in deep inelastic electron-proton scattering with the
forward and backward silicon trackers of the H1 experiment at HERA, PhD thesis,
Humboldt University, Berlin, 2008. Also available at
http://ww hl. desy. de/ publications/theses list.htnl.

[44] A. Poliniet al., Nucl. Instrum. MethA581, (2007) 656.
[45] B. Andrieuet al. [H1 Calorimeter Group], Nucl. Instrum. MetA336, (1993) 460.

[46] M. Derricket al., Nucl. Instrum. MethA309, (1991) 77;
A. Andreseret al.[ZEUS Calorimeter Group and ZEUS Collaborations], Nucl. fast.
Meth. A309, (1991) 101,
A. Caldwellet al., Nucl. Instrum. MethA321, (1992) 356;
A. Bernsteinet al.[ZEUS Barrel Calorimeter Group Collaboration], Nucl. InstruMeth.
A336, (1993) 23.

[47] B. Andrieuet al. [H1 Calorimeter Group], Nucl. Instrum. MetA336, (1993) 499.
[48] T. Nichollset al. [H1 SpaCal Group], Nucl. Instrum. MetA374, (1996) 149.
[49] L. Adamczyket al., Nucl. Instrum. MethA744, (2014) 80 [arXiv:1306.1391].

16



[50] “The HERA luminosity upgrade”, U. Schneekloth (ed.)§BY), July 1998,
DESY-HERA-98-05.

[51] HERAverager-0.0.1ht t ps: // w ki - zeut hen. desy. de/ HERAver ager .

[52] O. ZenaievCharm Production and QCD Analysisat HERA and LHC, PhD thesis,
Hamburg University, Hamburg, 2015.

[53] O. Behnkeet al., Benchmark cross sections for heavy flavour produciiod. Bainest
al., Heavy Quarks (Working group 3), Summary report for the HERAC workshop
proceedings, [hep-ph/0601164].

17



pr(D*) #ﬁ)*) Auncor | Ocor | Otot
(GeV) (nb/GeV) | (%) | (%) | (%)

1.50:188 2.35 64 | 47 | 80
1.88:228 2.22 49 | 42 | 64
2.28:268 1.98 37 | 40| 55
2.68: 308 1.55 35 | 37| 51
3.08: 350 1.20 37 | 35| 51

350:400 |9.29x10 1| 32 | 34| 47
4.00:475 |6.14x101| 30 | 35| 46
475:600 |319x101| 31 | 33| 45
6.00:800 |1.15x101| 38 | 37| 53
8.00: 1100 | 3.32x102| 54 | 37 | 65
11.00:2000| 3.80x10°3 | 104 | 6.4 | 122

Table 3: The combined differenti&**-production cross section in the phase space given in
Table 2 as a function gbr (D*), with its uncorrelated&ncoy), correlated §cor) and total o)
uncertainties.

n(b”) % Auncor | Ocor | Ot
(o) | (%) | (%) | (%)
—-150:-1.25| 1.36 58 | 43| 7.2
—-125:-100| 152 46 | 40 | 6.1
—1.00:-0.75| 159 46 | 40| 6.1
-0.75:-050| 1.79 | 38 | 35| 52
—-0.50:-025| 183 | 38 | 33| 51
—0.25: 000 1.89 38 | 3.7 | 53
0.00: 025 1.86 40 | 34 | 5.2
0.25: 050 1.88 40 | 36 | 54
0.50: 075 191 41 | 35| 54
0.75: 100 1.92 43 | 40 | 59
1.00: 125 2.08 47 | 40| 6.1
1.25: 150 181 6.3 | 48| 79

Table 4: The combined differenti**-production cross section in the phase space given in
Table 2 as a function af (D*), with its uncorrelated&ncop), correlated §cor) and total fror)
uncertainties.
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z(D¥) % Auncor | Ocor | Otot
(nb) | (%) | (%) | (%)

0.00:010| 328 | 95 | 59 | 112
0.10:020| 735 | 48 | 63 | 7.9
0.20:032| 861 | 35 | 46 | 57
0.32:045| 892 | 27 | 39 | 4.7
045:057| 883 | 18 | 40 | 43
057:080| 478 | 24 | 51 | 56
0.80:100| 0.63 | 81 |102|130

Table 5: The combined differenti@**-production cross section in the phase space given in
Table 2 as a function af(D*), with its uncorrelatedncor), correlated §cor) and total o)
uncertainties.

Table 6: The combined differenti@**-production cross section in the phase space given in
Table 2 as a function df?, with its uncorrelated&ncop, correlated §or) and total fror) un-

certainties.

0% & | Ouncor| Gor | St
(GeV?) | (nb/GeV?) | (%) | (%) | (%)
5:8 474x101| 40 | 50| 6.4
8:10 |296x101| 43 | 38| 538
10:13 |212x101| 38 | 40 | 5.6
13:19 |1.24x101| 32 | 38| 5.0
19:28 |7.26x102| 35 | 36 | 5.0
28:40 |397x102| 37 | 40| 55
40:60 |164x102| 44 | 47 | 6.4
60:100 | 7.45x10°3| 52 | 39| 65
100: 158 | 2.08x10°| 72 | 53| 9.0
158:251 | 882x104| 76 | 50| 9.1
251 :1000| 7.50x 10°° | 120 | 6.7 | 133
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y %_3 5unc0r 5COI’ 6[Ot
(nb) | (%) | (%) | (%)
0.02:005| 121 | 5.8 9.1 | 108
0.05: 009|188 | 3.9 46 | 6.0
0.09:013|170| 34 43 | 55
0.13:018| 134 | 3.7 42 | 5.6
0.18:026| 112 | 34 37| 50
0.26:036|765| 3.7 | 42 | 56
0.36:050| 4.78| 4.0 53| 6.6
0.50:070| 265| 5.6 6.4 | 85

Table 7: The combined differenti@**-production cross section in the phase space given in
Table 2 as a function of, with its uncorrelated&,ncop), correlated §cor) and total ¢yot) Uncer-
tainties.
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do do do do do d’a
Data sefName dQ? dy dpr(D*) | dn(D7) | dz(D*) | dQdy

sh |red sh |red sh |red sh red sh |red sh |red
1,1l H1 CJC efficiency 0.8 |0.9/ 0.3 |0.9/ 0.5 |0.9] 0.5 [0.9] 0.4 |0.9] 0.6 (0.8
LI H1 luminosity 0.51]0.9/ 0.4 [0.9/ 0.6 |0.9] 0.6 [0.9] 0.4 [0.9] 0.1 |0.9
LIl H1 MC PDF 0.1]1.0/ 0.1 |1.0/ 0.2 |1.0| 0.2 |1.0| 0.1 |1.0| 0.0 |1.0
11 H1 electron energy 0.2 {1.0, 0.0 |2.0] 0.0 |1.0 0.0 |1.0] 0.7 |0.9| 0.0 |0.8
W H1 electron polar angle 0.2 (1.0/ 0.1 {1.0/ 0.1 |1.0] 0.2 |1.0] 0.2 |1.0] 0.3 |0.9
1,1 H1 hadronic energy scale 0.1 1.0} 0.2 |0.9] 0.0 |1.0| 0.0 |1.0|—1.0/0.7| 0.0 |1.0
Il H1 fragmentation threshold at higd? | 0.0 |1.0 0.0 [1.0
1L H1 alternative MC model 0.4 |0.9| 0.4 |0.9| 0.1 [1.0] 0.0 |1.0|—-1.0/0.8] 1.2 |0.7
1L H1 alternative MC fragmentation 0.0 (1.0/ 0.0 |1.0/ 0.0 |1.0/—0.1/2.0) 0.2 |1.0] 0.3 |0.9
I H1 fragmentation threshold 0.0 {1.0|—-0.4/0.9| 0.2 |1.0] 0.0 |1.0] 0.6 |0.9| 0.2 |0.8
[ H1 highQ? uncertainty 0.1 ‘1.0 0.0 0.9/ 0.1 |1.0] 0.1 |1.0
Il ZEUS hadronic energy scale 0.0 [1.0 —0.1\0.8 0.0 (1.0 0.0 |{1.0]—0.9/0.9|—0.5|0.7
i ZEUS electron energy scale 0.1 |0.9] 0.2 |0.9] 0.0 |1.0 0.2 |1.0| 0.0 |1.0] 0.4 |0.7
1] ZEUS pr(T%) correction —0.1/1.0/-0.1/1.0/—0.1/1.0|—0.3|1.0| 0.0 |1.0,—0.7]0.9
1] ZEUSM (K ) window variation —0.3|0.8/—0.7|0.8| 0.4 |0.6|—0.3|0.7| 0.5 |0.8/—0.7/0.9
i ZEUS tracking efficiency —0.2/0.9/-0.4/0.9/—0.4|0.9/]—0.2|0.9|—0.2/0.9/—-0.7|1.0
1] ZEUSb MC normalisation 0.0 [1.0{ 0.0 {1.0/ 0.0 |2.0| 0.0 1.0| 0.1 |1.0] 0.0 |1.0
[l ZEUS PHP MC normalisation 0.0 [1.0/-0.1/1.0/ 0.0 |1.0/-0.1/2.0| 0.1 |1.0|—0.3]1.0
Il ZEUS diffractive MC normalisation 0.0 |1.0 0.1 |0.9] 0.2 |1.0| 0.0 |1.0] 0.0 |1.0] 0.7 |0.9
I ZEUS MC reweighting ot (D*) andQ?)| 0.3 [0.9| 0.0 {1.0/—0.1/1.0| 0.0 |1.0| 0.0 {1.0| 0.6 |0.9
i ZEUS MC reweighting i (D*)) 0.0 |1.0] 0.0 |0.8/—0.2/1.0/—0.3/1.0|—0.2/1.0| 0.4 |0.8
1] ZEUS luminosity (HERA-II) —0.2/1.0/-0.1/1.0/—0.2|1.0|—0.2|1.0/—0.1]|1.0|—0.7|0.9
v ZEUS luminosity (98-00) 0.8 |0.9
-1V Theorym, variation 0.0 [1.0
-1V Theoryu,, us variation 0.0 [1.0
-1V Theoryas variation 0.0 |1.0
-1V Theory longitudunal frag. variation 0.1 1.0
-1V Theory transverse frag. variation 0.0 |1.0

Table 8: Sources of point-to-point correlated uncertamtiFor each source the affected data
sets are given, together with the shift (sh) and reductiotofgred) in the combination obtained
after the first iteration. For sources which do not affect¢benbination of a given differential

cross section, no shifts and reductions are quoted.
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Q2 y dgzzy Auncor | Ocor | Otot
(GeV?) (nb/GeV?) | (%) | (%) | (%)
15:35 [0.02:009 4.76 129 | 25 [ 132
0.09:016 5.50 113 | 2.6 | 115
0.16 : 032 3.00 120 | 2.6 | 123
0.32:070|9.21x101| 205 | 25 | 207
35:55 | 0.02:009 2.22 113 | 2.8 | 116
0.09:016 1.98 79 | 27 | 83
0.16 : 032 1.09 202 | 2.7 | 204
0.32:070|347x101| 146 | 26 | 148
55:9 |0.02:005 1.06 123 | 4.4 [ 131
0.05 : 009 1.46 78 | 41 | 88
0.09:016 1.32 54 | 43| 6.9
0.16:032|7.73x101| 49 | 39 | 6.3
0.32:070|251x101| 56 | 42 | 7.0
9:14 [002:005|520x101| 130 | 6.6 | 146
0.05:009|7.68x101| 66 | 39 | 7.7
0.09:016|569x101| 46 | 28 | 54
0.16:032|412x101| 46 | 31 | 56
0.32:070|151x101| 56 | 40 | 6.9
14:23 [0.02:005]229x101] 114 | 6.3 | 130
0.05:009|378x101| 65 | 41 | 7.7
0.09:016|290x101| 48 | 33 | 58
0.16:032|186x101| 50 | 34 | 6.0
0.32:070| 6.92x102| 62 | 44 | 7.7
23:45 |0.02:005|691x102| 148 | 82 | 167
0.05:009|1.23x101| 59 | 36 | 6.9
0.09:016|1.14x101| 44 | 30 | 53
0.16:032|7.42x102| 43 | 30 | 52
0.32:070|321x102| 52 | 37 | 64
45:100 | 0.02:005]6.16x10 3| 335 | 111 353
0.05:009 | 270x10°2| 110 | 44 | 118
0.09:016|205x102| 80 | 3.7 | 88
0.16:032|1.99x102| 54 | 32 | 63
0.32:070|7.84x103%| 69 | 40 | 79
100: 158 0.02:032]4.12x10°3] 82 | 41 | 9.2
0.32:070|218x10°3| 111 | 41 | 119
158: 251 0.02:030] 1.79x103| 102 | 44 [ 111
0.30:070|9.28x104| 116 | 4.6 | 125
251:1000/ 0.02:026| 1.31x10%| 145 | 47 | 153
0.26:070| 1.18x 104 | 127 | 5.0 | 136

Table 9: The combined double-differenti@al*-production cross section in the phase space
given in Table 2 as a function @? andy, with its uncorrelated&ncop, correlated &or) and
total (&ot) Uncertainties.
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Figure 1: DifferentiaD**-production cross section as a functiongf(D*). The open triangles
and squares are the cross sections before combinationnshibiva small horizontal offset for
better visibility. The filled points are the combined crosst®ns. The inner error bars indicate
the uncorrelated part of the uncertainties. The outer draos represent the total uncertainties.
The histogram indicates the binning used to calculate thescsections. The bottom part shows
the ratio of these cross sections with respect to the cerdha¢ of the combined cross sections.

23



ep - eD*X H1 and ZEUS

3 i [ | | | | | | | | [ |
S
o n
Q
= 2
S
5 i
o B
%%% % B
1 | —
5 < Q%< 1000 GeV? -
—— HERA 0.02Q< y<0.7 °
- @ Hl p_(D*) > 1.5 GeV =
O I I | | I I | | I | | I I | | I | | I I |
-1.5 -1 -0.5 0 0.5 1 1.5

n (D%

Figure 2: DifferentiaD**-production cross section as a function(D*). The open triangles
and squares are the cross sections before combinationnshibiva small horizontal offset for
better visibility. The filled points are the combined crosst®ns. The inner error bars indicate
the uncorrelated part of the uncertainties. The outer draos represent the total uncertainties.
The histogram indicates the binning used to calculate thgscsections.
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Figure 3: DifferentialD**-production cross section as a functionzgb*). The open triangles
and squares are the cross sections before combinationnshibiva small horizontal offset for
better visibility. The filled points are the combined crosst®ns. The inner error bars indicate
the uncorrelated part of the uncertainties. The outer draos represent the total uncertainties.
The histogram indicates the binning used to calculate thgscsections.
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Figure 4: DifferentialD**-production cross section as a function@f. The open triangles
and squares are the cross sections before combinationnshibiva small horizontal offset for
better visibility. The filled points are the combined crosst®ns. The inner error bars indicate
the uncorrelated part of the uncertainties. The outer draos represent the total uncertainties.
The histogram indicates the binning used to calculate th&scsections. The bottom part shows
the ratio of these cross sections with respect to the cerdha¢ of the combined cross sections.
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Figure 5: DifferentiaD**-production cross section as a functionyofThe open triangles and
squares are the cross sections before combination, shotkinangmall horizontal offset for
better visibility. The filled points are the combined crosst®ns. The inner error bars indicate
the uncorrelated part of the uncertainties. The outer draos represent the total uncertainties.
The histogram indicates the binning used to calculate thgscsections.
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Figure 6: DifferentialD**-production cross section as a functionf(D*). The data points

are the combined cross sections. The inner error bars itedit@ uncorrelated part of the
uncertainties. The outer error bars represent the totammioties. Also shown are the NLO
predictions from HVQDIS (including the beauty contributjcand their uncertainty band. A
customised NLO calculation (dotted line, see text) is alsmas). The bottom part shows the
ratio of these cross sections with respect to the centrakbval the combined cross sections.

28



ep - eD*X H1 and ZEUS

do/dn (D*) (nb)

l - —]

- 5 < Q% < 1000 GeV? -

¢+  HERA-II 0.02<y<0.7
| — NLO QCD . p (D*) > 1.5 GeV -
-------------- NLO QCD customised IﬂT(D*)I <15

= NLOQCDb - D* ' .
O o -b -4 | -l -1 | i I | - 1-1 -1 | I I | I I |
-1.5 -1 -0.5 0 0.5 1 1.5

n (D%

Figure 7: DifferentialD**-production cross section as a functionpfD*). The data points
are the combined cross sections. The inner error bars itedit@ uncorrelated part of the
uncertainties. The outer error bars represent the totammioties. Also shown are the NLO
predictions from HVQDIS (including the beauty contributjcand their uncertainty band. A
customised NLO calculation (dotted line, see text) is alsms.
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Figure 8: DifferentialD**-production cross section as a functionz0bD*). The data points

are the combined cross sections. The inner error bars itedit@ uncorrelated part of the
uncertainties. The outer error bars represent the totammioties. Also shown are the NLO
predictions from HVQDIS (including the beauty contributjcand their uncertainty band. A
customised NLO calculation (dotted line, see text) is alsms.
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Figure 9: DifferentiaD**-production cross section as a function@f. The data points are the
combined cross sections. The inner error bars indicatertbhereelated part of the uncertainties.
The outer error bars represent the total uncertaintieso sit®wn are the NLO predictions from
HVQDIS (including the beauty contribution) and their urtegrty band. A customised NLO
calculation (dotted line, see text) is also shown. The lnofart shows the ratio of these cross
sections with respect to the central value of the combinedscsections.
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Figure 10: DifferentiaD**-production cross section as a functionyofThe data points are the
combined cross sections. The inner error bars indicatertbhereelated part of the uncertainties.
The outer error bars represent the total uncertaintieso sit®wn are the NLO predictions from
HVQDIS (including the beauty contribution) and their urtegrty band. A customised NLO

calculation (dotted line, see text) is also shown.
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Figure 11: DifferentialD**-production cross section (ratio to data) as a functiorppfD*)

(top) andz(D*) (bottom) compared to NLO predictions with different vaigats: charm-quark
massm, renormalisation scalg;, factorisation scalgs and fragmentation bin boundasy.
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Figure 12: Double-differentiaD**-production cross sections as a function@fandy. The
open triangles, squares and circles are the cross sectedosgebcombination, shown with a
small horizontal offset for better visibility. The filled pds are the combined cross sections.
The inner error bars indicate the uncorrelated part of theetainties. The outer error bars
represent the total uncertainties.
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Figure 13: The pull distribution for the combination of theuble-differentialD** cross sec-
tions.
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Figure 14: Double-differentiaD**-production cross section as a function@f andy. The
data points are the combined cross sections. The innerlgarsrindicate the uncorrelated part
of the uncertainties. The outer error bars represent tlad tmicertainties. Also shown are the
NLO predictions from HVQDIS (including the beauty contrilmn) and their uncertainty band.
A customised NLO calculation (dotted line, see text) is alsown.
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