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Abstract

A measurement of elastic deeply virtual Compton scatteyiffg— vp usinge p col-
lision data recorded with the H1 detector at HERA is presknide analysed data sample
corresponds to an integrated luminosityldf pb~!. The cross section is measured as a
function of the virtualityQ? of the exchanged photon and the centre-of-mass er&rgy
they*p system in the kinematic domath5 < Q% < 80 GeV?, 30 < W < 140 GeV and
|t| < 1 GeV2, wheret denotes the squared momentum transfer at the proton véfrtex.
cross section is determined differentiallytifor differentQ? andW values and exponential
t-slope parameters are derived. The measurements are @mrtpaa NLO QCD calcula-
tion based on generalised parton distributions. In theextrdf the dipole approach, the
geometric scaling property of the DVCS cross section isistlfbr different values of.
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1 Introduction

Measurements of inclusive deep-inelastic scattering @fSeptons and nucleons allow the
extraction of Parton Distribution Functions (PDFs) whi@sdribe the fraction of the longitudi-
nal momentum of the nucleon carried by the quarks, antitguand gluons. A shortfall of this
approach is that the PDFs contain information neither orctineelations between partons nor
on their transverse distributions. This missing informatcan be provided by measurements
of processes in which the nucleon remains intact and therfmmentum transfer squared at
the nucleon vertex;, is non-zero [1-6]. The simplest such reaction is deeplyalrComp-
ton scattering (DVCS), the diffractive scattering of a wak photon off a proton/*p — ~p.

In high energy electron-proton collisions at HERA, DVCS &@ssed through the reaction
ep — eyp [7-9]. This reaction also receives a contribution from tlegby electromagnetic
Bethe-Heitler (BH) process, where the photon is emittethftbe electron. The BH cross sec-
tion is precisely calculable in QED and can be subtractewh filee total process rate to extract
the DVCS cross section.

Perturbative QCD calculations assume that the DVCS reaatimlves two partons in the
proton which carry different longitudinal and transversementa. The difference in longitudi-
nal momentum of the two involved partons, also called skgnima consequence of the mass
difference between the incoming virtual photon and the oaigreal photon. The skewing can
be described by introducing generalised parton distiamst(GPDs) [1-5], which are functions
of the two unequal momenta and thus encode information ofotigatudinal momentum cor-
relations of partons. Information on the transverse mouomardf partons is incorporated in the
t-dependence of GPDs [2-5]. Thalependent functions follow particular equations for thei
evolution as a function of the four momentum transfer scuigé of the exchanged virtual
photon [3-5]. These evolution equations still need to beetes

The DVCS cross section can also be interpreted within theleimodel [10-12]. In this
picture the virtual photon fluctuates into a colour singlgpair (or dipole) of a transverse size
r ~ 1/Q, which subsequently undergoes hard scattering with thenglin the proton [13].
At very small values of the Bjorken scaling variableghe saturation regime of QCD can be
reached. In this domain, the gluon density in the proton isasge that non-linear effects
like gluon recombination tame its growth. In the dipole mliamigroach, the transition to the
saturation regime is characterised by the so-called dainrscale parametrised here@gz) =
Qo(wo/z)~*?, where@,, =, and \ are parameters [14]. The transition to saturation occurs
when( becomes comparable €, (). An important feature of dipole models that incorporate
saturation is that the total cross section can be expressafuaction of the single variabte

2
O-;yotp (1‘, QQ) = O-;yotp (T)? Wlth T = % (l)
This property, called geometric scaling, has already bésemed to hold for the totap DIS
cross section [15, 16] as well as in DIS on nuclear targetsdd in diffractive processes [12].
It has also recently been addressed in the context of exelpsocesses including DVCS [12]

and extended to cases with non-zero momentum transfer froen [18].

This paper presents a new measurement of single and dodifieleedtial DVCS cross sec-
tions as a function of)? and they*p centre-of-mass energy’. The single differential cross
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sectiondo /dt is also extracted. The data were recorded in the y2@rs and 2006 with the
H1 detector when HERA collided protons @20 GeV energy with27.6 GeV electrons. The
sample corresponds to an integrated luminosity4sf pb~!, four times larger than the previ-
ous H1 measurement [8] of DVCS in positron-proton collisiofhe measurement is carried
out in the kinematic rangé.5 < Q? < 80 GeV?, 30 < W < 140 GeV and|t| < 1 Ge\~.
Thet-dependence of the DVCS cross sectidn/dt, is found to be well approximated by an
exponential forme="!!l; this parametrisation is used throughout the paper. handWW de-
pendences of are studied. A parametrisation of the obser¢¥ddependence df is used to
constrain the normalisation of the pQCD predictions base@®Ds. The validity of the skewed
evolution equations is tested. The geometric scaling ptppé DVCS is also investigated and
the cross section is compared with dipole model predictidhge scaling property is studied for
the first time for different values af

2 Experimental Conditionsand Monte Carlo Simulation

A detailed description of the H1 detector can be found in.[X8re, only the detector compo-
nents relevant for the present analysis are described. éslaisght-handed coordinate system
with the z axis along the beam direction, the: or “forward” direction being that of the outgo-
ing proton beam. The polar angles defined with respect to theaxis and the pseudo-rapidity
is given byn = —Intanf/2. The SpaCal [20], a lead scintillating fibre calorimeteryers
the backward regionl$3° < # < 176°). Its energy resolution for electromagnetic showers
iso(E)/E ~ 71%/+/E/GeV @ 1%. The liquid argon (LAr) calorimeterd{ < 6 < 154°)

is situated inside a solenoidal magnet. The energy resalditir electromagnetic showers is
o(E)/E ~ 11%/+/E/GeV as obtained from test beam measurements [21]. The main compo
nent of the central tracking detector is the central jet dbemCJC 20° < 6 < 160°) which
consists of two coaxial cylindrical drift chambers with @gr parallel to the beam direction.
The measurement of charged patrticle transverse momenéaf@ped in a magnetic field of
1.16 T, which is uniform over the full tracker volume. The innersh@roportional chamber
CIP 9° < 0 < 171°) is used in this analysis to complement the CJC in the baackwegion
for the reconstruction of the interaction vertex. The fardvenuon detector (FMD) consists of
a series of drift chambers covering the rarigeé < n < 3.7. Primary particles produced at
largern can be detected indirectly in the FMD if they undergo a seaondcattering with the
beam pipe or other adjacent material. Therefore, the FMB&slun this analysis to provide
an additional veto against inelastic or proton dissootagivents. The luminosity is determined
from the rate of Bethe-Heitler processes measured usinigaroater located close to the beam
pipe atz = —103 m in the backward direction.

A dedicated event trigger was set up for this analysis. laseol on topological and neural
network algorithms and uses correlations between elecigoetic energy deposits of electrons
or photons in both the LAr and the SpaCal [26]. The combingmér efficiency is close to
100%.

Monte Carlo (MC) simulations are used to estimate the baxkugt contributions and the
corrections that must be applied to the data to account édiriite acceptance and the resolution
of the detectors. Elastic DVCS eventsdn collisions are generated using the Monte Carlo
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generator MILOU [22], based on the cross section calculatiom [23] and using &-slope
parameteb = 5.45 GeV 2, as determined in this analysis (see sedfioh 5.1). Inel&iCS
events in which the proton dissociates into a baryonic sy$teare also simulated with MILOU
setting thet-slopeb,;ss to 1.2 GeV 2, as determined in a dedicated study (see seltion 3). The
Monte Carlo program COMPTON 2.0 [24] is used to simulatetelasd inelastic BH events.
The background source of diffractive meson events is sitedlasing the DIFFVM Monte
Carlo [25]. All generated events are passed through a ddtaimulation of the H1 detector
and are subject to the same reconstruction and analysis abdhe data.

3 Event Sdlection

In elastic DVCS events, the scattered electron and the plaotthe only particles that should
give signals in the detector [8]. The scattered proton essapdetected through the beam pipe.
The selection of the analysis event sample requires theesedtelectron to be detected in the
SpaCal and the photon in the LAr. The energy of the scattelettren candidate must be
greater thari5 GeV. The photon is required to have a transverse mometuabove2 GeV
and a polar angle betwee®° and 145°. Events are selected if there are either no tracks at
all or a single central track which is associated with theétecad electron. In order to reject
inelastic and proton dissociation events, no further gndegposit in the LAr calorimeter larger
than1 GeV is allowed and no activity above the noise level shoulgpiesent in the FMD.
The influence of QED radiative corrections is reduced by duriirement that the longitudinal
momentum balancé& — P, be greater thad5 GeV. Here,FE denotes the energy and the
momentum along the beam axis of all measured final stateclgsti To enhance the DVCS
signal with respect to the BH contribution and to ensure gelaacceptance, the kinematic
domain is restricted t6.5 < Q? < 80 GeV? and30 < W < 140 GeV.

The selected analysis sample conta@Bs8 events. It is dominated by elastic DVCS events,
but also contains contributions from the elastic BH proaess from the BH and DVCS pro-
cesses with proton dissociatiT,p — e~ 7Y, where the baryonic systein of massMy is
undetected. These background contributions are studigdtimer detail. A control sample of
BH events is selected. For this sample, it is required theagtectron be detected in the LAr and
the photon in the SpaCal (see [8] for more details). The COBIRMC describes accurately
the normalisation and the shapes of the distributions okitieematic variables for these events.
The deviations are withi%, and this value is used subsequently as an estimate foy¢he s
tematic uncertainty on this contribution. A second consample dominated by inelastic BH
and DVCS processes is obtained by selecting events withhalsigthe FMD. After subtract-
ing the inelastic BH contribution, as estimated from the GOINDN MC, this sample allows
the normalisation of the inelastic DVCS process to be datexch Within the model used in
MILOU [22], the normalisation of the inelastic contributics directly related to the exponential
t-slope parameter. The measured event yield corresponasexponentiat distribution with
a slope ofl.2 GeV~2 which is subsequently used in the simulation of inelastidd®vevents.
The corresponding contribution of proton dissociationhie &nalysis event sample is found to
be16 + 5%. Other backgrounds from diffractiveand¢ production with decay modes to final
states including photons are estimated to be negligiblaerkinematic range of the analysis.



Contamination from processes with low multiplicity production was also investigated and
found to be negligible.

The reconstruction method for the kinematic variali@sz andW relies on the measured
polar angles of the final state electron and photon (douldéeanethod) [8]. The variableis
approximated by the negative square of the transverse mameaf the outgoing proton. The
latter is computed from the vector sum of the transverse mbenaf the final state photcﬁn

and of the scattered electrciae: t~ —|I3T7 + I3TE 2 . The resolution of the reconstruction lies
in the range).08 to 0.22 Ge\~.

Distributions of selected kinematic variables are presgbiri figure_l for the analysis sam-
ple. The MC expectations of the different processes areditgayed. Each source is nor-
malised to the data luminosity. A good description of thepghand normalisation of the mea-
sured distributions is observed.

4 Cross Section Determination and Systematic Uncertainties

The DVCS and BH contributions dominate in the analysis psasee. In addition, an interfer-
ence term contributes to the cross section due to the ideéfiti@l states of both processes. In
the leading twist approximation, the main contributiorutéag from the interference of the BH
and DVCS processes is proportional to the cosine of the ahmhangle of the phottﬂﬁl, 27].
Since the present measurement is integrated over this,dhgleontribution of the interference
term is estimated to be small (beld®o). The DVCS cross section;p — ~yp, is evaluated in
each bin with the bin centre value§?, W, t;, from the total numbeN?" of data events in the
analysis sample using the expression

NiObS . NZ»BH - Nip—diss
opves(QF, Wi, t;) = ( ADVCS ) - opves(@QF Wists). (2)

The other numbers in this equation are calculated using t@esivhulations described in sec-
tion 2. NBY denotes the number of BH events (elastic and inelastic)nstoacted in bin,
NP~9% the number of inelastic DVCS background eve€8Y S the number of DVCS events
computed from the elastic DVCS MC and, . is the theoretical DVCS cross section used
for the generation of DVCS MC events. The measured crosgsdstthus directly corrected
for detector inefficiencies and acceptances and is exgtessach bin centre value.

The mean value of the acceptance, defined as the number of Bifsaeconstructed in a
bin divided by the number of events generated in the samésbin% over the whole kinematic
range and reach&8% for the highest bin. The systematic errors of the measured DVCS cross
section are determined by repeating the analysis afteyimgpto the MC appropriate varia-
tions for each systematic source. The main contributionesfrom the acceptance correction
factors calculated by varying thteslope parameter set in the elastic DVCS MCb8%. The
uncertainty on the number of elastic DVCS events lost by p@ieation of the FMD veto is

1The azimuthal angle of the photon is defined in the protonfraste as the angle between the plane formed
by the incoming and scattered electron and that formed byithel photon and the scattered proton.
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modelled by al% variation of the FMD efficiency. Both error sources togett@sult in an er-
ror of 10% on the measured elastic DVCS cross section. The uncertaiated to the inelastic
DVCS background is estimated from the variation oftidope parameter b35% around the
nominal value ofh = 1.2 GeV 2. The resulting error on the cross section amounts¥oon
average and reachés% at hight. The uncertainties related to trigger efficiency, photamnid
tification efficiency, radiative corrections and the suttien of BH background and luminosity
measurement are each in the range &b 4%. The total systematic uncertainty of the cross
section amounts to aboi$% and is dominated by correlated errors.

5 Resultsand Interpretations

5.1 Cross Sections and ¢-dependence

The complete DVCS sample is used to extractielependence of the DVCS cross section
expressed af)? = 8 Ge\? as well as the)? dependence d’ = 82 GeV. The results are
displayed in figur€l2 and are in agreement within errors wWithgrevious measurements [8, 9].
The steep rise of the cross section withis an indication of the presence of a hard underlying
process [28]. The corresponding cross section measursmenshown in tableg 1.

Next, thelW dependence of the DVCS cross section is determined for Heqg@rate ranges
of Q? and shown in figur€]3(a). The corresponding cross sectiorsunements are given in
table[2. A fit of the formi¥? is performed to the cross section in eaghrange. Figurél3(b)
presents thé values obtained as a function f. It is observed that is independent of)?
within the errors. Using the complete analysis sample, #heaofs expressed ap? = 8 GeV*
is found to be).74 + 0.11 + 0.16, where the first error is statistical and the second sysiemat

The differential cross section as a functionta$ displayed in figurels|4(a) and (b) for three
values of(Q?> and W, respectively. Fits of the formio/dt ~ ="l are performed taking into
account the statistical and correlated systematic erttoey;describe the data well. The derived
t-slope parameter(Q?) and b(WW) are displayed in figurels 4(c) and (d), respectively. The
cross section values and the results fdn each@? and W bin are given in tabl€]3. This
analysis extends the study of the evolutior @fith Q? to larger values than in the previous H1
measurement [8]. Thi®? dependence can be parametrised [30] as

b(Q?) = A (1 - Blog(Q*/(2 GeV?))). 3)

Fitting this function to the measurédvalues of the present data and to the value obtained at
Q? = 4 GeV’ in the previous H1 publication [8] yieldd = 6.98 + 0.54 GeV? and B =

0.12 £+ 0.03. The systematic errors and their point to point correlaiaere taken into account

in the fit, resulting in a correlation coefficient betwedrand B of p,5 = 0.92. As shown in
figure[4(c) the fit function provides a good description of teasured values over the whole

Q? range. The values df as a function ofi¥ are measured for the first time and shown in
figure[4(d). No significant variation éfwith 1/ is observed.

Using the complete analysis sample, the valué ekpressed af)? = 8 GeV is found
to be5.45 + 0.19 £+ 0.34 GeV 2, where the first error is statistical and the second system-
atic. Following [2, 6], thist-slope value can be converted to an average impact paraofeter
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/< r2 > = 0.65 =+ 0.02 fm. It corresponds to the transverse extension of partarsjmhted
by sea quarks and gluons for an average value 1.2 10~3, in the plane perpendicular to the
direction of motion of the proton. This value is related te #ize of the core of the proton with
no account of the peripheral soft structure.

5.2 QCD Interpretation in Termsof GPDs

The determination df(Q?) described above can be used to study@Aevolution of the GPDs.
The DVCS cross section integrated over the momentum trahsén be written [23] as

[ZmA(v*p — 7p)i=o(Q% W)* (1 + %)
167 b(Q?, W) ’

opves(Q*, W) = 4)
whereZmA(v*p — vp)—o(Q?, W) is the imaginary part of the*p — ~p scattering amplitude
att = 0 andp? is a small correction due to the real part of the amplitudethinfollowing, p
is determined from dispersion relations [11] to pe= tan(5w(Q?)). The coefficients(Q?)
describes the power governing thHé dependence of DVCS at a givé)t. It is taken from the
corresponding power of the rapid rise of the proton strecfunctionF; at lowz (Fy ~ z7%)
[31], assuming that it is sufficiently close to the one in DV the GPD formalism, the
amplitude A(y*p — vp):—o is directly proportional to the GPDs. As shown in the pregiou
section, the))? dependence of theslopeb is non-negligible. Therefore, thg? evolution of
the GPDs themselves is accessed by removing this variatiéf(3). For this purpose, the
dimensionless observabfeis defined as

_ [|opves Q' b(Q?)

Using the parametrisationl(3) fo(Q?), S is then calculated for eaah? bin from the cross sec-
tion measurements of this analysis (tdble 1) and from thb#eeqrevious H1 publication [8].
The uncertainties on the parametersand B of (3) are directly propagated to determine the
error onb(Q?) at any givenQ? value. The results fof are presented in figufé 5(a) together
with the prediction of a GPD model [30], based on the PDFsmatasation given in [32]. It is
observed that the pQCD skewed evolution equations [3—5jigeca reasonable description of
the measured weak rise 6fwith Q2.

The magnitude of the skewing effects present in the DVCSgs®can be extracted by
constructing the ratio of the imaginary parts of the DVCS B amplitudes. At leading order
in g, thisratioR = Zm A (v*p — vp)i—o/Im A (v*p — v*p)i=o IS equal to the ratio of the
GPDs to the PDFs. The virtual photon is assumed to be maiahstersely polarised in the
case of the DVCS process due to the real photon in the fin& atat therefore has to be taken
as transversely polarised in the DIS amplitude too. Theesgion forR as a function of the
measured observables can be written as

4 \/7r opves b(Q?) _ \/UDVCS Q" b(Q?)
or(y'p—= X) /1402  VrlapuFr(z,Q2) /1 +p?)

R =

(6)



using the relatiowr (v* p — X) = 4n?apy Fr(z, Q?)/Q? with agy = 1/137. R is evaluated
taking Fr = F, — F}, from the QCD analysis presented in [33] and using the pardsagon [3)
for b(Q?). The measured values of the rafibfor each@? bin are shown in figurl5(b) and
compared with the calculation based on the GPD model prabiosi80]. The typical values
of R are aroun@®, whereas in a model without skewidgywould be equal to unity. Therefore,
the present measurement confirms the large effect of skevinGPD models, two different
effects contribute to skewing [3-5]: the kinematics of théd% process and th@? evolution
of the GPDs. The data are compared to a model which takeslmfptmer effect into account.
The result of this incomplete model is represented by a dditte in figure[5(b). The present
measurements show that such an approximation is not sufftaeeproduce the total skewing
effects observed in the data.

5.3 Geometric Scaling

As discussed in sectidn 1, the dipole model represents anpdssible theoretical approach to
describe the DVCS reaction. Itis therefore interestingsb if the present DVCS measurements
obey the geometric scaling laws predicted by such models.

In the following study parameters of the dipole model areetakom an analysis of the
total DIS cross section [14, 18]. The saturation s€lér) = Qo(zo/z)~*/? is evaluated using
Qo = 1GeV,\ = 0.25 andz, = 2.7 10°°. The DVCS cross section measurements listed in
table[2 and those from the previous H1 publication [8] whidhraeasured at differe®? and
r = QQ?/W? values can be represented as a function of the single varigske equatiori{l)).
The result is shown in figurig 6(a). All of the cross section soe@ments appear to be well
aligned on a single curve as a functionrofTherefore the DVCS data are compatible with the
geometric scaling law. The dipole model of [12, 14] is algoresented in figurlel 6(a) and gives
a good description of the cross section measurements avepothplete range of.

The dependence of the DVCS cross section @also studied at four different valuestof
For this purpose, the cross section is measured diffetlritiat for three values ofV and two
ranges ofQ? (6.5 < Q? < 11 GeV? and11 < @Q? < 80 Ge\?), as listed in tablgl4. Keeping
the same paramete€,, A\ andx, as previously defined, each value of the differential cross
section is again represented as a functiom.ofrhe results are shown in figuré 6(b), together
with the predictions of the dipole model [12, 14]. For thesedictions, the-dependence is
factorised out as~"*/, where the global-slope parametérmeasured in sectidn 5.1 is used. A
reasonable description of the DVCS cross section valudgeifourt bins is observed, with the
same saturation scalg; () used in all cases.

6 Conclusion

The cross section for deeply virtual Compton scattefihg— ~vp has been measured with the
H1 detector at HERA. The analysis uses ¢he data recorded ia005 and2006 corresponding
to a luminosity of145 pb~!, four times larger than in the previous H1 publication [8]heT
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measurement is performed in the kinematic rafige< Q? < 80 GeV?, 30 < W < 140 GeV
and|t| < 1 Ge\ .

The W dependence of the cross section is well described by a tmidt’. No significant
variation of the exponent as a function of? is observed. For the total sample a vabue-
0.74 + 0.11 + 0.16 is determined. The steep rise of the cross section Witimdicates a hard
underlying process. Thiedependence of the cross section is well described by tine ot
with an average slope 6f= 5.4540.19 4 0.34 GeV 2. This value corresponds to a transverse
extension of sea quarks and gluons in the protogyef 2. > = 0.65 & 0.02 fm. Thet-slopes
are determined for the first time differentially v with no significant dependence observed.
The study of thel? dependence df is extended to significantly largep? values compared
to previous measurements. The slopes found in the presafyseand in the previous H1
publication are in agreement with a slow decreaskasf a function of)?.

The measurement ¢fQ?) obtained in the present analysis is used to constrain thraler
isation and@? dependence of theoretical predictions based on GPDs. duisdfthat a GPD
model reproduces well both the DVCS amplitude and its wesdwith(?. The skewing ef-
fects have been investigated and are found to be large, @&stexbin GPD models. Another
approach based on a dipole model including saturation tsffgedicts that the cross section
can be approximated by a function of the single variable; Q?/Q?(z) whereQ,(z) is the
saturation scale. The present measurement of the DVCSs®osen is found to be compatible
with such a geometric scaling using the same parametersigsdal&om inclusive DIS. For the
first time, this scaling property is observed for differeatues oft.
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Q2 [GGVQ] Opvces [Hb] W [GGV] Opvces [Hb]
8.75 3.59 +£0.21 =£0.41 45 291 +£0.20 =£0.25
15.5 1.38 £0.10 +0.21 70 3.96 +£0.32 £0.37
25 0.58 +£0.09 =£0.09 90 478 +£041 £0.57
95 0.13 £0.03 +£0.04 110 5.95 £0.57 £0.88
130 6.6 £1.17 £1.77

Table 1: The DVCS cross sectiarp — vp, opyes, as a function of)? for W = 82 GeV and
as a function ofV for Q* = 8 GeV?, both for|t| < 1 GeVZ. The first errors are statistical, the
second systematic.

Opvcs [Hb]
W [GeV] Q? = 8 Ge\? Q% = 15.5 Ge\2 Q2 = 25 Ge\2
45 260 =024 4+£0.241094 £+0.10 £0.101(0.35 +£0.13 +£0.07
70 3.15 £040 +£033|154 £0.17 +£0.1410.36 £0.10 £0.05
90 525 £0.55 £055]095 £020 £0.17]0.83 +£0.18 =+0.09
110 511 +£0.71 +£0.76 1169 +£031 =+0.33|090 +£0.23 =+0.18
130 588 +£189 +126|206 +£051 +=056|090 +£036 =+=0.32

Table 2: The DVCS cross sectiorip — vp, opves, as a function ofV for three@? values.
The first errors are statistical, the second systematic.
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dopyes/dt [nb/GeV?]

W =82 GeV

It [GeV?] Q? =8 GeV? Q? =15.5 GeV Q? =25 Ge\?
0.10 13.1 +1.10 +185[437 +047 +086|1.41 +040 =+ 0.43
0.30 469 +045 +0.55]1.02 +0.16 +0.18|0.71 +0.16 =+ 0.08
0.50 1.37 +0.21 +023]049 +0.08 +0.08]0.28 +0.07 +0.04
0.80 0.19 +0.04 +0.06|0.12 +0.02 +0.02|0.04 +0.01 +0.02

| b[GeV™?] [ 584 +030 +0.35]|5.16 +0.26 +0.30 509 +0.55 =+0.60
Q? =10 GeV?

It [GeV?] W = 40 GeV W =170 GeV W =100 GeV
0.10 499 +066 +054|778 +0.69 +0.87|109 +1.14 +2.36
0.30 1.45 +0.29 +0.18|274 +031 +030]|347 +042 +0.53
0.50 049 +0.14 +0.08/081 +0.14 +0.111.49 +0.21 +0.24
0.80 0.12 +0.03 +0.0310.19 +0.03 +0.03|/0.19 +0.04 +0.06

| b[GeV?] | 540 +£040 +0.25]534 +£025 +027[548 +0.31 +0.45

Table 3: The DVCS cross sectiofip — vp, differential int, dopycs/dt, for three values of
Q? atW = 82 GeV, and for three values &F at(? = 10 GeV?. Results for the corresponding
t-slope parametelisare given. The first errors are statistical, the second syate.

dopyes/dt [nb/GeV?]

Q? = 8 GeV?

It [GeV?] W = 40 GeV W =170 GeV W =100 GeV
010 [810 £122 +0.82[10.0 £1.30 +£1.27|16.0 +£211 +£2.74
030|230 +£0.54 +0.28|435 +£0.63 +046|545 +£0.80 £0.73
0.50 | 045 £0.22 £0.10|1.08 £0.27 £0.17|1.96 £041 £0.35
0.80 | 0.16 +£0.06 +£0.03]|0.13 £0.06 +0.04|0.21 £0.09 =+0.08

Q? = 20 GeV?

It [GeV?] W = 40 GeV W =170 GeV W =100 GeV
0.10 [1.06 +£028 +£0.28[238 £029 +0.26[298 £0.49 +0.85
030 |0.33 £0.07 £0.07|0.67 +£0.12 +0.07|0.89 £0.17 £0.17
0.50 |0.22 £0.06 +£0.06|0.24 £0.05 +0.03|044 £0.08 =£0.08
0.80 |0.04 £0.01 £0.01]0.07 £0.01 £0.02|0.06 =+0.02 =0.02

Table 4: The DVCS cross sectiofip — ~p, differential int, dopycs/dt, for three values of
W extracted in twap)? intervals:6.5 < Q? < 11 GeV? and11 < Q? < 80 GeV?, corrected to
the central values af? = 8 GeV? and20 Ge\?, respectively. The first errors are statistical, the
second systematic.

15



L) c 4 HlData L & HlData
EGOO__Hl == MC Sum ©1200 [~ = ¢ sum H1
g E [ pbvcs 0>J - [ bvcs
|11 500 Il BH (111000 [~ I BH
E DISS. P C
400 E_ (a) 800 :—
300 - 600
200 400
100 - 200
20 21 22 23 24 25 26 27 28 29 30 160 164 168 172 176
E, [GeV] 8, [deg]
2] H1 & HlData N600F ¢ Hipata H1
€ 600 —— MC Sum c F = MCsum
o [ pbvcs ¥ 500 - 1 pves
1T - BH | C - BH
500 DISS. P e
400 —
400 (c) -
300 —
300 C
200 200
100 100 :_
02 8
E, [GeV] 6, [deg]
0 4 H1Data ] - H1Data
E Hl —— MC Sum E Hl —— MC Sum
g 800 1 pves <|>) 1 pves
1T - BH | o - BH
DISS. P 10° & DISS. P
600
(e)

107 §

20 25 30 35 40 ) : :
M., [GeV] It| [GeV?]

Figure 1: Distributions of the energy (a) and polar angleoflihe scattered electron, the energy
(c) and polar angle (d) of the photon, the electron-photeariant mass (e) and the proton four
momentum transfer squaréd (f). The data are compared with Monte Carlo expectations for
elastic DVCS, elastic and inelastic BH and inelastic DVCG®é@led DISS. p). All Monte Carlo
simulations are normalised according to the luminosityhefdata. The open histogram shows
the total prediction and the shaded band its estimated tamaty
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Figure 2: The DVCS cross section as a functiod)éfat 1/ = 82 GeV (a) and as a function of
W at@Q? = 8 GeV? (b). The results from the previous H1 and ZEUS publicatiéh9] based
on HERA | data are also displayed. The inner error bars reptébe statistical errors, the outer
error bars the statistical and systematic errors addedadrqture.
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Figure 3: The DVCS cross section as a functioiofat three values of)? (a). The solid lines
represent the results of fits of the fofi#i’. The fitted values of(Q?) are shown in (b). The
inner error bars represent the statistical errors, ther eater bars the statistical and systematic
errors added in quadrature.
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Figure 4: The DVCS cross section, differential infor three values of)? expressed at
W = 82 GeV (a) and for three values &F at Q?> = 10 GeV? (b). The solid lines in (a) and
(b) represent the results of fits of the foen?!’l. The fittedt-slope parameterg()?) are shown

in (c) together with the-slope parameters from the previous H1 publication [8]. d@hshed
curve in (c) represents the result of a fit to ti€?) values using a phenomenological function
as described in the text. In (d) the fittedlope parametelg1V’) are shown. The dashed line in
(d) corresponds to the average value 5.45 GeV 2, obtained from a fit to the complete data
sample of the present measurement. The inner error baesesyirthe statistical errors and the
outer error bars the statistical and systematic errorschoidguadrature.
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Figure 5: The observable$ and R (see text), shown as a function f in (a) and (b), re-
spectively. The results from the previous H1 publicatiohj&sed on HERA | data are also
displayed. The inner error bars represent the statistioaise the outer error bars the statistical
and systematic errors added in quadrature. The dashedsahges the predictions of the GPD
model [30, 32]. In (b), the dotted curve shows the predicdba GPD model based on an ap-
proximation where only the kinematical part of the skewiffgas are taken into account (see
text).
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Figure 6: DVCS cross section measurements as a functioneothling variabler =
Q?*/Q?(x). In (a) the results are shown for the fulrange|t| < 1 GeV? and in (b) at four
values oft. The cross section measurements from the previous H1 jatibinc[8] are also
shown in (a). The inner error bars indicate the statistioars, the outer error bars the statis-
tical and systematic errors added in quadrature. The dashreds represent the predictions of
the dipole model [12, 14].
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