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Abstract

A measurement of elastic deeply virtual Compton scatteyiizg— ~p usinge™p and
e~ p collision data recorded with the H1 detector at HERA is pnés#. The analysed
data sample corresponds to an integrated luminosit06fpb~', almost equally shared
between both beam charges. The cross section is measurddragian of the virtuality
Q? of the exchanged photon and the centre-of-mass erigigyf the v*p system in the
kinematic domair6.5 < Q% < 80 GeV?, 30 < W < 140 GeV and|t| < 1 GeV?, where
t denotes the squared momentum transfer at the proton vartexcross section is deter-
mined differentially int for differentQ? and values and exponentigislope parameters
are derived. Using™p ande™p data samples, a beam charge asymmetry is extracted for
the first time in the low Bjorken: kinematic domain. The observed asymmetry is attributed
to the interference between Bethe-Heitler and deeplyali@ompton scattering processes.
Experimental results are discussed in the context of twierdifit models, one based on
generalised parton distributions and one based on thesdgpgroach.
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1 Introduction

Measurements of the deep-inelastic scattering (DIS) dblegpand nucleons allow the extrac-
tion of Parton Distribution Functions (PDFs). While thesadtions provide crucial input to

perturbative Quantum Chromodynamic (QCD) calculatiohsytdo not provide a complete
picture of the partonic structure of nucleons. In particUP®Fs contain neither information on
the correlations between partons nor on their transvemsgasgistribution.

Hard exclusive particle production, without excitationdissociation of the nucleon, have
emerged in recent years as prime candidates to addressgbese [1-7]. Among them, deeply
virtual Compton scattering (DVCS) on the protoyif — ~p) is the simplest. The DVCS
reaction can be regarded as the elastic scattering of theaviphoton off the proton via a
colourless exchange, producing a real photon in the fing.sta the Bjorken scaling regime,
corresponding to large virtualit®)? of the exchanged photon amd/Q? < 1, wheret is the
squared momentum transfer at the proton vertex, QCD caiocntaassume that the exchange
involves two partons in a colourless configuration, haviifigeent longitudinal and transverse
momenta. These unequal momenta, or skewing, are a conseqoéthe mass difference
between the incoming virtual photon and the outgoing reat@hand may be interpreted in the
context of generalised parton distributions (GPDs) or @iganplitudes, respectively. In basic
terms, a GPD (off-diagonal parton distribution) is the siéion amplitude for removing a parton
from the fast moving proton and reabsorbing it with a diffarmomentum, thereby imparting
a certain momentum transfer to the proton. In the dipole@ggr the virtual photon fluctuates
into a colour singleyg pair (or dipole) of a transverse size~ 1/, which subsequently
undergoes hard scattering with the gluons in the proton.¢Idependence of the DVCS cross
section carries information on the transverse momentunabps.

In the kinematic range of the HERA collider, where DVCS isessed through the reaction
efp — etyp [8-12], the DVCS amplitude is mainly imaginary [2], whileetithange of the
amplitude with energy gives rise to a small real part. Theten also receives a contribution
from the purely electromagnetic Bethe-Heitler (BH) pragashere the photon is emitted from
the electron. The interference between DVCS and BH proseat®vs the extraction of the
real part of the amplitude. In addition, the real part of th&d> amplitude can be related to its
imaginary part using dispersion relations. In the high gndéimit at low momentum fraction
x, the dispersion relations take a simple form [13] which dserefore be used for the DVCS
process to verify the consistency between measuremertige oéal and imaginary parts of the
amplitude.

This paper presents a measurement of DVCS cross sectionfuast®n of Q? and the
v*p centre-of-mass energyy/. The single differential cross sectialy/dt is also extracted.
The data were recorded with the H1 detector in the y2aid to 2007, during which period
HERA collided protons 0H20 GeV energy with27.6 GeV electrons and positrons. The total
integrated luminosity of the data 86 pb~'. The data compris&62 pb~' recorded ine*p
and144 pb~! in e~p collisions. During this HERA Il running period, the eleatfiheam was
longitudinally polarised, at a level of typicalBs%. For this analysis, the periods with left-
handed and right-handed beams are combined and the andbtseshmples have a left-handed

L In this paper the term “electron” is used generically to rédeboth electrons and positrons, unless otherwise
stated.



residual polarisation of% and 5% for e*p ande p collisions, respectively. Cross section
measurements are carried out in the kinematic rahge< Q? < 80 GeV?, 30 < W <

140 GeV and|t| < 1 Ge\?. The range it ~ Q*/W? of the present measurement extends
from 5 - 10~* to 102. The cross section measurements of this analysis supeisesie of a
previous H1 publication [8], in which less than half of thegpent HERA |l data was used. Itis
complementary to measurements performed at I@Weusing HERA | data [10]. In addition,
using both beam charges, the beam charge asymmetry of éréeneince between the BH and
DVCS processes is measured for the first time at a collider.

2 Theoretical Framework

In this paper, cross section measurements are compareddicgowns based either on GPDs
or on a dipole approach. At the present level of understandire pure GPD approach and
dipole models, based on the proton-dipole amplitude, ateamenected. However, in the low
x domain, dipole amplitudes could be used to provide paramat®ns for GPDs at a certain
scale [14]. In this context, the DVCS process is interesimgalculations are simplified by the
absence of an unknown vector meson wave function. The GPRih@ldused here has been
shown to describe previous data. It is based on partial wgvaresions of DVCS amplitudes and
is a first attempt to parametrise all GPDs over the full kineordomain. The dipole model [15],
with a limited number of parameters, describes a large peErlelv  measurements at HERA,
from inclusive to exclusive processes. In this model, nyairding the gluon density extracted
from fits to F; data, the DVCS cross section is computed using a univensaledamplitude.

For GPD models, a direct measurement of the real part of the P&mplitude is an impor-
tant issue, as it gives an increased sensitivity to the patensation of the GPDs [2, 6]. Indeed,
a calculation of the real part of the DVCS amplitude requagsarametrisation of the GPDs
over the fullz range. Considering the large flexibility in the parametdrs of the GPDs, this
is an important quantity to qualify the correct approachv@PDs. In the dipole approach, as
the dipole amplitude refers only to the imaginary part, thegnitude of the real part can be
predicted using a dispersion relation.

In high energy electron-proton collisions at HERA, DVCS @td processes contribute to
the reactiore®™p — e*+yp. The BH cross section is precisely calculable in QED. Sihesé two
processes have an identical final state, they interfere sgjhared photon production amplitude
is then given by

|A|2 = |ABH|2 + |ADVCS|2 + Apves Apy + Abyes ABH/: (1)
b

where A, is the BH amplitude A, s represents the DVCS amplitude ahdlenotes the
interference term. In the leading twist approximation,ititerference term can be written quite
generally as a linear combination of harmonics of the azmalanglep. As defined in [2]¢ is
the angle between the plane containing the incoming andmgdeptons and the plane formed
by the virtual and real photons. For an unpolarised prot@mband if only the first harmonic



in cos ¢ andsin ¢, which are dominant at low [6], are considered, the interference tefroan
be written as

I xx —C'lay cos p ReApyes + as P sin ¢ ImApyes), 2

whereC' = +1 is the charge of the lepton bea, its longitudinal polarisation and, anda,

are functions of the ratio of longitudinal to transversduat photon flux [1-6]. Cross section
measurements which are integrated ay@re not sensitive to the interference term. The mea-
surement of the cross section asymmetry with respect toghentcharge as a function of
allows to access the interference term. The beam chargenastyyn(BCA) of the cross section

is defined as

dot/d¢ — do~ /de
Acld) = 4= /d + do=/d’

3)

wheredo™ /d¢ anddo~ /d¢ are the differentiabp — epy cross sections measuredehp and
e p collisions, respectively.

Considering the low residual polarisation of the data amdtheoretical expression af
andas [2], a; > ay P, and the contribution of then ¢ term is neglected. Thereford(¢) can
be expressed as

ReApyes
|Apves|? + |Apr|?

Ac(¢) = picosd = 2Apy cos ¢. 4)

The term/Apycs|? can be derived directly from the DVCS cross section measeméimyy cs =
|AZ 5|/ (167b), whereb is the slope of the exponentiatiependence™"I* of the DVCS cross
section. As the BH amplitude is precisely known, the measasymmetry is directly propor-
tional to the real part of the DVCS amplitude and the ratioMeein real and imaginary parts
of the DVCS amplitudep = ReApycs/ImApycs, can be extracted. This ratjpcan also
be derived using a dispersion relation [6, 16]. In the higérgy limit, at lowx and when the
W dependence of the cross section is parameterised by a samgld??(@”), the dispersion
relation can be written as [13]

(5)

) 2
P = ReADVCS/ImADVCS = tan (ﬂ- (Q )> .

8

The ratiop can therefore be determined directly from the energy depecelof the DVCS
cross section parameteriseddfy)?). Comparison between thevalues calculated from the en-
ergy dependence of the DVCS amplitude and from its real paretore provides an important
consistency test of the measured BCA.



3 Experimental Conditionsand Monte Carlo Simulation

A detailed description of the H1 detector can be found in [H@ére, only the detector compo-
nents relevant for the present analysis are described. éslaigght-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 = —Intan 6/2.

The SpaCal [18], a lead scintillating fibre calorimeter, @sthe backward regionf3° <
§ < 176°). Its energy resolution for electromagnetic showers(iB)/E ~ 7.1%/\/E/GeV &
1%. The liquid argon (LAr) calorimeterdf( < 6 < 154°) is situated inside a solenoidal
magnet. The energy resolution for electromagnetic showgessFE)/F ~ 11%/\/E/GeV
as obtained from test beam measurements [19]. The main cwnpof the central track-
ing detector is the central jet chamber CID°(< # < 160°) which consists of two coax-
ial cylindrical drift chambers with wires parallel to thedm direction. The measurement of
charged particle transverse momenta is performed in thanetiagfield of 1.16 T, with a res-
olution of op,./Pr = 0.002P;/GeV @ 0.015. The innermost proportional chamber CIP [20]
(9° < 0 < 171°) is used in this analysis to complement the CJC in the baakwegion for
the reconstruction of the interaction vertex. The forwandom detector (FMD) consists of a
series of drift chambers covering the rarge < n < 3.7. Primary particles produced at larger
n can be detected indirectly in the FMD if they undergo a seaondcattering with the beam
pipe or other adjacent material. Therefore, the FMD is usdtiis analysis to provide an ad-
ditional veto against inelastic or proton dissociativergge The luminosity is determined from
the rate of Bethe-Heitler processes measured using are located close to the beam pipe
atz = —103 m in the backward direction.

A dedicated event trigger was set up for this analysis. sl on topological and neural
network algorithms and uses correlations between elecigotic energy deposits of electrons
or photons in both the LAr and the SpaCal [21]. The combiniggdyér efficiency i98%.

Monte Carlo (MC) simulations are used to estimate the baxkut contributions and the
corrections for the QED radiative effects and for the finteepptance and the resolution of the
detectors. Elastic DVCS eventsdp collisions are generated using the Monte Carlo generator
MILOU [22], based on the cross section calculation from [2BH using a-slope parame-
terb = 5.4 GeV~2, as measured in this analysis (see sedtioh 6.1). The phaborisftaken
from [24]. Inelastic DVCS events in which the proton dissdes into a baryonic systemare
also simulated with MILOU setting thieslopeb;,,.; to 1.5 GeV~2, as determined in a dedicated
study (see section 6.2). The Monte Carlo program COMPTONZ5Dis used to simulate
elastic and inelastic BH events. In the generated MC evantinterference between DVCS
and BH processes is included. Background from diffractiesom events is simulated using the
DIFFVM MC generator [26]. All generated events are passealifh a detailed, GEANT [27]
based simulation of the H1 detector and are subject to the saoonstruction and analysis
chain as are the data.



4 Event Sdlection

In elastic DVCS events, the scattered electron and the phar® the only particles that are
expected to give signals in the detector. The scatteredpmredcapes undetected through the
beam pipe. The selection of the analysis event sample esjaiscattered electron and a pho-
ton identified as compact and isolated electromagnetic stwim the SpaCal and in the LAr,
respectively. The electron candidate is required to havenargy abové5 GeV. The photon is
required to have a transverse momentmabove2 GeV and a polar angle between® and
145°. Events are selected if there are either no tracks at all argdescentral track which is
associated with the scattered electron. In order to rapetastic and proton dissociation events,
no further energy deposit in the LAr calorimeter larger thaGeV is allowed and no activity
above the noise level should be present in the FMD. The infilenQED radiative corrections
is reduced by the requirement that the longitudinal momartialancey — P, be greater than
45 GeV. Here E denotes the energy arit] the momentum along the beam axis of all measured
final state particles. To enhance the DVCS signal with resjpethe BH contribution and to
ensure a large acceptance, the kinematic domain is restriot6.5 < Q? < 80 Ge\V? and

30 < W < 140 GeV.

The reconstruction method for the kinematic varialif@sz andWW relies on the measured
polar angles of the final state electron and photon (doubd¢eamethod) [8]. The variable
is approximated by the negative square of the transverseeminmm of the outgoing proton,
computed from the vector sum of the transverse momenta ofirthe state photon and the
scattered electron. The resolution of tlreconstruction varies frof06 at low|¢| to 0.20 GeV?
at highlt|.

The selected event sample contadid3 events ine*p and2794 events ine~p collisions,
respectively. Distributions of selected kinematic valéshare presented in figuré 1 for the full
sample frome*p collisions and compared to MC expectation normalised taltiie luminosity.
A good description of the shape and normalisation of the nredsdistributions is observed.
The analysis sample contains contributions from the el&#CS and BH processes, as well as
backgrounds from the BH and DVCS processes with proton digson,ep — evY’, where the
baryonic systemY” of massMy is undetected. The sum of the latter contributesdta 4% of
the analysis sample, as estimated from MC predictions. gdacinds from diffractives and¢
production decaying to final states with photons are eséchet be negligible in the kinematic
range of the analysis. Contamination from processes withnhuiltiplicity 7° production was
also investigated and found to be negligible.

5 CrossSection and Beam Charge Asymmetry M easurements

The full e*p data sample is used to measure the DVCS cross section it@ggneerp. The sep-
aratee™p ande p data samples are used to measure the beam charge asymmneefonaton

of ¢.

The DVCS cross sectiony*p — ~p, is evaluated in each bihat the bin centre values
2 Wi, t; using the expression



(prs _ NBH _ N_DVCS—inel) .
opves(QF, Wi, t;) = ~— ]\Z[DVCS_J 0 hvos—al@F Wisti), (6)
9

whereN?™ is the number of data events observed inifihe other numbers in this equation
are calculated using the MC simulations described in sefioN*"" denotes the number of
BH events (elastic and inelastic) reconstructed in;bamd normalised to the data luminosity,
NPVES—inel the number of inelastic DVCS background eve¥$,"“*~* the number of elastic
DVCS events and), .., is the theoretical*p — p cross section used for the generation of
DVCS events. The mean value of the acceptance, defined asmfigen of DVCS MC events
reconstructed in a bin divided by the number of events geée@iia the same bin, i80% over
the whole kinematic range, for both beam charges.

The systematic errors of the measured DVCS cross sectiateteemined by repeating the
analysis after applying to the MC samples appropriate tianiafor each error source. The main
contribution comes from the variation of theslope parameter set in the elastic DVCS MC by
+6%, as constrained by this analysis, and4fieuncertainty of the FMD veto efficiency. These
error sources result in an error 8% on the measured cross section. D@6 uncertainty
of the ¢-slope parameter needed to estimate the inelastic DVCSgbahd (see sectidn 6.2)
translates into an error on the elastic cross sectici9©bn average, but reach&z% at hight.
The modelling of BH processes by the MC simulation is cotgblsing the method detailed
in [8] and is attributed an uncertainty 8%6. The uncertainties related to trigger efficiency,
photon identification efficiency, radiative correctiongldaminosity measurement are each in
the range ofl to 3%. The total systematic uncertainty of the cross sectionusmsoto about
12%. A fraction of abouB5% of this error is correlated among bins.

For the BCA measurement, the angles calculated from the reconstructed four-vectors
of the electron and of the photon. MC studies indicate thatrésolution of is in the range
from 20° to 40°. The resolution ofp is limited mainly by the resolution on the photon energy
in the LAr and the resolution on the electron polar angle.ddigon there are large migrations
between the true and the reconstructedfrom 0° to 180°, and vice versa. The asymmetry
Ac(¢) is then determined from the differenti@d — epy cross sectiondo™ /d¢ anddo™ /d¢
using the formulal(3). The cross sectiafis/d¢ are evaluated similarly to*p — ~p cross
section at bin centre values using the expression

obs BH—inel DVCS—inel

(NZ.DVCsfel _i_NiBerl)

do/do(¢;) = : (Ugvcs_el(@) + Ug}{—el(@))a (7)

where N2" ¢ and NP ¢! are the numbers of elastic and inelastic MC BH events, respec
tively, and o), cs_o(¢:) + opy_.(¢:) denotes the sum of the theoretical DVCS and BH
ep — epy Cross sections. Since @s ¢ dependence is expected, events with< 0 and

¢ > 0 are combined, in order to increase the statistical sigmfeaand to remove effects
on the asymmetry of any possibi@ ¢ contribution from the residual lepton beam polarisation.
The systematic error on the BCA measurement mainly ariges the part of the LAr photon
energy scale uncertainty which is correlated betweenr theande~p samples, estimated to be
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0.5%. It leads to sizeable systematic errors on the measurednasiry for¢ close to0° and
180°.

In a first step, the interference term between DVCS and BHga®es, which is not known
a priori, is not included in formuld (7). In order to simuldte interference term, an asym-
metry of the formp; cos ¢ is added to the MC generation and passed through the fulttete
simulation and analysis chain to account for all acceptamtemigration effects from true to
reconstructed values. Similarly to the data, formuldg (7) and (3) are usedetermine the
reconstructed asymmetry corresponding to these MC evdntsletermine the value gf;, a
x? minimisation is performed as a function pf to adjust the reconstructed asymmetry in the
MC to the measured one. MC events generated usingthialue are then used to correct the
measured asymmetry for the effect of migrations. Bin by leimection factors are determined
from the difference between the true and the reconstrusgametry in the MC.

6 Resultsand Interpretations

6.1 Cross Sections and ¢-dependence

The measured DVCS cross sections as a functidiv dér |t| < 1 GeV? and atQ? = 10 Ge\?
as well as the)? dependence df/ = 82 GeV are displayed in figuid 2 and given in table 1.
They agree within errors with the previous measurement0f812]. The data agree also with
models based on GPDs [6] or the dipole approach [15]. DVCSscsections foetp ande™p
data are also found in good agreement with each other. Aailrdiscussed in [8], the steep
rise of the cross section witly is an indication of the presence of a hard underlying process

TheW dependence of the cross section for three separate bipsisfshown in figuré13(a)
and given in tablél2. A fit of the functiol? is performed in eacly? bin. Figure3(b) shows
the obtained values. It is observed thatis independent of)? within the errors. The average
valué § = 0.63 £ 0.08 £ 0.14isin agreement with the previous measurement [8], as well as
with the value ofy = 0.52 4 0.09 (stat.) measured by the ZEUS Collaboration at a lo@eof
3.2 GeV? [12].

Differential cross sections are measured as a functionfof three values of)? and W
and presented in tablé 3. Fits of the forim/d|t| ~ ¢!, which describe the data well [8],
are performed taking into account the statistical and tated systematic errors. The derived
t-slope parameter Q%) andb(WW) are displayed in figures 4(a) and (b), respectively. They
confirm the result obtained in a previous analysis [8] and igaificant variation ofb with
W is observed. Experimental results are compared with caionls from GPD and dipole
models [6, 15]. A good agreement is obtained for bdtrandQ? dependences of theslopes.

It should be noted that in the GPD model previous data of [Bat® used to derive th@?
andW dependences @&f while no DVCS data enter in the determination of parameiéthe
dipole model. Ifb is parametrised ds= b, + 2¢/ In 1, with 2 = Q* /W2, the obtained’ value
is compatible with) and an upper limit o’ of 0.20 GeV~2 at 95% confidence level (CL) is
derived. This value is compatible with results obtainedfap exclusive electroproduction [28,

2Here and in all other places where results are given the first is statistical and the second systematic.
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29], for which the measured’ is below0.17 GeV 2 at 95% CL. An increase of the slope
with decreasing (shrinkage) is therefore not observed. Such a behaviowpsated for hard
processes and confirms that perturbative QCD can be useddaliEeDVCS processes.

Using the complete analysis sample, the valugisfound to bes.41 + 0.14 + 0.31 GeV 2
at@Q? = 10 GeV”. This corresponds to a total uncertainty68b on the (elastic}-slope mea-
surement for the full data sample. As in [8], thislope value can be converted to an average
impact parameter of/ < r% > = 0.64 £ 0.02 fm. It corresponds to the transverse extension of
the parton density, dominated by sea quarks and gluons favenage value = 1.2 - 1073, in
the plane perpendicular to the direction of motion of theéqmoAt larger values af (z > 0.1),

a smaller value of /< r2 >, dominated by the contribution of valence quarks, is esth§d].

6.2 Inelastic DVCS t¢-dependence

The increased statistical precision compared to previoa$yses allows a first measurement
of the t-slope of the inelastic DVCS process. A sample of events aisignal in the FMD is
selected. It corresponds to events with the mass of the pissociation system/y- in the
rangel.4 to 10 GeV, as derived from MC studies. The contribution of ine@BVCS events

is extracted by subtracting the BH (elastic and inelastig) alastic DVCS contributions, as
estimated from the respective MC expectations. The meddglifierential cross section as a
function oft is presented in figuild 5. A fit of the fordv /d|t| ~ e~b=<l*l yields b, = 1.53 &
0.26 & 0.44 GeV 2. In the present event sample, no indication of a dependédrigg.owith Q?

or W is observed. The obtained value fgf,; is compatible with previous determinations for
inelastic exclusive production @f ¢ [30] and.J/v [29].

6.3 Beam Charge Asymmetry

The contributions of elastic DVCS and BH processes to thé/aisssample are of similar size,

as can be observed in figure 1. This is a favourable situatiothe beam charge asymmetry
measurement, with a maximum sensitivity for the interfeeesterm. The measured BCA inte-
grated over the kinematic range of the analysis and coddotedetector effects, as detailed
in section[b, is presented in figuré 6 and tdble 4. Bin® with a size of the order of the

experimental resolution op are used.

The x? minimisation procedure leads tgpavalue ofp;, = 0.16 & 0.04 & 0.06. The result-
ing function0.16 cos ¢ is displayed in figur€l6é and is seen to agree with the predicifcthe
GPD model for the firstos ¢ harmonic [6]. The measured asymmetry is in good agreement
with the model prediction within experimental errors.

As detailed in sectiohl2, from the measured BCA andjthealue determined above, to-
gether with the DVCS cross section, the rati@f the real to imaginary parts of the DVCS
amplitude can be calculated as= 0.20 + 0.05 £+ 0.08. This is the first measurement of this
ratio. The dispersion relation of equatidn (5) and our mesment of§(Q?) on the other hand
leads top = 0.25 + 0.03 4+ 0.05, in good agreement with the direct determination. Whileéhi t
low x domain of the present measurement, the real part of the D\Wg#itade is positive, in
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contrast, at larger (z ~ 0.1) and lowerQ?, a smaller and negative real part was meaﬁlngzd
the HERMES Collaboration [31].

7 Conclusion

The elastic DVCS cross sectiorip — vp has been measured with the H1 detector at HERA.
The measurement is performed in the kinematic rarge@ < Q? < 80 Ge\?,

30 < W < 140 GeV and|t| < 1 Ge\?. The analysis uses'p ande p data recorded from
2004 to 2007, corresponding to a total integrated luminosity366 pb~!, almost equally shared
between both beam charges. Tiedependence of the DVCS cross section is well described
by a functionW?. No significant variation of the exponefitas a function of)? is observed.
For the total sample a value= 0.63 + 0.08 + 0.14 is determined. The steep rise of the cross
section withI¥V indicates a hard underlying process. TFh#ependence of the cross section is
well described by the forra~*l/ with an average slope éf= 5.41 + 0.14 4+ 0.31 GeV~2. The
t-slopes are determined differentially ¢ and"W and are compatible with previous observa-
tions. Thet-slope is also measured for the inelastic DVCS. The measlastic DVCS cross
section is compared to the predictions of two different met@sed on GPDs or on a dipole
approach, respectively. Both approaches describe thendditaThe use o™ p ande p colli-
sion data allows the measurement of the beam charge asyynofdhre interference between
the BH and DVCS processes, for the first time at a collider. refie p of the real to imaginary
part of the DVCS amplitude is then derived, directly from theasurements of the BCA and of
the DVCS cross section to e= 0.20 4+ 0.05 + 0.08. This ratio can also be calculated from a
dispersion relation using only the DVCS energy dependdaading top = 0.25+0.03+0.05.
Both results are in good agreement. The GPD model consithered 6] correctly describes the
measured BCA as well gs The measurements presented here show that a combinedianaly
of DVCS observables, including cross section and chargeastry, allows the extraction of
the real part of the DVCS amplitude and subsequently a nowagstanding of the correlations
of parton momenta in the proton.
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Q2 [GGVQ] Opvces [Hb] W [GGV] Opvces [Hb]
8.75 3.87 +£0.15 £0.41 45 223 £011 +£0.19
15.5 1.46 £0.07 +0.18 70 292 £0.16 =£0.27
25 0.55 +£0.07 £0.08 90 3.63 +£0.22 £0.40
95 0.16 +=0.02 =£0.03 110 3.71 £0.29 =£0.61
130 437 £0.60 £1.16

Table 1: The DVCS cross sectiarp — vp, opyes, as a function of)? for W = 82 GeV and
as a function of¥ for Q> = 10 GeV?, both for|t| < 1 GeV?. The first errors are statistical, the
second systematic.

opves [nb]
W [GeV] Q* = 8 GeV? Q* = 15.5GeV? Q? = 25GeV?
45 3.06 +0.18 +0.25[098 +0.07 +0.08]0.31 +£0.11 =+0.05
70 3564 £0.29 +034 (146 +0.12 +£0.12|0.52 £0.08 =+0.06
90 493 +039 +052 (141 +£0.16 +£0.17|081 £0.13 £0.09
110 | 5.16 +£0.51 +£0.74|1.66 +0.23 +0.28|0.63 +0.17 +0.15
130|562 +134 +£1.19]2.00 +0.37 +047|0.80 +0.26 =+0.29
| 0 ]061 +£0.10 +0.15[061 +0.13 +0.15[/0.90 +0.36 +0.27 |

Table 2: The DVCS cross sectiorip — vp, opyves, as a function ofV for three@? values
and for|t| < 1 GeV?. The values of(Q?) obtained from fits of the forni/’ are given. The
first errors are statistical, the second systematic.
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dopyes/dlt] [nb/GeV?]
W =82 GeV
It [GeV?] Q? = 8GeV? Q? =15.5GeV? Q? = 25 GeV?
010 [133 +£080 +1.73[433 +£0.35 +0.65|1.68 +£0.31 +0.42
0.30 | 4.82 +£0.32 +050|1.24 +£0.13 +0.16 049 £0.10 +0.08
050 | 1.26 +0.14 +0.18|045 +£0.06 +0.05|0.18 +£0.04 =+0.03
0.80 |0.21 +0.03 +0.04]|010 +0.01 +0.02]|0.05 +0.01 =+0.01
| b[GeV °] [ 5.87 +£0.20 +0.32|545 +0.20 +0.29]510 +0.38 =+0.37]
Q* =10GeV?
t] [GeV?] W =40 GeV W =170GeV W =100 GeV
010 [477 +£050 +049[7.81 +£051 +0.85|11.0 +£0.85 +2.23
030 | 1.62 +023 +0.18|2.88 +£022 +0.28|371 +£0.31 +0.49
0.50 |0.69 +£0.11 +0.07|091 +£0.10 +0.10|1.18 +0.13 +0.16
0.80 0.0 +£0.02 +0.01 /016 +£0.02 +0.02)|0.24 +0.03 +0.04
| b[GeV™?] 538 £030 +£0.23]549 £019 £0.26]549 £0.20 +£0.35 |

Table 3: The DVCS cross sectiofip — +p, differential int, dopycs/dt, for three values of
Q? atW = 82 GeV, and for three values 6¥ atQ? = 10 GeV?. Results for the corresponding

t-slope parametelisare given. The first errors are statistical, the second syate.

¢ [deg ] Ac(9)
10 0.326 4+ 0.086 =+ 0.180
35 0.119 £ 0.076 =+ 0.090
70| —0.039 +£0.080 =+ 0.030
110 0.035 =£0.092 =£0.028
145 | —0.234 =£0.079 =£0.076
170 | —0.210 £ 0.075 =£0.169

Table 4: The DVCS beam charge asymmetgy(#) as a function ofy and integrated over the
kinematic rangé.5 < Q? < 80 GeV?, 30 < W < 140 GeV and|t| < 1 GeV?. The first errors
are statistical, the second systematic.
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Figure 1: Distributions of the energy (a) and polar angleoflihe scattered electron, the energy
(c) and polar angle (d) of the photon, the@zimuthal angle between the plane of incoming and
outgoing lepton and the plane of virtual and real photon§2Jahd the proton four momentum
transfer squareft| (f). The data correspond to the fut p sample and are compared to Monte
Carlo expectations for elastic DVCS, elastic and inelaBtcand inelastic DVCS. All Monte
Carlo simulations are normalised according to the lumiyasfithe data. The open histogram
shows the total prediction and the shaded band its estinuaiezttainty.
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Figure 2: The DVCS cross sectiorip — vp as a function ofp? atIW = 82 GeV (a) and as

a function of i at Q? = 10 GeV? (b). The results from the previous H1 [10] and ZEUS [12]
publications based on HERA | data are also displayed. ZEU&snrements are propagated
from W = 104 GeV to82 GeV using al¥ dependencé&/’®-52. The inner error bars represent
the statistical errors, the outer error bars the statisivé systematic errors added in quadrature.
The dashed line represents the prediction of the GPD mopahfbthe solid line the prediction
of the dipole model [15].
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Figure 3: The DVCS cross sectiarp — p as a function ofV at three values of)? (a). The
solid lines represent the results of fits of the foitit. The fitted values of(Q?) are shown in
(b) together with the values obtained using HERA | data [TI®fe inner error bars represent the
statistical errors, the outer error bars the statisticdlsystematic errors added in quadrature.
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Figure 4: The fitted-slope parameterQ?) are shown in (a) together with theslope pa-
rameters from the previous H1 [10] and ZEUS [12] publicaditmased on HERA | data. In
(b) the fittedt-slope parameterg1V) are shown. The inner error bars represent the statistical
errors and the outer error bars the statistical and systemabrs added in quadrature. The
dashed line represents the prediction of the GPD model [@}laa solid line the prediction of

the dipole model [15].
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Figure 5: The inelastic DVCS cross section differential a1 = 82 GeV and@? = 10 GeV?
and for events with.4 < Ay < 10 GeV. The inner error bars represent the statistical errors,
the outer error bars the statistical and systematic erdiedin quadrature.
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Figure 6: Beam charge asymmetry as a function of the ahigkedefined in [2], integrated over
the kinematic range of the analysis. The inner error banesgmt the statistical errors, the outer
error bars the statistical and systematic errors addedadrature. The functiof.16 cos ¢ is
also shown (solid line), together with the GPD model predic{dashed line).
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