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A measurement of elastic deeply virtual Compton scatteying— yp usinge™p ande™ p col-
lision data recorded with the H1 detector at HERA is presgniéhe analysed data sample cor-
responds to an integrated luminosity of 306 ppbalmost equally shared between both beam
charges. The cross section is measured as a function ofrthality Q? of the exchanged photon
and the centre-of-mass enelgyyof the y* p system in the kinematic domaing< Q? < 80 Ge\?,
30<W < 140 GeV andt| < 1 Ge\?, wheret denotes the squared momentum transfer at the pro-
ton vertex. The cross section is determined differentially for differentQ? andW values and
exponentiak-slope parameters are derived. Usilgp ande™ p data samples, a beam charge
asymmetry is extracted for the first time in the low Bjorkekinematic domain. The observed
asymmetry is attributed to the interference between Betbider and deeply virtual Compton
scattering processes. The measurements are discussethindeQCD interpretation compar-
ing it to a NLO QCD calculation based on generalised partstributions (GPDs) and to colour
dipole approach predictions. The skewedness factor andatlebetween real and imaginary
parts of the DVCS amplitude are extracted from the data.

XVIII International Workshop on Deep-Inelastic Scattgramd Related Subjects, DIS 2010
April 19-23, 2010
Firenze, Italy

*On behalf of the H1 Collaboration. The author is supportedhigyFonds National de la Recherche Scientifique
Belge (FNRS).

(© Copyright owned by the author(s) under the terms of the Gee&ommons Attribution-NonCommercial-ShareAlike Licen http://pos.sissa.it/



DVCS at HERA

Deeply Virtual Compton Scattering (DVCS), sketched in fegliy consists of the hard diffrac-
tive scattering of a virtual photon off a proton. The intéreSthe DVCS process resides in the
particular insight it gives to the applicability of pertative Quantum Chromo Dynamics (QCD)
in the field of diffractive interactions and to the nucleomtpaic structure.

The study of hard exclusive reactions in the Bjorken 5
limit is crucial to constrain further the partons densitiese
towards lowx and to obtain information on their trans-
verse distributions and dynamical correlations in the nu-
cleon. DVCS cross section measurements [1, 2, 3, 4, 5]
at HERA, similar to diffractive vector meson electropro-
duction [6] but with a real photon replacing the final state p
vector meson, is an important source of information to -
study the partons, in particular gluons, inside the proton
for nonforward kinematics and its relation with the for- Figurel: The DVCS process.
ward one. In the presence of a hard scale, the DVCS
scattering amplitude factorises into a hard scattering qaculable in perturbative QCD and par-
ton distributions which contain the non-perturbative efffedue to the proton structure. In hard
exclusive production the proton structure has to be enciaedgeneralized form (Generalised
Parton Distributions or GPDs) to include the differenceoofditudinal momentum fractions of the
two partons£, and transverse momentum exchange at the proton vertex.

p,X

This paper reports the recent measurement, published,inf[8ingle and double differential
DVCS cross sections as a function @f and they*p centre-of-mass energy. The single dif-
ferential cross sectiodo/dt is also extracted. The data were recorded between the y@a#s 2
and 2007 with the H1 detector when HERA collided protons di &2V energy with 26 GeV
electrons and positrons. The total integrated luminodithe data is 306 pbt. The data comprise
162 pb ! recorded ire p and 144 pb! in e p collisions.

1. Cross Sections and t-dependence

The Q? and thew dependencies of the DVCS cross section are displayed iref@jand are
in agreement within errors with the previous measuremeint,[4, 5]. The data agree also with

— — 12
Q
2 ® H1HERAII 2 ® H1HERAII
7810 - H1 o tiherar (@) = 10} O H1HERAI H1 (b)
g O ZEUS HERA | < g | — Dipole model
& —— Dipole model bD ..- GPD model
1k == GPD model 6L
Q%?=10GeV?
N .
10—1 ----------------
w=86Gev o= 2f
FETEE RN SRS SR SN U SN NN U S T SRR A AR R SRR A AR U TR T [N TN N SN T TN TN T N ST TN T [N SN ST T [N TN S T [N TR T T Y
0 10 20 30 40 50 60 70 80 90 0% 20 40 60 80 100 120 140
Q% [GeV? W [GeV]

Figure2: The DVCS cross section as a function@f atW = 82 GeV (a) and as a function d¥ at
Q% =8Ge\? (b).
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models based on GPDs [7] or the dipole approach [8]. The sisepf the cross section will is
an indication of the presence of a hard underlying process.

TheW dependence of the DVCS cross section is determined for twparate ranges 6,
centered at 8, 15 and 25 GeV¥, and fitted with the formW?. The corresponding values are
presented in Figure 3(a). It is observed thas independent o€? within the errors. Using the
complete analysis sample, the aver@gealue measured is.63 + 0.08 + 0.14, where the first
error is statistical and the second systematic.

The differential cross section as a functiont dfas been measured for three value§éfand
W. Fits of the formdo /dt ~ e Pltl are performed to extract possible dependence lisiniQ? and
W. No significant variation ob with W is observed. Th&? dependence is presented in figure 3(b)
together with values of the previous H1 measurement [1]n¢Jgie complete analysis sample, the
value ofb expressed ap? = 10 Ge\ is found to be 541 + 0.14 + 0.31 GeV 2.
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Figure 3: a) Results of fits of the forrv/? to the cross section for different values@%. b) The fitted
t-slope parameteis(Q?).

2. QCD Interpretation in Terms of GPDs

The measurement described above shows thatQhedependence of thé-slope b is
non-negligible. Therefore to study th@?

evolution of the GPDs themselves, we intro- “5100 - e :}gggﬁ :I ep H1
duce the dimensionless observaBie P g0 F se+ GPD model @
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together with the prediction of a GPD Q*[GeV]
model [9], based on the PDFs parametrisa—Figure“: The observableS andR (see text), shown
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tion given in [10]. It is observed that the &S&functionof”
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pQCD skewed evolution equations used in [9] provide a regtdendescription of the measured
weak rise ofSwith Q2.

The magnitude of the skewing effects [11] present in the D\p@&#ess can be extracted by
constructing the ratio of the imaginary parts of the DVCS B8 amplitudes:

IMA(Y'p— Yp)-o
JMA(Y P — YV Pl-o

At leading order inas, as in the GPD formalism the DVCS amplitude is directly prbijpoal to
the GPDsR s equal to the ratio of the GPDs to the PDFs. In the followiig, virtual photon is
assumed to be mainly transversely polarised in the case @WCS process due to the real photon
in the final state and therefore has to be taken as transygrskrised in the DIS amplitude too.
The expression fdR as a function of the measured observables can be written as

R

4./ dvcsb(Q?)

R= .
or(y'p—X)v/(1+p?)

R is evaluated using the relatiamy (y* p — X) = 4agmFr(x,Q%)/Q? and takingFr = F, — R
from the QCD analysis presented in [12] amds determined from dispersion relations as in [13]
The measured values of the raiofor eachQ? bin are shown in figure 4(b) and compared with
the calculation based on the GPD model proposed in [9]. Thiedyvalues ofR are around 2,
whereas in a model without skewiRgvould be equal to unity. Therefore, the present measurement
confirms the large effect of skewing. In GPD models, two défé effects contribute to skewing:
the kinematics of the DVCS process and @reevolution of the GPDs. In figure 4(b) the data are
compared to a model which takes only the former effect intmant (dotted line). The present
measurements show that such an approximation is not saffitbereproduce the total skewing
effects observed in the data.

(2.1)

3. Beam Charge Asymmetry

The separate™ p ande p data sam-
ples are used to measure the beam charge:(a o
asymmetry as a function qf:
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where @ is the angle between the plane
containing the incoming and outgoing lep-
tons and the plane formed by the virtual
and real photons. The measurigd inte-
grated over the kinematic range of the anal- _. :

. . . Figure5: Beam charge asymmetry as a functiorpof
ysis, presented in figure 5, is in good agree-

ment with the model prediction [7].
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The beam charge asymmetry can be expressed as

ReApycs
|Apvce? + |Agn|?

Ac(¢) = p1cosp = 2AgH COSQ.

The x2 minimisation procedure leads topa value of p; = 0.164 0.04+ 0.06. The termApycg?

can be derived directly from the DVCS cross section measeméobycs= |Ad,cd/(16mb). As

the Bethe-Heitler (BH) amplitude is precisely known, theasi@ed asymmetry is directly propor-
tional to the real part of the DVCS amplitude and the ratioveein real and imaginary parts of the
DVCS amplitude,p = ReApycs/IMmApycs can be extracted. The first measurement of this ratio
ever done in the low region is found to bg = 0.204+0.05+ 0.08. The dispersion relation using
our measurement @f(Q?) on the other hand leads = 0.25+ 0.034 0.05, in good agreement
with the direct determination. While in the loadomain of the present measurement, the real part
of the DVCS amplitude is positive, in contrast, at largex ~ 0.1) and lowerQ?, a smaller and
negative real part was measured by the HERMES Collaborgt@r{note that the convention used
in [14] for the definition of thep angle is different from ours). The GPD model considered [@re
correctly describes the measurkglas well asp.

The measurements presented here show that a combinedistdli®/CS observables, in-
cluding cross section and charge asymmetry, allows thaaidn of the real part of the DVCS
amplitude and subsequently a novel understanding of thelatibns of parton momenta in the
proton.
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