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DEEPLY VIRTUAL COMPTON SCATTERINGAT HERA�R. StamenOn behalf of the H1 and ZEUS CollaborationsUniversität Dortmund, Dortmund, Germany(Re
eived August 12, 2002)Results on Deeply Virtual Compton S
attering in ele
tron proton in-tera
tions by the H1 and ZEUS experiments are reviewed. Measured 
rossse
tions as a fun
tion of the photon virtuality Q2 and the photon�proton
enter of mass energy W are presented and 
ompared to di�erent theoret-i
al predi
tions based on the 
olour dipole model and Generalised PartonDistributions.PACS numbers: 13.60.Fz 1. Introdu
tionDeeply Virtual Compton S
attering (DVCS) is the elasti
 s
attering ofa virtual photon o� a hadron. In ele
tron proton 
ollisions the in
identele
tron emits a photon with virtuality Q2, whi
h subsequently intera
tswith the proton (�gure 1). The �nal state 
ontains a real photon togetherwith the elasti
ally s
attered proton and the ele
tron. The �nal state protonalso might break up whi
h is not 
onsidered further.

e
e

γ*

p p
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attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3555)



3556 R. StamenThe pro
ess is similar to the elasti
 produ
tion of ve
tor mesons with thereal photon repla
ing the ve
tor meson. The pro
ess is di�ra
tive and leadsto the possibility of extra
ting the so 
alled Generalised Parton Distribu-tions (GPD's). These are well de�ned obje
ts whi
h appear in 
al
ulationsof several ex
lusive rea
tions. They unify information from di�erent data
ontaining information about the proton stru
ture (e.g. elasti
 proton formfa
tors and parton density fun
tions). However, they 
ontain additionalinformation (e.g. on the orbital angular momentum of the partons in theproton) whi
h is so far unexplored.The Bethe�Heitler (BH) pro
ess where a real photon is emitted by thein
oming or outgoing ele
tron and the intera
tion with the proton is medi-ated by photon ex
hange, also ontributes to the rea
tion ep �! e
p, Theinterferen
e term between the DVCS and BH pro
esses leads to azimuthalasymmetries. The BH pro
ess is purely ele
tromagneti
 and 
an be 
al-
ulated to high pre
ision in the framework of QED. Future HERA 
ollidermeasurements might a

ess the interferen
e term whi
h has already been ob-served in low energy ep s
attering experiments [1,2℄. The aim of the presentmeasurements is the determination of the dire
t 
ontribution of the DVCSpro
ess to the 
ross se
tion.The existing models for the des
ription of DVCS 
an be grouped intwo 
lasses, the 
olour dipole models [3, 4℄ and the models based on QCD
al
ulations using Generalised Parton Distributions [5�7℄. In some 
olourdipole models e�e
ts due to GPDs are also modelled.In the 
olour dipole pi
ture, whi
h is applied in the proton rest frame,the photon �u
tuates into a quark�antiquark dipole well before the inter-a
tion with the proton. After the intera
tion the quark�antiquark systemre
ombines to a real photon. The �u
tuation of the photon into the quarkantiquark system and the re
ombination to a real photon 
an be 
al
ulatedin perturbation theory. The intera
tion with the proton is parametrised bya dipole 
ross se
tion whi
h has to be extra
ted from data. Although the
olour dipole models di�er in detail, the predi
tions for DVCS are quite sim-ilar. The models only 
al
ulate the dire
t 
ontribution of the DVCS pro
essto the 
ross se
tion. The interferen
e term with the BH pro
ess is negle
ted.In a leading order QCD expansion the virtual photon intera
ts witha quark from the proton whi
h emits the real photon before re
ombiningwith the proton. At next to leading order, diagrams have to be 
onsideredwhere two gluons are ex
hanged. These are modelled using the GeneralisedParton Distributions. A leading order 
al
ulation has been performed byFrankfurt, Freund and Strikman [5℄ whi
h 
al
ulate the in�uen
e of GPD'sby the 
omparison of evolution e�e
ts in ordinary parton density fun
tionsw.r.t. GPD's. A 
omplete LO and NLO 
al
ulation was 
arried out by



Deeply Virtual Compton S
attering at HERA 3557Freund and M
Dermott [6℄ using di�erent types of GPD's as input. Ananalysis up to twist three a

ura
y has been performed by Belitsky, Müllerand Kir
hner [7℄. 2. Analysis strategySin
e the total 
ross se
tion for the rea
tion ep �! e
p is dominated bythe Bethe�Heitler pro
ess, the data analysis is restri
ted to a region in phasespa
e where the BH pro
ess is suppressed and the DVCS pro
ess is sizable.In addition a sample of events dominated by the Bethe�Heitler pro
ess issele
ted to demonstrate the understanding of the dete
tor.In both analyses by H1 [8℄ and ZEUS [9℄ events are sele
ted with oneele
tromagneti
 energy deposition in the 
entral region of the dete
tor and ase
ond one in the ba
kward region, de�ned by the dire
tion of the in
ominglepton beam. If a tra
k is re
onstru
ted it is required to mat
h with oneof the two 
lusters whi
h then de�nes the s
attered ele
tron. If no tra
k isre
onstru
ted the ba
kward 
luster is assumed to be the ele
tron sin
e thereis not full 
overage of tra
king devi
es in the ba
kward dire
tion.It is then required that the dete
tor shows no additional signal abovethe noise level sin
e the s
attered proton leaves the main dete
tor throughthe forward beam pipe. In the H1 analysis additional dete
tors pla
ed inthe forward dire
tion 
lose to the beam pipe are used to further suppressthe ba
kground from proton disso
iation events.The sample is divided into two subsamples where a 
ontrol sample 
on-sists of events with the ele
tron 
andidate identi�ed in the 
entral region ofthe dete
tor. In this sample the DVCS 
ontribution is kinemati
ally sup-pressed to a negligible level. Sin
e the 
ontrol sample is dominated by theBH pro
ess whi
h is pre
isely 
al
ulable in the framework of QED it is usedto 
ontrol the dete
tor performan
e.The DVCS enri
hed sample 
onsists of events where the ele
tron is s
at-tered in the ba
kward dire
tion and the photon is identi�ed in the 
entralpart of the dete
tor. In this sample a large ex
ess of events above the BHpro
ess is observed whi
h 
an be attributed to the DVCS pro
ess.3. ResultsCross se
tions for the rea
tions ep �! e
p and 
�p �! 
p have beenextra
ted using the DVCS enri
hed data sample. Figure 2 shows the di�er-ential 
ross se
tions resulting from the ZEUS analysis. The measurementsare made as a fun
tion of Q2 and W in the kinemati
 range Q2 > 5GeV2,40 < W < 140GeV, E
T > 3GeV and �0:6 < �
 < 1:0 where E
T and �
are the transverse energy and the pseudorapidity of the real photon. The
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ross se
tions for the rea
tion ep �! e
p as a fun
tion of Q2and W after subtra
tion of the BH 
ontribution. The histogram indi
ates the FFSpredi
tion [5℄. The band indi
ates the ele
tromagneti
 energy s
ale un
ertainty.Bethe�Heitler 
ontribution has been subtra
ted. The data is 
ompared tothe 
al
ulation by Frankfurt, Freund and Strikman(FFS) based on GPD'swhi
h is able to des
ribe the data assuming a t dependen
e of � e�bjtj withb = 4:5GeV�2. Here t is the squared momentum transfer at the protonvertex. The remaining 
ontribution from proton disso
iation is expe
ted tobe about 20% and has not been subtra
ted.Figure 3 shows the 
ross se
tion for the rea
tion 
�p �! 
p resultingfrom the H1 analysis The 
ross se
tion measurement is shown as a fun
tionof Q2 and W for �xed values of W = 75GeV and Q2 = 4:5GeV2 forjtj < 1GeV2. The data are 
ompared with the predi
tions by Frankfurt,
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Fig. 3. Cross se
tions for the rea
tion 
�p �! 
p as a fun
tion of Q2 and W . Themeasurement is 
ompared to the predi
tions by DD [4℄ and FFS [5℄.
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attering at HERA 3559Freund and Strikman and by Donna
hie and Dos
h(DD), based on the 
olourdipole model assuming a t�dependen
e with slope parameter b in the rangeb = 5�9GeV�2 represented by the bands for the theoreti
al predi
tions.Within the present a

ura
y of the data, both assumptions model the data.4. Prospe
ts for the futureAfter the HERA upgrade a large in
rease of luminosity is expe
ted, allow-ing more pre
ise measurements. The H1 experiment installed an upgradedsili
on dete
tor in the ba
kward region to ensure pre
ise tra
king for s
at-tered ele
trons and to determine their azimuthal and polar s
attering anglewhi
h will lead to a better resolution of the kinemati
 variables and smallersystemati
 errors.The interferen
e term of the DVCS and BH pro
esses whi
h 
ontainsadditional information about the GPD's 
an be a

essed by the measure-ment of angular asymmetries [6, 7℄. Resolution studies have shown thatsu
h asymmetry measurements are feasible when exploiting the newly builtdete
tors. Furthermore polarised ele
trons and positrons will be providedwhi
h will enable the measurement of spin and 
harge asymmetries, allowinga separation of the real and imaginary part of the QCD amplitude.5. SummaryThe �rst generation measurements of DVCS at the HERA 
ollider havebeen presented. Cross se
tions have been measured as a fun
tion of Q2 andW . Models based on 
olour dipoles as well as models based on GeneralisedParton Distribution des
ribe the data within the present a

ura
y. A largein
rease of data is expe
ted after the HERA upgrade whi
h enables morepre
ise measurements and a dire
t a

ess to the interferen
e term.This work is partly supported by the Bundesministerium für Bildung,Wissens
haft, Fors
hung und Te
hnologie (01H11PEA/6) and a resear
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