
Vol. 33 (2002) ACTA PHYSICA POLONICA B No 11
FEASIBILITY STUDYOF DEEPLY VIRTUAL COMPTON SCATTERINGUSING COMPASS AT CERN�N. d'Hose, E. Burtin, P.A.M. Gui
hon, S. Kerhoas-CavataJ. Marron
le and L. MosséCEA Sa
lay, DSM/DAPNIA/SPhN, 91191 Gif-sur-Yvette Cedex, Fran
e(Re
eived June 27, 2002)Deeply virtual Compton s
attering is a very suitable tool to learnabout Generalized parton distributions. We propose to use the 190GeV(or 100GeV) muon beam at CERN to study Deeply Virtual Compton S
at-tering. The high energy of the lepton beam and the present luminosity al-lows to measure absolute 
ross se
tion or beam 
harge asymmetry in a largerange of Q2 and xBj (1 � Q2 � 7 GeV2 and 0:03 � xBj � 0:27). We dis
ussthe experimental impli
ations for the existing COMPASS set-up.PACS numbers: 13.60.�r1. DVCS and Generalized Parton DistributionsDeeply Virtual Compton S
attering (DVCS) is a very suitable tool tolearn about Generalized Parton Distributions (GPDs). These fun
tions [1℄seem very promising in the quest for understanding the stru
ture of thenu
leon. They provide a 
lear link between the elasti
 form fa
tors and theparton distributions measured in Deep Inelasti
 S
attering (DIS). Moreover,GPDs 
omplete the nu
leon spin puzzle as they give a measurement of totalangular momentum 
ontribution of the quarks to the nu
leon spin.In terms of the quark and gluon nu
leon wave fun
tions, the usual partondistributions are the squared wave fun
tion 
omponents 
ontaining a partonwith longitudinal momentum fra
tion x. This represents the probability for�nding su
h a parton. In 
ontrast, GPDs represent the interferen
e of di�er-ent 
omponents of the wave fun
tion, one where a parton has a longitudinal� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3773)
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tion x+ � and one where this fra
tion is x� �. The GPDsalso depend on the momentum transfer t whi
h has a transverse 
omponentat non zero s
attering angle. For quarks, four di�erent GPDs 
ontributeto DVCS. They are Hq(x; �; t), Eq(x; �; t), ~Hq(x; �; t), ~Eq(x; �; t) where q isa quark �avor index. The H and ~H are generalizations of the parton distri-butions q(x) and �q(x) measured in DIS. The 
ontribution of Eq and ~Eqvanishes in the forward limit and these are really new fun
tions.A simple physi
al interpretation of GPDs has emerged [2℄ from the sumrule whi
h relates the �rst moments of the GPDs to the form fa
torsXq eq +1Z�1 Hq(x; �; t)dx = F1(t) :The GPDs measure the 
ontribution of the quarks with longitudinal mo-mentum fra
tion x to the 
orresponding form fa
tor. Given the fa
t thatone 
an asso
iate the Fourier transform of form fa
tors with 
harge distribu-tions in position spa
e, one 
an expe
t that the GPDs 
ontain informationabout the distribution of partons in tranverse position spa
e. This has beendemonstrated for � = 0. Qualitatively one expe
ts that quarks with a large x
ome essentially from the small valen
e �
ore� of the nu
leon, while the smallx region should re
eive 
ontributions from the mu
h wider meson �
loud�.Therefore, one expe
ts a gradual in
rease of the t-dependen
e of H(x; 0; t)as one goes from larger to smaller values of x.Deeply virtual Compton s
attering is a

essed by lepton s
atteringlp ! l0p0
0. In this rea
tion, the �nal photon 
an be emitted either by theleptons (Bethe�Heitler pro
ess) or by the proton (genuine DVCS pro
ess).If the lepton energy is large enough, the DVCS 
ontribution dominates overthe BH 
ontribution so that the 
ross se
tion is essentially the square of theDVCS amplitude (� � xBj=2 and t are �xed by the experiment)TDVCS � +1Z�1 H(x; �; t)x� � + i"dx : : : � P +1Z�1 H(x; �; t)x� � dx : : :� i�H(�; �; t) : : : :At smaller lepton energy, the interferen
e between BH and DVCS be
omeslarge and o�ers a unique opportunity to study Compton s
attering at the am-plitude level. If a longitudinally polarized lepton beam is used, the heli
ity-dependent interferen
e term is proportional to the imaginary part of theDVCS amplitude and this sele
ts the GPDs at the spe
i�
 values x = �.If a lepton beam with two possible 
harge states is used, the 
harge depend-ent interferen
e term is then proportional to the real part of the DVCS
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attering. . . 3775amplitude whi
h, for a given �, is sensitive to the 
omplete dependen
e on xof the GPDs. The de
onvolution (over x) of this formula to extra
t theGPDs is not yet 
learly solved, but 
omparison to model predi
tions 
aneasily be made.Fig. 1 shows the 
harge asymmetry whi
h 
an be measured at COMPASSand the large sensitivity to two di�erent models [3℄. The �rst one relies on thesimplest parametrization (fa
torization) of the t-dependen
e of the GPDs.The se
ond one is based on the geometri
 des
ription, with a gradual in
reaseof the t-dependen
e ofH(x; 0; t) as one goes from larger to smaller values of x(no fa
torization) for a given �, is sensitive to the 
omplete dependen
e on.
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φ(deg)Fig. 1. Beam 
harge asymmetry measured at COMPASS for E� = 100 GeV, xBj =0:05� 0:02, Q2 = 2� 0:5 GeV2, and jtj � 0:3 GeV2 in 3 months of data taking forea
h �+ and �� beam of 2:108� per spill and 100% e�
ien
y.The DVCS experiments are di�
ult to perform as they require highenergy, high luminosity, and good resolution. They have been undertakenwith the HERA 
ollider to study mainly gluon 
ontribution at very smallxBj (� 10�2) or with �xed target to investigate larger xBj. It is the 
aseat JLab (at 6 GeV, with the hope for an upgrade at 11 GeV), at HERMES(at 27 GeV). An experimental program using COMPASS at CERN (at 100or 190 GeV) will enlarge the kinemati
al domain (see Fig. 2 for 
omparison)and this program is now under evaluation. The high energy of the muonbeam and the present luminosity allows to measure absolute 
ross se
tion orbeam 
harge asymmetry in a large range of Q2 and xBj (1 � Q2 � 7GeV2and 0:03 � xBj � 0:27).
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Fig. 2. Kinemati
al 
overage for various planned or proposed experiments.The limit s�6 GeV2 assures to be above the resonan
e domain, and Q2>1:5GeV2allows to rea
h the deep inelasti
 regime.2. Possible realization for a DVCS experiment at COMPASSIt is important to use the highest luminosity rea
hable at COMPASS,L = 1:5�1032 
m�2s�1 given by 2�108 muons per spill and a 2.5 meter longliquid hydrogen target. This luminosity allows one to expe
t the statisti
ala

ura
y presented in Fig. 1 for the beam 
harge asymmetry measurement.This se
tion presents the experimental pro
edure to sele
t the ex
lusiveDVCS 
hannel and the di�erent pie
es of dete
tion that are required. Theyare mostly part of the existing COMPASS set-up: muon dete
tion whi
hinsures a good resolution in xBj and Q2, photon dete
tion with a reassemblyof the present ele
tromagneti
 
alorimeters ECAL1 and ECAL2. In fa
tto mat
h as well as possible the kinemati
al phase spa
e of the outgoingphoton, de�ned by 2 domains:domain I: 1 deg. � �
 � 8 deg. and P
 � 64 GeV/
domain II: 8 deg. � �
 � 20 deg. and P
 � 16 GeV/
and to insure a good separation of two photons of �0 de
ay whi
h is a large
ontribution of ba
kground, it is possible to use ECAL2 at 3m and ECAL1at 13m downstream from the target (see Fig. 3).At these high energies for muons and photons, the 
omplete �nal stateneeds to be dete
ted be
ause missing mass te
hniques are not e�
ient dueto the experimental resolutions. Thus our studies have fo
used on the pos-sibility to design and su

essfully operate a dedi
ated re
oil dete
tor.



Feasibility Study of Deeply Virtual Compton S
attering. . . 3777This dete
tor must identify protons in the range 250�750MeV/
 and30�70 deg. Fig. 3 shows su
h a dete
tor. Here, the identi�
ation of theproton is performed through the 
orrelation of its time of �ight (betweenthe inner (A) and outer (B) layers of s
intillator) with respe
t to its energyloss in the outer layer of s
intillator whi
h is 5 
m thi
k.
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LATFig. 3. Global set-up with the re
oil dete
tor upstream from SM1 and the newposition of the ele
tromagneti
 
alorimeter, ECAL2 at 3m and ECAL1 at 13mdownstream from the target in order to provide a good dete
tion of photons ina large forward a

eptan
e. The 
omplete COMPASS equipments are not 
learlyindi
ated, but should be present.The dete
tor must also be sensitive to 
ompeting rea
tions in whi
hneutral parti
les su
h as photons and neutrons are produ
ed. Thus we planto dete
t neutral parti
le in another s
intillator layer pla
ed after a 
onvertersurrounding the time of �ight dete
tor.The role of the veto V4 is to insure the ex
lusivity by a good reje
tionof additional 
harged parti
les in the forward dire
tion.3. Tests at CERNWe have tested the 
on
ept of this dete
tor using the already existingmuon beam (with intensity of 2� 108 muons per spill) and a simpli�ed set-up (one se
tor of s
intillators with redu
ed length). The muon beam wass
attered o� a 10 
m long polyethylene target, mostly equivalent in radiationlength to the forseen long liquid hydrogen target. We used two s
intillatorsread-out at both sides, a 4mm thi
k 
lose to the target (A), a 5 
m thi
k80 
m away from the target (B). The rates observed in the s
intillator 
loseto the target is of the order of 1 MHz (mainly due to Æ-rays). It demonstratesthat the ba
kground environment is a

eptable for the time of �ight system.The result of the time of �ight operation (see Fig. 4) shows a 
lear protonsignal even though most of the hits are 
oming from pions and ele
trons. Theposition resolution obtained on (A) and (B) and the time of �ight resolutionare better than 2 
m and 300 ps, respe
tively. This is the goal for the DVCSexperiment. An e�
ien
y study of su
h a re
oil dete
tor is being performed.
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pions Fig. 4. Energy loss in the (B) s
intillator as a fun
tion of the measured � for rawdata (left) and 
orre
ted data with energy loss 
uts in the (A) s
intillator (right).4. Con
lusionThis is a �rst attempt to de�ne the outline of a DVCS experiment atCOMPASS whi
h takes advantage of the high energy of the muon beam andthe large domain in Q2 and xBj. This study will 
ertainly be improved bythe expertise of the COMPASS 
ollaboration. Complementary studies ondeep meson produ
tion have to pro
eed in order to determine the optimizedCOMPASS set-up and to enlarge the s
ope of the experiment with respe
tto the physi
s of the GPDs. REFERENCES[1℄ X. Ji, Phys. Rev. Lett. 78, 610 (1997); Phys. Rev. D55, 7114 (1997).[2℄ M. Burkardt, hep-ph/0105324; J.P. Ralston, B. Pire, hep-ph/0110075.[3℄ L. Mossé, P.A.M. Gui
hon, M. Vanderhaeghen, private 
ommuni
ation.


