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FEASIBILITY STUDYOF DEEPLY VIRTUAL COMPTON SCATTERINGUSING COMPASS AT CERN�N. d'Hose, E. Burtin, P.A.M. Guihon, S. Kerhoas-CavataJ. Marronle and L. MosséCEA Salay, DSM/DAPNIA/SPhN, 91191 Gif-sur-Yvette Cedex, Frane(Reeived June 27, 2002)Deeply virtual Compton sattering 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 Sat-tering. The high energy of the lepton beam and the present luminosity al-lows to measure absolute ross setion or beam harge asymmetry in a largerange of Q2 and xBj (1 � Q2 � 7 GeV2 and 0:03 � xBj � 0:27). We disussthe experimental impliations for the existing COMPASS set-up.PACS numbers: 13.60.�r1. DVCS and Generalized Parton DistributionsDeeply Virtual Compton Sattering (DVCS) is a very suitable tool tolearn about Generalized Parton Distributions (GPDs). These funtions [1℄seem very promising in the quest for understanding the struture of thenuleon. They provide a lear link between the elasti form fators and theparton distributions measured in Deep Inelasti Sattering (DIS). Moreover,GPDs omplete the nuleon spin puzzle as they give a measurement of totalangular momentum ontribution of the quarks to the nuleon spin.In terms of the quark and gluon nuleon wave funtions, the usual partondistributions are the squared wave funtion omponents ontaining a partonwith longitudinal momentum fration x. This represents the probability for�nding suh a parton. In ontrast, GPDs represent the interferene of di�er-ent omponents of the wave funtion, one where a parton has a longitudinal� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(3773)



3774 N. d'Hose et al.momentum fration x+ � and one where this fration is x� �. The GPDsalso depend on the momentum transfer t whih has a transverse omponentat non zero sattering 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 funtions.A simple physial interpretation of GPDs has emerged [2℄ from the sumrule whih relates the �rst moments of the GPDs to the form fatorsXq eq +1Z�1 Hq(x; �; t)dx = F1(t) :The GPDs measure the ontribution of the quarks with longitudinal mo-mentum fration x to the orresponding form fator. Given the fat thatone an assoiate the Fourier transform of form fators with harge distribu-tions in position spae, one an expet that the GPDs ontain informationabout the distribution of partons in tranverse position spae. This has beendemonstrated for � = 0. Qualitatively one expets that quarks with a large xome essentially from the small valene �ore� of the nuleon, while the smallx region should reeive ontributions from the muh wider meson �loud�.Therefore, one expets a gradual inrease of the t-dependene of H(x; 0; t)as one goes from larger to smaller values of x.Deeply virtual Compton sattering is aessed by lepton satteringlp ! l0p00. In this reation, the �nal photon an be emitted either by theleptons (Bethe�Heitler proess) or by the proton (genuine DVCS proess).If the lepton energy is large enough, the DVCS ontribution dominates overthe BH ontribution so that the ross setion 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 interferene between BH and DVCS beomeslarge and o�ers a unique opportunity to study Compton sattering at the am-plitude level. If a longitudinally polarized lepton beam is used, the heliity-dependent interferene term is proportional to the imaginary part of theDVCS amplitude and this selets the GPDs at the spei� values x = �.If a lepton beam with two possible harge states is used, the harge depend-ent interferene term is then proportional to the real part of the DVCS



Feasibility Study of Deeply Virtual Compton Sattering. . . 3775amplitude whih, for a given �, is sensitive to the omplete dependene on xof the GPDs. The deonvolution (over x) of this formula to extrat theGPDs is not yet learly solved, but omparison to model preditions aneasily be made.Fig. 1 shows the harge asymmetry whih an be measured at COMPASSand the large sensitivity to two di�erent models [3℄. The �rst one relies on thesimplest parametrization (fatorization) of the t-dependene of the GPDs.The seond one is based on the geometri desription, with a gradual inreaseof the t-dependene ofH(x; 0; t) as one goes from larger to smaller values of x(no fatorization) for a given �, is sensitive to the omplete dependene on.

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0.25

0.3

0 20 40 60 80 100120140160180
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 foreah �+ and �� beam of 2:108� per spill and 100% e�ieny.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 kinematial 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 setion 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. Kinematial overage for various planned or proposed experiments.The limit s�6 GeV2 assures to be above the resonane domain, and Q2>1:5GeV2allows to reah the deep inelasti regime.2. Possible realization for a DVCS experiment at COMPASSIt is important to use the highest luminosity reahable 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 expet the statistialauray presented in Fig. 1 for the beam harge asymmetry measurement.This setion presents the experimental proedure to selet the exlusiveDVCS hannel and the di�erent piees of detetion that are required. Theyare mostly part of the existing COMPASS set-up: muon detetion whihinsures a good resolution in xBj and Q2, photon detetion with a reassemblyof the present eletromagneti alorimeters ECAL1 and ECAL2. In fatto math as well as possible the kinematial phase spae 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 deay whih is a largeontribution of bakground, 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 deteted beause missing mass tehniques are not e�ient dueto the experimental resolutions. Thus our studies have foused on the pos-sibility to design and suessfully operate a dediated reoil detetor.



Feasibility Study of Deeply Virtual Compton Sattering. . . 3777This detetor must identify protons in the range 250�750MeV/ and30�70 deg. Fig. 3 shows suh a detetor. Here, the identi�ation of theproton is performed through the orrelation of its time of �ight (betweenthe inner (A) and outer (B) layers of sintillator) with respet to its energyloss in the outer layer of sintillator whih is 5 m thik.
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LATFig. 3. Global set-up with the reoil detetor upstream from SM1 and the newposition of the eletromagneti alorimeter, ECAL2 at 3m and ECAL1 at 13mdownstream from the target in order to provide a good detetion of photons ina large forward aeptane. The omplete COMPASS equipments are not learlyindiated, but should be present.The detetor must also be sensitive to ompeting reations in whihneutral partiles suh as photons and neutrons are produed. Thus we planto detet neutral partile in another sintillator layer plaed after a onvertersurrounding the time of �ight detetor.The role of the veto V4 is to insure the exlusivity by a good rejetionof additional harged partiles in the forward diretion.3. Tests at CERNWe have tested the onept of this detetor using the already existingmuon beam (with intensity of 2� 108 muons per spill) and a simpli�ed set-up (one setor of sintillators with redued length). The muon beam wassattered o� a 10 m long polyethylene target, mostly equivalent in radiationlength to the forseen long liquid hydrogen target. We used two sintillatorsread-out at both sides, a 4mm thik lose to the target (A), a 5 m thik80 m away from the target (B). The rates observed in the sintillator loseto the target is of the order of 1 MHz (mainly due to Æ-rays). It demonstratesthat the bakground environment is aeptable 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 eletrons. Theposition resolution obtained on (A) and (B) and the time of �ight resolutionare better than 2 m and 300 ps, respetively. This is the goal for the DVCSexperiment. An e�ieny study of suh a reoil detetor is being performed.



3778 N. d'Hose et al.
protons 
    stopped in B

protons detected in C

 measured β  measured β 

e, π 

∆Ε
   

  (
M

eV
)

B

∆Ε
   

  (
M

eV
)

B

 

deuterons

protons

pions Fig. 4. Energy loss in the (B) sintillator as a funtion of the measured � for rawdata (left) and orreted data with energy loss uts in the (A) sintillator (right).4. ConlusionThis is a �rst attempt to de�ne the outline of a DVCS experiment atCOMPASS whih 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 prodution have to proeed in order to determine the optimizedCOMPASS set-up and to enlarge the sope of the experiment with respetto the physis 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. Guihon, M. Vanderhaeghen, private ommuniation.


