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233present adress: Je�erson Lab, Newport News, Virginia 23606, USA34Now at: Calteh, Spitzer Siene Center, Pasadena, California 91125, USA35Now at: IPN (UMR 8608) CNRS/IN2P3 - Universitet�e Paris-Sud, 91406 Orsay, Frane36Now at: Institute f�ur Kernphysik, Universit�at Frankfurt a.M., 60438 Frankfurt a.M., Germany37Now at: Physikalishes Institut der Universit Heidelberg, 69120 Heidelberg, Germany38Now at: Graduate University of Chinese Aademy of Sienes, Beijing 100049, China39Now at: Dept of Radiology, Stanford University, Shool of Mediine, Stanford, California 94305-5105, USA40Now at: Carnegie Mellon University, Pittsburgh, Pennsylvania 15213, USA41Now at: IRCCS Multimedia Holding S.p.A., 20099 Sesto San Giovanni (MI), Italy42Now at: Fermi National Aelerator Laboratory, Batavia, Illinois 60510, USA43Now at: Thomas Je�erson National Aelerator Faility, Newport News, Virginia 23606, USA(Dated: November 3, 2009)The nulear{mass dependene of azimuthal ross setion asymmetries with respet to harge andlongitudinal polarization of the lepton beam is studied for hard exlusive eletroprodution of realphotons. The observed beam{harge and beam{heliity asymmetries are attributed to the interfer-ene between the Bethe{Heitler and deeply virtual Compton sattering proesses. For various nulei,the asymmetries are extrated for both oherent and inoherent{enrihed regions, whih involve dif-ferent (ombinations of) generalized parton distributions. For both regions, the asymmetries areompared to those for a free proton, and no nulear{mass dependene is found.PACS numbers: 13.60.-r, 13.60.Le, 13.85.Lg, 14.20.Dh, 14.40.AqLepton sattering experiments onstitute an impor-tant soure of information for understanding nuleonstruture in the ontext of QCD. Until reently, thisstruture was desribed by two ategories of non{perturbative objets, form fators and parton distribu-tion funtions (PDFs), whih have been measured in elas-ti and deep{inelasti sattering (DIS) experiments, re-spetively. In the last deade, generalized parton dis-tributions (GPDs) [1, 2, 3℄ have been reognized as akey onept for the desription of hard exlusive pro-esses. GPDs o�er a multi{dimensional representation ofthe struture of hadrons at the partoni level, orrelatingthe longitudinal momentum fration arried by the par-ton with its transverse spatial oordinate [4, 5, 6, 7, 8℄.For reent theoretial reviews, see Refs. [9, 10, 11, 12℄.Generalized parton distributions depend on thesquared four{momentum transfer t to the nuleon and onx and �, whih represent respetively the average and halfthe di�erene of the longitudinal momentum frationsarried by the probed parton in initial and �nal states.Nuleon elasti form fators and parton distribution fun-tions appear as x{moments and kinemati limits (fort; � ! 0) of GPDs, respetively. The skewness param-eter � is related to the Bjorken variable xB = Q2=(2M�),as � � xB=(2�xB) in the Bjorken limit where Q2 !1 at�xed values of xB and t. Here, M is the target mass and�Q2 is the squared four{momentum of the exhangedvirtual photon with energy � in the target rest frame.Most often disussed are the four twist{2 quark{heliity{onserving GPDs for eah quark speies in the nuleon:the quark{polarization averaged distributions H and Eand the quark{polarization related distributions eH andeE.Among all presently pratial hard exlusive probes,deeply virtual Compton sattering (DVCS), i.e., the hard

exlusive leptoprodution of a real photon, appears tohave the most reliable interpretation in terms of GPDs.The �nal state of the DVCS proess in whih the realphoton is radiated by a quark is intrinsially indistin-guishable from that of the Bethe{Heitler (BH) proess inwhih a real photon is radiated by the inoming or outgo-ing lepton. Aess to the DVCS amplitude is provided byinterferene between the Bethe{Heitler and DVCS pro-esses, e.g., via the measurement of the ross{setionasymmetries with respet to the lepton beam heliity andharge.This paper reports the �rst experimental study ofDVCS on nulear targets. Nulei provide a laboratorywhere, ompared to the free nuleon, additional informa-tion an be obtained on GPDs by observing how theybeome modi�ed in the nulear environment. Therefore,studies of nulear GPDs o�er a new opportunity to in-vestigate the nature of the nulear environment.In lepton{nuleus sattering, two proesses an be dis-tinguished for both DVCS and BH: (a) the oherent pro-ess where the eletron satters o� the whole nuleus,whih stays intat; (b) the inoherent proess where theeletron satters quasi{elastially from an individual nu-leon, breaking up the nuleus.For oherent sattering, various DVCS observableshave been estimated theoretially [13, 14℄. In these es-timates, nulear GPDs are expressed in terms of nuleonGPDs onvoluted with the distribution of nuleons in thenuleus. The t dependene is modeled using nulear elas-ti form fators. These models predit an enhanementof the beam-harge and beam-heliity asymmetries forspin{0 and spin{1/2 nulei ompared to the ase of afree proton.Reently, oherent DVCS on nulei has been suggestedto provide new insights into the origin of the EMC ef-



3fet [15, 16, 17℄, as models that attempt to explain theEMC e�et in the forward ase (t; � ! 0) also predit nu-lear GPDs that di�er from those of a free nuleon (`gen-eralized' EMC e�et). GPD models embodying PDFsthat desribe the EMC e�et observed in inlusive DISpredit a muh larger generalized EMC e�et for DVCSobservables [18, 19, 20℄. In Ref. [19℄, this enhanementis attributed to the transverse motion of quarks in nu-lear targets, while Ref. [20℄ relates the enhanement tomesoni degrees of freedom in hard reations on nulei,whih have been invoked in the `pion exess' models toexplain the EMC e�et in inlusive DIS [15, 16, 21℄. Anobservable found to be sensitive to mesoni degrees offreedom is the real part of the DVCS amplitude, whih ispredited to strongly depend on the nulear mass numberA [20℄.Inoherent sattering is approximated by satteringon free nuleons. In the kinemati onditions of thisexperiment, sattering on the proton dominates dueto the fat that the BH proess on the neutron issuppressed, so that the asymmetries for nulei in theinoherent ase are antiipated to be similar to thosefor the proton. The role of the neutron ontributionwas studied in Ref. [22℄. It was shown to derease theasymmetries measured in inoherent nulear DVCS atlarger values of �t.The ross setion for hard exlusive leptoprodu-tion of real photons readsd�dxBdQ2 djtj d� = xBe632(2�)4Q4 jTj2p1 + �2 ; (1)where e represents the elementary harge, � � 2xBM=Qand T is the total reation amplitude. The azimuthalangle � is de�ned as the angle between the lepton sat-tering plane and the photon prodution plane spanned bythe trajetories of the virtual and real photons, followingRef. [23℄. The sattering amplitudes of the DVCS and BHproesses add oherently. The ross setion is then pro-portional to the squared photon{prodution amplitudewritten as jTj2 = jTDVCSj2 + jTBHj2 + I; (2)where the interferene term I is given byI = TDVCST�BH +T�DVCSTBH: (3)The BH amplitude TBH is alulable from measured elas-ti form fators of the (nuleon) nuleus when modellingthe observables for the (in)oherent proess. At leadingorder in the �ne struture onstant � and for an unpo-larized target, the squared BH amplitude jTBHj2 is in-dependent of beam polarization and lepton harge. Inontrast, the squared DVCS amplitude jTDVCSj2 and the

interferene term I depend on the beam heliity, while theinterferene term depends also on the lepton harge. Fora longitudinally polarized lepton beam and unpolarizedtarget, these dependenes read [10℄jTBHj2 = KBHP1(�)P2(�) 2Xn=0 �BHn os(n�)� ; (4)jTDVCSj2 = 1Q2 � 2Xn=0 �DVCSn os(n�)�+Pb sDVCS1 sin��; (5)I = �e`KIP1(�)P2(�)� 3Xn=0 �In os(n�)�+Pb �sI1 sin�+ sI2 sin(2�)��:(6)Here, Pb denotes the longitudinal beam polarization, e`the beam harge in units of the elementary harge, P1(�)and P2(�) are the known �-dependent lepton propaga-tors in the BH proess, and the kinemati fators readKBH = 1=[x2Bt(1 + �2)2℄ and KI = 1=(xByt) with y thefration of the inident lepton energy arried by the vir-tual photon in the target rest frame. The dependenes ofthe oeÆients n and sn on GPDs are given in Ref. [10℄1for a spin-1/2 target and in Ref. [24℄ for a spin-0 target.For a spin{1/2 target, and within the typial kinemationditions of this experiment, the oeÆients related toonly twist{2 quark GPDs appearing in the interfereneterm an be approximated asI1 / F1 ReH; (7)I0 / �p�tQ I1; (8)sI1 / F1 ImH; (9)where H denotes the Compton form fator that is aonvolution of the GPD H with the hard satteringamplitude, and F1 is the Dira form fator.In this paper we present a study of hard ex-lusive prodution of real photons in the reationeA! eX . The data were olleted with the HERMESspetrometer [25℄ during the period 1997{2005. The27.6 GeV HERA eletron or positron beam at DESYwas sattered o� gaseous hydrogen, helium, nitrogen,neon, krypton, and xenon targets (see Table I). (Resultsfrom a deuterium target will be reported elsewhere [26℄.)The HERA beam was transversely self{polarized dueto the Sokolov{Ternov mehanism [27℄. Longitudinalpolarization of the beam was obtained by using a pair1 Note that the azimuthal angle � de�ned here is di�erent fromthe one used in Ref. [10℄ (� = � � �[10℄).



4A spin L (pb�1) hPbi hPbi!H 1/2 227 0.50 �0.51He 0 32 0.56 �0.52N 1 51 0.39 �0.40Ne 0 86 0.52 �0.55Kr 0 77 0.43 �0.41Xe 0, 1/2, 3/2 47 0.32 �0.38TABLE I: Targets used for this analysis, their spins, theorresponding integrated luminosity L, and the average po-larization for the two heliity states of the beam. Note thatthe xenon target is omposed mainly of the isotopes 129Xe(spin{1/2), 131Xe (spin{3/2) and 132;134Xe (spin{0) with fra-tional ontributions of 26%, 21% and 36%, respetively. Forall other targets, the admixture of isotopes with spin di�erentfrom that given in the table is less than 10%.of spin rotators loated before and after the interationregion of HERMES. The beam heliity was reversedevery few months. The beam polarization was measuredby two independent HERA polarimeters [28, 29℄ witha ombined frational systemati unertainty of up to3.4%. This analysis makes use of the full data set withnulear targets and a subset of data with a hydrogentarget taken in the years 2000 and 2005 orrespondingto approximately 130 pb�1 (100 pb�1) for the positron(eletron) sample. (The results from the full 1996-2005hydrogen data set has been reported elsewhere [30℄.)For hydrogen, krypton and xenon targets, data for bothpositron and eletron beams are available.A brief desription of the event seletion is given here.More details an be found in Refs. [31, 32℄. Events wereseleted if exatly one photon and one harged trak iden-ti�ed as the sattered lepton were deteted. The hadronontamination in the lepton sample is kept below 1% byombining the information from a transition{radiationdetetor, a preshower sintillator detetor, and an ele-tromagneti alorimeter. The kinemati requirementsimposed are 1 GeV2 < Q2 < 10 GeV2, 0.03 < xB <0.35, � < 22 GeV, and W > 3 GeV, where W is the in-variant mass of the virtual{photon nuleon system. Thereal photon is identi�ed by a `neutral luster', whih isde�ned as an energy deposition larger than 5 GeV in thealorimeter and larger than 1 MeV in the preshower de-tetor, and the absene of a orresponding harged trak.The angular separation �� between the virtual and realphotons is required to be larger than 2 mrad. This valueis hosen in order to optimize the ombined systematiand statistial unertainties for the asymmetries due tothe degraded � resolution at low �� and the enhanedprodution of real photons on nulear targets in the small�� region2 [33℄. An upper bound of 45 mrad is im-2 Note that this value is the only di�erene from earlier HERMES
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FIG. 1: Distributions in squared missing mass from data usingpositron (�lled irles) or eletron (empty irles) beams anda xenon target ompared to a MC simulation (solid line). Thelatter inludes oherent Bethe{Heitler (BH) (dashed line), in-oherent BH (dotted line) and assoiated BH (�lled area)proesses as well as semi{inlusive bakground (dash{dottedline). The two vertial solid lines enlose the seleted exlu-sive region for the positron data. See text for details.posed on this angle in order to improve the signal{to{bakground ratio.The reoiling system was not deteted. Instead, an`exlusive' sample of events is seleted by requiring thesquared missing mass M2X = (q + p� q0)2 to orrespondwithin the experimental resolution to the squared pro-ton mass. Here, q (q0) is the four{momentum of the vir-tual (real) photon and p = (Mp;�!0 ) with Mp the protonmass. This seletion riterion is hosen by means of aMonte Carlo (MC) simulation of the missing mass dis-tribution. The result of the simulation is shown in om-parison with the experimental data in Fig. 1. In the MCsimulation the expressions in Eqs. 35 and 36 of Ref. [10℄are used for the inoherent BH proess. The simulationalso takes into aount the BH proess where a nuleonis exited to a resonant state (known as assoiated pro-dution) using a parameterization of the form fator forthe resonane region from Ref. [35℄. For the oherent BHproess, the parameterizations of the form fator for therespetive nulear targets are taken from Refs. [22, 34℄.In addition, semi{inlusive prodution of neutral mesons(mostly �0) is inluded, where either only one photonfrom the �0 !  deay is deteted or these photonsannot be experimentally resolved. For this proess, theMC generator LEPTO [36℄ is used in onjuntion with aset of JETSET [37℄ fragmentation parameters that hadanalyses, for whih �� > 5 mrad.



5previously been adjusted to reprodue multipliity dis-tributions observed by HERMES [38℄. Not inluded inthe simulation is radiation of more than one photon,whih would move events from the peak to the ontin-uum, nor the DVCS proess. The latter ontributionis highly model{dependent. In the GPD model used inRef. [39℄ it varies between 10% and 25% of the BH yieldfor prodution from a hydrogen target [40℄.The `exlusive region' for the positron data is de�nedas �(1:5 GeV)2 < M2X < (1:7 GeV)2, where the lowerlimit is hosen to be three times the resolution in M2Xfrom the squared proton mass, and the upper limit tooptimize the signal{to{bakground ratio. Sine the M2Xspetrum of the eletron data is found to be shifted byapproximately 0.18 GeV2 towards smaller values relativeto that of the positron data, the exlusive region for ele-tron data is shifted aordingly. One quarter of the e�etof this shift on the results presented below is assigned asa ontribution to the systemati unertainty.As the reoiling system was not deteted, t is inferredfrom the measurement of the other �nal{state partiles.For elasti events, the kinemati relationship between theenergy and diretion of the real photon permits the al-ulation of t without using the measured energy of thereal photon, whih is the quantity subjet to larger un-ertainty. Thus the value of t is alulated ast = �Q2 � 2 � (� �p�2 +Q2 os ��)1 + 1Mp (� �p�2 +Q2 os ��) (10)for the exlusive event sample. The error aused by ap-plying this expression to inelasti events is aountedfor in the MC simulation that is used to alulate thefrational ontribution of bakground proesses per kine-mati bin. The quantity �t is required to be smaller than0.7 GeV2.Coherent sattering on nulear targets is separatedfrom inoherent sattering by exploiting its harateristit dependene. For both DVCS and BH, oherent satter-ing ours at small values of �t and rapidly diminisheswith inreasing jtj. However, a omplete separation ofthe two sattering proesses is impossible at HERMES.Coherent{enrihed and inoherent{enrihed samples areseleted aording to a�t threshold that is hosen to varywith the target suh that for eah sample approximatelythe same average kinemati onditions are obtained forall targets. The kinemati distributions of elasti oher-ent and inoherent proesses are determined using theMC simulation desribed above and presented in Figs. 1and 2 for xenon, as an example. The t distribution ofevents seleted in the exlusive region is shown in Fig. 2for xenon together with the simulated ontributions ofoherent and inoherent proesses. Tables II and IIIsummarize the average kinemati onditions for the var-ious targets for the oherent{enrihed and inoherent{enrihed samples, respetively, and give their purities de-
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FIG. 2: Distribution (points) of events seleted in the exlu-sive region as funtion of �t ompared to a MC simulation(solid line). The latter inludes oherent Bethe{Heitler (BH)(dashed line), inoherent BH (dotted line) and assoiated BH(�lled area) proesses. Bakground from semi{inlusive neu-tral meson prodution is not inluded.A t threshold hti hxBi hQ2i % of % of[GeV2℄ [GeV2℄ [GeV2℄ oh asso.H �t < 0:033 �0:018 0.070 1.81 { 4He �t < 0:036 �0:018 0.072 1.83 34 4N �t < 0:043 �0:018 0.068 1.73 66 3Ne �t < 0:044 �0:018 0.068 1.74 68 3Kr �t < 0:070 �0:018 0.064 1.63 69 3Xe �t < 0:078 �0:018 0.062 1.60 66 4TABLE II: Average kinematis and frational ontributionsfrom oherent proesses (purity) and assoiated proesses inthe oherent{enrihed sample for the various targets.�ned as frations of the total simulated yield. Also shownfor eah sample is the simulated frational ontributionfrom the assoiated BH proess. For hydrogen, kryp-ton and xenon, the oherent{enrihed region is furtherexplored as a funtion of t (see Table IV).A t threshold hti hxBi hQ2i % of % of[GeV2℄ [GeV2℄ [GeV2℄ inoh asso.H �t > 0:077 �0:200 0.109 2.89 { 20He �t > 0:084 �0:200 0.107 2.78 61 28N �t > 0:083 �0:200 0.113 2.93 60 28Ne �t > 0:075 �0:200 0.111 2.92 65 28Kr �t > 0:067 �0:200 0.108 2.84 57 30Xe �t > 0:060 �0:200 0.107 2.86 56 30TABLE III: Average kinematis and frational ontributionsfrom inoherent proesses (purity) and assoiated proessesin the inoherent{enrihed sample for the various targets.



6A t range hti hxBi hQ2i % of % of[GeV2℄ [GeV2℄ [GeV2℄ oh asso.H 0:0 < �t < 0:008 �0:006 0.054 1.38 { < 1Kr 0:0 < �t < 0:010 �0:006 0.053 1.37 92 < 1Xe 0:0 < �t < 0:010 �0:006 0.053 1.37 92 < 1H 0:008 < �t < 0:020 �0:014 0.069 1.75 { 1Kr 0:010 < �t < 0:020 �0:014 0.064 1.63 71 2Xe 0:010 < �t < 0:020 �0:014 0.062 1.67 71 2TABLE IV: Average kinematis and frational ontributionsfrom oherent proesses (purity) and assoiated proesses intwo t subranges of the oherent{enrihed sample for hydrogen,krypton and xenon.As for these data oherent sattering ould not be iden-ti�ed event{by{event, kinemati variables that dependon the target mass are always alulated using the protonmass. This does not inuene the seletion of exlusiveevents sine the values of the relevant kinemati variablesalulated using the proton mass are highly orrelatedwith those alulated using the atual target mass. Also,the alulation of the t value is a�eted negligibly.The full ross setion for exlusive prodution of realphotons on unpolarized targets (U) by a longitudinallypolarized beam (L) an be written as�(�) = �UU;0(�)� 1 + e`AC(�) + PbALU;DVCS(�)+ e`PbALU;I(�) �; (11)where �UU;0(�) = 14 [�+! + ��! + �+ + �� ℄ is theross setion for an unpolarized target averaged over bothbeam harges (+, �) and over both positive (!) and neg-ative ( ) beam heliities. The beam{harge asymmetryAC and beam{heliity asymmetries ALU;DVCS and ALU;Iare de�ned in Eqs. 12, 14, and 16, respetively. Eahde�nition is omplemented by the orresponding relationto the oeÆients given in Eqs. 4{6:AC(�) � �+! � ��! + �+ � �� �+! + ��! + �+ + �� (12)= �1�UU;0(�) KIP1(�)P2(�) 3Xn=0 In os(n�);(13)ALU;DVCS(�) � �+! + ��! � �+ � �� �+! + ��! + �+ + �� (14)= 1�UU;0(�) 1Q2 sDVCS1 sin�; (15)ALU;I(�) � �+! � ��! � �+ + �� �+! + ��! + �+ + �� (16)= �1�UU;0(�) KIP1(�)P2(�) 2Xn=1 sIn sin(n�):(17)

As the term of Eq. 11 inluding ALU;I depends on bothbeam heliity and beam harge, the DVCS and interfer-ene beam{heliity asymmetries an be separated. Suha ombined analysis [41℄ was performed for hydrogen,krypton and xenon, where data for both eletron andpositron beams are available. The asymmetries de�nedin Eqs. 12, 14, and 16 are expanded in terms of thefollowing harmonis in �:AC(�) ' Aos(0�)C +Aos�C os� (18)+ Aos(2�)C os(2�) +Aos(3�)C os(3�);ALU;DVCS(�) ' Asin�LU;DVCS sin�; (19)ALU;I(�) ' Asin�LU;I sin�+Asin(2�)LU;I sin(2�): (20)Using the method of maximum likelihood, the FourieroeÆients A, hereafter alled asymmetry amplitudes,are simultaneously extrated from the event yield thatis proportional to the ross setion of Eq. 11. Althoughthese asymmetry amplitudes di�er somewhat from theoeÆients in Eqs. 13, 15, and 17, they are well de�nedand an be omputed in various GPD models for diretomparison with data.For helium, nitrogen and neon, only data witha positron beam were olleted. The single{harge(positron) beam{heliity asymmetry is de�ned asALU;+(�) � �! � � �! + � ; (21)= 1�UU;+(�) 1Q2 sDVCS1 sin� (22)+ �1�UU;+(�) e`KIP1(�)P2(�) 2Xn=1 sIn sin(n�);where �UU;+(�) = 12 (�! + � ). In this ase the eventyield that is proportional to the ross setion of Eq. 11is �tted byALU;+ ' Asin�LU;+ sin�+Asin(2�)LU;+ sin(2�): (23)This method does not allow for a separation of squaredDVCS amplitude and interferene term in the beam{heliity asymmetry. It was used in an earlier extrationof beam{heliity asymmetries for hydrogen [42℄.In eah kinemati bin, the extrated asymmetry am-plitudes are orreted for bakground from the deay ofsemi{inlusively produed neutral mesons, mainly pions.The orreted asymmetry amplitude is then obtained asAorr = Araw � fsemi � Asemi1� fsemi ; (24)where Araw stands for the extrated raw asymmetry am-plitude and fsemi andAsemi for the frational ontributionand orresponding asymmetry amplitude of the semi{inlusive bakground, respetively. The bakground on-tribution fsemi, estimated from MC simulations, ranges
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10herent sattering have been onsidered and the preditedratio RLU of about 1.8 for the pure oherent proess be-omes about 1.6. These values exeed the measured ratioby more than three standard deviations of the total ex-perimental unertainty. As shown in Figs. 8 and 9, foroherent{enrihed samples both beam{harge and beam{heliity amplitudes for hydrogen, krypton and xenon areessentially independent of t within unertainties.In Ref. [20℄, mesoni degrees of freedom were alsoonsidered in the desription of oherent sattering onnulei and in the explanation of the generalized EMCe�et. Suh a ontribution is predited to signi�antlyenhane the real part of the DVCS amplitude, whihtranslates into a strong nulear{mass dependene ofthe beam{harge asymmetry. In the absene of mesonexhange, this asymmetry is expeted to be essentiallyindependent of A for heavier nulei. The nulearbeam{harge amplitudes shown in Fig. 6 (upper panel)do not show any enhanement about the amplitude forthe free proton and do not exhibit any dependene on A.In summary, the nulear{mass dependene of az-imuthal beam{heliity asymmetries in eletroprodutionof real photons is measured for the �rst time for targetsranging from hydrogen to xenon. For hydrogen, kryptonand xenon, data were taken with both beam hargesand beam heliities allowing a separation of the sin�amplitude of the squared DVCS and the interfereneterms. Also, the os� amplitude of the beam{hargeasymmetry has been evaluated for those targets. Thisamplitude is onsistent with earlier measurements forhydrogen [32, 41℄. For the oherent{enrihed datasample, the os� amplitude is found to be onsistentwith zero for all nulear targets, while it amounts to 0.1for the inoherent{enrihed data sample, in either asenot exhibiting any dependene on A within experimentalunertainties.The sin� amplitude of the beam{heliity asymmetrysensitive to the squared DVCS amplitude is onsistentwith zero for all targets. The sin� amplitude of thebeam{heliity asymmetry sensitive to the interfereneterm is signi�antly non{zero with a value of about �0:2for both the oherent and inoherent{enrihed sampleswithout showing any dependene on A within unertain-ties. These amplitudes are ompared to those of a freeproton. The ratio RLU = Asin�LU;(I;+);A=Asin �LU;I;H is foundto be 0:91 � 0:19 for the oherent{enrihed sample and0:93 � 0:23 for the inoherent{enrihed sample, both ofwhih are ompatible with unity.No nulear{mass dependene of the beam{hargeand beam{heliity asymmetries is observed for heaviernulei, in agreement with the general feature of modelsthat approximate nulear GPDs by a sum of nuleonGPDs onvoluted with the distribution of nuleons inthe nuleus. The data do not support the enhanementof nulear asymmetries ompared to the free proton
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