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DIFFRACTIVE EXCLUSIVE ELECTROPRODUCTIONOF �0 MESONS AT HERMES�Avetik AirapetianOn behalf of the HERMES CollaborationDESY, Notkestrasse 85, 22607 Hamburg, Germanye-mail: Avetik.Airapetian�desy.de(Reeived July 24, 2002)Reent Hermes measurements are presented on the oherent and ino-herent part of the ross setion for the exlusive di�rative prodution of�0 mesons. Based on data taken with a variety of targets, 1H, 2H,3He,14N,20Ne and 84Kr, the method to extrat the oherent to inoherent ross se-tion ratios as a funtion of oherene length loh and momentum transferQ2 will be presented. The measurement of those ratios ould ontribute tothe study of how quark�antiquark pairs interat with the nulear medium.Using the 1H and 14N targets, the nulear transpareny of �0 produtionhas been measured as a funtion of oherene length. The data have beenanalysed to searh for a possible onset of olor transpareny and are om-pared with reent theoretial alulations.PACS numbers: 13.60.Le 1. IntrodutionExlusive eletroprodution of �0 mesons from nulei is onsidered to bean exellent tool to investigate the properties of elementary partiles inter-ating with nulear matter, suh as the phenomena of a �shrinking pho-ton� [1℄, and Color Transpareny (CT) [2℄, a QCD phenomenon whih on-nets the transverse size of partile with its ross-setion. The �size� of thehadroni omponents of a virtual photon at high negative four-momentumtransfer squared, Q2, was onjetured to be smaller than the size of a normalhadron, thereby aounting for the pointlike behavior and the diminished ab-sorption of virtual photons in nulear interations ompared to real photons.� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(3639)



3640 A. AirapetianIn QCD, the reation amplitudes for exlusive interations at large momen-tum transfer are expeted to be dominated by omponents of the photonwavefuntion with small transverse size, whih give rise to diminished �nalstate interations in the nulear medium.2. Event seletion and kinemati reonstrutionThe data were obtained during the 1995-2000 running periods of theHERMES experiment using 1H, 2H, 3He, 14N, 20Ne, and 84Kr gas targets inthe 27.5 GeV HERA positron storage ring at DESY. The HERMES dete-tor is desribed in detail in Ref. [3℄. The sattered e+ and the h+h� pairwere deteted and identi�ed in the HERMES forward spetrometer. The�0 prodution sample was extrated from events with exatly three traks:a sattered positron and two oppositely-harged hadrons. A more detailedand omprehensive desription of extrating exlusive di�rative �0 an befound in Ref. [4℄. Here we only desribe the method of extrating the ratio ofoherent to inoherent ross setions based on nulear data. After extrat-ing the exlusive �t0 = t� tmin distributions, where t is the four-momentumtransfer squared between the vetor meson and nuleon, and jtminj is theminimum jtj allowed by the kinematis, we see that they exhibit the rapidfallo� expeted for di�rative proesses, and that they have two omponents(oherent(when nuleus left in ground state) and inoherent(sattering o� aquasifree nuleon from nuleus without break up)) for nulear targets andonly one omponent(oherent) for hydrogen. The ross-setion is thereforeapproximated with the sum of oherent and inoherent ontributions as:d�dt = bNebN t0 +RAbAebAt0 ; (1)where bN is the nuleon and bA is the nulei di�rative slope, respetively.This yields the �rst observable, the oherent to inoherent full ross-setionratio, RA= �oh�inoh .The oherent (inoherent) nulear transpareny is de�ned as:Troh(inoh) = �Aoh(inoh)(Q2)A�H(Q2) ; (2)where H refers to 1H and A is the nuleus atomi number. Note that forthe extration of RA, there is no need to measure the absolute luminosity,as both measurements are done with the same target and the same beam,while for the nulear transpareny analysis, whih was performed as:Troh(inoh) = �Aoh(inoh)(Q2)A�H(Q2) = NALHANHLA ; (3)



Di�rative Exlusive Eletroprodution of �0 Mesons at HERMES 3641LA and LH, the luminosities (multiplied by detetor and traking e�ienies)for nulear and hydrogen target, respetively, had to be measured individu-ally. 3. Study of systemati e�etsThe systemati unertainties for the measured ratios were determinedby varying the event seletion riteria or the analyses proedures. Theseunertainties inlude: the unertainties arising from �nite vertex resolu-tion, the bakground subtrations that were performed to determine �0 massspetrum and the �t0 distribution. Ratios extrated in parallel for the �t0and P 2t spetra provided a measure of the extration unertainty. Monte-Carlo generator DIPSI [5℄ was used to alulate the detetor aeptane.there di�erent di�rative slope parameters and relativisti (nonrelativisti)Breit�Wigner mass distributions were used as input parameters. Finally,orretions(� 15%) were applied to the ratios due to �Pauli bloking� [6℄ forinoherent sattering. For the nulear transpareny measurement the DISpositron ross-setion was used as a luminosity measure in addition to thestandard Bhabha luminosity measurement. The overall systemati uner-tainty was determined by adding the above unertainties in quadrature.4. ResultsIn Fig. 1, the measured di�rative slope parameter for di�erent targetsand the �t result are presented. From earlier measurements of strong inter-ation nulear radii [7℄ an A2=3 dependene is expeted as on�rmed by thepresent data and the �t through the data. TABLE IFitted ommon slope parameter of the Q2-dependene of the nitrogen to hydrogenratio with statistial and systemati unertainties given separately. The results areompared to theoretial preditions [8℄.Data sample Measured Q2 slope Predition(GeV�2) (GeV�2)Coherent 0:081� 0:027� 0:011 0.060Inoherent 0:097� 0:048� 0:008 0.053Fig. 2 displays the oherent to inoherent ross setion ratio versus Q2.A strong Q2 dependene an be observed.
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Fig. 2. Q2 dependene of the oherent to inoherent ross-setion ratio. For eahdata point, the orresponding loh values are given.Fig. 3 presents the A dependene of the oherent to inoherent ross-setion ratio. Note that it reahes saturation, whih means that multiplesattering inside the nuleus is not growing linearly with A [6℄. In Fig. 4the published [4℄ inoherent transpareny versus loh are ompared with thenew oherent transpareny result. As one an see the oherent transpareny
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Fig. 4. Nulear Transpareny for oherent and inoherent sattering on nitrogentarget. For eah data point, the orresponding Q2 value is indiated.result shows a distint loh dependene. To separate CT from oherenelength e�ets a two dimensional analysis was performed where, for �xedloh, a slope of the Q2 dependene was extrated. A positive slope of theQ2 dependene is evidene for CT aording to Ref. [8℄. Indeed, the resultspresented here support the CT assumption as shown in Fig. 5 for oherent�0 prodution. The results are also summarized in Table I for both oherentand inoherent �0 prodution.
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