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PION ELECTROPRODUCTION AT HERMES �V. MuiforaINFN, Laboratori Nazionali di Frasati, Italyon behalf of the HERMES Collaboration(Reeived July 14, 2000)Measurements of the individual multipliities of �+, �� and �0 pro-dued in the deep-inelasti sattering of 27.5 GeV positrons on hydrogenhave been performed at the HERMES experiment. Moreover, the in�u-ene of the nulear medium on hadron prodution and quark propagationproesses has been studied by semi-inlusive prodution on deuterium andnitrogen targets.PACS numbers: 25.30.Hm 1. IntrodutionThe semi-inlusive prodution of pseudosalar mesons in Deep InelastiSattering (DIS) is a good tool to test the Quark-Parton Model (QPM).Using the single-photon exhange approximation within this model, the dif-ferential ross setion d�� for semi-inlusive pion eletroprodution on theproton (e + p ! e0 + � + X) an be fatored into a produt of the partondistribution funtions qf (x;Q2), the perturbative ross setion d�f of theelementary proess (� + f ! f) on a quark of �avour f , and the fragmen-tation funtions D�f (z;Q2):d��(x; z;Q2) /Xf qf (x;Q2) d�f D�f (z;Q2) : (1)The energy of the exhanged virtual photon � is � = E�E0 (E and E0 beingthe energies of the inident and sattered positrons respetively), while itssquared four-momentum is �Q2. The quantity x = Q2=2M�, where M isthe proton mass, is the fration of the light-one momentum of the nuleonarried by the struk quark. The fragmentation funtion D�f (z;Q2) is a� Presented at the Meson 2000, Sixth International Workshop on Prodution, Proper-ties and Interation of Mesons, Craow, Poland, May 19�23, 2000.(2403)



2404 V. Muiforameasure of the probability that a quark of �avour f fragments into a pionof energy E� = z�. The diagram and the relevant variables of the proessare shown in Fig. 1.
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Fig. 1. Semi-inlusive pion eletroprodution diagram.The semi-inlusive prodution has been studied at the HERMES exper-iment both on hydrogen and on nulear unpolarised targets. The HERMES(HERA MEasurement of Spin) experiment [1℄ is loated at DESY and usesthe 27.5 GeV HERA eletron/positron beam whih is longitudinally polar-ized in the HERMES region with an average polarization of � 55%. TheHERMES spetrometer overs polar angle aeptane between 40 mrad and220 mrad. Traking is performed by several sets of position sensitive de-tetors before, inside and after the dipole magnet. Partile identi�ation isaomplished using a lead glass alorimeter, a preshower, a six module tran-sition detetor and a C4F10=N2 (70 : 30) gas threshold �erenkov ounter.The threshold �erenkov detetor has been replaed in 1998 with a dual-radiator ring-imaging �erenkov to identify pions, kaons and protons overnearly to the entire momentum aeptane of the spetrometer. A synthesisof the HERMES physis results and the details of the experiment an befound in the Ste�ens report at this workshop.2. Semi-inlusive pion eletroprodution on hydrogenThe quantity of interest is the pion di�erential multipliity, or the numberof pions produed per z-bin in DIS (N�) normalised to the total number ofinlusive DIS events (NDIS). In the quark parton model it is given by theexpression: 1NDIS dN�(z;Q2)dz = Pf e2f 1R0 dx qf (x;Q2)D�f (z;Q2)Pf e2f 1R0 dx qf (x;Q2) ; (2)



Pion Eletroprodution at HERMES 2405where the sum is over quarks and antiquarks of �avour f , and ef is thequark harge in units of the elementary harge.Under the assumption of isospin symmetry, the quark-parton modelpredits that the multipliity for neutral pions is equal to the average ofthose for positive and negative pions. The multipliities 1NDIS dN�0dz and1NDIS hdN�+dz + dN��dz i.2 are plotted as a funtion of z in Fig. 2. The solidurve shown in Fig. 2 is the Field Feynman Q2-independent parameteriza-tion using the independent fragmentation model [2℄. This parameterizationreprodues the experimental behavior fairly well, apart from the high z re-gion. Isospin symmetry predits that the data for neutral and harged pionsshould agree. The agreement is exellent up to z � 0:75, at higher z, themultipliity is larger for harged pions than for neutral pions. This di�erenesuggests a possible ontribution from exlusive harged di�rative hannels.
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Pion Eletroprodution at HERMES 2407HERMES results for both neutral and harged pions are systematiallyhigher than those from EMC. This di�erene an be explained by the di�er-ent Q2 range overed by the two experiments: hQ2i = 2.5 GeV2 for HER-MES and hQ2i = 25 GeV2 for EMC. In Fig. 4 the HERMES data havebeen evolved to the mean Q2 of the EMC data using a NLO model for theevolution of the fragmentation funtions [6℄. The agreement between theevolved HERMES data and the EMC data is muh improved, demostratingthe need of QCD orretions. In order to better investigate saling violationsin the fragmentation proess, the Q2 dependene of the data at �xed z wasstudied. The total (neutral plus harged) pion multipliity is plotted for 4di�erent z bins in Fig. 5. The data show a lear Q2 dependene, espeiallyin the high-z bins. The Q2-behavior of the data is in agreement with theQ2-evolution predited by the NLO QCD models [6, 7℄.
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1 2 3 4 5 6 7 8 9 10Fig. 5. Total (neutral plus harged) pion multipliity as a funtion ofQ2 for di�erentz bins. Two NLO QCD alulations of fragmentation funtions found in Refs. [6℄(solid line) and [7℄ (dashed line) are shown.3. Semi-inlusive eletroprodution on nuleiDeep inelasti lepton nuleus sattering o�ers a diret way to study thespae-time development of the hadronization proess, beause one an usethe seondary reations of the �nal state partiles for measuring the so-alled hadron formation time (�f) or the orresponding hadron formation



2408 V. Muiforalength (lf = �f). At the HERMES energies (4 < � < 24GeV) nuleare�ets may be signi�ant sine lf is of the same order of magnitude as thediameter of the target nuleus. In addition previous experiments performedat SLAC with deep-inelasti eletron sattering [9℄, at CERN with high-energy muons by SMC [10℄ and with neutrinos by WA21/WA59 [11℄ indiatethat the optimal energy range of the lepton to study hadronization dynamiswith nulei ranges from a few GeV to a few tens of GeV. Moreover, in orderto disriminate among the di�erent models for the formation time, it isimportant to study the hadronization proess as funtion of hadron speies.
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Pion Eletroprodution at HERMES 2409region 0:2 < z < 1. Pion attenuation an be studied by using the �erenkovdetetor in a restrited energy region. The z behavior of the pion attenuationis similar to that of the unidenti�ed hadron ones. It is worth notiing thatthe data over the unexplored region 0:85 < z < 1 showing a dereaseof the attenuation ratio. This �nding is in qualitative agreement with thepreditions from the gluon bremsstrahlung model [12℄.
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8 10 12 14 16 18 20 22Fig. 7. The attenuation ratio as funtion of � for harged hadrons and pions. Theband represents the systemati unertainties.The attenuation ratio as a funtion of � is shown in Fig. 7 for hargedhadrons and pions. The ratio is observed to inrease with inreasing �. Thisinrease an be understood if at high � the hadron formation takes plaelargely outside the nuleus.Beause the hadroni mass distribution of the deteted partiles is verydi�erent for the positive and the negative harge samples, the hadron at-tenuation for the two harge states is shown in Fig. 8 for hadrons and pionsrespetively. Sine the attenuation of positive and negative pions is the samewithin the experimental unertainties, the di�erene between positive andnegative hadrons must be related to the di�erene in attenuation of the otherhadrons, mostly protons and kaons. This �nding suggests that the protonattenuation is smaller with respet to the pion attenuation and thereforethat the proton formation time in the hadronization proess is larger thanfor lighter hadrons.
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8 10 12 14 16 18 20 22Fig. 8. The attenuation ratio as funtion of � for positive and negative hadronsand pions. The band represents the systemati unertainties.Additional measurements of the attenuation ratio in various heavy nuleiwith pions, kaons and protons identi�ation provided by the RICH detetorare needed to larify the issues raised by the present data. Suh measure-ments are atually underway at HERMES.4. ConlusionsCharged and neutral pion multipliities in semi-inlusive deep-inelastisattering on hydrogen at 27.5 GeV have been measured at the HERMESexperiment. The preliminary results show that the multipliities are onsis-tent with isospin symmetry below z � 0:75. These measurements providedata with improved statistial and systemati auraies ompared to earliermeasurements. The Q2-behavior of the present data is in general agreementwith NLO QCD alulations.The nulear attenuation of fast harged hadrons and pions, whih pro-vides informations on the time development of the hadronization proess,has been measured on nitrogen. Preliminary results have shown a signif-iant attenuation of fast harged hadrons and pions on nitrogen relativeto deuteron providing information in the unexplored region 0:85 < z < 1.Moreover, a possible dependene of the nulear attenuation on the hadronmass has been for the �rst time evidentiated.
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