
Vol. 33 (2002) ACTA PHYSICA POLONICA B No 11
SINGLE SPIN ASYMMETRIESIN SEMI-INCLUSIVE DIS AT HERMES�Naomi C.R. MakinsFor the HERMES CollaborationLoomis Lab. of Physis, University of Illinois at Urbana-ChampaignUrbana, IL 61801-3080, USAand Mihael DürenUniversität Giessen, Heinrih-Bu�-Ring 16, 35392 Giessen, Germany(Reeived July 11, 2002)The new high statistis deuterium data set of HERMES shows signif-iant semi-inlusive single spin asymmetries of identi�ed pions and kaons.The asymmetries observed on the deuterium target di�er from those mea-sured on the proton target. The appearane of non-zero single spin asym-metries an be explained in terms of a non-zero transversity distributionombined with a non-zero Collins fragmentation funtion. However, thedetailed interpretation of the data is model dependent as it turns out thatthe asymmetries are dominated by higher-twist e�ets. HERMES data thatare urrently being taken on a transversely polarized target will allow fora model-independent extration of the transversity distribution.PACS numbers: 13.60.Hb, 13.88.+e1. New struture and fragmentation funtionsIn 1996, Mulders and Tangerman performed a omplete tree-level anal-ysis of the Semi-Inlusive Deep-Inelasti Sattering (SIDIS) ross-setion,taking into onsideration all measurable spin-degrees of freedom in the ini-tial and �nal state [1℄. Their work identi�ed a series of 8 struture funtionsof the proton at leading twist, along with an analogous set of 8 fragmentationfuntions. Eah of these funtions desribes qualitatively di�erent informa-tion about hadroni struture and formation. The funtions f1(x), g1(x),and h1(x) have a speial property: they are the only distribution funtionswhih survive on integration over intrinsi quark transverse momentum kT.� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(3737)



3738 N.C.R. Makins, M. DürenThe remaining funtions are all impliitly dependent on intrinsi quarktransverse momentum, whih is neessarily related to the unknown orbitalangular momentum of quarks in the nuleon.The new leading twist transversity funtion h1(x) represents the trans-verse spin distribution of quarks in a proton polarized transversely to thevirtual photon. It is not idential to the longitudinal quark distribution ina longitudinally polarized target (h1(x) 6� g1(x)) due to the fat that boostand rotation operators do not ommute.The Mulders deomposition of the full polarized SIDIS ross-setion re-veals how experiments may aess these new struture and fragmentationfuntions: by measuring azimuthal moments of the measured �nal-statehadron in polarized SIDIS.2. The HERMES experimentThe HERMES experiment [2℄ has been taking data at the HERA ael-erator in Hamburg, Germany sine 1995. HERMES satters longitudinallypolarized eletron and positron beams of 27.6 GeV from polarized gas targetsinternal to the beam vauum. Pure atomi H, D, and 3He have been used (aswell as a variety of unpolarized nulear targets). Featuring polarized beamsand targets and an open-geometry spetrometer with good partile identi-�ation (PID), HERMES is well suited to a study of the spin-dependentazimuthal moments of the SIDIS ross-setion. The PID apabilities of theexperiment were signi�antly enhaned in 1998 when the former threshold�erenkov detetor (used to identify pions above a momentum of 4 GeV) wasupgraded to a Ring Imaging system (RICH). This new detetor provides fullseparation between harged pions, kaons, and protons over essentially theentire momentum range of the experiment.In September 2000 HERMES ompleted its �rst phase of data taking,on longitudinally-polarized targets. The 1998-2000 period was partiularlysuessful, yielding a very large data set (8 million DIS events) from polarizeddeuterium. HERMES is now entering its seond running phase whih willontinue until 2006. A ornerstone of this period will be measurementsfrom transversely-polarized targets, with the spei� goal of exploring thetransversity struture funtion.3. HERMES measurements of AUL(�)HERMES has measured the azimuthal distribution of harged [3℄ andneutral [4℄ pions in the sattering of �unpolarized� (i.e. spin averaged) posit-rons from a longitudinally polarized hydrogen target. The measured quan-



Single Spin Asymmetries in Semi-Inlusive DIS at HERMES 3739tity is the following Single-Spin Asymmetry (SSA):AUL(�) = 1PT N�(�)�N+(�)N�(�) +N+(�) : (1)Here PT is the target polarization and � is the azimuthal angle of the mea-sured �nal-state hadron, around the virtual photon diretion, and relativeto the lepton sattering plane. The symbols N+ and N� represent the pionyields in eah of the two target spin orientations.The measured asymmetries show a signi�ant sin� moment in the aseof �+ and �0 prodution, while no �-dependene is seen in �� prodution.The sin 2� moments of the asymmetries were also analyzed and found to beonsistent with zero in all ases. The mean Q2 of these measurements isaround 1.6 GeV.At �zeroth-order� in omplexity, the moment Asin�UL is related to the prod-ut of transversity h1(x) and the Collins fragmentation funtion H?1 (z).Figure 1 shows the dependene of Asin�UL on the Bjorken saling variable x,the energy fration z � Eh=� of the pion, and its transverse momentum pTrelative to the virtual photon diretion. The dependenes well math thequalitative preditions of Collins [5℄ who predited that the e�et shouldpeak in the valene region x ' 0:3, should rise with pT up to a maximumat some hadroni sale 0.3�0.9 GeV, and should be larger for �+ than ��prodution.
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0.25 0.5 0.75 1Fig. 1. Kinemati dependenes of Asin �UL measured from a hydrogen target.The reason for this latter expetation an be shown by a simple al-ulation. It is reasonable to guess that the transverse quark polarization(Æq � hq1) is similar to the longitudinal quark polarization (�q � gq1) in thesense Æd=Æu � �d=�u � �1=2. One may also estimate that the favoredand disfavored Collins fragmentation funtions have a similar ratio as in theunpolarized ase (� � D�+d =D�+u � (1 � z)=(1 + z) � 1=3), one arrives at



3740 N.C.R. Makins, M. Dürenthese simple estimates:A�+p � 4 Æu + � Æd4u+ � d � Æuu ; A�0p � 4 Æu + Æd4u+ d . Æuu ; A��p � 4� Æu+ Æd4� u+ d � 0 :(2)The �+ and �0 tags enhane the dominane of sattering from u-quarks,making those asymmetries almost entirely proportional to the positive uquark polarization. For �� prodution, the favored fragmentation funtionenhanes the ontribution from the oppositely polarized d-quarks, leading toa smaller net asymmetry. The expetation that the �+ and �0 asymmetriesare of similar magnitude is also supported by the data.3.1. New results on deuteriumHERMES has reently ompleted an analysis of AUL from the deuterium-target data olleted in the years 1998 to 2000. In Fig. 2 preliminary resultsare presented for the asymmetry moment Asin�UL for harged pion prodution.A rough alulation of the type given in Eq. (2) leads to the expetationthat Asin�UL should be roughly the same for �+ , �� , and �0 produtionfrom deuterium, and should be about half as large as for �+ produtionfrom hydrogen. These qualitative expetations are indeed borne out by thedata. Spin-azimuthal asymmetries for harged kaon prodution have alsobeen measured for the �rst time, as shown in the right-hand panel of Fig. 2.Just like the pion moments, the kaon moments are positive and inreasewith the saling variable x.
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Fig. 2. HERMES preliminary results on the azimuthal asymmetry moment Asin �ULfor harged pion (left panel) and kaon (right panel) prodution from a deuteriumtarget as funtion of the Bjorken saling variable x. The entral panel shows thepion moment as a funtion of the hadron energy fration z. The strong drop atlarge z (z > 0:7) is related to e�ets in exlusive pion prodution.



Single Spin Asymmetries in Semi-Inlusive DIS at HERMES 37413.2. Interpretation and futureFor a more sophistiated interpretation of the data one must onsider indetail whih terms in the SIDIS ross-setion of Ref. [1℄ ontribute to theAUL(�) asymmetry. In the theoretial deomposition, the longitudinal andtransverse omponents of the target polarization are measured with respetto the virtual photon diretion, not the lepton beam axis. The Asin�UL analyz-ing power (subsripts in experimental onvention) thus ontains a mixture ofthe ross-setion moments hsin�iUL and hsin�iUT (theoretial onvention).The hsin�iUT moment is diretly proportional to the produt of transver-sity and the Collins funtion. However the present HEMRES measurementis most diretly related to hsin�iUL, whih is muh more omplex: it is sub-leading in Q, and ontains the interation-dependent twist-3 funtions ~hLand ~H. In addition an as-yet-unknown distribution funtion h?1L(x) makesan appearane.A variety of theoretial alulations have been performed to address theHERMES measurements of AUL(�) [6�9℄. A reently unovered pair of signerrors in the analyses of the HERMES and DELPHI data [10℄ modi�ed someof the results. Nevertheless, all alulations agree that Asin�UL is dominatedby higher-twist e�ets, due to the longitudinal target polarization.For a better understanding of transversity, the next step is lear: highpreision SIDIS data on a transversely-polarized target are required. Aord-ingly, HERMES has already hanged to a transverse-target on�guration. Apreise measurement of AUT(�) , sensitive at leading twist to the produtof h1(x) and H?1 (z), will form a ornerstone of new HERMES runs thatstarted in 2002. REFERENCES[1℄ P.J. Mulders, R.D. Tangerman, Nul. Phys. B461, 197 (1996); D. Boer,P.J. Mulders, Phys. Rev. D57, 5780 (1998).[2℄ HERMES Collab., K.Akersta� et al., Nul. Instrum. Methods A417, 230(1998).[3℄ HERMES Collab., A. Airapetian et al., Phys. Rev. Lett. 84, 4047 (2000).[4℄ HERMES Collab., A. Airapetian et al., Phys. Rev. D64, 097101 (2001).[5℄ J.C. Collins, Nul. Phys. B396, 161 (1993).[6℄ K.A. Oganessian, N. Bianhi, E. De Santis, W.D. Nowak, Nul. Phys. A689,784 (2001); E. De Santis, W.D. Nowak, K.A. Oganessian, Phys. Lett. B483,69 (2000).[7℄ A.V. Efremov, K. Goeke, M.V. Polyakov, Phys. Lett. B478, 94 (2000);A.V. Efremov, K. Goeke, P. Shweitzer, Phys. Lett. B522, 37 (2001).
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