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SUMMARY OF THE SPIN PHYSICS WORKING GROUPAT DIS2002�Naomi C.R. MakinsLoomis Lab. of Physis, University of Illinois at Urbana-ChampaignUrbana, IL 61801-3080, USAEwa RondioyA. Soltan Institute for Nulear StudiesHo»a 69, 00-681 Warszawa, Polandand Jaques SofferCentre de Physique Théorique, CNRSLuminy Case 907, 13288 Marseille Cedex 09, Frane(Reeived July 30, 2002)We summarize in this report the experimental and theory talks whihwere presented in the Working Group 3 �Spin Physis� at the DIS2002workshop. Reent progress ahieved in several interesting topis will beunderlined and also what to expet in the future.PACS numbers: 13.60.�r, 13.85.Ni, 13.87.Fh, 13.88.+e1. IntrodutionThe spin struture of the nuleon is an important and very ative re-searh �eld. Many new experimental results were reported at the workshop.The preision on the measurement of the inlusive observables is higher andalso more exlusive measurements are being performed with studies of or-relations. The �rst pp ollisions with polarized beams at high energy havebeen obtained and new theoretial developments have been disussed.� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.y Supported by Polish State Committee for Sienti� Researh (KBN) SPUB Nr.621/E-78/SPUB-M/CERN/P-03/DZ298/2000 and grant Nr.2 P03B 113 19.(3815)



3816 N. Makins, E. Rondio, J. SofferFor an overview of the situation in this �eld and the de�nition of the basiquantities, the reader is also referred to the plenary talk by U. Stösslein,Status and Perspetives of the Spin Physis.2. New results on polarized parton distributionsand near future DIS experimentsIn this setion we disuss new measurements reported at the workshoponerning spin dependent struture funtions, plans of measurements with�xed targets, new analyses of polarized parton distributions and some newdetermination of the quark polarizations from semi-inlusive data.2.1. New spin asymmetry and polarized struture funtion measurementsSeveral results from experiments urrently running or reently �nishedwere presented. Here we �rst summarize the inlusive spin asymmetry mea-surements by Hermes at DESY, E99�117 and E97�103 at Je�erson Lab andE155/E155X at SLAC.New results presented by Hermes onern the g1 struture funtion with adeuterium target. During year 2000 very stable running onditions of HERAand the target density being twie as high as in 1998/1999, have allowed toollet about ten million events, �ve times the statistis of any earlier year.Target polarization was 85%. Very preise data on g1=F1 were obtained(see presentation by M. Contalbrigo) extending down to x � 5 � 10�3 atlow Q2. These data improved our knowledge about spin e�ets in deuteronin a wide kinematial range. In future, the extration of the tensor po-larization funtion b1 for deuterium is foreseen. These high statistis dataallow also signi�ant improvement on semi-inlusive asymmetries with sin-gle hadron, single pion and even some �rst data for single kaon prodution.Suh data together with previously available asymmetries on proton tar-get allow the quark polarization determination (see talk by M.C. Simani).The QCD analysis at Leading Order (LO), was performed by the HermesCollaboration inluding their new deuterium data. It uses as important in-put, the fragmentation funtions, whih orrelate the �avor of the strukquark and the type of hadron produed in the �nal state. The followingobservations were made: There is no evidene for negative polarization ofthe strange sea, no signi�ant �avor symmetry breaking in the light sea isdeteted. Systemati unertainty is dominated by the unertainty of thefragmentation model. This will be improved by dediated measurements ofthese funtions at Hermes.At Je�erson Lab, measurements of spin asymmetries are performed witha high intensity polarized eletron beam of 12�A on a polarized He3 target(see presentation by P. �oªnierzuk). The beam energy of 5.7 GeV restrits



Summary of the Spin Physis Working Group at DIS2002 3817the measurements to the high x region of 0.3�0.6 (E99�117). Three datapoints were presented for the An1 spin asymmetry with a preision one orderof magnitude better than previously ahieved. The auray of this mea-surement is still statistially dominated. These data should give importantonstraints on the valene quark polarization at high x. The other mea-surement (E97�103) is done on a transversely polarized target for almostonstant x at di�erent Q2, by means of a variable beam energy. A preisedetermination of An2 will allow studies of higher twist ontributions to g2.With an aurately measured An1 , one an determine the expetation for theWandzura�Wilzek ontribution (gWW2 ) to gn2 , as well as its Q2 dependene.From these informations, it is possible to separate the ontributions to gn2of twist-3 and higher. The data are already olleted and statistial errors(estimated from on-line analysis) are of the order of 0.01, whih is �ve-seventimes smaller than the expeted gWW2 ontribution.From SLAC a set of inlusive measurements is extended by preise mea-surements of the A2 asymmetries on transversely polarized targets and thedetermination of g2 (see presentation by S. Rok). The extrated g2 stru-ture funtion is than ompared with the Wandzura�Wilzek preditions inthe simple twist-2 model gWW2 (x;Q2) = �g1(x;Q2)+R 1x dy=yg1(y;Q2). Thetwist-3 d2 matrix element was derived from the integral of the di�erene ofthe measured g2 and the expeted twist-2 ontribution gWW2 . The valuesobtained for proton and neutron are positive and di�erent from zero at twostandard deviation level.2.2. Near future �xed target experimentsA broad �xed target program exists at SLAC (see presentation byS. Rok) inluding a polarized Møller sattering experiment running this yearand next year, for a preise determination of sin2�W , and three photopro-dution experiments. From the photoprodution experiments one will lookat the gluon polarization from open harm prodution and this is plannedfor 2006. After this, a measurement of total hadroni ross setion asym-metry in the energy range 10�45 GeV for testing the GDH sum rule, is alsoforeseen (2007).At CERN with the muon beam, the COMPASS experiment (see presen-tation by M. Leberig) took some �rst test data last year. This experiment isgoing to measure �G=G with open harm prodution and events with hightransverse momentum pairs of hadrons and identi�ed kaons. All elementsof the initial layout were suessfully ommissioned, various novel detetorpriniples were proven to work, the large polarized target �lled with 6LiDwas suessfully polarized to 55%. This year 100 days of data taking areforeseen.



3818 N. Makins, E. Rondio, J. Soffer2.3. New analyses of polarized parton distributionsMore preise data from inlusive measurements (g1 and g2) allow toimprove the determination of the polarized parton distributions. At theworkshop three papers related to this subjet were presented. Eah of themtouhes di�erent aspets for a re�ned use of the data.All the analyses are done in QCD at the Next-to-Leading Order (NLO)and the parton distributions seleted for the parametrization are alwaysgluons and valene and sea quarks (and antiquarks) of di�erent �avors. Twomethods to parametrize them are used in general: one way is to parametrizethe polarized parton distributions diretly and the other one is to use theunpolarized distributions as a basis and to onverte them to polarized partondistributions, by means of simple multipliative funtions of x.In the analysis presented by H. Bötther, polarized parton distributionsare parametrized diretly and speial are is taken to determine the fullyorrolated errors on these distributions. This partiular aspet of QCD �tswas already onsidered before, but here it is done in a very systemati way.Fully orrelated 1� error bands were derived and are available in the formof FORTRAN ode for the wide ranges 1 < Q2 < 106 GeV2 and 10�9 <x < 1. The extrated value of �S is onsistent with the world average.Also very interesting attempt to the sheme invariant QCD evolution wasperformed for the struture funtion g1(x;Q2) and its derivative in logQ2.Suh approah is promissing and an be even more usefull for higher statistisdata. In this analysis the fatorization sale unertainties do not our.In the work presented by A.V. Sidorov, the seond hoie for parametriza-tion of the polarized parton distributions was taken with �fi(x;Q2) =Aix�ifMRSTi (x;Q2), where fMRSTi (x;Q2) stands for the Martin�Roberts�Stirling�Thore parametrization for the unpolarized data. In this way thenumber of free parameters is redued. The A1 data were used in the �t andstudies of the size of possible higher twist ontributions to this quantity arepresented. No sign of signi�ant higher twist ontribution was observed.The parametrization is avaliable from the Durham data base.An attempt to obtain polarized parton distributions with a ompletelydi�erent and new method was presented by J. So�er. In a global NLO-QCD analysis polarized and unpolarized PDF are determined using a sta-tistial approah for the desription of the nuleon struture. The buildingbloks are quark (antiquark) distributions of a given �avor and heliity. Thepolarized parton densities at initial energy sale are desribed for quarks(antiquarks) by Fermi�Dira distributions and for gluons by Bose�Einsteindistributions. Free parameters are four hemial potentials and one univer-sal temperature. The potentials for quark and antiquark of opposite heliityhave opposite signs and the potential of the gluon is zero. A rather gooddesription of a big set of unpolarized and polarized data is obtained in



Summary of the Spin Physis Working Group at DIS2002 3819the wide kinematial range available. Some preditions an be made in theframework of this approah and their tests will soon be possible, for ex-ample for the high x data from Je�erson Lab, or light sea quarks �avorsymmetry breaking with parity violating heliity asymmetries in W� andZ0 prodution in polarized pp ollisions at RHIC.In the determination of polarized parton densities the role of semi-inlusive data was studied (see presentation by E. Leader). To omplete theexperimental information whih ould help to ahieve the �avor separationone should add semi-inlusive data. Suh analysis were already performedin LO by experimental groups. Here an attempt to extrat PDF in a modelindependent way is disussed. The extration of ratios of fragmentationfuntions needed in the PDF determination from semi-inlusive data in LOand NLO is possible from DIS and e+e� data. Fragmentation funtionsD�+u , D�+d and D�+s an be obtained and the in�uene of their unertaintyon the d and s polarizations is signi�ant, onsidering the low preision ofthe data at this point. Strong need for hadron multipliity measurementswith good identi�ation was stressed.3. Novel struture and fragmentation funtionsSeveral generations of deep-inelasti sattering (DIS) experiments haveprovided us with a preise map of the unpolarized parton distribution fun-tions in the proton. These PDF's are denoted q(x) or f q1 (x), where the labelq indiates quark �avor. As desribed in the previous setion, new dataare now extending our knowledge into the setor of the heliity-dependentquark distributions, denoted �q(x) or gq1(x). But a full understanding ofthe spin-struture of the nuleon requires more information. In this setion,we provide an overview of some of the novel distribution and fragmentationfuntions that are being explored for the �rst time by present experiments.In 1996, Mulders and Tangerman performed a omplete tree-level analy-sis of the semi-inlusive deep-inelasti sattering (SIDIS) ross-setion, tak-ing into onsideration all measurable spin-degrees of freedom in the initialand �nal state [1℄. Their work identi�ed a series of 8 struture funtions ofthe proton at leading twist, along with an analogous set of 8 fragmentationfuntions. These funtions are illustrated graphially in Fig. 1(a). In eahpiture, the virtual photon probe is assumed to be inident from the left,the large and small irles represent hadrons and quarks respetively, andthe arrows indiate their spin diretions. The notation for the fragmentationfuntions is obtained by replaing the letters f , g, and h with D, G, and Hrespetively.
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(a) (b)Fig. 1. (a) Summary of the lassi�ation sheme of [1℄ for leading-twist distributionfuntions. (b) Diagram of SIDIS kinematis.Eah of these funtions desribes qualitatively di�erent information abouthadroni struture and formation. The Mulders deomposition of the ross-setion reveals that experiments may aess them by measuring azimuthalmoments in spin-dependent SIDIS. Fig. 1(b) illustrates the de�nition of �,the azimuthal angle of a �nal-state hadron relative to the lepton satteringplane, measured around the virtual photon diretion. New data are provid-ing �rst glimpses of several new distribution and fragmentation funtions,and muh more an be expeted in the near future.An even more reent avenue of theoretial researh is the developmentof Generalized Parton Distributions (GPD's). The GPD formalism providesa uni�ed desription of a wide range of observables, suh as eletromagnetiform fators, onventional parton distributions, and hard exlusive rosssetions. GPD's also o�er the tantalizing prospet of a omplete map of theproton wavefuntion, inluding partoni orrelations. Perhaps most exitingof all is the hane to aess the unknown orbital angular momentum ofquarks and gluons via GPD's [2℄. First data on hard exlusive proesses,sensitive to these new funtions, have begun to appear in reent years.3.1. TransversityOf the eight struture funtions shown in Fig. 1(a), f1(x), g1(x), andh1(x) have a speial property: they are the only ones whih survive onintegration over transverse momentum kT. (The other funtions are all im-pliitly dependent on intrinsi quark transverse motion, whih is neessarilyrelated to the unknown orbital angular momentum of quarks in the nu-leon.) The third of these distributions (denoted hq1(x) or Æq(x)) is termed



Summary of the Spin Physis Working Group at DIS2002 3821transversity, and represents the degree to whih the quarks are polarizedalong the proton's spin diretion when the proton is polarized transverselyto the virtual photon. Transversity has several interesting properties. In anon-relativisti piture of the nuleon, the longitudinal and transverse spindistributions are the same: hq1(x) = gq1(x). However in a relativisti settingwhere the nuleon is observed by a high-energy beam, boosts and rotationsdo not ommute and these funtions need not be the same. Also, unlike inthe ase of g1, the gluon polarization does not mix with quark polarizationin h1, leading to a di�erent evolution with Q2. Further, the tensor hargeof the nuleon an be determined from the �rst moment of hq1(x) � h�q1(x).This quantity is purely sensitive to valene quarks, and o�ers a promisingpoint of omparison with lattie QCD alulations.Three years ago, the HERMES experiment presented �rst results onthe single-spin azimuthal asymmetry AUL(�) for semi-inlusive harged pionprodution from a longitudinally polarized hydrogen target. The asymme-try for �+ prodution displayed a pronouned sin� dependene and wasrapidly interpreted as �rst evidene for a non-zero transversity distribu-tion. M. Dueren at this workshop presented further results of this typefrom HERMES. The asymmetry AUL(�) for �0 prodution from hydrogenhas now been analyzed, and agrees with the earlier measurement for �+.Preliminary results from the deuterium-target data of the years 1998-2000were also shown. The sin� moments of the deuterium asymmetries (termedanalyzing powers) are displayed in Fig. 2. The analyzing power is of similarmagnitude for �+ and �� prodution, and about half as large as that for�+ prodution from hydrogen. These qualitative features of the measure-ments, as well as their kinemati dependenes, are in agreement with simpleexpetations based on transversity.
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Fig. 2. HERMES preliminary results on the analyzing power Asin �UL for semi-inlusive harged pion and kaon prodution from a deuterium target.



3822 N. Makins, E. Rondio, J. SofferA variety of theoretial alulations have been performed to onfront theHERMES results. These alulations involve other unknown quantities, suhas the Collins fragmentation funtion H?1 (z) and the unknown leading-twistdistribution funtion h?1L(x) (see Fig. 1). They also reveal that the dataare likely dominated by higher-twist e�ets. Nevertheless, using model-based estimates for h1(x) (e.g. from the Chiral Quark Soliton Model) andreasonable ansätze for the unknown funtions, reasonable agreement withthe data is readily obtained. An important development was presented atthis workshop by A. Efremov, who unovered a pair of sign errors in earlieralulations. A larger estimate for the size of the Collins funtion is nowobtained, whih is promising for future SIDIS measurements.With this baseline understanding of the data in hand, lear guidane isavailable on whih measurements to perform next. The most diret aessto transversity in SIDIS lies in measurements with transversely polarizedtargets. HERMES has already hanged to a transverse-target on�gura-tion, and a preise measurement of AUT(�), sensitive at leading twist to theprodut of transversity and the Collins funtion, will form a ornerstone ofHERMES Run 2. The RHIC-Spin and COMPASS experiments also haveplans for future measurements sensitive to transversity, and a forthominganalysis of high-statistis data from BELLE will yield muh more preiseinformation on the Collins fragmentation funtion.3.2. Spin-dependent fragmentation funtions and � polarizationThe HERMES measurement of a non-zero analyzing power Asin�UL pro-vides �rst evidene for not only the transversity struture funtion, butalso for the existene of the Collins fragmentation funtion H?1 (z). Thisfuntion ats as a �polarimeter� for initial-state quark polarization: it or-relates the transverse spin of the struk quark with the angular distributionof hadrons in the jet it generates. But apart from its utility in measuringtransversity, the existene the Collins funtion is deeply interesting in itsown right. As H?1 is odd under the appliation of naive time reversal, andboth the eletromagneti and strong interations are T -even, it must arisefrom some interferene mehanism. This teahes us that the fragmentationproess possesses a large degree of phase oherene. It is rather surprisingthat suh interferene e�ets persist at high energies, given the large numberof amplitudes that must be involved in semi-inlusive hadron prodution.Another powerful window on spin e�ets in the fragmentation proessomes from measurements of � polarization. The parity-violating weak de-ay � ! p�� allows the hyperon's spin to be determined from the angu-lar distribution of its deay produts, providing unique aess to spin de-grees of freedom in the �nal state. Talks at this onferene by D. Naumov,



Summary of the Spin Physis Working Group at DIS2002 3823Y. Naryshkine, and O. Grebenyuk presented new data on � polarization indeep-inelasti sattering with positron and neutrino beams.One question addressed by � polarization measurements is the follow-ing: do hadrons from the fragmentation proess preserve any memory ofthe spin of the struk quark? The HERMES experiment uses a longitudi-nally polarized positron beam of 27.6 GeV, while the NOMAD experimentuses �xed-heliity neutrino beams of 43.8 GeV. In both ases, the polar-ized virtual photon may only be absorbed by quarks of a ertain heliity,thereby e�etively produing a polarized quark beam in the forward dire-tion. Both experiments presented data on the orrelation DLL0 between thisstruk quark polarization and the longitudinal polarization of �'s in the�nal state. These results are sensitive to the spin-transfer fragmentationfuntion G1(z). Fig. 3(a) displays the most reent measurements from bothexperiments.
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3824 N. Makins, E. Rondio, J. Sofferthe struk quark retained its heliity perfetly through the fragmentationproess, but that the quarks from string breaking had random spin orien-tations. Thus the key ingredient for observing a non-zero spin transfer inthis model is the fration of �'s whih ontain the struk quark. In ontrastto the LEP �ndings, Monte Carlo studies performed at HERMES kinemat-is reveal that very few of the �'s ontain the struk quark, even at ratherlarge values of xF. More detailed studies were presented by NOMAD. Thesestudies revealed that even in the forward prodution region, the hyperonsfrequently ontain the target remnant. The message of these investigationsis that � prodution in intermediate-energy DIS is losely onneted withthe omplex and poorly-understood dynamis of the target fragmentationregion.However �'s produed in lose proximity to the target fragment mayprove interesting as well. As proposed in Ref. [6℄, � polarization in the targetfragmentation region may be sensitive to the strange quark polarization inthe target nuleon. The NOMAD data at xF < 0 show an onset of negativepolarization as one moves from the forward to the bakward region of �prodution. In partiular, the data also display a pronouned dependeneonW , the invariant mass of the �nal-state hadroni system: the polarizationinreases at lower W , where the � is more likely to ontain a strange quarkfrom the sea of the target. The NOMAD data were suessfully �t with aphenomenologial model based on negatively-polarized instrinsi strangenessin the proton, the onstituent-quark model of hyperon spin struture, andan adjustable spin-transfer oe�ient.Finally, both NOMAD and HERMES presented data on transverse �polarization, as produed by unpolarized beams and targets. This �self-polarization� of hyperons has been observed and studied for many years inhadroni beam experiments, and is assoiated with the polarizing fragmen-tation funtion D?1T(z). Like the Collins funtion, this fragmentation fun-tion is odd under naive time reversal and therefore also indiative of strongphase oherene in the fragmentation proess. No model has yet been ableto explain the full body of data that has been amassed from hadron beamexperiments.By omparison, data on the e�et in photo- and lepto-prodution is sant,and new results from NOMAD (in the neutrino-DIS regime) and HERMES(in the photo-prodution regime of Q2 � 0) provide valuable new pieesto the long-standing puzzle of transverse hyperon polarization. Disussionsat the workshop revealed a di�erene in sign onvention between the twoexperiments. Along the traditional transverse axis n̂ = p̂beam � p̂�, bothexperiments measure positive � polarization, in ontrast to the negativevalues onsistently observed in proton beam experiments.



Summary of the Spin Physis Working Group at DIS2002 38253.3. Generalized Parton DistributionsAs desribed above, Generalized Parton Distributions provide a powerfulnew framework with whih to desribe nuleon struture. Unlike the familiarPDF's, whih represent forward matrix elements of the proton, the GPD'sare sensitive to o�-forward matrix elements, with di�erent initial and �nalstates. This o�-forwardness introdues the tantalizing prospet of aess tothe unknown orbital angular momentum of partons in the proton.To measure the GPD's, one must turn to hard-exlusive proesses: mea-surements at large sales where all partiles are deteted in the �nal state.The leanest of these reations is Deeply Virtual Compton Sattering(DVCS), where a single real photon of high energy is produed from thesattering of a hard virtual photon from a nuleon target. First exploratorymeasurements of this type have just begun to appear in the last two years.R. Stamen presented measurements of the DVCS yield from the H1 andZEUS experiments, sensitive to the square of the DVCS amplitude. Newdata from HERMES were presented by R. Shanidze, sensitive instead tothe inteferene of the DVCS and Bethe�Heitler (BH) proesses. These re-ations have indistinguishable �nal states, but their interferene may beisolated by measurements of the beam-spin and beam-harge dependenethe ross-setion for single-photon prodution. The HERMES data, takenwith an unpolarized hydrogen target, reveal a pronouned sin� moment inthe beam-spin asymmetry ALU(�). Here � is the azimuthal angle of the realphoton relative to the lepton-sattering plane, as shown in Fig. 1(b). Thedata are sensitive to the imaginary part of the DVCS-BH intereferene term,and agree well with alulations performed in the GPD framework. Combin-ing eletron-beam data from 1998 and positron-beam data from 2000, thebeam harge asymmetry AC(�) = (N e+(�)�N e�(�))=(N e+(�) +N e�(�))was also investigated. This asymmetry is sensitive to the real part of theinterferene term. As shown in Fig. 3(b), a lear os� dependene wasfound for events in the exlusive region, also in agreement with theoretialexpetations.The near future looks promising for further measurements of hard-exlusive photon and meson prodution. At the HERMES experiment, onlythe sattered beam lepton and the real photon from the DVCS proess aredeteted by the spetrometer, and the exlusivity of the events must be de-termined using a missing mass tehnique. Unfortunately, the missing massresolution at the kinematis of these measurements is around 800 MeV, mak-ing it impossible to onlusively determine the exlusivity of the events.The HERMES experiment has begun onstrution of a reoil detetor, withantiipated installation in 2004. N. d'Hose also presented plans for on-



3826 N. Makins, E. Rondio, J. Sofferstrution of a similar devie at the COMPASS experiment, where exlusivemeasurements at higher sales an be performed. Finally, spin-dependentmeasurements at the highest sales of all will soon be possible at the H1 andZEUS experiments, thanks to the installation of new spin rotators and theupgrade of several detetor omponents.4. First polarized pp ollisions at RHIC-BNLThe Relativisti Heavy Ion Collider (RHIC) at Brookhaven NationalLaboratory (BNL), had a �rst �ve weeks run, as a polarized proton ol-lider ending at the beginning of 2002. In this run, at the enter of massenergy ps = 200 GeV, a luminosity L = 1:5 � 1030m�2se�1 and a beampolarization P = 25% were ahieved, at maximum. We should stress thatthis was the �rst-ever run of a polarized proton ollider, whose highest en-ergy is expeted to be ps = 500 GeV, with L = 2 � 1032m�2se�1 andP = 70%. How RHIC makes polarized protons, how to measure the beampolarization, why it was so small in this run, all these important issues havebeen brie�y explained in the presentations by L.C. Bland for the STARCollaboration and Y. Goto for the PHENIX Collaboration. We have heardabout Siberian Snake and Coulomb Nulear Interferene (CNI) polarimeterat RHIC. They gave us a rapid desription of the detetors and their kine-mati range. We were also told the long-term goals of the spin programfor both experiments. Clearly one of the main goal is to provide a betteranswer to the long-standing question: where is the proton spin? Diretphoton prodution, whih is sensitive to quark-gluon Compton sattering,will allow a diret preise measure of the gluon polarization �G(x), so farpoorly known from saling violations in polarized DIS, spanning a smallQ2 range. The �avor deomposition of the quark (antiquark) polarizationwill be ahieved aurately by the opious W� prodution at RHIC and, asmentioned above, there are serious hopes to probe the transversity quarkdistributions. Although results were not yet available, the �rst run has mea-sured single transverse-spin asymmetries AN in the prodution of �0,  andharged hadrons in the mid-rapidity region ( xF = 0, pT � 8 GeV/ ) andin the very forward region ( large xF, pT � 0:2 GeV/ ).5. Speial features of polarized struture funtionsThe onept of duality, �rst introdued more than thirty years ago byBloom and Gilman, allows us to relate the sattering amplitude in the lowenergy region, dominated by resonanes ontributions, to the high energyregion desribed by Regge exhanges. In inlusive eletron sattering, quark-hadron duality provides a relationship between resonanes physis and DIS



Summary of the Spin Physis Working Group at DIS2002 3827at high Q2. The smooth saling data measured in DIS at high Q2 is, inaverage, equal to the data measured in the resonane region at lower Q2,for a �xed range of the Bjorken saling variable x. In her presentation,A. Fantoni notied that duality has been observed in unpolarized struturefuntion, sine the integrated ratio FRes2 =FDIS2 , plotted versus Q2, remainslose to 1, exept for Q2 < 1:5 GeV2, where it drops below 1. It is thereforelegitimate to ask if duality ours also for the polarized struture funtiongp1(x;Q2). The HERMES preliminary results are in the range 1.2 � Q2 �12 GeV2 and the ratio of the �rst moments �Res1 =�DIS1 is lose to 1 andindependent of Q2 in this range. This is the �rst test of duality in polarizedDIS. Note that, as in unpolarized DIS, this ratio drops below 1 for the lowerQ2 values measured at SLAC by E143. Further studies of duality for theneutron struture funtion gn1 (x;Q2) will be made.To understand the behavior of the polarized struture funtions, in thelow Q2 region, dominated by nonperturbative mehanisms, is indeed veryimportant. This issue was onsidered, in a partiular framework, in the on-tribution of B. Badeªek. To predit the low Q2 behavior of gp1(x;Q2) oneuses a method based on the Generalized Vetor Meson Dominane (GVMD)model, whih was suessfully applied to the low Q2 behavior of the unpolar-ized struture funtion F2(x;Q2). One takes into aount the ontributionof both light and heavy vetor mesons whih ouple to a virtual photon.The heavy meson omponent is diretly related to the struture funtion, inthe saling region, and the light meson omponent is normalized by us-ing the Drell�Hearn�Gerasimov�Hosoda�Yamamoto (DHGHY) sum rule,for the �rst moment of g1, in the photoprodution limit Q2 = 0. Thepredition for I(Q2), the DHGHY moment for the proton, whih is in goodagreement with reent preliminary data from Je�erson Laboratory, is alsoompared with other theoretial estimates.6. New theoretial developments and related issuesThe onept of Collins fragmentation funtion has been mentioned earlieras well as some omments about its existene and its relevane, in partiu-lar, to probe the quark transversity distribution h1(x). In his ontribution,A. Bahetta presented a alulation of the Collins fragmentation funtionfor pions in the framework of a hiral invariant approah at a low energysale. It uses the model of Manohar and Georgi, where massive onstituentquarks and Goldstone bosons are the e�etive degrees of freedom, in thenonperturbative regime of QCD. The model depends on some parameters,in partiular on �2, the virtulity of the fragmenting quark. To test the ap-proah, they �rst alulated the unpolarized fragmentation funtion, D1(z),and the transverse momentum distribution of a produed hadron, hjkTji.The results are reasonably well desribed, although they depend on �2. Next



3828 N. Makins, E. Rondio, J. Sofferthey turn to the predition of the Collins funtion, whih is found to grow asz inreases, in agreement with the trend of present data. It is also onsistentwith the extration performed reently by A. Efremov et al. On the basisof this approah, they have estimated several spin asymmetries for semi-inlusive DIS, whih will be very soon aessible at HERMES, COMPASSand CLAS and also an azimuthal os2� asymmetry for e+e� annihilationinto two hadrons, whih should be measurable at BABAR and BELLE.Single Spin Asymmetries (SSA) are known to be di�ult to treat inperturbative QCD and an overview of di�erent onepts related to themwas presented in the ontribution of O. Teryaev. In order to desribe theparton-hadron and hadron-parton transitions, there are essentially a fewnonperturbative objets, whose list is given below with inreasing omplex-ity. First, the usual parton distribution desribing the fragmentation of ahadron into a parton, whih does have a T -odd omponent, so no imag-inary phase to produe a SSA. Next, the fragmentation funtion desrib-ing the fragmentation of a parton into a hadron, whih an give rise to aT -odd e�et, e.g. jet handedness, the Collins funtion et., needed to produea nonzero SSA. Finally, the FRACTURE funtion, ombining the proper-ties of FRAgmentation and struCTURE funtions, whih an also generateT -odd e�ets. The possible experimental manifestations of these e�ets inonnetion with HERMES and NOMAD, have been disussed and also theirrelation with reent theoretial suggestionsDeep inelasti di�rative ep sattering at high energy is an importantproess. It is haraterized by the existene of a rapidity gap, namely, thefat that the outgoing proton is well separated in rapidity from the di�ra-tively produed hadrons. In the unpolarized ase one �nds from experi-ment that the saling violations for the di�rative struture funtion FD2are similar to those of the usual struture funtion F2. Moerover the ra-tio FD2 =F2 remains almost onstant and of the order of 1/8 to 1/10, in thewhole kinemati region. These speial features have been investigated su-essfully using the light-one expansion in the generalized Bjorken region.New results in the ase of polarized deep inelasti di�rative ep satteringhave been presented by J. Blümlein. It is desribed in the same frameworkand the evolution equations are given. It is also shown that the twist-2ontribution to the di�rative struture funtion gD2 is obtained from gD1 ,by a Wandzura�Wilzek relation similar to the usual one. Future polarizedexperiments might be able to hek these preditions.Finally let us mention a presentation by H. Kawamura on the �rst alu-lation of universal QED orretions to polarized eletron sattering in higherorders. These orretions turn out to be very large in some kinemati re-gions and have therefore to be known preisely. Both singlet and nonsingletases have been studied.



Summary of the Spin Physis Working Group at DIS2002 3829REFERENCES[1℄ P.J. Mulders, R.D. Tangerman, Nul. Phys. B461, 197 (1996); D. Boer,P.J. Mulders, Phys. Rev. D57, 5780 (1998).[2℄ X. Ji, Phys. Rev. Lett. 78, 610 (1997).[3℄ A.V. Efremov, K. Goeke, P. Shweitzer, Phys. Lett. B544, 389 (2002).[4℄ ALEPH Collab., D. Buskuli et al., Phys. Lett. B374, 319 (1996); OPAL Col-laboration, K. Akersta� et al., Eur. Phys. J. C2, 49 (1998).[5℄ J. So�er, Nul. Phys. B (Pro. Supp.) 105, 140 (2002) and referenes therein.[6℄ J. Ellis, D.E. Kharzeev, A. Kotzinian, Z. Phys. 69, 467 (1996); J. Ellis, M. Kar-liner, D.E. Kharzeev, M.G. Sapozhnikov, Nul. Phys. A673, 256 (2000).


