
Vol. 33 (2002) ACTA PHYSICA POLONICA B No 10
STATUS AND PERSPECTIVES OF SPIN PHYSICS�Uta StössleinNulear Physis Laboratory, University of Colorado at BoulderCampus Box 390, Boulder, CO 80309-0390, USAandDESY, Notkestrasse 85, 22607 Hamburg, Germanye-mail: uta.stoesslein�desy.de(Reeived September 16, 2002)The status of our understanding the spin��avor struture of the nuleonis disussed based on most reent data from inelasti sattering experimentsat SLAC, JLAB and DESY. Reent insights from urrent measurementsand promising diretions for future measurements are highlighted.PACS numbers: 12.38.Qk, 13.60.�r, 13.60.Hb, 13.88.+e1. IntrodutionOne of the most interesting ongoing experimental and theoretial studiesinvolves the origin of the nuleon spin. Simple models whih ould rathersuessfully desribe the hadroni spin of nulei as the sum of spin ontribu-tions from its onstituents, failed for omposite objets like protons [1℄. Asviewed from Quantum Chromodynamis (QCD), the proton spin ought tobe generated dynamially with ontributions due to sea quarks and gluonsinluding their orbital angular momenta.The aim of this talk is to summarize most reent results in polarizedeletron�nuleon high-energy sattering. This inludes new results on thespin struture funtions g1 and g2 as well as new global analyses of g1performed in perturbative QCD (pQCD) in Next-to-Leading Order (NLO).These analyses allows one to aess mainly the ontribution of the spin of thevalene quarks (�uv; �dv) to the spin of the nuleon while the ontributionof the gluons and of the sea quarks ould so far be onstrained somewhat.� Plenary presentation at the X International Workshop on Deep Inelasti Sattering(DIS2002) Craow, Poland, 30 April�4 May, 2002.(2813)



2814 U. StössleinFirst insight into the polarized sea is due to a omplete determinationof �avor separated quark polarizations, �q=q with q = u; d; �u ; �d; s + �s,in leading order pQCD using semi-inlusive double-spin asymmetries forharged pions and kaons in addition to the well-known inlusive double-spin asymmetries. Promising diretion for future work regarding the stillunkown orbital angular momentum of quarks, are opened by measurementsof single-spin asymmetries in hard exlusive eletroprodution of pions andreal photons. Single-spin asymmetries in semi-inlusive eletroprodution ofpions give �rst indiations of a non-zero transverse quark distribution Æq.A brief reminder of the peuliarities of polarized Deep-Inelasti Sattering(DIS) as well as perspetives of the ongoing and upoming experiments areompleting the talk. More detailed disussion and subjets whih ould notbe overed here, may be found in the ontributions to the spin session ofthis workshop.2. Double-spin asymmetries and spin struture funtionsInlusive deep-inelasti sattering is one of the best-known examples ofa fatorizable proess whih thus allows one to explore the non-trivial in-ternal struture of the proton. Over the past 30 years valuable informationhas been obtained on the parton momemtum distributions and their heliitydependene. Convenient funtions were initially introdued in the Quark-Parton-Model (QPM), for sattering on a spin-1=2 target byq(x) = q+(x) + q�(x) ; �q(x) = q+(x)� q�(x) : (1)The notations q+(�) refer to parallel (anti-parallel) orientation of the quarkand nuleon spins. The parton distributions determine the spin-averagedstruture funtion F1 and the spin-dependent struture funtion g1 to beF1(x) = 12Xq e2qq(x) ; g1(x) = 12Xq e2q�q(x) : (2)Here, the sums extend over all quark and anti-quark distributions weightedby the eletrial harge eq squared. The seond leading twist spin struturefuntion, g2, is expeted to be zero in the naive QPM but as well measurablein DIS.Traditionally, one of the basi quantities measured in polarized DIS, i.e.using logitudinally polarized harged lepton beams and polarized targets,are ross setion asymmetries, Ajj and A?



Status and Perspetives of Spin Physis 2815Ajj = � 1fPBPT� �!( � �!)�!( + �!) = D (A1 + �A2) ; (3)A? = � 1fPBPT� �+! � �*!�+! + �*! = d (A2 � �A1) ; (4)whih are losely related to the virtual photon asymmetries, A1 and A2.Here, �!) (�!() denotes the ross setion for the lepton and nuleon spinsaligned parallel (anti-parallel), while �+! (�*!) is the ross setion for nu-leons transversely polarized w.r.t. the beam spin orientation. The asymme-tries A1 and A2 are kinematially redued by the amount of the virtual pho-ton polarization, denoted in Eqs. (3), (4) with D and d, where 0 < D � y �1 (y is the inelastiity variable). The dilution arising from the experimentalonditions is ontained in the fator 1=(PBPTf). It aounts mainly for thevalues of beam and target polarizations, whih are about 0.5 to 0.9 with sys-temati unertainties at the level of 2% to 5% for modern spin experiments,see Table I. The fator f denotes the fration of polarizable target material.For typial solid state target materials, as used at SLAC and CERN, f issmall and varies from about 0.13 for butanol to 0.5 for lithium deuteride.It is about 0.55 for a 3He gas target (SLAC-E154). The Hermes experimentat DESY has an internal target with almost pure gases (f � 1).In spin asymmetry measurements spin-independent detetor e�ets an-el, ontrary to ontributions from polarized and unpolarized radiative or-retions. Eqs. (3) and (4) thus hold only for the one-photon exhange rosssetion. QED radiative orretions may introdue a further, kinematiallydependent dilution. In partiular, for large y (0:5 . y � 1), the ontributionfrom elasti radiative tails might get signi�ant with ratios for the observedlepton�nuleon ross setion to the one-photon ross setion up to 2 to 3.Due to the kinemati orrelation of those high y values with low Bjorken-xvalues, x < 0:01, the aess of this interesting kinemati range with a on-ventional forward spetrometer is very hallenging, see e.g. results fromSMC [7,15℄ and reent data from Hermes [16℄.The virtual photon asymmetries, A1 and A2, an be written in terms ofthe spin-dependent struture funtions, g1 and g2A1 = g1 � 4M2x2Q2 g2F1 � g1F1 ; A2 = 2MxpQ2 (g1 + g2)F1 ; (5)where F1 = F2(1+4M2x2Q2 )=(2x(1+R)) an be determined from measurementsof R, whih depends on the ratio of longitudinal to transverse virtual-photonabsorption ross setions R = �L=�T, and of the well-known unpolarized



2816 U. Stösslein TABLE IMain parameters of modern high-energy spin physis experiments.Lab Experiment Year Beam PB Target PT fSLAC E142 [2℄ 92 19�26 GeV e� 0.39 3He 0.35 0.35E143 [3℄ 93 10�29 GeV e� 0.85 NH3 0.70 0.15ND3 0.25 0.24E154 [4℄ 95 48 GeV e� 0.83 3He 0.38 0.55E155 [5℄ 97 48 GeV e� 0.81 NH3 0.80 0.15LiD 0.22 0.36E155X [6℄ 99 29/32 GeV e� 0.83 NH3 0.70 0.16LiD 0.22 0.36CERN SMC [7℄ 92 100 GeV �+ 0.81 D-butanol 0.40 0.1993 190 GeV �+ 0.80 H-butanol 0.86 0.1294/95 0.80 D-butanol 0.50 0.2096 0.80 NH3 0.89 0.16DESY HERMES [8�10℄ 95 28 GeV e+ 0.55 3He 0.46 1.096/97 0.55 H 0.88 1.098 28 GeV e� 0.55 D 0.85 1.099/00 28 GeV e+ 0.55 D 0.85 1.0DESY HERMES [11℄ �02 28 GeV e� 0.55 H 0.85 1.0CERN COMPASS [12,13℄ �02 160 GeV �+ 0.80 NH3 0.90 0.16LiD 0.50 0.50BNL RHIC [14℄ �01 200 GeV p 0.70 200 GeV p 0.70 1.0struture funtion F2. Here, Q2 is the four-momentum transfer squaredand M is the mass of the nuleon. From Eq. (5) one an dedue thatusing a longitudinally polarized target predominantly determines g1, whileDIS experiments using a transversely polarized target are sensitive to g1 +g2. The unertainties of the R and F2 measurements enter diretly thesystemati auray of the present g1 measurements, where in partiularthe poor knowledge of R at x . 0:01 and Q2 . 1GeV2 beomes relevant.The proton struture funtion gp1 an be diretly extrated from a longi-tudinally polarized hydrogen target, while, the neutron struture funtion gn1obtained either from a longitudinally polarized 2H or a 3He target requiresadditional nulear orretions to be applied. The polarization of the 3Henuleus is mainly due to the neutron. E�ets of the nulear wave funtion



Status and Perspetives of Spin Physis 2817of the polarized 3He nuleus have yet to be orreted for by using gp1 datato evaluate the proton ontributions, i.e., gn1 (x;Q2) = 1=�n(g3He1 � 2�pgp1);where �n = (0:86�0:02) and �p = (�0:028�0:004) [17,18℄. Additional or-retions due to the neutron binding energy and Fermi motion were shown tobe small [19℄. For the polarized deuteron, whih is assumed to be a looselybound p�n system, the D-state omponent in the deuteron wave funtion(!D = 0:05 � 0:01 [20℄) slightly redues the deuteron spin struture fun-tion. Subtrating the large ontribution due to the polarized proton one ob-tains gn1 (x;Q2) = 2gd1(x;Q2)=((1 � 1:5!D)) � gp1(x;Q2): A possible furtherontribution may arise from the still unknown tensor-polarized struturefuntion bd1, a new leading twist funtion that ours in ase of satteringeletrons o� a spin-1 target [21℄. In the QPM, b1 measures the depen-dene of the quark momentum distributions on the heliity of the target,i.e. b1 = 12 (2q0" � q1" � q1#). Here qm" (qm# ) is the probability to �nd a quarkwith momentum fration x and spin up (down) in a hadron or nuleus withheliity m. In all gd1 analysis so far bd1 = 0 is assumed, but �rst data toonstrain bd1 are expeted from Hermes [22℄.3. New inlusive dataThe virtual photon asymmetries are bound by jA2j �pR(1 +A1)=2 [23℄and jA1j � 1. Testing those model-independent positivity onditions is im-portant for deeper understanding the relation between the nuleon spin andthe spin of its onstituents, in partiular, in the limit x ! 1. For example,using an exat SU(6) symmetry ansatz, Ap1 = 5=9 and An1 = 0 is expeted,but SU(6)-symmetry breaking e�ets imply An;p1 ! 1, see e.g. [25℄ for a dis-ussion of various models. It is worthwhile to note that a preise knowledgeof A1 and A2 an be used to derive a lower bound for R based on theabove relation, in general ase for eah �avor separately. Here, reently twobreakthroughs were ahieved. A �rst preision measurement of A2 of theproton and the deuteron was performed by SLAC-E155X [6℄, showing thatfor x < 0:8 the absolute value of A2 is muh smaller than thepR(1 +A1)=2limit. Another interesting new result has been obtained at Je�erson Lab.Using the longitudinally polarized 5.7GeV eletron beam (PB � 0:81) of CE-BAF and a longitudinally polarized 3He gas target (PT � 0:4), An1 ould bemeasured at x = 0:61 and Q2 = 4:9GeV2 and was determined to be positivefor the �rst time, see Fig. 1, thus on�rming SU(6) symmetry breaking in na-ture. An extension of this high-statistis measurement to the range of about0:1 < x < 0:8 is planned based on an upgrade of CEBAF to 12GeV [25℄.Reent data on the spin struture funtions xg1(x;Q2) and xg2(x;Q2)for the proton, deuteron and neutron are presented at their measured hQ2ivalues in Fig. 2 inluding the new preise neutron data on gn1 from the JLAB
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2820 U. Stössleinthe Efremov�Leader�Teryaev integral [32℄ is found to be �0:011� 0:008, inagreement with the predition that the valene quark ontribution to theseond moment of g1 + 2g2 must be zero.While the x dependene of the spin asymmetries and struture funtionshas been preisely measured and found to be strong, only little is knownabout their Q2 dependene. So far no evidene for a Q2 dependene ofg1=F1, note g1=F1 � A1, of the proton and neutron for Q2 > 1GeV2 dataould be deteted beyond the statistial auray [5℄. The Q2 dependene ofA2 of the proton and deuteron follows approximately the behavior expetedfrom the gWW2 -term, although the statistial signi�ane is still low [6℄.Currently, at Je�erson Lab measurements of inlusive spin struturefuntions in the transition region from DIS to the low Q2 regime,Q2 . 1GeV2, and to the nuleon resonane region W . 2GeV are be-ing performed with beam energies of 0.8�5.7GeV. Using polarized eletrons(PB � 70�80%) sattered o� polarized targets, g1 and g2 are measured ina range 0:02 < Q2 < 2:5GeV2, i.e. omplementary to the high-energy spinexperiments. The preliminary results for the asymmetry A1 + �A2 showsigni�ant Q2 dependenies for a 3He gas target [25℄ as well as for proton(NH3) and deuteron (ND3) solid state targets [33℄. This behavior re�ets therapidly hanging heliity struture of some resonanes with the sale probed.Aurate measurements will allow stringent tests of the Q2 dependene ofnuleon struture models, �rst moments of spin struture funtions and sumrules [34℄ and may shed new light on the important question at whih dis-tane sale pQCD orretions will break down and physis of on�nementmay dominate.4. Global QCD analyses and gluon polarization �GIn NLO pQCD, the spin struture funtion g1 is given bygp(n)1 = 19(�CNS 
 �+(�)34�q3+14�q8�+�CS 
��+2Nf�CG 
�G) ;where �Cq;G are the spin-dependent Wilson oe�ients and 
 denotes theonvolution in x spae. The usual notations for three �avours (Nf = 3) are:�� = (�u+��u) + (�d+��d) + (�s+��s) ;�q3 = (�u+��u)� (�d+��d) = 6(gp1 � gn1 ) ;�q8 = (�u+��u) + (�d+��d)� 2(�s+��s) ;�G inNLOonly; �C0G = 0 in LO :The good desription of the g1 data with Q2 > 1GeV2 is illustrated for theproton ase in Fig. 3 (left panel). The observed pattern of saling violations
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2822 U. StössleinSeveral groups have been performing spin-dependent NLO pQCD �ts.The SMC ollaboration was the �rst to arefully treat statistial, system-ati and theoretial unertainties [38℄ in polarized DIS. A novel attempt topropagate the statistial errors through the evolution proedure was donein [39℄ and is presented in Fig. 3 (right panel) together with other reentNLO �t results [37, 41, 42℄. Predominantly due to the inlusive proton datathe positive up-valene quark polarization are now determined with goodpreision. Present neutron and deuteron data onstrain well the negativedown-valene quark polarization, but further improvements are expeted in-luding the new Hermes gd1 data in these global �ts. The polarized sea isdetermined to be negative while �G is suggested to be positive. However,both distributions have large unertainties as illustrated with the bands inFig. 3 (right panel).Spin-dependent pQCD analyses begin to beome sensitive to the valueof �s as well. A reent determination of �s yields �s(M2z ) = 0:114 �0:005(stat)+0:010�0:009(sales) [39℄ whih is onsistent with the value of the urrentworld average �s(M2Z) = 0:118 � 0:002 [40℄.Present pQCD analyses use information from neutron and hyperon�-deays to onstrain the �rst moments of the non-singlet distributions,a3 = �q3 = F+D = 1:267�0:0035 and a8 = �q8 = 3F�D = 0:585�0:025.Assuming SU(3)f �avour symmetry the �rst moment of g1 is given by�1(Q2) = CS(Q2)a0(Q2) + CNS(Q2) 112 �����gagv ����� 13(3F �D)� ; (7)where j ga=gvj is the axial oupling onstant and a0(Q2) is the axial harge.An update of the E154 [44℄ NLO pQCD �t in theMS sheme was performedby the E155 ollaboration [5℄ using published data. It on�rms the quarksinglet ontribution �� to be small, �� = 0:23 � 0:04(stat)�0:06(syst)at Q2 = 5 GeV2, well below the predition of 0.58 [45℄. The value for� p1 �� n1 = 0:176�0:003�0:007 is found to be in agreement with the Bjorkensum rule predition of 0:182� 0:005. For the �rst moment of the gluon dis-tribution a value of �G = 1:6�0:8(stat)�1:1(syst) is obtained. Apparently,the unertainty on �G from saling violations is still too large to signi�-antly onstrain the gluon ontribution to the nuleon spin. The value of a8depends on the assumption of SU(3)f �avour symmetry among hyperons,whih is known to be inexat. Indiations of a breakdown of SU(3) �avorsymmetry, as observed in the hyperon � deay, and its impat on the polar-ized PDFs were disussed reently [46℄. While the in�uene on the singletand non-strange quark polarizations was found to be small, the strange seaquark and gluon polarizations hange signi�antly when SU(3)f symmetrybreaking e�ets are onsidered [46℄: e.g. �s+��s varies from �0:02 to �0:15and �G from 0.13 to 0.84. The observed strong dependene of the gluon and



Status and Perspetives of Spin Physis 2823strange quark polarizations on the SU(3)f symmetry assumptions alls formore diret probes for a determination of those quantities. A �rst attemptto determine �G=G in LO pQCD from the photon�gluon fusion proesswas presented by Hermes [47℄. Using PYTHIA [48℄, the gluon polarizationhas been found to be positive, h�G=Gi = 0:41 � 0:18 (stat)�0:03 (syst),at hp2Ti = 2:1GeV2 and hxGi = 0:17. A similar �G=G analysis is be-ing performed by Hermes based on the high statistis deuteron data of therun periods 1998�2000 [49℄ and is being expeted from COMPASS [50℄.The interpretation of suh data is still limited to LO pQCD, sine NLOsimulation programs are not available yet.5. Flavor separation of polarized quark distributionsInformation on the �avor separated polarized valene and sea quark on-tributions an possibly be obtained via semi-inlusive sattering, where oneor more hadrons h in oinidene with the sattered harged lepton are de-teted. Aording to the favored fragmentation proess, the harge of thehadron and its quark omposition provide sensitivity to the �avor of thestruk quark as is transparent within the QPM. Assuming the hard satter-ing and the fragmentation proess to fatorize, the double-spin asymmetriesfor hadrons, Ah1 , an be separated into z and x dependent terms,Ah1(x;Q2) � gh1F h1 (x;Q2) = zmaxRzmin dzPq e2q �q(x;Q2) Dhq (z;Q2)zmaxRzmin dzPq e2q q(x;Q2) Dhq (z;Q2) : (8)The fragmentation funtion Dhq (z;Q2) is the probability that the hadron hwith energy Eh originates from the struk quark �avor q, a proess whihis assumed to be spin-independent. The hadron momentum fration in thelab frame is given by z = Eh=�, where � is the energy of the virtual photon.Measurements of semi-inlusive hadron asymmetries had been performedby EMC [1℄, SMC [51℄ and Hermes [52℄, but were restrited to a three-�avorseparation so far. Here, most reent results from Hermes [53℄ on a �ve-�avorseparation of the quark polarizations�u=u; �d=d;��u=�u; ��d= �d; (�s+��s)=(s+ �s) will be disussed.New Hermes results on Ah1 are shown in Fig. 4. They are based on thefull high statistis set of deuterium data of the years 1998�2000, employingfor a momentum range of 2 to 15 GeV the pion and kaon identi�ationapability of a dual-radiator Ring Imaging �Cerenkov detetor. To maximizethe sensitivity to the struk urrent quark, typially kinemati uts ofW 2 >10 GeV2, z > 0:2 and xF > 0:1 are imposed on the data in order to suppress
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2826 U. StössleinWithin the present level of experimental unertainties, the results are stillin agreement with spin-dependent global LO pQCD �ts where the �avorundi�erentiated polarized sea is found to be small but negative.As is seen in the right panel of Fig. 5, no signi�ant breaking of the�avor symmetry of the polarized ligh sea ould be observed. This is inontrast to expetations arising from models whih an explain, in agreementwith the Gottfried sum rule data, the �avor asymmetry of the unpolarizedlight anti-quark distributions in the proton, �d(x) � �u(x) > 0. A violationof the �avor symmetry has been expeted to be stronger in the polarizedase than in the unpolarized ase, with the predition that in the proton��u > 0 > ��s > ��d and ��u���d > �d� �u > 0 [57℄. Preditions are ominge.g. from the hiral quark soliton model [56℄, statistial models for polarizedand unpolarized struture funtions and PDFs [57,58℄, pQCD analyses with�avor-asymmetri light sea densities implementing Pauli-bloking by thevalene quark [41℄, or an e�et of the pion loud of the nuleon [59℄. To gobeyond the Hermes result requires more sensitive tests for ��u(x) and ��d(x).Promising are here measurements of the various heliity asymmetries forW�prodution in polarized pp ollisions at high energies, whih will be measuredwith experiments at RHIC-BNL, see e.g. [60℄ and [57,58℄.6. Exlusive spin physisIn hard exlusive proesses as leptoprodution of either a real photon(DVCS) or a meson, new hadroni parton distributions appear whih ontaininformation on the origin of nuleon spin that DIS an not provide andwhih may allow to probe the longitudinal and transverse struture of thenuleon in a orrelated manner [61℄. Based on impressive theoretial e�ortsin the last deade, a QCD desription of suh reations ould be ahieved,separating the soft physis inherent to this proess from the hard one byextending the framework of DIS to the o�-forward region of the virtualCompton proess, for a reent review see e.g. [62℄. The non-perturbativefuntions are the so-alled generalized parton distribution funtions. GPDs(usually denoted with H;E; ~H; ~E) represent probability amplitudes to knokout a parton from a nuleon and to put it bak with di�erent longitudinalmomentum frations parametrized by � (skewness parameter) and x. GPDsdepend also on the Mandelstam invariant t, the squared momentum transferto the nuleon. These omplex funtions of multiple variables unify knownonepts of hadroni physis, e.g. by linking ordinary parton distributionfuntions and nuleon form fators.In the ontext of spin physis, the attrative fat is that the total angularmomentum Jq and JG arried by a quark �avor and by a gluon, respetively,are given by the seond moment of the sum of their unpolarized GPDs



Status and Perspetives of Spin Physis 2827(Hq; Eq) in the limit t = 0 [63℄. The total angular momenta of partons arestill unkown and related by angular momentum onservation to the spin ofthe nuleon projeted along an axis. The latter ould be written also asa sum of ontributions from quark (��) and gluon (�G) spin and orbitalangular momentum of quarks (Lq) and of gluons (Lg) [63, 64℄12 = Jq + Jg = 12�� + Lq +�G+ Lg : (9)To understand the omposition of the nuleon spin �nally, eah ontributionhas to be identi�ed. The usefulness of suh angular momentum sum rulein the sense of a gauge invariant de�nition and measurability of eah of theterms are yet under disussion [65℄, espeially with respet to the gluon.The DVCS hannel is viewed to be a partiular lean hadroni reationthat gives aess to the GPDs [66℄. In the ase of hard leptoprodution ofmesons, however, the theoretial desription involves with the meson dis-tribution amplitudes another unknown non-perturbative input, whih mayompliate the identi�ation of the GPDs. So far, the experimental dataand GPD models fous on the proton but GPDs for the deuteron were alsointrodued reently.First experimental results on lepton beam heliity dependent asymme-tries assoiated with DVCS were obtained from Hermes [68℄ and on�rmedby the CLAS ollaboration [69℄, see Fig. 6 (left panel). This single-spin asym-metry is sensitive to the interferene term formed from the imaginary partof the DVCS amplitudes, whih an be expressed in terms of GPDs, and thebakground Bethe�Heitler amplitude. In a LO leading twist desription, thisleads to a sin� dependene in the related asymmetry, A(�) = � sign(e) sin�.Here, sign(e) represents the sign of the beam harge and � is the anglebetween the  and e sattering planes. The integrated beam-spin asym-metry obtained from positron sattering o� a hydrogen target at Hermesis � = �0:23 � 0:04(stat) � 0:03(syst), while eletron sattering at CLASyields � = 0:202 � 0:021(stat) � 0:009(syst). Both results are in fair agree-ment with a simple sin� dependene, and a hange in the sign is seen withthe beam harge used. More preise data are expeted to beome availablefrom both experiments allowing the signi�ane of higher sin � moments tobe tested whih are sensitive to quark�gluon orrelations as desribed bytwist-three GPDs.In the right panel of Fig. 6, �rst results from Hermes [70℄ on a beam-harge asymmetry assoiated with DVCS are presented. This measurementombines data from eletron and positron sattering o� unpolarized targets.The single-spin asymmetry is sensitive to the interferene term related withthe real part of the DVCS amplitudes, and is expeted to follow a os�dependene. A orresponding �t to the data reveals a positive amplitude of0:11 � 0:04(stat)� 0:03(syst).
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2830 U. StössleinThe reent observation by the Hermes ollaboration [78, 79℄ of non-zerosingle-spin azimuthal asymmetries for neutral and positively harged pionso� a proton target generated muh interest, sine it an be interpreted as ev-idene for a non-zero hirality-�ipping fragmentation funtion that ouplesto the quark transversity distributions. The observation is further on�rmedby new results on single-spin asymmetries of pions and kaons from a deu-terium target, see these proeedings. However, the Hermes data were takenwith longitudinally polarized targets whih ompliates the interpretationof the asymmetries due to possible additional twist-three ontributions [80℄.Transversity is an important part of ongoing and forthoming exper-iments [88℄ and has been disussed also within this workshop series [81℄.At BNL-RHIC interesting proesses involving transversity in pp ollisionsare Drell�Yan lepton pair prodution with two protons transversely po-larized or alternatively, hiral-odd two-pion interferene fragmentation inlarge pT pion pair prodution using one proton transversely polarized. Thestudy of transversity distributions and hiral-odd fragmentation funtions,at least for the up-quark with good preision, is a primary goal of the Her-mes Run II [11, 80℄ using a transversely polarized hydrogen target. TheCOMPASS [50℄ experiment at CERN has a transversity programme similiarto that of Hermes overing a di�erent kinemati region. Currently, data arebeing taken by both experiments.The primary goal of the COMPASS muon programme is the measure-ment of the gluon polarization �G=G with � 0:1 auray via open harmprodution and hadron pair prodution at large pT for 0:04xG < 0:3 about.At RHIC, prompt photon prodution will be employed to measure theheliity-dependent gluon density �G, at 0:02<xG<0:3 [82℄. A ompilationof simulated statistial auraies for �G=G may be found e.g. in [83℄. It isimportant that various hannels for extrating �G in eN - and pp-satteringare employed to minimize the (so far strong) model-dependenies.7. ConlusionSpin physis remains an exiting, rapidly developing �eld of researh andontributes remarkably to the QCD piture of the struture of the nuleon.Reent preise spin struture funtion data from DESY and SLAC, togetherwith previous data, improve the knowledge about the ontribution of valenequarks to the nuleon spin within the framework of NLO pQCD and allowthe fundamental Bjorken sum rule to be tested. New semi-inlusive double-spin asymmetry data from Hermes deliver additional sensitivity required fora omplete �avor separation of polarized parton distributions, so far in LOpQCD. Within the present auray of the data, no signi�ant breakingof the �avor symmetry of the polarized ligh sea ould be observed. The



Status and Perspetives of Spin Physis 2831ontribution of gluons to the nuleon spin is not yet well known. It issuggested to be positive from LO/NLO pQCD �ts based on inlusive DISdata and from a LO pQCD interpretation of Hermes high pT hadron pairprodution data.A reent interesting development in QCD spin physis was triggeredby the Hermes measurement of single-spin azimuthal asymmetries in semi-inlusive pion eletroprodution o� a longitudinally polarized target. Thisobservation suggests a non-zero hiral-odd fragmentation funtion whih al-lows the so far unknown quark transversity distribution in semi-inlusivesattering o� transversely polarized targets to be aessed. For the �rsttime, a window may be opened to aess angular momenta of partons usingthe framework of generalized parton distribution funtions based on newdata on spin-dependent, hard exlusive proesses, released by the Hermesand CLAS ollaborations. Further experimental studies of the onnetion ofsemi-inlusive with exlusive reations, and of high energy with low energyspin physis are being performed at JLAB and at DESY.More preise data are expeted to soon beome available on the gluonspin, on �avor separated quark and anti-quark heliities and on transversityproperties from the high luminosity experiments at CERN, DESY, JLABand RHIC-Spin, and also from an upoming SLAC experiment [84℄. Theperspetives also of future polarized lepton�nuleon �xed-target [83,85℄ andollider [86℄ experiments are being disussed intensively. The goal remainsto develop a omplete, �rm theoretially piture of the momentum and spinstruture of nuleons and hadrons.I would like to thank the organizers, in partiular Jan Kwiei«ski, forhosting suh a fruitful workshop.REFERENCES[1℄ European Muon Collaboration, J. Ashman et al., Phys. Lett. B206, 364(1988); J. Ashman et al., Nul. Phys. B328, 1 (1989).[2℄ E142 Collaboration, P.L. Anthony et al., Phys. Rev. D54, 6620 (1996).[3℄ E143 ollaboration, K. Abe et al., Phys. Rev. D58, 112003 (1998).[4℄ E154 Collaboration, K. Abe et al., Phys. Rev. Lett. 79, 26 (1997).[5℄ E155 Collaboration, P.L. Anthony et al., Phys. Lett. B493, 19 (2000).[6℄ E155X Collaboration, P.L. Anthony et al., arXiV:hep-ex/0204028.[7℄ Spin Muon Collaboration, B. Adeva et al., Phys. Rev. D58, 112001 (1998).[8℄ HERMES Collaboration, K. Akersta� et al., Phys. Lett. B404, 383 (1997).[9℄ HERMES Collaboration, A. Airapetian et al., Phys. Lett. B442, 484 (1998).
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