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EXPERIMENTAL EVIDENCE FOR QUARK�HADRONDUALITY IN SPIN STRUCTURE FUNCTION�A. FantoniFor the HERMES CollaborationLaboratori Nazionali di Frasati-INFN, via E. Fermi 40, 00044 Frasati, Italy(Reeived July 18, 2002)First results on quark�hadron duality in the spin setor from theHERMES experiment are reported in the range 1:2 � Q2 � 12GeV2 and1 �W 2 � 4GeV2.PACS numbers: 13.60.Hb, 13.88.+e1. Introdution and experimental overviewThe struture and the interation of hadrons is generally desribed by twodi�erent but omplementary approahes: the quark�gluon ontext at highenergy, where the quarks are asymptotially free, and the meson and baryondesription at low energy, where the e�ets of the on�nement are large.In some spei� ases where the natural desription in terms of hadronsshould be applied, the quark�gluon desription an be suessfully also used.This evidene is alled quark�hadron duality and it was introdued by Bloomand Gilman [1℄. They observed that the eletro-prodution of nuleon reso-nanes resembles the saling behavior of the deep inelasti struture funtion,if expressed in terms of a saling variable onneting the two di�erent kine-mati regions and if averaged over a large range of squared invariant massW 2 =M2 + 2M� �Q2 (here Q2 is the squared transfered four-momentum,M is the proton mass and � the energy of the exhanged virtual photon).In the past 20 years substantial progress has been made in understand-ing QCD and the saling behavior of F2. Reently from JLAB [2℄ a sampleof inlusive eletron�nuleon sattering data have been analyzed for pre-ision tests of quark�hadron duality. Experimentally the duality in F2 isobserved to hold for loal enhanements individually, as well as for the� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(3689)



3690 A. Fantonientire resonane region 1 � W 2 � 4 GeV2 starting from Q2 � 1.5 GeV2.This relation alled duality an be �naturally� extended to the polarizedase, substituting the unpolarized struture funtion F2 with the polarizedstruture funtion g1. Even though duality was observed for the unpolarizedstruture funtions, there is no a priori reason to believe that duality alsoholds for polarized struture funtions. In fat, duality is expeted to fail forpolarized struture funtions at low-Q2, sine for the proton the Ellis�Ja�esum rule and the Gerasimov�Drell�Hearn (GDH) sum rule (at Q2 = 0) arepositive and negative, respetively [3℄. The interest for the duality in the po-larized ase started reently [4℄. No information is at the moment availableon the possible quark�hadron duality in the spin struture funtion g1.2. Analysis proedure and resultsThe data were olleted by the HERMES experiment in 1997 with27.56GeV longitudinally polarized positron beam inident on a longitudi-nally polarized 1H gas target internal to the HERA storage ring at DESY.Sattered positrons were deteted by the HERMES spetrometer [5℄. Thekinemati requirements on the sattered positrons for the analysis in the nu-leon resonane region were: 1 � W 2 � 4GeV2, 1:2 � Q2 � 12GeV2. Theorresponding x range was 0:34 < x < 0:98. After applying data qualityriteria, about 120,000 events remained.The evaluation of themeasured longitudinal asymmetry Ak is based on theratio of weighted ount rates aording to the formula Ak=(N�L+�N+L�)=(N�L+p +N+L�p ) where N is the number of deteted sattered positrons, L isthe integrated luminosity orreted for dead time, Lp is the integrated lumi-nosity orreted for dead time and weighted by the produt of the beam andtarget polarizations. The supersript + (�) refers to the situation where thetarget spin axis was oriented parallel (anti-parallel) to that of the positronbeam.The limited W resolution in the resonane region (ÆW � 240MeV) doesnot allow individual nuleon resonanes to be distinguished or the DIS andresonane regions to be ompletely separated. To evaluate the smearingorretion and the ontaminations in the resonane region from the elastiand deep-inelasti regions, these e�ets were studied using a simulation ofevents from elasti, resonane and deep-inelasti proesses. The parameter-izations of these ontributions were taken from Refs. [6�8℄. The �true� valueof Aresk is obtained from the relation: Ameask = Aresk fres + ADISk fDIS + Aelk felwhere fel;res;DIS denote the ontaminations from orresponding kinemati re-gions to the resonane one. The ontamination from elasti and DIS eventsin the resonane region varies from 9% to 3.8% and from 10% to 18.5%,respetively, with Q2 ranging from 1.2 to 12GeV2.



Experimental Evidene for Quark�Hadron Duality in . . . 36912.1. The spin asymmetry A1The virtual photo-absorption asymmetry A1 was extrated from the mea-sured longitudinal asymmetry Ak using the relation A1 = Ak=D � �A2,where D is the virtual photon depolarization fator and � is a kinematifator. The ontribution of the asymmetry A2 is taken into aount asA2 = 0:06�0:16 as obtained from SLAC [9℄ at Q2 = 3GeV2. In Fig. 1 (left)the spin asymmetry in the nuleon resonane region Ares1 is shown as fun-tion of x. For eah value of x the quantity Ares1 has been averaged over Q2.The total systemati unertainty of the data is about 16% with the domi-nant ontribution originating from A2 amounting to 14%. The experimentalsystemati unertainty is about 8%. Other ontributions are the unertain-ties from beam and target polarization (5.3%) and from the spetrometergeometry (2.5%). Contributions from radiative orretions, alulated usingthe POLRAD ode [10℄, gave a ontribution of about 3% to the systematiunertainty. The extrated spin asymmetry Ares1 inreases with x. The dataindiate that Ares1 may exeed the SU(6) predition of 5/9 at x = 1. Theexperimental behavior at large x is in better agreement with the preditionof a broken SU(6) symmetry due to the hyper�ne perturbations of the quarkmodel [11℄.
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3692 A. FantoniAlso shown in Fig. 1 (left) is the asymmetry ADIS1 as measured in DIS[9, 12, 13℄. As it is seen the A1 measured in the resonane region is inagreement within the experimental error with previous DIS data at higherQ2 andW 2. The urve is a �t on world DIS data at x > 0:3, A1 = x0:68. Thisparameterization ofA1 is onstraint to 1 at x = 1 and does not depend onQ2.The average ratio of the measured Ares1 to the DIS �t is 1:15 � 0:16 � 0:18.This suggests that the desription of the spin asymmetry in terms of quarkdegrees of freedom is also valid in the nuleon resonane region for the Q2range explored by the present experiment.2.2. Q2 dependene of duality in the struture funtion g1The veri�ation of the quark�hadron duality an be obtained omparingthe integrals of the polarized struture funtion g1 in the resonane and DISregion in the same x interval. The integrals �1 = R xmaxxmin g1(x) dx have beenevaluated separately for the resonane and DIS domains. The seleted datahave been divided in three bins in Q2 (1:2 � Q2 < 2:4, 2:4 � Q2 < 4,and 4 � Q2 � 12GeV2) and integrated over the whole resonane region(1 < W 2 < 4GeV2). In eah Q2 bin all the average variables were alulatedweighted by the event distribution. The x-ranges overed by the three Q2bins were 0.35�0.94, 0.49�0.96, and 0.63�0.98, respetively.For eah bin the integral � res1 has been alulated using the relation g1(x)=Ares1 F1(x) to aount for the x dependene of the integrand F1 within theindividual x bins. The unpolarised struture funtion F1 = F2(1+ 2)=(2x(1 + R)) was alulated from a modi�ation of the parameterisation [7℄of F2 that aounts for nuleon-resonane exitation and assuming R = 0:18in the whole W 2 region onsidered. The limits of integration xmax and xminwere alulated in eah Q2 bin from the W 2min and W 2max respetively.The integral �DIS1 was alulated in the same x range and at the same Q2values as for � res1 . The value of ADIS1 was taken from the Q2 independent�t to DIS data at large x, the unpolarised struture funtion F2 was takenfrom Ref. [8℄, and the value of R from Ref. [14℄.The ratio � res1 =�DIS1 for several Q2 values is shown in Fig. 1 (right).Also shown is the ratio � res1 =�DIS1 evaluated from the SLAC data whih wasevaluated by dividing the measured value of � res1 [9℄ by �DIS1 alulated inthe same way as for the present data.In addition to the total systemati unertainty for the spin asymmetryAres1 , other soures ontribute as well to the systemati unertainty of theratio � res1 =�DIS1 . The unertainty in the knowledge of FDIS2 and R are 2%.The e�et of using di�erent parameterisations for ADIS1 for the alulation ofthe ontamination oming from the DIS region and for the evaluation of theintegral �DIS1 ontributes up to 7%, while the e�et of using di�erent param-



Experimental Evidene for Quark�Hadron Duality in . . . 3693eterisations for F res2 ranges up to 10%. Taken together the total systematiunertainty on � res1 =�DIS1 amounts to 20%.The Bjorken variable x is sometimes replaed by the Nahtmann variable� = 2x=(1 +p1 + 2) [15℄, whih inludes the target-mass orretions. Forhigh Q2, � approahes x, whih is the saling variable at large Q2. Theratio � res1 =�DIS1 using the Nahtmann variable � as integration variable isalso shown in Fig. 1 (right). For the integral � res1 , the F res2 parameterisationfrom JLAB [2℄ has been used, where a �t to the average strength of all theproton resonane spetra has been obtained and used as a saling urve. Nolarge e�ets due to target mass orretions are observed.In onlusion, the �rst experimental evidene of quark�hadron dualityfor the polarised struture funtion g1 on the proton has been presentedfor Q2 values larger than 1.7 GeV2. The spin asymmetries measured in thenuleon resonane region have been found to be in agreement with the spinasymmetries measured in the DIS region at larger W 2. This experimental�nding indiates that the desription of the spin asymmetry in terms ofquark degrees of freedom is valid also in the nuleon resonane region withinthe kinemati range probed by the present experiment. The quark�hadronduality for the polarised struture funtion g1 has been found satis�ed ata similar Q2 as for the unpolarised struture funtion F2.REFERENCES[1℄ E.D. Bloom, F.J. Gilman, Phys. Rev. Lett. 25, 1140 (1970); E.D. Bloom,F.J. Gilman, Phys. Rev. D4, 290 (1971).[2℄ I. Niulesu et al., Phys. Rev. Lett. 85, 1186 (2000).[3℄ F. Close, N. Isgur, Phys. Lett. B509, 81 (2001); V.D. Burkert, B.L. Io�e, Sov.Phys. JETP 78, 619 (1994).[4℄ C.E. Carlson, N.C. Mukhopadhyay, Phys. Rev. D58, 94029 (1998).[5℄ HERMES Collaboration, K. Akersta� et al., Nul. Instrum. Methods A417,230 (1998).[6℄ S.I. Bilen'kaya et al., Zh. Eksp. Teor. Fiz. Pisma 19, 613 (1974).[7℄ A. Bodek, et al., Phys. Rev. D20, 1471 (1979).[8℄ NMC Collaboration, P. Amaudruz et al. Phys. Lett. B364, 107 (1995).[9℄ E143 Collaboration, K. Abe et al., Phys. Rev. D58, 112003 (1998).[10℄ I.V. Akushevih et al., Comput. Phys. Commun. 104, 201 (1997).[11℄ N. Isgur, Phys. Rev. D59, 034013 (1999).[12℄ HERMES Collaboration, A. Airapetian et al., Phys. Lett. B442, 484 (1998).[13℄ SMC Collaboration, B. Adeva et al., Phys. Rev. D58, 112001 (1998).[14℄ L.W. Whitlow et al., Phys. Lett. B250, 193 (1990).[15℄ O. Nahtmann, Nul. Phys. B63, 237 (1973).


