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GVMD MODEL PREDICTIONSFOR THE LOW Q2 BEHAVIOUROF THE SPIN STRUCTURE FUNCTION g1(x;Q2)AND OF THE DHGHY INTEGRAL I(Q2)�Barbara Badeªeka; b, Jan Kwiei«ski and Beata Ziajad; eaInstitute of Experimental Physis, Warsaw UniversityHo»a 69, 00-681 Warsaw, PolandbDepartment of Physis, Uppsala UniversityP.O. Box 530, 751 21 Uppsala, SwedenH. Niewodniza«ski Institute of Nulear PhysisRadzikowskiego 152, 31-342 Kraków, PolanddDepartment of Biohemistry, BMC, Uppsala UniversityBox 576, 751 23 Uppsala, SwedeneHigh Energy Physis, Uppsala University,P.O. Box 535, 751 21 Uppsala, Sweden(Reeived July 9, 2002)Preditions for g1(x;Q2) at low Q2 are obtained in the framework ofthe GVMD model. Contributions from both light and heavy vetor mesonsare evaluated. The DHGHY sum rule is employed to �x the magnitude ofthe light vetor meson ontribution to g1, using the reent measurementsin the region of baryoni resonanes. The DHGHY moment funtion isalulated. Preditions are ompared to the data.PACS numbers: 12.38 Lg 1. IntrodutionData on polarised nuleon struture funtion g1(x;Q2) are now availableat low values of (negative) four-momentum transfer Q2 [1, 2℄. This is ofpartiular interest sine non-perturbative mehanisms dominate the partiledynamis there and a transition from soft- to hard physis may be studied.� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(3701)



3702 B. Badeªek, J. Kwiei«ski, B. ZiajaIn the previous attempt [3℄ g1 at low x and low Q2 was desribed withina formalism based on the unintegrated spin dependent parton distributions,inorporating the leading order Altarelli�Parisi evolution and the doubleln2(1/x) resummation at low x. A VMD-type non-perturbative part of g1was also inluded, its unknown normalisation was extrated from the dataand turned out to be nonzero and negative.In this paper we apply the GeneralisedVetorMesonDominane (GVMD)model. To evaluate the non-perturbative ontributions to the polarisedstruture funtion g1(x;Q2) at low values of Q2. The heavy meson (MV >Q0) ontribution is diretly related to the struture funtion in the sal-ing region, gAS1 , desribed by the QCD improved parton model, suitablyextrapolated to the low Q2 region. The ontribution of light (MV < Q0)vetor mesons desribes non-perturbative e�ets and vanishes as 1/Q4 forlarge Q2. At low Q2 these e�ets are large and predominant. Here MVdenotes the mass of a vetor meson. Then the Drell�Hearn�Gerasimov�Hosoda�Yamamoto (DHGHY) sum rule [4℄ together with measurements inthe resonane region are employed to �x the magnitude of the light vetormeson ontribution to g1.2. The GVMD representation of the struture funtion g1(x;Q2)and the DHGHY sum ruleIn the GVMD model, g1 has the following representation, valid for �xedW 2 � Q2, i.e. small values of x,x = Q2(Q2 +W 2 �M2) ;g1 �x;Q2� = gL1 �x;Q2�+ gH1 �x;Q2�= M�4� XV M4V��V �W 2�2V �Q2 +M2V �2 + gAS1 ��x;Q2 +Q20� : (1)The �rst term sums up ontributions from light vetor mesons,MV < Q0where Q20 � 1 GeV2 [5℄. HereW is the invariant mass of the eletro-produedhadroni system, � = Q2=2Mx, and M is the nuleon mass. The onstants2V are determined from the leptoni widths of the vetor mesons and theross setions ��V (W 2) are ombinations of the total ross setions for thesattering of polarised mesons and nuleons. They are not known and haveto be parametrised. Following Ref. [3℄, we assume that they an be ex-pressed through the ombinations of non-perturbative parton distributions,�p(0)j (x), evaluated at �xed Q20.



GVMD Model Preditions for the Low Q2 . . . 3703The seond term in (1), gH1 (x;Q2), whih represents the ontributionof heavy (MV > Q0) vetor mesons to g1(x;Q2) an also be treated asan extrapolation of the QCD improved parton model struture funtion,gAS1 (x;Q2), to arbitrary values of Q2. Here the saling variable x is replaedby �x = (Q2 +Q20)=(Q2 +Q20 +W 2 �M2), [5℄. It follows that gH1 (x;Q2) !gAS1 (x;Q2) as Q2 is large. We thus getg1(x;Q2) = C �49 ��u(0)val(x) + ��u(0)(x)�+ 19 ��d (0)val (x) + ��d (0)(x)��� M4��Q2 +M2� �2 +C �19 �2��s(0)(x)�� M4��Q2 +M2��2+ gAS1 ��x;Q2 +Q20� : (2)The only free parameter in (2) is the onstant C. Its value may be �xedin the photoprodution limit where the �rst moment of g1(x;Q2) is relatedto the anomalous magneti moment of the nuleon via the DHGHY sumrule, f. [6, 7℄I(0) = Ires(0) +M 1Z�t(0) d��2 g1 (x(�); 0) = ��2p(n)4 ; (3)where the DHGHY moment before taking the Q2=0 limit has been split intotwo parts, orresponding to W < Wt � 2 GeV (baryoni resonanes) andW > Wt I(Q2) = Ires(Q2) +M 1Z�t(Q2) d��2 g1 �x(�); Q2� : (4)Here �t(Q2) = (W 2t + Q2 �M2)=2M . Substituting g1 (x(�); 0) in Eq. (3)by Eq. (2) at Q2 = 0 we may obtain the value of C from (3) if Ires(0), theontribution from resonanes, is known e.g. from measurements.3. Numerial alulations for the protonTo obtain the value of C from Eq. (3), Ires(0) was evaluated usingthe preliminary data taken at ELSA/MAMI by the GDH Collaboration [8℄at the photoprodution, for Wt = 1:8GeV. The gAS1 was parametrised us-ing GRSV2000 �t [9℄ for the �standard senario� at the NLO auray.The �p(0)j (x) in Eq. (2) were evaluated at �xed Q2 = Q20, using, either



3704 B. Badeªek, J. Kwiei«ski, B. Ziaja(i) the GRSV2000 �t, or (ii) a simple, ��at� input, �p(0)i (x) = Ni(1 � x)�iwith �uV = �dV = 3; ��u = ��s = 7 and �g = 5, [10℄. We have assumedQ20 = 1:2GeV2 as in the analysis of F2, [5℄. As a result the onstant C wasfound to be �0:30 in ase (i) and �0:24 in ase (ii). These values hange atmost by 13% when Q20 hanges in the interval 1:0 < Q20 < 1:6GeV2.Negative value of the non-perturbative, vetor meson dominane, ontri-bution was also obtained in [3℄ and from the phenomenologial analysis ofthe sum rules [7, 11℄.Our g1, Fig. 1(a), reprodues well a general trend in the data; however,experimental errors are too large for a more detailed analysis. To omputethe DHGHY moment, Eq. (4), for the proton, we used the preliminary re-sults of the JLAB E91-023 experiment [12℄ for 0:15 <� Q2 <� 1:2GeV2 andW < Wt = Wt(Q2) [13℄. Results, Fig. 1(b), show that partons ontributesigni�antly even at Q2 ! 0, where the main part of the I(Q2) omes fromresonanes.
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Fig. 1. (a) Values of xg1 for the proton as a funtion of x at the measured valuesof Q2 in the non-resonant region, x < xt = Q2=2M�t(Q2). Both the VMD inputand gAS1 have been evaluated using the GRSV �t for standard senario at the NLOauray [9℄. Contributions of the VMD and of the xgAS1 are shown separately.Points are the SMC measurements at Q2 < 1 GeV2, [2℄; errors are total. Theurves have been alulated at the measured x and Q2 values. (b) The DHGHYmoment I(Q2) for the proton. Details as in Fig. 1(a). Points mark the ontributionof resonanes as measured by the JLAB E91-023, [12℄ at W <Wt(Q2).In Fig. 2 we show our DHGHY moment together with the results ofalulations of Refs. [11, 14℄ as well as with the E91-023 measurements inthe resonane region used as an input to our I(Q2) alulations. We alsoshow the E91-023 data orreted by their authors for the deep inelasti



GVMD Model Preditions for the Low Q2 . . . 3705ontribution. Our alulations are slightly larger than the DIS-orreteddata and then the results of [11℄ but learly lower than the results of [14℄whih overshoot the data.
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