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POLARIZED DEEP INELASTIC SCATTERINGAT LOW BJORKEN x AND RESUMMATIONOF LOGARITHMIC CORRECTIONS ln2(1=x)Beata ZiajaDept. of Theoretial Physis, H. Niewodniza«ski Institute of Nulear PhysisRadzikowskiego 152, 31-342 Kraków, Polande-mail: ziaja�unix.tsl.uu.se(Reeived April 29, 2003)Dediated to Jan Kwiei«ski in honour of his 65th birthdayFor an aurate desription of the polarized deep inelasti sattering atlow x inluding the logarithmi orretions, ln2(1=x), is required. Theseorretions resummed strongly in�uene the behavior of the spin struturefuntions and their moments. Results of the work of J. Kwiei«ski andmyself on this problem are reviewed.PACS numbers: 13.60.Hb, 12.38.Cy, 13.88.+e1. IntrodutionThe problem of identifying the spin omponents of the polarized nuleonhas been attrating the attention of the high-energy ommunity sine manyyears [1�4℄. The data obtained in 1988 by the EMC ollaboration [5℄ showedthat the total partiipation of quarks in the proton spin was very small.This ontradited theoretial preditions, obtained with the well-foundedEllis�Ja�e sum rule [3, 4℄. That sum rule onneted the moments of quarkdistributions to the nuleon axial oupling onstants. Following that rule,the quarks should partiipate in about three-�fth of the total nuleon spinwith the parton quark model. The disrepany between the theoretialexpetations and the experimental data for the polarized proton has beenoften referred as the �puzzle of the proton spin� [2℄.Sine 1988 several observations ontributing to this problem have beenmade. New experimental data were olleted. They showed that negletingthe partiipation of the strange quarks at the Ellis�Ja�e sum rule was notorret [2, 3℄. (3013)



3014 B. ZiajaA signi�ant progress in the theoretial analysis of the nuleon spinstruture funtion has been also made. A derivation of g1 in the sublead-ing approximation of the quantum hromodynamis (NLO DGLAP) showeda di�ulty with the unique de�ning the quark omponent of the polarizednuleon. In the standard MS fatorization sheme at the NLO QCD [6, 7℄the �rst moment of the singlet parton distribution, ��(Q2), is not on-served. The singlet moments alulated at di�erent fatorization shemesdi�er by a term, e�s �Q2� Z 10 dx�g(x;Q2) � O(�0S), whih an be large evenat Q2 !1. This is a diret onsequene of the axial anomaly [2,8,9℄. There-fore, the di�erenes between the quark moments at di�erent shemes an belarge. This makes the physial interpretation of these moments di�ult.It is also not lear how the orbital angular momentum, L, partiipatesin the total nuleon spin [2℄. Again, there is a problem with the uniquede�nition of this momentum. The total angular momenta of quarks andgluons, Jq and Jg, are well de�ned and gauge invariant. However, separationof their spin and orbital omponents is not unique. It depends on the gaugetransformation used.New experiments emerge, and they will possibly help explaining the puz-zle of the nuleon spin. The data from the region of low values of Bjorken x,x < 10�3, will be of speial importane. Theoretial preditions show thatat low x the struture funtion, g1(x;Q2), is in�uened by large logarithmiorretions, ln2(1=x), [10, 11℄. As a onsequene, large ontributions to themoments of the struture funtions from this region are expeted [10�16℄.Inluding the region of low x into the experimental analysis will improve theestimation of the parton ontributions to the nuleon spin. This may leadto a better understanding the spin omponents of the nuleon.In Refs. [16�19℄ we investigated how those logarithmi orretions,ln2(1=x), in�uened the spin struture funtion, g1, at low values of Bjorkenx.We formulated the evolution equations for the unintegrated parton distribu-tions whih inluded the omplete resummation of the double logarithmiontributions, ln2(1=x). Afterwards, those equations were ompleted withthe standard LO DGLAP evolution terms, in order to obtain the properbehaviour of the parton distributions at the moderate and large values ofx.The equations obtained were applied to the following observables andproesses: (i) to the nuleon struture funtion, g1, in the polarized deepinelasti sattering, (ii) to the struture funtion of the polarized photon,g1 , in the sattering of a lepton on a polarized photon, and (iii) to the dif-ferential struture funtion, xJ �2g1=�xJ �k2J , in the polarized deep inelastisattering aompanied by a forward jet. Case (iii) was proposed to be a testproess for the presene and the magnitude of the ln2(1=x) ontributions.For eah proess the onsequenes of inluding the logarithmi orretionswere studied in a detail.



Polarized Deep Inelasti Sattering at Low Bjorken x . . . 3015Finally, some preditions for the observables, the asymmetry and theross setions, in the proesses (i)�(iii) were obtained. They were importantto planned experiments with the polarized HERA and linear olliders, whihwould probe the region of low values of Bjorken x.2. Nuleon spin struture funtion, g1The total ross setion for the polarized deep inelasti sattering is ex-pressed by a ontration of two tensors: the leptoni tensor, L�� , and thehadroni tensor, W �� , � � L��W �� [1℄. The hadroni tensor an be ex-panded in terms of the Lorentz invariants, and the expansion oe�ientsde�ne measurable struture funtions [1,4℄. The spin struture funtion, g1,is an expansion oe�ient at the asymmetri spin term, "����q�S�, whereq denotes the momentum transfer, and S is the polarization vetor of thenuleon.At low values of Bjorken x the asymptote of g1 predited by the Reggemodel shows a weak saling with x [20, 21℄gi1(x;Q2) = i(Q2)x��i(0) ; (1)where gi1(x;Q2) is either a singlet (i =S) or a non-singlet (i =NS) om-bination of the nuleon struture funtions, gp1 and gn1 . It is expeted that�S;NS(0) � 0 and that �S(0) � �NS(0), i.e. the singlet spin struture fun-tion with the Regge model is expeted to show similar behaviour at low xas the non-singlet one [16℄.The asymptoti form of g1 obtained with the standard DGLAP evolutionin QCD is more singular than this obtained with the Regge model [10, 11℄.However, these preditions do not involve the ontribution of the loga-rithms, ln(1=x), whih is signi�ant at low x. In the unpolarized DIS theresummation of the logarithms, ln(1=x), was performed by the BFKL equa-tion [22, 23℄. The analysis of the polarized DIS showed that at low x thestruture funtion of the polarized nuleon, g1(x;Q2), was in�uened bylarge double logarithmi orretions, ln2(1=x), [10, 11℄. Those orretionsoriginated from the ladder diagrams and the nonladder (�bremsstrahlung�)diagrams with the requirement of ordering the ratios, k2n=xn, for the ex-hanged partons [10, 11, 24, 25℄. The momentum, kn, was the transversemomentum, and the fration, xn, was the longitudinal momentum frationof the nth parton exhanged. Ladder diagrams orresponded to the di-agrams desribing the forward sattering of a photon on a nuleon witha ladder of partons radiatively generated [10, 11, 15℄. Nonladder diagramswere the ladder diagrams of the forward N sattering with some extra par-ton propagators attahed. They were resummed with the infrared evolutionequation [24, 25℄.



3016 B. ZiajaThose logarithmi orretions were studied in a detail in Refs. [15, 16℄.Reursive equations for the resummation of the double logarithmi on-tributions were there formulated, both for the singlet and the nonsingletomponent of g1. Those equations transformed to the moment spae gaveproper anomalous dimensions as derived from the infrared evolution equa-tions [16, 24, 25℄.The resummation of ln2(1=x)was performed for the unintegrated par-ton distributions, fi (i =S, NS, g). Therefore, the ordering requirement,k2n=xn < k2n+1=xn+1, for the exhanged partons was naturally inluded intothe evolution equations. Moreover, the evolution ln2(1=x)was inluded intothe equation kernels, and the nonperturbative input was separated as aninhomogeneous term. This allowed for inluding the kernels of the standardDGLAP evolution into the equations, whih was neessary, in order to ob-tain a proper behaviour of the parton distributions at moderate and largevalues of x.The full (uni�ed) equation for the nonsinglet unintegrated parton distri-bution, fNS, wasfNS �x;Q2� = e�s �Q2� (�P
�q(0)NS)(x) + e�s �Q2� Q2Zk20 dk2k2 (�P
fNS)(x; k2)(DGLAP)+ e�s �Q2� 43 1Zx dzz Q2=zZQ2 dk2k2 fNS �xz ; k2�(Ladder)� e�s �Q2� 1Zx dzz  " ~F 8!2 #(z)G02�2!qq Q2Zk20 dk2k2 fNS �xz ; k2�� e�s �Q2� 1Zx dzz Q2=zZQ2 dk2k2  " ~F 8!2 # k2Q2 z!G02�2!qqfNS �xz ; k2� :(Nonladder) (2)For a detailed form of the kernels see Appendix A. Matries, F 8 and G0,represent the otet partial waves and the olour fators, respetively. Theyare desribed in a detail in Appendix A. Symbol hfF 8=!2i (z) denotes theinverse Mellin transform of F 8=!2



Polarized Deep Inelasti Sattering at Low Bjorken x . . . 3017" fF 8!2 # (z) = Æ+i1ZÆ�i1 d!2�i z�!F 8(!)!2 : (3)with the integration ontour loated to the right of the singularities of thefuntion F 8(!)=!2.The singlet distribution, fS = �f�fg�, was resummed by a similar vetorequation, formulated for the quark and the gluon omponents [16℄.The integrated parton distributions, �qi(x;Q2), were obtained with theunintegrated ones, using the relation�qi �x;Q2� = �q(0)i (x) + W 2Zk20 dk2k2 fi�x0 = x�1 + k2Q2� ; k2� ; (4)where the phase�spae was extended from Q2 to W 2 = Q2(1=x � 1) orre-sponding to the total energy squared measured in the enter-of-mass frame[15℄. The index, i =S, NS, g, and �q(0)i (x) was the input parton distributioninluding the ontributions from the nonperturbative region.Finally, the struture funtion, g1, at the LO auray wasg1 �x;Q2� = 
e2�2 ��qNS �x;Q2�+�qS �x;Q2�	 ; (5)where he2i = 1=(Nf ) PNfl=1 e2l , and Nf denoted the number of ative �avours(Nf = 3).The analysis of g1 obtained with the uni�ed evolution inluding theDGLAP terms at the LO auray was performed in [16℄. The resultsobtained with the standard LO DGLAP evolution and the uni�ed evolu-tion (DL+LO DGLAP) were similar at x > 10�3. Signi�ant disrepaniesappeared at very low x, x < 10�4, when the orretions, ln2(1=x) , werepredominant (Fig. 1).For the gluon distribution �g, the disrepanies between the LO DGLAPand DL+LO DGLAP urves were large (Fig. 2). This shows that the uni�edevolution of gluon distribution is driven by the ladder and the nonladderterms.Reently, the uni�ed equation were ompleted by the NLO DGLAPterms [26, 27℄. The relations between the NLO DGLAP and the DL+NLODGLAP urves of Refs. [26,27℄ were similar as the relations between the LODGLAP and the DL+NLO DGLAP urves obtained in [16℄.
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Polarized Deep Inelasti Sattering at Low Bjorken x . . . 30193. Spin struture of the polarized photonUni�ed evolution equations may be also applied to investigate the stru-ture of the polarized photon in a deep inelasti sattering of an eletron onphoton beams [17℄. The spin struture funtion of the polarized photon,g1 , will be measured with future linear olliders e+e� and e [28�30℄. Inpartiular, the sattering e will probe the g1 at low values of Bjorken x.The partoni ontent of the polarized photon an be also measured withthe proess of the dijet photoprodution at the sattering of an eletron ona proton [31℄.Using the uni�ed equations for the desription of e sattering requiresan extra inhomogeneous term, �ki(x;Q2), to be inluded into these equa-tions. This term desribes the pointlike oupling of the photon to quarks,antiquarks and gluons [28℄. It joins the DGLAP evolution equations in thefollowing waydd lnQ2 �qi �x;Q2� = �ki �x;Q2�+ e�s �Q2� (�P 
�qi) (x;Q2) ; (6)where i =S, NS, g. There is no photon�gluon oupling at the LO of DGLAP,�kg(x;Q2) = 0 [28℄.In Ref. [17℄ we found an analyti solution of the simpli�ed evolutionequations. They desribed the DL evolution in an approximation, wherethe nonladder terms were negleted. We got the asymptoti form of g1 atthe limit, x ! 0. As expeted, g1 , saled with x. The saling oe�ientwas negative, and it was related in a simple way to the asymptoti salingoe�ients of the nuleon struture funtion, g1.Then we found a numerial solution for g1 with the full evolution equa-tions, taking into aount the standard DGLAP evolution at the LO au-ray. The input parametrization ful�lled the sum rule for g1 [32, 33℄1Z0 dx g1 (x;Q2) = 0 : (7)We onsidered two limiting ases for the input parametrization of the quarkand gluon distributions: (i) the ase, when �q(0) = 0 and �g(0) = 0, andthe solutions of the evolution equations were generated radiatively from theinhomogeneous terms, �k, (ii) the ase, when �q(0) = 0 but the gluon inputwas nonzero. In that ase the input paraterization of gluon distribution wasobtained with the vetor�meson dominane model (VMD), assuming thedominane of the mesons, � and ! [34, 35℄.Inluding the double logarithmi orretions signi�antly in�uened thebehaviour of g1 . The di�erenes between the urves obtained with the LODGLAP, NLO DGLAP and DL+LO DGLAP evolution strongly dependedon the input parametrization of the parton distributions used (Figs. 3, 4).
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3022 B. ZiajaIt depended also on the infrared ut-o�, k20 (not shown). However, theestimated value of asymmetry, g1=F 1 , was small, � 10�3 at x = 10�4, i.e.it was di�ult to measure.The gluon distribution, �g, obtained strongly depended on the inputparametrization used (Figs. 5, 6). In ase (i) �g was negative at low valuesof x, in ase (ii) it was positive. Future experiments will be then able todetermine whih parametrization is orret.4. Logarithmi orretions testedThe presene and the magnitude of the logarithmi orretions ln2(1=x) ,an be tested in the polarized deep inelasti sattering aompanied bya forward jet. This idea was �rst applied for testing the BFKL resummationin the unpolarized DIS [36, 37℄.Assume, that a forward jet is produed in the DIS of an eletron ona proton. The momentum oordinates of the jet are, (xJ ; k2J ), where xJ is thelongitudinal momentum fration, and k2J denotes the transverse momentumof the jet squared. The momentum transfer arried by the photon is q, andthe Bjorken variable x is de�ned as: x = Q2=(2pq), where Q2 = �q2 and pis the momentum of the proton.If the jet oordinates ful�ll the requirementxJ � x ; k2J � Q2 ; (8)the jet is produed at low values of x=xJ . A ontribution to this proessoming from the standard DGLAP evolution is then supressed (k2J � Q2)[36�41℄, and the nonperturbative region is unpenetrated by the evolution,ln2(1=x) [42, 43℄.In this proess we measure the di�erential ross setion. It is related tothe momentum transfer, Q2, the eletron energy fration, y, and the di�er-ential struture funtion xJ�2g1=�xJ�k2J . In analogy to the full struturefuntion, g1, the di�erential struture funtion may be expressed throughthe integrated parton distributions in a proton and the unintegrated distri-butions of quarks and antiquarks in a parton [18℄.In Ref. [18℄ we formulated the ln2(1=x) evolution equations for the un-integrated distributions of (anti)quarks in a parton. In those equations weinluded the leading ladder terms, and negleted the subleading ones. We ne-gleted also the DGLAP terms as the DGLAP evolution was supressed [18℄.We found an analyti solution of those equations in the following ases:(i) for the �xed oupling onstant, �s(�2), where � = (k2J + Q2)=2 [38, 39℄,(ii) for the running oupling onstant, �S(�2), where �2=k2f=�, and k2f de-notes the transverse momentum of (anti)quark squared, and � is its longitu-
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Polarized Deep Inelasti Sattering at Low Bjorken x . . . 3025dinal momentum fration. After numerial integrating the unintegrated dis-tributions we got the di�erential struture funtion, xJ�2g1=�xJ�k2J(Figs. 7, 8). This funtion strongly hanged with the value of the ratio,x=xJ , and it depended also on the transverse momentum of the jet, k2J . Thestrong dependene on x=xJ was a diret e�et of the logarithmi resumma-tion. Comparing the results, we found that the ase (ii) with the runningoupling onstant was more realisti than the ase (i) with the �xed ou-pling onstant. In both ases the ln2(1=x) e�ets were muh larger than thebakground desribed by the Born approximation (not shown).In Ref. [19℄ we estimated the ross setion and the asymmetry for the DISaompanied by a forward jet. We used the kinematial uts as planned forthe future ollider, the polarized HERA [44�46℄. The e�ets of ln2(1=x) re-summation ontributed signi�antly to the asymmetri ross setion d�=dx,where x was the Bjorken variable (Fig. 9). The asymmetry obtained was,however, small, and hanged between �0:01 and �0:04 at low x.5. SummaryWe performed the analysis of the polarized deep inelasti sattering inthe region of low values of Bjorken x. We used the evolution equations for-mulated for the unintegrated parton distributions. Those equations inludedthe omplete resummation of the double logarithmi ontributions, ln2(1=x),and the standard LO DGLAP evolution terms. The DGLAP evolution wasinluded into those equations, in order to obtain the proper behaviour of theparton distributions at the moderate and large values of x.Using that formalism, we obtained preditions for the following observ-ables: (i) the nuleon struture funtion, g1, in the polarized deep inelastisattering, (ii) the struture funtion of the polarized photon, g1 , in thesattering of a lepton on a polarized photon, and (iii) the di�erential stru-ture funtion, xJ �2g1=�xJ �k2J , in the polarized deep inelasti satteringaompanied by a forward jet.For eah proess the onsequenes of inluding the logarithmi orre-tions were studied in a detail. Generally, we observed an enhanement of themagnitude of gp1 , g1 and �g obtained with the uni�ed evolution as omparedto the pure LO DGLAP results. Espeially, the behaviour of gluon distribu-tions with the uni�ed evolution at low x was learly dominated by the largeontribution of the ladder and nonladder terms. Some preditions for theobservables, the asymmetry and the ross setions, in the proesses (i)�(iii)were also obtained. The ase (iii) tested the presene and the magnitudeof the ln2(1=x) ontributions in DIS. In that ase the asymmetry parameterestimated with the kinematial uts of the future ollider, polarized HERA,was between �0:04 and �0:01 at low x.



3026 B. ZiajaTo sum up, our observations suggest that the standard DGLAP evolutionis not omplete at low x, where the e�ets of ln2(x) resummation are largeand, therefore, annot be negleted. This result is important to plannedexperiments with the polarized HERA and linear olliders, whih wouldprobe the region of low values of Bjorken x.I would like to express my deep gratitude to Professor Jan Kwiei«skiwho introdued me into the spin physis, who inspired and supported myresearh in this �eld. I learned from him a lot.This researh has been supported in part by the Polish State Committeefor Sienti� Researh with grants 2 P03B 05119, 2PO3B 14420, and Eu-ropean Community grant �Training and Mobility of Researhers�, Network�Quantum Chromodynamis and the Deep Struture of Elementary Parti-les� FMRX-CT98-0194. Appendix AHere a brief desription of the evolution kernels of Eq. (2) is given.DGLAP kernels were taken from Ref. [1℄. Here the DGLAP kernel �Pinludes only the LO terms, �P = �P (0): (9)The ladder kernels orresponding to the LO DGLAP kernels at the lon-gitudinal momentum transfer z = 0, [16℄ generate the double logarithmiorretions in the region of Q2 < k2 < Q2=z.The nonladder kernels were obtained in Ref. [16℄ from the infrared evo-lution equations written for the singlet partial waves F 0, F 8 [10, 11, 24, 25℄.In [16℄ we notied that extending the kernel of the double logarithmi evo-lution equations from the ladder one,e�s �Q2� �Pqq! ; (10)to the modi�ed one, e�s �Q2���Pqq! � (F 8(!)G0)qq(2�2!2) � ; (11)gave a proper anomalous dimension as derived from the infrared evolutionequations.



Polarized Deep Inelasti Sattering at Low Bjorken x . . . 3027Matrix G0 ontained olour fators resulting from attahing the softgluon to external legs of the sattering amplitude,G0 =  N2�12N 00 N ! ; (12)where N was the number of olours.Further, it was heked that the Born approximation of F 8,FBorn8 (!) � 8�2 e�s �Q2�M8! (13)gave aurate results for the DL evolution. Martix M8 was a splittingfuntion matrix in the olour otet t-hannel,M 8 =  � 12N �NF2N 2N ! : (14)The inverse Melin transform of FBorn8 (!) then read," ~FBorn8!2 #(z) = 4�2 e�s �Q2�M8 ln2(z): (15)The evolution equation (2) inludes the nonladder orretions in the Bornapproximation (15). REFERENCES[1℄ B. Lampe, E. Reya, Phys. Rep. 332, 1 (2000).[2℄ H.-Y. Cheng, Chin. J. Phys. 38, 753 (2000).[3℄ M.C. Vetterli, hep-ph/9812420.[4℄ B.L. Io�e, Surveys High Energy Phys. 8, 107 (1995).[5℄ J. Ashman et al., EMC Collaboration, Phys. Lett. 206B, 364 (1988).[6℄ R. Mertig, W.L. van Neerven, Z. Phys. 70C, 637 (1996).[7℄ W. Vogelsang, Phys. Rev. 54D, 2023 (1996).[8℄ R.D. Carlitz, J.C. Collins, A.H. Mueller, Phys. Lett. 214B, 229 (1988).[9℄ E. Leader, A.V. Sidorov, D.B. Stamenov, Phys. Lett. 445B, 232 (1998).[10℄ J. Bartels, B.I. Ermolaev, M.G. Ryskin, Z. Phys. 70C, 273 (1996).[11℄ J. Bartels, B.I. Ermolaev, M.G. Ryskin, Z. Phys. 72C, 627 (1996).[12℄ J. Blümlein, A. Vogt, Ata Phys. Pol. B 27, 1309 (1996).



3028 B. Ziaja[13℄ J. Blümlein, A. Vogt, Phys. Lett. 386B, 350 (1996).[14℄ Y. Kiyo, J. Kodaira, H. Tohimura, Z. Phys. 74C, 631 (1997).[15℄ B. Badeªek, J. Kwiei«ski, Phys. Lett. 418B, 229 (1998).[16℄ J. Kwiei«ski, B. Ziaja, Phys. Rev. 60D, 054004 (1999).[17℄ J. Kwiei«ski, B. Ziaja, Phys. Rev. 63D, 054022 (2001).[18℄ J. Kwiei«ski, B. Ziaja, Phys. Lett. 464B, 293 (1999).[19℄ J. Kwiei«ski, B. Ziaja, Phys. Lett. 470B, 247 (1999).[20℄ B.L. Io�e, V.A. Khoze, L.N. Lipatov, Hard Proesses, North-Holland, Ams-terdam 1984.[21℄ J. Ellis, M. Karliner, Phys. Lett. 213B, 73 (1988).[22℄ E.A. Kuraev, L.N. Lipatov, V. Fadin, Sov. Phys. JETP 45 199 (1977).[23℄ Y.Y. Balitsky, L.N. Lipatov, Sov. J. Nul. Phys. 28 822 (1978).[24℄ R. Kirshner, L.N. Lipatov, Nul. Phys. 213B, 122 (1983).[25℄ R. Kirshner, Z. Phys. 67C, 459 (1995).[26℄ B. Ziaja, Phys. Rev. 66D, 114017 (2002).[27℄ B. Ziaja, to be published in Eur. Phys. J. C.[28℄ M. Stratmann, W. Vogelsang, Phys. Lett. 386B, 370 (1996).[29℄ M. Stratmann, Nul. Phys. (Pro. Suppl.) 82B, 400 (2000).[30℄ A. Vogt, Nul. Phys. (Pro. Suppl.) 82B, 394 (2000).[31℄ M. Stratmann, W. Vogelsang, Towards the parton densities of polarized pho-tons at HERA, Hamburg 1999, p. 324, 1999.[32℄ S.D. Bass, Int. J. Mod. Phys. 7A, 6039 (1992).[33℄ S. Narison, G.M. Shore, G. Veneziano, Nul. Phys. 391B, 69 (1993).[34℄ J.J. Sakurai, Ann. Phys. 11, 1 (1960).[35℄ T.T. Bauer et al., Rev. Mod. Phys. 50, 261 (1978).[36℄ A. Mueller, Nul. Phys. (Pro. Suppl.) 18C, 125 (1990).[37℄ A. Mueller, J. Phys. G 17, 1443 (1991).[38℄ J. Bartels, A. De Roek, M. Loewe, Z. Phys. 54C, 635 (1992).[39℄ W.K. Tang, Phys. Lett. 278B, 363 (1992).[40℄ J. Kwiei«ski, A.D. Martin, P.J. Sutton, Phys. Rev. 46D, 921 (1992).[41℄ J. Kwiei«ski, A.D. Martin, P.J. Sutton, Phys. Lett. 287B, 254 (1992).[42℄ J. Bartels, H. Lotter, Phys. Lett. 309B, 400 (1993).[43℄ J. Bartels, J. Phys. G, 19, 1611 (1993).[44℄ C. Adlo� et al., H1 Collaboration, Nul. Phys. 538B, 3 (1999).[45℄ ZEUS Collaboration, Eur. Phys. J. 6C, 239 (1999).[46℄ A. De Roek, Ata Phys. Pol. B 29, 1343 (1998).


