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DIFFRACTIVE VECTOR MESONSAT LARGE MOMENTUM TRANSFERFROM THE BFKL EQUATION�R. Enberga, L. Motykaa; and G. PoludniowskibaHigh Energy Physis, Uppsala University, 75121 Uppsala, SwedenbDepartment of Physis and Astronomy, University of ManhesterManhester M13 9PL, UKM. Smoluhowski Institute of Physis, Jagellonian UniversityReymonta 4, 30-059 Kraków, Poland(Reeived July 1, 2002)Di�rative vetor meson photoprodution aompanied by proton dis-soiation is studied for large momentum transfer. The proess is desribedby the non-forward BFKL equation, for whih an analytial solution isfound for all onformal spins, giving the sattering amplitude. Results areompared to HERA data on � prodution.PACS numbers: 13.60.Le, 12.38.Bx1. IntrodutionDi�rative prodution of vetor mesons in p ollisions at large momen-tum transfer, p ! V X, is an experimentally lean proess. The signalonsists of an isolated vetor meson with large transverse momentum, sep-arated from the remnant of the inoming proton by a large rapidity gap.There are reent measurements of ross-setions and heliity amplitudes forthis proess [1, 2℄.The large momentum transfer involved makes it possible to desribe theolour singlet exhange in terms of perturbative QCD. This is in ontrastto vetor meson prodution in di�rative proesses with small momentumtransfer, where the sensitivity to the infrared region is larger. The perturba-tive QCD desription of hard olour singlet exhange aross a large rapidityinterval relies on the BFKL equation [3, 4℄, whih resums leading powers of� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(3511)



3512 R. Enberg, L. Motyka, G. Poludniowskithe rapidity y to all orders in the perturbative expansion of the amplitude.The olour singlet system, or pomeron, is here a omposite system of tworeggeized gluons.Let us mention that this proess has been studied before; for heavymesons in BFKL [5℄ using the Mueller�Tang [6℄ approximation, and forlight mesons at the Born level [7℄. The data on the ross-setions an be�tted with a BFKL alulation, but not by the �xed order formulae. Theunderstanding of the heliity struture remains a hallenge.We have reently studied the prodution of heavy mesons in a BFKLframework [8℄, so here we onentrate on the ase of light mesons.2. The BFKL alulationAt large momentum transfer the pomeron ouples predominantly to asingle parton, (see Fig. 1), whih means that the ross-setion may be fa-torized into a onvolution of the partoni ross-setion with the parton distri-bution funtions. We therefore alulate the amplitude for q ! V q (sineg ! V g di�ers only by a olour fator).In the BFKL framework the sattering amplitude is alulated as theonvolution of three fators; shematially A = �!V 
 KBFKL 
 �q!q;where � are the impat fators desribing the oupling of the pomeron to theindiated verties, and KBFKL is the BFKL kernel desribing the evolutionof the gluon ladder.The non-forward BFKL equation has a solution due to Lipatov [4℄:A = 1(2�)6 Xn Z d� �2 + n24[�2 + (n�12 )2℄[�2 + (n+12 )2℄ e!n(�)yI1n;�(k; q) I2 ?n;�(k0; q):(1)This represents an expansion of the amplitude in the omplete basis of eigen-funtions En;v of the BFKL kernel. The funtions I1;2n;� are projetions of theimpat fators �1;2(k; q) on these eigenfuntions, see [4, 8℄ for details.The integer n in (1) is known as the onformal spin. The terms in thesum with non-zero n are exponentially suppressed by the fator e!n(�)y , with!n(�) < 0 for n 6= 0, and so the amplitude is usually approximated by theleading n = 0 term (the Mueller�Tang approximation [6℄). This approxima-tion, however, is only good for very large rapidities y. For moderate y thehigher n terms an still be important, as was found in [9, 10℄. We thereforealulate the amplitudes inluding all n.



Di�rative Vetor Mesons at Large Momentum Transfer : : : 35133. Impat fatorsThe quark impat fator is given in Ref. [9℄ for all onformal spins, andwe have to ompute the vetor meson impat fators. This is done separatelyfor heavy [8℄ and light [11℄ mesons, using di�erent approximations for thevetor meson wave funtions. In the heavy meson ase, we used the non-relativisti approximation, where the onstituent quarks are assumed to eaharry half of the meson momentum. Our results an be found in [8℄.Ivanov et al. [7℄ give the heliity amplitudes for light meson prodution,M++, M+0 and M+�, where the �rst index orresponds to the polarizationof the inoming photon and the seond to the vetor meson. These arereferred to as the no-�ip, single-�ip and double-�ip amplitudes, respetively.Their alulation assumes Born-level two-gluon exhange, and they use arelativisti approximation for the vetor meson wave funtions, with masslessquarks. Note that the longitudinal and transverse degrees of freedom arefatorized. For instane, taking r to be the transverse separation of thequarks in the vetor meson, and u to be the lightone momentum frationof the quark, they give the single-�ip amplitude asM+0 = Z d 2kk2(k � q)2 �C �2s Z d2r du4� fdipole r � e+r2 f�2 (1� 2u)�k(u)� ;(2)where �k(u) is the twist-2 vetor meson wave funtion. Expressed in theimpat fator piture, the fator in brakets is just the produt of the im-pat fators �q!q and �!V+0 . Thus, we alulate I!Vn;� by projeting theseexpressions onto the BFKL eigenfuntions, and insert the result into (1).The projetion of the impat fator I!Vn;� is then proportional to [11℄I = sin� (1=2 + � + e�) B+(�; q�; ��) eB+(�; q; �)� sin� (1=2 + � � e�) B�(�; q�; ��) eB�(�; q; �) (3)for even n and zero for odd n. Here � = n=2 � i�; e� = �n=2 � i�, and weintrodue the onformal bloks B�B�(�; q; �) = �2ik �32+�� iq4k��� � (3=2 + �� �)� (1� �)� 2F1 (3=2 + �� � ; 1=2 � � ; 1� 2� ; 2=(1 + �)) ; (4)and eB� obtained by �! e�. The onstants � and � take di�erent values fordi�erent heliity amplitudes.



3514 R. Enberg, L. Motyka, G. Poludniowski4. ResultsWe will now go on to evaluate the obtained expressions, onentrating onthe ase of light mesons and referring to [8℄ for our results on heavy mesons.ZEUS have measured the di�erential ross-setion d�=dt for � and �mesons for momentum transfers up to 8 GeV2 [1℄. In Fig. 1 we show aomparison of the data together with our alulation, inluding all onformalspins. Here we have hosen a �xed value of �s = 0:38 in the prefator(see (2)) and �s = 0:24 in the eigenfuntions !n(�), de�ning the pomeroninterept. These hoies of di�erent �s re�et the impat of non-leadingorretions to the BFKL interept. The rapidity is de�ned as y = ln(ŝ=m2�).Note that the turnover at jtj � 2 GeV2 is due to the too restritive infraredut-o� umin = �m2�=t (taken from [7℄) in the integration over u. Suh aut-o� in u was required to regulate an unphysial divergene.
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Fig. 1. Feynman graph and di�erential ross-setion for the proess p! �X .In addition, ZEUS have also measured the spin density matrix elementsr04ij for the proess. These parametrize the deay angular distributions of themesons, and an be related to the heliity amplitudesMij (see e.g. [1℄). Note,however, that both the no-�ip and double-�ip amplitudes proesses lead tothe same polarization states of the vetor meson, and therefore they annotbe distinguished in unpolarized experiment. The r04ij ontain interferenes,though, so it an be inferred from the data that all three heliity amplitudesare non-zero for � and �, while for J=	 , only the no-�ip amplitude seemsto be non-zero.In Fig. 2, we show our BFKL preditions for r04ij ompared to the ZEUSdata. The qualitative features are well reprodued. The shapes of the urvesdepend somewhat on the hoies of pomeron interept and de�nition ofthe rapidity, but we �nd that (i) the (+�) omponent of the amplitudedominates and (ii) the (++) omponent is negative. The BFKL evolutionthus hanges the features from the �xed-order Born level results of [7℄.
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-t (GeV2)Fig. 2. Spin density matrix elements for � meson prodution.These results should be interpreted with some are, however, beause ofsome unertainties. We have not inluded the hiral-odd omponents of thephoton wave funtion of [7℄, but believe that these may be small [11℄. Also,the endpoints in the u-integration have to be treated arefully and mayhange the results. Furthermore, the approximations used, with masslessquarks and a fatorized meson wave funtion, have to be understood.5. ConlusionsIn onlusion, we have studied the proess p! V X in a BFKL frame-work, obtaining exat solutions of the BFKL equation. Comparing the al-ulations to ZEUS data shows good agreement with both the di�erentialross-setion and the spin density matrix elements for di�rative � produ-tion.We thank Je� Forshaw for useful disussions. This study was sup-ported in part by the Swedish Natural Siene Researh Counil and bythe Polish State Committee for Sienti� Researh (KBN) under grant no.5P03B 14420.
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