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DIFFRACTIVE CONTRIBUTIONTO A? ASYMMETRY�S.V. GoloskokovBogoliubov Laboratory of Theoretial PhysisJoint Institute for Nulear ResearhDubna 141980, Mosow region, Russia(Reeived June 6, 2002)We onsider double spin asymmetries for longitudinally polarized lep-tons and transversely polarized protons in di�rative Q �Q prodution whihis onneted with A? asymmetry. The predited asymmetry is large andan be used to obtain the information on the polarized skewed gluon dis-tributions in the proton.PACS numbers: 12.38.Bx, 13.60.Hb, 13.88.+e1. IntrodutionSensitivity of di�rative lepto and photoprodution to the gluon densityin the proton gives an exellent tool to test these struture funtions. In-tensive experimental study of di�rative proesses were performed in DESY[1,2℄. Theoretial analysis shows that the ross setions of di�rative hadronprodution are expressed in terms of skewed parton distributions (SPD) [3,4℄.The di�rative harm Q �Q prodution and J=	 prodution are determined bythe gluon SPD F�(x) beause the harm omponent in the proton is small.For light hadron prodution e�ets of the quark SPD should be importantfor not small x. In the polarized ase, the spin-dependent gluon distribu-tions an be investigated. In future, there will be an exellent possibilityof studying spin e�ets with transversely polarized target at HERMES andCOMPASS.In this report, we onsider double spin asymmetries for longitudinallypolarized leptons and transversely polarized protons in di�rative vetorQ �Q prodution at high energies (see [5℄) whih is expressed in terms of the� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(3579)



3580 S.V. Goloskokovpolarized ross setionsA? = (d�(!+)� d�(!*))(d�(!+) + d�(!*)) : (1)At small x the di�rative ontribution to the asymmetry A? determinedby the Pomeron exhange should be important. In the QCD-based modelsthe Pomeron is usually regarded as a two-gluon state. Within the two-gluonexhange model the two-gluon oupling with the proton an be written asfollows:V ��pgg(p; t; xP ; l?) = B(t; xP ; l?)(�p� + �p�)+ iK(t; xP ; l?)2m (p���r + p���r) + : : : : (2)Here the struture proportional to B(t; : : :) determines the spin-non-�ip on-tribution. The term / K(t; : : :) leads to the transverse spin-�ip at the ver-tex. It has been found within the model approahes [6, 7℄ that the ratioj ~Kj=j ~Bj � 0:1 and has a weak energy dependene (weak x dependene).The weak energy dependene of spin asymmetries in exlusive reations isnot in ontradition with the experiment [6℄.2. Di�rative ontribution to A? asymmetryThe di�rative Q �Q prodution in the lepton�proton reation is deter-mined by the photon�two-gluon fusion. The spin-average and spin-dependentross setion an be written in the formd5�(�)dQ2dydxpdtdk2? = � (2� 2y + y2)(2� y) � C(xP ; Q2) N(�)q1� 4(k2? +m2q)=M2X : (3)Here C(xP ; Q2) is a normalization oe�ient, the funtions N(�) are deter-mined by a sum of all graphs integrated over the gluon momenta l and l0.We alulate here the imaginary parts of the photon-two-gluon fusion ampli-tudes whih are expressed diretly in terms of the funtions B and K from(2).The funtion N(+) has the formN(+) = �j ~Bj2 + jtj=m2j ~Kj2�� (+)(t; k2?; Q2) : (4)Here~B � l2?<k20Z0 d2l?(l2? +~l?~r?)(l2? + �2)((~l? + ~r?)2 + �2)B(t; l2?; xP ; : : :) = FgxP (xP ; t; k20) ;(5)



Di�rative Contribution to A? Asymmetry 3581and~K � l2?<k20Z0 d2l?(l2? +~l?~r?)(l2? + �2)((~l? + ~r?)2 + �2)K(t; l2?; xP ; : : :) = KgxP (xP ; t; k20) (6)with k20 � k2?+m2q1�� . The gluon strutures ~B( ~K) are onneted with theFgxP (xP )(KgxP (xP )) SPD (see (5), (6)). Thus, the funtions B and K arethe nonintegrated gluon distributions. The hard part � (+) in (4) an bealulated perturbatively when k2? is not small, about 1GeV2 or larger.The spin-dependent ontribution N(�) has two terms proportional tothe salar produts (~k?~S?) and ( ~Q~S?) [5℄. We onsider here only the termproportional to ( ~Q~S?) whih an be written as follows:N(�) =r jtjm2 � ~B ~K� + ~B� ~K�"( ~Q~S?)m � (�)Q (t; k2?; Q2)# : (7)The other term / (~k?~S?) has been disussed in [5℄.
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2 (GeV)2Fig. 1. A? asymmetry in di�rative light Q �Q prodution at ps = 20GeV forxP = 0:1, y = 0:5, jtj = 0:3GeV2: dotted line-for Q2 = 0:5GeV2; solid line-forQ2 = 1GeV2; dot-dashed line-for Q2 = 5GeV2; dashed line-for Q2 = 10GeV2.



3582 S.V. GoloskokovThe asymmetry is determined by the ratio A? = �(�)=�(+). At small xthe gluon struture funtions have large imaginary part. In this ase theasymmetry an be approximated asA? � C? ~K~B = C?Kg�(�)Fg� (�) with � = xP : (8)In numerial alulations we use a simple parameterization of the SPDas a produt of the form fator and the ordinary gluon distribution [5℄. Inour estimations we use the value j ~Kj=j ~Bj � 0:1. We analyze the ase whenthe A? asymmetry has a maximal value (the momentum ~Q? is parallel tothe target polarization ~S?). The predited A? asymmetry in di�rativelight Q �Q prodution at ps = 20GeV is shown in Fig. 1. This asymmetry isnot small for Q2 � (0:5 � 1)GeV2. The A? asymmetry has a strong massdependene. For heavy quark prodution this asymmetry beomes negative,Fig. 2.
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2 (GeV)2Fig. 2. A? asymmetry in di�rative heavy quark prodution. Lines are the sameas in Fig. 1.It is interesting to have preditions for a light quark prodution at theSLAC and HERMES low�energy range ps � 7GeV. Here the �window�for perturbative alulation is quite small. Really, it an be found in thisase that the maximum value of the transverse momentum is limited byk2? < 2GeV2 beause we have the restrition k2 �M2X=4 from (3). In �xed�target experiments, it is usually di�ult to detet the �nal hadron anddetermine the momentum transfer. In this ase, we estimate the asymmetry



Di�rative Contribution to A? Asymmetry 3583integrated over momentum transfer�A? = R tmaxtmin �(�) dtR tmaxtmin �(+) dt : (9)tmin � 0 ; tmax = 4GeV2. The predited integrated asymmetry is about3%. Note that we have alulated here only the gluon ontribution to theasymmetry. At HERMES energies the ontribution of the quark SPD to theA? asymmetry should be important.3. ConlusionTo onlude, we would like to emphasize that the di�ration ontri-bution to the A? asymmetry is found to be proportional to the ratio ofK=F struture funtions. The predited oe�ient C? in (8) is not small,about 0.3�0.5. This shows the possibility of studying the transverse distri-bution KgxP (xP ; t) in future experiments with a transversely polarized target(HERMES, COMPASS and future eRHIC failities). These results ould beappliable to reations with heavy quarks. For proesses with light hadronprodution, our preditions an be used in the small x region (x � 0:1 e.g. )where the ontribution of the quark SPD is expeted to be small. The reoilpartile detetor is needed to distinguish the di�rative events. Really, inthe ase when the reoil detetor is absent, the di�rative events are de-teted together with nondi�rative ones. The measured asymmetry in thisase looks likeAexp = ��ND +��D�ND + �D = AND(1�R) +ADR; R = �D�ND + �D : (10)Here AND = ��ND=�ND and AD = ��D=�D. The ratio R integrated overx has been found at HERA to be about 0.20�0.30 [8℄. In this ase, thedi�rative ontribution to asymmetry will be smaller by the fator 3�5.This work was supported in part by the Russian Foundation for BasiResearh, Grant 00-02-16696 and by the Bogoliubov�Infeld programme.REFERENCES[1℄ S. Aid et al., (H1 Collaboration) Nul. Phys. B472, 3 (1996);J. Breitweg et al., (ZEUS Collab.) Z. Phys. C75, 215 (1997).[2℄ J. Breitweg et al., (ZEUS Collab.) Eur. Phys. J. C5, 41 (1998);C. Adlo� et al., (H1 Collab.) Eur. Phys. J. C6, 421 (1999).
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