
Vol. 31 (2000) ACTA PHYSICA POLONICA B No 10�11
DIFFRACTIVE VECTOR MESONS IN DIS: MESONSTRUCTURE AND QCD � ��Nikolai N. NikolaevInstitut für Kernphysik, Forshungszentrum JülihD-52425 Jülih, Germanyand L.D. LandauInstitute for Theoretial Physis, Mosow, Russia(Reeived July 10, 2000)We review the modern status of QCD theory of di�rative vetor mesonprodution with the fous on shrinkage of photons with Q2 and (Q2+m2V )saling, j-plane properties of the QCD pomeron and Regge shrinkage ofdi�ration one, s-hannel heliity non-onservation and sensitivity to spin-orbital properties of vetor mesons.PACS numbers: 12.38.�t 1. IntrodutionThere are good reasons for speial interest in di�rative vetor mesonprodution. Reall the fundamental relationship between the inlusive DISstruture funtion and the forward amplitude of a diagonal Q2f = Q2in = Q2virtual Compton Sattering (CS)��(Q2in)p! ��(Q2f )p0; (1)whih for purely kinematial reasons of vanishing (�; �) momentum trans-fer is diagonal in the photon heliities � = �. By analyti ontinuation toQ2f = 0 one obtains DVCS, the still further ontinuation to Q2f = �m2V oneobtains from CS the di�rative Vetor Meson (VM) prodution��(Q2)p! �V�(�)p0(��) ; (2)� Presented at the Meson 2000, Sixth International Workshop on Prodution, Proper-ties and Interation of Mesons, Craow, Poland, May 19�23, 2000.�� This work was partly supported by INTAS grant 97-30494(2485)



2486 N.N. Nikolaev, L.D. Landauwhih is aessible experimentally at �nite (�:V ) momentum transfer �.Furthermore, the deays of VM's are self-analyzing and azimuthal orrela-tions of (e; e0), (p; p0) and deay planes and polar deay angle distributionsallow to reonstrut the full set of heliity amplitudes A��, whih allows toprobe the mehanism of generalized CS in full omplexity. The new numer-ial results reported here were obtained in ollaboration with Ivanov [1℄.2. Color dipole fatorization, shrinking photonsand (Q2 +m2V ) salingThe small-x CS is best desribed in Color Dipole (CD) fatorization,in whih A�� = 	��;��� 
 Aq�q 
 	�;��� where �; �� stands for q; �q heliities,	�;��� is the Wave Funtion (WF) of the q�q Fok state of the photon. TheQCD pomeron exhange q�q-proton sattering kernel Aq�q, proportional toolor dipole ross setion, does not depend on, and onserves exatly, theq; �q heliities. For small dipoles, the CD ross setion an be related to thegluon SF of the target,�(x; r) � �23 r2�S �Ar2�G�x; Ar2� ; (3)where A � 10 follows from properties of of Bessel funtions [2℄.The diagonal CS, i.e., inlusive DIS, probes CD ross setion in broadrange of 1=AQ2 �< r2 �< 1 fm2 [3℄. The far reahing hange from diagonal CSto exlusive VM prodution is that in the �nal state one swaps the pointlikephoton the q�qWF of whih is singular at r! 0 [4℄ for the �nite-size VM withWF whih is smooth at r ! 0. The ruial hange [5, 6℄ is that di�rativeVM prodution probes the CD ross setion and the VM WF at a sanningradius r � rS = 6qQ2 +m2V ; (4)whih is a manifestation of a shrinkage of the photon with Q2.The three fundamental onsequenes of (3) and (4) are:(i) the VM prodution probes [6℄ the gluon SF of the target at the hardsale Q2 � (0.1-0.25) (Q2 +m2V ), with slight variations from light toheavy VM's, and x = 0:5(Q2 +m2V )=(Q2 +W 2),(ii) after fatoring out the harge-isospin fators all VM prodution rosssetion follow a universal funtion of Q2, i.e. there is (Q2+m2V ) saling[6℄, see Fig. 1, the same saling holds also for the e�etive interept�P(0)�1 of the energy dependene of prodution amplitude, see Fig. 2,
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2Fig. 1. The test of the (Q2 +m2V ) saling. The divergene of the solid and dashedurves indiates the sensitivity to the WF of the VM. The experimental data arefrom HERA [8,9℄.
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2488 N.N. Nikolaev, L.D. Landau(iii) the ontribution to the di�ration slope B from the � ! V transitionvertex dereases / r2S exhibiting again the (Q2 +m2V ) saling [7℄, seeFig. 2.The agreement between theory and experiment [8, 9℄ is good, althoughthere remains ertain sensitivity to not so well known WF of VM's whihan not be eliminated at the moment, see also below.3. Shrinkage of the di�ration oneIf the pomeron is the Regge pole with the trajetory �P(t) = �P(0) +�0Pt, then the di�ration slope would rise with energy, B(W 2) = B0 +2�0P log(W 2=W 20 ). The ommon prejudie based on saling �S = onst ap-proximation is that the BFKL pomeron is a �xed branhing point, i.e.,�0P = 0, with no shrinkage of the di�ration one. Whih is almost tauto-logial beause in this approximation one is short of any length sale. Thistoy model is nie beause it is exatly solvable but it is not QCD, in whihthe Asymptoti Freedom (AF), i.e., running oupling �S, and the fat thatperturbative gluons have �nite propagation radius, introdue the perhapsrelated length sale. The onsistent implementation of AF into olor dipoleBFKL equation has been done by Zakharov, Zoller and myself in 1994 [10℄.The orresponding QCD pomeron has been proven to be a series of mov-ing Regge poles [11℄. As a matter of fat, already in 1975 Fadin, Kuraevand Lipatov notied that AF brings about the fundamental transformationof the QCD pomeron from a �xed branhing point to a series of movingpoles [12℄. With the spei� infrared regularization used in [3, 10, 11℄ wefound �0P � 0:07 GeV�2 for the rightmost hard BFKL pole and a somewhatsmaller slope for trajetories of subleading poles. Under plausible boundaryondition, the interferene of the rightmost and subleading pomerons wasshown to produe a shrinkage with �0e� � 0:15 GeV�2 [7℄. Suh a sensitivityof shrinkage of the di�ration one to subleading Regge omponents in ppand �pp sattering is old news.Our fundamental predition of shrinkage of the di�ration one for harddi�rative DIS has been on�rmed reently by the ZEUS ollaboration [13℄,whih measured the energy dependene of di�ration slope for the J=	 pho-toprodution with the result �0P = 0:098 � 0:035(stat) � 0:050(syst), whihis onsistent with our numerial results [7℄.4. Pomeron heliity-�ip and breaking of SCHCAs emphasized above, the heliity of quarks in q�q-target sattering isonserved exatly, whih for long has been believed to entail the S-ChannelHeliity Conservation (SCHC). The fundamental point is that the sum of
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Q2 (GeV2)Fig. 3. Preditions for the spin density matrix in the �0 prodution vs the experi-mental data from HERA.quark and antiquark heliities equals heliity of neither photon nor vetormeson. Only for the nonrelativisti massive quarks, m2f � Q2 the only al-lowed transition is �� ! q� + �q�� with � + �� = �. In the relativisti asetransitions of transverse photons �� into the q�q state with � + �� = 0, inwhih the heliity of the photon is transferred to the q�q orbital momentum,are equally allowed. Consequently, the QCD pomeron exhange SCHNCtransitions �� ! (q�q)�+��=0 ! �L and �� ! (q�q)�+��=0 ! �� are al-lowed [14,15℄ and SCHNC persists at small x. We emphasize that the above



2490 N.N. Nikolaev, L.D. Landauargument for SCHNC does not require the appliability of p QCD. Fur-thermore, the leading ontribution to the proton struture funtion omesentirely from transitions of transverse photons � the fat never mentionedin textbooks.The �rst ever diret QCD evaluation [14℄ of SCHNC e�et � the LT-interferene of transitions �Lp ! p0X and ��p ! p0X into the same on-tinuum di�rative states X � has been reported by Pronyaev, Zakharovand myself in 1997. Experimentally, it an be measured at HERA by bothH1 and ZEUS via azimuthal orrelation between the (e; e0) and (p; p0) sat-tering planes and an be used the determination of the otherwise elusiveR = �L=�T for di�rative DIS is found in [15℄. The prinipal issue is thatthis asymmetry persists, and even rises slowly, at small xP.SCHNC heliity �ip only is possible due to the transverse and/or lon-gitudinal Fermi motion of quarks and is extremely sensitive to spin-orbitoupling in the vetor meson, I refer for details to [16, 17℄. The onsistentanalysis of prodution of S-wave and D-wave vetor mesons is presentedonly in [17℄. One would readily argue based on the results [14, 15℄ that byexlusive�inlusive duality [18℄ between di�rative DIS into ontinuum andvetor mesons the dominant SCHNC e�et in vetor meson prodution isthe interferene of SCHC �L ! VL and SCHNC �T ! VL prodution, i.e.,the element r500 of the vetor meson spin density matrix. The overall agree-ment between our theoretial estimates [1℄ of the spin density matrix rnikfor di�rative �0 assuming pure S-wave in the �0-meson and the ZEUS [19℄and H1 [20℄ experimental data is very good. There is a lear evidene forr500 6= 0, see Fig. 3.5. A �y in the pie: the �L=�T puzzle?In Fig. 4 we show separately the preditions for �L and �T. Evidently,the toy models with soft wave funtions for VM fail at large Q2. The naturalinterpretation is that these toy models underestimate the admixture of smallsize olor dipoles in vetor mesons.Indeed, onsider Rel = �L=�T for elasti CS �p ! �p, whih isquadrati in the ratio of CS amplitudes. By optial theorem one �ndsRel = ����A(�Lp! �Lp)A(�Tp! �Tp) ����2 = ��L�T�2DIS � 4� 10�2 (5)Here I used the predition [3℄ for inlusive DIS RDIS = �L=�TjDIS � 0:2,whih is onsistent with the indiret experimental evaluations at HERA. Theresult Rel � 1 for diagonal CS with prodution of the pointlike �nal statephoton must be ontrasted to theoretial expetation R � Q2=m2V >> 1for non-pointlike vetor meson prodution. Suh a dramati hange from
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