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SPIN-DISCRIMINATE EXCHANGEIN HIGH ENERGY DIFFRACTION�A.V. VinnikovBogoliubov Lab. of Theoretial Physis, Joint Institute for Nulear Researh141980, Dubna, Mosow region, Russia(Reeived July 1, 2002)We speulate that in high energy di�rative sattering many featuresof data an be explained under assumption that the sattering ampli-tude ontains sizable part sensitive to the spin of olliding partiles. Thisspin-dependent part of the amplitude does not vanish at high energiesand beomes leading at momentum transfer �t > 1�2GeV2 and energyps > 10�20GeV. In terms of Regge approah, the amplitude orrespondsto exhange of a reggeon with vauum quantum numbers, negative signa-ture, interept �(0) � 1 and zero slope.PACS numbers: 12.40.Nn, 13.60.Le, 13.75.Cs, 13.88.+eIt is well-known that in high energy di�ration most of data are well de-sribed by the model of the pomeron exhange. In partiular, the pomeronexhange desribes behavior of the total hadroni ross setions and elastiross setions at small momentum transferred. The same �soft� pomeronexplains behavior of spin-independent struture funtion at small x andsmall Q2. Phenomenologially, the �soft� pomeron amplitude is usually writ-ten in terms of Regge language as a reggeon with interept 1.08 and slope0.25GeV2. The large value of the interept marks the �anomalous� pomeronout from the �normal� reggeons whih have interepts less that 0.5. Thesignature of the pomeron is positive, it is �avor singlet and arries vauumquantum numbers P = C = +1. Thus, the pomeron is not sensitive to quan-tum numbers of the olliding partiles. Its oupling strength to a hadronis just proportional to the number of onstituent quarks in it. At large Q2interept of the pomeron di�ers from the small Q2 ase and is approximately1.2 (the �hard� pomeron).� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(3627)



3628 A.V. VinnikovTheoretial understanding of the pomeron is one of the main issues inQCD. It involves both perturbative (BFKL resummation, [1℄) and non-perturbative (Landsho��Nahtmann model [2℄) approahes, whih an qual-itatively explain many of the pomeron's features. The ommon wisdom isthat the pomeron is a gluoni objet (most simple piture � two gluons inolor singlet state), that di�er it from the �normal� mesoni exhanges whihdo not survive as the energy grows.The idea that gluoni exhanges play important role at high energy, leadto both attempts to investigate multiple gluon exhanges theoretially inthe framework of QCD and phenomenologial searhes of the anomalousexhanges. The well known theoretial predition alled the odderon is anexhange of three gluons in olor singlet state. The odderon's quantumnumbers are P = C = �1, it has negative signature and interept lose toone. The odderon was believed to give dominant ontribution to the proton�proton di�erential ross setion at energy ps > 20GeV and momentumtransferred �t > 2GeV2 [3℄. It was measured, that the di�erential rosssetion is almost independent from energy in this region and that is whythe odderon with interept lose to 1 was a natural explanation of the data.However, reent results of H1 ollaboration [6℄ do not indiate any signal ofthe odderon in �0, f2(1270) and a2(1320) mesons prodution, where only anexhange with the odderon quantum numbers an ontribute. That is whyinterpretation of the proton�proton data in terms of the odderon exhangeis hallenged.At the same time, there exists a lear evidene of another exhangewith interept lose to 1. Measurement of neutron spin-dependent struturefuntion [4℄ showed that spin-dependent part of photon�nuleon satteringamplitude vanishes very slowly as the energy grows. This is re�eted in theasymptoti (Fig. 1) gn1 (x) � 1x0:96 ; (x! 0) : (1)In terms of Regge theory, this an be desribed as an exhange of a reggeonwith vauum quantum numbers, negative signature and interept whih islose to 1. Due to the quantum numbers, the exhange observed in gn1 annot be the pomeron or the odderon.It is also should be noted, that the exhange is not neessarily a singleRegge pole and other interpretations, like Regge uts, et. are possible. Theonly neessary ondition is that its heliity amplitudes should satisfy thefollowing relationsA++!++ = �A+�!+�; A++!�� = A+�!�+ = A++!+� = 0: (2)
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 xFig. 1. Neutron spin struture funtion at small x and its Regge �t (1).If we assume that the exhange gives dominant ontribution to theproton�proton elasti ross setion at large jtj, we an extrat its ouplingto the nuleon. Its ontribution to the ross setion is given by formulad�djtj = g4F 4p (t)4�(t�m2)2 ; (3)where m is e�etive mass of the resonane orresponding to the exhange,g is its oupling to the nuleon and Fp(t) is axial vetor proton form fator,whih we take as 1=(1 � t=m2)2. It is quite interesting that to explain thedata one need to take valuesm = 1:29 and g = 2:5, that is in good agreementwith mass of axial vetor f1(1285) meson (P = C = +1) and its oupling,whih was found [11℄ from analysis of axial vetor mesons mixing. The formfator also appears to be similar to experimentally found 1=(1 � t=1:082)2[5℄. It is important that to understand appearane of three isosalar axialvetor mesons (f1(1285), f1(1420) and f1(1510)) instead of only two statesin pseudo-salar hannel (�, �0), one needs to add some gluoni omponentto the doublet. Thus, the exhange may be related to the gluoni state.Now we an try to �nd reations where the exhange an manifest itself.The most lear ase, similar to the odderon's, is meson photoprodution.For the �f1� exhange one should look to the vetor meson photoprodution.The situation here is similar to what was observed in proton�proton elastisattering. At low momentum transferred, jtj < 1GeV2, the value of thedi�erential ross setion is desribed by the model of the pomeron exhange.At larger jtj the ross setion is larger than its predition.It was suggested [7℄ that the main ontribution to the ross setionomes here from the hard pomeron. If it is so, i.e. if the hard pomeronmanifests itself in reation with small quark virtuality, it should also give



3630 A.V. Vinnikovontribution to the proton�proton elasti ross setion at large jtj. Thus,if we assume that the large jtj tail of vetor meson photoprodution rosssetion is dominated by the hard pomeron exhange, the same should betrue for the proton�proton elasti ross setion. And sine oupling of thepomeron to a hadron is just proportional to number of onstituent quarksin it, the hard pomeron should also determine the behavior of �p di�er-ential ross setion at large jtj. The ratio of the ross setions should bethen proportional to �32 Fp(t)F�(t)�2, where Fp(t) and F�(t) are elasti form fa-tors of the proton and � meson orrespondingly. The latest data gives forthe proton [8℄ Fp(t) = (3:52 � 2:34t)=((3:52 � t)(1� t=0:71)2) and for the�-meson [9℄ F�(t) = (1=(1 � t=0:56). Then for �t=4GeV2 the ratio isaround 0.2, while experimentally it is of order 50 (Fig. 2). That is whywe assume that the hard pomeron is not responsible for the behavior of dif-ferential ross setion of elasti pp sattering and it looks questionable thatit gives leading ontribution to vetor mesons photoprodution ross setionat large jtj.
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Fig. 2. Di�erential ross setion of elasti �p and pp sattering. The line orre-sponds to Eq. (3).On a ontrary, the spin disriminate exhange an explain numeriallyboth pp ! pp and p ! V p di�erential ross setions and the small valueof �p ross setion at large momentum transferred. The later is provided bythe properties of the heliity amplitudes (2). The � meson is omposed ofquarks with opposite spins and thus the exhange gives no ontribution to�p ross setion.To alulate the ontribution of the exhange to vetor meson produ-tion ross setion, one an do in the same way as in the pomeron's ase [10℄.It is assumed that initial soft photon dissolves into pair of onstituent



Spin-Disriminate Exhange in High Energy Di�ration 3631quark and antiquark whih interat di�ratively with the proton and formthe �nal vetor meson. The wave funtion of the vetor meson is supposedto be simple, �V (pq; p�q) = CÆ(pq � p�q). Constant C is hosen to reproduethe value of �V!e+e� . With the soft pomeron exhange, this simple modelexplains di�erential ross setion at �t < 1GeV2. We did the same pro-edure for the spin disriminate exhange. Its oupling to the onstituentquark is taken to be the same as to the nuleon, sine it is proportional tothe spin of the hadron and does not depend on �avor. Then the formula forthe ross setion readsd�p!V pdjtj = 3m3V g4�V!e+e���em F 2p (t)(m2V � t)2(m2 � t)2 : (4)The result is shown in Fig. 3. As it an be seen, taking into aount theexhange with the same parameters as in elasti pp sattering enables one to
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Fig. 3. HERA data on p! V p ross setion and results of alulation using (4).



3632 A.V. Vinnikovreprodue numerially the value of di�erential ross setion of light vetormesons elasti photoprodution at �t > 1GeV2. Moreover, almost the sameresult one an get using the value of �f1!V  to estimate the value of ouplingof the exhange to the photon and vetor meson. This supports the idea thatthe origin of the exhange ould be glueball assoiated with the f1 meson.The existene of the exhange an be further tested in experiments atHERA and RHIC. In the new HERA run with polarized eletron beam theexhange an be deteted by measurement of parity asymmetryP� = 2r11�1 � r100 in vetor meson photoprodution. If the ross setionis dominated by soft or hard pomeron, P� =+1. For the spin disriminateexhange it is �1. That is why we expet that it will �ip from +1 at smalljtj to �1 at jtj >1�2GeV2 [13℄. At RHIC, the exhange an be deteted bymeasurement of double spin asymmetry in proton ollisions in pp2pp experi-ment. If the ross setion is dominated by the soft and hard pomerons or theodderon, there should not be any asymmetry. If there exist the spin disrim-inate exhange, the asymmetry should be � 20% for jtj=1�1.5GeV2 [12℄.The work is supported by RFBR-01-02-16431 and INTAS-2000-366 grants.REFERENCES[1℄ E.A. Kuraev, L.N. Lipatov, V.S. Fadin, Sov. Phys. JETP 45, 199 (1977).[2℄ P.V. Landsho�, O. Nahtmann, Z. Phys. C35, 405 (1987).[3℄ P.V. Landsho�, O. Nahtmann, arXiv:hep-ph/9808233.[4℄ D. Adams et al. [Spin Muon Collaboration℄, Phys. Lett. B357, 248 (1995);P.L. Anthony et al. [E142 Collaboration℄, Phys. Rev.D54, 6620 (1996); K. Abeet al. [E154 Collaboration℄, Phys. Lett. B405, 180 (1997); K. Akersta� et al.[HERMES Collaboration℄, Phys. Lett. B404, 383 (1997).[5℄ A. Liesenfeld et al. [A1 Collaboration℄, Phys. Lett. B468, 20 (1999).[6℄ J. Olsson [H1 Collaboration℄, arXiv:hep-ex/0112012.[7℄ A. Donnahie, P. V. Landsho�, Phys. Lett. B478, 146 (2000).[8℄ O. Gayou et al. [Je�erson Lab Hall A Collaboration℄, Phys. Rev. Lett. 88,092301 (2002).[9℄ J. Volmer et al. [Je�erson Lab F(pi) Collaboration℄, Phys. Rev. Lett. 86, 1713(2001).[10℄ A. Donnahie, P.V. Landsho�, Phys. Lett. B185, 403 (1987).[11℄ M. Birkel, H. Fritzsh, Phys. Rev. D53, 6195 (1996).[12℄ N.I. Kohelev et al., Phys. Rev. D61, 094008 (2000).[13℄ Y. Oh, et al., Phys. Rev. D62, 017504 (2000).


