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DIFFRACTION AND NUCLEAR SHADOWING�Martin MDermottDivision of Theoretial Physis, Department of Mathematial SienesUniversity of Liverpool, L69 3BX, UKy(Reeived May 17, 2002)I present results from our reent leading twist QCD analysis of nulearshadowing and ontrast them with preditions using the eikonal model.By exploiting QCD fatorisation theorems, the leading twist approah em-ploys di�rative parton distributions, extrated from di�rative DIS mea-surements at HERA, to alulate the nulear shadowing orretion on theparton level. Large nulear shadowing e�ets are found for the gluon han-nel whih are re�eted in the preditions for FAL .PACS numbers: 11.10.Hi, 11.30.Ly, 12.38.BxThe most naive assumption about Deep Inelasti Sattering (DIS) ona nuleus one an make is that the photon satters independently of eahnuleon, whih gives for the nulear struture funtion: FA2 = AFN2 . Forsmall x �< 0:05 the main negative nulear orretion is nulear shadowing,i.e. the oherent interation of the photon with several nuleons at one,whih leads to FA2 =AFN2 < 1. For a low density nuleus, nulear shadow-ing is losely related to di�ration o� a nuleon. The leading twist QCDanalysis of Frankfurt and Strikman [1℄ relates nulear PDFs to Di�rativeParton Distribution Funtions (DPDFs), by exploiting the QCD fatorisa-tion theorem for inlusive di�ration [2℄. In this talk I present some resultsfrom the detailed analysis of [3℄ whih exploited the latest available DPDFsto make preditions for nulear shadowing and hene nulear PDFs. Theleading twist approah has a sharply ontrasting spae-time piture andpreditions to the popular eikonal approah to nulear shadowing (whih islosely related to the q�q-dipole model of di�ration).� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.y In a�liation with V. Guzey (Adelaide University), L. Frankfurt (Tel Aviv University)and M. Strikman (Penn State University).(3609)



3610 M. MDermottWhy should one be interested in DIS on a nuleus? Firstly, nulear PDFsprovide boundary onditions for novel proess (e.g. the searh for beyondthe standard model e�ets, or for new matter states in QCD suh as thequark gluon plasma) as well as for �standard� QCD proesses in nulearollisions. Seondly, a partiularly interesting feature of eA is the aess toa high parton density regime at muh lower energies than in DIS on nuleons.Thirdly, beause of the intimate onnetion between nulear shadowing anddi�ration on a nuleon, high statistis data on nulear PDFs ould be usedto disriminate between ompeting models of di�ration. Lastly, the studyof DIS on nulei is timely sine high energy eletron nuleus ollisions areurrently being onsidered seriously for HERA after 2006 and there is anEletron�Ion Collider (EIC) planned for the USA ira 2012.The starting point of the leading twist approah to nulear shadow-ing is the appliation of the logi of Gribov [4℄ to DIS on the deuteron.The optial theorem relates the total ross setion, �tot(�D) to the imag-inary part of the forward sattering amplitude. On the forward amplitudelevel the photon may interat elastially with either the proton or the neu-tron or di�ratively with both. The latter ase orresponds to the nulearshadowing orretion (see Fig. 1). Hene the nulear shadowing orretionÆFD2 = F p2 + F n2 � FD2 ; an be expressed in terms of the struture funtionfor the di�rative sattering of the photon o� a nuleon:ÆFD2 (x;Q2) = 21� �21 + �2 Z dt dxPFD(4)2 ��;Q2; xP; t�FD �4t+ 4x2Pm2N� ; (1)where the pre-fator, involving � = ReAD=ImAD = �=2(�P(0) � 1) omesfrom the AGK utting rules and FD is the deuteron form fator.
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Fig. 1. Nulear shadowing diagram in virtual photon deuteron sattering.



Di�ration and Nulear Shadowing 3611The result for deuteron generalises easily to any pair of nuleons in a nu-leus with A nuleons:ÆFA(2)2 = A(A� 1)2 16�Re"(1� i�)21 + �2 Z d2b 1Z�1 dz1 1Zz1 dz2 xP;0Zx dxP� FD(4)2 (�;Q2; xP; k2t )����k2t=0�A(b; z1)�A(b; z2) eixPmN (z1�z2)#; (2)where � is the nuleon density, z; b are longitudinal position and impatparameter of the nuleon onerned. The interation with more than twonuleons requires some modelling, and we invoke �e� for the re-satteringross setion (alulated in the quasi-eikonal approximation).Sine inlusive and di�rative struture funtions both fatorise, andhave the same oe�ient funtions, one an fator o� the hard piees torelate the PDFs themselves. Hene, on the parton levelÆfj=A(x;Q2) = A(A� 1)2 16�Re24(1� i�)21 + �2 Z d2b 1Z�1 dz1 1Zz1 dz2 xP;0Zx dxP� fDj=N (�;Q2; xP; 0) �A(b; z1) �A(b; z2)� eixPmN (z1�z2) e�(A2 )(1�i�)�je� R z2z1 dz�A(z)� ; (3)where fDj=N is the DPDF for a parton of �avour j. The exponential fator inthe last line alulates the re-sattering. We used several models of DPDFs,tuned to the HERA data [5℄. For the e�etive ross setion for re-satteringof otet on�gurations we found that it was neessary to introdue orre-tions to prevent unitarity being violated (so alled saturation e�ets). Sinegluon DPDFS are large we �nd a orresponding large nulear shadowing forgluons (see Fig. 2).For a disussion of enhaned nulear shadowing orretion for entralollisions, of the unertainties assoiated with the unmeasured di�rativeslope, and of the implementation of harm, we refer the reader to ourpaper [3℄.
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xFig. 2. Preditions for FA2 and nulear gluon PDFs for Q = 2; 5, 10GeV (solid,dashed, dotted urves). In eah ase two urves are shown to indiate the spreadassoiated with extreme hoie of DPDFs models.In the eikonal model for nulear shadowing [6℄ the q�q pair satters elasti-ally o� many nuleons in the target (see Fig. 3). The fundamental intera-tion of the dipole with a nuleon is eikonalised and the formula is given by:ÆFA2 (x;Q2) = Q24�2�em A(A� 1)2 Re"(1� i�)2Z d� d2dtXi ��� ��;Q2; d2t � ���2� Z d2b 1Z�1 dz1 1Zz1 dz2h�totq�qN �x; d2?;mi� i2 �A(b; z1)�A(b; z2)� ei2xmN (z1�z2)e�(A2 )(1�i�)�totq�qN(x;d2?;mi) R z2z1 dz�A(z)#; (4)where  is the light-one wavefuntion for � ! q�q, taken from QED(� is the momentum fration arried by the quark). Generally, the mix-ing with higher Fok states in the virtual photon is negleted (this impliesthat Q2-dependene is not onsistent with DGLAP!). Hene a parton leveldesription of nulear shadowing in the eikonal model is impossible. To im-plement the eikonal model we employed the MFGS-dipole [7℄ for �totq�qN , butwe ould also have used other dipole models. In the eikonal model nulearshadowing is suppressed by olour transpareny (sine � / d2t , at small
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Fig. 3. The eikonal model for nulear shadowing.transverse size dt). This implies that nulear shadowing of FA2 dereasesrapidly with inreasing Q (see Fig. 4). This higher-twist nature of nulearshadowing in the eikonal model is learest for hard proesses, whih are mostsensitive to small size on�gurations (e.g. FAL at large Q2, see Fig. 5).
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206PbFig. 4. Eikonal model preditions for FA2 for Q = 2, 5, 10GeV (solid, dashed,dotted urves).To onlude, the leading twist QCD analysis of [3℄ suggests that nulearshadowing is a leading twist phenomena. It produes radially di�erent pre-ditions to the eikonal approah popular in the literature, (f. the dipolemodel for di�ration) for whih nulear shadowing is a higher twist e�et.A systemati measurement of nulear PDFs (via FA2;L, nulear DVCS andDrell�Yan, whih should be possible at HERA III and EIC), and hene of nu-lear shadowing, an help establish the orret model for di�ration. It maywell be possible to investigate non-linear QCD in DIS on a large nuleus,but one needs to understand nulear shadowing �rst.
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