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SATURATION FROM NONLINEAR pQCD AT SMALL xIN ep AND eA PROCESSES�A. Freunda, K. Rummukainenb, H. Weigerta and A. ShäferaaInstitut für Theoretishe Physik, Universität RegensburgD-93040 Regensburg, GermanybNORDITA, DK-2100 Copenhagen, Denmark(Reeived June 27, 2002)In this talk we disuss inlusive ep; eA sattering in the framework ofnonlinear, small x, pQCD, in partiular the natural emergene of nulearshadowing within this framework through simple resaling of the naturalsaling variable � , in this approah, by AÆ. We then ompare this ap-proah to other popular approahes to nulear shadowing like the eikonalapproximation or leading twist alulations.PACS numbers: 11.10.Hi, 11.30.Ly, 12.38.Bx1. IntrodutionThe question of the onset of saturation/unitarization in inlusive QCDobservables, in partiular in the proton struture funtion F2(x;Q2), hasbeen the subjet of ative disussions for many years now (see a detaileddisussion of this subjet in [1,2℄ and referenes therein.). The most promis-ing approah to properly inlude saturation/unitarization e�ets within theframework of QCD is the JIMWLK equation [1℄ whih resums the lead-ing ln(1=x) terms in all N -point orrelators funtions of the partiipating�elds in the proess in question, i.e. not just the leading orrelators as ink?-fatorization. This leads to non-linearities in a RGE for the generatingfuntional for these N -point orrelators whih slows down the rapid growthof struture funtions at small x due to the presents of an infrared sta-ble �xpoint whih bounds the equation from below. When linearizing thisJIMWLK equation one obtains the well-known BFKL equation (see [3℄ fordetails), whih, however, gives to strong a growth in F2(x;Q2), preiselybeause it does not have an infrared �xpoint bounding the equation from� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(3057)



3058 A. Freund et al.below. Evolution in the nonlinear pQCD approah is among other thingstarget independent. Target dependene arises only from the initial ondi-tions, the distribution of gluons in the transverse plane, whih will be Adependent. This allows us to ompare ep and eA sattering.The basi piture in the approah to small x resummation is quite similarin all the various approahes: The virtual photon, in the in�nite momentumframe split into a q�q olor-dipole (treated as eikonalized Wilsonlines) of, inpriniple, arbitrary size, whih then punhes through, and interats with,the target, whih it sees as a panake of in�nitesimal width but with thetargets, gluoni spetator �elds spread densely in the transverse plane. Thenumber of these gluons inreases during evolution.The kinemati situation underlying the evolution piture translates intoa formula for the �p ross setion or alternatively for F2 (here for a protontarget),�tot(x;Q2) = NZ d2z 1Z0 d�j �(z2�(1 � �)Q2)j2�dipole(z2Qs(x; x0; Q0)) (1)with z = x � y, where  � enodes the information about the olor dipoleand �dipole ontains the information about the interation of the dipole withthe spetator �elds and whih is obtained through the JIMWLK equation.As mentioned above, the JIMWLK equation an be reast as an equationfor a generating funtional of the Fokker�Plank type whih in turn anbe easily rewritten as a Langevin equation with white noise, at least inleading order of ln(1=x). This type of equation an be disretized and solvednumerially [4℄. Qs = (x=x0)�Q0 is a saturation sale and � an be obtainedfrom the numerial solution of the JIMWLK equation. N is a normalizationonstant whih has to be �tted to data at a x0 and Q0.2. Nulear shadowing within nonlinear pQCDand other approahesNulear shadowing an be easily inorporated in this approah by re-alizing that the impat parameter integral will yield an A dependene viaa simple resaling of z and Q by AÆ where Æ = 1=3 if the distribution ofspetator partons in the target were homogeneous. Sine this is a priorinot neessarily the ase, we leave this parameter to be determined by data.Eq. (1) then turns intoFA2 (�) = N(A)� xx0�2� F p2 (x0; �(x;Q2; A;Q20)); (2)



Saturation from Nonlinear pQCD at Small x in ep and eA Proesses 3059with � = � xx0�2� � QAÆQ0�2 and where the normalization N(A) has to be de-termined for some x0 and Q0 from data. In fat normalizing the F p2 one anuse the same x0 and Q0 as for the normalization of F p2 . Thus we have anunambiguous predition for FA2 whih says that not only an the observednulear shadowing be explained by a simple resaling of the variable � withA, but also that, after proper normalization, all FA2 data should, plottedvs. � , lie on the same line as the data for F p2 . Thus we also predit geomet-ri saling in inlusive eA sattering.The eikonal approah:The main equation of this approah isIm Ae�A / j �!q�qj2
 exp��totq�q�N� (3)whih basially says the following two things:(a) the q�q�N interation does not hange the transverse size or momen-tum frations of the dipole and(b) that no higher Fok omponents like q�qg ontribute to the ross se-tion.The leading twist approah:Gribov observed that if Rhadroni � RN�N in A then there is a diret rela-tionship between nulear shadowing in N�A ollisions and �di�N�N . Further-more, there is a generalization [6℄ to alulate the leading twist omponentof nulear shadowing for eah nulear parton distribution separately throughthe fatorizable, di�rative FD(4)2 :ÆFA2 = AF2 � FA2 = 16�A(A� 1)2 Re"(1� i�)21 + �2 Z d2bZ dz1 Zz1 dz2 Zx dxP�FD(4)2 (�;Q2; xP; k2? = 0)�(b; z1)�(b; z2)e(xPmN (z1�z2))#: (4)In the following we ompare the nonlinear pQCD and the leading twistapproah with one another as well as with data (here only NMC data forx � 0:05 was used). We will plot FA2 (t) vs. � , normalized to F p2 , where,for the leading twist approah [7℄, we hoose the same value for �, x0 andQ0 as in the nonlinear pQCD one: � � 0:2 for de�niteness, x0 = 2 � 10�4



3060 A. Freund et al.

0 1 10 100 1000
τ(x,x0,Q

2
,A)

0

1

10

(x/x0)
2λ*FA

2(x,Q2) vs. τ(x,x0,Q
2,A)

C12
CA40
Pd110
Pb208

Fig. 1. Saling plot of FA2 from the leading twist approah.
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Fig. 2. Saling plot of NMC FA2 data.



Saturation from Nonlinear pQCD at Small x in ep and eA Proesses 3061and Q0 = 1 GeV. Æ was found from a �t to the data to be about Æ ' 0:05.This implies a weak A dependene in the data, implying a more granularstruture of the nuleus. Note, however, that the bulk of the data on FA2 isat small x and for light, not heavy, nulei, thus it will be very interesting tosee how the A dependene hanges for larger nulei at small x.As an be seen from the Fig. 2, the FA2 data indeed falls on the F p2urve as predited by the nonlinear pQCD approah and thus saling is aprominent feature of the data.3. ConlusionsTo summarize, the nonlinear pQCD approah makes an unambiguouspredition of the x behavior of ep and eA ross setions where only the nor-malization of the ross setion has to be �tted to data. Furthermore, nulearshadowing appears naturally in this approah through simple resaling of �and it is predited that the eA data lie, after proper normalization, on thesame urve as the data for small x ep sattering. Thus geometri saling ispredited and indeed born out by a omparison with NMC data. A ompar-ison with the leading twist approah, Fig. 1, shows a similar behavior in �but a ertain sattering of points, a di�erent normalization and in additiona steeper slope in � at small � . Thus the two approahes are qualitativelysimilar, however, details of saturation and initial onditions seem to be dif-ferent. REFERENCES[1℄ H. Weigert, Nul. Phys. A703, 823 (2002).[2℄ A. Stasto, K. Gole-Biernat, J. Kwieinski, Phys. Rev. Lett. 86, 596 (2001).[3℄ J. Jalilian-Marian, A. Kovner, A. Leonidov, H. Weigert, Nul. Phys. B504,415 (1997).[4℄ K. Rummukainen, H. Weigert, preprint in preparation.[5℄ K. Gole-Biernat, M. Wüstho�, Phys. Rev. D60, 114023 (1999).[6℄ L. Frankfurt, M. Strikman, Eur. Phys. J. A5, 293 (1999).[7℄ L. Frankfurt, V. Guzey, M. MDermott, M. Strikman, J.High Energy Phys.0202, 027 (2002).


