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FORWARD JETS AND BFKLAT HADRON COLLIDERS�Jeppe R. AndersenIPPP, Department of Physis, University of DurhamDurham DH1 3LE, UK(Reeived July 1, 2002)We present results on dijet andW+dijet prodution at hadron ollidersobtained by supplementing the leading log BFKL resummation with energyand momentum onservation. For pure dijet prodution, the inlusion ofthe BFKL radiation in the energy onservation leads to a derease in theparton �ux su�ient to ounter-at the expeted exponential inrease inthe ross setion obtained for the partoni ross setion. Other BFKLsignatures suh as the dijet azimuthal angle deorrelation do still survive.PACS numbers: 12.38.Bx, 12.38.Cy1. IntrodutionWhen onfronting BFKL with data, it must be remembered that the an-alyti Leading Log (LL) BFKL resummation [1℄ makes some approximationswhih, even though formally subleading, an be numerially important atpresent ollider energies. These approximations inlude:(a) The BFKL resummation is performed at �xed oupling onstant.(b) Beause of the strong rapidity ordering any two-parton invariant massis large. Thus there are no ollinear divergenes in the LL resumma-tion in the BFKL ladder; jets are determined only at tree-level andaordingly have no non-trivial struture.() Finally, energy and longitudinal momentum are not onserved, sinethe momentum fration x of the inoming parton is reonstruted with-out the ontribution to the total energy from the radiation of the BFKLladder.� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(3001)



3002 J.R. AndersenTherefore, the analyti BFKL approah systematially underestimate theexat value of the x's, and an thus grossly overestimate the parton lumi-nosities. In fat, for dijet prodution (at a hadron ollider) with a BFKLgluon exhange in the t-hannel we havexa(b) = Pa?ps e(�)ya + Pb?ps e(�)yb + nXi=1 ki?ps e(�)yi ; (1)where the minus sign in the exponentials of the right-hand side applies tothe subsript b on the left-hand side. xa; xb is the Bjorken x of the inomingpartons, and (Pa?; ya); (Pb?; yb) is the transverse momentum and rapidity ofthe two leading dijets. The sum is over the number n of gluons emitted fromthe BFKL hain, eah with transverse momentum ki? and rapidity yi. It isthis last ontribution to the energy and longitudinal momentum onservationthat is inaessible in the standard analyti approah to LL BFKL, sine theBFKL equation is solved by summing over any number of gluons radiatedand integrating over the full allowed rapidity ordered gluon phase spae.Considering Mueller�Navelet dijet prodution [2℄, a omparison of three-parton prodution to the trunation of the BFKL ladder to O(�3s ) showsthat the LL approximation leads to sizable violations of energy-momentumonservation [3℄.We will, in the following, report on studies of the e�ets of inludingenergy and momentum onservation in the LL BFKL evolution.2. Monte Carlo approah to studying the BFKL hainA Monte Carlo approah to studying the BFKL gluon exhange was �rstreported in Ref. [4, 5℄ and the details of the formalism will not be repeatedhere. The basi idea of the Monte Carlo BFKL model is to solve the BFKLequation while maintaining information on eah radiated gluon. This is doneby unfolding the integration over the rapidity ordered BFKL gluon phasespae by introduing a resolution sale � disriminating between resolvedand unresolved radiation. The latter ombines with virtual orretions toform an IR safe integral. Thereby the solution to the BFKL equation isreast in terms of phase spae integrals for resolved gluon emissions, withform fators representing the net e�et of unresolved and virtual emissions.Besides being neessary for alulating the impat on the parton �ux byinluding energy and momentum onservation, this approah also allows forfurther studies of the details of the BFKL radiation, and for the e�ets ofthe running of the oupling to be added to the LL evolution.



Forward Jets and BFKL at Hadron Colliders 30033. BFKL signatures in dijet produtionThe main result of the study [6℄ is that the ontribution of the BFKLgluon radiation to the parton momentum frations (at LHC energies) lowersthe parton �ux in suh a way as to approximately anel the rise in thesubproess ross setion with inreasing dijet rapidity separation (�̂jj �exp(��y)) predited from the standard BFKL approah (see �gure 1).
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=30GeVmin=1.8TeV ptsFig. 1. Mueller�Navelet dijet ross setions alulated for the high-energy limit ofleading order QCD and for LL BFKL, both in the standard LL approah and thissupplemented with energy-momentum onservation (BFKL MC).
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Fig. 2. Dijet angular deorrelation of Mueller�Navelet dijets alulated for energy-momentum onserving LL BFKL. The levelling out of the deorrelation at highervalues of the rapidity separation is a result of the available phase spae restritingfurther radiation from the BFKL hain.



3004 J.R. AndersenThis strong pdf suppression is due to the dijet prodution being driven bythe gluon pdf, whih is very steeply falling in x for the region in x of interest.This means that even the slightest hange in x has a dramati impat on theparton �ux. The leading-order QCD predition for the hadroni dijet rosssetion is therefore only slightly modi�ed when inluding BFKL evolutionof the t-hannel gluon to an almost no-hange situation. However, otherBFKL signatures suh as the dijet azimuthal angle deorrelation do stillsurvive (see �gure 2).4. BFKL signatures in W + 2jet produtionAlthough at hadron olliders the simplest proess for studying BFKL ef-fets is the prodution of dijets with large rapidity separation, the formalismalso applies to the prodution of more ompliated forward �nal states. Oneof the forward Mueller�Navelet jets an be replaed by a W -jet pair, whihalso provides a testing ground for BFKL signatures [7℄. In fat, the sup-pressing e�et of the BFKL gluon radiation on the pdfs is less pronounedin this ase, sine requiring aW in the �nal state at means (at leading order)that at least one of the initial state partons must be a quark, with a lesssteeply falling pdf. This means that the BFKL rise in the partoni rosssetion is not ompensated to the same extent as in the dijet ase. In fat,we �nd that in this ase the ross setion for the proess inluding a BFKLgluon exhange is higher than the leading order ross setion, thanks to therelative �atness of the quark pdf in the relevant region in x (see �gure 3).
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Fig. 3. TheW +2-jet prodution rate as a funtion of the rapidity interval betweenthe jets �y with the following uts yW ; yj2 � 1; yj1 � �1 or yW ; yj2 � �1; yj1 � 1.The diamonds are the leading order prodution rate; the dashed urve is the pro-dution rate in the high-energy limit; the solid urve inludes the BFKL orretionstaking energy/momentum onservation into aount.



Forward Jets and BFKL at Hadron Colliders 3005In the ase of W+2jet prodution, there will be some deorrelation inazimuthal angle between the two jets already at leading order beause ofthe radiation of the W . However, a BFKL gluon exhange will inrease thisdeorrelation [7℄ signi�antly (see �gure 4).
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