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INVESTIGATIONOF NEXT-TO-LEADING EFFECTS IN CCFM�H. JungDepartment of Physis, Lund University, P.O. Box 117, 221 00 Lund, Sweden(Reeived July 19, 2002)The e�et of formally next-to-leading ontributions to the CCFM evo-lution equation are disussed.PACS numbers: 12.38.Bx, 12.38.Qk1. IntrodutionThe CCFM [1℄ evolution equation in the framework of kt-fatorizationand its pratial realization in the Monte Carlo program Casade [2℄ hasbeen shown to be very suessful in desribing a bulk of experimental mea-surements [2�5℄, whih were not desribed in the ollinear approah. How-ever, as BFKL, the CCFM equation was derived in the high energy ap-proximation keeping only the singular terms (i.e. 1=z and 1=(1 � z)) in thesplitting funtion Pg. The question arises, whether the other terms, whihare present in the DGLAP splitting funtion, are already small enough to benegleted at the energies of present olliders. Also the sale in the running�s was originally treated di�erently for the small and large z parts.2. Next-to-leading e�etsThe splitting of ki�1 ! kipi, where k (p) are the four-momentum vetorsof the propagator (emitted) gluon, respetively, with momentum frationsxi�1, xi and the splitting variable z = xi=xi�1, is desribed by the splittingfuntion Pg. The original CCFM [1℄ splitting funtion Pg was given by~Pg �z; q2; k2t � = ��s �q2(1� z)2�1� z + ��s �k2t �z �ns �z; q2; k2t � ; (2.1)� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(2995)



2996 H. Jungwhere q = pt=(1� z) and the non-Sudakov form fator �ns was de�ned aslog�ns(z; q2; k2t ) = ���s 1Zz dz0z0 Z dq2q2 �(kt � q)�(q � z0q) : (2.2)Here only the singular terms 1=z and 1=(1 � z) were inluded and for sim-pliity the sale in the running �s was not treated in the same manner forthe small and large z part.In the high energy approximation, the inlusion of the non-singular termsin the splitting funtion Pg as well as hanges in the sale of �s are onsideredas next-to-leading e�ets. In the following we investigate the numerialimportane of these e�ets at present ollider energies.2.1. Sale of �sDue to the ompliated struture of the CCFM splitting funtion, forsimpliity the transverse momentum of the propagator gluon, kt, was usedas the sale in the running �s, whereas next-to-leading order alulationssuggest, that the proper sale is the transverse momentum of the emittedgluon, pt, for full range of z (for a summary of the arguments see [4℄).Changing the sale in �s from kt to pt (with pt � q for z ! 0), also thenon-Sudakov form fator needs to be properly hanged, resulting in~P = ��s(q(1 � z))1� z + ��s(q)z �ns(z; q; kt) ; (2.3)log�ns = � 1Z0 dz0z0 Z dq02q02 �s(q0)�(kt � q0)�(q0 � z0q) ; (2.4)whih leads to log�ns = � 1Z0 dz0z0 k2tZ(z0q)2 dq02q02 1log� q0�QCD� : (2.5)Due to the angular ordering onstraint q0 > z0q, q0 an beome very smalland even q0 < �QCD at small values of z0. Thus a uto� is required. Forz0q < q0 = 0:71 GeV we �x �s(q0) = 0:5, but keep the full angular orderingonstraint in the integral.In Fig. 1 we ompare the new non-Sudakov form fator �ns with thestandard one for three di�erent values of kt=qt. It is interesting to note,that everywhere the very small z values are highly suppressed.



Investigation of Next-to-Leading E�ets in CCFM 2997
Fig. 1. The non-Sudakov form fator �ns for three di�erent values of kt=qt asa funtion of the splitting variable z aording to Eq. (2.2) (solid) and Eq. (2.5)(dotted).In Fig. 2 the splitting funtion Pg (dotted) is plotted as a funtion of zfor three di�erent values of kt=qt. Also shown for omparison is the split-ting funtion without any suppression from the non-Sudakov form fator(�ns = 1 dashed) and the standard version of the splitting funtion fromEqs. (2.1), (2.2) (solid). One an learly see how the di�erent non-Sudakovform fators suppress the small z region of Pg.
Fig. 2. The splitting funtion Pg for three di�erent values of kt=qt as a funtionof the splitting variable z aording to Eqs. (2.1), (2.2) (solid) Eqs. (2.3), (2.5)(dotted), and with �ns = 1 (dashed).2.2. Non-singular terms in splitting funtionAnother soure of next-to-leading-log orretions is the gluon splittingfuntion itself. At very high energies, the 1=z term in Pgg, inluded in BFKLand CCFM, will ertainly be dominant. However, the question is whetherinluding just this term is su�ient at energies available at present olliders.The implementation of the full DGLAP splitting funtion into CCFM isproblemati. Naively one would simply replae 11�z ! 11�z � 2 + z(1 � z)in the CCFM splitting funtion. But this an lead to negative branhingprobabilities.



2998 H. JungIn [4℄ it was suggested to useP (z; q; k) = ��s �k2t ��(1� z)z + (1�B)z(1� z)��ns(z; q; k)+ ��s �(1� z)2q2�� z1� z +Bz(1� z)� ; (2.6)where B is a parameter to be hosen arbitrarily between 0 and 1, we takeB = 0:5. As a onsequene of the replaement, the Sudakov form fator willhange, but also the non-Sudakov form fator needs to be replaed bylog�ns = ���s �k2t � 1Z0 dz0�1� zz0 + (1�B)z(1 � z)��Z dq02q02 �(k � q0)�(q0 � z0q) : (2.7)In Fig. 3 we ompare the new non-Sudakov form fator �ns with thestandard one for three di�erent values of kt=qt.
Fig. 3. The non-Sudakov form fator �ns for three di�erent values of kt=qt asa funtion of the splitting variable z aording to Eq. (2.2) (solid) and Eq. (2.7)(dotted).In Fig. 4 the splitting funtion Pg (dotted) is plotted as a funtion of zfor three di�erent values of kt=qt. Also shown for omparison is the split-ting funtion without non-Sudakov form fator (�ns = 1 dashed) and thestandard version of the splitting funtion from Eqs. (2.1), (2.2) (solid). Herethe e�et of the di�erent form of the splitting funtion Pg beomes obviousalready at values of z � 0:5, whereas the non-Sudakov form fator is sim-ilar to the standard one. One should note that espeially in the region ofmedium z, the new branhing probability (inluding the non-singular terms)beomes smaller.
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Fig. 4. The splitting funtion Pg for three di�erent values of kt=qt as a funtionof the splitting variable z aording to Eqs. (2.1), (2.2) (solid) Eqs. (2.6), (2.7)(dotted), and with �ns = 1 (dashed).2.3. Consequenes for forward jet produtionIn Fig. 5 we show the preditions for forward jet prodution at HERA [6℄for the di�erent senarios disussed above. All ases have been re-�tted tothe struture funtion F2, with a similarly good �2=ndf. It beomes obvious,that the predition for forward jet prodution is rather sensitive to the detailsof the gluon splitting funtion.
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0.001 0.002 0.003 0.004Fig. 5. The ross setion for forward jet prodution as a funtion of x, omparedto H1 data [6℄.This paper is dediated to the memory of Bo Andersson, who died un-expetedly from a heart attak on Marh 4th, 2002. I have learned so muhfrom him. I am very grateful to G. Salam for all his ideas and advie onern-ing CCFM and the next-to-leading ontributions, whih formed the basis forthis ontribution.
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