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JETS AT HIGH ENERGIES, FACTORIZATIONAND JET VERTEX IN NL ln(s)�G.P. Va

aDipartimento di Fisi
a, Università di BolognaandIstituto Nazionale di Fisi
a Nu
leare, Sezione di Bolognavia Irnerio 46, 40126 Bologna, Italy(Re
eived August 5, 2002)The next-to-leading 
orre
tions to the jet vertex whi
h is relevant forthe Mueller�Navelet jets produ
tion in hadroni
 
ollisions and for the for-ward jet 
ross se
tion in lepton�hadron 
ollisions are presented in the 
on-text of a kt fa
torizazion formula whi
h resums the leading and next-to-leading logarithms of the energy. Both the quark- and gluon-initiated 
on-tribution are now 
omputed. This 
ompletes the framework for a full phe-nomenologi
al analysis of Mueller�Navelet jets in NL log(s) approximation.Forward jets phenomenology still requires the NL photon impa
t fa
tor.PACS numbers: 12.38.Bx, 12.38.Cy, 11.55.Jy1. Introdu
tionIn re
ent works [1, 2℄ a novel element, relevant in the study of QCD inthe Regge limit, has been de�ned and 
omputed at the NLO level. It is thejet vertex, whi
h represents one of the building blo
ks in the produ
tion ofMueller�Navelet jets [3℄ at hadron hadron 
olliders and of forward jets [4℄in deep inelasti
 ele
tron proton s
attering. Su
h pro
esses should providea kinemati
al environments for whi
h the BFKL Pomeron [5℄ QCD analysis
ould apply, sin
e the transverse energy of the jet �xes a perturbative s
aleand the large energy yields a large rapidity interval.We brie�y remember here that in a strong Regge regime important 
on-tributions, or even dominant, 
ome, in the perturbative language, from dia-grams beyond NLO and NNLO at �xed order in �s. This is the main reasonfor 
onsidering a resummation of the leading and next-to-leading logarithmi
� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3007)
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a
ontributions as 
omputed in the BFKL Pomeron framework. Su
h approa
his la
king of unitarity so that, if the related 
orre
tions are not taken intoa

ount, one must 
onsider an upper bound on the energy to suppress them.It is already known that the LL analysis is not a

urate enough [6℄, being thekinemati
s sele
ted by experimental 
uts far from any asymptoti
 regime.Moreover at this level of a

ura
y there is a maximal dependen
e in thedi�erent s
ales involved (renormalization, 
ollinear fa
torization and energys
ales). For the Mueller�Navelet jet produ
tion pro
ess the only elementstill not known at the NLO level was the �impa
t fa
tor�, whi
h des
ribesthe hadron emitting one in
lusive jet when intera
ting with the reggeizedgluon whi
h belongs to the BFKL ladder, a

urate up to NLL [7, 8℄. Thejet vertex, now 
omputed, is the building blo
k of this intera
tion. For theso 
alled forward jet produ
tion in DIS the extra ingredient ne
essary is thephoton impa
t fa
tor, whose 
al
ulation is 
urrently in progress [9, 10℄. Letus also remind that NLL BFKL approa
h has re
ently gained more theoret-i
al solidity sin
e the bootstrap 
ondition in its strong form, whi
h is theone ne
essary for the self-
onsisten
y of the assumption of Reggeized formof the produ
tion amplitudes, has been stated [11℄ and formally proved [12℄.This relation is a very remarkable property of QCD in the high energy limit.
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Fig. 1. High energy pro
ess with jet produ
tion. H is the in
oming hadron provid-ing a parton a (gluon g/quark q) with distribution density fa whi
h s
atters withthe parton b, J denotes the jet produ
ed in the forward dire
tion (w.r.t H) and iis the generi
 label for outgoing parti
les.A parti
ular theoreti
al 
hallenge, interesting by itself and appearing inthe 
al
ulation, is related to the spe
ial kinemati
s. The pro
esses to beanalyzed is illustrated in Fig.1: the lower parton emitted from the hadronH s
atters with the upper parton q and produ
es the jet J . The gluon ishard, be
ause of the large transverse momentum of the jet, and obeys the
ollinear fa
torization, i.e. its s
ale dependen
e is des
ribed by the DGLAPevolution equations [13℄. Above the jet, on the other hand, the kinemati
s
hosen requires a large rapidity gap between the jet and the outgoing par-
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torization and . . . 3009ton q: su
h a situation is des
ribed by BFKL dynami
s. Therefore the jetvertex lies at the interfa
e between DGLAP and BFKL dynami
s, a situa-tion whi
h appears for the �rst time in a non trivial way. As an essentialresult of our analysis we �nd that it is possible to separate, inside the jetvertex, the 
ollinear infrared divergen
es that go into the parton evolutionof the in
oming gluon/quark from the high energy gluon radiation inside therapidity gap whi
h belongs to �rst rung of the LO BFKL ladder.2. Jet vertex and 
ross se
tionsLet us 
onsider the kinemati
 variables pH = �ps=2; 0;0�, s := (pH +pq)2, pb = �0;ps=2;0�, pi = Ei �eyi=p2; e�yi=p2;�i�, pa = x pH . In ouranalysis we study the partoni
 subpro
ess a+b! X+ jet in the high energylimit �2QCD � E2J � �t (�xed)� s!1 : (1)A

ording to the parton model, we assume the physi
al 
ross se
tion to begiven by the 
orresponding partoni
 
ross se
tion d�̂ (
omputable in pertur-bation theory) 
onvoluted with the parton distribution densities (PDF) faof the partons a inside the hadron H. A jet distribution SJ , with the usualsafe infrared behaviour, sele
ts the �nal states 
ontributing to the one jetin
lusive 
ross se
tion that we are 
onsidering. In terms of the jet variables� rapidity, transverse energy and azimuthal angle � the one jet in
lusive
ross se
tion initiated by quarks and gluons in hadron H 
an be written asd�dJ := d�bHdyJdEJd�J = Xa=q;g Z dx d�̂ba(x)SJ(x)f (0)a (x) : (2)One 
an easily see [1, 2℄ that at the lowest order the jet 
ross se
tion,dominated by a t-
hannel gluon ex
hange, 
an be written asd�dJ (0) = Xa=q;g Z dxZ dk h(0)b (k)V (0)a (k; x)f (0)a (x) ; (3)where V (0)a (k; x) = h(0)a (k)S(2)J (k; x) is the jet vertex indu
ed by partona, h(0)a (k) is the partoni
 impa
t fa
tor and f (0)a (x) is the parton distribu-tion density (PDF). The jet distribution is in this 
ase trivial, S(2)J (k; x) =Æ (1� xJ=x)E1+2"J Æ(k � kJ) with xJ := EJeyJ=ps.At the NLO approximation virtual and real 
orre
tions enter in the 
al-
ulation of the partoni
 
ross se
tion d�̂ba. The three partons produ
ed inthe real 
ontributions, in the upper, and lower rapidity region are denoted by
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a2 and 1, while the third, whi
h 
an be emitted everywhere, by 3. Moreoverwe shall 
all k = pb � p2 and k0 = p1 � pa and q = k � k0. Bold letters asbefore indi
ate the trasverse part. The infrared and ultraviolet divergen
es
an be, as usual, treated by dimensional regularization (d = 4+2"). Takinginto a

ount the I.R. properties of the jet distribution S(3)J the followingstru
ture is mat
hed exa
tly up to NLO (i.e. �3s ) [1, 2℄d�dJ = Xa=q;g Z dxZ dk dk0 hb(k)G(xs;k;k0)Va(k0; x)fa(x) ; (4)where h = h(0)+�sh(1)+ � � �, V = V (0)+�sV (1)+ � � �, f = f (0)+�sf (1)+ � � �and G(xs;k;k0) := Æ(k�k0)+�sK(0)(k;k0) log xss0 +� � �. The partoni
 impa
tfa
tor 
orre
tion in forward dire
tion h(1) is well known [14℄, the PDF's faare the standard ones satisfying the LO DGLAP evolution equations andthe BFKL Green fun
tion G is de�ned by the LO BFKL kernel K(0). Thenew element is the 
orre
tion to the jet vertex V (1) whose expression, forthe quark and gluon initiated 
ase, is given in [1, 2℄.Another element, 
ru
ial in the derivation of the representation givenabove, is the energy s
ale s0 asso
iated to the BFKL rapidity evolution.The 
al
ulations show a natural 
hoi
e, due to angular ordered preferredgluon emission and the presen
e of the jet de�ning distribution, whi
h isalso 
ru
ial to obtain the full 
ollinear singularities whi
h fa
torize into thePDF's. We give the expression of the jet vertex for the 
ase s0(k;k0) :=(jk0j+ jqj)(jkj+ jqj). A mild modi�
ation of su
h a s
ale 
an be performedwithout introdu
ing extra singularities, but in general this is not true. Inany 
ase using a di�erent s
ale requires the introdu
tion of modi�ng terms.For the symmetri
 Regge type energy s
ale sR = jkjjk0j, one hasG(xs;k;k0) = (1+ �sHL) �1+ �sK(0) log xsjkjjk0j� (1+ �sHR); (5)where HL(k;k0) = �K(0)(k;k0) log (jkj+ jqj)=jkj) = HR(k0;k).To obtain the jet 
ross se
tion with a

ura
y up to NLL terms, one hasto 
onsider the NLL BFKL kernel K = �sK(0) + �2sK(1), whi
h has been
omputed with the s
ale sR = jkjjk0j. The 
orresponding Green fun
tion,to be used in (4), is given byG(xs;k1;k2) = Z d!2�i �xssR�! hk1j(1+�sHL)[!�K℄�1(1+�sHR)jk2i : (6)The formula for the Mueller�Navelet jets [2℄ 
an be easily derived symmetriz-ing the formula (4) for the two jet 
ase.
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lusionsThe 
al
ulations at the NLO a

ura
y for the jet vertex whi
h lies atthe interfa
e between DGLAP and BFKL dynami
s are 
ompleted. There-fore a phenomenologi
al analysis of the Mueller�Navelet jets at NLL is nowpossible.The results dis
ussed have been obtained in 
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