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1. Introduction

Transverse momentum dependent parton distribution arise naturally at small x as a conse-
quence of high energy factorization and BFKL-evolution [1]. A formulation of high energy fac-
torization which is in accordance with conventional collinear factorization is provided by kr-
factorization as defined in [2, 3]: at high center of mass energies, the resummation of high energy
logarithms (BFKL) can be brought into a form consistent with conventional collinear resummation
(DGLAP). In the following we present ongoing work dedicated to the study of transverse momen-
tum dependent parton densities at small x. In sec. 2 we address the definition of an unintegrated
sea-quark for the CASCADE Monte Carlo event generator. In sec. 3 we discuss the determination
of a transverse momentum dependent gluon density which takes into account full next-to-leading
order BFKL resummation.

2. A kr-dependent sea-quark density for the CASCADE

The Monte Carlo event generator CASCADE [4] is based on the CCFM evolution equation
[5]. The latter interpolates between DGLAP and BFKL evolution and thus allows naturally for a
Monte Carlo implementation of kr-factorization. Based on the principle of color coherence, the
CCFM parton shower describes at first only the emission of gluons, while emissions of quarks are
left aside. This is justified as enhanced regions of phase space for x — 1 and x — 0 are domi-
nated by gluonic dynamics at leading logarithmic level. As far as unintegrated parton densities are
concerned, this implies that CCFM evolution describes only the distinct evolution of unintegrated
gluon and valence quarks while transitions between quarks and gluons are left aside. Although
formally sub-leading, quark emissions can give give numerical sizeable contributions and it is
therefore advisable to include them into account in the parton shower, too. Absence of quark emis-
sions affects furthermore the determination of kr-dependent hard matrix elements: due to absence
of a seaquark density, the gluon-to-quark splitting needs to be included into matrix element which
complicates their determination, see e.g. [6]. As a first step towards arriving at a complete inclu-
sion of quark emission into the CCFM parton shower, we present here a definition of an off-shell
sea-quark density and a partonic matrix element. For the former we restrict to the case where the
gluon-to-quark splitting occurs as the last evolution step. For a detailed discussion we refer to [7].

For definiteness we consider in the following the transverse momentum dependent factoriza-
tion of the ¢g* — ¢Z matrix element into a transverse momentum dependent partonic sub-process
qq* — Z and a transverse momentum dependent quark-gluon splitting function. The latter is given
by the e kr-dependent quark-gluon splitting function of [3] which reads

S 'S ’ 2,2 2 K
qu(qu) =Tk <qz+z(1_z)k2> [(1—2) +z7+4z7(1-2) el 2.1

Here k and q denote the transverse momentum of the off-shell gluon and off-shell quark respec-
tively, while z denotes the fraction of gluon light cone momentum which is carried on by the ¢-
channel quark. Note that in the on-shell limit k> — 0 eq. (2.1) reduces to the conventional DGLAP
splitting function Tg[z2 + (1 —z)?]. For the determination of the ¢gg* — Z coefficient we follow
closely the treatment of the already existing gluonic case. There off-shell gauge invariance is en-
sured through a reformulation of QCD at high center of mass energies in terms of effective degrees
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of freedom, reggeized gluons. The latter coincide in their on-shell limit with conventional collinear
QCD gluons. For the general off-shell case one uses effective vertices which contain additional
induced terms, which ensure off-shell gauge invariance'. In complete analogy one can construct
a reggeized quark formalism for the description of the high energy limit of scattering amplitudes
with quark exchange in the 7-channel [9]. As (reggeized) quark exchanges are in comparison to
(reggeized) gluon exchanges suppressed by powers of s, they generally do not occur in the high
energy resummation of total cross-sections. They can however be used as a starting point for the
construction of an off-shell factorization of matrix elements which are limited to quark exchange
in the t-channel. This allows to define the off-shell partonic cross-section gg* — Z as the analytic
continuation of the gqg — Z cross-section, in complete analogy to the gluonic case. The splitting
function on the other hand is within this approach at first obtained as a pure constant, correspond-
ing to the limit z = 0 of eq. (2.1). It is however possible to incorporate finite z-corrections into
the reggeized quark effective vertices, which allow to re-obtain eq. (2.1) for the gluon-to-quark
splitting. Combination of eq. (2.1) with the unintegrated gluon density then yields the unintegrated

quark density
, 1 [d S ot (1?) k2 X
Dx, q?, u?) = po / — / dk? SM Py <z, qz> g <Z,k2,ﬁ2> . (2.2)
x0
with k2, = u?/z—q?/(z(1 —z)). For further details and numerical results we refer to [7].

3. NLO BFKL gluon density

We determine a transverse momentum dependent gluon density which follows NLO BFKL
evolution. It is obtained as the convolution

P
9 (x,q%) :/dnkaFKL(x’qak)ch(kz)- (3.1)

with NLO BFKL Green’s function fgpki and a model for the proton impact factor

1\ -5
Op(k*,03,8,4) =A— <2> e %, (3.2)
k- \ Qp
with free parameters {Qo,A, 0} obtained from a fit to HERA data. The F, structure function re-
quires to convolute the gluon density with the photon impact factor, where we use the LO kine-
matical improved impact factor of [11]. Given the recent progress in the determination of NLO
corrections to effective vertices of the gluonic effective action [10], it seems however possible
to obtain NLO impact factors for future studies of DIS and and LHC cross-sections. The NLO
BFKL Green’s function is known to possess a numerical instability due to the presence of (anti-)
collinear logarithms. For the present study the latter are resummed using an extension of the ‘all-
pole’-approximation of [12]. It has the advantage that it allows for an exponentiation of the BFKL
kernel, in agreement with Regge-theory. Furthermore a transformation from transverse moment to

!For an effective action approach to the reggeized gluon formalism see [8].
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transverse momentum space is possible in that case. This is of importance as it allows to imple-
ment this Green’s function into a NLO BFKL Monte Carlo event generator [13] which is currently
investigated. For a detailed discussion and the results of the fit we refer to [14]
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