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CascabDE is a full hadron level Monte Carlo event generator épr ~vp, pp andpp pro-
cesses, which uses the unintegrated parton distributioetiins convoluted with off - mass shell
matrix elements for the hard scattering. The CCFM [1] evoluequation is an appropriate de-
scription valid for both small and moderatevhich describes parton emission in the initial state
in an angular ordered region of phase space. For inclusiaetijjies it is equivalent to the BFKL
and DGLAP evolution in the appropriate asymptotic limitheTangular ordering of the CCFM
description makes it directly applicable for Monte Carlglamentation.

A detailed description of @SCADE is given in [2], the source code ofASCADE and a
manual can be found undehttp://www.desy.de/"jung/cascade/ . A description
and discussion of the CCFM unintegrated gluon densitied us€CASCADE can be found in
[3,4] The unintegrated gluon density4,(x, k , ) is a function of the longitudinal momentum
fraction x the transverse momentum of the glubnand the factorization scalg A general
discussion of unintegrated gluon densities is given in [5—8

The matrix elements for heavy quark [9, 10] and Higgs [11Hpiaiion ink;-factorization
are available since long. Thee -factorisation approach can be used all the way up to high
transferred-momentum scales. As an illustration in Figelpnesent a numerical calculation for
the transverse momentum spectrum of top-antitop pair ptaztuat the LHC [5]. Smalle effects
are not large in this case. Rather, this process illusttazes: | -factorisation works in the region
of finite = and large virtualities of the order of the top quark masss Ihteresting to note that
even at LHC energies the transverse momentum distribufie@poquark pairs calculated from
k -factorisation is similar to what is obtained from a full NL&@lculation (including parton
showers, MC@NLO [12]), with @SCADE giving a somewhat harder spectrum, Fig. 1.

However, to use &SCADE for standard processes at the LHEZg* — W/ZQQ pro-
duction [13, 14] and quark induced processes [15}(— qg) needed to be calculated in the
k;-factorization approach. First results from these cateuia are given in [16].

The QCD-Compton process needs special attention: Firsgrevelealing with light par-
tons, and collinear and soft regions have to be avoided. i§tdsne by applying a cut on the
transverse momentupi”™ of any of the outgoing or g in the laboratory frame. Secondly, unin-
tegrated quark distributions had to be determined. Sineaitm is mainly to cover the forward
or backward region at LHC, only the valence quarks are censd avoiding any complication
with double counting of sea-quarks and gluon contributithe unintegrated quark density is
obtained from a full CCFM evolution of valence quarks (take®, from CTEQ 5 [17]) treating
correctly the full kinematics during the evolution. Onleth — ¢g splitting functions were
included, which are finite for smatl.

For all processes, the initial state parton shower is obthinom a deconvolution of the
CCFM unintegrated parton densities, obeying the angulderorg constraint. The angular or-
dering is essential for the dependence of the unintegrated parton densities. Howaweng
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Fig. 1: Comparison of transverse momentum distributiott gfairs calculated from £scADE with the NLO calcu-
lation MC@NLO at LHC energies.

the initial state cascade, the emitted parton can also gadefurther time-like cascade. This
time-like showering is now included, where the maximumuatity of the showering partons is
set by the transverse momentum of the parent parton. Thelitmeascade follows again angu-
lar ordering, but it does not change (except from kinempatios angular ordering of the initial
state cascade, which is constrained by the unintegratednpaensity.

New developments to properly model the dense partonicrsyiséeve lead to the introduc-
tion of a absorptive boundary simulating effectively theusation effect coming from non-linear
evolution equations. The absorptive boundary at smallippresses the smai region of the
unintegrated gluon density. The initial parameters fos¢hePDFs have to be determined from
fits to measurements [18] and yield a similarly gogd These uPDFs are available imS&cADE
(version 2.0.2), allowing the study of saturation effectéMinal state observables.

References

[1] M. Ciafaloni, Nucl. PhysB 296, 49 (1988);
S. Catani, F. Fiorani, and G. Marchesini, Phys. LBt234, 339 (1990);
S. Catani, F. Fiorani, and G. Marchesini, Nucl. PHy236, 18 (1990);
G. Marchesini, Nucl. Phys®3 445, 49 (1995).

[2] H. Jung, Comp. Phys. Comr43, 100 (2002).
http://www.desy.de/"jung/cascade/

[3] M. Hansson and H. Jung,owards precision determination of uPDR07.
arXiv:0707.4276 [hep-ph]

[4] H. Jung, A. V. Kotikov, A. V. Lipatov, and N. P. Zotovlowards precision determination of
unintegrated parton density functiqgriZd06. arXiv:hep-ph/0611093

[5] F. Hautmann and H. Jung, JHHEB, 113 (2008)arXiv:0805.1049 [hep-ph]



[6] Small x Collaboration, J. R. Anderse al,, Eur. Phys. JC48, 53 (2006),
arXiv:hep-ph/0604189

[7] Small x Collaboration, J. R. Anderse al,, Eur. Phys. JC35, 67 (2004),
hep-ph/0312333

[8] Small x Collaboration, B. Anderssaet al,, Eur. Phys. JC25, 77 (2002),
hep-ph/0204115

[9] S. Catani, M. Ciafaloni, and F. Hautmann, Nucl. PHy66, 135 (1991).

[10] A. V. Lipatov and N. P. Zotov, Eur. Phys. 327, 87 (2003);
S. P. Baranov and N. P. Zotov, J. Phg29, 1395 (2003);
S. P. Baranov, Phys. Réw66, 114003 (2002).

[11] F. Hautmann, Phys. LetB535, 159 (2002) hep-ph/0203140

[12] S. Frixione, P. Nason, and B. R. Webber, JHBP007 (2003),
arXiv:hep-ph/0305252

[13] M. Deak and F. Schwennsen, JHB® 035 (2008)arXiv:0805.3763 [hep-ph]

[14] S. P. Baranov, A. V. Lipatov, and N. P. Zotov, Phys. Rav7, 074024 (2008),
arXiv:0708.3560 [hep-ph]

[15] M. Deak, H. Jung, and K. Kutak/alence quarks anér factorisation 2008.
arXiv:0807.2403 [hep-ph]

[16] S. Baranov et alkr-factorization and uPDFs at HERA and the LIHZD08. These
proceedings.

[17] CTEQ Collaboration, H. L. Lag¢t al,, Eur. Phys. JC12, 375 (2000),
arXiv:hep-ph/9903282

[18] K. Kutak and H. Jung (2008xrXiv:0812.4082 [hep-ph]



