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General purpose Event generators
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Collinear-factorization

Traditional collinear factorization: two partons with no transverse momenta scatter.
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Structure of the nucleus at high energies
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High x and low Q

Color Glass
1 Condensate

QCD Linear Evolution Equations, DGLAP and BFKL predict
Saturation scale rapid rise for x < 1.



Gauge field in the MV model

The gluon distribution is large:
Suggest the use of the semi-classical methods
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Non-abelian Weiszacker-Williams filed
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Color Glass Condensate



Kt-factorization for small-x

Small-x: x-evolution of gluons produces many gluons
with transverse momentum.
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d(z,k?) : unintegrated gluon distribution
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Hybrid formula for asymmetric situation

For the asymmetric stituation x; > x5 in the forward hadron production,

do = dk3 | z1f(x1,Q%)d(xa, ko )do
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Hybrid formula (DHJ)

A. Dumitru, A. Hayashigaki, J.Jalilian-Marian, NPA765(2006)464,NPA770(2006)57
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running coupling Balitsky-Kovchegov (rcBK) evolution for dipole amplitude N



HERA F2 data global {it from rcBK equation
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Comparison to RHIC/LLHC data for pp collisions
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How do you treat low pt region?

Perturbative approach is limited for large pt region, however, most particles are
produced with low pt (pt < 1 GeV).

'FdN_/dn

W
;EES;E%%V Local Parton hadron duality (entropy conservation):

546 GeV assumption that multiplicity of parton is the same
200 GeV
as that of hadrons.

> KLN/CGC gluon distribution are compared with
N the charged hadrons in pp collisions.
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Local parton-hadron duality

Kt-factorization + . PHD

E.Levin and A. H.Rezaeian, Phys. Rev. D82,(2010)014022, Phys.Rev. D82 (2010) 054003
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LPHD and FF in DHJ
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Within kt-factrizaton approach,
High pt hadrons are well
described by

the Fragmentation function,

Low pt hadrons including
multiplicity are well described
by the parton-padron duality.

More realistic model:
event generator version is needed
for the unified description..



Monte-Carlo event generator for CGC

First attempt: BBL (Black-Body limit) Monte-Carlo Model
based on kt-factorization and SIBYLL

by
H.J. Drescher, A. Dumitru, M. Strikman, Phys.Rev.Lett. 94 (2005) 2

We would like to develop generator based on

DHJ (Dumitru-Hayashigaki-Jalilian-Marian) formula with rcBK unintegrated gluon dist.

for the description of forward hadron productions.



Monte-Carlo Event Generator for DHJ approach

gg — g, gq — g with initial and final state radiations

Multiple interaction

CGo

Gluons and quarks are generated
according to the DHJ formula.

dN K ,
— . NZ 7
dyd’p,  (2m)? fipp(@0 PL)Ni(p 1, 22)

Hadrons are produced by
the Lund string fragmentation model

& = &



String breaking

1

E,=x(x,—X,), Ez=x(xy—x5) flz)oc=(1—z)"exp

Z

Vertex A and B are space-like. q‘%
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Forward neutral pion from LHCf
r~1 X 10—7 O. Adriani et al. (LHCf Collaboration), Phys. Rev. D86,092001 (2012).
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Gluon contribution? LHCf pp@7TeV
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summary

» Monte-Carlo Event Generator version of DHJ model has
been developed.
DHJ + Lund string fragmentation model
» \We use unintegrated gluon function from rcBK equation
which is fitted by HERA data at x<0.01.
» Particle distribution for pp collisions are well fitted by the model
from low to high momentum region.

- Extension to pA and AA
e NLO
* |nitial state radiation due to x-evolution

24



Unintegrated gluon distribution
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Rapidity evolution

running coupling Balitsky-Kovchegov (rcBK) evolution

0
/\/;; ) _ /d2r1 K(r,ri,m2) IN(r1,y) + N(ra,y) — N (r,y) — N(ri,y) N(ra, )]
Qg ~ x_)‘w, with A\po ~ 4.88 N.ag /7
y = In(xg/x)
L0 - Neag 12 HERA fit yields A ~ 0.2 — 0.3
(F,r1,72) = 22 rirs LO-BK shows too fast evolution to fit HERA data.
run _ Neas(r?) re 1 [a(ri) 1 (as(rs) _
o) = 2557 5 (e 1)+ (oo 1)

Running of the coupling reduces the evolution speed down to values
compatible with data (JLA PRL 99 262301 (07))
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1+1D Motion of relativistic string

H:\/pi+mi+\/p§+m§+l<|x1—x2|
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Motion due to linear potential (Lorentz invariant)

p(t)=«(ty,—t), E(t)=x(x,—x)
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Hyperbolic curve in space-time coordinate
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