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@ Energy dependence of nuclear gluon distributions: Balitsky-Kovchegov equation

<Z Recent developments: Running coupling corrections

<z Strong reduction of the speed of evolution

@ Phenomenological consequences:
<z Energy dependence of multiplicity densities in A-A collisions
<7 Determining initial conditions: RHIC @ Vs=130 and 200 GeV

<7 Extrapolation to LHC: Pb-Pb collisions @ Vs=5.5 TeV
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* Color Glass Condensate: The high energy limit of QCD is governed by large gluon
densities and gluon saturation
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* BK-JIMWLK equations: The evolution of gluon densities to high energy is driven by
linear (radiation) and non-linear (recombination) effects
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Motivation
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= Charge density correlations define the saturation scale:
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= LL-theory: 1" ~4.8" BK-JIMWLK at LL accuracy in a; Inl/x

= Data: | data ~, ) 28€ Fits to DIS and HIC data

Experimental data demand a much slower evolution!
Need of higher order corrections to LL equations
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. Runnlng coupllng corrections (Kovchegov, Weigert, Balitsky, Gardi, Albacete ...
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= Strategy: resummation of quark loops to all orders (ag N¢) plus Ny — —6! "
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. Runnlng coupllng corrections (Kovchegov, Weigert, Balitsky, Gardi, Albacete ...

-

AN

= Strategy: resummation of quark loops to all orders (as N¢) plus Ny — —6! "
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<Z The new physical channels modify the interaction structure -V .
of the LL equation. “3-point” function
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[Complete in osNf Evolution jLA and Y. Kovehegov PRD75 125021]
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<Z Running coupling comes in a “triumvirate”:
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<Z The running of the coupling reduces the speed of the evolution down to values
compatible with experimental data (JLA PRL 99 262301 (07)):

<Z Energy dependence of multiplicity in saturation models for particle production:
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(Multiparticle production @ RHIC)

(" )
ke-factorization + saturation + local parton-hadron duality (Kharzeev-Levin-Nardi)
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Free Parameters:

<z Average hadron mass, m

<z Initial saturation scale Qo
<zIs there significant evolution prior to Vs =130 7: AY,,

<zEnergy independent normalization
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Initial conditions for evolution:
Au-Au central collisions at RHIC at Vs =130

Average hadron mass ~ 0.25 GeV
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(Multiparticle production @ RHIC]

Excellent description of both energy and rapidity dependence of RHIC Au+Au
multiplicity data using solutions of the BK equation with running coupling
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Multiparticle production @ RHIC

RHIC energies are governed by pre-asymptotics effects (MV model: good 1.c.)
Solutions close to the scaling region fail to reproduce RHIC data: No universality
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Nuclear gluon distributions probed at RHIC are in the pre-asymptotic regime



(Multiparticle production @ LHC )

<Z The extrapolation to Pb-Pb collisions at the LHC is completely driven by the
small-x evolution. Compared to previous calculations, it yields a reduced multiplicity:

dNEY P(/s = 55TeV,n = 0)

~ 1290 148(

d
1600 77
dN, [
M 4400
1200 [—
- Pb-Pb \[5,,=5.5 TeV
1000_—
800_—
: L L L |
T ] ' . T T
600 — 1+ | s L ek '\
- i L T
B L =R N
- T 7'7 T
400— \a | 3
L e 1
- A Au-Au 0-6%, \[5,,;=200 GeV 2
200~ = Au-Au 0-6%, \[S =130 GeV \
_|||I|||I|||I|||I|||I||*

e Other saturation-based

calculations:
EHNRR 250

arXiv:0705.1770

KLN! | .
hep-ph/0408050 + 4100+ 18U

ASW ~ 170C(
hep-ph/0407018

GV I 10000 140(C

arXiv:0707.1870

e Empiric extrapolation
from lower energies data
(W Busza nucl-ex/0410035)

110C




The extrapolation to Pb-Pb collisions at the LHC is completely driven by the

small-x evolution

Modifications

a) (X, k) — h(x, k) = k*Vip
c) m=20

d) No (1! )* corrections

* RHIC data does not discriminate
power-law behavior from a
logarithmic one

e Logarithmic behaviour seems to
be dictated by lower energy data
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CONCLUSIONS

<ZRunning coupling corrections to BK-JIMWLK equations considerably reduce the

speed of non-linear evolution

<Z Multiplicity densities at RHIC can be reproduced using kt-factorization + solutions

of the evolution
<Zhadron mass mass = 0.2 + 0.3 GeV

<7 Q(Vs=130 GeV, #=0) = 0.75 + 1.25 GeV

<z Pre-asymptotic regime: strong scaling violations

<7 Extrapolation to Pb-Pb central collisions at Vs=5.5 TeV yields a central value:
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JLA and Y. Kovchegov

e Complete (all orders in a,f32) 95 - _
RIST=S1S] PRD 75 125021 (07):

evolution equation: oY
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* The qq contribution ensures the renormalizability of the all orders in asf32 corrections and the

right physical behavior of the running term:
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Subtraction term: oY
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* It receives contributions from transverse (T) and longitudinal (L) gluon’s polarization:
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* The separation procedure is similar in both calculations:

e ™
Run
N XO N Xo
Zl
. = e
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S Sub )

S[S] = / P21 d220 K [S(zg, w,Y) S(w, 20, Y) ! S(zg, 21, Y) S(zg, 21, V)]

* The differences between the two approaches stem from the choice of the
subtraction point, w



* In Balitsky’s scheme: w = z| (or z), the quark’s (anti-q) transverse position :

SPAs] = /d221 d222KSUb[S(Xo’Z_l’Y)S(Z_l’ll’Y) — S(Xg:21,Y) S(2, %3, Y)]

An expansion in term of N’s result in just non-linear terms (N2<<N at small-r)

* In KW scheme: w = z =, the gluon’s transverse position:

SKW[S] — /dzzl dQZZ KSUb [S(£07Z7 Y) S(;a @17 Y) I S(£07§17 Y) S(&Qn@la Y)]

An expansion in term of N’s also includes linear terms.

* The kernel of the subtraction contribution is the same in both cases:

Leading-Nf <z All orders Nf (LCPT) <z Fourier transform to
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* The subtraction term is larger in KW’s scheme than in Balitsky’s:
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* It has the same sign as the running term: It slows down the evolution

F=R-S8



Once the subtraction term is added back, the two approaches agree:
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* The relative contribution of the subtraction term to the evolution fades away at

* The subtraction term is larger in KW’s scheme than in Balitsky’s:
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