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© : nucleon and
nuclear pdf’s plus factorization (collinear for large scales-DGLAP,
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W : hucleon and

nuclear pdf’s plus factorization (collinear for large scales-DGLAP,
k! for-intermediate scales-BFKL/BK?).
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> : framework to discuss ep and eA, and bulk

production in pA and AB. v
E> At , the | Saturation

nQ(Y)=AY

offers a description of the hadron

WFs. The x-evolution equation
is (LO, NLO).

>
Unitarity in a QFT; The behavior

of QCD at large energies;

= (Gelis,Venugopalan,...) with
BK (?): use geometric scaling to discuss the way from ep to AB.

From eA to AA at RHIC and the LHC.



(arXiv:0711.0974, now in |PG)

See the talk by J. L. Albacete at Hard Probes 2008.

From eA to AA at RHIC and the LHC.



= The key feature of data is (Golec-Biernat et al).

Marquet et al L bwes e M
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>

(Rummukainen et al, NA et al).
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v : Cronin effect in
dAu at midrapidity ruled out initial state effects as the explanation
fOI" the SUPPI"ESSion Observed in M _ Non-Linear Evolution of Cronin Enhancement

Albacete, Armeste, Kovner, Salpado, Wiedemann T

! 1 o 1 i . =2 Izal
E> + hep-ph'030717%, PEL io appear. J"_-".-h' 2l ,
Q¢ =01 GeV*

Braun, PLESTS (0005 115. "'J.E':r U1 Gel
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And2bd?p
} _ arn] I
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Kharzeev-Kovchegov-Tuchin

Kharzeev et al, Baier et al.
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= This suppression is

prescription for Q2. It is also 7 vo* e Py e |
compatible with the ratio of

geometric ep/eA scaling functions.

_

= L kI
[

e : <xa> > 0.02
(Guzey et al), and such
suppression also happens at

SPS/FNAL energies

(Nemchik et al, Kopeliovich et
al, Capella et al): finite energy

0.4 06 08 1 12 14 le 18 2

corrections, eloss? o b (GeV)

From eA to AA at RHIC and the LHC: 2. Phenomenology. 9



Gold-Gold collisions

) R
il 7 IIII

= Assuming :
multiplicities (evolution with centrality
and pseudorapidity) can be computed.
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factorization of
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dependences.
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| Hydromodel = PHENIX Data  STARData
O T A K2

K*+K ® A+A |
O p+p

&
w

Reaction
Plane -
A

&
N

Anisotropy Parameter v,
o

o

Transverse Momentum p  (GeV/c)

o CYM. m=02GeV
e CYM m=05GeV .

Glauber, Npr ' ] E>
“ | o G]:'Iu.hﬂl, HSC '

are a key
ingredient in those calculations. CGC
gives larger eccentricity: room for
viscosity or larger equilibration times.
Rciirmesanall = This initial conditions are not only

h[flﬁ} S nceded in hydro: transport codes.

From eA to AA at RHIC and the LHC: 2. Phenomenology.




ALICE expected reach in 1 yr. pA(Ap) collisions CMS expected reach in 1 yr. pA(Ap) collisions
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100 1000

Albacete at HP2008
AN,/ (n=0)

¢ Runming coupling evolution

\_1 power-law extrapolation A E0.2+0.3

& Au-Au 0-6% central RHIC data

K

dN,/dnl _ in Pb+Pb at\[s=5.5 TeV for N, =350

Saturation models

KLN! 1800 = 2100

JLA 1280 = 1490

GSV ~ 1250
Gelis et al
Empiric extrapolation from
data at lower energies
~1100
(W Busza nucl-ex/0410035)

Wolschinetal. — 19—, corr., RDM
EPOS
saturation

data driven, limit

Porteboeuf etal.
Kharzeev et al.
Jeon et al.
Fuijii et al. w fcBK evolution
Eskola et al.

El et al.

Dias de Deus et al.
Chen et al.
Capella et al.
Busza

Bopp et al.

I I

corr., BAMPS
percolation

|

data driven, limit
corr., DPMJET Il
corr., HUING/BB
geom. scaling

Topor Pop et al.
Armesto et al.
Albacete

Abreu et al.

—l——

corr., EKS98+geom. sat.

, corr., AMPT+gluon shad,

DPM+Gribov shad.

corr., rcBK evolution

corr., logistic evol. eq.

ing frag

ing frag
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L4 " This work. EPSOS
1.2 EKSO8

1.0
0.8
0.6
0.4
0.2

: 0.0 E -
Saturation models are not 0% 10"

the only ones ShOWing it. Eskola et al

.

Still,
many things missing.
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Experiments:

Atlas and CMS
Atlas and CMS rapidity plateau
A L1

TEVATRON Experiments:
(=1 D0 Central+Fwd. Jets
=1 CDF/D0 Central Jets
HERA Experiments:
[ Hl and ZEUS 1994-2000
Fixed Target Experiments:

NMC

BCDMS

E665

SLAC

From eA to AA at RHIC and the LHC.

LHeC, HERA and EIC

Colliders:
LHCC
EIC
HERA
Fixed Target Experiments:
BCDMS

SLAC

|5


http://www.ep.ph.bham.ac.uk/exp/LHeC/wg.html
http://www.ep.ph.bham.ac.uk/exp/LHeC/wg.html

© At for the projectile to
interact coherently with the whole hadron,
the offers a description of the

hadron wave function.

el -3
: fast partons :
. source

. —_— e ¥ Enew source
~ The RG equation 22000 radiated gluon }
for the slow/fast -
. energy
separation ( )
was derived for ! slow partons
scattering of a dilute ——} Classica

projectile on a dense target.

= Its mean-field version (the ) is the
tool for phenomenology.

From eA to AA at RHIC and the LHC.



*The Balitsky-Kovchegov equation.

* Properties at fixed coupling.

* Running coupling.

* Impact parameter.

* Beyond JIMWLK (see the talk by D.
Triantafyllopoulos at Hard Probes 2008).

From eA to AA at RHIC and the LHC.
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= Neglecting the
difference between
<WTWWTW>..
and

", ""n. ( } I d?z . PR . e B
i f — K (7,7, 72) [N(r, Y )+ N(r2, Y ) = N(r,Y \— N(r,Y)N(rs,Y)]

= Neglecting the dependence on impact parameter:
(/ \l
N /

From eA to AA at RHIC and the LHC: 2. Theory. 18




y=0,0.5,1,1.5,...,5

BFKL

)

w Solutions tend to a

independent of the

initial condition (NA et
al; Lublinksky; Golec-
Biernat et al; Munier et al;

lancu et al; Mueller et al):

= Shape goes from logarithmic in the k<Qs region to power-like
(1/k?)Y~083 in the scaling window Qs<k<Qs%*/ko to I/k? at large k.

From eA to AA at RHIC and the LHC: 2. Theory.
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— Fixed©,=0.4

— Fixed =022 Albacete et al, Mueller et al,

Running K1, ©,=0.4
Running K2, 7 =0.4

Running K3, 5,20, Triantafyllopoulos) showed:

’

window?!

JLAPRL 99 262301 (07) E>

el (quark loops used a la BLM): Balitsky, Kovchegov-
, Weigert-Albacete, Rummukainen et al. IR problems?

NLO in as;/N¢ resummed to all orders
0.2 semssesas

--. Q =05 GeV
l:Z.'.r:I =0.75 GeV
— Dn =1 GeV

NN INNANEEE FREE RETE N
B io 12 14 16 18

Y

From eA to AA at RHIC and the LHC: 2. Theory.

~ Heuristic implementations (Braun,

Bl different shape from fc in the scaling

20



)

large homogeneous nucleus.

~ This dependence is crucial for

Input - behavior of Qs with b
required e.g. to use CGC to
provide i.c. for hydro.

o (1/b%) independent of the
starting i.c. in b: violation of the Froissart bound (but massless

gluons): Kovner et al, Ferreiro et al, McLerran et al, Golec-Biernat et al.
Kernel must be made short-range.

From eA to AA at RHIC and the LHC: 2. Theory. 21



~ Going for the 4
WV case gives effects < |5 % (Rummukainen et al).

v
: corrections, generically

referred to as
(from 04 on: lancu et al, —

Mueller et al, Kovner et al, Levin et al).

w , no full theory, no numerical
computation with the existing pieces. Information from

1

pY ) "do.T(p (s — (ps))?
A |: 7, Y I:I — — d Ja -T':. y .:' v oexp | =0
i ; f . | 5

- .'II i_} e
Ty, &

- Competition of these new LL pieces and NLO corrections (lancu

et al, Bondarenko et al, NA et al, Peschanski).
From eA to AA at RHIC and the LHC: 2. Theory. 22



convolution of ugd’s (tentatively evolved
with BK) with an off-shell matrix
eIement computed in pQCD.

/m‘wl k) oB (72, [p — k)

= Alternatively, you can try and solve
(Krasnitz et al, Lappi).

w After production,
(evolving with DGLAP in the
vacuum, with the eventual effects of a dense created medium as

modifications of these ff’s).
From eA to AA at RHIC and the LHC: 2. Theory.
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N .Several
groups attempt to prove factorization formulas for gluon or quark
production:

* In momentum space, the Pomeron language (Braun, Bartels et al).

*In the dipole model (Kovchegov et al).

*In classical gluodynamics: expansion in projectile and target
densities (Gelis et al, Balitsky et al, McLerran et al, Marquet, Fukushima et al).

* Hadron wave function (Nikolaev et al, Kovner et al).

< In : ke-factorization OK
for single gluon, not for quark or for
2 gluons. Several pieces evolving BK-like.

w2 In , usual ke-factorization
not valid (quantitative inaccuracy?);
factorization becomes more involved.
From eA to AA at RHIC and the LHC: 2. Theory.




. : Cronin effect in
dAu at midrapidity ruled out initial state effects as the explanation
for the SUPPI"ESSion Observed in AA. Non-Linear E@Iutlun of Cronin El:nhancement

‘5'_: Albacete, Armesto, Koveer, Salgado, Wisdemann, O =9 |I,-'-"'
= 1.8 heppht i30T 175, PRL to appear. "'J-r'"l-' < GEL

i e 5 — i ] |."E
E> iraum, PLESTS (2003} 115, W=7 Gel
1.4

— Tunning Cf,

1.2 fixed o, =0.5

1k
AN dAw
ind?bd?p
R A dand=bd=p

0.8
0.8

/ - C T 04
JLA-Armesto-Kovner-Salgado-Wiedemann

Kharzeev-Kovchegov-Tuchin

Kharzeev et al, Baier et al,
lancu et al, Kozlov et al.

BRAHMS DATA D
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2 may also
indicate small-x dynamics: tale of the
two-particle inclusive distributions
(Baier et al, Kovchegov et al, Marquet).

”r (T
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From eA to AA at RHIC and the LHC: 3. Phenomenology.

p+ > n+hT X deAu—> n+hT4X E>

described (also Kharzeev et

al, Tuchin).
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> CGC may offer initial
conditions for QGP
formation: transverse
fields transform into
longitudinal ( )
(Lappi et al, Romatschke et al).

E‘> QC D ba_Sls for gOOd 11:1;:]1\114 4: Giasma flux tubes. The transverse size of the flux tubes is of order
old string models.

L o I,
(ng)r =a+bngp, b=Dyzp/Dir,

< are a place to look for such origin of
particle production (Capella et al, NA et al, Dumitru et al, Fukushima et al).

From eA to AA at RHIC and the LHC: 3. Phenomenology. 27



v

* Initial conditions: apart from MV, we have very little.
* NLO corrections completed and understood.

* Fluctuations/Pomeron loops: are they important?

* Factorization/particle production.

v

* Geometric scaling: is it too nice to be true?
*Treatment of non-perturbative effects and b-dependence.

v

From eA to AA at RHIC and the LHC.

28



