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- Goal of initial-state studies: To characterize the system formed after the collision of
two heavy ions and provide a description (and proof!) of the equilibration of the system

3. Equilibration dynamics

QGP phase A O< T< T eq

2. Initial production

mechanism
T =0+

pre-equilibrium

1. Nuclear wave function

K -~ - T <0
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Initial State determines flow strength

Glauber
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Smaller eccentricity

CGC

s o I P & 2 p
v 8 ® E e T T
ST TR T T T T Y

Radial gluon distribution

Iarger o _

CGClEHZBMIRLIE A (KLN)

2-D density profile

Initial state determines v, strength
(largest uncertainty)
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How about LHC?

v, & v, ultra-central (0% —>5%)

v, Fluctuations
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L ALICE Preliminary, Pb-Pb events at \STN =276 TeV
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Lessons from data

Energy dependence

Centrality dependence

—
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+ Stronger energy dependence in A+A than in p+p?

+ Factorization of energy and centrality dependence?

d

Nch

dn |,_o

IRILF—KFENRITE ST,
ppLEMFEA ., EDEIXAAD AN K,
EbntBHIIEHRINGTIN =,

\/—03

part

LHC tRHlC'CEIﬂ:L\ﬁZV(% ENBERLC,

RESIIELD, ?
BERE?

SR AN By LY b



cart)

(dN_,/dn)/(0.5(N

Y
(=)

llllllllllllllllllllll

J.Albacete QM2011 plenary

Lessons from data

Energy dependence

® AAID5%)ALICE pp NSD ALICE

m AA(0-59%) NASD > pp NSD CMS
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Centrality dependence
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Different models reproduce data “well” (?)
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Particle productions at collider energies

H.Fujii @ HIC June 4t
e dominated by small-= dof in hadrons

@ BK evolution eqn for CGC sums (asIn(1/x))™ and incorporates nonlinear effects
= saturation scale, Q?(x)

@ Successful phenomenology based on CGC picture in last decade

o DIS at HERA (GBW, IIM, ... )
o HIC at RHIC (KLN, ...

@ Recent highlight: running coupling (rc) BK eqn
consistent with Q%(x) ~ 1/z* ~ 1/2%3  Albacete

e Applications of rcBK:

e Global analysis of DIS AAMQS
e Hadronic collisions, pp, pA and AA  Albacete, Albacete-Marquet, Albacete-Dumitru

Y=In1ix}

Fast proton or nucleus

Dilute system

Saturation
InQ%(Y)=AY

BFKL

DGLAP
—

5 >
In A, n Q2




Framework |: rcBK €eqn : Global fit of HERA data at small x

rcBK eqn in Balitsky’s prescription: ep

m /([2 K™ (r,ry,79) [N(r1,y) + N(r2,y) — N(7,y) — N(r1,y)N (r2,7) |

@ has the same structure as LO egn with modified kernel:

, N.as(r) [ »* 1 [ as(r1) 1 [ as(ra)
K™ (r,r1,r2) = , — -1 . -1,
Cnre) =0 ["’f"’% TR (as(w) T3 \au(r) |

[ Fit with only Iughtquarks |

where one-loop a,(r) = 47 /[by In(4C?/1%) ] is f Fomont  sw ¥ avcer 3
cut off at acyt = 1.0 P I L E
@ The initial condition at = = r is assumed B o aeicar :
¥ '.-...ll —E e tw ;
r ' (72(.):)“) 1 r- ~ WYY -E =120 e

J‘\' (7', 3/(],) = l —‘(_‘Xp [_Tln E‘T‘(j q: IJ:'IJ:l.b.o.--... . ::E 3-‘0;;.' .
VIFEERIT y=1 (DGLAP), y=0.63 (BFKL) T Q'””‘%-“""._..- "’::m““#:...,_
BEHBIND. TR EIDONRTA—4EEE et
os R el

H.Fujii @ HIC June 4t" AAMQS et
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Framework |l: hadronic collisions H-Full @ 4l C e

k; factorization form

do..4+B—>g o

¢ ~ I\’ ) (j,(-k T ] ) R @ 'l"Q- 9. ‘\' i }))
dyd*prd*X e 1, Z1,0) ® Plic2, T2 |

@ is proved for pp, pA at LO, but is a working assumption for AA BGV
o O(k.x) < k*F.T. N¢(r.x) is the unintegrated gluon dist in the hadron.
o N = 2N — N2, with \V constrained by DIS

e N\ in a nucleus requires a modeling for a nucleus

proton )
%«%m . GI—F % N\ROVIZER#RT S
%%qmqo.mwgwmmji‘ (q uark-hadron duality)
g‘mmm?é‘a“”‘“‘ Overall factor K [ZHLiA&H %

¢

mﬂ“‘
éﬁéﬂm\
g €

Nucleus

I
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Framework Il’: hadronic collisions gl Gl s

MC modeling for a nucleus:

@ [he simplest will be a homogeneous disk

no impact parameter dependence

an additional parameter QQ?

S

04 Needed

@ Random nucleons w/ Woods-Saxon dist.
fluctuating density = b-dependence
Q%4 = ngp x N w/o additional parameter

Drescher-Nara

“MC-KLN” (Drescher-Nara)l£KLNBIZECGCHi{&
ZMCiELT=H D

b-IRFMHEIL. EIRILF—ITLKEEE, =
FrEEDEMEE R T D




H.Fujii @ HIC June 4t

MC-KT model

Albacete-Dumitru

® MC-KT /rcBK = kt factorization formalism with ¢ obtained from rcBK
evolution locally on transverse plane of a Monte-Carlo-generated nucleus
@ applied at LHC

AA PP

B 10° . : ,
85 o CMS NSD Ini=0.1,7 TeV —a—
5 8 reBK MIC /*,/+ 2 10" Bae— | CMSNSDIni<24,7 TeV —e— ||
Zz 75 //#/ < MV ic. -
~ 7 — — 107 T MVERY e -
g 65 = & 5 T
~ i (] Al .
5 6 = 107 \{( I
L 55— ALICE ——H 3 5 \ T
o3 ?’ MV ic. = [ 5107
2 w1 B N
4 X T T T lo-.v
0 50 100 150 200 250 300 350 400 1 2 3 4 5 6

Npan pr (GeV)

B R -h D&Y S HHES
1 FHE



H.Fujii @ HIC June 4th

Framework lll: forward particle production

For pA or “Large-r — small-z" reactions:  Dumitru-Hayashigaki-Jalilian-Marian (DHJ)

DHJ factorization form

ke,
>

AN dz L T -
(lyh(12pT 2 Z/ (11 I)T) \ ( '2.) Dh,/z'(v--[’Tv)

where the PDF f;,, describes the large-z, A\ the small-z, and the FF D}, ;; describes
high-pr fragmentation. pA TINZIFRELHIH A H 575 . AATDsaturation(Z
FAHHHIFIEBIZKEVD TIE? XNWD B

applied successfully to pA collisions, with rcEBK solution for a homogeneous nucleus

- - 9
characterised by an effective scale Q4 Albacete-Marquet
| ———————— g [ ]
(AT \ 538 TeV y =248 - \5,=02TeV y =246
& 1 % o
g Newi=3.6 o Neoy=3.6
= 07
° 10° 7 e 0=
w0’ /a 0
1o —— hybrid formalism 2.
<t - - kt—factorization .
o E ..i....ﬂlﬂ....l....l....* ot

15
p_(GeV)



Framework |ll': forward particle production

H.Fujii @ HIC June 4th
State-of-the-art models w/ rcBK

o AAMQS: ep @ HERA ... rcBK works and strongly constrains “MV" |.C.
o AM : pAu @ RHIC ... DHJ/rcBK nicely works
e AD =AAQILHC MC-KT /rcBK nicely works

3D MDstate-of-the-art modelsZ@l&L. M OBZA(FE) HF-ltakura-Kitadono-Nara

MC-DHJ/rcBK model

@ Initial configuration of the nucleus is prepared w/ Monte-Carlo

o rcBK performed locally on transverse plane w/ Q2 ,(z¢) = Qgp(;ro) x N
- no additional parameter

@ Study on forward physics in DHJ formalism is underway...

o FILWEIHAEME reMV ZRFEP (reBKEDEFEZTEE)
* R ,LETHE T E (AATDR,,[Esaturation + jet quenching)
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Future directions
pA collision at LHC eA collision at eRHIC/EIC
C.A.Salgado A.M.Stasto

2 2
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3 10 5: Abhay Deshpande at RBRC
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S
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10 gl Present |
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flow, 2 particle correlation [Zxf 3 A HAKHDESZT DR

o CGCIHZR:RIL. ep, pp, pADIEAE LT, AAIZ
L THBEEIZHA TS
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Prompt photon (t=>0) D
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