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— multi-point correlators

— NLO extension
* Summary
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Dense gluon and new scale

* Gluon number xG(x, Q) increases at small x
* A new scaling suggests a new scale, Qs?
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Intuitive picture of saturation

* The higher the energy is, the more parton fluctuations emerge
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Intuitive picture of saturation

* The higher the energy is, the more parton fluctuations appear

» Recombination becomes important when 2 rG(z,Q?)
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Kinetic coverage at colliders

« X~ pT/sqrt(s) exp(+-
2~ PT/sart(s) exp(+-y) ‘ (v, pT)
- High energy, forward rapidity LR
» "small” x<x =0.01 for nuclei e — TN

(X1 ,k1) (X2,k2)

Kinematic reach at sqrt(s)=200 GeV Kinematic reach at sqgrt(s)=5 TeV

p, [GeV/c]
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Evidence In dA collisions

Forward suppression in d+Au at RHIC
1

Nuclear modification factor: R4 = N

1 2 3 4 5 6 Il’e'l'-llnlljlfln 1 2 3 4 5 6
py [GeVic] pr [GeVic] p; [GeV/c]

o BRAHMS [arXiv: nucl-ex/0403005] shows
=0 : Cronin peak, 1~ 3 : Suppression
o Qualitatively consistent with the CGC
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menology

SsPHENIX workfest, RIKEN, 2013-7-31 H. Fujii



rcBK phenomenology

* Energetic parton coherently interact with target
(eikonal multiple scatterings)

U(z,.) =Pexp [ig / dz" A7 (27, :)}

N@sy) = [IDpWvlel |1 - 3@ @)

@ — dilute — [, — Llargex

1"
: NA — Small x

dipole model Kt factorization DHJ factorization
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rcBK phenomenology

* Energy (x) dependence described by BK egn
with running coupling correction (in large N )

reBR
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rcBK phenomenology

» In‘large N_limit, evolution of dipole is closed

iy
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Constraining N with DIS data
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Modeling of nuclear target
Q 2 - A1l3 Q 2
A s0

s0
» Effectve Qs2 w/o impact param dependence — simplest
« MC modeling with local Qs?*(b)

 Low kT gluon dist is more suppressed

UGD’s at x=3x10"* for MV i.c.

— Q2=0.2 GeV*
~e Q2 =1.2 GeV?

/7 nucleus

N

10
k, (GeV/c)
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Hadron production

* INPUT: gluon dist from rcBK in large Nc
aky)~ KN, (ky),  1-N, = (1-N.y

» kT-factorization for small x1,2 (y ~ 0)
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Hadron spectrum in pp, dA at RHIC

e DHJ formula (CTEQs, DSS)
* [he same normalization chosen for pp and dA

— particle dependent
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Hadron spectrum at pp colliders

» kT-factorized formula

~ Normalized at pT=1 GeV for sqrt(s)=1.96 TeV
- uGD set (y~ 1.1) describes energy and pt depndences
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[ ] reBK-MC kt-factorization
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y-dependence of RpA at the LHC
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are sensitive?
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Heavy quarks are sensitive?

* Quarkonium; gg --> J/
* maybe at RHIC, while must be at the LHC

(a) Vs=200GeV, M=3.1GeV

P, (GeVic)
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How about open heavy flavors 7

ec-->D
e atql =2 GeV

Y5=200GeV, m. =15GeV, q, = 2.0 GeVic V5 =502TeV, m.=1.5GeV,q, =20 GeVic

RHIC;D

—
=
—
—
=
=

el
=

=
Fra
dNpo / d2q dydx (Gewie)2

—
=%

-
pr

—
=
LN

l
]
=
h
)
_E;
5
_|
(=)
J
s
%
=
=)

SsPHENIX workfest, RIKEN, 2013-7-31 H. Fujii



Quark pair production in pA

« Formula at O(pp P, ) In large Nc limit

[

d*p J_t'igq J_dypdyq T R‘i 8mdd 4 {??TH
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11 ™21
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e Pair production --> multi-parton correlators

* 4-pt & 3-pt functions simplify to a product of
fundamental 2-pt funs in large Nc limit
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RpA(y) for J/psi at the LHC

* Color evaporation model
* More suppression at the LHC than at RHIC

» Upsion also suppressed significantly at LHC

(a) Vs =200 GeV (b) Vs = 5.02 TeV




RpA(y) for D,B (prelim)

e Suppression due to saturation is seen

vg = 200 Gev vg =502 TeV

gi118: 0"
SO g1118 ; B
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rs from JIMWLK
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di-hadron correlations at RHIC

* Extend hybrid formula to 2 particle production

N dNPAFh1h2 X ANPA—hX
N, aLr Agp) = —_— N p— .
paer f @) / : trig f [fd;{]

d3pd3po
Yislpid | ¥ P

Central dAu collisions

© STAR Preliminary CGC calculations

p; <2 GeVic<n>=3.2 [ Stasto et al
Pt > Py > 1 GeVic < >=3.2 — Albacete-Marquet

"mon-CGC" calculations
=== Kang et al
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di-hadron correlations at RHIC

» Extend hybrid formula to 2 particle production
* Involves 4-pt correlator, which needs JIMWLK

A 1 _. _. __ _.
O(xr, yr,ur, vr) = —TrU(xr)U "yr)Uar)U' (vy).

JIMWLK, Y=0 3 JIMWLK, Y=0

Gaussian, Y=0 - - - % Gaussian, Y=0 - - -
JIMWLK, Y¥=5.18 : X JIMWLK, Y=5.18
Gaussian, Y=5.18 = = = LR Gaussian, Y=5.18 — — -
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Towards NLO calculation

» Part of NLO contributionsis known to be large
* Full NLO calculation is desired
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Towards NLO calculation

» Rapidity, collinear divergences identified and
absorbed in uGD, pdf&FF, resp.

SPHENIX



ummary

airly works for inclusive obs in pA

int correlations for more exclusive obs.
— NLO extension from LO

* Important for providing the correct |.C. for AA
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dN/dy in p-Pb collisions

HIJING:

« ALICE NSD ----2.1 no shad. [6]

—215,-0.2
Sat. Models: _---ngsg ° Bh[ﬁc]j 4
— - IP-Sat [5] 9 o shad. [4]

- reBK [7] e DPMJET [32]

-2 | O
nlab

Fig. 1: Pseudorapidity density of charged particles measured in NSD p—Pb collisions at /Sy = 5.02 TeW
compared to theoretical predictions [317]. The calculations [4] 5] have been shified to TJue laboratory systen.
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