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Motivations

e J/1 a good probe of QGP produced in A+A collisions

@ Here we focalise on p+A data (no QGP is possible) where only cold
nuclear matter (CNM) effects are in play: shadowing and nuclear
absorption

o At p+p level we do not know the specific production kinematics at a
partonic level: CS (2 — 2) vs CO (2 — 1)

@ Our goal: To investigate the CNM effects and the impact of the
specific partonic production kinematics
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Shadowing : initial cold nuclear matter effects

@ Nuclear shadowing is an initial-state effect on the partons distributions

@ Gluon distribution functions are modified by the nuclear environment

@ PDFs in nuclei different from the superposition of PDFs of their
nucleons

Shadowing effects increases with energy (1/x) and decrease with Q?(mT)

FA(x, pr) ; _

A
R; (X7Mf) = —AfHUCICon(X W) i
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Absorption

Particle spectrum altered by interactions with the nuclear matter they
traverse

= J/1 suppression due to final state interactions with spectator nucleons
Usual parametrisation (Glauber model) :

Sabs = exp( —POabs L)

@ p the nuclear matter density
@ 0,ps the break-up cross section
o L the path length
Energy dependence (see E. G. Ferreiro talk, Rencontres d'Etretat, 20-23/09)

o At low energy: the heavy system undergoes successive interactions
with nucleons in its path and has to survive all of them = Strong
nuclear absorption

@ At high energy: the coherence length is large and the projectile
interacts with the nucleus as a whole = Smaller nuclear absorption
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On the kinematics of J/4) production

On the kinematics of J/v production

@ CNM -shadowing- effects depends completely on J/v kinematics
(x, @)

e J/4 kinematics depends on the production mechanism
Two production mechanismes
e g+g—cc 21
Instrinsic scheme: the pr of the J/1) comes from initial partons
e g+tg—rcc+g 22

Extrinsic scheme: the pr of the J/1 is balanced by the outgoing
gluon
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On the kinematics of J /1) production

On the kinematics of J/1 production

Instrinsic scheme
e Intrinsic scheme: 2 — 1 process CEM @ LO or COM @ a2
@ y,pr can be determined using PHENIX p + p data

Phys. Rev. Lett. 98, 232002 (2007)

e Easy to handle : y//¥ and pJT/w directly give x1 2
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On the kinematics of J/4) production

On the kinematics of J/v production

Extrinsic scheme

We deal with a 2 — 2 partonic process with collinear initial gluons

The quadri-momentum conservation results in a complex expression of x, as
a function of (x1,y, pr) (see next slide)

Information from the data alone (the y and pr spectra) is not sufficient to
determine x; and x

The models need however to describe the data at low pt

CSM at LO, COM at @ a2 and CEM at NLO do NOT describe the data

well below pr =2 GeV = 103; N5 0
Models are mandatory to compute the E mzi ' lsyljr?a::]?\el cut 7
weighting of kinematically allowed (x1, x2) H 1‘1

We choose CSM + s-channel cut at §FNE

RHIC in p 4 p Haberzett! and Lansberg, PRL.100,032006 (2008)§ 10,2;

A proper description of the kinematics B 10% GlofalSf‘e;merjmw;o? Lolotd
matters here more than the underlying physics P, (Gevic)
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On the kinematics of J/4) production

On the kinematics of J/v production

If ]:éf‘(x, F,z, puf) gives the distribution of a gluon of mom. fract. x at a
position 7, z in a nucleus A, the differential cross-section reads:

doag
dy dPr db

2 — 1 kinematics with intrinsic pT‘ ‘ ‘ 2 — 2 kinematics with extrinsic pr
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On the kinematics of J/4) production

On the kinematics of J/v production

If ]:éf‘(x, F,z, puf) gives the distribution of a gluon of mom. fract. x at a
position 7, z in a nucleus A, the differential cross-section reads:
doag
dy dPr db

‘ 2 — 1 kinematics with intrinsic pT‘ ‘ 2 — 2 kinematics with extrinsic pT‘

deA dZA dZB deldX2deAdZAdZB

X FROD, Ta za, ) FE (068, Ta, 285 i) | X FR(xu, Ta, 2a, i) F (%2, T, 28, fi)

X glntr (30, x9) | x 28Pp YT s(s —F o — MP)
X Sa(Pa, za) S(Fs, z5) | % Sa(F,2a)SB(B, 28)
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On the kinematics of J /1) production

On the kinematics of J/v production

If ]:éf‘(x, F,z, puf) gives the distribution of a gluon of mom. fract. x at a
position 7, z in a nucleus A, the differential cross-section reads:
doag
dy dPr db

‘ 2 — 1 kinematics with intrinsic pT‘ ‘ 2 — 2 kinematics with extrinsic pT‘

deA dZA dZB deldX2deAdZAdZB

X FROD, Ta za, ) FE (068, Ta, 285 i) | X FR(xu, Ta, 2a, i) F (%2, T, 28, fi)
X agg‘“'(xf,xg)

| x 28Pp YT s(s —F o — MP)
X Sa(7a, za) Se(7s, 28)

| % Sa(7,2a)SB(78, zB)

X1,2 = \/";NLN exp (+y) = X:?,z()’a Pr) 6(..) = x = \/X%;\/;szrmrey)
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On the kinematics of J/4) production

Extrinsic

Intrinsic

For a given couple

(v, pT), x2 is larger in
the extrinsic scheme
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On the kinematics of J /1) production

Extrinsic

Intrinsic

For a given couple

(v, pT), x2 is larger in
the extrinsic scheme

-~ EKS98 —— HKN (NLO)
14 ~— Epsos —— DS (NLO)

12
Antishadowing - ;2 L
peak at ~ 1071 = o6 ‘Figag
= EPS08
02 [Salgado, ECT* Trento, 2008}
0.0
- 2 2
i A =208 ‘Q =9 C.;Cv
10° 10" 10° 10° 10"
x
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On the kinematics of J

Intrinsic Extrinsic

For a given couple

(v, pT), x2 is larger in
the extrinsic scheme

-- EKS98 —— HKN (NLO)
14 ~— Epsos — DS (NLO)
12 -
Antishadowing = ;2 L
peak at ~ 1071 3 ¢ Fisas
. EPSO8
We expect different shadowing effects 02 {Salgado, ECT* Trento, 2008}
in both cases. 2‘2’ A=28 Q=9 GV
10° 10* 10° 10” 10" 1
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The Glauber Monte Carlo

Our Monte-Carlo approach for J/ production

1
Glauber MC
oy = 42mb
1 at Vswn =200 GeV
Cu+Cu
5
0 7
5
1 N-N collision if :
L 2 —
p T und S 4o
X (fm)
Random :

« b according to 2x b db
« position of nucleons € A, B
according to Woods-Saxon

Bdaldy(nb)

N

3/W candidate produced
« according to o,y < Gy

with random :
. ykand P, according to p+p data
« random p; Grientation ¢
uniformly distributed in [

®

1/W canditate = real J/Wif :

random[0,1] < Rsnadow X Gy / Oy

computed using CF or EKS

Nuclear modif. factor =
dN real 3w / AN 3/w canditate

10’ T T T
Global scale uncertainty: 10.1%

[ p———r

10!

107 — k|
PHENIX
8 I G PHENIK Y 10
E , x \ 3 o |yle[12,2.2]; x10
2 o 2 i b0 )
Kinematics for 1/W candidate: 0

Yr Py @ M= pe, Pys P2, E
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Results for J/ at RHIC

E. G. Ferreiro, F. Fleuret, J.P. Lansberg, A. Rakotozafindrabe, PRC 81, 0649011 (2010).

| P PR T T | PR T TJET T T ]
1 2_ intrinsic p; EKS98 i intrinsic p; EPS08 A0 intrinsic p; nDSg
—~ ] AN I
M N ]

data
@ PHENIX

\\\’J Global syst.
PHENIX£11% J

Eﬁ“'“ 22mb . &
T

Besl m

- 32mb
1 Ll e | . Loy iy
1 2: exlnnsw p., EKSSS : Iexmns«c Pr nDSgI .
ﬁﬂ A TN T
] [ F i o ]
- S -

E > :
ost] |~ J R B
0.6— ) L L

Il IB—esé::=la.9mb : :| ]B—es'.',',',—aemb 4 Z‘ IB—es'L',',-s
-2 -1 0 1 2-2 -1 0 1 2-2 -1 0 B 2
y y y

@ shadowing depends on the partonic process: 2 — 1 or 2 — 2
@ antishadowing peak shifted toward larger y in the extrinsic case
@ in order to reproduce data: o,ps Extrinsic > o,ps Instrinsic
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Results for J /1) at RHIC

Results for J/1 at RHIC

@ EKSO98: compatible with
o EPSO08: extrinsic scheme is favorized
@ nDSg: intrinsic and extrinsic equally bad

EPS

A

extrinsic o, = 3.675 mb

T EKS o 1.2-
extrinsic o,,,, = 3.9°1% mb. F

— - — intrinsic c,,,= 2.1, mb

— . — intrinsic o,,, = 3.2} mb

Tabs X?m,,
EKS98 Int. [3.2£2.4 0.9
EPSO8 Int. | 2.1726 1.1
nDSgInt. | 22728 16
EKS98 Ext.| 3.927 1.1

=23

EPSO8 Ext. | 3.672% 0.5

—2.5

nDSg Ext. | 3.0°% 14
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T: Experimental situation

P. Artoisenet, J. Campbell, J.P. Lansberg, F. Maltoni, Phys. Rev. Lett. 101, 152001 (2008).

Results at 1.8 TeV
100

\ \ \ ——
Y(1S) prompt data x F9reet
LO

10

0.1
0.01

0.001

le-04

do/dPly<0.4 X Br (pb/GeV)

0 5 10 15 20 25 30 35 40
P; (GeV)

@ CSM describes well the data at NNLO*
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T: Experimental situation

P. Artoisenet, J. Campbell, J.P. Lansberg, F. Maltoni, Phys. Rev. Lett. 101, 152001 (2008).

Results at 1.8 TeV
100

\ \ \ ——
Y(1S) prompt data x F9reet
LO

10

0.1
0.01

0.001

le-04

do/dPly<0.4 X Br (pb/GeV)

0 5 10 15 20 25 30 35 40
P; (GeV)

@ CSM describes well the data at NNLO*
@ However LO CSM is sufficient to describe low pr data
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Results for T at RHIC

T: Experimental situation

S. J. Brodsky and J. P. Lansberg, Phys. Rev. D81, 014004 (2010).

Results at 200 GeV

70 ‘PHENI)‘( (Prelim)"—.—‘ 1
[ direct_ STAR (Prelim) = |
o 60 [ FYis= 42¢10 % NLO
50 LO - 1
& a0l ]
<
>30 | ]
o
6 20 ]
o
10 B
0
-3 2 3

o Upper dashed line, mp = 4.5 GeV, pu, = mr, ur =2my
o Lower dashed line, mp =5 GeV, u, =2my, up = mr ,
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Results for dAu at RHIC (T)

Intrinsic vs Extrinsic schemes

RdAu

J
[

0.9f =
0.8 -
o EKS shadowing : .
0.7k =
C —=— Intrinsic pT m
0.6 =
F ---e--. Extrinsic pT B
e S I I rararsrs rararare srsrars srwrsrerm eSS A
E 1. - - 2
y

Antishadowing peak shifted toward larger y in the extrinsic case
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Results for dAu at RHIC (T)

o 1 , EKS98 shadowing, extrinsic pT : Y , EPS08 shadowing, extrinsic pT :
T —— 0, =0mb T —— 0, =0mb
o a4 —e— 0,,,=05mb o g —— 0,,=05mb
E G, = 1.0mb E 0, =1.0mb
12 | 12— - — |
£ ——— 7 3
L ] = i —a ]
e s
e ——
0.8] 0.8
0.4

11.% Global Uncertainty for PHENIX
V1 <05 STAR - R, =076:2028 (stal) 020 (sys.)

1% Global Uncertainy for PHENIX
V1 <05 STAR - R, =078 028 (stal) 020 (sys.)

o
-

T T T T T
[
T

Ll b
o o
-

T T [T T T

0.2 22<y<12: pHENX-R,, =084 4034 (stat) £0.20 (sys.corr) 02[  22<y<-12:PHENX-R,, =084+ 034 (star) £ 020 (sys. corr)
12<y<22: PHENIX-R,,, = 053 0.20 (a1 = 0.16 (sys. corr) ] 12<y<22: PHENIX-R,,, = 053020 (sta) £ 0.16 (sys. corr)
T T F DTN T ST T T Cln e b e b L 1
2 L -1 05 0 05 15 2 15 1 05 0 05 1 15 2

nDSG shadowing, extrinsic pT :

—a— 0, =0mb

@ backward: EMC effect
@ central: antishadowing

|

|

o forward : shadowing =~ 1
fractional energy loss
is needed

119 Global Uncertanty for PHENIX
Y1 <05+ STAR- R, =076 0.28 (sat) £ 020 (sys.)

840,34 (stat) £ 020 (sys. corr)

22y <-12: PHENX-R,,
12<y<22: PHENIX-R, 020 (stat ) = 0.16 (sys. corr)
I I | | I I I
-2 -1.5 -1 -0.5 0 0.5 1 15

—
Ll 1

o

<
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Results for dAu at RHIC (T)

RdAu

0.8
1.2

-

0.8
12

0.8

@ In blue, 0,5 = 0.0 mb

- — 121~ q $12F —
[ ] o o 1 T f ]
r 2 ] r r 22<y<12 ]
[ 4 4 | 08 I 0.8 4 4 4 |
E | | = R E | | | =
F 4 12 1.2f 5
E o 1 ]
[ <0.35 ] F <0.35 ] F <0.35 ]
F 1 i 1 i I i 1 o 1 1 " 1 |
L 1.2+ l.Zj 7]
s B ]
1.2<y<2.2 o 1.2<y<2.2
E ) Y ) o8f | Y ‘ 08f
3 4 5 1 4 5 4 5
P, (GeV/c) [ (GeVlc) P, (GeV/c)

@ In green, o, = 0.5 mb

@ In red, o3ps = 1.0 mb
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Results for dAu at RHIC (T)

RdAu

£ - s F - s -
1.2~ -4 $12F q $12F —
L ] L e ————— | [ L ]
i e ] AR L T I I 1F e T e
0sl -22<y<-1.2 1 osb 08l -22<y<12 b
12f 4 12F 12F .
[ et ] r :
1= . 1F . 1F s S ]
osl  Iyl<0.35 1 ogl  lyl<0.35 1 sl Iyl<0.35 B
[RXERRRRN [RXRRREE [ .

12 1l2<y<2.2 12 1l2<y<2.2 120 12<y<22 b
1 = 1 -
08 D 980 ] 08E
0 2 4 6 8 10 12 14 16 18 02 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18

coll

@ In blue, 0,5 = 0.0 mb

@ In green, o, = 0.5 mb

@ In red, o3ps = 1.0 mb
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EMC effect for gluons

@ Tension between the theory and the PHENIX points in the backward

region

@ The backward region correspond to the EMC region (x > 0.1)

@ EMC effect basically unknown for the gluon

[ I [
1.4 ——gprsmoLo r~
F - EKsSO8

NA —
2 L2 iR,
O o
D
© 08
—
%} 0.6
~ 04
g i
g: .
0.0
10" 10* 10° 10!
b7 1
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EMC effect for gluons

@ Let us try to increase the suppression of g(x) in the EMC region
o Keeping momentum conservation : [ xg(x) dx = Cst

Pb
Rg
2 ; -
EPS+EMC strong ——
EPS+EMC medium -
EPS09
15 | A

R, (x.Q° = 48 GeV?)

!

0 1
0.001 0.01 0.1 1
X
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EMC effect for gluons

I N e e o e o e EXtrInSICpT,GabS—Omb_
3 F —s=— EPS09
@ 14 —e— EPS + EMC medium
C EPS + EMC strong
1.2~ —
C ]
C e — ]
L —_— —_— ]
1 9 |
0.8F 3
06 | 3
0.4 +11 9% Global Uncertainty for PHENIX —
- ly| <0.5: STAR - RM“ =0.78+ 0.28 (stat.) £ 0.20 (sys.) .
0.2 — -2.2<y<-1.2: PHENIX - RMU =0.84 + 0.34 (stat.) £ 0.20 (sys. corr.) -
C 12<y<22:PHENIX-R,, =0.53+0.20 (stat) 0.16 (sys. corr.) .
C E

C\I\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\I
-2 -1.5 -1 -0.5 0 0.5 1 15 2

<

Works better
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Results for J /1) at the LHC, PbPb collisions

Results for J/v at the LHC, PbPb collisions

\/s = 2.76 TeV, shadowing: EKS98

y y
In black, 0.5 = 0.0 mb, in green, g5 = 1.5 mb, in red, g5 = 2.8 mb
Strong rapidity dependence of Rpppp!
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t the LHC, PbPb collisions

Results for J/v at the LHC, PbPb collisions

ol —{extrinsic-p, EKS98,6=0.0mb| ol.l—r———{extrinsic-p, EKS98,0 = 1.5 mb
o+ T o+ T
5 4 —e— |y|<0.9 5 —e— |y|<0.9
3§ lyI{2.5,4.0] F lyI{2.5,4.0]
o Cog-
0.8 0.8f-
L =0 L
0.7 “ o 0.7 <
r r o
0.6 oo N 0.6 o
0.5 0.5 ooy
O =000~
0.4 0.4
037 A T P D D DO T 037 R T D D U T B B B
’ 50 100 150 200 250 300 350 400 ’ 50 100 150 200 250 300 350 400
Npal’t Npal’t
ol. 1 —{extrinsic-p_ EKS98, ¢ = 2.8 mb
Tl T
& 1 —e— |y|<0.9
H lyI2.5,4.0]
@ 0.9
0.8
ro-
0.7+
r-o-
0.6 -
05 o
H -
0'4j -O-O-O-_O_'O"'O"O"-O-O--o—o—o-*)
03l
) 50 100 150 200 250 300 350 400
Nparl
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Conclusions

@ We have studied two schemes : intrinsic (2 — 1) and extrinsic
2 — 2) for different shadowing and nuclear absorption

e J/v at RHIC Ryay vs y 0.pe extrinsic > o, intrinsic

o T antishadowing and EMC region
2 — 2 process
need fractional energy loss

e J/v¢ at LHC Rpppp vs y and Npape for EKS98 shadowing
Strong rapidity dependence (inverted w.r.t. RHIC)
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Conclusions

Backup
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