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Reminder of the two striking behaviors
of J/U suppression at RHIC energy

1. RuA(RHIC) = R,,(SPS)
2. Rya(y=1.7) < RyA(y=0)



Rauny (Y=0in PHENIX) = Rypp, (@ SPS)

Nuclear modification factor

O PHENIX, Au+Au, |y|<0.35, + 12% syst
@ NA50, Pb+Pb, 0<y<1, + 11% syst.

¢ NABOD, In+ln, 0<y<1, = 1% syst.

O NA38, S+U, 0<y<1, + 11% syst.

e Midrapidity R,, looks
surprisingly similar, while
there are obvious

differences:
— Atagiven N, different

energy densities... 0.4l ;
— Cold nuclear matter -

effects (Xgjorkens Taps:) 02
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PHENIX, PRL98 (2007) 232301
SPS from Scomparin @ QM06
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Rauau (Y=1.7) <Ry ay (y=0) in PHENIX

Nuclear modification factor

* @RHIC, more J/ T e e A .
SU p p ress | on at fo rwa rd O PHENIX, Au+Au, |y|<0.35, + 12% syst
rapidity !

e While energy density
should be smaller...
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For the hot stuff, see

ﬁ-—,“ . ..:-, J- C:'.“'—,
CESUl” LUl Ud Jlivd o

talk on Wednesday

How much of this is due to
normal nuclear matter ?

(what cannot claim anything about
qguark gluon plasma without first
answering this question)



Cold nuclear matter effects ?

e Many possible effects: Jy
i} . h
— J/Y (or cc) absorption/breakup A
— (Anti) shadowing
(gluon saturation, CGC...) 8
— Energy loss of initial parton hs
— pybroadening (Cronin effect) ArnexampleXof gluon shadowin
N Complications from feed down 1.3 I |ll||9||u]or;llsllill?!l Plt) !/llgllltllorlsl ilrl]llel LIS
P’ &y, ? 12| :LHC : RHIC  /2SPS |
. 11 A= 208 S \ 1
— Intrinsic charm ? S 1o e e L ;.,.5,..._,/,»,"_.." _____ AW:
— Something else ? ,,fi 09 | ShadoWing (R )
g 087 . =T /Shadowifg 5
e Absolute need for data ! 0.7 I .

. ().6 1 l lllllll ; 1 IIIlIll [ ]ElllllllE 1 I]llIlII 1 IEIIII: X
Eskola, Kolhinen, Vogt 10° 10° 107 102 107 1
NPA696 (2001) 729
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Nobody is perfect...

@SPS: many pA ! High statistics ! But small kinematics
(—0.1<x.<+0.1)

— Nuclear absorption does a splendid job

@FNAL: less pA... High statistics ! Large rapidity (x;)
coverage... No AA...

— Many cold nuclear effects needed!

@HERAB: similar, negative x; (—0.35 to +0.15)

@RHIC: only dAu, low statistics, but rapidity (—2.2 to
+2.2) and centrality dependence

— Absorption + (anti)shadowing
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A snapshot of SPS

To first order, a simple and elegant
description of nuclear matter effects

O, =4.2+x0.5mb



Cold and hot matters @ SPS

—

e Normal nuclear
absorption alone does a
splendid job describing
pA, SU and peripheral
Inln and PbPb:

— (including one preliminary
PA @ 158 GeV from NAGO,

final yet to come...)

e exp(—o,,. Py L)
— L nuclear thickness

— (or in Glauber model)
- 0,,,=4.2%+0.5mb
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2.9-4.5)

B, o(J/¥)/(DY

10

lex a0 »Oa

NA51, pp,pd, 450 GeV

NA50 p-A 450 GeV LI H
NAS0 p-A 450 GeV HI

NAS0 p-A, 400 GeV HI +
NA38, S-U, 200 GeV

NAS0, Pb-Pb, 158 GeV

NABO, In-In, 158 GeV o
<4=m NAGO preliminary

[
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NAGO, p-A, 158 GeV
T T T T T I L T
2 4 6 8 10

L(fm)
NAbBO, EPJ €39 (2005) 335

NA60, PRL99 (2007) 132302
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R4a, rapidity dependence

(Capella et al aussi?)



Deuteron —

e At RHIC, J/ mostly produced by gluon fusion,
and thus sensitive to gluon’s pdf

e In PHENIX, three rapidity ranges probe different
momentum fraction of Au partons
— South (y <-1.2) : large x, (in gold) = 0.005 to 0.140
— Central (y = 0) : intermediate x, = 0.011 to 0.022
— North (y > 1.2) : small x, (in gold) = 0.002 to 0.005

An€xampl®of gluon shadowinggrediction

gluons in Pb / gluonsin p

1.3 Ll Ellll]l] ! IIIIIIII 1 l:lll[lll: I IIIIIIII . T I:IIII
12 :LHC: RHIC 2 §PS
o LI A= 208 10000:GevE 277 5 A
1o ETRRERLETLE et DAY
8 : : Nz A i, &
<~ 09 adowing =k / Anti T{j]
S 08 7 =" LZ4" /Shadowing
0.7 : " Q=2.25GeVE A
0.6 — —4 C s Bl Eskola, Kolhinen, Vogt
10'5 10‘4 10‘3 10‘2 10‘1 1 NPA696 (2001) 729
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Rya,ly) @ RHIC

e New analysis of run 3
RHIC data

— Same p+p reference as
Au+Au and Cu+Cu

— Better (cancellation of)
systematics

e Suppression at forward

rapidity
— Shadowing

e Assuming a shadowing

scheme, adjust an

absorption cross-section

2008, February 12th

RdAu
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EKS Model

......... c, =0,1,2,3,5 mb (top to bottom) -

breakup

—— Best Fit o,

%2 4 0 1 2 3

Rapidity

PHENIX, arxiv:0711.3917
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RdAu(y)

NDSG shadowing EKS shadowing

— +1.8 —_ +1.7
0Iabs =2.2 -1.5 mb 0Iabs =2.8 -1.4 mb

+ 11% Global Scale Uncertainty

RdAu
RdAu

NDSG Model ) EKS Model

- e 4] =0,1,2,3,5 mb (top to bottom) - - e o =0,1,2,3,5 mb (top to bottom) -

breakup breakup
| — BestFito, g, = 2255 mb | | —— BestFito,, =28 17 mb |
0 | | [ 1 | | [ 1 | | | [ 1 | | [ 1 | | | [ 1 [ 1 | | | [ 1 0 | | [ 1 ‘ | [ 1 | | | [ 1 | | [ 1 | | | L1 [ 1 | | | [ 1
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3

Rapidity Rapidity

PHENIX, arxiv:0711.3917
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S L RaaulNeonrY)
T PHENXDan 227412 st 19 e Also tried to fit the
EKS Shadowing + o, =52 *”” mb - .
DS Shadowng 4oy, <35 centrality dependence
F s o Z — (assuming a
2 [ % : inhomogeneous
= i shadowing scheme)
_+Eﬁjﬂfjjﬁjj;‘j”jﬁ‘5"’1;;:? f e Consistent results
| A oy 2103708 within (large)
I ' uncertainties
o PHENIX Data{.2<y<2.2 (syst .+ 11%) ]
~ Nosa S e =038
L N 1'2 Ty 1lﬂ 18

Nz:|:|II
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RAA ( N part)

* Now extrapolate to AuAu

collisions —>

— (Also available for CuCu)

- Mid and forward are
correlated through
shadowing scheme

- If you believe this

shadowing, large anomalous
suppression, larger at

forward rapidity
e (NDSG midrapidity
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0.8

0.6

04

0.2} !
- Forward rapidity

[

. EKS Shadowing + 0y, = 28] mb

- | 3 NDSG Shadowing + 6y, = 221 mb

—@— PHENX Aut+Au Data 1.2<|y|<2.2 (systqhw + 7%)

[ﬂ@@

30 100 150 200 250 300 350 400

0.4

0.2

0.8

%

—m— PHENIX Aut+-Au Data |y|<0.35 (s',.'stqh:bEII +12%)

EKS Shadowing + 6., = 2.8 %7 mb

NDSG Shadowing + o, = 22 /£ mb

Midrapidity

PHENIX, arxiv:0711.3917

1IJIJ 15IJ 2IJIJ 25IJ 3IJIJ 350 4IJIJ
Number of Participants Au+Au
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Yet another shadowing scheme?

~ a

Capeiia et al, arXiv:0712.4331

Shadowing from Schwimmer  * E-p conservation

multiple scattering : + regeneration

: [ TT |' TrrTid I L T TTT I TTTT | TTrTTT I LI I T TT l |d % _I vt I e I e | e | ree | v I I_.
.|.1.4_ — =1.4_ . —

I e e'e PHENIX (|y|<0.35) . c | had = whw PHENIX(lyE[12.2.2)
cr .- i ) [ shadowing |
i sha_dOW"_'lg_ : B = = = + absorption .
1.2 ==+ + dissociation ] 12 === 4 dissociation ]
i —— 4 recombination C=0.59 ] — + recombination .
1 .; — 1 -

\s = 200 GeV

-
bl
---------
______
----------------

-
.,
h,~

Shadowing effect: ]
NDSG(Y:O)<(y=17) S I B FIP T YT PR ST T ST P

EKS (Y:O) ~ (y:17) 300 350 40(: 0 50 100 150 200 250 300 350 ﬁi};

Schwimmer: (y=0) > (y=1.7)
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Something odd @ SPS?

" J/y yield
e Do we fully understand o
CNM @ SPS ? S
P
e Not these surprising %
©

rapidity distribution
asymmetries — 1

— Variation of ~30 to ~50% in
one unit of rapidity !

— Seems large to be
(anti)shadowing...

— Not taken into account in
CNM extrapolation...

0.1

056 04 03 02 01 0 01 02 03 04 05
yf.'.l'rl
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R4a, CENtrality dependence




e Re-plot PHENIX Ry, vs local impact

parameter b from Glauber model

e Phenomenological fit to Ry,(b) —

— (other shapes tried) 1

RdAu (b)
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o
Au Radial Impact Positions (fm)
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= Ryaly =-1.7) b(fm)_f
= f Y ndf TRIYERE
= Prob 0.01283 2
= slope 0.04671+ 0.01455 [
E| P T PR [ T T S T N P R P |P1| T T v 7 T |ali| |o |E
0 1 2 3 4 L) 6 7 8 9 10
E Ruly=0) _E

RGdC, Quark Matter 06

PHENIX, arxiv:0711.3917

= 7* Tndf 1.0&3:3_;
— Prob 0.7848 —
E slope 0.05661+ 0.01537 [
E 1 | T T T T N1 T 1 P I|J1| T T 1 1 1 3 T 7 7171 |ali| |o |E
0 1 2 3 4 5 6 7 8 9 10
E Ry (y=+1.7) E
=5 FTrdf 0.763673 |3
— Prob 0.8582
e slope 0.09684 + 0.008175 (3
= . . . . Lot 8+ 0 [T
0 1 2 3 4 5 6 7 8 9 10
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From dA to AA

e For a given A+A collision at b,,, Glauber
provides a set of N+N collisions occurring at
b.land b?

e One minimal assumption is rapidity 7/
TS B 7Y
factorization: Rya(|Y],ban) =

zcoIIisions [RdA(_y'bil) X RdA(+yrbi2)] / |\Icoll

e Works (at least) for absorption & shadowing

since production J/y
\
~ pdfl x pdf2 x exp —po(L,+L,) =

RGdC, QMO6, hep-ph/0701222
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0
R ( N ) e [ RGdC, Quark Matter 06
AA " Tpart TRl PHENIX, arxiv:0711.3917

o8] urvival = 38 *18__, %

e Pros and cons: osf
— No shadowing scheme nor ol
absorption scheme : by
— Mid and forward are not 02 N qg
correlated, less model - Forwardrapidity
dependent — larger g oo’
uncertainties (esp. y=0) e e NN AsAu Dan e S ey £ 120

Data Driven Projection of Cold Muclear Matter Effect

e Anomalous suppression at

lAaAa~nt A+ FAriaiAavrA vranrniA i+l 0.8_
ICdosl dl 1ulwdlUu IdpiuliLy. i
e Anomalous suppression o6
could be identical at wl
midrapidity - Midrapidity
02—
 (No dCu, so no CuCu) : Survival = 55 *23_; %

I|II|II|I|I|I ||||I|I||||| |
% s 100 180

206 I25|:| 300 I :I35d - JIUU
Number of Participants Au+Au
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Unaccounted cold effects ?

e Could Ry,(=Yy) X Rya(+Y)
factorization be wrong?

e Yes, in case of strong
saturation...

e dAu computation —>
e AuAu computation

underway... But:

— |s saturation at play
beyond traditional
shadowing at x, = 0.003?

— How to describe x, = 0.17

—
(o2}

—
~
T

N

do/dY(dAu)/[2*197*do/dY (pp)]

-
N
T

0.8

d—Au J/W¥ Ratios
PHENIX Preliminary 200 GeV

i %
% Ry R
@PHENIX p'1 Ny
MPHENIX e'e AT T

I~ — - — Kopeliovich \ i
—— Vogt, EKS98 3mb octet absorption's,
-------- Vogt, FGS 3mb octet absorption.  *\

— — - Tuchin N

-2.5 0 2.5 5
Rapidity

Tuchin, hep-ph/0504133
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Unaccounted cold effects ?

M. Nardi, QM08

e Saturation could suppress forward J/U in AuAu

e First numerical estimate, work in progress...

1.4 1.4

Experiment . 31 0-20% 1 o o] % { ]
Saturation g ' . ] & %%
% 09 | | } [ % 0.9 | -
“Flat anomalous” S orl | i I } .
suppression here ? = 08 - }L ]{ [ 1 = 06 1 20-40% | -

R e R S R

y
1.4 T T T T T 14

13 . 13 -
o 12+ . o 12 | n
S %1.1—%% T RN ]
Normalisation here ? I i e 0 I B
= 08 - E 08 |- i
8 07 F § 0.7t .
= 951 40-60% ® 091 60-93% :

R A
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Rga, Transverse momentum

(Mettre un plot de Roberta)



Various Ry, (p+)

e Several (hints of) raising
31.8- -2.2<y<-1.2 CFshad. %-2.2<'y<-'1.2' EKS shad.
RAA(pT) n:"igi v ! J] i + 4]
1. Rcp PbPb (NA50) ggg ] M
2. RAuAu (PHEN|X) ig |yl<0.35 CF shad. ?y'ko’_ss’g‘ shad.
3. Rya, (PHENIX) odrrs - jﬁl| o,
e Several potential reasons: ‘% Tias oo [l B
— Leakage effect, J/ escape E%D el i ‘!ﬁ ;ﬁ»#* !ﬁ
e High p;J/Y forming beyond QGP ™54 i:)T(:’GgV?c)-a SRSy

— Cronin effect

— Raising xg; = less shadowing
e 0.02t00.05from0to 9 GeV/c
e See discussionin =

e Think about it... PHENIX, arxiv:0711.3917 compared to

Ferreiro, Fleuret, Rakotozafindrabe,
arxiv: 0801.4949
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3. p;y broadening @ SPS ?

R. Arnaldi, QM08
All data‘taken

e Different scaling in pA at 158 GeV!
and AA collisions

0w N

—l—

e Something else going
on in AA?

— High p; J/U escape?

o

_<p2> (GeV/c)*
~

—
=2

—
B

—
(%)
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

-
2]

1.2 M = NA50 Pb-Pb
* NAGO In-In

1.1 = NAGO p-A

11 | 1111 | | | | 1111 | | | | 1111 | | I | | | | | I | | |
Y 1 2 3 4 5 8 7 8 9 10
L(fm)
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Various Ry, (p+)

e Several (hints of)

RaalP7)

1.
2.
3.

e Several potential reasons:

— Leakage effect, J/ escape
e High p;J/Ub forming beyond QGP

Rep PbPb (NAS50)

Rauay (PHENIX)
Rya, (PHENIX)

— Cronin effect

— Raising xg; = less shadowing
e 0.02t00.05from0to 9 GeV/c
e See discussionin -

e Think about it...

2008, February 12th

2 Tk g o[ 3 zl; T T T T T T
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Razz Rsz_ ® :2E 40-60% syst , =*13% _::60—92% SYSt = £26% _
15 1.5F 14¢ G ]
F 3 120 ‘:El ]
1E _i_n 1 T oS L @ “““ E ]
. ++~1> 5T 0.8 T 5
e —T—_“"_‘E‘.ITT 0.6 @ % T 9 ]
053!':—_..’.__-‘-'_ 05:}_:‘__&_._3_"‘ 0.4 _fU Ié -
E . i . 0.2 s ]
s % T2 s Y13 3 T2 3 14
p. (GeVic) p (GeVic) P, (GeVic) P, (GeVic)
21.8F -2.2<y<-1.2 CF shad. F-2.2<y<-1.2 EKSshad,__
o1.6E 3
g 7 -
1.2 E
L I by § |
0.8F; E
O'G?LJ'] ' ; ; _I:] e i R
13: |y|<0.35 CF shad. - |y|<0.35 EKS shad.
13
T4 D4
0.8peerr | freesetal |
83 E
0:2 t t t I llllll 3 t t t I t t t t t t
13% 1.2<y<2.2 CF shad. - 1.2<y<2.2 EKS shad.
o 7 & R
0. & 3
E§ED g 7 | = I

12 3 45 6
D

7 8 9
GeV/c)

12 3

4 5 6 7 8 9

PHENIX, arxiv:0711.3917 compared to
Ferreiro, Fleuret, Rakotozafindrabe,

arxiv: 0801.4949
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Three existing cold scenarios could justify the
rapidity anomalous dependence

1. The data itself !
2. A given shadowing scheme
3. Color glass condensate



3. py broadening @ RHIC ? vs N, . ?

PHENIX, arxiv:0801.0220

. . . . — 6_III| T T TTTTT T T TTTTT T ||__III| T IIIIII| T T IIIIII| T II_
e Widely unknown initial % = Mid rapidity { Forward rapidity
charm production: O °F + + 1 H m ;
— RecombinedR,, are -4 © T %] ]
: < I 5 ! H Eﬁﬁ
poorly constrained... %t 1 * :
=S |
e Instead look at p: R I
~ 2[ |y|<0.35 T lyle1.2,2.2] B
— Hot: Inherited p; shouldi;_._ Lo cwe I 8 Cucu
e el 1 +Au -+ +AU -
be lower thaninitial v 7t O dau T g S ]
_ COId: Cronin effect n_ml Lol Ll LTl Ll | ||||||||2 L]
o 1 10 102 1 10 10
should broaden initial p; Noart Noart
 Cronin goes like: e No strong <p,*>> dependence...
<PrP>pp = <PrP>p, XL e Modest rise at forward rapidity

Could be broadening
e No need for recombination here
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3. p; broadening @ RHIC ? vs thickness ?

. e e, ’G‘G_I"'I"'I"'I"'"'|__|"'|"'|"'|"'|"'
e Widely unknown initial > [ Mid rapidity I Forward rapidity
charm production: o 5 J’ + 1 .
L T 1
— Recombined Ry, are & e, I % — | F 1
poorly constrained... & | ! + I :
3 3 T \gma S\Ope .
* Instead look at p: roll: 2159 |
N 9l yenza 42 I ndf 270317 1| i<oas 72 I ndf 4.261
— Hot: Inherited p; shouldv 2; . - vauss | T O " .
be |OW€F than |n|t|a| 1:— Ei::; po 4.096 £ 0.2075 _:_ f::u po 3.2630.13
- COId: Cronin effeCt _| Ic|u+|cu|2| L1 |pl L1 |- L1 Iil-l L1 |EE | .Icl;uTCL; 11 1 | L 1 1 | Ip1| 1 | ‘TDTSTST‘O{OS“
should broaden initial 0 2 4 6 8 100 2 4 6 8 10
Pr L(fm) L (fm)

e Cronin goes like: .
<P*>pp = <P, taxL °

o

o

No strong <p,*> dependence...
Modest rise at forward rapidity
Could be broadening

No need for recombination here
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RHICrun 8 dAu =30 xrun 3!

J/y Yield 4,369 +89
Centroid 3.162 * 0.002

Sigma

96 + 2 MeV

1

16000 : . :
JAy Yield 57,030 £253
12000 Centroid 3.087 £ 0.001 1000+ + -
2000 Sigma  172+1MeV - Jy—ee
oi,, 4000 “© 800
> >
A | 5
JAy Yield 25,050 173 1

E 6000~ <7 Centroid 3.061+0.0017] 1y 600
& 2000 S 400
e =
= 0 e
o JAy Yield 31,900+200 1 3
O 6000 Jg‘gug HH Centroid 3.10840.001] © 200

4000 Sigma 179 £ 1 MeV_]

2000 0

0
2 3 4 5 2 3
. 2
Dimuon Mass (GeV/c)

4
Dielectron Mass (GeV/cz)

e Let’s wait for this run analysis before to say more about
cold matter (and derive decent survival probabilities)

2008, February 12th
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1.4 Survival probability

1.2

0.8

0.6

0.4
4 NAGO, In+In, 0<y<1, + 11% syst.

< NA50, Pb+Pb, 0<y<1, + 11% syst.
® PHENIX, Au+Au, |yle[1.2.2.2]
O PHENIX, Au+Au, |y|<0.35

0.2

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
00 50 100 150 200 250 300 350 400

Npart
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That’s all folks



S. Oda,
Session 18,

Saturday

2. Cold matter again ?

e Fitting an effective break-
up Cross section
(depending on y) and
extrapolate to CuCu and
AuAu...

e Do you agree that we
have poor handle on the
cold nuclear matter
effect?

2008, February 12th

2
o

" Cu+Cu, sysl +12 % Gy |

. —
m Au+Au, syst : : :_12  J— :ﬁiﬁ i

Iylel1.2.2.2] E
® Cu+Cu, syst globa 28 % —— EKSCusCu —]
. Au+Au, sysl Jioba |+ 7% —— EKS Au+Au l*] -

e CutCusyst =~ +14% !LE¢ E

+ 14 9, —— EKS CuCu

Cold matter affects quarkonia - raphael@in2p3.fr

m AutAy, syst obal — ExsAuvn
”1|0 - 1{12 o ﬁp;n
PHENIX, arxiv:0801.0220
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Face to face

EKS (y=0) = (y=1.7)

D:g 1—_ —a— PHENIX AutAu Data 1.2<|y|<2.2 (systghmi?%]

= EKS Shadowing + Gy, = 2837 mb
i NDSG Shadowing + 0, .= 225 mb
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6. STAR upsilon’s Secsion 32,

Saturday
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e Proof of principle: dozens of Y in p+p & A+Al
e Nuclear modification factor to come soon

e Suffers less from cold matter (x=0.02 to 0.1=EKS antishadow)
— (should be checked with run8 d+Au)

e Should measure (unseparated) excited states melting
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e Strong initial states effect ala
color glass condensate ?

— But they have to violate rapidity
symmetrisation R A(|y]) =

X Rya(+y)

— (otherwise taken into account in
CNM extrapolation)

e Could this + sequential melting
produce R,,(y~0) and

Raaly~1.7) ?

e Double ratio should drop...
e A possibility...
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Tuchin & Kharzeev

e Hard probes 2004 B F""
— hep-ph/0504133 ii ii

d—-Au J/¥ Ratios

e Coherent production of
charm (open or closed) e
— (y<0 production time to low to £ | }

make computation)

— Shadowing from CGC \:
: | EEer S N
computation... e vy,

[« Vogt, FGS 3mb octet absorption.  *\
— —- Tuchin *

do/dY (dAu)/[2¥197*dc/dY (pp)]

-5 -25 0 2.5 5
Rapidity
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Tuchin & Kharzeev...

. 1.1
+ absorption for :
1 U S S TG 2 S T e e S s T D e S e O 2
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