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Some conclusions

e Charmonia production in Au+Au is barely understood
— Cold suppression is not under control (morning talks)
— Thus so are the hot effects

— However, some amount of anomalous suppression is
probably there

— Not much new since = 4 years (for the Iatest:%)

e Charmonia suppression is not the golden probe of
QGP @ RHIC

— Though it was at SPS (see Enrico’s previous talk) and could
still be at LHC (see Anton’s next talk)
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The normal introduction

Matsui & Satz, PLB178 (1986) 416

e |In 1986, Matsui & Satz predicted an

“unambiguous” signature of QGP

— Onset of quarkonia melting above a certain

temperature / energy density threshold

e Example of assumed T, (but theorists still

working on it, remember yesterday):
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Experimental facts

aka RHIC puzzle



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

e Mid rapidity R,, looks
surprisingly similar to
SPS, while there are
obvious differences:

— Atagiven N, different
energy densities...

— Cold nuclear matter
effects (Xgjorkens Taps:)
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Rauau (Y=1.7) <Ry ay (y=0) in PHENIX

Nuclear modification factor

# PHENIX, Au+Au, |y|e[1.2,2.2],+ 7% syst.
i PHENIX, Au+Au, |v|<0.35, + 12% syst

e @ RHIC, more J/Y
suppression at forward
rapidity!

e While energy density
should be smaller...

PHENIX, PRL98 (2007) 232301
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What is this further 40%
EE suppression due to?
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@ RHIC, more suppression
at forward rapidity!

Two possible theoretical explanations...

A. One hot: coalescence, regeneration
B. One cold: saturation, shadowing



A. Hot coalescence, regeneration

e Large variety of e As an example
approaches, all justify: e

®  w' PHEMNIX {|y|<0.35) n:'t

— Rpa(y=0) > Ry (y=1.7) Xm
— (more ¢ quarks to I e—
recombine at y=0)
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.
Some references 1@ e
R. Thews et al, EPJ C43, 97 (2005) |3 o
Yan, Zhuang, Xu, PRL97, 232301 (2006) N3y | .

A. Andronic et al., NPA789, 334 (2007)

Ravagli, Rapp, PLB655, 126 (2007)

PHENIX PRELIM (|y]<0.35)

Zhao, Rapp, PLB664 (2008) 253 & 1008:5328 o+ e { o peseessas

PHENIX PRELIM (|y<[1.2,2.2))

A. Capella et al., EP) C58, (2008) > L T e e o
O. Linnyk et al., NPA807, 79 (2008) "

(Apologies if | forgot somebody) Capella, Ferreiro, Tywoniuk et al.

Fitting Cu+Cu, Au+Au,
Mid and forward rapidity
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B. Cold matter (old dAu) <+ IEEEERERE

PHENIX, PRC 77, 024912 (2008)

e As model independent as
possible...

e |n a Glauber data-driven model,
propagate what we know from old

RdA(ylcentrallty) . _ 0-2:_ Survival = 55 +23—38 %
- RAA(y;b): RdA(_y;bl1)XRdA(+y;b|2) A N B N S B S R
. . q] 50 100 150 200 250 300 350 400
— No shadowing nor absorption Number of Participants Aus+Au
SChemeS Eﬁ '_ ——— FHEHMMHW1H}'}£&E¥HE“:H‘H
— Mid and forward are not correlated, i i Drien Prfsctonot ol Hualsa bter Bt

less model dependent = larger
uncertainties (especially @ y=0)

_- \&N|V3| = 38 +18_ 22 %
A \-\

e Anomalous suppression, at least oel
at forward rapidity! [
e Anomalous suppression could be s e
identical at different rapidities oF b |
* (No dCu so no CuCu) - Forward rapidity
R R
- Number of Paiticlpants Au+Au
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e Gluon saturation could
further suppress forward 08,

B. In a saturation approach

J/U in AuAu 08
— Explain the rapidity o 0.4L
difference
- Insufficient to explain all "

suppression

— (previous paper was
getting all suppression but
fit to AuAu, ignoring dAu)

— Again, J/ anomalous suppression could be

Kharzeev, Levin, Nardi, Tuchin
PRL102 (2009) 152301

A I_IﬁIFA DIFI‘\I/\AP"I“
"YU INdlTUl, T'idiu rivvucs 1v

T f

0.0 -

10F———

Midrapidity |

s o { ] o
L A 5 S ___{ _LHC
= |
0 100 200 300 400
Npart

s there a final-state effect in
J /4> production/suppression
in Au — Au collisions at RHIC?

Yes!

identical at mid and forward rapidity!
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How to disentangle these
two scenarios experimentally?

Two possible theoretical explanations...

A. One hot: coalescence, regeneration
B. One cold: saturation, shadowing



How to move forward experimentally?

RGdC, Quarkonia in hot and cold matters, Quark Matter 08

{Calm down? (Better pA/dA reference) \

2. Be more open? (Measure cc to constrain regen.)
3. Get excited? (b, x.)

4. Get high? (in mass, looking at upsilons)

5. Broaden interest? (in transverse momentum)

6. Letit flow? (elliptically)

7. Be upset? (and search for onset)

8. Giveup? And move to the LHC?

KSome progress on all these points at this meeting '/
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1. New dAu data from PHENIX i€

T

Centrality 60-88%

Global Scale Uncertainty £10%
= Gluon Saturation

— EPS09 and 6, =4 mb

Centrality 0-20%
Global Scale Uncertainty +8.5%

TTTTTT T 7T TTT  TTTTTTT TTTTTTT]TT T T
I I ! i ! ! ! !

Centrality 0-20%/60-88%

See Frédéric Fleuret

M. Wisocky, HP’10

PHENIX, arXiv:1010.1246
2010, October 26th

e Simple shadowing & o

abs

describe data anymore
— Energy loss ? Saturation ?...
e Moving the problem from the

dAu statistics to the systematics
of extrapolation to AuAu

e One way is to use various
(effective) o, vs rapidity

EKS98 CNM basslins
® AuAu y=0
®  AuAu y=1.75
Narrow boxes: correlated sys
Wide boxes: CNM bkaseline sys

Frawley, Trento & Seattle

IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
50 100 150 200 250 300 350 400

Quarkonia hot stuff @ RHIC - raphael@in2p3.fr Noart

do not
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What else could bring information?

2. Open charm?



Cross Section (o) [mb]

2. Measuring open charm...

2 o STAR Au+Au Centra
1.8 STAR Preliminary
- New Cu+Cu Result
16F STAR Preliminary
141 AR d+Au | +
1.2 :_NWr Bound (New) | I T
1 -
= STAR Au+Au MinBias
08— STAR Preliminary
06 $pHENX(psp 2?7 *PHENIX AusAu
0.4 NLO PriYeign (New)
0.2~ NLC Lower Bound (New)
u _I II 1 111 | 1 1 1 11 113 | 1 1 1 11113 I
1 10 10? 10°
Number of Blnary' Collisions
g _\ LI | T 1T
c 14 Au+Au @ \|sN =200 GeV PHENIX

YRRO.

7 10 t020
08¢ @ CcC pairs
0'4: ® e :p >03GeVic ¥l @

02-O € :p,>3.0GeVic L
: nP: p,>4.0 GeV/c
%50 oo 150 200 250 - 500 350
Npart
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.. could constrain both

— Regeneration a (N_.)?

— Initial state effect

(shadowing...) shared
with J/Y

A factor of 2 difference
between experiments

=25% systematic error

But binary scaling
(within uncertainties...)

At SPS too: 1.16 £0.16

PHENIX, PRL98 (2007) 172301

NA60, EPJ.C59 (2009) 607
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w 2. Progress in open charm?

e Run8 low material in - I m”“"mma“j
Star = Phenix ! LT IIII [ﬂ ] |
e Beware, this doesnot £ | Hh] |
totally solve the " g P engeEn &8 g 0 p 1| -
problem since mostof [ - = :
the xsectionisatlow p, "7 A g T T
and measured 'I-hrnnn'h ¢ this analysis _
T PHENIX. PRL 37(2006)25200:

D mesons in STAR Al

--------- FONLL uncertainty

- Difficult measurement, especially without a vertex
detector, or with detectors that don’t work but add
material = background

2010, October 26th Quarkonia hot stuff @ RHIC - raphael@in2p3.fr 17



Look at other quarkonia

3. Excited charmonia
4. Upsilons



3. Excited states (feed down to J/{)

e Excited states should... m from’ =86+ 2.5‘VN

A. meltif )/l suppression | " —— mewmisn po ecr ™
) N 0.06 ~— S P
's cold effects + Rl M. Donadelli @ PANICO8
sequential melting Soo-
B. also regenerate if J/{ do | &** +* Ha T
(and maybe even more) ﬁ" * Ef *
e At RHIC, unfortunately A B R R R R gy
only p+p for now... e U from yx. < 42% (90%CL)
—> Feeddown ratio e Beauty cross section 2 ¢
— “ dAu is feasible from B =473 % (more at

— * AuAu needs new run \h'gh Pr, €€ STAR h- LI))/
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4. Beginning of a bottomonia story @ PHENIX

e Hint of a cold effect at forward zg“’gf .

rapidity:

— Ryp,(y=—1.7) =0.84 + 0.34 + 0.20
— Ry, (y=+1.7) =0.53 £ 0.20 + 0.16

¢ Rya, <0.64 @ 90% CL

— Could be cold effects

— No continuum subtraction
e (but < 15% from pp)

— Feeddown of x, important
e 50% for p;> 8 GeV/c at CDF

e Stay tuned...

2010, October 26th
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Probability

P

PHENIX preliminary
Au +Au at \s, =200 GeV

102? E= —&— e'e* + @@

10 = N

1=

10 11 12
m (RaVn?y

Atomssa, Liu,

(=]
o o
=
2 B

Conesa del Valle
@ QM09

Rp,a, < 0.64 at 90 % CL
[8.5,11.5] GeV/c?

0.008[
0.006[

0.004

0.002|

_||||||||||||||||||| e e e Ly JIII
% 02 04 06 08 1 12 14 1.6 1.8 2

R,,a, fOor m €[8.5,11.5] in (GeV/c?)
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4. Beginning of a bottomonia story @ STAR

P

2 % STAR Preliminary
B8 Reed @ HP10 AU"AU
S 50 Js=2
5 C 060/ Centrallty
g C ly, [<6
2 40 e N_-2/N.N.
i — +b- + DY, Fit
% 305_ Tl Inff;? of Fit
” 205— e |
101 At |
oé_ﬁm‘-“i o ! ol f‘__&: | I 1? .
* Ryp,=0780284020 g dll g bl
* Rpuau (0-60%) = O78+032+022+OO9 (0oVic)
* RauAu (0-10%) = 0.63 £ 0.44 + 0.29 £ 0.07

e Very far from having the statistical power to say
anything at RHIC...
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Look at other observables

5. p; (broadening)
6. Elliptic flow



5. py broadening @ RHIC ? vs N, ?

PHENIX, PRL 101, 122301 (2008)

. . . . — 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 © * ik T %] ]
. £ . 1 ') H H Eﬁﬂ
poorly constrained... %t 1 4 :
> '
e Instead look at p: R I
~ 2[ |y|<0.35 T lyle1.2,2.2] B
— Hot: Inherited p; shouldﬂ‘;._ 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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5. p; broadening @ RHIC ? vs thickness ?

e Widely unknown initial %
charm production: g

— Recombined R,, are Ng"
poorly constrained... g

e |nstead look at p;: i

— Hot: Inherited p; should
be lower than initial

— Cold: Cronin effect
should broaden initial p;

e Cronin goes like:

2 — 2
<pr“>pp = <P, +AXL

2010, October 26th

<p

N T

—
T 1

[T
- Mid rapidity

|

g

L 1.2<|y|<2.2
L Opp2

| Od+au2

[ M AutAu2

Cu+Cu 2

]
4

e

%2 I ndf 279317

Prob 0.9035
po 4.096 + 0.2075

pi 0.01151 + 0.04611

T 1
] Forward

- 1y|<0.35

L Optp

1 Od+au
T WaurAu
T @ Cu+Cu

e
rapidity

4.261

0.83

3.363:0.13

0.09325 + 0.034

||||||{

6 8

100 2
L(fm)

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

No need for recombination here
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5. Reaching higher p;

e STAR’s R¢,c, (highp) =1

e Hot wind scenario > 0

— Screening length from
AdS/CFT...

e But several reasons for
Raa to grow at high p;
— Cronin effect,
— Bottom contribution,
— Leakage,
— (Anti)shadowing...

e Already seen at SPS!
— (R¢p of Pb-Pb data)

e |[MHO, not a big deal...

2010, October 26th

STAR, PRC80 (2009) 041902
Rapp & Zhao, PLB664 (2008) 253

Liu, Qu, Xu, Zhuang, PLB678 (2009) 72

---- AdS/CFT+Hydro

5

4L ® STARCu+Cu0-20% 77 2.Comp.. Ra

oL ¥ STARCUCU60% ... 2.cgmg.§ mﬁgng
¢ PHENIX Cu+Cu 0-20% — charm quark

. --- heavy resonance

- STAR, PRCS0,
041902(R), 2009
i T il e II--'------.--II.

4 5 6 7
P, (GeVic)

' | ' T ' | ' |
| ® PHENIX Cu+Cu 0-94% (Run 5+6 p+p ref)

- — Zhao, Rapp Cu+Cu 0-60% with formation (2008)
| — - Patra - gluonic dissoc. + flow (MB) (20053)

-« = Xu, Kharzeev, Satz, Wang (1995)

| — Hot Wind 20-30% (2007)

[ 200 GeV Cu+Cu
[ Global Sys £16%
| PHENIX PRELIMINARY

py (GeVic)
Quarkonia hot stuff @ RHIC - raphael@in2p3.fr
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6. J/U elliptic flow in PHENIX

e If recombined, J/Y should inherit the (rather large)
charm quark elliptic flow. First measurement:

No'a T | Tt 11 UL L o L C JLER B I B | | .
a ! Coale'scence ! ! . ! ! ! | 7 C. Silvestre @ QM08
: . at freeze-out (PLB595,202) ;
ot Ploatsogy || Initially produced J/y (PRL97:232301)] E.T. Atomssa @ HPOS8
0.2 in fireball (PRL97:232301) ;

- =« +initial mix (Zhao, Rapp priv. comml) Comovers (Lynnik pr

Various levels of
recombination...

~

0.1

|||||||||
|

(=]
|
g:'!j
[ = —= —
| I el WY "‘.
z K ‘
Rl \
= | |
: . )
: \
= 1
|2 \
‘ | |

o1l : Will require
C @ J/y Au+Au 200 GeV [20-60%] RHIC2 for a
02— PHENIX preliminary =~ -
- o messexmnt 7 | discriminating
_ Global IIReIatwe Syst.+ 3 ,4,1. 1 1 1 & Ivlle[1 2,2 2]I online ﬂl;ered .
_030 111 10.51 1 111 11 1 1151 1 1 12 11 1 12.51 { | 13 ) I I 13.51 11 l_41_l 1 1451 1 11 measurement
P, (GeV/c) K /
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What else ?

7. Look for onsets
8. Go to LHC, the uncharted territory



7. Common onset at SPS and RHIC?

Clear misalignment wrt N Better wrt dN/dn

part

Not a PHENIX Result
Uses Preliminary PHENIX d+Au RCP (QMO09)

- ' b Te PHENIX Au+Auy =0 L . S S——
1.6 EKS98 CNM baseline m PHENIX AutAuy=1.7 1 6 EKS98 CNM baseline ® PHENIX AutAuy =0
) ¢ NAG60 In+In . m PHENIX AutAuy=1.7
I A NAS50 Pb+Pb I PHENIX Cu+Cuy =0 | ]
. N i u+Cuy= L.
4 1.4 PHENIX Cu+C 1.7
I ! NAGO In+In
1.2 - 1.2 NAS0 Pb+Pb

[a—
T

R,, /R, (CNM)

.U Narrow boxes - correlated sys U'. ||” 0

Narrow boxes - correlated sys i
Wide boxes - CNM baseline sys v 0.4k gl‘fﬁa??ﬁfi : gllfigabsgslme sys I
|

0.4 (global for each data set)
$ 1 I 1 I L I 1 I 1 I 1 I

==
— e
==
!
o O
N

| L | L I
0 100 200 300 400 0 1 2 3 4 5
2
Npart te (GeV/ m /c)

Arnaldi, Frawley, Leitch, etc. (CNM = EKS98 + Varying O,p )
abs

@ Trento, Seattle...
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8.J/Y at LHC ?

e A new story will begin
J' More J/ melting

J' Larger shadowing /
saturation effects

I Larger recombination
(maybe 200 cc pairs)
e |f recombination
prevails - golden signal

e |f not, expect same or
worse difficulties as at
RHIC...

e Example of prediction

1./5 = g
- \6‘06
- oV
— a\\N
a\\ 0.85

100 x (dN . /dy) / (dN__/dy)
Jhy cc y
o

TR
0.75 i._ 043
0-5 :_ ................................................ 0 32 ..................
0.25F
ob L o L ]
50 100 150 200 250 300 350
A. Andronic et al., NPA789 (2007) 334 Nart
See next talk by Anton
29
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Anomalous conclusions

e One strong conclusion:
— “J/U suppression is not (well and yet) understood”
— Cold and hot effects going in the same direction...
e Forward/mid rapidity difference could be due to:
A. Regeneration / coalescence of cc pairs?
B. Cold effects? €« more and more favoured

e However, conservative cold matter approaches
still give significant anomalous suppression at
least at forward rapidity (and at SPS)...

— The hot matter is deconfining some quarkonia

e New data helps further understanding
— dAu and pA data, Y’ and Upsilon, RHIC2 and LHC...

2010, October 26th Quarkonia hot stuff @ RHIC - raphael@in2p3.fr 30



That’s all folks

Backup slides



Cold and hot matter @ SPS

e Normal nuclear absorption

alone does a splendid job E
describing pA, SU and N 40
peripheral Inln and PbPb: =]
o
~ 0,,=4.18+0.35mb = %
— Scaled from 400 to 158 AGeV 5
e Beyond is “anomalous % 20 |
suppression” @
— InIn looks like an onset
A ¥ NAS51, pp,pd, 450 GeV {v
3 NASQ p-A 450 GeV LI
5 + 10% global systematics If NA50 E-A45{}Gev HI *
g A NASO p-A, 400 GeV HI +
] O NA38, S-U, 200 GeV
= 101 + NAS50, Pb-Pb, 158 GeV
: & | g8 g1 * NA6O, Inn, 158 GeV o
2 o g | | » NA6D, p-A, 158 Gev <mmm NAGO preliminary
5 l T I T T T | T T T I T T T | T T T I T T

T 0 2 4 6 8 10
L

I : L(fm)
1 NASO0, EPJ C39 (2005) 335
T NAG0, PRL99 (2007) 132302
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B. Cold matter

e Assuming two shadowing
schemes, derive breakup cross
sections from R ,(y)

PHENIX, PRC 77 (2008) 024912

& erratum: PRC 79 (2009) 059901

0.6

B l-"
.-".{-,

—&— PHENIX Au+Au Data |y|<0.35 (syst, . +12%)

EKS Shadowing + o, =287 mb

x;;r:cf

c?.‘*

e % #%rr f///"f;’/’;"f /// _
""'f’»rf”ﬁ’ /f

r.fffff".
i Mldrapldlty g
0.2
_|||||||||||||||||||||||||||||||||||||||
qJ 50 100 150 200 250 300 350 400
@ === PHENI Ausiu Detn |¢l=1.2-22 Eﬂ‘ﬂ‘“i?%]

T — EKS Shadowing +9,,.,,, w285, mb

| 2

0.4

u -al: ';; f.:i;:::'

B nDoa shadowing +qm-2.ﬂgﬂ mb

//%////////

Forward rapidity @

III|IIII|IIIIIIIIIlIIIIIIIIIIIIIIIIIII
80 100 150 200 250 300 350 400

Number of Participants Au+Au
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B. Previous CGC paper

e Gluon saturation could
further suppress forward
J/U in AuAu

— First numerical estimate

— Absolute amount of
suppression is fitted to the
AuAu data!

— Waiting forward to new dAu
data to fit them first

— However, rapidity
dependence should be ok

— But it does not reproduce
peripheral data 2

— Anyway...

— Again, J/ anomalous suppression could be

2010, October 26th

Kharzeev, Levin, Nardi, Tuchin | RNV
PRL102 (2009) 152301 =l e f ”
N . 0-80% { 5 I\
o NN
nr:é IR TR TR SO LI I L L]
I O |yl<0.35 systgloba|=112%
onk ® |vd1.22.2] systgloba|=1?%

0 50 100 150 200 250 300 350 400

identical at mid and forward rapidity!
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1. New preliminary reference @ SPS

NAG60 pA @ 158 GeV >

0.8
0.7(

0.6

— Statistical errors

[:! Systematlc errors = Q 7

(T AR EEEEE AR EE TR EEE SRR R PR TR R

u.sn" .

2010, October 26th

0.5 1 1.5 2 25 3 35 4 4.5 5

Still anomalous suppression
in Pb+Pb (of " and x.?)

Not sizeable in In+In, but
such a peculiar shape...

New absorption, considering
also antishadowing (EKS98)...

o 1.37
ﬂ_:i ) In-In 158 GeV (NA60)
>1.2] Pb-Pb 158 GeV (NA50)
= ] _
E 1.4 + 11% global
2 uncertainty
x4 +
i ]
2 0.9 {
5 ]
g . b
% 0.8
] Considering shadowing } =75%
0.7 With new absorption '=68%
0.67 With old reference  =58%
0.5+
0 50 100 150 200 250 300 350 400 450
Npart
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Ree

Rep

Rep

1. New preliminary reference @ RHIC

1.1

et 5 8w e P

e R, NOt yet available

== ;
113 IEI ] _———
P

_ :-JF — No data driven method
0.8 S

+Au\Boy = 200 GeV -
T -11%Vlrﬁﬁhal Seale Uncertainty ° Shadqwmg & Gabs dO not
s 40-60% EKS 0=0,1,2,3,4,...15 describe data anymore
: e One way is to use various
.,: - (effective) o, vs rapidity
0.8 E‘ 1.8 EKS98 CNM baseline
0 9_,1.6;— . m::.m
14 I

q12f ' o

fiany
13 0.8[ lid
o o 1
n.af— : 9.5: Eﬂ Eil
¥ ;‘iﬁ.ﬂﬁ“ﬁ Global Scale Uncertainty =

0.6F-0-20%
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2. Open charm vs rapidity

e Only pp, and very poorly known

015

04

0.05

2010, October 26th

—Hl—

Muon systematics reduced 407 relative to
Run 2 muon result

B PHENIX electrons

PRL 97, 252002 (2007)

® PHENIX muons
preliminary

FONLL charm

cent.

upper/lower ====-

PH--ENIX

D. Hornback, PHENIX, QM08

/To know more about\

open charm, wait for
silicon upgrades in
Phenix and Star

N,

\side—view
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Now, a little word of caution

e Tony’s extrapolation of the

dAu Phenix preliminary R, 1, 5 (-
does reinforce the cold 185 . s
hypothesis to explain the 14 HERASB )H
Raa rapidity difference... 125 H
e However, need different 2 10F g
0, for different rapidity S ;
— also seen at SPS, Fermilab > £ F |
. i Al
e So, something else or iF $ ‘ﬂj lﬁm ] f@
different is going on there... 25_ ° D\ Al oK
— Something for which the - H '
extrapolation to R,, may or O
may not be appropriate... xRl e L L L i
e So let us think! rApiity
— (and wait for final RdA) Lourenco, Vogt, Woehri , JHEP 0902:014

Frawley, Trento & Seattle
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=}

un

BWG(JIIU) / A (nb/nucleon)
(%) =

O vy
— Glauber model
Error on Glauber model

----- pL parametrization

® Jhy . /)7
(o)

NA50, EPJC48 (2006) 329

NA50, EPJC49 (2007) 559

Scomparin @ Trento

0 1 2 3

J’/Drell-Yan

450, 400 and 200 GeV points
rescaled to 158 GeV !
[ NASO p-A450 GeV LI 79 J' T
’ 4 NASD p-A 450 GeV HI o ! $
g & 11
2 NASO p-A, 400 GeV HI P
) NA3B, S-U, 200 GeV ' /)7
¥ NAS0, Pb-Pb, 158 GeV 70)
L ¥ NABD, In-In, 158 GeV Preliminary
5 6 T nl T T .2| T T T 4' T T El T T T El T T T 1'u
L (fm) L (fm)

e |’ are more absorbed and suppressed than J/{
— 0, (158 AGeV) not available

2010, October 26th
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-
]
(=)

1 raw yield

-
=]
=]

0
=]

60

40

20

2010, October 26th

T 15 contour
B 2c contour

More on STAR upsilons...

Preliminary

P}::?:;age ntrality

DY+b-b N,
scaling

60 0 5 10

Drell-Yan+b-b raw yield
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S'I:IAI; Prelignirp_ary
Py-ee?‘:ﬁ.gen rality

1o contour
20 contour
DY+b-b N,
scaling
TN. S

calin

15 20 25 30
Drell-Yan+b-b raw yield
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(B— Jly)l/(inclusive J/v)

2010, October 26th

=
(=]

=
(3]

o
S

o
W

o
)

e
-

B> J/Y from STAR

- @ STAR run9 J/y-h correlation, p+p 200GeV
| % STAR run5&6 J/wy-h corrlation, p+p 200GeV
- = UA1 J/y-h correlation, p+p 630GeV

DO n impact parameter, p+p 1.8TeV

CDF B life time, p+p 1.96TeV

STAR Preliminary

+ |

| ] | | ] | | ] | | ] | ] | | ] | |
00 2 4 6 8 10 12

P, (GeVic)
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Phenix Forward Upsilon in dAu

PHENIX Y(1S+2S+3S) R,,,

S T Total Sum
& [ a Ovoll Yooyl o — Open BotlontPy

Z:L i RunE w Opan Bottom([Pythia) < RuanAu — x: ::mm]

10° = PP Open CharmiPyihiaj s Upsilon(15+35+35)
E South Army == Veslenitsezsess) | | South Arm ]
—— 22<y<A2 E SN 22cy<Ad S
PH  ENIX Preliminary 1 PH “ENIX Preliminary -

L]

10 .
f 0L

%l

i 1
nl 1L |- wl 1 M
9 10 1 ;
phy invariant mass[Gevie’] N s ¢ 7 :‘p‘ ima:-il:;lﬂ rrn'!l::[i‘ja"lufn’l:‘:‘]2
B R - o e s e e e e v e R
T - " ]
T, 0 g4 EungdAulRun—B?—p T{15+2s:lss)_—;>th|e[1.z,z.zl
Run 6 pp, Run 8 d+Au Ys p'p -~ \[Sy =200 GeV ;
i 1.2 y=0: d(Deuteron) going side
measurements pl'Ddl]CE RdAu' = y<0: Au(Gold) going side
”: €—STAR (prelim)
Ryn,= 0.84£0.34(stat.}+0.20(sys.), y [-2.2,-1.2] " E
06 ]
04— |
= + + + 11% Global Uncertainty
Rya,= 0.53£0.20(stat.)10.16(sys.), y[1.2,2.2] . ety _
. ® PH ENIX Preliminary
— L T S B S
PH  ENIX A_ D. Frawley, Hard Pro y

Frawley @ HP’10

+ STAR point
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6. But also J/Y elliptic flow @ SPS

R. Arnaldi @ QMO8

- Eccentric In+In collisions

e b .
T RN WV

] v, =0.07+0.03 ] v, =011+ 0.05

- 28% <olo,,, < 83% - 28% <ol <83%
IS T R N NN TS | [ N S W W R

3 2 1 0 1 2 3 2 1 0 1
¢

0,06 -

0,05
.04
0.03
0.02
.01

-0.91

F. Prino @ HPO8

MinBias Pb+Pb collisions |:

|
T S W VRN BT S
Py (GeVieg)

e Cannot be due to recombination

— (=0.05 cc pairs in In+In)
J e Needs confirmation and understanding
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5. p; broadening @ SPS ?

e Tested on many systems... NA60 pA slope is unique...

e Cronin goes like: <p;>>,5 = <p;>> + ax L

. —
i L
ﬁ 2l- SPS =
_ v
2 T Q=
- | QY
F 18- S E
_ Q-'s
.
- o Q
1.6 I\%
- 89.
C \g%’
1.4_— ’1,’ : mﬁim g/%
| - @ F&0, In-n 1580 Vv E
n - % RADE, peR A0EY v o
- O RABD, Fh-Fo 1920V }_’.:
12 O NARS, 5-U 2000w C o+
B A, p-f FOO0 8
- A NRD pea 00OV
1_ PP B B P TP
o 2 4 e 8 10
L{fm}
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Jv 8. More quarkonia @ LHC

q
o
(=]
o
o

40000

e A lot of Upsilons

— Y and Y” should be suppressed

30000(—

Events/0.025 GeV/c?

20000

A IS RSN B
9.5 10 10.5 11

— Y shouldn’t (apart from 50% x,, feeddown, M, (Gevic?)
Signal ALICE CMS JELL ATLAS il )
Ty — ptp~ | 677.000 i )184,1]{.1{1 @ 8,000 — 100,000 < 93 §
J/p — ete= | 121,100 . §
W=t | 189000 25— 4 | =3,700 (100) ?| 1,400 — 1,800 <5 E
o — ete
T —ptp~ | 9600 25—4 | 37700 <24 | 15,000 (21,200) < 2.0 (< 2.5)
DY - K*xF | 13,000 < 0.9

' 2010, October 26th
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1. Rya, Versus rapidity

Iqﬂ::lﬁnu

0.5

! | L | 1
... £11% Global Systematic

______________________________________________

EKS Model

------- Obreakup = 031,2,3,5 mb (top to bottom)

— Best FitG,,eqp= 285, Mb

Q3

2010, October 26th

-2 -1 0 1 2
Rapidity

3

Iqﬂ::lﬁnu

- +11% Global Systematic

NDSG Model

o Spreakup = 0:1,2,3,5 mb (top to bottom)

— Best Fitc,, 5, = 2.6775 Mb

L L 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 L 1 | 1 1 1 1 | 1 L 1 1
3 2 1 0 1 2
Rapidity
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8. Quick look at shadowing on J/Y

e (emitted gluons
and p; are
neglected)

e A factor of =2x2
uncertainty on

from current
shadowing
knowledge

2010, October 26th

% 08
charm production &:i 06

14
12

Pb/p

[ ===+ EKS98 — HEN (WLO)

10

———

04 -
02 -

ALICE

00

02 -

A =208 Q2 =9 GeV?

107

107 10 10~

X
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Lourenco et al, arxiv:0901.3054

E866 : flat with x; if no Even with no shadowing, little
shadowing is assumed... Vs dependence of o,
— 7 | o ]
£ O EPS08 E 14 O NA3
o {3 ® EKS98 = . NONE % NA50-400
v * NONE g Iy * NA50-450
3 5] ® E866
7 | ¢ =210 O HERA-B
l ¢ g
&= . 8-
: )
3 + * * * % 67 .
2- + b 4
i — s:-xponentlal i
G:. — T T T T T T T T T T ﬂ_"'_Inm'-"'rll'ea'rl""I""I""I""I"II
04 0 01 02 20 30 40 50 60 70 80
Xe \/Syy [GeV]
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Still open questions at SPS...

e |nterplay shadowing —
absorption 2

e Vs dependence of
absorption?

— Lourenco et al,
arxiv:0901:3054.

e NAGO, pA @ 168 GeV?
— HPO8? QMO09?

e Unexplained rapidity
dependence in pA?
— Eur.Phys.).C48:329,2006

2010, October 26th

U v v v I
s K537 m ES6é ¢ All
T NA3 & HKRA-R
8 * NA3S @ PHENIX :
O NASQ 4 NMC
6 _
_
& N
! H
r
........ . --I'!'I .
*------ -------
2 & *l i
O—EKS
S Arluo & Tram
) 2 4 6 8 10

Tram & Arleo, EPJ. C55, 449-461 (2008)
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J/U in pA, NA5O

e |n pA, an unsolved
rapidity dependence...

e EPJ...

0.1

05 04 03 02 01 0 01 02 03 04 05
ycm
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Rauay (rund) =R, 4, (run 7)

- Nuclear modification factor

# PHENIX, Au+Au, |y|e[1.2,2.2],+ 7% syst.
{Run? preliminary)

e Forward rapidity only
(for now)

® PHENIX, Au+Au, |y|[1.2,2.2], £ 7% syst.
2 PHENIX, Au+Au, |v|<0.35, + 12% syst

e More bins at higher
centrality

e Confirm the trend 0.4
— Raaly=1.7) < Ry,(y=0)

0.2

v v b b b v b g
00 50 100 150 200 250 300 350 400
N

part
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Reucw (STAR, high p;) = 1

2 sigma J/Y signal in Cu+Cu

STAR = PHENIX charm spectra © Rcycy Faising with p;
¥ STAR p+p@2005 S | ¥ STAR Cu+Cu 0-60%/ STAR p+p
108 =200GeV M STAR p+p@2006 ¢ 10f ©PHENIX Cu+Cu 0-60:.'5." PHENIX p+p <— *
~ L o AL ¢
o 10°ETn S PHENIX Cuton O] " WPHENIX Cu+Cu 0-20%/ STAR ptp <— *
">‘“ 10 ™. 0-60% @ .. Al(1+p2/B)Y ' | —Two Component Approach, Cu+Cu 0-60%
O 5 |\ Al 1+p§;B)ﬁ (x28.1] —Two Component Approach, Cu+Cu 0-20%
2 1 S A Levy F " \[5=200GeV
Q - I B TS Power-Law Fit - - .
c 10E CQ@:) - m STAR Preliminary
o .®._* .."'-.
_‘1%10""5E %’&9 # ﬂ
© = .
%5 107 %
B el
510 s
10ESTAR Preliminary s S i
10—5E | | e ey | 1 | 1 I
o 2 4 6 8 10 12 14 o 1 2 3 4 5 6 7 8 9 10
Transverse momentum p_ (GeVi/c) Transverse momentum p_(GeVi/c)
J * These are not phenix results yet, but could become

as soon as the two experiments talk to each others ©
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Various Ry, (p+)

e Several (hints of)

RaalP7)

1.
2.
3.

Rep PbPb (NAS50)

Rauay (PHENIX)
Rya, (PHENIX)

e Several potential reasons:

— Leakage effect, J/ escape

e High p;J/Ub forming beyond QGP
— Cronin effect
— Raising xg; = less shadowing

e 0.02t00.05from0to 9 GeV/c

e See discussionin >

e Think about it...

J

2010, October 26th

2 F g F : ZL T T T T 1 T T T ]
: i @ © 1.8-0-20% syst ,_=+10% T 2040%syst , =+10% ]
15 ; 1.5F 1.6F —+ .
C : T [ - 0 lyl<035 I 3
BN |
| PR 1L __ - 12} ® yle[1222] L ]
e P b i A .
0.5f 058" s T " @ :
E e T . ]
"/ W S g B 0.4r g A 10 g ]
0 25 5 0 25 5 0@ w 4 @ .
pr (GeVic) pr (GeVic) s PN ; ; y ; T I I I I i
R-*zz RSZE * :ﬁE 40-60% syst_, =*13% :::60—92% SYSt = 128% :
1.5} 155 1Al T 7
- : 12r T ]
1E _1_ = 1L T oS T El ““““““ E ]
5 I ' 2, AT 0.8 [ T 8
Co "_'_—o—ﬁ f _LT_ETI_.‘T 0.61 L] % é 1 @ % |§| E -
052+ 05F 55" al = I é b
. | E | 0.2f ]
T s % 25 5 °© 2 3 1 T2 3 4
p. (GeVic) p (GeVic) P, (GeVic) P, (GeVic)
21.8F -2.2<y<-1.2 CF shad. - -2 2<y<-1.2 EKSshad,__
o1.6E 3
o ig 7 -
1.2 E
ey I N |
0.8 E
0/6E" -
185 1yl<0.35 CF shad. - |y|<0.35 EKS shad.
14
0 gt —
8235 g | 2 |
0:2 t t t I llllll E- 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.
g 7 N
0. ;_IL_& 3
| SR

12 3 45 6
D

7 8 9
GeV/c)

123 4567789

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

arxiv: 0801.4949
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2. Cold matter again ?

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

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

2
o

= y|<0.35 Ehﬁ =
= Cu+Cu, syst oba |+ 12 % S L
E ] AI.I"'AU Syst lobal — +12 % —— EKS Au+Au E
= lylel1.2,2.2] [
_ a8 GU+cu sySt globa |+ 8 % — EKS§ CU"'CI.I —
- . Au+Au, sysl Jiobal |+ 7% —— EKS Au+Au l*] -
~ o CutCusyst  +14% E!ﬁ* -
@ AutAy, syst +14 Y — EKSCurCu —
B obal — EKS AuvAu .
2
10 10 Nparl

PHENIX, arxiv:0801.0220

2010, October 26th Quarkonia hot stuff @ RHIC - raphael@in2p3.fr 54



7. Search for an onset?

Onset curves fit the w 12 I
midrapidity AuAu data... s S s
il Jhy X

— Chaudhury, nucl-th/0610031 °-3:1
— Guniji et al, hep-ph/0703061 0.6/

e (after CNM subtraction) 0.4
But so do smooth curves !
— Nagle nucl-ex/0705.1712 50 100 150 200 250 300 350 400
Density threshold @ y=0is 4 +, T Mo mImbiy=0

— CNM+n_=36fm?:y=0

incompatible with SPS onset I o owmnmsemT
— Linnyk & al, nucl-th/0705.4443 oo Y

No onset @ y=1.7 ?

Wait for run7 analysis
& CNM constraints!

— CNM+n_=4.0fm?:y=0

250 300 350 400
Number of Participants
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» Onseft curves fit the
midrapidity data...
- Chaudhury, nucl-th/0610031
- Gunji et al, hep-ph/0703061
(after CNM subtraction)

Density thresho

ld ? No |

- So do smooth curves |

+ Density threshold @ y=0 is =
incompatible with SPS onset -
or larger suppression @ y=1.7 .

- Linnyk & al, nucl-th/0705.4443 °}

J

- Nagle nucl-ex/0705.1712

2010, October 26th

PHENIX Data |y|<1.2-2.2(syst__  +7%)

1.
n:é - z:gu;a Data |jr|¢0.35{3y9;t:|!gbali12%}
E ta (syst  +11%
| e — “II . ) Curve Index
n B , et il
o I iR I LT DA T ) e U ) S
% 0.4 Y sy - e ?
B —— =] 12
= i e TH - =y i 13
Z ol E *i 15
- ol —. 16
B St 17
| IR PR | N . I o Py NGy
Q 50 100 180 200 250 300 350 400
Number of Participants
O 1
2 0.8
g °
?. 0.8
T Q.7

0.5

0.3

llllllllll

o 1 2 3 4 & 6 7 4 & W 112 13 M4 15 I 7 18

Curve Index

J. Nagle, nucl-ex/0705.1712
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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 J/y
factorization: Rya(]Y],ban) =

From dA to AA @ RHIC

\

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

e Works (at least) for absorption & shadowing /v
since production '\g

~ pdfl x pdf2 x exp —po(L,+L,) =

J

RGdC, hep-ph/0701222
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e Also a surprise!

e Now, do bees fly?

— Need the b/c+b in AA
to properly estimate
the b flow...

e (todo : average the 2
datasets cause they
have different
stat/syst balance)

2

Heavy Flavor Electron v
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u.z _| T T1 | TTT1T | T T | T T T1 | T T | T T T1 | T T | |||||||||||| ]
[ ® PHENIX Final Run4 _
o5l ® PHENIX Preliminary Run7 [Jvan Heesetal. -
. —  minimum-bias ]
0.1 .
0.05— .
oF -
0.05— —
u _| | I | | 11 11 | 111 | 1111 | 111 | 1111 | 111 | |||||||| | L1 1 |_
1[) 0.5 1 1.5 2 25 3 3.5 4.5 5
p_ [GeVic]
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