Typical event at
SPEAR (SLAC)
display
The sound [ding]
iIn the chinese
alphabet

Heavy ions at RHIC

The J/¥Y adventure

J/¥ simultaneously discovered in november 1974
Ting et al. at the Brookhaven National Laboratory
Richter et al. at the Stanford Linear Accelerator
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Intfroduction

e J/V¥ (prodin A-A) has been and is studied at :
— SPS (CERN) : NA38, NASO, NA6O (fixed target)
— RHIC (BNL) : PHENIX (collider)

e J/V¥ studied for QGP started in 1986

— Almost 20 years ago...

e Plan for this lecture

— Will follow history
v J/¥ study at SPS
v J/¥ study at RHIC
v Few words about future

— Note : won't talk much about theory (see H. Satz's lecture)

Bielefeld, sept 05 F. Fleuret - LLR



Intfroduction

e
e Why charmonia ¢

— Bound c¢ state = should melt in a QGP

— Matsui and Satz 1986

Bielefeld, sept 05

v From their abstract (Phys. Lett. B 178 (1986) 416)

x |f high energy heavy ion collisions lead to the formation of
a hot quark-gluon plasma, then colour screening prevents
CcC binding in the deconfined interior of the interaction
region .../... It is concluded that J/¥ suppression in
nuclear collisions should provide an unambiguous

signature of quark-glun plasma formation.
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Intfroduction

e Theoritically

o experimentally

— Easy to measure
v (6%) J/Y > pius

Bielefeld, sept 05

v | T. | 10
XC TC ] .O
e | 1412 | 38

Keep in mind that :
Measured J/¥ ~ 0.6 (J/¥)+ 0.3 (x.2J/¥)+ 0.1 (Y'=>J/Y¥)

v (0.7%) ¥' 2 ptu-
— Not easy to measure
Ve 2 ¥ +y
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J/Y study at SPS

e NA38 : the experiment

— Proposed in march 1985
— Study thermal dimuon production

— Start study J/¥ production after Matsui-Satz’s prediction

rC
Data :

(450 GeV > Vs=29.1 GeV)
(200 GeV = Vs=19.4 GeV)
p-A 450 GeV (1987)

p-p, p-d 450 GeV (1992) — |
p-A 200 GeV (1987/1988)
A-B 200 GeV (1986/1990)

NA3S Datoils of ths torget rogion

|

R

Bielefeld, sept 05 F. Fleuret - LLR
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First results O-U and S-U

e First olbbservation of the J/W¥ suppression

Is it a signal of QGP ?

2 issues here :

1. What is plotted

1L GJ/‘I’/Gc.:on’r )
2. What is continuum ¢

e p-Cu#p-U

e No plasmain p-A
e Normal behaviour ¢

Bielefeld, sept 05

NA38, Nucl. Phys. A544 (1992) 209

&5 F"'{?IJ Q ﬁﬁ-”
’ B F-y D *3-U87

i

W "O-Cu A FE-yed

0 [ T T T A T T | | I I R R

0 1 2 2

g (CeV/fm®)

F. Fleuret - LLR
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1. What is plotted

anls ||"I',I. 1 Gq\'ﬂ 2

o oy

-]
o
T

<]
[

=4
(=]
]

e They measured signal/confinuum (2.7-3.5)

— Example : 200 GeV O-U reactions

o =T TTrr =T TN LR T 17T

\\;'P‘JHTE -SIGN

4
|

51 4 5
M (Gev/c®)

I¥
O a

Bielefeld, sept 05

JIY

=> Normalise 5,,, by AB

F. Fleuret - LLR

g > BS GeV
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2. Proton-nucleus data

e Systematic study of p-A

g G w0 GES T AR
‘%. 8 & puil G D AT AR
- A=p,d,CAILCuUW 37
Ry
— Observe a suppression §- -+\
O-J/qJ(pA) ~ O-J/Lp(pp) X A“ ¢ H“-H#R
a=0,2192+0,015 .
e J/Wis suppressed in « normal » -
nuclear matter | 10 10’
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Back to J/Y¥ suppression

e All data follow the power law

< * ppopd
o6 ® pC Al Cu, W
53 5 - *\{\ﬁ-.. \+ﬁ 1, W40 GV
4 T T\*‘M*
g | a0 =0.81940.015
2 - aopp = 091120034
. H
14 O peuwu ~
gg 1 B O:Cu, O, U
0.7 - P20 GsV
u.@ T I |||| T I T I|||I'| T T ||||||| T T
1 10 0*  10® 10f
AB

Bielefeld, sept 05
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p-A 450 GeV from NA38:
1st p-A sample (1987)

pp, p-d 450 GeV from NA51:
collected in 1992

p-A 200 GeV secondary beam
collected in 1987/88 and

A-B 200 GeV (1986/1990)

Separate fit of B, ,04(A < B)*~:
(Y450 and (W] Gompatfbfe

"Simultaneous” fit (same «)
— rescaling 450 -, 200 GeV



Back to J/Y¥ suppression

e All data follow the power law

—_ '4
o)
= : Simultaneous fit leads to
<
= Qgim = 0.918 £0.015
CD:L 5 | +4‘ %
- H
0.9 1  * pp.pd A+A data follow p+A pattern
0.8 ® p-C A, CuW
0.7 - O p-Cu W, U
DI S L Normal suppression = No plasma
0.5 A
04 L L L L L L L LU L
1 10 10° 10° 10°
AB
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What Is the normal suppression ¢

e Nuclear matter absorption framework

/E * p(450 GeV/c)—A (A = p,d.C,Al,Cu,W) -
£ 4L # p(200Gev/c)-A (A = Cuw,U) In.troducmg L
= A 0(16 x 200 GeV/c) ~ Cu, U L is the « length » of nuclear
£ 3 a3 COE I matter seen by the J/¥
%
[ Projectile
< Jy
.
>
<
NG
bi 0.; “‘x.\ Target
M g8
0.7
o6r op(AB) x (AB)exp(—pooaps L)
0.5
0.4 pp=average nucleon density
L {(fm) O4ps — Absorption cross-section

Bielefeld, sept 05 F. Fleuret - LLR 11



Summary of NA38

— NA38 took p-A data and O-Cu, O-U, S-U data

— A suppression is observed, but this suppression
can be interpreted as the interaction of the J/¥
with the nuclear matter

— We need to use a bigger system to reach the
critical tfemperature.

- NASO experiment

Bielefeld, sept 05 F. Fleuret - LLR 12



J/¥ at SPS

e NASO experiment
— Same spectrometer as NA38
— New detectors within target region

— Pb-Pb data

Data :

(450 GeV > Vs=29.1 GeV)
(158 GeV = Vs=17.3 GeV)
Pb-Pb 158 GeV/A (1995-00)
p-A 450 GeV (1996-00)

Bielefeld, sept 05

I T T T
Om < Sm 12m mwpc's 16m
pc?
-n’__'_,___———_—\——_.___“‘m
i
=
[ |
] e St 4
85
E E. -“"-.
E . et
£ T Bl Pi Re | negnet ' TGy
-l
E ﬂﬂ50 rigger hodoscopes l
= A3 R4 P2

Additionnal zero degree calorimeter
Additionnal multiplicity detector
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Additionnal J/Y¥ suppression

e Pb-Pb data exhibit an additionnal

suppression .
o *  p(450 GoN/e)-A (A = p,d,CA,CuW)
E al * p{200 GaV/c)-A (A= Cu ML)
. A "o(18 x 200 Cov/o) = Cu, U
Difference between normal ;} sl O *S(3Zx 200 Go¥/c) -V
absorption and Pb-Pb behavior i_ * "5{208 x 138 GdV/'c) = *b
4
z-
< |
2
Anomalous J/Y¥ suppression in "?u" L
Pb-Pb interactions ml:u.n
u'ﬂ.
0.7}
el t
M-
0.4

i 0 ¢ 1w 10t 10
NP -

Bielefeld, sept 05 F. Fleuret - LLR
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Anomalous J/Y¥ suppression

e Now plots as a function of L

Bielefeld, sept 05

* p(#50 CaV/c)=A (A = p,d,CAl,CuW)
* p{200 GaV/c)—A (A= Cu W)

A ™0(18 x 200 Ce¥/e) = Cu, U

O ™s{32 x 200 Gev/c) -V

& Spp{208 » 188 CeV/o0) — Pb

) Ch
T

La
T

Bt (J/%)/ (AnejsesaBraa) (nb)

1

M_

om|

0.7t 4

0.6+

05|

QAL g g
L (fm)

F. Fleuret - LLR

ou(AB) x (AB)exp(—poapsL)

|

« Normal » nuclear absorption

|

observe anomalous
suppression in Pb-Pb
interactions

15



First conclusions

e While NA38 data from p-p to S-U can be
understood considering a normal  J/WY
suppression by its absorption within nuclear
matter,

 NASO Pb-Pb data exhibit an anomalous
suppression which cannot be understood within
the normal absorption framework.

e Can we get more information ¢ - look at data
as a function of centrality

Bielefeld, sept 05 F. Fleuret - LLR
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Study J/W¥ as a function of centrality

— The most central collision, the most dense matter

< “Spectators” dE T ] l
e e S,
O:' dy dy=0 S L 2

“Participants” g%

Very cenftral %

collisions Beam
3 Very peripheral
T collisions
= e,
(E preoeelerel R AR e A aanatRaT @41
S Yo wm WD Pow NG 00 WO TON KR //‘®
e Eﬂ:g{@@"f‘:‘

Bielefeld, sept 05 . Fleuret - LLR 17



Study J/W¥ as a function of centrality

e | versus centrality

Very central

'—\11 _I TT | T II|III|III|III|III|III|III|III|III_ CO”iSiOnS
£ F . Large L
= _F 5 —
10 — o
07 oI \ values
: ....--ulllllllﬂ""”""l [ :
s E uunmﬁﬁﬁ-??ﬂ??? ..... E Large E
...... 10000IIDmsss - .
BE e 3 llarge density)
B SRLTT {11111 [ERTEERER . .
N EERTRNY [ (1111 | [ LERTTRE —
7 = oo —
ERRLET [ 111 T T TREERE -
C LI 1| [ [TERER .
6 e connnndomREe s —
~  coonpn .
g E . 3 Very peripheral
e = collisions
4 Fr A X
3 [ — /
] small L
2 -I 11 I L1 1 I L 11 I L 11 I L 11 I L 11 I L1 1 I L 11 I L1 1 I 1 n SmO” E VOerS
0 20 40 B0 80 100 120 140 160 180 200 (small dengﬁ'y)

E{(GeV)
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Study J/W¥ as a function of centrality

e Another requisite

— Hard 1o measure ¥ cross section as a function of
centrality, we have to take into account :
v Uncertainties on luminosity measurement
v Errors on efficiencies
v Errors on centrality measurement

v Effective AB calculation is model dependent
v

— There is a way = go back to the mass spectrum

Bielefeld, sept 05 F. Fleuret - LLR 19



Study J/W¥ as a function of centrality

e Study ¥/Drell-Yan

— Drell-Yan is

Bielefeld, sept 05

v a well-known process proportional to the number of
elementary nucleon-nucleon collisions

v Insensitive to the state of matter (QED process)

g0l
q g ™, ﬁsk'ﬂif-’é‘?ﬂlhi : PL-Ph 158 AGeV/e
5 % 20 < Eq< 35 GeV
3— %ﬁ
0% AT
L ‘h‘{m‘«;"lmr‘fni
q Ch I
v with the following advantages : 10k
x |dentical experimental biases :
x |dentical inefficiencies L
x |dentical selection criteria s

x |dentical cuts ﬁ.ﬁﬂgfﬁ

v Therefore, the corrections cancel out in the ratio 6 ,y/cpy
v But, there is a price : Drell-Yan statistic is small

F. Fleuret - LLR
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Study ¥/Drell-Yan

e Drell-Yan Is under control

7 |
’g 3:: p(450 GeV/c)-A (Be.ALCuAN ) (NABO-LI) cpy IS proportional to the
>|9 o =00{200 x 158 GaV/<) - =Pb (NAG0) number of nucleon-nucleon
= | collisions from p-p up to Pb-Pb
s |
b |
2r & 1l .
T ; 4 -H‘T e + oy is ideal to compare
~ L different reactions
g |
3
o I
E i K,=1.80£0.04 (MRS 43)
X |

f 10 w1 10t 10
ApreicteElorgn
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Study ¥/drell-Yan

e Llet'sdo it
— Normal nuclear absorption is fitted on
v P-p, p-d, S-U dat 100
P p-d. >U.aata jm- % p(480 GoV/c)=A (A = p.d)
— Pb-Pb data & of # p(200 Gov/c)~A (A = W,U)
v Anomalous suppression >";'3 o O *s(32 x 200 Cev/c) - U
! s -
v Peripheral Pb-Pb consistent with i “r, * TFb(208 x 158 GeV/c) - Pb
normal nuclear absorption % ¥ 1\
v Suppression increases with centrality S %F
.
— But =l
v Very few p-A data 5
x Not enough stat “t= -
— Need more data 10k *+
I-
- new data taking aF
p I NI NI RN TN A NE N1 FE R A i PR R N R
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New NASO data taking

- Pb-Pb

v Several configurations to

x Increase statistics

x understand issues like

x Re-interactions within targets
x Contfamination due to Pb-air inferactions

data sample | Interaction | number heam number
length of substargets | Intensity | of J /¢!
(L Ap) (lonsfburst)
1995 17% A 7 {Inv alr) 3 % 107 50 000
1998 T% Al 1 {In alr) 8.5 x 107 42000
2000 9.5% A 1 (Invacuum) | 7 x10° | 129000

~ P-A

v New high intensity (high statistics) runs

Bielefeld, sept 05 F. Fleuret - LLR
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Last NASO results

B, .o W/c(DY, g, 5

20 ¢

70 F Al dota rescaled to 158 Gev

* NA51 pp, pd 450 GeV

* NASO p-A 450 GeV, LI 98/00

@ NAS0 p-A 400 GeV, HI 2000

=
=]
L] I T

Measured/Expected HMMG{,IIIJ‘JHU{ DY)

& NASI pp, pd 450 GeV
O NA3SSU 200 GeV

6y, = 4.18 +- 0.35 mb fy : ]
1y 0.6F O NASOLIpBe. AL Cu, g, W40 GeV 1 1
O NA33 S 200 GeV A NASOHI p-Be, AL Cu, Ag, W 430 GeV _
o L v NASOPoPo 158 oY b A NASIRBeALChAg WD GeY
4 0.4F ¥ NASOPb-Pb2000 18 Gev -
e e
L (fm) L {fm]

Bielefeld, sept 05
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Quick look at the ¥

— Anomalous suppression already observed in S-U
— S-U and Pb-Pb data exhibits the same pattern

=7.6+- 1.1 mb

G abs

Bielefeld, sept 05

Buna(y )/6(DY o o)

10

L Al data rescaled to 158 GaV

L O NA38 S-U 200 GeV
L ¥ NAS50D Pb-Pb 158 GeV

e

*  NAS5OQ p-A 450 GeV , LI 98/00 1

© NAS5O0 p-A 400 GeV, HI 2000 1

..........
..........
e T

.........
LT

0 2 4

F. Fleuret - LLR
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Inferpretations : 2 frameworks

e 1) yes, the J/V¥ suppression observed by
NASO is a signal of the QGP

e 2) no, the J/Y suppression observed by
NASO is NOT a signal of the QGP

— Won't talk about 1) - see H. Satz’s lecture

— Let’s have a quick look at option 2).

Bielefeld, sept 05 F. Fleuret - LLR
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The alternative : comovers

e Suppression by hadron intferactions

— After the normal absorpftion in the nuclear environment,

the survived J/W's interact with secondary hadrons:
J/W+h->DD

— Crucial parameter : J/\VY-hadron inelastic cross-section,
- (o.,) @ very uncertain parameter !
— Theorefical estimates : 6., ~0.1-1 mb

— Common assumptions: the density of the hadron gas

decreases as 1/z; the interactions stop at the freeze-out.

Bielefeld, sept 05 F. Fleuret - LLR
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The alternative : comovers

e Comovers can fit NA5SO data

Predictions for future SPS and RHIC

R/} / Newr)

0.8 -

0.8,
E-"‘s\

E\\  SPS: In-In

0sf hl}‘lth_ -~

ME_ \‘x H&"ﬂ

| ~-.SPS; Pb- Pb

o2f

_fRHIC: Cu-Cu 7

N IRV RHIC Au-Au .
] 50 100 150 250 300 350 _-'.GU

F. Fleuret -

Oqps = 4.5 Mb (PA) and o,

Bielefeld, sept 05

= 0,65 mb (PbPb)

T T T 1 T T T I i T T | T Ll L] | T
W Pb-Pb 1995 - published
& Ph-Ph 1998 - reanalysis

S

taa
n
lhl‘IlIlI 5

* Pp-Pb 2000 - analysis B
o Pb-Pb 2000 - analysis C

F AN ]
L hr ' l’L A Pb-Pb 2000 - Egpe— Ep 2

b2
(¥
I

b2

= 1
L B e

’-

by by
= h
§ .
=
PRI I . SN S A0S L SO0 T [ R B

B, o(J)/o(DY), 0 45

s
035" "6 30 10 120 40
E, (GeV)
- NA60 experiment
LLR 28



WARNING

e Starting from here, most of the results
— are preliminary
— Have been presented at Quark Matter 2005
— They need to be confirmed !

— Follow the sign > %

Bielefeld, sept 05 F. Fleuret - LLR
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J/¥ at SPS

e NA6O experiment
- Same spectrometer as NASO (NA38) Y
— New vertex fracker

Data :

p-A (2002)

In-In 158 GeV/A (2003)
P-A (2004)

Bielefeld, sept 05 F. Fleuret - LLR 30



Mass spectrum

o At SPS energies, the reference process commonly used to
quantify J/y suppression versus centrality is Drell-Yan
— Drell-Yan production scales with the number of binary N-N collisions

But :
Drell-Yan statistics (muu > 4 GeV/c

J

marginal in NA60 (~300)

T T T T T T T T T T T T T T T T \-I T T T T T T T T T T I T T T T
25 3 35 4 45 5 55 6
M, (GeV)
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J/Y standard analysis

-t
=

~100 ¢ £
5 90 & NA51, pp.pd, 450 GeV = |
a 80 = NA50 LI, Be, Al, Cu, Ag, W, 450 GeV Q.1.3
Z T0F NASQ HI, Be, Al, Cu, Ag, W, 450 GeV a
B 60 NA50 VHI, Be, Al, Cu, Ag, W, Pb, 400 GeV g 1.2
:-B:- 50 L NA38, SU92, 200 GeV =
= - NA50, PbPb00, 158 GeV o 1.1
T 40 S
nni - L
30 =
B £ 0.0
- <)
B c
20 |- —~0.8-
- Eb
- Yo7
- z
2
L © 0.6
m
10 — e
i NAB0, Inln, 158 GeV 0.51
T I T I T ‘ T T
0 4 6 10 0.4 L——

Bielefeld, sept 05

o NA38 S-U, 200 GeV

v NAS5O Pb-Pb, 158 GeV

NAGBO In-In, 158 GeV

F. Fleuret - LLR
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Direct J/Y sample

- _______________________________________________________________J
e To overcome the problem of DY statistics, directly compare the

measured J/y centrality distribution with the distribution expected
in case of pure nuclear absorption

1200
§ ] b 1.2
'-."ﬂ Nuclear b ]
T i 2 114
51000 g 1.1
Z i L )
o 3 ]
o 1 I
i - i T
800 § ) + '}
- o 0.9 +
= i '}
soo) 03 NSRRI EEY
1200 :‘1.2E
1000 074"
400 14
| ©o0 0.9 *.
600 0.6—:0.32 °°0,9..:..o
200 o ;0:6;
1 200 05—_ s
Eznc (TeV) T4l Ejpc (TeV)
q ¢ e — [ ] 4 (] 2 4 6 8 10 12 14 16
0~|°..2\“.f.,s‘.w."z.ym.fs.‘.|...‘H.,y.‘,.m 47— T
40 60 80 100 120 140 160 180 200 220 40 60 80 100 120 140 160 180 200 220
Number of participants Number of participants
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Check of the method

—y
N

[ J/y analysis (2 TeV E, bins)
@ J/y analysis (1 TeV E,. bins)

—
(]
L | Ll

compare the new method
with standard J/¥/Drell-Yan
analysis

—
ho
IIIIII

—

[

—
'

—
||||

ot 1,

e
w
FErE EFETET

{1

o
i

%} +{¢+ job +L+ #

Measured J/y/ normal nuclear absorption
o
v

0.6

I‘-','5-'I"'I"'I"'I"'I'"I"'l"'l"'l"'
40 60 80 100 120 140 160 180 200 220
Number of Participants

The observed pattern is confirmed
by a similar analysis with a reduced
number of bins
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IN-In with NA60O

e Results as a function of L and N

part
Q¢ 14 A=t
c 14 w0 BV
e ] The S-U, In-In and Pb-Pb data points 8 1.3 : .
- n . — 4 e~ oy,
8 1.3 do not overlap in the L variable o ] L T
9 ] 2 1.2°
9 1.2- N ]
5 .. } 3 1.1
RN Y B
o ] -4
s T T o f
Dos| ]t t+ | 5 o 4t
c ] < ]
% 0.8- Hrq H{ 3 0.8—E ++#+¥ +
= 0.7 % S 0.7 +
L ] Nﬁ?&’ﬁ%ﬁ‘,’ﬁ?@f %,WASO GeV Hr a ] l +
2 561 NAS50 HI, Be, Al, Cu, Ag, W, 450 GeV O ] l
= 1 A NA50 VHI, Be, Al, Cu, Ag, W, Pb, 400 GeV } = 0.6 +
1 o NA38,SU92, 200 GeV 1 ® NAGO In-In
0.5 v NA50, PbPboD, 158 GeV 0.5.
] NAGO, Inin, 158 GeV 27 v NA50 Pb-Pb
042 @ NABD, Inin, 158 GeV ]
0 2 4 6 8 0 At

T T T I T T T T
0 0.5 1 1.5 2 2.5 3 3.5 4
. : fm
L is not the relevant variable (fm Energy Density (GeV/fm)
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Comparison with comovers

e Comovers scenario

— Can reproduce NASO PbPb data
— Can'treproduce NA6O In-In data

v, F0 I B B L L L :1-3_ --"—':4«..- -~
T E ™ FPb-Ph 1993 - published . g = e
R & Pb-Pb 1998 - reanalysis g
o ¥k ] sl-2f
2 P * Fir-Ph 2000 - analysis B ] 2
L) 3[‘}'-— I\ | ¢ PhPPb 2000 - analysis C = :E'l.'l—
— g ‘I?i! 1 Q E
- kool “F Q
_— - .l : Fh-FB 2000 - Epp = E E
S sk TNy 4P b S 2 1~ T
B, w\l T ¢ 1
= S 1 =
n:i 29 n L. = 30.97
: wﬁ‘é‘;ﬁl 4 ' £
15 EL»}% - Z0.8[-
X el ; -. = -
R /o 3, |
10F P -l
& [ NAGO In-In 158 GeV
3 E 50'6? preliminary
ﬂ..-l..,l.-.l.;-l PEREPIEE B S SO U N T ' 0_5:||||||||||||||\||||||||||||||||||||||||||||
] 20 40 6 80 100 120 140 0O 20 40 60 80 100 120 140 160 180 200 220

E. . (GeV) Number of Participants
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SPS summary

e 18 years of data (NA38, NASO, NA6O)

e Observe
— J/¥ absorption by nuclear matter for light systems
— Anomalous suppression in Pb-Pb data (NASO)
— Anomalous suppression in In-In data (NA60)

e Interpretation
— So far, hadronic scenarii can't reproduce the data
— Room for QGP (see H. Satz lecture)

e Now : RHIC time

Bielefeld, sept 05 F. Fleuret - LLR
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J/Y at RHIC

e J/V¥ study at RHIC done with PHENIX

Central arms: i
hadrons, photons, electrons §

J/WY—efe

Muon arms:
muons at forward rapidity

JIY—->pru —

Data :

p-p \s=200 GeV (2000-05)
d-Au \s=200 GeV (2003)

AuAu \s=200 GeV (2002/04)
Cu-Cu  Vs=200 GeV/62 GeV (2005)

Bielefeld, sept 05 F. Fleuret - LLR
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Results with PHENIX

dN,,

R =

< N, > *xdN

= J/V¥ yield per binary collision

1of

| |
PHENIX J/y - Preliminary

Fo il Iy
& CuCupu62Gev| muon arm
s iiv 1.2<|y|<22
& dAupp
Jy ee
Central arm
-0.35<y <0.35

200 GeVic

Bielefeld, sept 05

CuCu

B
200 GeVic

F. Fleu

CuCu
ee
200 GeV/c

CuCu
pp
62 GeVic
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Comparison with comovers

e Comovers don't fit the data

] T L
u Ph-Ph 1808 « publichad
& PP 1908 « recualyfis

=

-
———

L |

u
“h

=
e

. * Fi-Fh 2 - analveis B ].

% t Phelb 2000 - analvsis © -
1

[ &

[ 5 i Pl 2000 = e n Ey
e | T \."} i Fimfl 20080 = £ v
| 1

B oUASIDY), , .

N
EUE .}"@'-\{L: - -j
15 4 ik 4 1
E T h-‘-"éy-..___‘_ \J
wE +
' ]
r

o 20 90 & 30 100 120 140

E,(GeV)
Ei.:}— e — —_
?z | In-In @ 158 GeV
= 1.1

=

:

asured J'w/ normal nuclea
-] [
~ in

4

0.

4
D 20 40 &0 B0 100 120 140 160 180 200 220
Number of Participants
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1.2
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Capella et al. hep-ph/0505032 suppression from co-maover

Kostyuk et al. hep-ph/0305277 suppression in QGP

- Authu |y =[1.2,2.2]

- Cu+Cu |y|=][1.2.2.2]
Au+du |y|=0.35
Cu+Cu Jy[=0.35

- d+Au |y|=[1.2,2.3]

] d+hu |y|<0.35

0.6 !
0.4/
0.2 : ;
:;PH||E|~~||)(||Efr‘e||i-|=|r-1mlary__T _____ —
olIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 50 100 150 200 250 300 350 400
N
part

F. Fleuret - LLR

40



Comparing SPS and RHIC

e When comparing NASO
and PHENIX

— Suppression level is similar

e But

— Are we comparing apple to
apple ¢

— Several things are different
v Energy
v Rapidity window

— Several things can change
v J/¥ production mechanism
v J/¥ suppression mechanism

Bielefeld, sept 05
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J/¥ production mecanism

e Shadowing
— Nuclear shadowing is an initial-state effect on the parton distributions.

— Gluon distribution function can be different when comparing proton and

nucleus.
“small momentum quarks and gluons, because of the uncertainty principle,
spread over a distance comparable to the nucleon-nucleon separation. Quarks
and gluons from different nucleons can overlap spatially and fuse, thus increasing
the density of high momentum partons [anti-shadowing] at the expense of that of

lower momentum ones [shadowing]” . .
13gluons in Pb / gluons in p

LS RLELERLL B NN LL L MRt I PR R I PR LR

12f (LHC RHIC RS

~11F =20

A = :
1ot

15 0.9
s 0.8

0.7 "

0'6 S} i |||ml-4§ Lieeul 5 i |:|nm[:2| vrennl :ll L:lmm

10 10 10 10 10 1

x

v ___"" *
- .

-----------

A is the momentum fraction of the nucleon that a
parton (quark or gluon) carries.
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Shadowing at RHIC

e Using d-Au data

— PHENIX measurements cover expected shadowing, anti-
shadowing range
Eskola, Kolhinen, Vogt hep-ph/0104124

........

Q°=2.25 GeV*™

1 iIIIIIII ; llllllll 1 l:lltllll: 1 llllllll: 1 IEIlI

107 o0 i 1072 107 1 x
PHENIX W, North PHENIX p, SOUTH
PHENIX ¢

X X
\ ._& 2 . S
Jhy Jhy
South North

Small x, (in Au) ~0.003
Y <0 Large x, (in Au) ~0.090  Intermediate x, ~ 0.02 2 (in Au) y>0
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Shadowing at RHIC

e PHENIX d-AuU results

— Some gluon (antijshadowing is « visible » in d-Au data

— What about SPS ¢

—  O4ps SEEMS lower than @ SPS
v ~1 mb (~4mb at SPS)

— Dependance with centrality

v Will affect Au-Au and Cu-Cu data
1.4 <
|12 i3
11 3
| e R, = Yield
i <N, >Yield™

104

/.

| —-— Kopeliovich N

| —— EKS 3mb (Vogt)

- — —- EKS 1mb (Vogt) ~. 1 0.2
FGS 3mb (Vogt)

— 1 0
r_ép;i1di?y1 2 Ria =04 1(2x197 %0 )
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Shadowing at RHIC

e PHENIX Au-Au and Cu-Cu results

— Curve Includes nuclear absorption and gluon shadowing.
v But here o, is taken too large (3 mb)

J/y nuclear modification factor R, , J/y nuclear modification factor R, ,
E i : R. Vogt nucl—th!ﬂSU?GZ?—EK898y=2,csm=3mb ‘ E i : R. Vogt nucl—th!ﬂSU?GZ?—EK898y=U,csm=3mb ‘
1.2 . 1.2 .
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L[S R et s AutAu ly|e[1.2,2.2} (| T e S ERECEET TR o Au+Au |y|<0.35 |
s Cu+Culy|e[1.2,2.2 ¢ Cu+Cu |y|<0.35
0.8l s d+Au y|e[1.2,2.2] o d+Au |y|<0.35

0.8

0.6/ e[ 1
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o L1 L1 o
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N N
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Comparing SPS and RHIC

e ~ same suppression at SPS and RHIC

— We expected a much bigger suppression at RHIC
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Recombination

e At RHIC energies

— Number of cC up to 14 in central collision
v'A ¢ can combine with a € to form a J/¥
-2 increase J/¥ production cross-section

TABLE I: Centrality bin, number of NN collisions, nn-
clear overlap function, charm cross section per VIV collision,
and total charm multiplicity per NN collision, in /Sy =
200 GelV Au4-An reactions.

- - o dN__ -
Cen- N ool Taa ﬁ rE ly=0  Nez/Taa
trality fmh=1) (el el

min. bias 258425 6.14+0.45 143413436 622457 £160

0-10 % 955+04 228416 137+21+435 5IOT+03 166
10-20 % 603E£50 144410 13726435 S596+£115+£158
20-40 % 207+31 7.0T+0.58 1681274145 T731+£117+199
4060 7 91+12 2161026 19347152 S41+2056232
6002 % 14.5+4.0 0.354+0.10 116+87+43 504+378+1090
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Recombination ¢

e Seems to work

— How can we test ¢

J/y nuclear modification factor R, ,

2
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Testing recombination

e J/VY flow
— From v, measurement, we know that charm flows
. 03, t’\) u I Polynomial F:k { . I
E AutAu S R without charm flow  ges-s iy
e E_E'Ig;l%:f:tonic :*‘1{:-; ' —— with charm flow 0.05 - ﬁ»‘k FTl‘T T* H + +—
0.25-PHENIX preliminary < ;g‘ 1
= > e A p+p q T ’
Gl e
L oy e K+K a4 =48
1.5 + | | +‘+‘
'Wﬁwﬂ“ﬁ"“ ------ —
""4.|5""5 0 + 7
Pr p,/n (GeVIC)

— If charm flows, J/¥ from recombination should flow.
— Directly produced J/¥ shouldn’t flow.
— Need to measure J/¥Y v, and compare to charm v,
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Percolation ¢

— See H. Satz's lecture

v« parton percolation is a geometric, pre-equilibrium
form of deconfinement »

v« an essential prerequisite for QGP production is cross-
talk between the partons from different nucleons »

Size of the
A biggest cluster

. parton
Low parton High parton density

density density
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Percolation at SPS

— See H. Satz's lecture
- J/¥Y ~0.6 (J/¥)+ 0.3 (y.2J/¥)+ 0.1 (V' =>J/¥)

v'x. and ¥’ are broken at percolation, J/¥ |later
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Percolation at RHIC

e See H. Satz's lecture

J/y nuclear modification factor R, ,
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RHIC summary

e A lot of new (exciting) results at QMO0S
— Comovers seem to be ruled out

— Some gluon shadowing seems 1o be observed
with d-Au data

— Suppression observed in AuUAuU and CuCu data
v Same magnitude as SPS suppression

v Models without recombination of charm quarks are
enable (so far) to account for the data

e More work to do
— For theorists
— For experimentalists
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What about Y ?

o Some Y seen by NA5O in P~ -A O

==l
e l-vn..w.__\m_r
in%r fo%‘
) 1 0 -—— MRSTHOu= mb_4 75 GeV
S meempescw,
| GRV 98 HO mu =m, m=4.7 Gev 7 :
: ‘ Il 1 O E
il .
10 15 ~
2.
e < 1 e This work
- ® [Herb77] |
G A [Yoh78],y =0.40
> p v [Yoh78],y.=0.20
Q © [Yoh78],y =0.03
(o) 10 E O [Ueno79]
© A [Badier79]
= ¢ [Angelis79]
10 10 10 102 3 -2 % [Kourkoumelis80]
— 07 o 107
E o B o(r)/A B, o(X)/A 06 3 M40 - * [Antreasyan80]
> gj I l gf = 1 * [Yoshida89]
T o A st SN N N Y 0s = T * [Moreno91]
o T I e % I 4 ¢ [Nedden04]
ﬁ 0.2 0.2 mg —3
E 10 B Y
o3 i 10 10
i oy =0.98 £ 0.08 (y?/dof = 0.8)
0.04 0.04
0.03 - 0.03
| _ 2 —
osz Buo(M/o(DY) B,,0(Y)/o(DY) e  Oypy = 0.98 £0.09 (x*/dof = 0.9)

A A By imposing a = 1 they get y?/dof = 0.8
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What about Y ?

e Some Y seen by PHENIX in p-p

dimuan mass (+) X .
T W - Entries 24684
1w ;—‘:’::E-.__ o
R Phenix muon
" g ey
= + +% $+ ++ ar m
" E [ + +
E | ?r T
3 ittt
1E
: R TR iim
) % ] it 12 1 1
Mt u (Gele)
Erires 26
P = JiPsi Area 1.181e+04 + 134
¢ E Centroid 3117 £ 0.003
i Sigma 02400
E Psip Area 6005+ 503
0 Upsilon Area 2404 £3.93
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The future at RHIC

 Next 4 years plan (before RHIC |l
— Factor 2 increase in heavy ion luminosity
— Factor 6 increase in proton luminosity

e Detector upgrades

Bielefeld, sept 05

dapnia

saclay

Forward upgrades

— silicon pixel detectors

Cm Nose Cone Calorimeter (em/hadron) (2010)

— W-silicon (40 X/Xg and 1.6 3/3;)
— shower max

Muon from
hadron degay

Muon from W

charm/beauty & jets:
displaced vertex

PH ENIX

Forward Silicon Vertex Tracker (2009) Muon trigger (2007)

— Udracker (MuTr or new)
— D-tracker (timing with RPC’s)

yoy-iet,W,n® hy.:
calorimeter

D-Tracker
W and quarkonium:

improved p-trigger rejection

Jean Gosset (Di)muons in PHENIX... Heawy Flavors... Clermont-Ferrand, Dec 13, 2004 19
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Heavy ions at LHC

e Large hadron collider

- pp @ 14 TeV (107 s/year)

— PbPb @ 5.5 TeV (10¢ s/year)
— PA, lighter ions and energies
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Heavy flavor measurements
-
e Acceptance
— Complementarity between the 3 experiments
— ATLAS & CMS acceptance is large in n & limited to high p;

— ALICE is limited in n but cover down to very low p;

ALICE ATLALS L4 e
_— i i i 1 i
3
< e BT o o B a T
o ! I o o o |
g £ eleerons| B = = B - B
S hadrens i
4 - E [Ther T i ; ﬂ fen ﬂ 11 i : .
2 - z = sinnn S 2 - P é.. i ..é..
° =itk =2 i 2 ik ¢ widh s i} 2 i . i 2 i) 2 -
n
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Quarkonia measurements in ATLAS

Bielefeld, sept 05
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Quarkonium measurements in CMS
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Quarkonium measurements in ALICE
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Conclusion

e 20 years of results

— Big experimental effort @ SPS and RHIC
— Big theoretical effort (melting, recombination, percolation, comovers...)
— Lot of things still need to be done (both in theory and experiments)
— Future : psi and upsilon adventure
v" RHIC and LHC
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