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e Exploring the Quark Gluon Plasma
e A particular probe: the quarkonium family
e Selected results from SPS to LHC
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The QCD phase diagram and the QGP

> 200k m Nuclear matter at high temperature and high
v 2 e
= < Quarks and Gluons density = Quark Gluon Plasma (QGP) |
- 3. Critical point? - Partons are de;conﬁned (not bound 1nto
QS) % Oc, composite object)
0 . .
2 %)G%o - Chiral symmetry 1s restored (partons are
9 100} l . Hadrons ’% massless)
= 2 S 05"'6
C f & % From lattice QCD: At p» = 0, Tc = 170 MeV
& %, (ec = 1 GeV/fm?)
Color Super-
/ Neutronstars  conductor?
Nuclei Net Baryon Density
Ultra-relativistic heavy 1on collision experiments
Search for the QGP phase and characterize it
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A little bang 1n ultra-relativistic heavy 1on collisions (URHIC)

chemical and Kinetic
freeze—outs

»

T =20 fm/c

Kinetical freeze-out
Chemical freeze-out

T=10fm/c T<T.
Hadron gas

T=4fm/c T=T.

Mixed phase
T=1fm/c T>T,
Thermalized QGP
thermalization
0 — == =0
y4 Heavy-1on collision
% . .
Pr— Space-time evolution of an URHIC LHC size and time numbers
I fm/c~310%s
QGP volume = 300 fm?
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A little bang 1n ultra-relativistic heavy 1on collisions (URHIC)

chemical and Kinetic
freeze—-outs
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Kinetical freeze-out
Chemical freeze-out
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Hadron gas
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=0
y4 Heavy-1on collision

ARERRR . .
Pr— Space-time evolution of an URHIC LHC size and time numbers
I fm/c~310%s

QGP volume = 300 fm?

At larger energy: larger, hotter, denser, longer life-time plasma
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... and finally 1n the experiment - ALICE

Pb+Pb @ sqrt(s) = 2.76 ATeV

2010-11-08 11:30:46

Fill : 1482

Run : 137124

Event : 0x00000000D3BBEGS3

e L
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... and finally 1n the experiment - ALICE
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Probing the QGP

Many observables to probe the QGP

- Global observables: multiplicity, total transverse energy, ...
- Initial state observables: probes not affected by QGP as direct y, W~ Z°

- Final state observables: hadron kinematic distributions, hadron species production,
flow, high pT correlations, ...

- Hard probes (first stage of the collisions): high pr particles, jets, open and hidden
heavy flavour particles, ...
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Probing the QGP

Many observables to probe the QGP

- Global observables: multiplicity, total transverse energy, ...
- Initial state observables: probes not affected by QGP as direct y, W~ Z°

- Final state observables: hadron kinematic distributions, hadron species production,
flow, high pT correlations, ...

- Hard probes (first stage of the collisions): high pr particles, jets, open and hidden
heavy flavour particles, ...

2000 - SPS @ CERN - Evidence of a new state of matter

2005 - RHIC @ BNL - QGP 1s a very strongly interacting (almost) perfect liquid
01/2010 - RHIC @ BNL - Highest man-made temperature (4 trillion °C) in the Guiness Record
12/2010 - ALICE @ LHC - QGP formed at LHC has a temperature 30% higher than RHIC
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Probing the QGP

Many observables to probe the QGP

- Global observables: multiplicity, total transverse energy, ...
- Initial state observables: probes not affected by QGP as direct y, W~ Z°

- Final state observables: hadron kinematic distributions, hadron species production,
flow, high pT correlations, ...

- Hard probes (first stage of the collisions): high pr particles, jets, open and hidden
heavy flavour particles, ...

2000 - SPS @ CERN - Evidence of a new state of matter

2005 - RHIC @ BNL - QGP 1s a very strongly interacting (almost) perfect liquid
01/2010 - RHIC @ BNL - Highest man-made temperature (4 trillion °C) in the Guiness Record
12/2010 - ALICE @ LHC - QGP formed at LHC has a temperature 30% higher than RHIC

Heavy-1on experiments: from discovery to quantitative characterization: measuring QGP
parameters (energy, density, size, lifetime, temperature,....)
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Probing the QGP with quarkonia

Properties of quarkonium states
- made of heavy quark and anti-quark: m¢ = 1.2-1.4 GeV and mp = 4.6-4.9 GeV
- produced 1n the 1nitial hard partonic collisions (t = 1/ mg = 0.05-0.15 fm/c)

- stable and tightly bound: Mccbar < 2 Mp and Mpppar < 2 MB
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Probing the QGP with quarkonia

Properties of quarkonium states
- made of heavy quark and anti-quark: m¢ = 1.2-1.4 GeV and mp = 4.6-4.9 GeV
- produced in the 1nitial hard partonic collisions (t = 1/ mqg = 0.05-0.15 fm/c)

- stable and tightly bound: Mccbar < 2 Mp and Mpppar < 2 MB

AtT =0, in the vacuum, Cornell potential J/y
V(r)===+kr
|

2 terms: 7
- Coulombian contribution (gluon exchange) r
- Confinement contribution
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Probing the QGP with quarkonia

Properties of quarkonium states
- made of heavy quark and anti-quark: m¢ = 1.2-1.4 GeV and mp = 4.6-4.9 GeV
- produced 1n the 1nitial hard partonic collisions (t = 1/ mg = 0.05-0.15 fm/c)

- stable and tightly bound: Mccbar < 2 Mp and Mpppar < 2 MB
J/y

At T =0, in the vacuum, Cornell potential

o
2 terms: V()= o +hr 7
- Coulombian contribution (gluon exchange) r

- Confinement contribution

AtT >> (0, debye screening induced by the high density of colour charges
Matsui, Sat; PLB178(1986),416

@ g @ % O Re
V(r)=-—e""* . — 5 Q@

r

3
S

' @

200

Ap: Debye screening radius b9 | @ A

Ap decreases with T

>

Temperature

— Melting of quarkonia at high temperature for Ap < Quarkonium state radius
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Probing the QGP with the quarkonium family

state J/Y| xe | ¥ | YT | xp Y’ X}, Y

mass [GeV]|3.10| 3.53 [3.68]9.46| 9.99 |10.02]10.26|10.36

AFE [GeV] [0.64] 0.20 |0.05(1.10| 0.67 | 0.54 | 0.31 | 0.20

AM [GeV]|[0.02]-0.03]0.03|0.06|-0.06|-0.06 | -0.08 | -0.07

radius [fm] [0.25] 0.36 [0.45[0.14| 0.22 | 0.28 | 0.34 | 0.39
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Probing the QGP with the quarkonium family

state J/pl xe || Y Xh Y’ X}, Y
mass [GeV]|3.10| 3.53 |3.68]9.46 | 9.99 |10.02|10.26 | 10.36
AFE [GeV] [0.64] 0.20 |0.05|1.10| 0.67 | 0.54 | 0.31 | 0.20
AM [GeV]|[0.02]-0.03]0.03|0.06|-0.06|-0.06 | -0.08 | -0.07
radius [fm] [0.25] 0.36 [0.45[0.14| 0.22 | 0.28 | 0.34 | 0.39
Example of measured J/¥
prompt J/¥ = 60% direct J/¥ + 30% yc+ 10% ¥(25)
z
Z 1
AA A |+ | A S
W Le A W Ke I ﬂ;‘
v % IV Vv %e IV

E(‘L’S.)/ g(1P)
Energy Density

Sequential suppression of the quarkonium family: QGP thermometer

4PN
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Centrality of the collisions

Centrality of the collisions

semi-central coll.

central coll.

v N,..=2 N., =1
:ﬂ;‘ - - part coll
‘::-_ﬁ::‘ $ b ?‘ﬁ — ?{: b=0 — Npart = 9 Neoi = 6
"v "’ af "‘Er’v "‘Er’v
o' o o Pb-Pb cent. N_,=380 N.,=1700
Wy
Spectators W
Participants
Binary collisions . ..
— Glauber model used to determine the geometry of the collision
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Centrality of the collisions

Centrality of the collisions

semi-central coll. central coll.
5 -~ -~ v v Npart = 2 Neon =1
.“:‘T M $ b ‘fﬁ_<_)_‘f£ b=0 o v Npart = 2 Neoy = 6
W R W W<
v o w w Pb-Pb cent. N,;=380 N, = 1700
%
Spectators W
Participants

Bi 1lisi
Aty COTHRIONS — Glauber model used to determine the geometry of the collision

3 . . L ] L) L] L L ] ] . . L . L] . L] 1 " L L4
2'9 E Po-Pbat\ sy =276 TeV | | ALICE Performance
. . . 9 + Data . @
Centrality determination @O — Glauber fit 10k

10? NBD x f Neoy, + (1-)N_

1=0.194, 1=29.003, x=1.202 P

Multiplicity measurements with 10
forward or central detectors

Relate the measured multiplicity in
A-A collisions to Npart and Neo 10"

40-50%
30-40%
20-30%
10-20%
5-10%

2

llllllllll lllll lllllllllllllllllllllll
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
VZERO Amplitude (a.u.)_
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Nuclear modification factor

Nuclear modification factor

Hard process: scale with Neo

dN"? /dpTdy - Raa > I: enhancement
(Neon) dNPP /dpTdy - Raa < 1: suppression

Raa =

References

- Production in p-p at the same energy (whenever possible): reference for Raa
- Production in p-A at the same energy (whenever possible): cold nuclear matter determination

Cold nuclear matter (CNM)

- Inmitial state effect: nuclear shadowing (npdf) -or gluon saturation in the nucleus-, parton energy
loss, multiple elastic scatterings of partons (Cronin effect), ...

- Final state effect: breakup of precursor quarkonia by nucleon collisions in the crossing nuclear
matter (nuclear absorption), energy loss, ...
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Results from SPS and RHIC

SPS: NA38, NAS(O, NA60

\/SNN =17 GeV

In-In / Pb-Pb

Vsan = 19 GeV

S-U

RHIC: PHENIX, STAR
Vsan = 200 GeV

Au-Au

J/Y suppression increases with
collision centrality

Similar Raa at SPS and RHIC while
energy density of formed QGP
increases!

But cold nuclear matter effects differ

with energy: estimate the CNM

0.8

0.6/

04

PHENIX Coll. PRLYS (2007) 232301
SPS Coll. @ OM06

T[]

T T 1 T T T T T T 1
\_/

l
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| I I I |

Nuclear modification factor

badaas s r R R R R R RN TR D

N PHENIX, Au+Au, [y[<0.35, + 12% syst
& NAS5O, Pb+Pb, 0<y<1, + 11% syst.

& NABO, In+In, 0<y<1, + 11% syst.

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

[% <:> %@{b

O

'llll|IIllllllllllllllllllllll|ll||||lll
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150 200 250 300 350 400
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Cold nuclear matter eftect for J/'W

Cold nuclear matter effects estimated in d-Au
@ 200 GeV (RHIC) or p-Pb @ 29 GeV and p-

In @ 17 GeV (SPS)

J/¥Y suppressed in d-Au at 200 GeV

Less suppressed at backward and mid-
rapidity than forward rapidity for most

central collisions

Difficult to understand in terms of
shadowing of parton distribution function

(npdf) and single nuclear break-up cross-

section: how to constrain the cold nuclear

matter in a AA collisions?

Try some effective parametrization of

CNM...

e
o

0.6

R,,,(60-88%)

0.2

R,,,(0-20%)

0.4

0.2

0.4

0.2}

PHENIX Coll. PRL107 (2011) 142301

04—

1

~.
~ -

J/y in d+Au at\ s,,=200 GeV

Centrality 60-88%

Global Scale Uncertainty +10%
—— —— Gluon Saturation
EPS09 and 6, =4 mb a)

-
-
ll|ll

L1

Centrality 0-20%

Global Scale Uncertainty +8.5% @

|

o
~—
1

-

Centrality 0-20%/60-88% I
Global Scale Uncertainty +8.2% i

b —b—t—t—|— " PR el e— | I—

-2 -1 0 1 2
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Results from SPS and RHIC

N. Brambilla et al., Eur.Phys.J. C71 (2011) 1534

3PS: NASO, NA60 § | EKS98 CNM baseline
sy = 17 GeV < ® PHENIX y=0
In-In / Pb-Pb %1.2—— ® NA6O In-In
Vsan = 19 GeV CC< i { 1l NA50 Pb-Pb
S-U Nillle
DO il

RHIC: PHENIX, STAR oo M [BUURRE (i
Vsnn =200 GeV i A

0.8 L|®
Au-Au | l

I o

...and assuming that CNM effects L T |
factorize... : Narrow boxes: correlated sys - ?

0.4' Wide boxes: CNM baseline sys

llllllllllll llllllllll l

0 100 200 300 400 500 600 700 800
dN/dn|

n=0

Anomalous J/'Y suppression at SPS (up to 25%) and RHIC (up to 50%)
Similar suppression for a given multiplicity
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y-dependence of J/¥Y Raa at RHIC

PHENIX Coll. PRC84 (2011) 059412
R R e T

I[l"l

m 2004 Au+Au, |y|<0.35, globalsys.=%12%

e 2007 Au+Au, 12<|yl<2.2, globalsys. =+ 92% .
More suppression (40%) at forward

rapidity not expected (density of the QGP
higher at mid-rapidity)

§nl|nlmlmlmlmlmln'1||llnllllllll||1||||1|1|||1

0.4 9 3 @ i @ Cold nuclear matter effect: Raau 1S lower
" W % at forward y?
0.2 i @
o g ot e e Ly - -
E3 16 Another mechanism: J/'Y regeneration?
~ 14F
§ iF
3&5 1'25 global sys. =+ 10.7%
o E e
ok M
o =
0.6F- ¢ i ¥ $ E]
0'4:_ .1.‘1.1“,.11‘.1..‘.1.1‘.$.‘,|...,
0 50 100 150 200 250 300 390

'3
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Secondary J/Y¥ production?

Enhancement of J/¥ in a QGP

o statistical regeneration
¢ and cbar combination at

the hadronization stage:
J/Y regeneration

—

———————————————————— ———————————————— ]

sequential suppres&ik

Expected 1f total charm
cross-section 1s large

J/W Production Probability

e(2S) / ¢(1P) e(1S)
Energy Density

Total charm production at RHIC

Gecbar = 1 mb @ 200 GeV = 2% of the hadronic cross-section
— 20 pairs of ccbar created in Au-Au @ 200 GeV for most central collisions

Regeneration implies:

- Evidence of thermalization of charm quarks

- J/¥Y and W(2S) not anymore a QGP thermometer
- Not expected for bottomonium

Jl PN Cynthia Hadjidakis ~ LAL - Orsay March 702013
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pt dependence of J/Y Raa at RHIC

At large pr:

No recombination possible

Cold nuclear matter as 1nitial state
effect expected to be negligible

Less suppression at large pr

But still suppression of 40% for most
central collisions at pt > 5 GeV/c

pt dependence not easily understood
with color screening and npdfs

Be aware that this is for inclusive J/%¥Y
while B feed-down contribution is
important at large pr

STAR Coll arXiv:1208. 2736

1.8Ha) 0-20%  200GeV Au+Au --(b) 20-40% _:
1.6 ®STAR T

1.4 O PHENIX T
1.2 ]

a4 0-60%

1 —Model |, Liu et al.
+ == Model Il, Zhao et al. -

2

o

J PN Cynthia Hadjidakis ~ LAL - Orsay  March 702013
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Results from LHC

LHC 10 x higher energy than RHIC: higher rates for open and hidden heavy flavour production

ALICE Coll. JHEP 1207 (2012) 191 ALICE Coll. JHEP 11 (2012) 065
3 TYTT] 1] L T1TI‘I7I 1] 1 1 TIYTI]’ T 1] 1] 1717]’] 3 I T T T T YYYY] T T T T YTYY]’
= [~ —@— ALICE (wotal unc.) L 7 3 I ALICE extr. unc,
~ L~ O AcEe unc -° ] >102|~ ® ALICE,pp 1s=7TeV, |y|<0.9 -
(&) 1 0 [~ S ATLAS Prefiminary (108 unc ) o” - ’Q - v -
00 E [ ATLAS extr. unc - A = 9 5 CDF Runll, pP 1s= 1.96 TeV, |y|<0.6 b
[ —A— LHCD Preiminary (total unc.) - - ] _8 - % UA1,pp 1s=0.63TeV, |y|<1.5 ) )
: : Z:‘:Ix L .’ : . ® PHENIX pp 1s=0.2TeV, |y|<0.35 .,."' -
[] HERAS (pA o P | — FONLL i}
L~ W ess3(pA) .’ " —
1 03 - V  E743(pA) ‘ P -
C W NAZ7 (pA) .’ o7 ] 10 ]
- ’ NA‘G!DA,‘ ’ "l 4 : :
B O E69(pA) ! ’,‘ 7 - -
= NLO (MNR) o’ B : :
10°E s - )
- '+ - 1 “
- , A - :
! - —
’ - —
10 ;¢ E i )
:1 ul ' 1 1 1111111 1 1 1111111 : l b I 111 L L I Ll 1
10 10° 10° 10* 10° 10° 10¢
\'s (GeV) \s (GeV)

LHC occbar = 5 mb @ 2.76 TeV = 7% of the hadronic x-section
— 115 pairs of ccbar created in Pb-Pb @ 2.76 TeV for most central collisions

If regeneration of J/¥ already at RHIC, a higher contribution 1s expected at LHC

d" P“ Cynthia Hadjidakis ~ LAL - Orsay  March 702013 1 6



J/Y Raa vs centrality

ALICE Coll. Hard Probes 2012

ALICE Coll. Hard Probes 2012

é 1.4 I ALICE, Pb-Pb \s,,, = 2.76 TeV ft 1.4r ALICE Preliminary, Pb-Pb 5, = 2.76 TeV, L_ ~ 70 b’
: ® |yl<09, pr>0 GeVlc, L“- 15ub?’ Q: n m Inclusive Jiy, 2.5<y<4, 0<p <8 GeV/c global sys.=+ 14%
12} PHENIX (PRL 98 (2007) 232301), Au-Au\s,,,, = 0.2 TeV 1.2 PHENIX (PRC 84 (2011) 054912), Au-Auys,,, = 0.2 TeV
- ALICE O |y<0.35 p >0 GeVic global sys.= + 12% Hl ALICE O Inclusive Jiy, 1.2<y<2.2,p >0 GeV/c global sys.= + 9.2%
- PRELIMINARY T PRELIMINARY
f e B |
0.8 }% IH 0.8
0.6} H @ {‘H IH 0.6} E
: & ) @B 7 . =" » -
0.4+ 0.4+
: 7 4 5 : ¢ &
0.2} 0.2} @ H g 4 0
Oblllllllllllllllllllllllllllllllllllllll 0-11lllllllllllllllllllllllllllllllllllll
0 50 100 150 200 250 300 350 40 0 50 100 150 200 250 300 350 400
(Npan) <Npart)
J/¥Y Raa larger at LHC than at RHIC at mid- and forward (for Npar> 100) rapidity for
most central collisions
— consistent with regeneration mechanism
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J/Y Raa for high pr and vs pr

CMS-PAS-HIN-12-014

$ [T T ALICE Coll. QM 2012
X 14— KR PbPb Preliminary (s, = 2.76 TeV— < 1.4
- = CMS: prompt J/y . o ! Pb-Pb |5,,=2.76 TeV, L= 70 ub™  X. Zhao etal, NPA859(2011) 114
1.2 ly <24 - 12F &F o Inclusive Jiy, 25<y<4, 020% 2 rogemumiono20n
- 6.5< p_ <30 GeVic _ | rrecmanary @ - Inclusive J/y, 2.5<y<4, 40-90% N\ towl 40-90%
- — - 1 NN eeeeereeremeesemesnemssemessemesasmenneas I
} J [ S AuAu \Syn = 200 GeV ] global sys.= +6%
- e sz STAR: Jiy (preliminary) — :
0.8 ..+ L ’ p, > 5GeV/c, [y]<1.0  — 0.8
o5 g |( L - 0.6 /%@ O\ A\
: 0 ] : t 1 /
y : _
04— - - 0.4
i o i : //////%7///////4//////////////////////
0.2f - - 0.2F $
0:lllll'lll|lllllllll‘lll‘lllIl!lllllll: O- hedeendd - —
0 50 100 150 200 250 300 350 400 0 1 2 3 4 5 6 7 8
N, P, (GeVl/c)
At large pr, J/¥ Raa lower at LHC than at RHIC as expected if color screening
mechanism only in a QGP
J/¥Y less suppressed at low prthan high pr for most central collisions
JPN_ Cynthia Hadjidakis ~ LAL - Orsay = March 72013 18



J'V Raa vsy

ALICE Coll. Hard Probes

2012

1.47
& |

1.2 alice

PRILIMINARY

-
anw
...........................................

ALICE Preliminary, Pb-Pb \s,, =276 TeV,L _ =70ub"

m Inclusive Jiy, centrality 0%-90%, O<p <8 GeV/c  global sys.= £6%

ALICE Preliminary, Pb-Pb \s,,, =276 TeV,L _ ~2.1ub"
® Inclusive J/ v cemrallty 0%-80%, [y|<0 9

0.4

0.2f

Shadowing in Pb-Pb |5, = 2.76 TeV E

— EPS09 shadowing (R.-Vogt & al), p >0 GeV/c

7 :
//A nDSg shadowing (E.Ferreiro & al.), p. >0 GeV/c

ALICE common glob. sysl =

llllllllllllllllllllll LA LU L.

////%/WZ

0.8} /
0.6 |

'

*49’0
oA

05 0

e
b
01111111

05 1 15 2 25 3 35

4

y

CMS-PAS-HIN-12-014

1.4-_l'(':'MS”P'rI-eII'"lTl"Ir{£;r');I'I"I'lllll”"l"l—-
~ PbPby S, = 2.76 TeV .
1.2 -
- Prompt J/y ]
1: e |yl<1.2 i
08-— m 12<|y|<16 -
- :* ¢ 1.6<ly|l<24 i
o' § :
04 LI -
: by
0.2+ B
- 6.5<p_<30 GeV/c -
T T YT PR PR T R PR TE FT T

% S0 100 150 200 250 300 350 400

Noan

J/¥Y more suppressed at forward rapidity 1f integrated over pr
Shadowing models do not account for this rapidity decrease of Raa

No or small rapidity dependence for large pr

4PN
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Elliptic flow

In nuclei collisions at finite impact parameter: anisotropy of the geometrical overlap region
For interacting matter (via multiple collisions): spatial asymmetry — anisotropy of the particle
momentum distribution

Azimuthal dependence of the particle yield

N 1 dN = , Elliptic flow n=2
E = 1+) 2v, (p—W
Fp ~ om Ptdptdy( 2 2om costn R”) v2(pr) = <cos(2)>(pr)

If ¢ quarks participate to the collective motion of the QGP, then
they will acquire some elliptic flow

Regenerated J/y will inherit their elliptic flow

JPN Cynthia Hadjidakis ~ LAL - Orsay March 702013
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J/Y elliptic flow

ALICE Coll., Hard Probes 2012
STAR Coll, JPG38, 124107 (2011)

0.3~ @& STAR Preliminary, 200 GeV AutAu, |y|<1 -
® ALICE Preliminary, 2.76 TeV Pb+Pb, 2 5<y<4

025~ Transport Model (Y.-P. Liu et al), RHIC ;
—— Transport Model, LHC, B thermalized
02 .. Transport Model, LHC, B not thermalized
0.15

N -
> 0.1
NI
— 0.05 '_ B‘(/- B 1 |

) s cemt E—

? | :

Illllll IIII Illlllll I | L}

o 12 3 s e 7 e e o
pT(GeV/c)

Flow compatible with zero measured by STAR (RHIC)
Non-zero J/psi v, observed at intermediate p for semi-central collisions at LHC

v2 and Raa at low pr qualitatively described by models including regeneration
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First W(2S) measurements

Double ratio measurement:
Y (2S)/ J/¥Y in Pb-Pb over p-p

CMS measures a W(2S) enhancement
wrt J/¥ for pr > 3 GeV/c

ALICE does not measure a sign of
large W(2S) enhancement

[W(2S)Iyl,, /W (2S)Ay]

0

CMS Coll., Hard Probes 2012

ALICE Coll., OM 2012

[ ALICE inclusive J/y and y(2S), 2.5<y<4

[ Pb-Pb, | 5,,,=2.76 TeV, L= 70 ub™’ .

- pp, \s=7 TeV <" ALICE
PRELIMINARY

E‘ @ ALICE, 0<pr<3 GeVic, 2.5<y<4
[ @ ALICE, 3<p_<8 GeV/c, 2.5<y<4

@ CMS, 3<p1<30 GeV/c, 1.6<|y|<2.4

[ (CMS-HIN-12-007) o

: . 1

- o

- | e

-9 . k ) 95% CL
PllllllllllllllllllllllllllllllVlllllll
0 50 100 150 200 250 300 350 400

N ot

Both data are compatible: large uncertainties due to low statistics at pr > 3 GeV/c
and lack of solid pp reference at 2.76 TeV

Cynthia Hadjidakis

4PN
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Bottomonium family

CMS Coll. PRL 109 (2012) 222301
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= E i S 1.2 T(1S), syst. unc. v] <2.4 =
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Mass(u*w) [GeV/c?] Noart

STAR Coll. OM 2012
Y(3s) completely melted RHIC: R, ,(Y (1S+28+38)) = 0.56+0.21+0.08-0.16

Y (2s) strongly suppressed LHC: R, A(Y (1S+2S+38)) ~ 0.32

Y (1S) suppression consistent with
excited states suppression by color —Raa lower at RHIC than LHC

screening
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Bottomonium family

Y (18): Ry 4= 0.56:£0.08+0.07
Y (2S): Ry 4= 0.12+0.04+0.02
Y (3S): Ry <0.10 (95% CL)

Y (3s) completely melted
Y (2s) strongly suppressed

Y (1S) suppression consistent with
excited states suppression by color
screening

CMS Coll. PRL 109 (2012) 222301

4 _lill'lillll'llllilill]lllllilll]llll
€14  CMS PbPb \[syy = 2.76 TeV

B - 1 (1S), stat. unc. L, = 150 ub”
120~ T(1S), syst. unc. V] <2.4

B —4— 1'(2S), stat. unc. . |
I 1(2S), syst. unc. p, >4 GeVic

| P

Ll

E 30-40% 3
0.8~ 40-50% 20-30% =
[ 50-100% + i
06 + 10-20% Y1
o 510% 0-5%
04 : .

02—’1» ’_b ¢ $
0—lllllllllllllllllllllllll@llllll&llllll

0 50 100 150 200 250 300 350 400

Noar

lllllll

—fo—

STAR Coll. OM 2012
RHIC: R, ,(Y (1S+25+38)) = 0.56+0.21+0.08-0.16

LHC: Ry, (Y (1S+2S+3S)) ~ 0.32
—Raa lower at RHIC than LHC
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Conclusion and outlooks

SPS and RHIC data point out for an anomalous J/'Y suppression by color screening but the
rapidity dependence of Raa gives a more complexe picture

At LHC, J/¥Y low ptand flow measurements with ALICE 1s consistent with the mechanism
of charm and anti-charm regeneration at the hadronization stage

J/¥Y high pr measured by ALICE and CMS are more suppressed than RHIC data

Upsilon suppression measured at CMS 1s compatible with sequential suppression of
excited states

p-Pb results for charmonia and bottomonia production needed at LHC to disentangle hot
and cold nuclear effects in Pb-Pb, to confirm these conclusions and to allow quantitative
conclusions on the hot nuclear medium formed: p-Pb analysis ongoing

ORsaY
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back-up shides
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From inclusive to prompt J/'¥ Raa

H e 1.4
0.7 ; ALICE Preliminary, Pb-Pbys_ . = 2.76 TeV, L= 70 pb"
m< L \ NN
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Inclusive J/'¥Y <pr>
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“Q 3[ A ALICE, pp \s=2.76 TeV, 2.5<y<4 )
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J/¥ Ry, @ LHC

i m ALICE Preliminary, 2.76 TeV Pb+Pb, 2.5<|y|<4 i

and RHIC vs. models
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LHC vs RHIC
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prompt DY v»
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Y RAA @ LHC vs. models

arXiv:1208.2826
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» Strickland, arXiv:1207.5327 * Rapp et al., EPJ A48 (2012) 72
— Difficulties to simultaneously describe Regeneration and nuclear
Y(1S) and Y(2S) with the same n/S value absorption could be significant also

for bottomonial!
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Energy scan at RHIC

b B - R,.(200 GeV) PRC 84, 054912 (2011)
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¥(2S) also puzzling in d-Au
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Different systems at RHIC

RAA
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In Cu+Au collisions:
« Rya(Au-going) > R, ,(Cu-going),

» qualitatively described by CNM but not
quantitatively
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