Charmonia in A-A at the LHC
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Charmonium suppression

Charmonium states are produced in the

initial hard partonic collisions
- (T =1/ mQ = 0.05-0.15 fm/c)

state Ne | T/ | Xeo | Xet | Xe2 | ¥

mass [GeV] | 2.98 | 3.10 | 3.42 | 3.51 | 3.56 | 3.69

- stable and tightly bound (Mccbar <2 MD) AE [GeV] | 0.75 | 0.64 | 0.32 | 0.22 | 0.18 | 0.05
In ultra-relativistic heavy ion collisions, at T >> 0, %Q Q “2q
Debye screening induced by the high density @2 GQ
of colour charges of the medium: s

O O_QQ (S
J/p suppression in heavy-ion collisions is a signature of deconfinement.

T. Matsui and H. Satz, J/Y Suppression by Quark-Gluon Plasma Formation, Phys. Lett. B178, 416(1986)

Different binding energy would lead to
a sequential suppression of quarkonium states

Digal et al. PRD64(2001)

J/ W Production Probability

i
corona effect --+---=
1

E(2S)/E(1P) e(lS)
Energy Density
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... to Charmonium enhancement.

Large number of charm quarks created in central Pb-Pb =

collisions at LHC: B =

— recombination of ¢ and ¢ o
— regeneration of charmonia o

Braun-Munzinger, Stachel PLB490(2000)

Thews et al. PRC62(2000)

In most SPS RHIC LHC
central A-A 20 200 2.76
collisions GeV Gev TeV
N_../event ~0.2 ~10 ~110

[ NB: shadowing effects may lower these numbers !

Factor ~ 1.6 (1.1) at LHC (RHIC) ]

statistical regeneration

[—

N

J/'V Production Probability

sequential 511p1)1'e55ik

Energy Density
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Implication of regeneration:

- enhancement of J/y (or less suppression)
- charmonium states not anymore a QGP
thermometer

- evidence of thermalization of charm
quarks

- evidence of deconfinement
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Implication of regeneration:

- enhancement of J/y (or less suppression)
- charmonium states not anymore a QGP
thermometer

- evidence of thermalization of charm
quarks

- evidence of deconfinement
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The ALICE detector

AN\l
Muon spectrometer

Chambers

— Open heavy flavour

semi-leptonic decays (p*") : BT

g NG - U

(-4.0<n<-2.5)

Dipole
Magnet

(PMD)

TOF
.

— Quarkonia
M*U- channel

e(Ey |
Central barrel (|n|<0.9)

Tracking: ITS+TPC +TRD

PID: TPC +TRD+TOF

Secondary vertexing: ITS

— Quarkonia P
e*e channel

— Open heavy flavour
hadronic channel
semi-leptonic decays (e*")

PHOS
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The ALICE detector

ACORDE N L <

TOF

i TRD
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e i ' Chambers
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Charmonia analysis in 2 rapidity ranges, both with p_ down to 0 GeV/c

— |y| < 0.9, prompt/non-prompt separation but no charmonia trigger
— 2.5 <y <4, dedicated charmonia trigger but inclusive measurements

| TPC) | L | T3 -
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The CMS detector

CMS Detector ~::.
~1m2  ~66M channels

Microstrips (80-180um)

Pﬁxel]s ~200m?  ~9.6M channels
/ CRYSTAL ELECTROMAGNETIC
Tracker CALORIMETER (ECAL)
_ ~76K scintillating PbWO, crystals
ECAL " , \
HCAL y '
Solenoid - PRESHOWER
Steel Yoke / p " silicon strips
MU@WS x | | ~16m? ~137k channels
STEEL RETURN YOKE
~13000 tonnes
// i \ l:I
SOLENOID ' - N\
Niobium-titanium coil ; _ s/ e
carrying ~18000 A / i i w/ FORWARD
L \/ T Steel + quartz fibres
RIMETRR ~2K channels
Total weight : 14000 tonnes Brass + plastic scintillaor ¢ . MUON CHAMBERS
Overall diameter :15.0 m ~7K channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
Overall length :28.7 m Endcaps: 468 Cathode Strip & 432 Resistive Plate Chambers

Magnetic field 38T



The CMS detector
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through CMS I
. . . % o " CMS Preliminary | 3
Global muons (inner tracker + muon station) analysis § ol rgass PO
— very good mass resolution E
— large acceptance (|y| < 2.4) z
— prompt/non-prompt separation ]
but cannot access low-p_. charmonia (>3 or 6 GeV/c) in PbPb -
: [l 3

m,, (GeV/c?)
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Jly R,, Pb-Pb collisions Vs, =2.76 TeV

< T T 1T ‘ T 1T ‘ T T T T T T ‘ T 1T ‘ T T T T T T T T
4 B T i
< 141 " 1.4 CMS Preliminary 7
mq: ALICE Pb-Pb | s, = 2.76 TeV PLB 734 (2014) 314 B Pbe\.“ SNN =2.76 TeV i
1.2 ® Jv —e'e,lyl<0.8, p >0 GeVic global syst.= + 13% 19 L _
[ CMS HIN-12-014 —
H B Jv > W, 25<y<4,0<p <8 GeV/c  global syst.= + 15% - JHEP 05 (2012) 063 .
T 1 7

0.8 —H%@ ﬁ $ 0-8_ Prompt J/y

' oy ]
0.6__ Oﬁj * . ]
0-4__ 04— " W " N
L B _ ]
i : ] - :
- - 0.2? ly| < 2.4 .i
0 ; : ' | | | | | - 6.5<p <30GeVic ]

0 50 100 150 200 250 300 350 400 OOI"‘5‘0‘I‘160”‘1‘5‘6H2‘(‘)6Hé5‘6"ééduésldl‘al,oo

N__) N
part part

At low-p_ (p; > 0), ALICE shows J/W (inclusive) suppression with almost no centrality
dependence for Npart>100 for 2.5 <|y| <4 and |y| <0.8.

At high-p_(p; > 6.5), CMS shows strong suppression with a clear centrality
dependence for |y| < 2.4.
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Jly R,, Pb-Pb collisions Vs, =2.76 TeV

< 1 .4 < T 1T ‘ T T ‘ T \. T . ‘ 1T T T ‘ T T T T T 1T
m( i ALICE Pb-Pb \ s, = 2.76 TeV PLB 734 (2014) 314 Q:< 14— CMS Preli minary —
1.2 i ® Jv —e'e,lyl<0.8, p >0 GeVic global syst.= + 13% Pbpb\ SN T 2.76 TeV a
[ CMS HIN-12-014 B
H B Jv > W, 25<y<4,0<p <8 GeV/c  global syst.= + 15% 1.2 JHEP 05 (2012) 063 ||
1 R : Prompt J/].'I :
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<Npart> N
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At low-p_ (p; > 0), ALICE shows J/W (inclusive) suppression with almost no centrality

dependence for Npart>100 for 2.5 <|y| <4 and |y| <0.8.
At high-p_(p; > 6.5), CMS shows strong suppression with a clear centrality

dependence for |y| < 2.4.
— no indication of rapidity dependence

Christophe.Suire@ipno.in2p3.fr Sapore Gravis Workshop, Padova December 9 -12th 2014



11

Centrality dependence of J/y R,,
Pb-Pb @ Vs, =2.76 TeV

1.4

> - CMS Prellmlnary PASHIN-12-014 ]|
< ALICE Pb-Pb | s, = 2.76 TeV PLB 734 (2014) 314 o 1.4f i — ]
m 1.2 i ® Jv —e'e,lyl<0.8, p >0 GeVic global syst.= + 13% i PbPb SN =276 TeV i
H B Jv > W, 25<y<4,0<p <8 GeV/c  global syst.= + 15% 12 L JHEP 05 (2012) 063 _—
1 L i Prompt J!\u ]
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part

At low-p_ (p; > 0), ALICE shows J/W (inclusive) suppression with almost no centrality

dependence for Npart>100 for 2.5 <|y| <4 and |y| <0.8.
At high-p., CMS shows strong suppression with a clear centrality dependence for |y|

<24
— J/y may be less suppressed at lower p.. than higher p._
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Centrality dependence of J/y R,,
Pb-Pb@+Vs,,,=2.76 TeV and Au-Au@vVs,,=2.76 TeV

:E R Inclusive J/y — p*w’, Pb-Pb | s, =2.76 TeV and Au-Au | s = 0.2 TeV Tk Inclusive J/y — e'e’, Pb-Pb | s, =2.76 TeV and Au-Au | s, =0.2 TeV
Q: 1 2 - Bl ALICE (PLB 734 (2014) 314), 2.5<y<4, 0<pT<8 GeV/c global syst.= + 15% 1 2 r @ ALICE (PLB 734 (2014) 314), |y|<0.8, pT>0 GeV/c global syst.= + 13%
’ [0 PHENIX (PRC 84(2011) 054912), 1.2<|y|<2.2, pT>O GeV/c  global syst.= +9.2% J O PHENIX (PRC 84(2011) 054912), |y|<0.35, pT>0 GeV/c global syst.= £ 12%
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- (N__)
part

At low-p_(p; > 0), large differences between PHENIX and ALICE:
i) R, larger in ALICE at both forward and mid-rapidity

ii) weaker centrality dependence in ALICE
— expected if regeneration mechanisms play a (big) role
[ keep in mind that we have different size of CNM effects (RHIC/LHC) ]
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+13%
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2.76 TeV (PLB 734 (2014) 314)
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Centrality dependence of J/Jy R,
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Some key ingredients need to be measured or better estimated
+ now would be the good time for LHC run-Il Pb-Pb energy Vs,

— shadowing

results but large uncertaint
— do_/dy

All models include J/y product
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Models for J/p production

P. Braun-Miinzinger & J. Stachel, PLB490 (2000) 196
A. Andronic @ QM2011, A. Andronic et al., PLB571 (2003) 36

?{ 12 LN LN L B L T 7 TT ™ T T
= <€ ® Data, \'s,,=0.2 TeV (PHENIX)
o - m Data, NSy =2.76 TeV (ALICE)
1 “\% —— Model, \/s,,=0.2 TeV (do,, /dy=0.030 mb}
% ceeeees Model, \/$=2.76 TeV
ositlrm: \ ~. .
""""" 5 mb
0.6 ;J
0.4
dcrcafdy=015 mb
0.2 . ¢
| forward y _
Ll Ll | IIIIIII | Ll | L . | Ll Ll L
OO 50 100 150 200 250 300 350 400
Statistical Hadronization Model (w/o
update):

— screening by QGP of all direct J/y@’s
— charmonium production at phase
boundary by statistical combination of
uncorrelated charm quarks

— no B feed-down

— open charm cross-sections include
CNM: 2.5<y<4, do_/dy [0.25;0.15]

ly|<0.9, do_/dy [0.3;0.4]

E.G. Ferreiro, PLB731 (2014) 57-63
A.Capella et al. PLB 393(1997) 431
<
e 14t
2.5<y<4
12+ 0<p<8 GeV
1
08 [
0.6
0.4
0.2
0_‘.‘.|.. I I I 1 1 I

0 350 100 150 200 250 300 350 400

Christophe.Suire@ipno.in2p3.fr

Comover Interaction Model:

— Interaction with a co-moving medium
causing J/y dissociation (o, = 65mb)
— Recombination effects prop. to o,
n. and ng

— Shadowing similar to EKS98/nDSg

— no B feed-down
— 2.5<y<4, do_/dy [0.4;0.6]

— y|<0.9, do/dy [0.6;0.8]

Sapore Gravis Workshop, Padova

December 9-12th 2014
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Models for J/y production

X. Zhao, R. Rapp, NPA859 (2011) 114-125 X. zhu, P. Zhuang, N. Xu, PLB607 (2005) 107
R. Rapp, private communication Y. Liu, Z. Qu, N. Xu, P. Zhuang, PLB678 (2009) 72
Zhou et al, PRC 89 (2014) 054911
nﬁ 6 Pbpb,\[s_NN=2.75 TeV @  ALICE (preliminary) o . = 1.0 [ I :
"L inclusive Jhy, 2.5<y=4, p >0 T Primardial Jiy no shadawing 16 (e MickRapidity E i
T s Regeneration J/y no shadowing 1‘4: { SNN=2.?6 TeV Pb+Pb ® CMS data
14 o 1 08\ Prometu lyl<24
12 o st AT o ]
- R. Rapp, X. Zhao, NPA 859 (2011) '}E_" u.s: 7; < 0.6
3 osf - ¢
mg:- sk O NASO Data Jyj<1 e -3 m
0.8 : 3 b . PHENI}K Data |y|<0}.35 i = 0.4
C < 1.6:— (b) Forward-Rapidity E
0.6 T B ‘ AHIC ]
: e 7 t ] *
0.4 . 10f e
T 0.8: . _ 00
0.2 B st : =t 0 5 10 15
E : " o Actomssspias O P (GeV/c)
50" oo im0 200" 259 306 350”40 e
part Ll
Transport model (prediction w/o update): Transport Model:
— prompt J/y dissociation in the QGP — prompt J/y dissociation in QGP
— J/y regeneration by charm quark pair — J/y regeneration by charm quark pair
recombination recombination (detailed balance)
— Feed-down contributions from B (10%, — Shadowing and Cronin effect
no quenching) — Feed-down contributions from B
0 1 ~
— Shadowing effect “by hand” leading to (10%), quenching ~ 0.4 for p,>5 GeVic
30% suppression in most central collisions — 2.5<y<4, do/dy [0.4;0.5]
— |y|<0.9, do/dy ~0.75 — |y|<0.9, do/dy [0.65;0.8]
CITTSTOPTTE. SUTECPTIO- 23T Saporearavis Workshop, Padover TeceTerTeIzTZo014
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Models for J/p production

Vs,,=2.76 TeV

g '+<)' CTTTT T Measured charm cross-section at LHC lies at the
Tg10'E e Fn & - upper-end of model calculation
O E S ey e -4 : — O crucial input to models
I i
sl B e . P : .
10 3 e * - E What is used in models ?
C V  NA27 (pA e ]
. E;‘;:f";‘} ‘ ] — |y|<0.9, docgldy ~ [0.3;0.4])/shad, [0.6-0.8],
2_ T Memm ) 0.75, [0.65;0.8]
10°E ’ =
- : — 2.5<y<4, dccg/dy [0.25;0.15]/shad, [0.4;0.6],
i ,’+$ ,/'I JHEPO7 (2012)191 ‘ ] [04’05]
o S/, E — o
Coi 1 |:I|||||| 1 Lol 1 Lol 1 Ko E FONLL
10 10 10° (éO4V) E 8¢ TS s
\S e '8 C ""“ Sy =2-/blev,o .= m
.g %‘165 s Vs, =276 TeV rescaled, o__ = 4.80 (mb)
Simple calculations to rescale FONNL to 14f
ALICE results: 1.2¢
_ 10
«do/dy| _, ~0.7 o
«do/dy|_,,~0.5 06
« do_/dy |yz4 ~0.3 0.4}
— then proper shadowing should be 02 4t il : |
L1 A T S S N NN N SRR N |
added "% 4 2 0 2 4 5
Christophe.Suire@ipno.in2p3.fr Sapore Gravis V Rapldlty %h 2014
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Models for J/p production
Vs, =5.5 TeV

— IIII| T T IIIIII| T T T TTTT T T I\IIIII
R o No measurement of charm cross-section at 5.5
—
~ 4l ALICE extr. unc. s ] .
10 E" —o anss ratmwary toste & E TeV. But according to the 2.76 TeV and the 7 TeV
o | SR 4 :
T T o totne) ] results, one could assume the same trend.
3_ é ﬁLARF;»B(pA) ’,'/ /,,*’ ]
10 E— \V4 E743$A; ,*" ’/’/ _E
C V  NA27 (pA) e PR m
- ¢ NA16 (pA) ,,’ I ]
B O  E769 (pA) /’
I NLO(MNR)  « ',« i
10°E S E
i /%g JHEP07 (2012)191 ‘ il
/! —_ 2-
10E ,,'<> , E 'g N FONLL
_|||‘|IO VA ,’||||.1|(|)2 L1 |||111(|)3 L1 1|||1|i)4 | I;—’ 18: ....M=5 Tov. ccE=4_G7
\'S (GeV) -g © 1.6 r « |5, =55 TeVrescaled, o__=8.68
1.4F
Simple calculations to rescale FONNL to 12
ALICE results: 1L
«do/dy |, ~1.1 0.8
~ 0.6
- do_/dy |, ~ 0.9 "
¢ docE/dy |yz4 ~0.6 0.2;
— then proper shadowing should be 0 \6 | \4| L \2 . ‘(\)u ‘ é ‘ '4‘1‘ é
added Rapidity

Christophe.Suire@ipno.in2p3.fr Sapore Gravis Worksnop, Fagova Lecermoer v -1h 2014



18

Transverse momentum dependence of J/y R,,
Pb-Pb @ Vs, =2.76 TeV

< T 171 T \. | l T 1 ‘ T T T ‘ T 171 T T ]
< 14 o 14 CMS Preliminary ]
o [ PePe s " PbPb\/s, =2.76 TeV )
1.2 N B ALICEJ/ly — ptu, 2.5<y <4, centrality 0%=90% global syst. = + 8% 1.2; CMS HIN-12-014 ]
L @ CMS Jiv — pu, 1.6<|y|<2.4, centrality 0%=100% global syst. = + 8.3% E JHER 05 (2017) 093 7
0.8F l .
i H E 08¢ Prompt J/y i
0.6 :— B 06— ]
0.4 LI + 4 0.4/ .
5 ' - R :
0.2 0.2 Cent. 0-100%—
i PLB 734 (2014) 314 ‘ B lyl <24 i
0 1111 | 1111 | L1l | 1 ‘ I | ‘ 1111 | 1111 1 i LT 17 i LT 11 O I | ‘ I | L1 ‘ L1 ‘ I | ‘ I
o 1 2 3 4 5 6 7 8 9 10 0 5 1o 15 20 2530
p. (GeV/c) b, (GeVic)

At LHC:
- higt-p_(p, > 5 GeV/c) J/¥ are suppressed (|y| <4)

- low-p.. (p; < 3GeV/c) J/V¥ are less suppressed with p. — 0

Christophe.Suire@ipno.in2p3.fr Sapore Gravis Workshop, Padova December 9 -12th 2014



Transverse momentum dependence of J/y R,,
Pb-Pb @ Vs, =2.76 TeV

< 147 - Inclusive J/y—e'e
< " Pb-Pb |y = 2.76 TeV 1 4 | 'nelusive Jvmere
m L r M ALICE Preliminary, Pb-Pb, |\ 5,,=2.76 TeV, |y|<0.8, centrality 0-40%
1.2~ m AUCEJy — py, 25<y<4, centrality 0%=90% global syst. = + 8% [ 4 PHENIX, Au-Au, (5,02 ToV, ly|<0.35, centrality 0-40%

1.2F

@ CMS Jiv — pu, 1.6<|y|<2.4, centrality 0%=100% global syst. = + 8.3%

e

08F 08 """""" $ """"""""""""""""""" ----------------
et H E " 0.6F EH—

0.2F 0.2
0:..‘.|..‘.|‘...|...‘\.‘..\.H.|..‘.‘P.LﬁTaf‘(fo.lf)ia.lf..‘ d S é L A T R é
0 1 2 3 4 5 6 7 8 9 10
p. (GeV/c) p. (GeV/c)
At LHC:

- higt-p_(p,; > 5 GeV/c) J/¥ are suppressed (|y| <4)
- low-p, (p; < 3GeV/c) J/V¥ are less suppressed with p. — 0
— true at forward and central y
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Transverse momentum dependence of J/y R,,
Pb-Pb @ Vs, =2.76 TeV

< 1.4 L é F Inclusive J/y—e'e”
< L Pb-Pb\s,, =276 TeV and Au-Au |s,, = 0.2 TeV Q: 1 4 B e )
ﬂ: L r M ALICE Preliminary, Pb-Pb, |\ 5,,=2.76 TeV, |y|<0.8, centrality 0-40%
1.2 [~ W ALICEJ/y — p'w’, 2.5<y<4, centrality 0%—20% global syst.= + 8% [ % PHENIX, Au-Au, ys,,=0.2 TeV, |y|<0.35, centrality 0-40%

1.2F

¢ PHENIXJhy — p'u, 1.2<|y|<2.2, centrality 0%—20% global syst. = + 10%

1 +PLB73“20M)3M _______ " N $ ____________________________________________________________
0.6 — $ _ —H—
(]

0.6

04r El " 0.4 —ff—th——f—
02bm W B [f 0.2F ¢|
0 Lo b b b bvv v b b o Ly - | | | | | ) | | L | L |
o 1 2 3 4 5 6 7 8 0 5 4 6
p. (GeV/c) P, (GeV/c)

Very large difference in the J/W R

and forward results.
— Large J/JW R,, at low-p_fits well with a regeneration scenario

A P;dependence between RHIC and LHC central
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Transverse momentum dependence of J/y R,,
Pb-Pb @ Vs, =2.76 TeV

< 14r
< I Inclusive J/y — p*, Pb-Pb | s, = 2.76 TeV g + ALICE Preliminary, inclusive J\y—e*e
m r Q: 1 4 [ M Pb-Pb, \sy=2.76 TeV, |y|<0.8, centrality 0-40%
1.2 W ALICE (PLB 734 (2014) 314), centrality 0%—20%, 2.5<y <4 global syst.= + 8% L
L Transport model (X. Zhao & al., NPA 859 (2011) 114) 1.2 C DI:l 12:22: 2232: g:zs z: ::" S:J)Stziﬁlxszigs()z 011)114)
1 et L - . :

=« Primordial J/y (w/ shadowing) O

0.8 L --+Regenerated J/y (w/ shadowing) = | = = Primordial J/y (w/ shadowing)
F oI I 0 Do Regeneration J/y (w/ shadowing)

0 6__ ‘ PLB 734 (2014) 314 ‘

0.4 B g < 147

@- m< L Inclusive Jiy — w'w, Pb-Pb | sy, = 2.76 TeV

......................................................

i,
117,

0.2 [rmememr iy e e T 1.2~ ® ALIGE (PLB 734 (2014) 314), centrality 0%~—20%, 2.5<y<4 . e oed —_—

.....

Transport model (Y.-P. Liu & al, PLB 678 (2009) 72)

o ) N N SN AN ik LL L ZPYON L T T — T
O 1 2 3 4 5 6 i ==« Primordial J/y (w 0 2 4

08 N T Regeneration J/y \wi sniauuwiny)

0.2 Ry

Models with large J/W regeneration (important at low-p.) reproduce fairly well the

results
— models slightly underestimate the measurements at low-p.
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Transverse momentum dependence of J/y R,,
Pb-Pb @ Vs, =2.76 TeV

< 14
<C
c

1

0.8}

0.6

0.4

0.2

1.2}

1 4 [ M Pb-Pb, \s,=2.76 TeV, |y|<0.8, centrality 0-40%
1 2 [ [ Transport model (Zhao et al., Nucl.Phys.A859(2011)114)
"= r [JTransport model (Zhou et al., arXiv:1401.5845)

+ ALICE Preliminary, inclusive J\y—e*e

= = Primordial J/y (w/ shadowing)

''''' Regeneration J/y (w/ shadowing)

: Inclusive J/y — p*w, Pb-Pb \ s =2.76 TeV
[~ W ALICE (PLB 734 (2014) 314), centrality 0%—20%, 2.5<y<4 global syst.= + 8%
Transport model (X. Zhao & al., NPA 859 (2011) 114)
=« Primordial J/y (w/ shadowing)
L ==+ Regenerated J/y (w/ shadowing)
L PLB 734 (2014) 314 ‘
R EIEI L et @ 0.8
ol b e T

I

\/S\n=2.76 TeV Pb+Pb
Prompt J/'¥ |y|<2.4

® CMS data 7]
0-100%

Models with large J/W regeneration (important at low-p.) reproduce fairly well the

results
— models slightly underestimate the measurements at low-p.

At high-p_ model inputs have lower uncertainties and match the results quite well.




Rapidity dependence of J/y R,,
Pb-Pb @ Vs, =2.76 TeV

L III|III|IIIIIII|III|III|III|III|III|III|III|III
< - ] L ]
< 147 o 14— CMS Prelimina —
< | ALICE Pb-Pb |s,, = 2.76 TeV T PbPbyjsy, = % TeV ]
m L ‘ PLB 734 (2014) 314 - -
1.2 @ Jv — e'e, centrality 0%—90%, pT>0 GeV/c 1.2 — gﬁzpﬂgg‘t;‘l’;‘ 063 ]
i m Jy - W, centrality 0%—90%, 0<p. <8 GeV/c  global syst.= + 8% = ]
1 L e 1
0.8 H H 08 Prompt Jhy
0.6 H H H 0.6 ]
0.4 L E []_d-_— | —
i E £ - * i
0.2F 0.2} Cent. 0-100% -
- - 65<p <30 GeVic s
O_l I | T - I L1 1 1 I L1 1 1 I L1 11 I L1 11 I L1 1 1 I L1 1 1 I L1 11 I D[]_II[Illzll[lllqlill-lblﬁlllilalll%lI.IIIZII.inI.IJIIEII_IIEIIIZIIIZII;?_IIIE_4
0 0.5 1 1.5 2 2.5 3 3.5 4 T o -
y |yl

At low-p_ (p; > 0), ALICE shows similar J/¥ suppressionaty ~0andy ~ 3. Then a

decreasing trend appears.
At high-p_(p; > 6.5), CMS shows strong J/V¥ suppression with almost no rapidity

dependence for |y| < 2.4.
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Rapidity dependence of J/y R,,
Pb-Pb @ Vs, =2.76 TeV

L TTT | TTT | TTT I TTT | TTT | TTT s: 14
=L - . .. “r
< 1.4r o 14~ CMS Prelimina 24
mﬂ: | ALICE Pb-Pb |5, = 2.76 TeV, centrality 0% —30% (PLB 734 (2014) 314) T PbPbyjs,, = 2.7t =} 6.55p<30 GeV
1.2 — @ |InclusiveJ/y — e'e, p,>0 GeV/c 1.2 s HIN-12-014 Th
L ] . C JHEP 05 (2012) 063 B ——
[ M Inclusive J/y — piu, 0<pT<8 GeV/c global syst.= + 8% sl 0 e
o 1 e —
I 0.6
OOy | B E.G F i
0.8 r e 0 B-_ PLB 72??2:814) 57
— — 04
o //////////// : EKS98 shadowing
i\\ N \\ - 02r nDSg shadpwing
0 -6 | R \\\\\\\\\\\\ D_E- _— -----I-‘Glaubel;-Gri :ov‘sl:\adowi‘ng | ‘ ) )
r - 00 50 100 150 200 250 300 350 400
B N al
0 4 B Cold nuclear matter effects in Pb-Pb \{sTm= 2.76 TeV E [] -I'-1- __ * 1 p
— - 1
r EPS09 shadowing (PRC 81 (2010) 044303) - - !_*_| ]
L [/ nDsg shadowing (NPA 855 (2011) 327) - -
0.2 N S5 EPSO9 NLO + E , with g =0.055 GeV %/fm (JHEP 1303 (2013) 122 and priv. com.) 0.2 B Cent. 0-100% ]
= - 6.5 <p_<30 GeVic -
L T 4
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y vl

At low-p_(p; > 0), shadowing/energy loss effects are of the same order of

magnitude as the measured J/W¥ suppression.
At high-p_(p; > 6.5), shadowing expected in the range [0.8-0.93], clearly above the

CMS results.
— At low-p_, the J/¥ suppression could be compensated by regeneration

mechanisms that do not play a role at high-p_.
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Factorize out CNM effects in the J/y R,,
Pb-Pb @ Vs, =2.76 TeV and pPb @ Vs, =5.02 TeV

o]
o 1.4 I ALICE inclusive J/y—pu*u :E 1 4 I Inclusive J/y—e'*e
Q:n. T @ Ry (203<y_ <3.53)X Ry, (-4.46<y  <-2.96), | S\ = 5.02 TeV I Dl A Pb-Pb,\s,=2.76 TeV, |y |<0.8, centrality 0-40% _
R r (preliminary) - B _ _ -
31 0L A Fam @5, 507276 TeV, 090%) oL 1.9 -1 pPbysy=5.02TeV, 1.37<y,, <043
8L T (Phys. Lett. B734 (2014) 314) < =
a% L o L
x L g:/ g
x 1 L L
2o r C
S
2% ||
oc

Nl 32% &

04 A e — 0.42

02 -_hypothesis: factorization of shadowing effects from the two O . 2 B PRQLE ,}I(,igERy
[ nuclei in Pb-Pb and 2->1 kinematics for J/y production :
O L PN T T AU AT T AT T AT T N T N T A A N A 1 1 1 | 1 1 1 | 1 L 1 | 1 1 1 | 1 1 1 | 1
0 1 2 3 4 5 6 7 8 0 2 4 6 8 10
p. (GeV/c) P, (GeV/c)

Attempt made by ALICE assuming:

i) 2 — 1 kinematics for J/y production

ii) CNM effects factorize in p-A and are dominated by shadowing

then CNM evaluated as R, x R, (similar Xgjorken COVETage as Pb-Pb)

— Strong p, dependence of the R,, in Pb-Pb and pPb
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Factorize out CNM effects in the J/y R,,
Pb-Pb @ Vs, =2.76 TeV and pPb @ Vs, =5.02 TeV

26

> 1.8 T — R
5 L ALICE inclusive J/y—pu*u’ o
o ] inclusive J/y—p*u S Iy = oW . backw
1.6 e

1 4 r Roppy’ | Syy=2.76 TeV, 2.5<y <4, 0-90% (arXiv:1311.0214)
R Ro™. =5.02 TeV, 2.03 3.53 limi
C pPb - | Syy=5- eV, 2.03<y <3 (preliminary)

1.2 Rya™: | 5=5:02 TeV, -4.46<y __ <-2.96 (preliminary)
: []total uncertainty
L e IR R R R
0.8
0.6
—H—+ H H
0.2F,
ypothesis: factorization of shadowing effects from the two
 nuclei in Pb-Pb and 2->1 kinematics for J/y production
O_IIII|IIII|IIII|IIII|IIII
0 1 2 3 4 5 6 8

pT(GeV/c)

Attempt made by ALICE assuming:

i) 2 — 1 kinematics for J/y production

ii) CNM effects factorize in p-A and are dominated by shadowing

then CNM evaluated as R, x R, (similar Xgjorken COVETage as Pb-Pb)

— Strong p, dependence of the R,, in Pb-Pb and pPb

— Matches a scenario of regeneration at low-p. and suppression at high-p_
BUT one must be careful, e.g. shadowing do not describe well the low-p.. p-Pb results

014
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Looking at the J/y [p.Oand [p_ 20
pp,Pb-Pb, CuCu, AuAu@vVs,,=0.02,0.2 ,2.76 TeV

© b Inclusive J/y _& [ Inclusive Jhy

> 3.5+ &+ |

O} - A ALICE, pp \s=2.76 TeV, 2.5<y<4 3 3 A ALICE, pp \s=2.76 TeV, 2.5<y<4

© | o ALICE, Pb-Pb s, =276 TeV, 25<y<4¢  QALICE < [ ALICE, Pb-Pb\s,~276TeV,25<y<4  ALICE
o 3 [ A PHENIX, pp \s=200 GeV, 1.2<|y|<2.2 PRELIMINARY Q[ A PHENIX, pp \s=200 GeV, 1.2<|y|<2.2

S O o PHENIX, Au-Au \ =200 GeV, 1.2<y|<2.2 2.5 e PHENIX, Au-Au | s,,=200 GeV, 1.2<|y|<2.2

[ o PHENIX, Cu-Cu\s,,=200 GeV, 1.2<|y|<2.2 ® NAG6O, p-A \s=17.3 GeV, 0<y<1
- o NA5Q, Pb-Pb\s,=17.3 GeV, 0<y<1

2.5+ 2r
T A ¥ . . )
1.5__ Oooooooo
2 $ ® r . O+ } +
- ¢ + 1 &% of
L A é (I) <i> I +
15[ ¢ ¢ : -
[ 0.5F
1_ 1 L lllllll 1 1 IIlIIIl 1 1 L i 1 1 lIIIIIl 1 1 IIIIII| L L L
1 10 10? 1 10 10?
<Npart> <Npart>

ALICE J/y [p_[(and [p.%0) shows a decreasing trend as a function of centrality
— dominated by low-pT J/y in central Pb-Pb

Comparison to lower \/SNN results from NAS50 and PHENIX for m)Tzq_A/@TZDpp
— clear differences in the centrality dependence
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Looking at the J/y r,,
pp,Pb-Pb, CuCu, AuAu@vVs,,=0.02,0.2 ,2.76 TeV

2 N ' I ' ' I o [l ' | ‘ | ]
A 16— id- icdi i T ] — . iddi |
N%l_ B (a) Mid-Rapidity SPS T:ZI 1.6: (b) Forward-Rapidity ]
"\< [ — — —
NAT_ 14 — RC 89 (2014) 054911 ‘ - 1.4 L ! —
o r 7 B ° RHIC |
n 12 - 1.2 | ]
< L | | ‘ PRC 89 (2014) 054911 ‘ |
o B B B i
1-0_ ''''''''''''''''''''''''''''' I — | 10_ T, 2| 0 T TTmmmmmrTmmmrmmimmrTmm e ]
n RHIC - ' .
0.8— - 0.8 ]
0.6 — — 0.6 ® PHENIX Data 1.2<|y|<2.2 e -
~ o NAS50 Data |y|<1 ] - ® ALICE Data 2.5<|y|<4.0 3
047" e PHENIX Data Ivi<0.35 | LHC =) 04 - | | | E
0 100 200 300 400 0 100 | 200 | 300 | 400

Npart Npart

J/y r,, centrality dependence well reproduced by a transport model (Zhou et al.,
PRC89, 054911 (2014)) over a wide \/SNN range at SPS, RHIC and LHC.
— J/y suppression and regeneration needed at LHC
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J/y elliptic flow (v.,) 29
Pb-Pb at Vs, = 2.76 TeV

¥y (fm)

x (fm)
\ pressure gradients in a thermalized medium

\ /
\/ convert spatial anisotropy into momentum space
y dN
) S— \V %:N(1+2V200s2((b—y/))

Initial spatial anisotropy is converted into momentum-space anisotropy
Strong elliptic flow observed for light particles and D mesons

— does the J/yp inherit any of the fireball collective flow via recombination?
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J/y elliptic flow (v,)
Pb-Pb at Vs, = 2.76 TeV

30

PO o o I I T T T T T T
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0.25F Min.Bias [ Min.Bias
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0.2t
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C A V,40-80% @ ----- non-flow 40-80 %
04 . % v 0
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Christophe.Suire@pno.inZp3.r

| ALICE Pb-Pb, | Sy = 2.76 TeV

L Centrality 30-50% _
° l:‘).] K ]

| ¢ Charged particles, v,{EP,|An|>2}
= Prompt D°,D", D™ average, |y|<0.8, v,{EP}
I~ [_] Syst. from data 7

-0.2—[_] Syst. from B feed-down —
Y SR R NN NS RPN RN R R

0 2 < 6 8 10 12 14 16 18

P, (GeVlc)

At RHIC:
(1) Charm (non-photonic electrons)
measured v, is ~ 8%

(2) JI¥ v, is consistent with O

At LHC:
(3) v, from D* and D° mesons larger

than 10%
Do J/W exhibit elliptic flow at LHC ?
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J/y elliptic flow (v,)
Pb-Pb at Vs, = 2.76 TeV

025 T T T | T T T ‘ T T T ‘ T T T ‘ T T T | T T T

0.3 = . .
S T (Pb-Pb | s, = 2.76 TeV), centrality 20%-60%, 2.5 <y < 4.0 - CMS Prelmmary Prompt J/y ]
| —— Y. Liuetal., b thermalized 0 2; PbPb ysyy =12'76 TeV Cent. 10 - 60 % B
SICCEEPP Y. Liu et al., b not thermalized el Ly = 150 pb 4
O-2f— + X. Zhao et al., b thermalized B i
| 0.15— —
L =y <24 ?
S g Iyl 7
- > 16<ly<24
[ | 0.05- + —
PRL 111 (2013) 102301 [ -
-0.1; global syst. =+ 1.4% O: i
_IIIIIII\I|LILIIIIJI‘\I\IlllllJIlJlIflllI\\ILILIII : :
0 1 2 3 4 5 6 7 8 9 10 L i
p (GeV/C) _ o b v b b v by by ]

T 0'050 5 10 15 20 25 30

P, GeV/c

Significant v, signals observed by ALICE (low-p.) and CMS (high-p.)
— at low/intermediate-p., the J/y v, signal is rather clear, in agreement with

regeneration models
— at high-p_, the J/y v, signal is still present.

* path length dependence of energy loss ?
* check model expectations
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P(2S) production
Pb-Pb at Vs, = 2.76 TeV

Y(2S) state is less bound than the J/y.
— statistical and transport models have rather different predictions for @(2S) prod.
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P(2S) production
Pb-Pb at Vs, = 2.76 TeV

33

W(2S) state is less bound than the J/y.
— statistical and transport models have rather different predictions for @(2S) prod.
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> 14001-CMS PbPb |[sy, = 2.76 TeV (@)
0] "L, =150ub”
I~ [ =~ T
N 1200 |y| < 1.8 t’lig—
g [ 6.5<p <30GeVic E 130k
= i 209 ~ 120f E
= 1000[—Cent. 0-20% 5 + &
n = < 100F +
% 800— * Data ‘;2 90 11 + =
[ —Total fit S 80 3
> - ]
w - ---Background @ gg: ++ + + 3
600 S VR T Y B TR
m,.,- (GeVIc)
400
a%xiv:1410.1804 (subm. PR)
200~

1600III|\II|I\I|II

—L,, =150 ub™

[ 1B8<|y|<24
F3< p.< 30 GeVlie
| Cent. 0-20%

1400

1200

r e Data
| —Total fit
- ---Background

1000
800
600

400

[ | 1T 1T
- CMS PbPb |[s,,, = 2.76 TeV

3|5 3,‘6 3‘7 SIS 3!9-
m,..- (GeVIc)

22 24 26 28 3.0 32 34 36 38 40 42

m,,- (GeV/c)

22 24 26 28 3.0 32 34 36 3.8 40 42

m,.,- (GeV/c)

3
x10
_'I'ITI\T' T 0T | L T 10

7/08/2012

Pb-Pb, | s,,= 2.76 TeV

2.5<y <4, 0<p_<3 GeV/c
- 40%-60% :
Col ooy I I R EL . = e N e
24 26 28 3 32 34 36 38 4 42

m,, (GeV/c?)

CMS y(2S) signal extraction in central Pb-Pb, especially at high-p_,appears difficult.
At low-p, ALICE only succeeded to extract the y(2S) in peripheral collisions
(confidence limit otherwise).
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P(2S) production
Pb-Pb at Vs, = 2.76 TeV
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In most central Pb-Pb collisions, CMS measure a sizable enhancement in the range
[3<p,<30 GeV/cand 1.6 < |y| < 2.4] w.r.t. [6.5<p,<30 GeV/c and |y| < 1.6]

— interpretation of such effect still unclear.
ALICE/CMS comparison (3<p.<8/30 GeV/c) in most central collisions

— so far, no clear discrepancy/tension (may come with run-Il...)
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Conclusions and outlook

* Charmonia Physic at LHC is very interesting

— suppression and regeneration mechanisms are both needed to
explain the LHC run-I results

* LHC run-1l will allow deeper investigation of charmonia production

— larger statistics for
« Jyv,and R,
* Y(2S)
* ratio J/y over Dmesons
— need of a proper pp reference @ Vs = 5 TeV — lower uncertainties
* final word on the recombination ?
* more constraint on models
— model calculations
- several observables (R,, and r,, and v,)
« room for improvement in the uncertainties from CNM and do_/dy ?

— double ratios [5.TeV/2.76TeV]
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