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ﬂ Differences in the binding energies of

the quarkonium states lead to a

sequential melting of the states with

Increasing temperature
(Digal,Petrecki,Satz PRD 64(2001) 0940150)

- thermometer of the initial QGP
temperature

Increasing the energy of the collision

the cc pair multiplicity increases

In most SPS RHIC LHC
central AA | 20 GeV 200GeV | 2.76TeV
collisions
Neepa/€VEnt | ~0.2 ~10 ~75

J/ VW Production Probability

o

Qe

T3l

statistical regeneration

scqucnti:{l F,upprcss,ik

Energy Density

An enhancement via (re)combination of cc pairs producing quarkonia

can take place at hadronization or during QGP stage 2
P. Braun-Muzinger and J. Stachel, Phys. Lett. B490(2000) 196, R. Thews et al, Phys.ReV.C63:054905(2001)



Nuclear modification factor R,,: Ty
compare quarkonium yield in AA with the RV — YAA

pp one, scaled by a geometrical factor AA <T >O.J/w
(from Glauber model) AR/ PP

If yield scales with the number of binary collisions
2> Ry =1

Cold Nuclear Matter effects (CNM):

® Nuclear parton shadowing

® Parton energy loss
® ccin medium dissociation

If there are medium effects

2 Rpp# 1 .
Hot Medium effects:

® gquarkonium suppression
® enhancement due to recombination g

knowledge of CNM effects fundamental to disentangle genuine QGP
induced suppression in AA

need infos on quarkonium production in pA (dA) collisions! 3



“Low energy” experiments...

Charmonium production deeply investigated at

{SPS (NA50, NA60) Vsyy = 17 GeV

RHIC (PHENIX,STAR) Vs =39,62.4,200GeV
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ﬂ SPS: first evidence of anomalous
suppression (i.e., beyond CNM
expectations) in Pb-Pb at Vs= 17 GeV

ﬂ RHIC: suppression, strongly
y-dependent, in
Au-Au at Vs= 200 GeV




“Low energy” experiments...

Charmonium production deeply investigated at
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Eur.Phys.]J.C71:1534,2011

SPS (NA50, NA60) Vs = 17 GeV
RHIC (PHENIX,STAR) Vs =39,62.4,200GeV

ﬂ Puzzles from SPS and RHIC

® RHIC: stronger suppression at
forward rapidities

® SPS vs. RHIC: similar Ry, pattern
versus centrality

Hint for (re)combination at RHIC?

‘ No final theoretical explanation

Decisive inputs expected from LHC
results, having access to:

® higher energy
® larger cc multiplicity
® other quarkonium states (bottomonium}z‘




RHIC: results from different AA systems

RHIC: quarkonium measurements done over a wide range of
energies and collision species
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Similar suppression across the different ion-ion collisions




RHIC: results from different collision energ

J/w Ry, a, has been studied as a function of the collision energy,

at Vsyy = 200, 62 and 39 GeV Phys. Rev C 86 064901 (2012)
1.6
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RHIC: results from different collision energ

J/w Raya, has been studied as a function of the collision energy,

at Vsyy = 200, 62 and 39GeV Phys. Rev C 86 064901 (2012)
[‘EE Theory ] R, (200 Gev) PREC B4, 054912 {(2011) : :
E gg?z & z:i::zl:t:u; f-::EHII data/Cur estimats ‘ Rather SImIIar pattern
=2 obal sys.= + 1 -
1 " 2L?:;Gv:u'ﬁ-ii-:%ﬂlxdu:ﬂﬂﬁLd:u O!Dserved N Au_ AU at
Global sys.= + 19% different energies
L D K = Data can provide constraints
O BRTENIX T e for theoretical models
m Direct (x0.5)
| Regeneration (x0.5) _ ...
107G g e 00~ 580 400550 400
Phys. Rev C 82 064905 (2010) Au+AU Ny
Slmllarlty of RAA at different \/SNN may pp and pA data at the
originate from interplay of suppression same energies are
and regeneration contributions (direct needed for more
suppression changes by ~50%) quantitative conclusions 8




LHC experiments

Currently available AA and pA results:

/v, w(2S), Y>utu  2.5<y<4

ALICE J/y>ete ly|<0.9

pr coverage down to p;~0

ATLAS w>prn  |yl<2.4 prI/y>6.5GeV/c

vy, w(2S)>utp |y|<2.4 pg; >6.5GeV/c

Yoptp lyl<2.4 pr >0
(J/y pr coverage depends on y)

CMS

_ pr coverage
LHCb  J/v>u'w 2<y<4.5  4own to p~0

(no heavy ion physics program)

Complementary quarkonium results from LHC experiments



ALICE: low p; J/vy

How does RHIC suppression compare to LHC results?
147 < 1.4

::E Inclusive J/iy — p*, Pb-Pb ys, = 2.76 TeV and Au-Au s, = 0.2 TeV < i Inclusive Jiy — e*e’, Pb-Pb {s, = 2.76 TeV and Au-Au ys = 0.2 TeV
m 3 W ALICE (arXiv:1311.0214), 2.5<y<4, O<p <8 GeV/c global syst.= + 15% m r @ ALICE (arXiv:1311.0214), |v|<0.9, p>0 GeV/e global syst.= +13%
1.2 O PHENIX (PRC 84(2011) 054912), 1.2<|y|<2.2, p>0 GeV/c global syst.= + 9.2%, 1.2 i O PHENIX (PRC 84(2011) 054912), |y|<0.35, p>0 GeV/e global syst.= + 12%
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ALICE Coll. arXiv:1311.0214 (Npart) (Npart)

Clear J/y suppression with almost no centrality dependence above
Npare~100
Less J/y suppression at mid-rapidity wrt forward y for central events

Comparison with PHENIX: ALICE results show weaker centrality
dependence and smaller suppression for central events

Is this the expected signature for (re)combination ? 10



ALICE Rj, VS Pt

J/v production via (re)combination should be more important

at low transverse momentum
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PbPb 'Im= 2.76 TeV and Au-Au ﬁ= 0.2 Tev
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ﬂ Different suppression

for low and high p; J/y

ﬂ Smaller Ry, for high p;

AT

m) Striking difference between the PHENIX and ALICE
patterns, in particular at low p-

11




ALICE Rj, VS Pt

J/v production via (re)combination should be more important

at low transverse momentum

p; region accessible by ALICE

ﬂ Different suppression

<<1: 1.4
| Inclusive Jiy — p*y’, Pb-Pb {5, = 2.76 TeV
x 1.2} B ALICE (arXiv:1311.0214), centrality 0%—90%, 2.5<y<4 global sys.= + 8%
1 " 7/ Transport model (X. Zhao & al., NPA 859 (2011) 114)
E ----- Primordial J/y (w/ shadowing)
0.8 7_// --------- Regenerated J/y (w/ shadowing)
0.6 // primordial
0.4 //////// ok, / 7
S By
02 _ ybination
o) I IR R

for low and high p; J/y

ﬂ Smaller Ry, for high p;
AT

0 1 2 3 4 5 6

7 8

p. (GeV/c)

ﬂ Models: ~50% of low-p; J/y are produced via (re)combination,
while at high p; the contribution is negligible

12
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CMS: high p+ J/v

The high p; region can be investigated by CMS!

1.4
- Pb-Pb\s,, =276 TeV

1.2 m ALICE Jiy — 'y, 2.5<y<d, centrality 0%—90% global syst. = + 8%
L ® CMS Jiy — py, 1.6<|y|<2.4, centrality 0%—100% global syst. = + 8.3%

0-42— EE$*$ ¢
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pT(GeV/c)

=

=
o

_I T TT T TTT | TTTT | T TTT | TTTT | TTTT | T TTT | TTT I_
1.4~ PbPb Preliminary \/s,, =2.76 TeV ]
= B CMS: prompt JAyr -
1.2— Iyl <24 —
- pH 6.5 < p, <30 GeV/e ’7
B t
o.a:— $ =
0.6:— E% E%EI -
0.4 -
CAUAU ys =200 GeV ] - ]
L 4 STAR: JAy (arXiv:1208.2736) m _—
0.2~ yI<1.0 —
T P, >5GeVic ]
1111 | 1 111 | 1111 | 1 111 | 1111 | | | 1 111 | 1111
00 50 100 150 200 250 300 350 400
Npar‘[

Good agreement with ALICE (at
high p;) in spite of the different
rapidity range

High p;: stronger J/y

suppression at LHC wrt to RHIC

(re-combination should not
play a role)

13




J/v flow

The contribution of J/y from (re)combination should lead to
a significant elliptic flow signal at LHC energy

S ® ALICE (Pb-Ph 5, = 2.76 Tev), centrality 20%-60%, 2.5 <y = 4.0 025 T T T
- . NN L CMS Preliminary Prompt J/y
[ ¥ Livetal oo maizes " PbPb {5, = 276 TeV p, >6.5Gevic
0.2 . % Zhaoetal, b thermalzed 0'2:_'-im= 150 ub” Iyl <2.4
| 015 -
= 04 .
ot 1 + b
—0.1:— global syst. =+ 1.4% Of f
A i ey AR A
' P, (GeVic) 0 50 100 150 200 250 300 D.Moon. HP2013
N|:|art ) !
03 ™ AusAu 200 Gev l
02 T ﬂ Hint for J/y flow in heavy-ion
U B u collisions (LHC), contrary to v,~0
> oF—4 +T 3 observed at RHIC!
01 [ . . .
- e 010% ALICE: qualitative agreement with
02—
L o | p transport models including regeneration
03 F & o == maximum non-flow

o 2 4 6 8 100 CMS: path-length dependence of

P, {GeV/c)

STAR, PRL 052301(2013) energy loss? 14



J/w vs D in AA collisions

Open charm should be a very good reference to study J/y suppression
(a' la Satz)

ﬁ 1.2 T T 1T | |||||||||||||||| | |||||||| I TT 17T §1_2_| TTT | TTTT | TTTT | TTTT | TTTT | TTTT I TTTT I TTT I_ :E _I_I T TrT rrrT TrTT Tt L I TrTT | TrT I_
i 2= pT ‘lGeV;’C ALICE 1 i pr=6 GeV/c ALICE | o 14n ]
Pb-PD, {5, =276 TeV - PD-PD, {5, = 2.76 T2V - -

4 |
""" — | "
'— # D°, lyl<0.5, 2<p <5 GeVic " ¢ Average D', D", D", 6<p <12 GeVic

—Correlated syst. uncertainties

# Inclusive Jhy, 2" S<y=4.0, 2<p <5 GeWc r i CMS prompt Jhy, p =6.5 GeVic
0 8 —Correlated syst. uncertainties’ 0 8'_ N
. [OUncorelated syst. uncartainties i : [JUncerrelated syst. uncertainties
0.6 H 1 oef H @ ]
0.4 L - 04 ™ f

0 200 Gel

L [ Auhu l,,sN
0.2 0.2_— @ @ 0ol © F'HEI\TIX &« D (7 > 0.3 Gevic, Iyl <0. 35)% B
C “L 0 PHENIX Jhw (v <035) Inclusive JAD

@ o _: 0:45— H ﬁ —i

| comman nor mlm uncrtginty: 7% (peripheral) to 4% {oentral) ] | comman normalzation uncertainty on ALICE data: 7% (periphsral) 10 4% (central)

050106156200 250 300 350 '400 050106156200 250" 300" 350 '400 . SR Mkt by il s s OO
Npart <Npart Npat

Interesting comparison between ALICE Different trend observed
and CMS J/y compared to D at low p; at RHIC.
Caveat: At high p; trend is similar
complicate to compare J/y and D Ry, at to the LHC one
LHC because of restricted kinematic
regions.
Low p; D not accessible for the moment 15




Study of other charmonium states can help constraining theoretical models
ﬂ v(2S) much less bound than J/y

B. Alessandro et al.(NA50),EPJC49 (2007) 559
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At SPS, y(2S) is more suppressed Stronger suppression already for
than J/yv and the suppression peripheral events (compared to
increases with centrality J/v, where the anomalous
suppression sets in at higher L)1 6




y(2S) studied by both CMS and ALICE (different kinematics) comparing
the y(2S) yield to the J/y one in Pb-Pb and in pp

9

E ALICE inclusive J/y and y(28), 2.5<y<4
g L Pb-Pb, VS =2.76 TeV, L= 70 ub™

- pp. ¥s=7 TeV

7 - @ALICE, 0< p_<3 GeVic, 2.5< y<4

r @ ALICE, 3< pT<B GeWic, 2.5< y<d )
[ @CMS, 3< p_ =30 GeWic, 1.6<| y|<2.4 ".“

(CMS-HIN-12-007)

[y(@S)/yl,, L /IW@S)Iy]

ALICE
PRELIMINARY
:
°
il
95% CL

Nucl.Phys.A 19 (2013), pp. 595-598
CMS PAS HIN-12-007

(N

part

0
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)

m) Difference trend in ALICE and
CMS:

Strong centrality enhancement
excluded in ALICE data

large statistics and systematic
errors prevent a firm conclusion
on the y(2S) enhancement or
suppression versus centrality

17



Where are we?

28 years after first suppression prediction, this is observed
in the charmonium (and bottomonium) sector with very
good accuracy!

ﬂTwo main mechanisms at play:

1. Suppression in a deconfined medium
2. Re-combination (for charmonium) at high s

can qualitatively explain the main features of the results

ﬂ To move towards a more quantitative understanding, a
precise knowledge of cold nuclear matter effects is crucial!

ﬂ pA/dA results, where no hot medium should be formed,
are needed to:

1. investigate initial/final state CNM effects on J/v:
shadowing, energy loss, parton saturation effects, cc break-up
in the medium...

2. build a reference for AA collisions
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J/w production in d-Au

CNM effects studied in a large kinematic
range
- different mechanisms playing a role

Phvs. Rev left 107 142301 (2011)

Strong centrality dependence, not S f
expected from EPSQO9 with linear _
dependence on nuclear thickness ki Beats by A :
+break-up o g = ; s : -
y
FY I L I L I B B LR N
s -2.2<y<-1.2 (8.3%) 1 J /v Rya, VS P
b e 1yI<0.35 (7.8%) 1 3 shape is similar at forward and mid-y
i 1.2<y<2.2 (8.2%) 1 > shadowing+Cronin+break-up
¥ b contributions might explain the
i 1 pattern

$ 1 different shape at backward y
[ 4 - not easy to be explained by models

B — No models describes simultaneously

1
T
p, [GeVic] y, pr and centrality dependence 19

Phys. Rev. C 87 034904 (2013)



J/v and HF in d-Au

HF and quarkonia are sensitive to similar initial state effects, apart
from charmonium in medium break-up

ﬂ Can further constraints on charmonium break-up be
inferred from the comparison to HF Ry, ?

0-20% centralit
[e]HF pu, -20<y<
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PHENIX: arXiv:1310.1005

0-20% centrality

[w JHF p, 1.4<y<2.0
EJiy,12<y<22

3
z.sf—
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i
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0.5

7
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Mid and backward rapidity: different
pattern 2 enhanced HF versus suppressed
J/y Additional J/y break-up due to longer
cc medium crossing time?

Forward y: similar Raa
pattern for J/y and
HF

Caveat: different kinematic
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e
C u:nd. 14F p-Pb | S = 5.02 TeV

p-Fb {5,,= 5.02 TeY, inclusive JAy—pr ALICE arXiv:1308.6726: inclusive J/y—u'y, 0<p_ <15 GeV/c

L, (-4.46<y__<-2.96) = 5.8 nb", L, (2.03<y, <353) 5.0 nb”

cms cms

ALICE Preliminary: inclusive J/y—e*e’ » Py >0 GeV/c
Ly (-1.37<y__ <0.43) = 52 ub"

cms

02k

ap i % | s —— 3

- - N H ________ RN
C i _qu"_-'r
- Eﬁ 0.6} I 5.

D EPS09 NLO (Vogt)
- ] CGC (Fuijii et al.)

) 0.4 |- - - ELoss, q,=0.075 GeV¥/im (Arleo et al.)
» ALICE: 0<p <15 GeVic, (arXiv:1308.6726) [ EPS09 NLO + ELoss, 4,=0.055 GeV2/fm (Arleo et al.)

C o LHCb: “{PT =14 GeVic, (arkiv:1308.6729) 0.2 :_ :izgz tg z:::::: ::: -('-F:"ET: est:1ll:n)(Ferrelro etal.)
T T T T T i EPSOQLOcentralset+<sabs_28mb(Ferre|roetal)
- - - - 0 L1l 1 | L1 11 | L1 L1 | | I - \ 1 1 1 1 I L1 11 | 1111 I L1 11 | L1 1 | L1 1
43 2 e S 4 4 3 =2 1 0 1 2 3 4
ALICE-PUBLIC-2013-002, o Yems

LHCb-CONF-2013-013

ﬂ R, decreases towards forward y

m) Theoretical predictions: reasonable agreement with

® shadowing EPS09 NLO calculations (R. Vogt) or EPS09 LO (E. Ferreiro et al)

® models including coherent parton energy loss contribution (F. Arleo et al)

CGC description (H. Fujii et al) seems not to be favoured

Very good agreement between ALICE vs LHCb results

21



R pPb

J/v nuclear modification factor Ry, vs pr

Forward rapidity

140 P-Pb | Si= 5.02 TeV, inclusive Jiy 'y’

Mid-rapidity

203<y, <353, L,,=50nb" 1.4 _ p-Pb IS = 5.02 TeV ~m- inclusive J/'y — e'e’, -1.37<y  <0.43
ALICE [ L, =52ub" [ ePso9 (R. voat)
1.2
1 H ......................................... E ..............
0-8 :_ 4H7
06F _D_
®
- EPS09 NLO (Vogt) -
!(E:f‘:(:;:::t:”no7se eVZ/fm (Arleo et al.) 0.2 PRE[I;EICNRERY
_EPSOQNLO EL swnhq-00556 V/fm(Arl etal.) B
MEPETET IPEPETE ETUTTI BN [P P I ] | Ll R B
0 1 2 3 4 5 8 2 4 6 8 10
Py (GeV/ c) p, (GeV/c)

Backward rapidity

140 P-Pb | 5= 5.02 TeV, inclusive Jiy—u'y”
Tt -4.46<y_ <-2.96, L,=58nb"
r P
1.2}
'1 ssfiesscccsiloccccscaPons
0.8
0.6
04
L . EPS09NLO (Vogt)
0.2 C - - Elosswith g =0.075 GeV?/fm (Arleo et al.)
—— EPS09 NLO + ELoss with qn=0.055 GeV*/m (Arleo et al.)
0|||||\|
0 1 2 3 4 5 7
p. (GeV/c)

ﬂ Forward y: R, increases towards high p;
ﬂ Mid-rapidity: R,, tends to increase vs p;

ﬂ Backward y: Ry, is rather flat and close to unity

m) Theoretical predictions: reasonable agreement with

® shadowing EPS09 NLO calculations (R. Vogt)
® models including coherent parton energy loss contribution (F. Arleo et al)

CGC description (H. Fujii et al) seems not to be favoured 19




J/w Ropp(P1) VS Rpppn(P7)

< C
1.4

—
N
I

Inclusive Jiy—e'e”

A Pb-Pb,|s,=276TeV, |y |<0.8, centrality 0-40%

[ p-Pb,|5,,=502 TeV, -1.37<y_ <0.43

Mid-rapidity

PRELIMINARY

T e

8

10
P, (GeV/c)

r  ALICE inclusive J/y—p*u”
__ ® Ry (2.03<ym<3.53)x Roey (-4.46<ym’<

(preliminary)

[ A P (25<y, <4, |8,= 2.76 TeV, 0-90%)

(suhmmed to arXiv)

-2.96), | = 5.02 TeV

‘H_=H=_H— Forward rapidity

SRR ol

_H,

Hypothesis:
2->1 kinematics for J/y production
> similar x, in spite of different Vs and y

factorization of shadowing effects in p-Pb

and Pb'Pb: Shad
Repen = Rpr X RPbp

0 - ALICE inclusive JAy—u*u s Reven

1 2 - R:;ﬂ‘w: \ S,y=5.02 TeV, -4.46<y <-2.96 (preliminary)
; [Jtotal uncertainty
L 1
0.8F
0.6
045 H RE H H
0.2F

hypothe5|s factorization of shadowing eftects from the two
I nuclei in Pb-Pb and 2->1 kinematics for J/y production

O-Illllllllllll

Jiy = Hiorw backw
Reo % Rgey
Roppy: | Syy=2.76 TeV, 2.5<y <4, 0-90% (submitted to arXiv)

R:;’P':: | Sy=5-02 TeV, 2.03<ycm<3.53 (preliminary)

lIILII

JIII

0 1 2 3 4 5 7 8
pT(GeV/ c)

I hypothesis: factorization of shadowing effects from the two
 nuclei in Pb-Pb and 2->1 kinematics for J/y production
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Rpppp, €nhanced at low p; when
corrected by this shadowing evaluatiq)n




counts per 50 MeV/c?

—_
o
w

I assuming [\4:(23)1“/\41]pr = [w(ZS)IJ/w]pP

v(2S) measurements in p-A

p-Pb | s,,=5.02 TeV

ALICE

PRELIMINARY

0<pT<15 GeV/e, -4.46<ycms<-2.96, L =58nb"
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y(2S) is clearly suppressed in p-A wrt pp (at Vs=7TeV)
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v(2S) measurements in p-A

v(2S)/]/vy strongly decreased from pp to p-Pb

g 1r

S . Inclusive J/y, y(2S)
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B g HatSy
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0.2 — @ ALICE, p-Pb, \s,,=5.02 TeV (preliminary)

[w@S)Wiy]

m PHENIX, d-Au, |\ s,= 0.2 TeV (arXiv:1305.5516)
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v(2S)/1/y suppression is observed
also in mid-rapidity d-Au results at
Vs=200GeV
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~p-Pb | 5= 5.02 TeV, inclusive J/y, y(28)—u*, D<pT<15 GeV/c

L, (-4.46<y__ <-2.96)=5.8nb", L, (2.03<y__ <3.53)=5.0nb’ LALICE

ooooooo

[ -- ELoss with g =0.075 GeV?/fm (Arleo et al.) e Jiy

[ — EPS09 NLO + ELoss with ¢ =0.055 GeV?/fm (Arleoetal) 4 w(2S)

4 3 2 14 0 1 2 3 4

Shadowing and/or coherent
energy loss don’t explain the
stronger y(2S) suppression
(same treatment for y(2S) and

J/vy)
Hot medium effects? 25|5




v(2S) measurements in d-Au

Relative Modification (y' / J/vy)

oV

1'4:_ Global Sys +27.8% E
C m J/y Phys.Rev.Lett. 107, 142301 (2011)
1.21 Global Sys + 14.6% .
T | S R E
30 ol ] 5 -
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111, 202301 (2013)
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—=— NASOQ
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= [ Arleo et al.
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Quarkonia time in nucleus (1) [fm/c]

y(2S) ~ 3 times more
suppressed than J/vy in
central events

If w(2S) suppression is due
to the break-up of the pre-
resonant state, it should be
identical to J/y

Near future: p-Cu, p-Si, p-Au
in 2015 at RHIC!
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Conclusions

Quarkonia study in heavy ion collisions is already a 25 years long story!

First LHC run has now provided a large wealth of charmonium and
bottomonium results to complement results from SPS and RHIC!

ﬂ not only J/vy, but also y(2S) (and Y) are now accessible in
various kinematic regions

‘ complicate picture in AA because of the interplay of many
mechanisms: scenario qualitatively understood as a
combination of suppression and (re)combination processes

ﬂ pA and dA data now available: crucial to define cold nuclear
matter effects ...but non trivial effects observed on excited

quarkonium states!

Tlh[a[n[k ly]o]ul|



28



ﬂ Quarkonium suppression is, since 25 years, one of the most striking
signatures for QGP formation in AA collisions

|
350 400
N art

1990 ~2000
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Where are we?

27 years after first suppression prediction, this is observed in the
charmonium and bottomonium sector with very good accuracy!

ﬂTwo main mechanisms at play:

1. Suppression in a deconfined
medium

2. Re-combination (for charmonium)
at high s

can qualitatively explain the
main features of the results

E 1_‘1- i 1 I I I I I I | | I I | I | I I | I I | I 1 | |
@ I CMS Preliminary 0-100%
1-2_— PbPby/s,,, = 2.76 TeV B
| ’
- » Inclusive Y(2S) (B.5 < p, <30 Gelic, |y| < 1.6) g
0 B_— ¥ T{3S){|y| =2.4), 95% upper limit B
T T(ES)({lyl < 2.4) .
[ w promptJiy (6.5 <p_ <30 GeVic, |y| < 24) i
08 r(1s) 1yl <24) .
04 B Y{15) N
i "y -
0.2 (25} Y (25) ]
[$ Y(38) W _
i 1 1 1 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 i

% 02 04 06 08 1 1.2

Binding energy [GeV]

Nucl.Phys.A 904-905 (2013) 194c-201c

) R,, Vs binding energy: looser
bound states more suppressed
than the tighter ones

however hot and cold effects
not yet disentangled...need
pA/dA results where no hot
medium should be formed!
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Quarkonium production

Quarkonium production can proceed:

* directly in the interaction of the initial partons

* via the decay of heavier hadrons (feed-down)

For J/y (at CDF/LHC energies) the contributing

mechanisms are:

=) Direct production

| ™ Feed-down from higher
charmonium states:
~ 8% from y(2S), ~25% from .

Prompt

= B decay
contribution is p; dependent
~10% at p;~1.5GeV/c

Displaced

Feed down and J/y from B, if not
properly taken into account, may
affect physics conclusions

fraction of J/y from B-hadrons

Feed Down

30%  pirect

60%

1 LHC Ns=7TeV

0.3-

o
i

o
-
P I B T |

« CMS 100nb™" 14<|y|<24
= CMS 100nb" |y|<1.4
¥ LHCb 14.2nb" 25<y<4.0

4 ATLAS 17.5nb™ |y| <225 H }

Preliminary

§ ii!!‘!’ii
iy e « CDF V5=1.96TeV |y|<0.6

PRD 71 (2005) 032001

Pl [GeVic]



ALICE and ATLAS J/y

Statistical and systematic uncertainties have not been propagated for ATLAS

: 121
Q4L m - I .
2 L . .
=0T .
B osf =
s r | .
. i
2 06
% -
T o4l E
 Ph-Ph\[5,, =276 TeV
| = ALICE, 2.5<y<d, p=0 (preliminary
DE__ o ATLASD, Iyl<2 5, pT.‘.:'-IS.E Gedie (ar Xiv 1012 5419)
D_ ] | |
A0-80% 20-40% 10-20% 0-10%
centrality

ALICE:
o 2.5<y<4d

* p>0

ATLAS:

e |y|<2.5

*  80% of 1/ with
pr > 6.5 GeV/c

I/ R, larger for ALICE than for ATLAS in the most central collisions...

.. But different rapidity and p; coverage
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y(2S)/ v
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__,;_'hl- FbFb ﬁ:E.TETE'u' = | PbPb ﬁ:E.FETE'u'
?H 3 o F=p =30 G, 16= k=24 3 'IE_— # GO=p =30 GeWi, =156
g 5[] ppuncertinty global) _E . T[] e uncsrinty glotl)
3 < p; <30 GeVic ER | 6.5 < pr <30 GeVic
1.6 < |y| < 2.4 H 1 7 ly| < 1.6
o E - .
% E 3 e "
2t ? - - ]
F / b2 .
I; | | | | CMIS Frelllmlna'y i | | | | CMIS Prellimin Fry ]
O T = = TR T T < = =TI
Npaft Npart
40-100% 0-20% 40-100% 0-20%
Nyoasy/Niyry|pores _ Raa(y(25)
_ Noy2sy /N5y lpo Raa(J/9)
» High-p.: ROI% (4(28)) = 0.1140.03(stat)£0.02(syst)40.02(pp)

e Low-p(<20)  EP(4(28)) = 1.5440.32(stat)+0.22(syst)+0. 76(pp)
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CMS: high p+ J/v

g _I TTT TTTT IIII|IIII IIII|IIII TTTT IIII_ . . ] ]
o e s e = 576 ToV 1 B The high p; region can be investigated by CMS!
121 —
C Prompt Jfy . .
T NTFyETTR SmaII. hint of p; dependent suppression
ook # 3<p_<6.5 GeVic even in the CMS p;range
f ; _ .
; ¢ - Good agreement with ALICE (high p5) in
0.4~ ¢ ¥ spite of the different rapidity range
Z ¢
0.2 -
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N B m CMS: prompt JAy 7
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o.s}H LHC wrt to RHIC 0.6:_ E% E%E b
06" y . (re-combination - .
0af L R should not play a  |**fau s, =20cev E
ook $ r.o I e) 0.2:_ ;Sy'll':Ro JAy (arXiv:1208. 2736) =] ._:
- H C p, > 5 GeV/c 7]
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RAA

J/w Rya VS rapidity
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F .oyt ] B At low p; (ALICE) R,, decreases
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ﬂSuppression beyond the current e E
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Study of other charmonium resonances can help constraining theoretical
models

ﬂ v(2S) much less bound than J/y
ﬂ Results from the SPS showed a suppression larger than the J/y one

3
tl"b--'\. LB I LI I L I LI I LI LI I LI I L I{J:; ?I-llol T | | |
S [ CMS Preliminary . > 2F g
© N, 3510= 112 51 af E
0] PbPb 1|lsm =276 TeV Al gg,: 0105 = 0.020 S LALICE 3
3. " Ly = 150 pb™ o =[50 = 1) MeVic? | %1 B 7/08/2012
= 3 ] ]
=~ o data Y Pb-Pb, Yfs,= 2.76 TeV —
% %% total fit 1.2F 25<y <4, 0< p_<3 GeVic]
E ==: background E 40%-60%
103 F .__,:::::::::::: = p-l- = 3u G'E'Ulr c : E
# ::;:Z::"'- .E = Iyrl = 2-4 7 08 :_
o ) sk
i i 0.4
L + -
0.2F .
_III|III|III|III|III|III|III|III_ L ol [
26 28 3 32 34 35 38 4 4 24 26 28 3 32 34 36 38 4 4.22
m,, (GeVic?) M (GOVICT)

m) y(2S) studied by both CMS and ALICE, different kinematics
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ﬂ The y(2S) yield is compared to the J/y one in Pb-Pb and in pp

9
l—|& E ALICE inclusive J/y and w(2S), 2.5<y<4 D .
:? g [ Pb-Pb, y5,,=2.76 TeV, L= 70 ub” , At SPS, the y(2S)/]/y suppression
o [T " ALICE increased with centrality
N 7 [~ @ALICE, 0< p_<3 GeVlc, 2.5< y=<4
E‘- - @ALICE, 3< p_<8 GeVic, 2.5< y<4 T
H‘f 6 @ CMS, 3< p_<30 GeVic, 1.6<| y|<2.4 . ] ] ]
& b cmsrmzoon . Overall interpretation is challenging
> OF
= - 1
=, 4__ ___________________
Xt [ ALICE excludes a large enhancement
s s | ;
— L ... \ _,.-"--.
29 [ 95% CL : :
- ._[__i‘.-. A |q Difference trend in ALICE and
(| -;{-}ff% ----------------------------------------------- CMS: large statistics and
_I 111 | 1111 |-I -I-:I | | 1 111 | 1111 | 1111 | 1 11 | L 111 SyStematiC errors prevent a firm

%0 50 100 150 200 250 300 350 400 conclusion on the y(2S)
(Npart> enhancement or suppression
versus centrality

Nucl.Phys.A 19 (2013), pp. 595-598 37
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Excited quarkonia states in p-A

@Sy,
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0.9 f Inclusive J/y, y(2S) B
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045
0.3}
0_2 E_ ® ALICE, p-Pb, | s,,= 5.02 TeV (preliminary)

m PHENIX, d-Au, \ s,,= 0.2 TeV (arXiv:1305.5516)
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Excited states suppressed relative to ground states

Y(2S) & Y(3S)
- CMS Preliminary pPb {5, = 5.02 TeV
- ol >4 GeVic & i, < 1.93

- PbPb s =276 TeV ]

A ]
i | <24, PRL109 (2012) ]
— 95% upper limit b
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=
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-
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=
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L. Benhabib, HP2013

O‘* T

T(2S)T(18) T3S (18)

y(2S) is clearly suppressed in p-A
wrt pp (at Vs=7TeV)

Similar suppression observed also
in d-Au at Vs=200GeV

Shadowing and/or coherent energy
loss don’t explain the stronger y(2S)
suppression. Hot medium effects?

p-Pb vs Pb-Pb: additional final
state effects in Pb-Pb affecting
the excited states more than
the ground state

p-Pb vs pp: suppression
increases with increase of
charged particle multiplicity 38|




Comparison Y and J/vy
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ﬂ Similar Ry, for low p; inclusive J/y and Y(1S)

ﬂ Sequential suppression observed for prompt J/y and Y(nS) at
high pr

ﬂ interplay of the competing mechanisms for J/y and Y
can be different and dependent on kinematics! 39



Y(1S) measurements in p-A

Hint for Y(1S) Rppb suppression at = 145— p-Pb |8y, = 5.02 TeV HL'I:E
forward rapidity. o

Smaller effect at backward y -
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Y(2S) & Y(3S) measurements in p-A

1 4 CMS Preliminary  pPb s =502 Tev b p-Pb vs PbPb: additional
Th pi > 4 GeV/c [®]m, |<193 . final-state effects in Pb-Pb
: i affecting the excited
12 PbPb s, =276 TeV |
- MZMT': 2.4, PRL 108 (2012) ] states more than the
1‘ — 95% upper limit 7] ground state
0.8 b -
- + 7 p-Pb vs pp: excited
0.6 u states more suppressed
- - than the ground states.
0.4— _ Suppression increases
I i with increase of charged
02 q% 7 particle multiplicity
ok T |

Y(2S)T(1S) Y(3S)T(1S)

L. Benhabib, HP2013
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Ratio forward to backward yields: Ry

ol.6
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Reg: free from uncertainties on the
pp reference

YJI;orward

R =—2Y

FB YBackward
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ﬂ The Ry ratio shows a rather
flat y dependence and a p;
dependence with stronger
forward to backward
suppression at low p;

ﬂ Less stringent comparison
to theory wrt R,,: however
theoretical predictions
including energy loss show
strong nuclear effects at
low p; in fair agreement
with the data
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J/wv vs open HF v,

CMS HIN-2012-001
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