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The beginningé

C nl f “eneqihheavy ion collisions lead to the formation of a quark -gluon
plasma, then color screening prevents cc binding in the deconfined
i nterior of the inter aSatz,i1986) r egi ono ( M:

NAZE  O"-Uranium 200 GCav/a NAJE  O™-Urgnium 200 Gev/a

ET<28 GeV ET>50 GeV All Pt

C NA38, O -U collisions
Lz s o atthe CERN SPS
xnorsosr | C 200 GeV/nucleon

fﬁf MAXIMUM LIKELIHODD !

A (lab system! (Gs\\=19.4 GeV )

Abstract. The dimuon production in 200 GeV/nu-
cleon oxygen-uranium interactions 1s studied by the
NA 38 Collaboration. The production of J/¥, corre-
lated with the transverse energy ET, is investigated
and compared to the continuum, as a function of the
| dimuon mass M and transverse momentum PT. A

- ~a

7 T rrrT (R L) -
E ] . r
N '.-I

M., (GEV/CT)

Quark Matter 87 value of 0.64+0.06 is found for the ratio (¥/Contin-
: : ) uum at high ET)/(¥/Continuum at low ET), from
First evidence for J/ y suppression which the J/¥ relative suppression can be extracted.

In nuclear collisions! This suppression is enhanced at low PT,
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eand the feedbac
t he audi enceé

From the QM87 summary talk

The most provocative observation, rpm“ted by NA38

[13], was that J/ production seems to be suppressed
by ~30% in high E; eventis. The second provocative

3 Puzzles

N N _f93+06  for Er<28GeV
W eT159404  for Ep>50 GeV.

3.1 J/Psi suppression This 30% reduction of ¥ production caused the most
controversy at Quark Maiter "87.
There are naturally several caveats that need fur-
ther consideration. First, there is the problem of prov-
C Competing sources of J/ y dissociation involving hadronic interactions
(with cold nuclear matter and/or hadronic medium) can reproduce the
observations if S ,~1-2 mb

A signature of deconfinemen t,
or justa generic signature for dense matter formation?
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Where do we stand,
after 30 years ?

C A wealth of high -quality data have been accumulated,
at various facilities (SPS, RHIC, LHC) for various collision
systems

C Do experimental results allow us to

1) Understand the phenomenology of quarkonium in HI ?
2) Extract quantitative/detailed information on the QGP
features ?
C In this talk At o
AThe fApusho from experiments i sEENET
Letds discuss |l ots of high qu

C As for all observables in HI, interaction with theory
IS mandatory A see next talk
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In AA collisions

N\
1= From
Iz color
screening
Color Screening
Quarkonium melting
A QGP thermometer
5
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Quarkonium melting
A QGP thermometer

J/y In AA collisions

[ ]iattice aco
- QCD Sum rules

: From
l:l Potential Models C O | Or
[ 17, 52006V screenin g

Color Screening
melting T/T
6
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In AA collisions

[ ]iattice aco
- QCD Sum rules F ro m
color
screening
Color Screening
Quarkonium melting
A QGP thermometer 44
Central AA SPS RHIC LHC £ o _
CO”iSionS 20 GeV 200 GeV 5 TeV i‘:‘ statistical mgeneratlon
o
New/event | ~02 | ~10 | -115 | < to
R=
-§ quark
Quarkonlum (re)gene_ratlpn Q; sequential suppression (re)
A Heavy quark dynamics in QGP 5 combination

Energy Density
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Disclaimer

C Although the fscreening+recombination O picture is conceptually simple
and attractive, a realistic description implies a sophisticate treatment

C Some examples
C At high -energy the QGP thermalization times can be very short

A | n-medium formation of quarkonium rather than suppression of
already formed states
A Heavy quark diffusion IS relevant for quarkonium production
C Need

C Tp,My( T) x(T)bfromQCD calculations
(using spectral functions from EFT/LQCD )
C Fireball evolution from microscopic calculations
C Precise determination of the total open charm cross section

Impressive advances on theory side but the availability of data for
various colliding systems and energy remains a must!
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Low-p; J/y: ALICE (vs PHENIX) 3. Abelev et al ALICE

PLB 734 (2014) 314

Inclusive Jiy — piy Inclusive Jiy — u'y”, Pb-Pb |5, = 2.76 TeV and Au-Au |5, = 0.2 TeV
B ALICE, 2.5=p<4, 0-20% global syst.= + 8%

m ALICE, Pb-Pb \Syw=276TeV,25<y < 4.pT < 8 GeV/c

NK

O PHENIX, Au-Au s, =0.2TeV,1.2<y| <22, [ 0 GeVic

-------

100 150 200 250 300 350 400
(N

part

C Results vs centrality dominated by low -p1 Jy

¢C Systematically larger R ,, values for central events at LHC
C R,, INcreases at low pr at LHC 5
C Precise results at OG5\ =5.02 TeV, compatible with  Gs\\=2.76 TeV

RHIC energy A suppression  effects dominate

Possible interpretation: : :
P {LHC energy A suppression + regeneration
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Low-p+ J/y: ALICE (vs PHENIX) JAdam etal, ALICE

PLB766(2017) 212

Inclusive J/y — pp

® ALICE, Pb-Pb s, =502TeV,25<y <4,p_<8GeVic

® ALICE, Pb-Pb |5y, =276 TeV,25<y <4,p_<8GeV/c

O PHENIX, Au-Au\s,, =0.2TeV,12<y| <22, p. > 0 GeVic

Inclusive J/y — p*w’, 0-20% centrality

® ALICE, Pb-Pb\s,,=502TeV,25<y <4

® ALICE, Pb-Pb |s,, =276 TeV,25<y <4

®  PHENIX, Au-Au\s,, =0.2TeV,1.2<|y| <2.2

forward y

IE@-.EHEII.I. Ofc)
®

Eﬁﬁ

100 150 200 250 300 350 400
(N .0

part

C Results vs centrality dominated by low -p1 Jy

¢C Systematically larger R ,, values for central events at LHC
C R,, INcreases at low pr at LHC 5
C Precise results at OG5\ =5.02 TeV, compatible with  Gs\\=2.76 TeV

RHIC energy A suppression  effects dominate

Possible interpretation: : :
P {LHC energy A suppression + regeneration
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Low-p, J/y: central vs forward -y

ALICE, inclusive J/y — e'e’ i ALICE Pb-Pb |s,, =5.02 TeV
®  Pb-Pb,\s,, = 5.02 TeV (Preliminary) . i ® Jwy-—e'e|y <08, p,>0 GeV/e (B
Pb-Pb, | s,,, = 2.76 TeV (PLB 734 (2014) 314-327) u

central y

50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400
(N_) (N__)

part parnt

C Central Pb-Pb: hints for a weaker suppression at y~0 with respect to
forward -y results at G5y =5.02 TeV
A expected in a (re)generation scenario (fluctuation cannot be excluded)

C No significant Gs, -dependence  of R, (5.02vs 2.76  TeV), confirming
forward -y observations
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Low-p, J/y: central vs forward -y

ALICE, inclusive J/y — e'e’
®  Pb-Pb,\s,, =5.02 TeV (Preliminary) Inclusive Jiy — e'e’
=2.76 TeV (PLB 734 (2014) 314-327) . lv| < 0.8, p,> 0.15 GeV/e

Pb-Pb, \ s

NN

Transport (TM1, Du and Rapp)

Transport (TM2, Zhou et al.)

Statistical hadronization (Andronic et al.)
~1Co-movers (E. Ferreiro)

0 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400 450
(Npan} <N >

part

C Central Pb-Pb: hints for a weaker suppression at y~0 with respect to
forward -y results at G5y =5.02 TeV
A expected in a (re)generation scenario (fluctuation cannot be excluded)

C No significant Gs, -dependence  of R, (5.02vs 2.76  TeV), confirming
forward -y observations

C Transport and statistical models have large uncertainties
(shadowing+open charm cross section)
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o, New J/'y Vv, results
4> ! C The contribution of  J/y from

(re)combination could lead to an
elliptic flow signal at LHC
A hints observed inrun -1 results

ALICE Preliminary
Pb-Pb \s,, = 5.02 TeV, 20-40%

Inclusive JAy — uu-, 25 <y <4

C From hint to evidence for a
non -zerov , signal , maximum for
4< p.<6 GeV/c, 20 -40% centrality

" v,{EP, An=5.3}

¢ Vv, {EP,An=1.1} global syst : + 1%
10 12
p, (GeV/c)
Pr 0-2 [2-4 |4-6 |6-8 |8-12
(GeV/c)

DF1.1 22s |6.3s ' 74s 50s |28s
D 5.3 14s [6.2s [50s |3.3s |1.3s

C A significant fraction of observed J/ y comes from charm
quarks which thermalized in the QGP

13
E. Scomparin, Quarkonium production in AA collisions, QM2017, Chicago, February 2017



New J/'y Vv, results

C The contribution of  J/y from
(re)combination could lead to an
elliptic flow signal at LHC
A hints observed inrun -1 results

ALICE, Pb-Pb, 20-40%
Inclusive Jiy — p'u-, 25 <y <4

C From hint to evidence for a
non -zerov , signal , maximum for
$ VA{EP, A1 = 1.1}, {8 = 5.02 TeV| sesn- o poamc 4< p.<6 GeV/c, 20 -40% centrality

§ VAEP, An =53}, {5, =276 TeV! sowssm- 1o pm s

C Agreement, within uncertainties,
with run -1 results

Pr 0-2 [(2-4 |4-6 |6-8 |[8-12

DF1.1 22s |6.3s [|74s 50s |28s
D 5.3 14s [6.2s [50s |3.3s |1.3s

C A significant fraction of observed J/ y comes from charm
guarks which thermalized in the QGP
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E. Scomparin, Quarkonium production in AA collisions, QM2017, Chicago, February 2017



New J/'y Vv, results

C The contribution of  J/y from
(re)combination could lead to an

ALICE Preliminary, Pb-Pb |s,, = 5.02 Te

+ + + elliptic flow signal at LHC
++H+ # A hints observed inrun -1 results
I

+ . C From hint to evidence for a

non -zerov , signal , maximum for

4< p;<6 GeV/c, 20 -40% centrality

[ Prompt 0%, o’ average, v,{EP, lAr] = 0.9}, 141 < 0.8, 30-50%

[ Syst from B feed-down

C Agreement, within uncertainties,
with run -1 results

Pt 0-2 |2-4 |4-6 |6-8 |[8-12 |
(GeVic) C Comparison closed vs open charm
D k1.1 22s |63s | 74s ' 50s [28s A Learn about light vs heavy
D53 |1.4s |62s |50s |3.3s |1.3s quark flow

E. Scomparin,

C A significant fraction of observed J/ y comes from charm

guarks which thermalized in the QGP
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V. Khachatryan et al. I _
(CMS), arXiv:1610.00613 ngh pT J/y

ATLAS Preliminary

PbPb, \/s = 5.02 TeV, 0.42 nb™
pp, /s =5.02 TeV, 25 pb™
Prompt J/y, lyl <2

0-80% centrality

0 50 100 150 200 250 300 350 400

ILs’lpart
C Striking difference with respect C R, INcreases for
to low -p;J/y pr> 20 GeVic
C Suppression increases with C Related to energy loss
centrality  at high p;, down effects, rather than
to R ,,~0.3 dissociation ?

E. Scomparin, Quarkonium production in AA collisions, QM2017, Chicago, February 2017

ATLAS-CONF-2016 -109
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J/y - RHIC energy

C Recent highlights by STAR
p+ J/ 'y suppression

C Low vs high

STAR preliminary % STAR: AusAu, |s,,, =200 GeV, Iyl <0.5,p_>5 GeV/c
m CMS: Pb+Pb, \s, =2.76 TeV, lyl <2.4, p.> 6.5 GeV/c

p. >0GeV/c

T,dhp
% STAR: Au+Au, |'s,, =200 GeV lyl <0.5
O PHENIX: Au+Au, |s,,, = 200 GeV lyl <0.35
STAR preliminary

m ALICE: Pb+Pb, ys,, =2.76 TeV lyl <0.8

STAR N_  uncertainty

coll

STAR N__ uncertainty

coll

C Low p;Jy, RuHE>R L,RHIC & strong regeneration
a weak (or no) regeneration

C High p;J/y, RaMCO<R p\RHC

17
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vy (2S)in Pb -Pb

C Binding energy ~(2m  p-my) A y(2S) ~ 60 MeV, J/ y ~ 640 MeV

Ip C Expect much stronger dissociation effects
for the weakly bound  y(2S) state

@ C Effect of re -combinationon y(2S) more subtle
A important when the system is more diluted
(even hadronic?)

Important test
for models!

18
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V. Khachatryan et al. (CMS), DOUbIe rat|()S y (28)/J/ y

arXiv:1611.01438

PbPb 351 ub™", pp 28.0 pb™' (5.02 TeV) MJ 7 -«

= Cent.
® |syy=5.02TeV CMS ) : ALICE inclusive J/y, y(2S), Pb-Pb, 2.5<y<4, 0<p_<3 GeV/c
o, V=276 TeV 0-100% !
(PRL113 (2014) 262301) 5.02TeV ——— {5, = 5.02 TeV (Preliminary)

VS =2.7 ' 2 79)
16<lyl <24, 3<p, <30 GeVic 276TeV S 76 TeV (JHEP 05 (2016) 179)
Upper limits include global uncertainties

Prompt only
Intermediate  p; %

0 50 100 150 200 250 300 350 400
N

part

C (Y@2S)IY)pper! (Y(25)I y)p, A <<1inadissociation scenario
C CMS (intermediate  p;) enhancement to suppression  forincreasing Gs\
C ALICE extends downto  p;=0, suppression is seen

C Proposed mechanism (Rapp) for enhancement: y (2S) regeneration
mainly occurring later , when radial flow is already built -up

19
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V. Khachatryan et al. (CMS), DOUbIe rat|()S y (28)/J/ y

arXiv:1611.01438

PbPb 351 ub™", pp 28.0 pb™' (5.02 TeV) _ MJ 7 -«

- Cent.
. E - Z:z :: CMS - ~0. 2 JAy, w(2S), Pb-Pb |5, = 5.02 TeV
dh NN~ &

(PRL113 (2014) 262301) 5.02TeV ALIGE, Sap, 8 (0¥1G, 25<4., laclisive (Prefimineny)
16<lyl <24, 3<p_<30Gevic 2.76TEV

Prompt only
Intermediate  p; %

0 50 100 150 200 250 300 350 400
N

part

C (Y@2S)IY)pper! (Y(25)I y)p, A <<1inadissociation scenario

C CMS (intermediate  p;) enhancement to suppression  forincreasing Gs\
C ALICE extends downto  p;=0, suppression is seen

C Good compatibility at ~ Gs\=5.02 TeV inthe common p; range

C Proposed mechanism (Rapp) for enhancement: y (2S) regeneration
mainly occurring later , when radial flow is already built -up

20
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p-A results and CNM effects

Low -energy collisions
cc pair may form inside nucleus

A can be dissociated
A low hadronic multiplicity

E. Scomparin,

Quarkonium production in AA collisions, QM2017, Chicago, February 2017
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p-A results and CNM effects

Low -energy collisions
cc pair may form inside nucleus

A can be dissociated
A low hadronic multiplicity

E. Scomparin,

Quarkonium production in AA collisions, QM2017, Chicago, February 2017
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p-A results and CNM effects

Low -energy collisions

cc pair may form inside nucleus
A can be dissociated

A low hadronic multiplicity

High -energy collisions

cc pair forms outside nucleus

A not dissociated in the nucleus

A May i nteract wit

23
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p-A results and CNM effects

Low -energy collisions

cc pair may form inside nucleus
A can be dissociated

A low hadronic multiplicity

High -energy collisions

cc pair forms outside nucleus

A not dissociated in the nucleus

A May i nteract wit
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P-A results and CNM effects

Low -energy collisions

cc pair may form inside nucleus
A can be dissociated

A low hadronic multiplicity

High -energy collisions
cc pair forms outside nucleus

e
¢ A not dissociated in the nucleus
A May i nteract wit
C Important ingredient for the interpretation of A -A results
C Study of various QCD -related mechanisms
(shadowing, coherent parton ener gy | os s, CGC, e )

25
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ALICE results from the recent p -Pb LHC run
(Gs=8.16 TeV)

C Extend kinematic coverage ( p=20 GeV/c)
C Different (higher) energy
A slightly different x  -region

C Resultsat Gsy,=5.02 and 8.16 TeV

compatible CERN-ALICE-PUBLIC-2017 -001 g8
LL

ALICE, inclusive J/y — p'w ®  p-Pb |, =5.02TeV (JHEP 02 (2014) 073)

® p-Pb s, =8.16 TeV (preliminary)

8 10 12 14 16 18 20
pT(GeWc)

ALICE
Inclusive Jiy — p*p’, -4.46 <y <-2.96

8.16 TeV

Gs\=8.16 TeV, p;=0J/ y
1.1 A0-5<x<5 @O0-5 (p-going)
7.3 @03<x<3.3 Q02 (Pb-going)

EHHH

® p-Pb sy, =502TeV (JHEP 02 (2014) 073)

® p-Pb s, =8.16 TeV (preliminary)

10 12 14 16 18 20
pT(GeWc)
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ALICE results from the recent p -Pb LHC run
(Gs=8.16 TeV)

Extend kinematic coverage ( p:=20 GeV/c) L ALICE protminary

Different (higher) energy B pPb o516 TV, 203 <y, <353
A slightly different x  -region '
C Resultsat Gsy,=5.02 and 8.16 TeV
compatible CERN-ALICE-PUBLIC-2017 -001

G
G

ALICE Preliminary
EPS09NLO + CEM (R. Vogt)

Inclusive Jhy — py’, p-Pb ys,,, = 8.16 TeV E [ nCTEQ15 (J. Lansberg et al.)
T F CGC + NRQCD (R. Venugopalan et al.)
CGC + CEM (B. Ducloue et al.)
| — Transport (hot + c:rld eﬂeclts) (P. Zrl'uuang e} al.)
11 111 11 11 I 1 1 11 111 11 1 1
4 6 8 10 12 14 16 18 20

P, (GeV/e)

- ALICE preliminary

Inclusive Jiy — p'p

- p-Pbys, =816TeV,-446<y_ <-2.96
EPS09NLO + CEM (R. Vogt)

CGC + NRQCD (R. Venugopalan et al.)
CGC + CEM (B. Ducloue et al.)

Energy loss (F. Arleo et al.)

- == Transport (hot + cold nuclear affacts) (P. Zhuang et al.)

--- Comovgrs {E. Ferreiro}
1 11

| EPS09NLO s+ CEM (R. Vogt)
| nCTEQ15 (J. Lansberg et al)
—— Transport (hot + cold effects) (P. Zhuang et al.)

|

C Good agreement with models SV T T
(shadowing, energy loss, CGC) p. (GeVie)

E. Scomparin, Quarkonium production in AA collisions, QM2017, Chicago, February 2017




New p -PDb results at central -y from CMS
(@NNZS.OZ TeV) A.M.Syranian et al. (CMS),

arXiv:1702.01462
pPb 34.6 nb™, pp 28.0 pb™ (5.02 TeV)

5 pPb 34.6 nb™, pp 28.0 pb™ 'Sy = 5.02 TeV

CMS

Preliminary

E 6.5< p.< 10 GeVic
B Prompt Jy (HIN-14-009)
® Prompty (2S)

+1.5<yCM<1.93
- ALICE: 2.03 < Yo < 3.53
inclusive Jiy

CMS-PAS-HIN-16-015

C High-p; CNM effects weak
C Compatible with ALICE in the common p+ range (different y)

C The strong J/ 'y suppression in high -p1 Pb-Pb is NOT a CNM effect

E. Scomparin, Quarkonium production in AA collisions, QM2017, Chicago, February 2017 28



New p -A data from STAR

-o- STAR RpAu |Y|<05 0-100% STAR Preliminary

B STAR Global uncertainty
-o- PHENIX Ry, lyl<0.35 0-100%
Il PHENIX Global uncertainty

—*-STAR RpAu lyl<0.5 0-100% STAR Preliminary

Bl STAR Giobal uncertainty

Rya, NCTEQ15 Lansberg & Shao

Rya, EPS09NLO Lansberg & Shao
R,a, EPSO9NLO Ma & Vogt

== Ry, NDSg + o, =4.2mb Ferreiro et al.

A. Adare et al. (PHENIX),
PRC 87 (2012) 034903

C STAR R, from RHIC run 15
C From strong to no suppression for increasing P
A confirms d -Au results from PHENIX, within uncertainties

C Final state effects? Shadowing alone likely not enough at p~ 5 GeVlc
C Good agreement with model including nuclear absorption (Saps=4.2 mb)
29
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y(2S)inp -A

C y(2S) binding energy very low

C Might be sensitive not only to QGP effects but also to hadronic medium
A Even to the one produced in p -A

C Effects first seen by PHENIX and confirmed by ALICE/ LHCb

1.5 PHENIX \'Syy =200 GeV  \'s, =5.02 TeV
¢He+Au {p+Pb, LHCb
¢p+Au JHEP 1603 (2016) 133

#p+Pb, ALICE
JHEP 1412 (2014) 073

< Au-going direction

STAR Preliminary

—f=— STAR p+Au lyl<0.5 0-100%

—o6— PHENIX p+Au -2.2<y<-1.2 & 1.2<y<2.2
—H— PHENIX d+Au lyl<0.35

= — p+Au co-mover Ferreiro

2 -15 -1 -05 0 0.5 1 15 2
rapidity y

(d N/dn)AMPT

/(<8.>) (fm?)

A. Adare et al. (PHENIX), o
e o e New STAR result agrees within

uncertainties with PHENIX d -Au

30
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Charmonia 1 Highlights!

ALICE Preliminary
S 021 pp.pp s, = 5.02 TeV, 20-40%

Inclusive Jhy — w'p-, 25 < y < 4

The J/ y flows! A Heavy quarks thermalize in the QGP
and can (re)create  charmonia (ALICE)

V,{EP, A1 = 5.3}
VA{EP, An=1.1} global syst : +1%

10 12
[ (GeV/c)

T TR Precise new dataon J/ 'y suppression and
regeneration! A Ry, at G5 =5.02 TeV (ALICE)

0 50 100 150 200 250 300 350 400
(N

PbPb 351 b, pp 28.0 pb " (5.02 TeV)

Complete set of y(2S) results (complex Gsy,-dependence)
Deeper insight on  charmonia in medium (CMS+ALICE)

50 100 150 200 250 300 350 400

Noart
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Bottomonium In A-A

C For high -energy collisions, several appealing features
C Re-combination effects not strong A simpler interpretation?
C (1S) very strongly bound , Ep=(2mM g-m ;) ~ 1100 MeV
A probe of hot QGP
C Together with (2S) (E ,~500 MeV) and (3S)(E,~200 MeV)
A provide (very) different sensitivity to the medium

¢ Caveats
1) Realistic theory description anyway not straightforward
2) The feed -down structure of the  bottomonium sector
IS not trivial A has an impact on the interpretation of the results

High pT
mFrom 25:12-16 %
From 35 : 2-3 %
BFrom 1P :

Low pT

mFrom 25 :7-8 %
From 35S < 1%

EmFrom 1P :
®From 2P :
BFrom3P :~2%
mDirect: ~70%

From 2P -4-8 %
BFrom 3P : 24 %
B Direct: ~45 %

A. Andronic etal, : . ,
EPJC 76 (2016) 107 Recent improvements thanks in particular to LHCb data!

32
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Bottomonium (sequential) suppression

C Probably the most spectacular result from quarkonia in HIl atthe LHC

CMS-HIN -16-008 pp 25.8 pb™' (5.02 TeV)

| T 1 T T I T T L I T T Ll 1 I
p"*< 30 GeV/c

y"|< 2.4 Preliminary
p: > 4 GeV/c

PbPb 351 ub™ (5.02 TeV)
T T T L I T T Ll 1 I T T Ll 1 I T T T
p"*< 30 GeV/c CMS
y*|< 2.4 Preliminary
p: > 4 GeV/c
Centrality 0-100%

¢ PbPb data
— PbPb fit
-- pp overlayed

()
=
(7]

¢ data
— total fit
— background

Events / ( 0.1 GeV/c?)

=

C Recent CMSresultsat (=5.02 TeV confirmthe (2S,3S) suppression
relative to the strongly bound (1S)!
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New R ,, results

C Gs\=2.76 TeV, strong centrality dependence, up to factor ~2 and ~8
suppression for (1S) and (2S), respectively

pi <30 GeVic CMS
ly"| < 2.4 Preliminary

® Y(1S) 0-100%
= Y(2S)

w5y =276 TeV _ : (] Y(3S) 68% CL

-8 V's,, =5.02 TeV = T Y(3S) 95% CL

CMS-PAS-HIN16 -023

V. Khachatryan et al.,CMS C New CMS results at Gs\=5.02 TeV
arxiv:1611.01510 A Indications for slightly stronger suppression
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V. Khachatryan et al., RAA VS y: ALlCE and CMS (18)

CMS arXiv:1611.01510

CMS-PAS-HIN16 -023 B. Abelev etal., (ALICE)

PbPb 368 pub”, pp 28.0 pb™* (5.02 TeV) PLB738 (2014) 361
ALICE, Inclusive T(1S) — u*u’, centrality 0-90%

pi* < 30 GeVic CMS
Cent. 0-100% Preliminary

m Pb-Pb s, =5.02TeV, Preliminary global sys.= + 3%

W Pb-Pb s, =276 TeV, (PLB 738 (2014) 361-372) global sys.= + 7%

w = 2.76 TeV
\w = 5.02 TeV

C ALICE A hints for less suppression at Gs\=5.02 TeV
C CMS A hints for more suppression at Gs,= 5.02 TeV

¢C Compare R ,, vs Y for the two experiments in a single plot
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R,a VS y: ALICE and CMS )

C Suppression increases withyat GOs,\=2.76 TeV
C Suppression constant vs y at f)sNN:S.OZ TeV

~

C G5\=2.76 TeV: typical features of a  (re)generation pattern,
which seems to vanish at ~ Gsy,=5.02 TeV

C Systematic uncertainties not negligible
C Canthey -dependence of CNM effects play a role? Not likely
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R,a VS y: ALICE and CMS )

Krouppa and Strickland (arXiv:1605.03561)

@ ALICE

C Suppression increases withyat GOs,\=2.76 TeV
C Suppression constant vs y at f)sNN:S.OZ TeV

~

C G5\=2.76 TeV: typical features of a  (re)generation pattern,
which seems to vanish at ~ Gsy,=5.02 TeV

C Systematic uncertainties not negligible
C Canthey -dependence of CNM effects play a role? Not likely
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Raa VS P ALICE and CMS  (15)

PbPb 368 ub ™, pp 28.0 pb™ (5.02 TeV)
ALICE Preliminary, Pb-Pb |s,, = 5.02 TeV

Cent. 0-100%
Inclusive T(1S) — p'u', 2.5 <y < 4, centrality:0-90% global sys.= + 5%

. , Krouppa, Strickland
Strickland et al., arXiv:1605.03561
i 4m n/s=1
— 4ms =2 — 4n n/s=2 68% CL
—_— 4;:]-1}'5 = 3 ' - 95% CL

20

15
' (GeV/c)

V. Khachatryan et al.,
CMS arXiv:1611.01510

CMS-PAS-HIN16 -023

C Both CMS and ALICE measure  weak or no dependence of R A VS Pt
C Fair agreement with theoretical model (Strickland)
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First precision results from STAR

C New pp reference (run  -15) AND combination of ntm (run 14) and
ete” (run 11) Au -Au data samples

30-60%  0-60% 10-30% QAZ[ )

* | (2S+3S): STAR Au+Au@200 GeV |y|<0'
¢ i (2S): CMS Pb+Pb@2.76 TeV |y|<2.4
—— | (3S): CMS Pb+Pb@2.76 TeV |y|<2.4

30-60%  0-60% 10-30%

'y

-
<

STAR Preliminary
STAR N, uncertainty

STAR Preliminary

busy g v

m%%ﬁ

95% C. L.

(b) i (lS) STAR N, uncertainty

C Evidence for  suppression of the 3 states ALSO at RHIC energy

C Hintsfor (2S)+ (3S) less suppressed up to semi -central events and then
compatible with CMS for central A effect related to energy density ?
C (1S) identical at RHIC and LHC A dominated by feed -down ?
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Experimental evidence for
direct (1S) suppression ?

C Direct (1S) suppression implies QGP temperatures at least ~2 T o
C Experimental evidence for direct (1S) suppression needs control over
C Feed -down from SandP bottomonium states

Recent LHCD resultsimplya~  30% effect at (fairly )low p+in pp
C Size of CNM effects A weak but not precisely known

ATLAS-CONF-2015 -050

ATLAS Preliminary
p+Pb ifs,, = 5.02 TeV

C Starting from CMS results and assuming
all the remaining Pb-Pb (1S) are direct

$ATLAS, T(18), p_ < 40 GeV RAAinCI (18) ~ 0.36

#LHCb, Y(18), p_< 15 GeV

#ALICE, Y(1S), p, > 0 GeV R, drect  (1S) ~ 0.36/0.7 = 0.51

CNM effects ( -1s level)
A (Rpp -1s)? ~0.8 2=0.64

C Experimental indication for direct (1S) suppression!
40



Bottomonia 1 Highlights!

PbPb 368/464 pub™, pp 28.0 pb™' (5.02 TeV)

Full information on (1S)and (2S) R A, available at
BOTH Gs=2.76 and 5.02 TeV (CMS)
A Evidence for hierarchy of suppression!

50 100 150 200 250‘300 350 400

Understand the y-dependence of (1S) suppression
A Intriguing effect or trivially within uncertainty ?

STAR Au+Au@200 GeV |y|<0.5

First set of precise results from RHIC now available!
A Look for a unified description from low to high energy
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Conclusions

C Lots of high ‘-q'u__ality new résu’lts have become available at QM2017 '
C- Charmonia (J/ y y(ZS)) ) b o
- _Firm-evidence for J/ * . -y elliptic flow and strong-re ~ -generation effects
A Charm q.uarks-therma_llze inthe. -~ - deg:onflned -medium : :

C Bottomonia (- (15 ) 25-) HESY), o= -
Suppressmn effects strongly correlated with binding energy
A Evidence for resonance meltlng in a hot QGP

| 4atter
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Thanks to all the speakers!

Measurements of charmonium productionin p+p, ptAu, and Au+Au collisions
at a syy = 200 GeV with the STAR experiment, Takahito  Todoroki

ALICE Measurement of the J  /y Nuclear Modification Factor Ry, at Mid -Rapidity in
Pb-Pb Collisions at &a sy, = 5.02 TeV, Tonatiuh Jimenez

y(2S) and J/'y modification in pPb and PbPb collisions at 5.02 TeV with CMS,
Javier Martin Blanco

Measurement of charmonia production in heavy -ion collisions with the
ATLAS detector, Jorge Andres Lopez

Measurement of charmonium production at forward rapidity in Pb-Pb collisions
at asyy = 5.02 TeV with ALICE, Mohamad Tarhini

Bottomonium measurements at forward rapidity in Pb-Pb and p -Pb collisions with
ALICE at LHC, Indranil  Das (Antoine Lardeux )

Bottomonia results from the LHC Run 1 and 2 with CMS, Chad Steven Flores
Heavy flavour production in proton -lead and lead -lead collisions with  LHCb,

Michael Winn

measurements in  p+p, ptAu and AutAu c ol | i s i oy s20@&GeV @ith
the STAR experiment, Zaochen Ye

PHENIX measurements of open and hidden heavy -flavor in p+p , p+Al , and
p/d/ 3He+Au collisions across  a wide range of rapidity, Sanghoon Lim



Backup
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J/y - RHIC energy

C Recent highlights by STAR
C Systematic exploration of J/ 'y suppression at lower energies
C High p; J/'y suppression

L. Adamczyk etal. (STAR),
arXiv:1607.07517

Reference o -
e 15 measuremen
. % STAR: Au+Au, \s,, =200 GeV, lyl <0.5, p_>5 GeV/c
Cross section 200 GeV (RHIC run 10) 0-60% . m CMS: Pb+Pb, |5, = 2.76 TeV, lyl < 2.4, p % 6.5 GeV/c
62.4 GeV Y N T
at low RHIC 39 GeV Tsinghua Model — RHIC —LHC
ner Hr NA38(19.4 GeV)/50(17.2 GeV)/60(17.2 GeV) ) TAMU Model - - RHIC --LHC
ene gy ¢ 2.76 TeV (ALICE) . STAR preliminary

— W(2S) melting

—> Y(25) and y_melting ) Y S | -t

4

Interpolation
of SPS/FNAL : T :
results

e ]

C No significant energy dependence of R o upto Qs =200 GeV
A (Almost) exact compensation of suppression and (re)combination

C High p; Jy, R \"C<R 4, RHIC (opposite behavior at low PT)
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J/y v,

C The contribution of  J/y from (re)combination could lead to an elliptic flow
signal at LHC energy A hints observed inrun -1 results

V. Khachatryan et al.
® ALICE (Pb-Pb |s,, = 2.76 TeV), centrality 20%-60%, 2.5 <y < 4.0 . (CMS) arXiv:1610.00613

- Y. Liu et al., b thermalized Promnt J/w - —
------ Y. Liu et al., b not thermalized E.Abbas etal. (ALICE), I } Cent. 10-60%

« X. Zhao ef al., b thermalized PRL111(2013) 162301
+16<ly|<24 ml|y|<24

Y CMS
P S || ' High p+

e
.
=a
.....

¢ VvV, remains significant atlarge p; (~10 GeV/c) where the contribution
of (re)generation should be negligible
A Likely due to path length dependence of energy loss
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Multi -differential J/ y R,, (forward y)

Gs\=5.02 TeV

) 03<p <2GeVic
ALICE Preliminary, inclusive J/y — p*p 2<p <5GeVic
. [

ALICE Preliminary, inclusive J/y — p*p’

S5<p <8GeVic

Pb-Pb\s,, =5.02TeV,25<y<4 8<p <12GeVic

Pb-Pb \s

a=2.02TeV,25<y<4

C Raa VS p; for different centrality bins (and viceversa ) at Gsy=5.02 TeV
C Features seen in LHC run -1 results are confirmed
C New results include
A Smaller statistical AND systematical uncertainties
A Increase of the p; reach upto 12 GeV/c
C Striking features observed
A R, Vs centrality (almost) flat in O< p+<2 GeV/c
A ~ 80% suppression for central events at p +~10 GeV/c
C Precise results open up the way to discriminating comparisons with models
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G\ =5.02 TeV

Multi -differential J/ y R,, (forward y)

350 12

(N Py (GeVic)
Raa VS p+ for different centrality bins (and viceversa ) at Gsy=5.02 TeV
Features seen in LHC run -1 results are confirmed
New results include

A Smaller statistical AND systematical uncertainties
A Increase of the p; reach upto 12 GeV/c

Striking features observed
A R, Vs centrality (almost) flat in O< p+<2 GeV/c
A ~ 80% suppression for central events at p +~10 GeV/c

Precise results open up the way to discriminating comparisons with models
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ALICE Preliminary, Pb-Pb |s,,, = 5.02 TeV

tﬁ%ﬂf

+

® Inclusive Jiy = ptun, vo{EP, An = 1.1}, 25 < y < 4, 20-10%, global syst: 1%
N Prompl D’ D’ average, v,{EP, lAn| = 0.9}, Iyl < 0.8, 30-50%

D Syst from B feed-down

C Atp~5GeVic , v,7Y and v,P are compatible
C Note differenty -region (2.5<y<4 for J/ y, |y|<0.8 for D ©9) and slightly
different centrality selection (20 -40% vs 30 -50%)

C Charm gquarks strongly interact with the medium
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V. Khachatryan et al.

(CMS), arXiv:1610.00613 ATLAS-CONF-2016 -109 ngh = pT J/ Yy
cMs V5o = 2.76 TeV
R I D L JE N C Fine centrality binning
oF 65<p_ <30 GeVic Lob oo et e e Bl C Striking difference with
I =24 : [ Fromet . <20, 9 <p, <40GeV ] respect to low -p;J/y
ook ] ook il C Suppression
DE:_+ ¥ ] ook + ] Increases with
LT ; I ; centrality  at
ME QRIS 3 ' : E high p;, down to
02 1 °F Rl R, 02
09""5106-150"200 250 300350400 TR e Ly C 5\, - dependent
Noar Neo effects are weak
. eMs  BwnamTey . —
of A4S ey Cent 0-100% | OF szﬁAif :ilz)?reé\l/r%ﬁz nb” ] -
12 ALIE) 1 12p Bmmpiate e Bl C Raa increases for
SR Al g ety Bl D > 20 GeV/c
0 Y Bl C Related to energy loss
. | ER fl  effects, rather than
o mpf# oy, F —|—# dissociation ?
0-2; * 0.2:—-|_H++_|_ -
v b b b v v by g by 00 - g
VTR & P e n @ 4

p. [GeV] oAk February 2017
.



ALICE Preliminary, Pb-Pb |s,,, = 5.02 TeV

Mty

+

+ Prompt D", D’ average, v,{EP, lvr = 0.9}, Iyl < 0.8, 30-50%

Syst from B feed-down

C Atp~5GeVic , v,7Y and v,P are compatible
C Note differenty -region (2.5<y<4 for J/ y, |y|<0.8 for D ©9) and slightly
different centrality selection (20 -40% vs 30 -50%)

C Charm gquarks strongly interact with the medium
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W Prompt E:':'I D average, v.{EP, lan] = 0.9}, Iyl < 0.5, 30-50%
[ Syst from B feed-down

C Atp~5GeVic , v,7Y and v,P are compatible

C Note differenty -region (2.5<y<4 for J/ y, |y|<0.8 for D ©9) and slightly
different centrality selection (20 -40% vs 30 -50%)

C ALICE results at midrapidity confirm the observed signal

C Charm gquarks strongly interact with the medium
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0 New J/'y Vv, results
ALICE Preliminary VE{E: ! C The contribution of J/y from

(re)combination could lead to an
Pb-Pb \Syn = 5.02 TeV, 20-40% global syst: = 1% . . .
nelusive o - elliptic flow signal at LHC energy
nclusive Jiy — WU, 25 <y < 4 . -
‘ + + A hints observed inrun -1 results

C ALICE results at G5y =5.02 TeV,
. Zhuang ot al. promet J/v correspondingtoL ~ 225 nb-1
R. Rapp et al., inclusive J/y (WaS Lint ~70 nb-1at QNN:2'76 TeV)

R. Rapp et al.. primordial J/w

C From hint to evidence (o] gF-
Pr 0-2 |2-4 |4-6 |6-8 |8-12 non -zerov , signal , maximum for

4< p;<6 GeV/c, 20 -40% centrality

DF1.1 22s |6.3s ' 74s 50s |28s

C Agreement, within uncertainties,
with run -1 results

D 5.3 14s |6.2s |50s [3.3s [1.3s

C A significant fraction of observed J/ y comes from charm
guarks which thermalized in the QGP
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Double ratios y (28)/J/ Yy V. Khachatryan et al. (CMS),

arxiv:1611.01438
PbPb 351 ub™, pp 28.0 pb™ (5.02 TeV) PbPb 351 ub™, pp 28.0 pb™ (5.02 TeV)

o
® |s,,=502TeV CMS CMS
o, VS =276 TeV o (S =276 TeV

(PRL113 (2014) 262301) 5.02TeV 21 77 (PRL113 (2014) 262301) 5.02TeV
16<lyl<24, 3<p_<30Gevic 2,76 TeV lyl<16, 65<p <30Geve 2. 76TeV

Prompt only
Intermediate  p; %

0 50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400
N N

part part

Ratio (y(2S)3/'y)ppey! (Y (2S)/I y)pn A <<1in a dissociation scenario
Suppression  seen by CMS at intermediate and high pr but é
Enhancement seenat2.76 TeV intermediate p; for central events
ATLAS confirms suppression in the high  -p; region

Proposed mechanism (Rapp) for enhancement: y (2S) regeneration
mainly occurring later , when radial flow is already built -up
Gs,n dependence of the effect not easy to explain, though

O 0O 0000
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O 0O 0000

Double ratios y (28)/J/ Yy V. Khachatryan et al. (CMS),

arxiv:1611.01438
PbPb 351 ub™, pp 28.0 pb™ (5.02 TeV)

ATLAS Preliminary

PbPb, |5y =5.02 TeV, 0.49 nb”
pp, 15 =5.02 TeV, 25 pb™!
Prompt, Iyl <2.0,9 <p_<40 GeV

CMS

Sy = 2.76 TeV

** (PRL113 (2014) 262301) 5.02TeV
ly| < 1.6, 6.5< P, < 30 GeV/c 2 ) 76Tev

50 100 150 200 250 300 350 400
N

50 100 150 200 250 300 350 400
N

Part part

Ratio (y(2S)3/'y)ppey! (Y (2S)/I y)pn A <<1in a dissociation scenario
Suppression  seen by CMS at intermediate and high Pt

Enhancement seen (only!) at 2.76 TeV intermediate p; for central events
ATLAS confirms suppression in the high  -p; region

Proposed mechanism (Rapp) for enhancement: y (2S) regeneration
mainly occurring later , when radial flow is already built -up
Gs,n dependence of the effect not easy to explain, though
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ICE inclusive J/y, y(2S), Pb-Pb, 2.5<y<4, 0<p <3 GeV/c

ALICE inclusive J/y, y(2S), Pb-Pb, 2.5<y<4, 3<p <8 GeV/c
——— |5y, = 5.02 TeV (Preliminary) [ V5w = 5.02 TeV (Preliminary)

V5o = 2.76 TeV (JHEP 05 (2016) 179) . ———— {5 =2.76 TeV (JHEP 05 (2016) 179)

Upper limits include global uncertainties R i Upper limits include global uncertainties

5.02 TeV
2.76 TeV

C ALICE accesses forward y and extends coverage downto p;=0

C Uncertainties are generally rather large (S/B sub -optimal)

C Gs\n=2.76 and 5.02  TeV result are compatible

C Indications for  suppression at low AND intermediate Pt

C Enhancementseenby CMSat (G5=2.76 TeVr emai ns s omewh a

C General comment: y(2S) can be heauvily affected by the hadronic

medium, do we have a quantitative understanding of processes occurring
at (very) late stages?

C Should y(2S) be treated together with (light) hadronic resonances ?
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ICE inclusive J/, y(2S), Pb-Pb, 2.5<y<4, 0<p <3 GeV/c _ Jhy, w(2S), Pb-Pb {5, = 5.02 TeV

— sy, =5.02 TeV (Preliminary) ALICE, 3<p <8 GeV/c, 2.5<y<4.0, Inclusive (Preliminary)
Vi = 2.76 TeV (JHEF 05 (2016) 179)
Upper limits include global uncertainties

5.02 TeV
2.76 TeV

C ALICE accesses forward y and extends coverage downto p;=0

C Uncertainties are generally rather large (S/B sub -optimal)

C Gs\n=2.76 and 5.02  TeV result are compatible

C Indications for  suppression at low AND intermediate Pt

C Enhancement seen by CMS at G5,=2.76 TeVr emai ns s omewh a

C General comment: y(2S) can be heauvily affected by the hadronic

medium, do we have a quantitative understanding of processes occurring
at (very) late stages?

C Should y(2S) be treated together with (light) hadronic resonances ?
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(2S) and  (3S) suppression relative to (1S)

PbPb 351/464 ub™', pp 25.8 pb™! (5.02 TeV) PbPb 351/464 ub™', pp 25.8 pb™! (5.02 TeV)

% 1_6_I T l TTTT l TTTT [ TTTT I LI I UL | TTTT | TTTT | T__ ] % 1_6_I T l TTTT I LI I L | TTTT | T T l LI I rTTT I I__
= - pi¥ <30 GeVic CMS * = [ p!¥ <30 GeVie CMS I
c‘f_) T4y < 24 Preliminary T c‘f_) 1A <24 Preliminary 1 7
- C p'>4GeVic T Pl C p>4GeVic T
2 2l T IS 12" T
= 1.2 95% CL T = 1.2 95% CL I
a | 26-100% T P - 68% CL 1
= L T ] = A T ]
[ i 60-70% (2 S) + (i - 3S .
~ n -T ~ - .

z 0.8js  50-60% T z 08¢ (35) 010% T o 1
o [ 40-50% T R o [50-100% 30-50% g é
—_— - o, WeTole) -20° _10° — O —_— — 4 ]
) 0.6F 30-40% 20-30% 10-20% 5-10% — S ) 0.61 Tz
- N osnt © - - 10-30% ]
= 04r + T + 7 | = 04¢ T
Q 02- T 118 o2 T T
bl 07I 111 | | | | | I | ‘ | I | | | | | 1111 | 1111 | 11 I | \7R 1 bl 07I el | | | | L | | 1111 | 1 100 | | | | | | I | ‘ W | | I7

0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
part part

. . CMS-HIN -16
C ~(ZS)/ (1S) integrated double ratios: N

Gs= 5 TeV A 0.308 °0.055 °0.017, Gs\= 2.76 TeV A 0.21 °0.07 °0.02
C The (2S) relative suppression already saturates for semi - peripheral
collisions
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R .. at RHIC, new STAR result

pAU

o

—=— STAR preliminary R, (15+25+38)
—#= STAR published R, (15+25+39)

) I:szu( RdAU')\)

N

Energy Loss (Arleo, Peigné)
Energy Loss + EPS09

STAR Preliminary

Y(1S+2S+3S

STAR R,,, common norm."Syst.
I STAR RpAu common norm. Syst.
I Glauber model params. Syst. Uncertaint

—02.5 -2 -15 -1 -05 0 05

C Strong improvement with respect to previous d -Au results
C Hintof (1S+2S+3S) suppression in p+Au collisions:

A Rpa (Iy<05): 082  0.10 8§
C Shadowing calculations give Roau>1 at midrapidity

E. Scomparin, Quarkonium production in AA collisions, QM2017, Chicago, February 2017
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CNM effects - charmonia

C LHC energy A Strong CNM effects observed at forward -yandlow p-
C Can be described via  shadowing + coherent energy loss and also
via a ColorGlassCondensate approach

p-Pb \s,,=5.02 TeV
ALICE (JHEP 02 (2014) 073): inclusive J/y—u"i, O<p <15 GeVic
Lyt {-4.46<ym‘¢-2.953= 58nb" L (2 ,03<y¢"<3.53;= 5.0 nb™"
ALICE (JHEP 06 (2015) 055): inclusive J/y—e'e, p.=0
L, (-1.37<y_ <0.43)=51 ub"

ALICE inclusive Jiy—u*w

® ALY (2.03<y_ <3.53)x Ry (-4.46<y_ <-2.96), |5, =5.02 TeV
B Rpupy (25<y__<4), | Sy, = 2.76 TeV, 0-90%

(Phys. Lett. B734 (2014) 314)
global uncertainty = 3.4%

L0
o
]
o
oc
=
=
g0
Lol
>
L
58
c

EPS09 NLO (Vogt)

11 CGC + CEM (Fujii et al.)
[l CGC + CEM (Ducloué et al.)

CGC + NRQCD (Ma et al.)

[ ELoss, qﬂ:ﬂ.l]?s GeV/fm (Arleo et al.)
[ EPS09 NLO + ELoss, q =0.055 GeV*/fm (Arleo et al.)
—— EPS09 LO central set (Ferreiro et al.)
=..« EPS09 LO central set + o_,_=1.5 mb (Ferreiro et al.)
«=« EPS09 LO central set + o, = 2.8 mb (Ferreiro et al.)

C Qualitative extrapolations of CNM effects to Pb-Pb imply strong high
p+ suppression  and hints for J/ y enhancement at low Pt
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J.Adam et al, ALICE J/y RAA AVAS pT (at IOW pT)

JHEP 05(2016) 179 J.Adam et al, ALICE
PLB766(2017) 212

Inclusive Jiy — u"u, Pb-Pb |5y, = 2.76 TeV and Au-Au |5, = 0.2 TeV

ALICE, inclusive J/y — pw
Transport ys,,, = 5.02 TeV (TM1, Du and Rapp)
® Pb-Pb |'s,,, =5.02 TeV, 0-20%

B Pb-Pb \'s,, = 2.76 TeV, 0-20%

B ALICE, 25<y<4, 0-20% global syst.= + 5%

global syst. = £ 10%

%
3
o
r-n_g
T

1.6
1.4
1.2

1

5.02 TeV
AA

R
oo

8
P, (GeVic)

C Typical feature at both Gs\=2.76 and 5.02 TeV A reduced suppression
atlow p+ (where the bulk of charm quarks is produced)
C Effect not visible at RHIC

C Fair agreement with theory calculations including (re)generation
C Comparison still suffers from non -negligible uncertainties in
the model inputs A role of cold nuclear matter, open charm cross section
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V. Khachatryan et al. (CMS),
arXiv:1610.00613

ive Jiy — pu’, Ph-PD {5, = 2.76 TeV

CE, 2.5=<y=4, 0-90% global syst. =+ 8%

RN IEVSEl C J/ y suppression
Cent. 0-100%

_____________________________________________________________________ - stronger at
S, | high -p1, with

~ “Regenecaton sy (V2 no significant y
2.5<y<4 dependence

(ALICE vs CMS)

6

7 8
pT (GeV/c)

C New high statistics result from CMS
fromround -2 A R,, in fine centrality bins

C Striking difference with respect to low -p;Jy
results A Continuously increasing

suppression (high p+) vs saturation (low Pr)

O,V]\{' Up to a factor ~5 for

0 50 100 150 200 250 300 350 40 central events

Npart
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The legacy of SPS/RHIC

C Several landmarks were established
C J/y suppression beyond CNM  effects at SPS
(maximum suppression compatible with C. + Y (2S) melting)
C Much stronger Yy (2S) suppression relativetoJ/ y at SPS

C Strongy -dependence ofJ/y suppression at RHIC
(possible indication of recombination)

=Y
(2]

2004 Au+Au, [y[<0.35, globhal sys. =+ 12%

=
[

2007 Au+Au, 1.2<|y|=2.2, global sys.=+9.2%
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C All the four experiments have investigated guarkonium production
C Pb-Pb A mainly ALICE + CMS, p-Pb A all the 4 experiments

C Complementary kinematic ranges A excellent phase space coverage

ALICE A forward -y (2.5<y<4, dimuons ) and mid -y (|y|<0.9, electrons)

LHCb A forward -y (2<y<4.5, dimuons )

CMS A mid -y (ly|<2.4, dimuons )

ATLAS A mid -y (Jy|<2.25, dimuons )

(N.B.: y -range refers to symmetric collisions A rapidity shiftinp -Pbl)
[ Pb-Pb, G5 = 2.76 TeV, 2010 (9.7 nb'l)+2011 (184 nb'l) P
p-Pb, Gy = 5.02 TeV, 2013 (36 nb 1) S
.p-p, &= 2. : 1)+ 2013 (5.6 pb 1)
D mol J ref.p-p, &= 2.76 TeV, 2011 (250 nb ) + |
ala samples = o oy "Gs., = 5.02 TeV, 2015 (600 mb-L) ‘
p-Pb, G = 8.16 TeV, 2016 (194 nb-1) . Run
| ref.p -p, &= 5.02 TeV, 2015 (30 pb -1) 2
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Non-zerov , forJ/ y atthe LHC

C The contribution of  J/y from (re)combination could lead to a significant

elliptic flow  signal at LHC energy A observed!
V. Khachatryan et al.
(CMS), arXiv:1610.00613

® ALICE (Pb-Pb |s,, = 2.76 TeV), centrality 20%-60%, 2.5 <y < 4.0
- Y. Liu et al., b thermalized Th - I
E.Abbas et al. (ALICE), Prompt J/y Cent. 10-60%

------ Y. Liu et al., b not thermalized
« X. Zhao ef al., b thermalized PRL111(2013) 162301

+16<]y[<24 mly|<24

-------
______
— — 1 —

e
L.
=a
.....

C A significantv , signal is observed at LHC (no evidence at RHIC)
C Vv, remains significant  even in the region  where the contribution of

(re)generation should be negligible
A Likely due to path length dependence of energy loss
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Yy (2S) in Pb -Pb collisions

PbPb 351 ub™, pp 28.0 pb™ (5.02 TeV) PbPb 351 ub™, pp 28.0 pb™ (5.02 TeV)

® sNN =5.02 TeV

o [Syn = 276 TeV S Sy =276TeV
(PRL113 (2014) 262301) (PRL113 (2014) 262301)

16 <yl <24, 3<p_<30 GeVic lyl <16, 6.5<p, <30 GeVic

Prompt only
Intermediate  p; %

0 50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400
Npart N

part

Ratio (y (2S)3/'y)peo! (Y (25)/ y),, A naive expectation <1
Enhancement seen at 2.76 TeV, but not at 5.02  TeV

ATLAS (not shown) confirms suppression in the high  -p;region

O 000

Proposed mechanism (Rapp) for enhancement: y (2S) regeneration

occurring later , when radial flow is already built -up. Gsy, dependence
of the effect not easy to explain

66
E. Scomparin, Quarkonium production in AA collisions, QM2017, Chicago, February 2017



CNM effects: J/ y In p -Pb collisions

C p-Pb collisions, Cs\y=5.02 TeV, R, Vs py
C Ry, sy A fair agreement ALICEvs LHCb, ATLAS refersto  p;>10 GeV/c

ALICE (JHEP 02 (2014) 073): Inclusive Jiy 'y, 0<p, <15 GeVic Prompt Jiy ATLAS Preliminary
ona<3-53)= 5.0 007 . 10< p, <30 GeV p+Pb |5y = 5.02 TeV

B (a) LHCb ——$— LHCb, Prompt J/y i L. (-4.46<y_ <2.96)=5.8nb",

. ) ek ALICE (JHEP 06 (2015) 055): incl
P, < 14 GeV/c 5 L, (1.37<y_ <0.43)= 51 ub"

PPb 5y, =5 TeV

| CGC + CEM (Fuijii et al.)
EPS09 LO [l €GC + CEM (Ducloué et al.)
CGC + NRQCD (Ma et al.)

EPS09 NLO ) [ ELoss, qﬂ=n‘n75 GeV/im (Arleo et al.)
[[7]EPS09 NLO + ELo Zifm (Arleo et al.)

nDSg LO B
—— E.loss i — EPS09 LO central l.)
== EPS09 LO central K

-—--—- E. loss + EPS09 NLO «==. EPS09 LO central

LHCB, JHEP 02 (2014) 72, ALICE, JHEP 02 ( 2014) 73
shadowing

coherent energy loss

CGC approaches

, In particular for y>0 and low P+t

C LHC results can be described in terms of

C Suppression effects can be strong

C Investigation of CNM effects Interesting
C To learn about heavy quark behavior in cold matter

C As a 0 b ac kfgrha mattet effects
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CNM effects: fromp -Pb to Pb-Pb

C If shadowing is the main CNM source A Rpppr™™™=Rpp, 2 Rpp,
(not quantitatively true for coherent energy loss, but G5\ dependence weak)

- ALICE inclusive Jiy—u*p’
@ R (203<y__<3.53) x R, (-4.46cy__ <2.96), |S,,= 5.02 TeV

2
(preliminary) H [I 1 - 4

iy
N

Inclusive J/iy—e*e’
A Pb-Pb, |s,=2.76 TeV, v, |<0.8, centrality 0-40%

" A Pee (25<y, <4, | 8,= 2.76 TeV, 0-80%)

(Phys. Lett. B734 (2014) 314)

| p-Pb,|s,=5.02TeV,-1.37<y_ <043

e
no

-

forw backw
Ropp X Agpy s Apppp

:
T

:

T
=5
-
-

0.4F ——f— i $ 0.4 n
0 '2 —_nypmuesus: factorization of shadowing effects from the two O . 2 :_
- nucled in Pb-Pb and 2->1 Kinematics for J/y production L
O [ L1 1 | I 11 1 1 I 11 1 1 | 11 1 1 I 11 1 | | 1 1 1 1 I L1 1 1 | 11 1 1 [~ ) ) ) | ) ) ) ‘ ) ) ) |
0 1 2 3 4 5 6 8 0 2 4 6

C This (cautious) exercise  confirms that
A high p+;J/y suppression is not a CNM effect
A atlow p; the observed suppression is consistent with CNM

(i.e. there is a balance of suppression+recombination in hot matter)
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(2S) and  (3S) suppression relative to (1S)

PbPb 351/464 ub™", pp 25.8 pb ™' (5.02 TeV) PbPb 351/464 ub™", pp 25.8 pb ™' (5.02 TeV)
% 1_6_I T ] TTTT ] TTTT [ TTTT I LI I UL | TTTT | TTTT | T__ ] % 1_6_I T ] TTTT I LI I L | TTTT | T T ] LI I rTTT I I__
% - pi¥ <30 GeVic CMS * % [ p!¥ <30 GeVie CMS I
= 14t 1< 2.4 Preliminary T = 14t Al 24 Preliminary
.%: ’ 2__pT>4GeV/C 1 E E: ’ 2__pT>4Ge /c 1 1
= .2 95% CL = .2 95% CL I
Q  feoe e £h o%ol 1
£l s I £ T I
z 0.8js  50-60% T z 08¢ 010% T o 1
o [ 40-50% T R o [50-100% 30-50% g é
—_— - _40° WeTole) -20° _10° — O —_— — 4 ]
) 0.6F 30-40% 20-30% 10-20% 5-10% — S ) 0.61 Tz
D . o5t © P - 10-30% ]
h 0.4 + T + N h 0.4 - i
Q 02- T 18 o2 T T
bl 07I 111 | 1111 | 1111 ‘ 1111 | | I . | 1111 | 1111 | 1 1 191 | \7R ] bl 07I || | 1111 | Y11l | 1111 | 1 153 | | 1111 | 1111 ‘ Y1l | I7
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
part Npar’[

C (25)/ (1S) integrated double ratios:
Gs\n= 5 TeV A 0.31°0.06 °0.02, Gs\\= 2.76 TeV A 0.21 °0.07 °0.02
C The suppression already saturates for semi -peripheral collisions
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CNM effects : the family

C ALICE has, forp -Pb collisions at Gs,,=5.02 TeV

(2S)/ (1S)=0.27 ° 0.08 ° 0.04 (2.03<y<3.53)
(2S)/ (1S)= 0.26 ° 0.09 ° 0.04 (-4.46<y -2.96)

to be compared with (2S)/ (1S)=0.26 ° 0.08 inppat Gs=7 TeV (2.5<y<4)
A No indication for different effects on (2S)and (1S)

CMS pPb |5, = 5.02 TeV CMSPbPhb |5, = 2.76 TeV
® Iy |<i@m =3t & Iy, )24 L=150ub"
- ¥ 95% upper limit
PRL 109 (2012} ZX2301

YIS,
e

,.,
%]

C CMS results have smaller uncertainties
and show a stronger CNM effects
on (2S) with respect to (1S)

p’ = 4 Gevic

_._:|].ll:‘:':| ! ['|'|:|'|.

©
=

[TinSy 11!

=
[

C Still, the result shows that only a
(small) fraction of the suppression
observed for  (2S) with respect to

(1S) can be ascribed to CNM

T2SHT(15) TESITIS) S. Chatrchyan et al. (CMS),
' ' ' ' JHEPO04(2014) 103
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(1S) suppressioninp -Pb

ALICE p-Pb { 5, = 5.02 TeV, inclusive T(1 S)—u'y, P> 0

Ly (-446 <y _<-2.96)=58nb", L, (208<y__ <3.53)=50nb" ATLAS Preliminary

p+Pb |5y, = 5.02 TeV

CGC (Fujii et al, arXiv:1304.2221) 4 ATLAS, Y(18), p, < 40 GeV

. . . #LHCb, T(15), p_ <15 GeV
2—2+EPS09 LO (Ferreiro et al., Eur. Phys. J. C (2013) 73:2427): D T
Shadowing _ +ALICE, T(18), p_ > 0 GeV

I EMC

L1l

4

lead going proton going

C Uncertainties are still not negligible A LHC run-2
C No real tension between ALICE and LHCb butthe r ange of nal
values is clearly rather large
C CNM effect generally smaller than for charmonia , but not negligible
A applying the  Rpyp,“NM=Rp, 3 Rpyp, prescription on ALICE results
may give a sizeable effect (0.70 3 0.86 ~ 0.60")
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Feed-down

C Systematic measurements by LHC pp experiments have enormously
improved the situation

—_— -I'D T T T T T T T |.-||\ T T T T T T T T T N ?G T T T T T T T I\ T T T T T T T T T ey ?D:I _II. I |'I3'.:l‘: ; T;‘gs,‘l'.rl ) i i T .—I I_ I. 1.‘ .
= F O® xe(lP]— T(15)y /3 =TTV 3 = F & & xu(2F) s T{25)y 55 =TT 3 == F RELSE s e =7 Té
T b & & xu(2P) — T(1S)y ¥ _— = = o O® xu(3P)  T(2S)y vz I 3 = s 5 =BT
FOm g (3P) — T{1S)y # =R AEe - W S r ]
_F 3 _F 3 30 C -
1 o . — S0 . - - E
- LHCh - - LHCh i ] - LHCD T
g 3 3 o 1 ; 5T F i
Erega - % E 25 af T I - 25 aE |3
& b arwbE ] =t | = b E
0 g 3 2f = e ]
10f- . 2 = 10f = e E
G:W —— = I}:' PR R R T T S R |%I . 0 . ,.I * L
10 0 30 P 10 0 30 ) 10 1 u 40
_— Ti e w et
I T JE“ [ T 7 » . .'I-I =
p (GeV/ (] ;}1{-" ' GeV/el Pr (GeVic]

¢ Recent news
C Feed-down to (1S) is smaller than believed (~50% A ~30%)
C Feed-down to (3S) (unseenin PbPb!)is verystrong (~40% )

fromy, fromY" fromy, fromY"’ fromy,

Y ~ 70% ~ 15% ~ 8% ~ 5% ~ 1% ~ 1%
Y ~ 63% - - ~ 30% =~ 49% ~ 3%

- — — - ~ 40%
(HP2016, Lansberg )

CCan CMS qdficorr @8)tRy, far h %) feed -down ?
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Future of LHC heavy -lon program
(today)

2015 2016 201? 2018 2019 2020 2021

[JJE[Malm] 2] a]a]s[o]n]e]a]FIMlalM] [ ]a]s]oln]e]TE M alM] 2] a]a]s[o]N]ela [FIMlalM 3 [2]a] slon]e] T M{alM] 1] 1 ]Als]olN[pla [EIM alM[a {2 ]a] s]ow]] a TF [M{alM] ]2 Al S]olN]

Shutdown,/Technical stop
Protons physics
Commissioning

Ions

2016: p-Pb run, shared between G5y =5 TeV and Gsy, = 8 TeV
EYETS: CMS pixel upgrade (for pp luminosity)
2018: Pb-Pb run, maximum available energy, L= 10 2f'cm-2 st
LS2: ALICE upgrades apparatus (TPC, ITS, MFT) A stand 50 kHz event rate
expected for run -3 and improve tracking
LHCDb upgrades tracker A higher granularity, push towards central collisions
ATLAS new muon small wheel A reduce fake trigger
CMS muon upgrade A add GEM for p- resolution, RPC for reducing
background (better time resolution), extend coverage to h>2.4
C 2021 -2023: LHC run -3, experiments require L ,,>10 nb -! for Pb-Pb
(comparedtoL ;, ~1nb -iforrun -2)
Possibility of accelerating lighter ions under discussion
C 2026 -2029: LHC run -4

O O O O
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Prospects for quarkonium studies

C Factor ~10 gaininrun -3 surely beneficial for y(2S), (2S), (3S) studies
and for all non -R,, analyses (see next slide)

A Possibility of investigating (very) peripheral collisions

C Possibility of accelerating lighter ions
C Once considered very useful in the frame of detecting
effects and/or scaling behaviors for various observables

Cébut we have now extensively seen t h:
really detectable

C Asymmetric collisions (see Cu+Au @RHIC) are in principle interesting,
but admittedly it is not easy to extract physics out of it

Nt hr es hol
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Prospects for quarkonia studies

C CMS prospects forrun -3 (CMS -PAS-FTR-13-025)

PSR 7 1. S —
| elds

1650 120

C ALICE prospects for run -3 (Upgrade Letter of Intent)

Approved Upgrade
Observable pfr'nmin statistical _J'_?-'-l-;]'-i- min statistical
(GeV/c) uncertainty (GeV/c) uncertainty

Charmonia

Iy Rap (forward rapidity) [ 1% at 1 GeV/c | 0.3% at 1 GeV/c
Iy Rpa (mid-rapidity) [ 3% at 1 GeV/c | 5% at 1 GeVic
Iy elliptic flow (v = 0.1) | 15 % at 2 GeV/c i Jo at 2 GeVlc
w(25) yield [ 30 % ) 10 %
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ALICE projected highlights

Za F 'le : 1 'n'b'_. """" AR 4 £« F WITPC PID. open: TPC+TAD PID (ly]<0.9) 3
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5 9 lai_10m0 | 5o z vV, measurement for
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o U'DBE —_— Full: 2.5 <y < 4 g = D'DGE o e L =1nb .llcurrenlraadout g J/y at mld - and
2 oo o 1 2 gosf m L,-10nb E f d
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o E ] [=] o —0— 3]
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LHCDb highlights

DSSZ

L EPS0S
nCTE 5

Energy kass

o ribi |'1".:'I|'-::I'." in p-Ph collisions at 5 =
i varings nPDF spts ard in the cohbercnt BTy

C Measured in pp collisions,
via fits to the muon isolation
distributions

C Possibility of measuring Drell -Yan production
in p -Pb collisions

A (decisive) test of the energy loss picture

A Good handle on nPDF

C Reference for quarkonium production
in Pb-Pb collisions, as in very old times ?

LHCh Preliminary, {s =7 TeV

LO PYTHIA (CTEQSL)
NLO FEWZ (MSTWOE)

r.-f-.
2
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o
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LHCDb fixed target

SRRRRARRERRS SMOG (System for Measuring the

LHCb limi .
prefminary Overlap with Gas)

msm Beam 1 only
mmm Beam 2 only

Weighted sum
mmm All collisions

entries 20 mim
B

- JNH] -] £N ~4(H) -2} 0 ¥y 40 5

Distribution of primary vertex positon

» pHe at /syy = 110 GeV
» pNeat \/Syy = 87 GeV. 110GeV
» pArat [Syy = 69 GeV. 110 GeV
» PbNe at \/Syy = 54 GeV
~ PbArat /sy, = 69 GeV Eﬂul:r#_#‘j a%__ | .
C Further measurements  in 2016, during Rob 30005100 3300 %00 3400 3800

p—Pb @ C~)3NN:5 TeV data taking p* i invariant mass (MeV/c®)

LHCB preliminary
2015 pNe data

entries / 16 MeV/c®

an
=
T T T 71

Ny
=
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Pb-Pb |/5,,=2.76 TeV, y|<2.4 " T F Pb-Pb |5,,=2.76 TeV, |y|<24
— Total Y(15) — Total Y(1S)

OCMS: Y(1 ' OCMS: Y(1S
: S:Y(1S) Primordial Y(19) (18) Primordial Y (15)

i —— Regenerated Y(1S) : —— Regenerated Y(1S)

0'00 50 100 150 200 250 300 350 400 0'00 50 100 150 200 250 300 350 400

Npart Npart
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_ { )ana

AT T

ALICE inclusive Jiy — pu, 2.5<y<4

raacentrali '
B Pb-Pb |5, = 2.76 TeV, global syst. = 4% ancentrality evolution stron

depends otk

e It decreasing trendpbserved
+ ' LHC
R A due tqre)combination, w
dominatesyl/fproduction at |

PHENIX inclusive Jiy — i, 1.2<]y|<2.2 ¥, B
® Au-Au and Cu-Cu s, = 0.2 TeV, global syst. = 3% '

NASQ inclusive J/y — p*, O<y<t1
£ Pb-Pb |s,, = 0.017 TeV, global syst. = 3%
Transport model calculations transport models, already

iy e describingy/R,,, also repro
ther,evolution
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More accurate data allowed

more stringent concl

1994 -2 000 : real ly Aheavy &b-Pbocallsionsyn t he SP¢
February2000 A N New st ate of matt er pressreleasee d

5

O Pb-Pb 1995 Evidence for decontinement of quarks and gluons
E :':z:xm ::"‘“’“ i:’ from the J /4 suppression pattern
= mum Bias - .. ~ oD
measured in Pb-Pb collisions at the CERN-SPS

NAS50 Collaboration

T
[=2]
—-‘:hd
.
=)
=]
—
=
3
=]
m

— Geiss et ol., Ref, 12
es et al, Ref, 13
tahona et al., Ref. 14
=== frmesto et al., Ref, 15

100 120 140

E; (GeV)
1998 with Minimum Bias

C Clear suppression beyond CNM ' 1596 i Minimum ias
effects measured by NA50 :
1) Sharp onset of suppression

Measured / Expected Jfy suppression

2 hConventional o0 mo ‘ ' 'E?Gew?r'fs,

to disagree with data
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él eavi n g-tracedwath fdr
the following collider studies..

E. Scomparin,

Quarkonium production in AA collisions, QM2017, Chicago, February 2017

RHIC PHENIX AuAu, 200, 193, 20082015
STAR CuCu, Cu 62, 39
Au,
Uu
p-A, dAU 200
pp 200500
LHC ALICE PbPb 2760 | 2010/2011
ATLAS 5020 2015
CMS
T p-Pb 5020 2013
pp 2760, | 20162015
7000,
8000,
13000
éthat continue up to
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Sti1 Il a bit of hi

C The possibility of an  enhancement of charmonium production in
nuclear collisions was considered from the very beginning!

From T.Matsui QM87 proceedings

03. Could J/yy suppression be compensated at the
hadronization stage?

— This is very unlikely from our consideration on
the charm production mechanism. One should check,

however, both experimentally and theoretically
whether there is no anomalous enhancement in the
charm production cross section which could lead to
large recombination probability of ¢¢ into J/i during
the hadronization stage.

(even if, at that time, correctly discarded because of the small
open charm cross section at the energies then available)
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pP-A Various systems,

> < various effects
cold nuclear
matter effects ~ warm/hot hot matter effects
(CNM) matter effects?

A-A
=

C CNM: nuclear shadowing, color glass condensate, parton energy loss,
resonance break -up (RHIC energy)

CnWar mo matter effects: hadronic resons:

84
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