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Introduction: the Quark Gluon Plasma

State of nuclear matter in which quarks and gluons are not confined
into hadrons
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_ Quark-Gluon,Plasma

Baryon density

Predicted by lattice Quantum ChromoDynamics (QCD) with a
pseudo-critical temperature at zero baryon chemical potential (v, = 0)

" [PRD 90 (2014) 094503]
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Relativistic heavy ion collisions (AA) can create the conditions for the phase transition from ordinary
matter to the QGP

In order to interpret correctly results in AA collisions it's crucial to study:

v pA collisions: quantify initial state effects

v pp collisions: reference system, basic production mechanisms, no QGP expected

Heavy-Quarks (charm and beauty): produced in the initial hard partonic scatterings and experience the full
evolution of the AA collision — relevant probes to study the properties of the hot and dense medium

v focus of this talk =ss==p> Quarkonia
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v Quarkonium measurements in ALICE

pp collisions: baseline production

p-Pb collisions: study Cold Nuclear Matter (CNM) effects

Pb-Pb: study the properties of the hot and dense medium

Conclusions and perspectives




Quarkonium measurements in ALICE

l Mid-rapidity measurements (]y| < 0.9)

Central
barrel

VA .

I v Dielectron decay channel

v Time Projection Chamber (TPC):
tracking, PID via dE/dx
v Inner Tracking System (ITS):

. . . . ’f “w kel ,:l
vertexing, tracking, triggering -

v Transition Radiation Detector (TRD):
electron ID, triggering

v ElectroMagnetic Calorimeter (EMCal):
triggering, PID via E/p measurements
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’ E beauty hadron production down to very low p_!
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m,., (Gevic?) © Only detectors relevant for quarkonium analyses discussed here




Quarkonium measurements in ALICE

Fwd-rapidity measurements (2.5 <y < 4)

FEERI AW Y RYL (Rm aa¥) .
v Dimuon decay channel
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Muon

v Muon spectrometer: spectrometer

— Dipole magnet
— Front absorber 10 ll

— 10 tracking planes (Cathode -
Pad Chambers)

— 4 trigger planes (Resistive Plate
Chambers)

— Muon filter (7 )
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2.5<y<4

N, = 339660 + 850
my,, = 3099 £0.2 MeV/c®
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v Several charmonia and bottomonia states measured:
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v Jhy, y(2S), T states

v Acceptance: down to p_ = 0 for all quarkonium species !
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© Only detectors relevant for quarkonium analyses discussed here




Quarkonium measurements in ALICE

Minimum Bias trigger based on:

PEERIAW. VU CRYL Rm aa¥) .

v Forward scintillator arrays (VZERO)
(+Silicon Pixel Detector (SPD) in Run 1)

In addition:

v trigger on muon p_in the forward =

Ilf/// NN W\
: 0l [ N
spectrometer

v trigger on energy deposition in the EMCal
at mid-rapidity

System Year Vs, (TeV)
Run |
pp 2009-13 0.9,2.76,7, 8
p-Pb 2013 5.02
Pb-Pb 2010,11 2.76
Run i Detectors used for centrality /| multiplicity dependent analyses:
pp 2015,17 5.02
2015-18 13 v VZERO
p-Pb 2016 5.02, 8.16 v SPD
Xe-Xe 2017 5.44
Pb-Pb 2015 502 v Zero Degree Calorimeters (important for centrality
2018 5.02 measurements in p-Pb)




Quarkonium measurements in ALICE

Minimum Bias trigger based on:

PEERIAW. VU CRYL Rm aa¥) .

v Forward scintillator arrays (VZERO)
(+Silicon Pixel Detector (SPD) in Run 1)

In addition:

v trigger on muon p_in the forward =
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Vi e [
spectrometer

v trigger on energy deposition in the EMCal
at mid-rapidity

—a
System Year Vs, (TeV)
| Run |
pp 2009-13 0.9,2.76,7, 8
p-Pb 2013 5.02
Pb-Pb 2010,11 2.76
/ Run i \ Detectors used for centrality /| multiplicity dependent analyses:
pp 2015,17 5.02
2015-18 13 v VZERO
p-Pb 2016 5.02, 8.16 v SPD
Xe-Xe 2017 5.44
Pb-Pb 2015 502 v Zero Degree Ca_tlorimeters (important for centrality
\ 2018 5.02 / measurements in p-Pb)
Focus on results based on Run Il data
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Quarkonium measurements in ALICE

v pp collisions: baseline production

p-Pb collisions: study Cold Nuclear Matter (CNM) effects

Pb-Pb: study the properties of the hot and dense medium

Conclusions and perspectives




Production mechanisms in pp collisions

v Important baseline for Pb-Pb and p-Pb systems to quantify nuclear matter effects

v Benchmark test for QCD based processes: “factorization theorem” can be employed to describe prompt
guarkonium production:

1) qq pairs produced by initial hard partonic scattering — pQCD applicable
v gluon fusion processes dominant at the LHC - sensitivity to gluon PDFs

2) Hadronization into a “colourless” bound state — non-perturbative process. Three main production
models:

v Color Evaporation Model (CEM) [Phys. Rev. D 12 (1975) 2007]
v Color Singlet Model (CSM) [Phys. Lett. B 67 (1977) 217]]

v Non-Relativistic QCD (NRQCD) [Phys. Rev. D 51 (1995) 1125]

==l More differential measurements based on several “observables” (e.g. cross-sections,
polarization, quarkonium-hadron correlations, etc.) represent a powerful tool to constrain
quarkonium production models

v Quarkonium studies as a function of multiplicity shed light on Multiple Parton Interactions (MPI)
[ relevant for heavy-flavour production at the LHC energies! ]
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Quarkonium cross sections
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[Eur. Phys. J. C (2017) 77]

v y(2S) / Jhy cross-section ratio shows:
— an increasing trend with P,

— no significant dependence with rapidity and Vs

o?s/(dp_dy) (ub/(GeVic))
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[Eur. Phys. J. C (2017) 77]
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v ALICE results are in good

agreement with results from
other LHC experiments
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Quarkonium cross sections

[Eur. Phys J. C (2017) 77]
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v NRQCD combined with FONLL is able to
describe p_spectra at both central and

forward rapidity

v NRQCD+CGC provides a good
description down to p_ =0

v tensions between models and data still
visible in the ratio y(2S) / J/y




Quarkonia vs multiplicity
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Quarkonia vs multiplicity

E 'I""I""I""I""Iﬁ‘l""l""; ) 3_....|....|....|....|....|....
! 20F ALICE Preliminary 9& x '\; E E r ALICE Preliminary \‘ ]
1< 18F pp, Vs =13 Tev ({\\6 . T 25F YUS) Jy - p'w,25<y<4 @ Y ]
2|2 16F Mult. classes: |/<1 ' 2 [ Mult. classes: |n]<1 ]
Z1Z 14F % inclusive JAy — e*e’, Iy [ < 0.9 : 22 2f ]
CI=oE Y 4 } E <= | eppis=13Tev
F e, 25<y<4 ] 2) ;}15._ ]
10F o inclusive Jiy ¥ E = <L .
8F ¢ Y(19) = ; b ' ]
6L ®Y(28) ¥ + ------------ ; L - R * """"""" ]
4F ! ; * """ ! E 0.5F ]
2F **‘ 3
Om-l-’llIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII: -IIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 1 2 3 4 5 6 7 8 00 1 2 3 4 5 6
dN,, /dn N0 dn,, [ dn [N
<chh/dn> Inl<1 <chh/ d’l]) 1<
Y ] LA B L B B
g [ ALICE Preliminary ]
_ _ T 25f Y(S)Y(28) > p'w, 25< y <4 N 1
Linear increase observed for Jhy, Y(1S) 2 2 | Mult classes: [n|<1 o ;
== [
and Y(2S) at forward rapidity (y-gap 22 2 . oo, {5 = 13 TeY ]
| between multiplicity and quarkonium 3|2 f T ]
measurements) =l S +
. I - T _
No significant dependence on mass and : + + + + i
heavy quark content observed 0.5F 1
] i ] ] 1 . ]
% 1 2 3 4 5 6
chh/dU INEL>0
<chh/d]7> Ini<1

New Trends in HEP 2019 ~.................F.Fionda 9




Outline

Quarkonium measurements in ALICE

pp collisions: baseline production

v p-Pb collisions: study Cold Nuclear Matter (CNM) effects

Pb-Pb: study the properties of the hot and dense medium

Conclusions and perspectives
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Production in p -Pb collisions

v Cold Nuclear Matter (CNM) effects: [T T (EPJ C77 (2017) 163]
B 1./1 — —
v (anti-)shadowing modifications for <~ 19 [
nuclear PDFs O -
= 1.0
v gluon saturation, Colour Glass I 0.8
Condensate > 0.6 = :
| =04 7 —
v parton energy loss e i i
P & 202 - EPPS16 |
. . . . . m 00 | I\IHII‘ | II\IIII| | I\IHII‘ L L LI
v final state dissociation (absorption, e N B .
comovers) 10 107 107 10 1
xr
CMS pPb \[S, = 5.02 TeV, N°ﬁ"“e>11oo ®)
T<p, <3Gevic - @\S\
IR
Z = .
v Open questions: QGP formation in small systems ? Collectivity ? 8 1; fo@@

v Two beam configurations: p-Pb / Pb-p (two energies: \/SNN =5.02, 8.16 TeV)

Ic :
s
Forward rapidity Mid-rapidity Backward rapldlty
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Nuclear modification factor R

Nuclear modification factor R _ is used to quantify medium 2 1.4

pPb

[ ALICE, p-Pb |5, = 8.16 TeV

. Q_ -
effects: 0 m 19 \ e inclusive J/y — e*e” (Preliminary) ]
R . 1d O'pA/dyde . | . ® inclusive J/y — pu” (JHEP07(2018)160)
opp/dydpr By S S *
v Stronger J/y suppression observed at forward rapidity Q,,8_’—’ ~. —
v R __ compatible with unity at backward and mid- 0.6 ,
pPb " o o [~ CEMEPSO9NLO (R. Vogt) - j
rapidity within uncertainties L InCTEQ15 reweighted (J. Lansberg etal.) 1
0.4H—EPPS16 reweighted (J. Lansberg et al.) =
. . [ CGC NRQCD (R. Venugopalan et al.) i
v Fair agreement between data and models-within the 0.of CGC CEM (B. Ducloue et al.) ]
i i ‘At .2 Energy loss (F. Arleo et al.) —
current experimental and theoretlcafl/yncertalntles - Transport (P. Zhuang et al ) ]
g 0 ey Cllomolvers,ﬁE. Flerreirlo) | | I e
I T T T T T T T T R Y I A Y
-5-4-3-2-10 12 3 4 5
, [JHEP 07 (2018) 160] £ _ JJHEP 07 (2018)160] £ y cms
18 _ ALICE, p-Pb {5, =8.16 TeV, -4.46 < y_ < -2.96 ,I%L 18 _ ALICE, p-Pb {5, =8.16 TeV,2.03 < y_ <353
“E Inclusive Jy E Inclusive Jiy
1.6 1.6 v Increase of R, at
1.4F 1.4F .
Lok oF Vs, = 8.16 TeV with
i S e — increasing p. at both
't 't P T
0.8F 081 ~H> forward and
061 0.6 [ |EPSO9NLO + CEM (R. Vogt) backward rapldlty
04F I EPS0SNLO + CEM (R, Vogt) 04F [ InCTEQ15 (J. Lansberg et al.)
L + - Vo L + . Venugopalan et al. 1
02k [ nCTEQ15 (J. Lansberg et iL) 0.2 F ’—‘ggg+gza(§§.(§uc\|/oueit2|.l) tal) v pT dependence falrly
b o |ﬁTrTn,sr‘)OrtfP..%h.ua|n.g‘e'[‘al|'). L O:l L lTTr?nls?ortfPl.?hlua\tngleaal{)l L descrlbed by mOdels
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
[N (GeV/c) P, (GeV/c)
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Nuclear modification factor R

p Pb
Nuclear modification factor R _ is used to quantify medium o 1.4~ ARRRN
_ oo T T ALICE,p-Pb|s,=-816TeV -
effects: ) 'y 19 N\ e inclusive J/\u—>e+e (Preliminary) ]
R A(y pT) 1d O'pA/ dyde ' \ e inclu§i,ve/d/ﬁqf~—>~uf;,\t‘ (JHEP07(2018)160) |
p A d20pp/dyde 1 SN s o

v Stronger J/y suppression observed at forward rapidity 0.8

v R _ compatible with unity at backward and mid- 0.6
pPb TR o CEM EPSOINLO (R. Vogt)

rapidity within uncertainties \:]nCTEQ15 reweighted (J. Lansberg et al.)

0.4 EPPS16 reweighted (J. Lansberg et al.)

’ CGC NRQCD (R. Venugopalan et al.)

CGC CEM (B. Ducloue et al.) i

| J I

v Fair agreement between data and models within the,//

current experimental and theoretical uncertain/'ft{i,eg’/ 0'2 $Paenrggc>kr)ts(sF>(Fzrﬁf;%% Z[t%lll ))
é O omolvers (E. Ferrelrlo) | | | |
o or———rr—r—r—rrrrrr—r—r—_yx U e e Ty
] - AII_ICE Prlaliminarly, p—PbI \ San =|8.16 Tév ] > -4-3-2-10 12 3 45
o 1.8f e Jy - e'e,—1.37<y  <0.43 E y
- _ oms . cms
1.6k __|pp uncertainty —
1.4F E
1 2_ . E v R_, compatible with unity over the whole p_range
| A :
0.8E \\\\\\\\\\\\ 3 v Data and models compatible within uncertainties
0. 6\ \\ E v Higher p_reach expected thanks to TRD triggered
0. 4_— [ ] CEMEPSO09NLO (R. Vogt) — data
O 2:_ E nCTEQ15 reweighted (J. Lansberg et al.) _:
B |:' EPPS16 reweighted (J. Lansberg etal.)
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Nuclear modification factor RI0P

3 1-8 ALlCE inclusive J/W W(zs) _) M+u_ & 1_4 -l LI ) I LELELEL I LB I LI I LILELEL I LILELEL I LB I LI ) I LELELEL I LILEL l-
o ’ 3 . . + -
oc 16 :_ o-Pb VS_NN - 8.16 ToV D:o. ALICE, inclusive J/y, Y(1S) —» n'u

1.2F p-Pbys,=816TeV -]

1 4 @ Jiy (arXiv:1805.04381) Comovers (E. Ferreiro, PLB 749 (2015) 98)

® y(2S) (Preliminary)
1.2

C o () L ]
A I 08 i# ;
: %‘1@ ol ’ %E% :

R S

== Jly == y(8) 1 [ .
CGC+ICEM (Y.Ma et al, PRC 97 (2018) 014909)

I
L=l
|-||

0.4
C 3 ® Y(1S) (preliminary) .
0.2F 02fF . ]
C r ® J/y (arXiv:1805.04381) i
0 : L : : : : ‘ : : o] SN NN PR FFETE FETT FEETE PR P S P
S 4 s 2 10 12 3 45 5 4 3 2 1 0 1 2 3 4 5
ycms ycms
v Similar suppression observed for J/y and v Similar suppression observed for J/y and
y(2S) at forward rapidity Y(1S) at both backward and forward rapidity
I v y(2S) suppressed significantly more than

Jhy at backward rapidity

v Final state effects needed to explain
Y(2S) modification




Azimuthal anisotropy (v)

v In a strongly interacting medium, pressure gradients
convert any initial geometrical anisotropy into an
anisotropy in the momentum space

[Figure: Raimond Snellings New J. Phys. 13 (2011)]

v anisotropy is quantified by the 2" order
coefficient v of the Fourier expansion of the

particle azimuthal angle distribution *
Zz
dN N VZ‘

do ~ 2m |: +Z os (n (¢ — ¥r))

vy =< c0S2(Ppart — YEP) >

x,b

v In heavy-ion collisions non-zero v, indicates the participation in the collective expansion of the system

3/ 4 10oki 0 | lati PLB 780 (2018) 7]
v Jhy v, measured looking at long-range angular correlations o [ b 020%-@0-100%), (502016 Ty ALICE

between backward / forward rapidity J/w and charged hadrons 0.2 —— _2403;}';3;3_-2526
produced at mid-rapidity (rapidity gap ~ 1.5) - ' '

Jhy

Pb-Pb, 2.5<y""'<4, \[5,,=5.02 TeV
- —e— 5-20%

v Non-zero v observed for p_> 3 GeV/c (~50o significance) L ——— 20-40% &]

v Similar v, compared to Pb-Pb measurements - very

intriguing result: common underlying mechanism
(besides what's included in current calculations) at the
origin of Jhy v,?

L Primordial J/y

v Initial conditions ?
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plY (GeVic)

... k. Fionda 13




Outline

Quarkonium measurements in ALICE

pp collisions: baseline production

p-Pb collisions: study Cold Nuclear Matter (CNM) effects

v Pb-Phb: study the properties of the hot and dense medium

Conclusions and perspectives
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Quarkonium production as a probe of
heavy-ion collisions

v Suppression of quarkonia by colour screening in a
deconfined medium was originally proposed as a signature
of the formation of QGP

[Matui & Satz, Phys.Lett. B178 (1986) 416-422]

Parturbative Vacuum

v Dissociation depends on the quarkonium binding energy T < T T =12T%
(sequential melting) — quarkonia can be considered as a -
YAV Y XY X v Y XY’
v Jhy measurements from RHIC experiments showed i [EPJC 71 (2011) 1534]
puzzling features: Tt EKS98 CNM baseline
:E: L e PHENIX Au+Au y=0
v Slightly larger suppression at forward-y compared to % 120 'Ef\gg ';;lr;,b
Mid-y [Phys. Rev. C 84, 054912] o« i l T‘L ﬂ { l
n:g 1 i i H‘
v similar suppression at RHIC and SPS : i ! HH 1 Il it
0.8 - - T
I |
0.6 B
| Narrow boxes: correlated sys Eﬂ
04 B Wide boxes: CNM baseline sys
|I\\\‘\\Ill\\\Ill\\llll\\|II\\‘III\‘\III
0

100 200 300 400 500 600 700 800
dN/an
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Quarkonium production as a probe of
heavy-ion collisions

Suppression of quarkonia by colour screening in a
@.
Perturbative Vacum

deconfined medium was originally proposed as a signature

of the formation of QGP
[Matui & Satz, Phys.Lett. B178 (1986) 416-422]

Dissociation depends on the quarkonium binding energy T < T T =12T%
(sequential melting) — quarkonia can be considered as a
“thermometer” of the QGP D]]:[[[U

VXV Y LY X} v Y XY’

Jhy measurements from RHIC experiments showed
puzzling features:

N
v Slightly larger suppression at forward-y compared to 5 A
mid-V [Phys. Rev. C 84, 054912] i .
4 e Regeneration
v similar suppression at RHIC and SPS 2‘
O e = = = = e - -
g S ial
Novel quarkonium production mechanism at the LHC 3 eqL!entla
energies — recombination phenomena from uncorrelated a melting
heavy quark pairs at the phase boundary =
=

[P. Braun-Muzinger, J. Stachel, PLB 490(2000)196] :
[R. L. Thews, M. Schroedter, J. Rafelski, Phys.Rev. C63 (2001) 054905] energy density
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Nuclear modification factor R

AA Y
NUCIear m0d|f|cat|0n R ( ) _ 1 dzNAA/dyde [PLB 766 (2017) 212]
factor in AA: AMDPT) = TN on) N,y /dydpr s prITT

Inclusive J/y — pr

® ALICE, Pb-Pb s =502TeV,25<y <4,p_<8GeVic
W ALICE, Pb-Pb s =276 TeV, 2.5 <y <4,p_<8 GeV/c

v Similar suppression observed in Pb-Pb collisions at

\/SNN =2.76 TeV and 5.02 TeV 12 ‘i“ O PHENIX, Au-Au s = 0.2 TeV, 1.2 <|y| <22, p_> 0 GeV/c -
v Less suppression at LHC energy compared to lower RHIC energy r{ e | *
0.8 = =
: . . [ Wl @] i ]
v Weaker suppression at mid- compared to forward rapidity 06k H '5' @@ m @ ]
v Comparable suppression at high p_ 04F H E| 0 [ J
v Increasing R towards lower p_, more pronounced at “r n ]
H - -I L1l I LAl 1 1 I L1 1 1 I L1l 1 1 I L1 1 1 I L1 1 1 I Ll 1 1l I L1 1 1 I L ]
mid-y 00 ™""50 100 150 200 250 300 350 400

i i i N
= Everything consistent with J/y Nt

regeneration scenario!

:E‘l 5 T T T y y v T < 2_ — T T T T ]
(0% i ALICE preliminary ] 0% s ALICE preliminary . -
i Pb-Pb |sy, = 5.02 TeV 7 - Pb-Pb |5y = 5.02 TeV ® ee ly[<09 -
: Centrality 0-90 % : 1.5 —_ Inclusive J/W B o, 25<y<4 __
| y| S— S 4 i ]
B M| i 5 J
: -H-_H__H_ : 1__' """"""""""""""""""""""""""""""""""""" -_
L Inclusive J/\u_ - 0.5+ —f— ]
- e J/y —e'e . i —HR— o] .
BEA AN 7 - ——=
1 | L ! 1 | L L N | i 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 ]
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Nuclear modification factor R, %

[PLB 766 (2017) 212] ’\6
<1 -5 T T T T I T T T T I T T T T I T T T T é | LI B B I rrra I LELELEL] I LELELEL] I LELELEL] I rrri I LI L | I L L | I LELELIL i @
= T ALICE preliminary p’¥>015GeVic | & 14f ALICE, Pb-Pb ysyy = 5.02 TeV ]
- Pb-Pb {5, = 5.02 TeV lv| < 0.9 7 - Inclusive Jy — pw 1 v Models including
i Inclusive J/\II —efe” m ) 1.2 - 25<y<4,03< pT <8 GeV/c 7] recombination
TIPS .. M = describe the
] centrality
0-8¢ AT T dependence of the
0.6} L R NN, data
0.4 ]
Comover (Ferreiro et al.}) Transport (Du and Rapp) ] [ Transport, p_ > 0.3 GeV/c (TM1, Du and Rapp ]
7] 0.2 - Transport (TR/I2 Zhou et al.) -
2 SHM (Andronic et al.} DTransport {(Zhou et al.) - [ [ | Statistical hadronization (Andronic et al.) ]
0 L L L L I L 1 L 1 I L L L L I L 1 L L i 11 ICOI r’i]()lvelrsl (IFeIrrlel:oz L I Ll 1 1 I Ll 1 1 I Ll 1 1 I Ll 1 1 I L1l 1 1 I L 1 1 ]
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< part > <Npart>
§ 2 T T T I T T T I 1 T T I T T T I T T T < N T T T T T T T T T T T T T T T 7| T T T T T T T
D: : ALICE preliminary ® Data, |y|<0.9 : [I<1 4 - ALICE Preliminary, inclusive J/y — p*w’, Pb-Pb ys, =5.02TeV,25<y <4
B Pb-Pb {sy = 5.02 TeV SHM (Andronic etal) - : 0-20% Dgr;:)n/snort (TM1, Du and Rapp)
= . . 1.2 20-40% -20%
1.5 Centrality 0-20 % Transport {Du and Rapp) _| 1 E_ R % -i-g-jgg_f?ﬂ’ --------------------- v pT dependence
B i =l described
- . 0.8 = H H
i Inclusive Jy — e'e” ] A s [ d g f ¥ qualitatively well
bbb . 0sf S0 E s 8 @ by transport and
B E - 04 ® g5 5 B i 4 statistical
I i i 02 o hadronization
0.5 . i i models
: @ I T T —
L ] i
0 1 1 1 | 1 1 1 | 1 1 1 1 1 1 1 | 1 1 1 2 4 6 8
0 2 4 p. (GeV/c)
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v Strong suppression of Y(1S) seen towards central collisions
v models agree with the data within current uncertainties

v no sensitivity to recombination component in the beauty

Bottomonium R
AA

sector

<<
<
&
1.2

0.8

0.6

0.4

0.2

v more precise measurements of feed-down fractions needed

v No significant dependence observed for Y(1S) R, , with rapidity
and transverse momentum

v RV IR =028+ 0.12(stat.) £ 0.06(syst.) [p, > 0]

[PLB 790 (2019) 89]

ALICE, Pb-Pb {5, = 5.02 TeV
B Inclusive Y(1S) — u'w, p; < 15 GeVc, Cent. 0-90%

i i
[ Hydro-dynamical model
I Krouppa et al. E heavy-quark potential uncertainty
L 1 | 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
2.6 2.8 3 3.2 3.4 3.6 3.8 4
y

<
<
D:

RAA

1.2~ m Inclusive Y(1S) » u'w, 2.5 < y < 4, p, <15 GeVl/c
N |

RN
0.8 M \
WVAC
\ \

N
&

[PLB 790 (2019) 89]

- ALICE, Pb-Pb {[s = 5.02 TeV

Transport models
Du et al. (TM1) with 77 without regeneration
Zhou et al. (TM2) [Jwith X without regeneration

0.6
L SRR ‘}“ N
0.4 RN / AR SN
~ o . 74 — i :
r \\\\\\ //// / //7/——//—/—/_
0.2 [ Hydro-dynamical model T ———___ _ _ _/ ”
F  Krouppa et al. == heavy-quark potential uncertainty TT==
O-IllllllII|IIIIIIIII|IIII|IIII|IIII|IIII
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[PLB 790 (2019) 89]
- ALICE, Pb-Pb {5, = 5.02 TeV
1.2~ m Inclusive Y(1S) — u'w, 2.5 < y < 4, Cent. 0-90%
1 |
i Transport model
0.8+ Du et al. (TM1) with /7 without regeneration
0.6
0.4 2 e ___ E_ _________
1/ / A // A
- 7 v4 /
0.2 C Hydro-dynamical model
- Krouppa et al. == heavy-quark potential uncertainty
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Jhy elliptic (v)) and triangular (v ) flow o @*

0.05 [PRL 119 (2017) 242301] 0.25[F PRL 119 (2017) 2423011 O
:—"—. N I L] T L] I L] T L] I T T L] I L] T L] I T T L] _ '_'H ! ! I ! ! ! I ! ! '
HJ,_- - AL|CE 20 - 40% Pb-Pb, VSNN = 5.02 TeV . E : AL|CE Pb Pb, \SNN =5.02 TeV global syst : + 1%:
o - Inclusive Jhy _' N 02 _
= 02 = wmete, |y| < 0.9, V,{EP, An = 0} ] > C ]
- @1, 25< y <4, V{EP, An=1.1} 7 C 3
0.15 - global syst : 1% — 015 I? $ =
01 |+| E 0.1 H 3
0.05 E_ _: 0.05 :— E H —:
O I L e R 2 O : . I :
= | . L lFlncluswe Jy — un, Prompt D°, D, D* average, J
C IX.IDu etJa/ll. K.IZhlou et j/l @5<y< 4|)I ] = VAEP, An=1.1},25<y <4 V,{EP, Ian[= 0.9}, ly|< 0.8 3
_ T 223 Inclusive J/y, ly|<09 nclusive J/y w non-collective _]] —0.05 ° ° o
0.05F Inclusive J/vy, 2y.5<y<4 Inclusive J/y w/o non-collective - C :5_20 /?) *40-60% 0 30-50%, arXiv:1707.01005 ]
e Primordial J/y, 25<y <4 Primordial J/y ] - 20-40% .
—O 1 -, ' N | N ' N 1 N ' N | ' ' N 1 N ' N | ' ' ] _01 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
"0 2 4 6 8 10 12 0 2 4 6 8 10 12
P, (GeV/c) P, (GeV/c)
v Evidence of J/y v, > 0 at both central and forward rapidity
(qp] ~ -
= 0.04~ ALICE Preliminary 0-50%
v low p_: Jly v, consistent with hydrodynamic flow of charm - Pb-Pb |s,,=5.02 TeV ]
quarks in QGP - regenerated J/y inherit flow from 0.03 Inclusive J/y ]
deconfined (thermalized) charm quarks [ 2.5<y<4.0 ]
I v high p_: lower v, predicted by models 0.02f e (4] .
v consistent with results of open-charm flow 00 1:_ _:
v First observation of positive Jly v_ in Pb-Pb collisions (3.7c C ]
significance) ] -]
C 1 I 1 | 1 1 1 | 1 1 1 | 1 1 I | 1 |
. . i o . 0 2 4 6 8
vV, sensitive to fluctuations of initial nucleon distributions in the p (GeV/c)
overlap region




Y(1S) elliptic flow

% 160 ALICE Preliminary Pb—Pb {sy, = 5.02TeV - > | ALICE Preliminary Pb-Pb {5, =5.02TeV -
T 2<p <15GeVic e Y(1S) ] 0.2 o5.y<a 5-60% -
- 25<y<4 ® Inclusive Jiy - W Inclusive Jy ]
0.1- . 0.15 ® Y(S) ]
i o m = . - EE5 7(1S), TAMU model, PRC 96 (2017) 054901 -
= - - Y(1S), KSU model, arXiv:1809.06235 -
i e ] o1 E
0.05 ] ! a oo ]
: 0.05[- ]
Y g i _[h |
L _ 0 ——————— -
i el [
-0.05— — B
5-60% 5-20% 20-60% o
Centrality

v Analysis based on Pb-Pb data collected in 2015 and 2018

I v T(1S) v, compatible with zero and smaller than that of inclusive J/y (2.60 significance excluding the lowest p_ bin)

v different relative importance of production mechanisms (dissociation vs regeneration) for J/y and Y(1S) ?
v Results compatible within uncertainties with values predicted by theoretical models:

v Regeneration included in TAMU, but it gives no significant contribution to the Y(1S) v,

v  differences between TAMU and KSU arise from dissociation mechanism and medium properties implemented
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Jhy polarization in Pb-Pb collisions

First measurement in heavy-ion collisions at the LHC !

v polarization parameters studied 0.6F Helicity Collins-Soper

through the angular distributions of 0.4F o
leptons in the quarkonium rest frame 0of E

H 7\‘9 oé_-------.+ ...... { .................... E_ ...................................

v values close to zero in both - } : 4 $ +

Solllns-Soper and Helicity —0.25— ALICE Preliminary 3
rame ~0.4F Po-Pb |5, =5.02TeV,25<y <4 -
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0.4 -
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Jhy polarization in Pb-Pb collisions

First measurement in heavy-ion collisions at the LHC !

polarization parameters studied
through the angular distributions of
leptons in the quarkonium rest frame

v values close to zero in both
Collins-Soper and Helicity
frame

Negligible polarization measured
also by NAGO in In-In collisions at

Vs =17 GeV
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Jhy polarization in Pb-Pb collisions

First measurement in heavy-ion collisions at the LHC !

polarization parameters studied
through the angular distributions of
leptons in the quarkonium rest frame

v values close to zero in both
Collins-Soper and Helicity
frame

Negligible polarization measured
also by NAGO in In-In collisions at

Vs =17 GeV

Results compatible with other ALICE
measurements in pp collisions at

different \'s
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Jhy polarization in Pb-Pb collisions

First measurement in heavy-ion collisions at the LHC !

polarization parameters studied
through the angular distributions of
leptons in the quarkonium rest frame

v values close to zero in both
Collins-Soper and Helicity
frame

Negligible polarization measured
also by NAGO in In-In collisions at

Vs =17 GeV

Results compatible with other ALICE
measurements in pp collisions at

different Vs

Powerful tool for constrain models
— currently none of them is able to
describe observed measurements
already in pp collisions

0.6 |
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0.2
0.4
0.6
0.8

[Eur. Phys. J. C (2018) 78]
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Outline

Quarkonium measurements in ALICE

pp collisions: baseline production

p-Pb collisions: study Cold Nuclear Matter (CNM) effects

Pb-Pb: study the properties of the hot and dense medium

v Conclusions and perspectives
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Conclusions

Impressive amount of quarkonium measurements provided by ALICE:

v pp collisions:
v Fair description of the data provided by NRQCD(+CGC) in a wide range of momentum and rapidity
v Some tensions still present between data and models (y(2S) / Jhy ratio, J/y polarization)

v Multiplicity dependence: models including HF-production in MPI describe qualitatively the observed trends

v p-Pb collisions:
v Models are not able to describe consistently all quarkonium results
v Final-state effects needed to describe the y(2S) suppression at backward rapidity
v Positive elliptic flow v,, comparable with Pb-Pb values - common underlying mechanism? Initial conditions ?

v  Pb-Pb collisions:

v Jhy results at both mid- and forward rapidity consistent with significant contribution from regeneration
mechanism — Need higher precision on models (and data as well) for a better discrimination

v Strong suppression of Y(1S) towards central Pb-Pb collisions; no significant dependence on y and p_

v  Flow:

v v, of J/y suggests thermalization of charm quarks within the medium; positive v, of J/y with 3.7¢
significance observed

v Y(1S) v, compatible with zero and with values predicted by models

v New polarization measurements in Pb-Pb compatible with zero and with pp results
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Perspectives

v ALICE Upgrade foreseen for Run IlI-IV:

v Continuous readout: high statistics minimum bias sample (target for Pb-Pb: L =10 nb?) -
significant improvement for low p_ quarkonia at mid-rapidity

v New Muon Forward Tracker (MFT) at forward rapidity — reconstruction of secondary vertices possible
: 2[arXiv:1812.06772 [nucl-ex] | _ 0.1g [ArXIv:1812.06772 [nucl-ex] o
f ' ALICE Upgrade Projections, 10 nb”’ 2:’ i Pb-Pb |5=5.02 TeV, |y|<0.9 | v Impro.ve.d precision
Pb-Pb |5,y = 5.02 TeV, 2.5 < y < 4.0 ~ 016 ® ALICE Upgrade projection, 10 nb™ for existing
TR ee——— ©ras) s Y 0.14 {'pp ------ Statistical Hadronization Model E guarkonium
\; o Y@S)-u'u 25 E - Transport Model (TAMU) measurements
0.8f & ) 0.12 \; g downtop =0
L ) :‘* . 4 i
- 0.15% \6
0.6[ ‘ v New
: 0081 ; measurements will
04f 0.06 B — T become accessible
! 0.04 - $$ . I
02f - e Stay tuned!
[ 0.02 .
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Perspectives

v ALICE Upgrade foreseen for Run IlI-IV:

v Continuous readout: high statistics minimum bias sample (target for Pb-Pb: L =10 nb?) -
significant improvement for low p_ quarkonia at mid-rapidity

v New Muon Forward Tracker (MFT) at forward rapidity — reconstruction of secondary vertices possible
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Quarkonia vs multiplicity

3 I T 171 | I T 171 | T 11 T T T 1 I T 171 | I T T 1 I T T I_
2 30 —ALICE preliminary \‘ —
N ~ pp, Vs=13TeV \é' i
= =y ~ Inclusive J/y — e'e (ly| < 0.9) ((\ R ]
2’2" 5[ e o
o2 | data Pythia 8.2 (Monash 2013) ] v g iﬂaWSIS significantly
WE e % 0cp caceus ‘g E extends the p_range (up to
- = HHHH 4<p <8GeVe 1 30 GeV/c)
L v %8@0 <11 GeV/c ]
15~ + = 11<p <30GeVlc ]
N 1 v PYTHIAS calculations
= i - qualitatively describe the p_
- ﬂ’ ‘ ] dependent trends seen in
5 ¥ . data
L “!i!;.-%f -
N [ 7
C =uf 1 1 1 1 | | I I | | 1 1 1 | | | | | 1 1 1 1 | 1 1 1 | | ] 1 I_
0 1 2 3 4 5 6 7
dN/dn
(AN /Ay

v Faster than linear increase observed also in p_bins

v Slope increases with the transverse momentum of J/y
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Jhy-hadron correlations &

d N assoc. raw

Jhy-(low-p_)-hadron correlations Jhy-(high-p_)-hadron correlations
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8 - High-multiplicity ALICE Preliminary ] g L High-multiplicity ALICE Preliminary |
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% r ¢ J/y-hadron correlation . g § - ¢  J/y-hadron correlation .
s [ [ ] syst. uncert. ] =C I . [ ] syst. uncert. 7
= - global syst. uncert.: 4% . ° = : 3 I global syst. uncert.: 7% :
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v Clear near side peak observed by correlating high-p_J/y ( p.> 5 GeV/c) and hadrons with
p.>1GeVic

v Qualitative good agreement observed with PYTHIA8 simulations

v Usage of full Run Il statistics (gain of a factor ~100 expected for p_(J/y) > 5 GeV/c) will

improve significantly uncertainties allowing finer kinematic scan — powerful tool to
constrain models!
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v Study nuclear modification in a smaller {5 ™ 25<y<4(anivi180504383) ]
collision system (same fireball volume with i .
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1 _______________________________ —
v Large statistical uncertainties for = ]
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0.5_— EI 7
v Statistical hadronization model consistent [ ALICE Xe-Xe {sy, = 5.44 TeV i
with data; similar agreement observed - InclusiveJny LT
also with transport model (not shown) % 100 200

Nuclear modification factor R

[PLB 766 (2017) 212]
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0.4F

0.2 [ Transport (M2, Zhou et al) —

[Trrr[rrvrr[rrrrrrrrrrrrprrrrprrrrprrrrprrrrj
ALICE, Pb—Pb \ s, =5.02 TeV ]

Inclusive Jiy — prw ’
2.5<y<4,0.3<pT<8 GeV/c ]

SR

R

Transport, p_> 0.3 GeV/c (TM1, Du and Rapp)

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

v

&
@(2\\6,\)

Models including
recombination
describe the
centrality
dependence of the
data

R

New Trends in HEP 2019
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Nuclear modification factor Rppb

Nuclear modification factor R

effects:

Bppn

1 d%0, /dydpr
A d20,,/dydpr

RPA (yapT)

Stronger J/y suppression observed at forward rapidity

Rpr compatible with unity at backward rapidity

Good agreement between ALICE and LHCDb results

Fair agreement between data and models within the
current experimental and theoretical uncertainties

ALICE p-Pb \'s,,, = 5.02 TeV

Inclusive J/y— e'e”, 1,37 < Yo < 0.43

‘a.,
-+ 2016 Sample (Preliminary), L, = 256 pb™

-=- 2013 Sample (JHEP 06 (2015) 55), L, = 51 ub™ l

L

:]

EPS09 NLO (Vogt et al., Int. J. Mod. Phys. E22 (2013) 1330007)
[ CGC (Fujii et al., Nucl, Phys. A815 (2013) 1)

[ ] ELoss (Arleo et al., JHEP 05 (2013) 155)

[ EPS09 NLO + ELoss (ibid.)

Is used to quantify medium

pPb

[JHEP 07 (2018) 160]

o 1.4(
n:‘a p-Pb {5, = 8.16 TeV
1.2 ® ALICE inclusive JAy

O LHCb prompt J/y (PLB 774 (2017) 159 )

0.8F |
0.6 ' EPS09NLO + CEM (R. Vogt) +
= nCTEQ15 (J. Lansberg et al.)
0.4 [ 1 EPPS16 (J. Lansberg et al.)
L CGC + NRQCD (R. Venugopalan et al.)
B CGC + CEM (B. Ducloue et al.)
0.2 r Energy loss (F. Arleo et al.)
"7 | = Transport (P. Zhuang et al.)
| === Comovers (E. Ferreiro)
0IIIIiIIIIiIIIIiIIII|IIII|IIII|IIII|IIII|IIII|IIII
5 4 -3 2 1 0 1 2 3 4 5
ycms
Similar increasing trend of Rpph at Vs =5.02 TeV
with p_ at mid-rapidity
. : . -
Rppb consistent with unity for p_> 5 GeV/c
fair agreement with models within uncertainties
... F.Fionda 26




Jhy polarization

v Polarization parameters studied
through the angular distributions of
leptons in the quarkonium rest
frame

v Measurements performed in
different polarization frames
(Helicity and Collins-Soper)

v No significant J/y polarization
observed

v Good agreement between ALICE
and LHCb measurements at

Vs =7 TeV

Wicos#, @) x

0.8
0.6
0.4
0.2
~ 0
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0.4
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0.8

0.8
0.6
0.4
0.2
~< 0
0.2
0.4
0.6
0.8

0.8

0.6
0.4
0.2

0.2
0.4
0.6
0.8

N
«

[] + hgcos’ @ + Ao sin” 6 cos(2¢) +A LB am{ﬁﬁ'} COs qr]

q _|_ Ag
; [Eur. Phys. J. C (2018) 78]
= Collins-Soper i— Helicity
____itH:—_ﬁ—_::: _____ Lii ____%# ____________________
E Y =
F —e— ALICEpp i5=8TeV, L, =1.23pb" = Qﬁ
- ALICEpp {5=7TeV E Inclusive Jiy
L —4— LHCbppis=7TeV i_ 25<y<4
| | | | | | | [ | |
= "#‘Fﬁt‘%—_—*‘_ = f—+— """" — ""ﬁ’*‘i ‘ *
0 o L) 3 . . S
j"" +-?-§_—$— ffff fffffffffffffffffff j #ﬂ—#—jﬁ
3 1 1 P T T T BT T T B | ||\_|\| T | P T N N N T R HT R N
2 4 6 8 10 12 14 o 2 4 6 8 10 12 14
(o (GeV/e) ol (GeV/o)

... F Fionda
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Jly polarization  &*

v Polarization parameters studied
through the angular distributions of
leptons in the quarkonium rest
frame

v Measurements performed in
different polarization frames
(Helicity and Collins-Soper)

v No significant J/y polarization
observed

v Good agreement between ALICE
and LHCb measurements at

Vs =7 TeV

v None of the models is able to
describe simultaneously all
measurements

Wicos#, @) x

1+ A c0529+i
3—|—3‘..5-|: ¢ ¢

sin® @ cos(2¢) +Age sin(28) cos qf:]

; [Eur. Phys. J. C (2018) 78]

0.8
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0.4 F
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0.2 =
04

0.2

~ 0
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0.8

0.8 F

0.6
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0.2

0.2
0.4
0.6
0.8

- Collins-Soper

—e— ALICEpp 15:81%‘./',LN=1.23|:ib'1

i— Helicity

3 - S
3 *rﬁ#:—%ﬂi - #++—+——f— 77777777777777
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0o 2 4 & 8 10 12 14
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Inclusive Jly yields vs multiplicity in pp at Vs = 13 TeV

A%
\*]

=~ |/>::\ [T T T | LI | L | LI LI LI LI :I T T I_L
2 B_ _ E ALICE Preliminary : -
/2> “°F pp. Vs =13 TeV e
T T 18—_Inclusive Jy - e'e (ly| <0.9) =
— 10% normalization uncertainty P .

16— e Data H ]

14:_ -------- Ferreiro et al. ’ _:
et EPOS3 (D, 2 < p_ < 4 GeV/c) -

127~ B==== PpVYTHIA 8 (Monash 2013) $ ) —]

10— : Kopeliovich et al. -~ _

of caeZ

6 —

4 -

2~ —

e:’ - ’l 1 1 1 1 | 1 1 11 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 | I;

0 1 2 3 4 5 6 7 8 9

dN/dn

| (dN _/dn)

RUN | mult. reach for Jhy

v Significantly higher multiplicities exploited thanks to
high-multiplicity triggered data!

v Very similar trend observed for open and hidden HF
measurements — confirmation of Run | results

v PYTHIA8 (Monash 2013)
v Initial hard processes
v Hard processes in MPI
v ISR/FSR

v EPOS3
v Gribov-Regge formalism (MPI
included)
v Hydro evolution of the system

v Kopeliovich et al.
v contributions of higher Fock states

v Percolation model
v Soft sources stronger affected
than hard sources with increasing
density (multiplicity)

Ferreiro, Pajares, PRC86 (2012) 034903

EPOS3, Werner et al., Phys.Rept.350 (2001) 93

PYTHIAS, Sjostrand et al., Comput.Phys.Comm.178(2008)
Kopeliovich et al., PRD88 (2013) 116002
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Nuclear modification factor RI0P

1.8
‘-;.L; C ALICE, inclusive J/y, y(2S) — 1w
x 16F p-Pb s\, = 8.16 TeV
1 4 :_ ° J/‘V (arXiv:1805.04381) Comovers (E. Ferreiro, PLB 749 (2015) 98)
T ® y(2S) (Preliminary) mTdy = veEs)
1 2 o CGC+ICEM (Y.Ma et al, PRC 97 (2018) 014909)
- o v(2s)
e l
0.8 —
0.4 H
0.2F
OZIIII|I\IIIIIII|I\I\|IIII|III\|IIII‘IIIIl,I//I/I,I‘I\II
-5 -4 -3 -2 -1 0 1 2 /3 4 5
g ycms

Rpr
() () o —_ —_ — 'y
P O 0 o M M OO OOWN

o L L L L L L L L R

o
o i

ALICE Preliminary
Inclusive Y(1S) — u'u
p-Pb {syy=8.16 TeV, -4.46 < y_ < -2.96

fel

o

o
o

o o o —_ a4 a4 a4
P o o oM O N

[ | EPS0INLO + GEM (Vogt et al, NPA 972(2018) 18) —f 0.2
1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 J 1 1 1 | 1 1 1 | 1 1 1 l 1 : O
2 4 6 8 10 12 14
p_ (GeV/c)

b

@ 1-4_'"'I""I""I""I""I""I""I""I""I""_
D:o. +  ALICE, inclusive J/y, T(1S) — u'w .
1.2F p-Pbys,=816TeV -
.
ok [ g (’ @&} =
0.6 ]
0.4F ]
0.2 L e Y(19) (preliminary)/// ]
L e Jy (arXivi1805.04381) 1
O-IIIIIIIIIIlIlI,I’I/,/I,IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII-
5 4 3.2 -1 0 1 2 3 4 5
Y oms
I L I L R
- ALICE Preliminary B
| Inclusive X(18) - w 1 v Similar increasing
C -Pb {'s,,, = 8.16 TeV, 2.03 < <3. b
- p \Sww=8.16TeV, 2.03 Y omms 3.53 E '[I“end at bOth
- E backward and
N O L = forward rapidity
- $ | 1 v Model predicts
3 S E almost no p_
3 E dependence
- [ ] EPS0INLO + GEM (Vogt et al., NPA 972(2018) 18) - P
C 1 PR N N T TN Y ST S T YN SO SO AN SO Y SO NN SO TN N N T
0 2 4 6 8 10 12 14
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Polarization parameters

Wicos#, ¢) x

[] + hgcos” @ + Ag sin® 0 cos(2¢) +Agy sin(2H) cos l;{.‘-“] .
3+ Ag

proton—proton collision CM frame JArrest frame

d \ / ¢+ z(HX) \
; Z{GJ\\

V J/wy direction \

Helicity: z-axis corresponds to the quarkonium flight direction in the center-of-mass of the colliding
beams

Collins-Soper: z-axis coincides with the bi-sector between the momenta of the two beams in the
quarkonium rest frame
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Jhy triangular flow at forward-y

(3] - ]
= 0.04~ ALICE Preliminary 0-50%
- Pb-Pb |5,,=5.02 TeV .

0_03:_ Inclusive Jhy —:

L 2.5<y<4.0 -

0.02~ £ [ -
0.01 .
0:. ........................................................................... —]

C | | 1 | | | | | | | | | | | | | | 1

v First observation of positive Jiy v_ in Pb-
Pb collisions (3.7 o significance)

v Y, sensitive to fluctuations of initial

nucleon distributions in the overlap
region

[PRC. 82. 039903]

10 s S B

: ~ PHOBOS Glauber MC ]

5F Ly e .

E o .

> n i

5 .

Npy = 971, e, - 0.53 | e
10730 0 10

X(fm)

FIG. 3: Distribution of nucleons on the transverse plane for a
VSnn = 200 GeV Au+Au collision event with £3=0.53 from
Glauber Monte Carlo. The nucleons in the two nuclei are
shown in gray and black. Wounded nucleons (participants)
are indicated as solid circles, while spectators are dotted
circles.




v(2S) in Pb-Pb collisions at 5.02 TeV

§ 2 : ! ' ! ! I L ! ! I ! ! ot I ! ! ! ! I ! ! ! ! I ! ! ! ! l ! ! ! ! | ! ! ! ! I S 2-5 | T 1 17T I T 1T T T I T 1T T T [ LI I L L I T T T T [ T 17 T 7T I T 1T T 71 TT I_
T 18 ;— ALICE inclusive Jy, y(2S), Pb-Pb {s = 5.02 TeV, 2.5<y<4, 0<p <8 GeV/c i( C JAy, y(2S), Pb-Pb ﬁ =5.02 TeV ]
1.6 :_ ¢< 2 R ALICE, 3<pT<8 GeV/e, 2.5<y<4.0, Inclusive (Preliminary) J
14F — y(2S) (Preliminary) % E CMS, 3<p_<30 GeV/c, 1.6<y<2.4, Prompt only (arXiv:1611.01438) | cop. E
10 — J/y (arXiv:1606.08197) N - Upper limits include global uncertainties 0-90%
B - Upper limits include global uncertainties \?5 1'5__ ]
e & ]
0.8F L i
- H 1

06E HE m mm © @™ m 0 mpdD oo C ]
04F 05F -
0.2F [I] C I:IE.] ]
O : L L1 L I L ¥ L L I L L 11 I u L L L I L1 L L I L 1 L L [ L L L L I 1 L L L I 0 B 1 1 I 11 1 1 I 1 1 1 | | 11 1 I 11 1 | I 11 1 | | 11 1 I 11 1 1 1° 1 1 1

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

0.07 —r—r—rrrrrrrrrr T 7T T T T

ALICE inclusive J/y, y(2S), Pb-Pb, 2.5<y<4, 0<p_|_<3 GeV/c v W(ZS) more su ppressed than J/W towards more

central collisions

VSun = 5.02 TeV, glob. unc. = 3.5% (Preliminary)
VS = 2.76 TeV (JHEP 05 (2016) 179)

Upper limits include global uncertainty

BRw(ZS)'G\u(ZS)/BRJ/W'GJ/w
o
o
(6]

TT T T[T T T T[T T T T [TTTT

paa d s b by by s by biaa

0.03f v Results compatible with CMS
0.02 —
oorE
. | | | | | | | £ v More precise measurements expected thanks to
% 50 100 150 200 250 300 350 400 2018 Pb-Pb data
(N>
part
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