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Motivations for quarkonium studies

* Heavy quarks in Pb-Pb collisions at the LHC

. early production (¢ ~0.08 fm/c, b ~ 0.02 fm/c vs. QGP ~ 0.3 fm/c)
— experience the full system evolution
PHENIX, Nucl.Phys. A757 (2005) 184-283
- interact with the QGP: sensitive to the medium properties
Matsui & Satz, Phys.Lett. B178 (1986) 416-422
- same number per binary collision produced in Pb-Pb and in pp

e Quarkonium in Pb-Pb collisions : hard probes of the QGP sgi, et al. Phys. Rev. D 64 (2001) 094015
Zhou et al., Phys.Lett. B758 (2016) 434-439
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Quarkonium studies

Quarkonium yield in AA compared to the pp one,
scaled by the overlap factor T,, (from Glauber model)

YA A - No medium effect: Raar= 1

< TAA > 0pp + Raa# 1: cold nuclear matter
and/or hot medium effects

Raa =

Anisotropic matter distribution around the collision
peN LN S a5 0s(n(6 - i)
dp N prdprdy Loostrn o
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5~/ Flow coefficients :
=~ vy, = (cos{n(®; — Vrp)})
olipuckinl coliekn T directed flow (v1), elliptic flow (v2), ...
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Quarkonium measurements with ALICE in Pb-Pb

ALICE
Run 2 (2015-2016) Pb-Pb at Vsyn=5.02 TeV

Performed both at
mid- and forward
rapidity
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Quarkonium — ete:

 ly|] < 0.9
edowntopr=20
e« L= 13ub1
Muon
spectrometer
Quarkonium — ptp-:
«25<y<4
cdowntopr=20 VO: Event plane (EP) + centrality
o L =225ub1 ITS (SPD): vertex + EP

TO: luminosity
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Signal extraction
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J /v Raan measurements with ALICE
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- From (Npart> > 50: no significant centrality dependence at LHC
significantly different from RHIC observations

. J/y suppression at Vsnn=5.02 TeV confirms observations at Vsny=2.76 TeV with
an increased precision

- Good agreement between both rapidity measurements with hint of a production
increase for the most central collisions at mid-y
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J/ \|1 Raan measurements with ALICE

ALICE
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- From (Npart> > 50: no significant centrality dependence at LHC
significantly different from RHIC observations

. J/y suppression at Vsnn=5.02 TeV confirms observations at Vsny=2.76 TeV with
an increased precision

- Good agreement between both rapidity measurements with hint of a production
increase for the most central collisions at mid-y
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J/y Raa vs model calculations
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- Exp. observations interpreted as suppression +

(re)comblnatlon Transport models: TM1 and TM2
Zhao et al., NPA859, 114, Zhou et al., PRC89, 054911
All models l‘ePI‘Oduce data Statistical hadronization
Andronic et al., NPA 904-5, 535c¢
-+ Main sources of uncertainties Co-movers interaction model

Ferreiro et al., PLB731, 57

- Precise determination of cc cross-section
- CNM effects on quarkonium production
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w(2S) Raa and ratio of 2S/1S

w(2S) is expected to be more
easily dissociated than J/y

w(2S)/w(1S) should greatly help
model discrimination

Data show a stronger suppression
in semi-central and central
collisions

For low significance : upper limit
at 95% CL

More statistics are needed
— upgrades for LHC run 3
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. Strong Y(1S) suppression vs centrality (similar to Vsnn =2.76 TeV)

. Direct Y(1S) production suppressed ?

- Need precise feed-down measurement for P-wave states (from pp) at low pr

- Compatible with transport models w/wo (re)generation

- No pr dependence within uncertainties
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Heavy quark flow

Recombined states should inherit the flow of heavy quarks

Relevant observable for quarkonium (re)generation and
path length study

Further constrain to theoretical models describing
quarkonium production

ALICE 40-50% Pb-Pb s, = 2.76 TeV

Open questions :

= Do charm quarks thermalize?

= Do they follow collective dynamics of bulk?

v{SP,IAn| > 0.9}

= |f yes, how do their flow scale with lighter quarks ?

>
j (GeV/c)

ALICE, JHEP 06 (2015) 190
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- A significant elliptic flow was measurement for D mesons

- Event shape engineering technique: study the coupling of ¢ quark to the

bulk of light quarks in the underlying medium

- Heavy quarks participate to the collective expansion dynamics
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- Methods based on event plane determination
From detector multiplicities: 1

1
¥, = + arctan(Q, ,.Q,,)

- Fit of (cos(2 Ap)) distribution vs inv. mass *
with A(P = @uu - ¥Y2,EP

.l
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J/y v2 at Vsnn = 2.76TeV

[ e ALICE (Pb-Pbsy, = 2.76 TeV), centrality 20%-60%, 2.5 < y < 4.0
M M | =—— Y. Liu et al., b thermalized
FI rSt h I nt Of J/\Il vz ERGEEED Y. Liu et al., b not thermalized

0'2__— . X. Zhao et al., b-diffusion

measured by both
CMS and ALICE
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Results at Vsny = 5.02TeV
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Highest significance: 6.60 for 20-40% and 4<pr<6 GeV/c
U2 = 0.113 + 0.015(stat) £ 0.008(syst)
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R O N T T T I I AT 1
@ n ALICE], InclusiveIJ/\u — u’:(. 25 < yl< 4,20 - 4IO% . Comp?‘rls.on to Open Charm
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Quarkonia are suppressed in Pb-Pb collisions at the LHC
- Charmonium
- less suppression at the LHC than at RHIC
- Consistent with strong (re)generation component for J/yp at LHC
- Evidence of positive J/yp v. suggests charm thermalisation in the medium
- At high pr v. amplitude is not understood
- More statistics are needed to better study y(2S)

- Bottomonium

. Y(1S) suppression plays dominant role with negligible (re)generation

. Strong Raa centrality dependence

Thank you for your attention !
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J/wv v2 at RHIC energies

v=2 ~0 at RHIC energies -
v2 <0 at low pr?
Phys. Rev. Lett. 111, 052301 (2013)
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0.1 4
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—

0.1E initially produced [31]
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Acta Phys.Polon.Supp. 5 (2012) 323-328
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— o + initial mix (Zhao, Rapp priv. cornm.)
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v2 results comparison
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CMS measurement of prompt D%v, at 5.02 TeV

PbPb \s,, = 5.02 TeV

- Prompt D°, ly] < 1.0
B Syst. from nonprompt D
[ ]Other syst.
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DO meson v2 with STAR at 200GeV/c

ALICE
L« 03[ oD’ 5A  STARAuvAU | Sy = 200 GeV | ¢ SIRD . STARAu+Au |5, =200 GeV]
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Non-prompt J/y v2 with CMS

CMS PbPb {5 . =2.76 TeV CMS PbPb {5 = 2.76 TeV
o 06— w 08— T
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J/y <p1t> and raa

—~ 2.6

O 2

< F ALICE, Inclusive Jiy — p*u’ 2

% 2.5 C pT AA

Q) 24:_ 25<y<4,p_<8GeV/c TAA o 2

.- T (PT)

S aaEE H B [ T /Dpp

Q :

\/22'_u < R L BLELELELES NLRLELELE BN LR NLELELELE BUNLELELE
= S12F ALICE, Inclusive J/y — puu -
o1E (] - : 25<y<4,p <8GeV/c :

. H e o Pb-Pb, {5, = 5.02 TeV (Preliminary) E
2F [#] j: 4 -ﬁ o Pb-Pb, |5, = 2.76 TeV (arXiv:1506.08804) 1
19 o Pb-Pb, |5, = 5.02 TeV (Preliminary) U Ee + + ]
18 E o Pb-Pb, |5, = 2.76 TeV (arXiv:1506.08804) . 3 y ¢ ; E
1.7 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 ) : :
0 50 100 150 200 250 300 350 40! X + ¢ ]
< I\I > 0.7 -]
part L[] Transport [TM1, Du and Rapp] ({s,, = 5.02 TeV) ]
EFTET T BN RS A T B T T B A A T B T T T B A A T A T A

0'60 50 100 150 200 250 300 350 400
(N__ )

part

- The J/yp <pr> is smaller in central events than in peripheral ones
— (re)generation

. The results of ry, at Vsy = 5.02 TeV and Vsy = 2.76 TeV are compatible within uncertainties

- Discrepancies are seen in some centralities (e.g > 3 o for 30-40 %) between the
measurements and calculations based on TM1 model
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Detector equalization and resolution

- Focus on methods based on event plane determination

- From detector multiplicities :
R

//"/Qp Qn = Z emd),. = Qn,x + iQn,y
i=0

/“ Feant.
/ Y 8 cos(n,) [ \

& :
/ Qn,r - seint, = |Qn| COS(ﬂWn)

E S;

1
sint. ¥, = < arctan(Q,, .0, )

¥ > .s*in(n‘bi-)
Qn.y - scint. = Qn Sin(n‘yn)

PO

- Correct for detector resolution : using 3 sub-event method

<cos {n(W5 W7 y<cos {n(W5 —W5 )}> A M. Poskanzer and S. A. Voloshin, Phys Rev. C58, 1671
N 5t
<cos {n(W5 =W )>

<cos {n(W5; — W)} > = \/

- Detector equalization to deal with non-uniform
acceptance
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Hydrodynamics : charged hadrons with ALICE
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- Outside hot matter mechanisms, other effects might affect quarkonium
production

- Energy loss

- Initial state: nuclear parton shadowing/CG condensate

- Final state: nuclear absorption

- CNM investigated in p-A collisions
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- Outside hot matter mechanisms, other effects might affect quarkonium

production

- Energy loss

- Initial state: nuclear parton shadowing/CG condensate

- Final state: nuclear absorption

- CNM investigated in p-A collisions

o 227
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Charmonium production in p-Pb
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- Positive v. observation for charged particles
» Mass ordering for pr< 2.5GeV/c

- At high prmuons are dominated by HF decays
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- Azimuthal correlations between J/y (in the dimuon channel) and mid-rapidity charged
particles

- Sizeable v. measured in p-Pb collisions at 5.02 and 8.16 TeV (compatible with Pb-Pb in 5-20%)

- No significant (re)generation contribution is expected and lesser path-length effect w.r.t Pb-Pb
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- depends on particle multiplicity
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Low-pr J/ vy excess

8 700 :I_ IIIIIII | L | LI I. I |. L | L | IIIIIIIIIIIIII I_I__ <<E 8 :
S - ALICE Preliminary - x - ALICE, Pb-Pb s, =2.76 TeV
) - i — _ 7 6F 25<y<4
= 500: Jhp — e'e, lyl<0.9 ] I 0s=p_<0.3GeVlc, global syst =+ 15.7 %
— ] 41
Q -l 2.92 < m,.,<3.16 GeV/c? = }  03sp <1GeVic, global syst=x 151 %
m I ] —
D 400[— ] 3 + 1< p_<8GeV/c, global syst =+ 11.5 %
| — — . ]
[= 300 - e Centra“tY 70-90% - ol Common global syst = + 6.8 %
() = — ultra-peripheral (scaled) ]
200F I —
100 | | —
ol P et -
—1 OO :I_ 1 1 1 | 1 1 1 | | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 | | 1 1 1 | | 1 1 1 1 | 11 I_I__
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

. Observation of yield excess at very low pr (0<p,<0.3 GeV/c) in
peripheral collisions

- Behaviour not reproduced by transport models

. pr distribution matches expectation from coherent
photoproduction of J /1 measured in ultra-peripheral collisions
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