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 The flow observable
anistropic matter distribution around the collision
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#..I /
\J Flow coefficients : v, =<cos {n(®; — Wrp)} >

directed flow (v1), elliptic flow (v2), triangular flow (v3), ...

 Motivations for charmonium flow study

Why is it interesting ?

How to measure it ?

What are the results ?
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Comparison to hydro at low pr.
* Vv origin: of the system
For intermediate pT:
* vz governed by the V) (Baryons) > vy (Mesons)
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Motivations for charmonium studies

 Heavy quarks in Pb-Pb collisions at the LHC

- early production (c ~ 0.1 fm/c vs. QGP ~ 0.3 fm/c)
— experience the full system evolution yuenys. azs7 00s) 184-283

* interact with the QGP : sensitive to the medium properties

e Charmonium (cc) in Pb-Pb collisions : hard probes of the QGP

Open guestions :

= Do charm quarks thermalize?

= Do they follow collective dynamics of bulk?
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http://inspirehep.net/record/661031

Quarkonium suppression :

- Initially : J/y suppression predicted by
Matsui and Satz in 1986 by Debye
screening mechanism Phys.Lett. B178 (1986) 416-422

- Different quarkonium binding energy :
sequential suppression with increasing

Increased charm quark density
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—enhanced quarkonia production

Less relevant for bottomonium than
Charmoniu m Phys. Rev. C 63 (2001) 054905

Phys. Lett. B 490 (2000) 196-202
J. Phys. Conf. Ser. 509 (2014) 012019
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Phys.Rev. C84 (2011) 054912 Phys.Rev.Lett. 109 (2012) 072301

Phys.Rev. C86 (2012) 064901 Phys. Lett. B 766 (2017) 212-224

Audrey Francisco

J/ v elliptic flow

IPNO, March 8th 2018


http://inspirehep.net/record/230496
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.63.054905
http://www.sciencedirect.com/science/article/pii/S0370269300009916?via=ihub
http://iopscience.iop.org/article/10.1088/1742-6596/509/1/012019/meta
https://arxiv.org/pdf/hep-ex/0412036.pdf
http://inspirehep.net/record/894560
http://inspirehep.net/record/1127261
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.64.094015
https://journals.aps.org/prl/references/10.1103/PhysRevLett.109.072301
https://arxiv.org/abs/1606.08197

Charmonium productlon in the QGP
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From {Npare> > 50: no significant centrality dependence
Transport models: TM1 and TM2

NPA 859 (2011) 114, PRC 89 no.5, 459 (2014) 054911

JIp suppression at +/snn=5.02 TeV confirms observations at

. . o Statistical hadronization
V/snn=2.76 TeV with an increased precision NPA 904-5 (2013) 535

. Co-movers interaction model
pt > 0.3 GeV/c to remove most of photo-production PLB 731 (2014) 57

(brackets for the remaining contribution)
«  Feed-down from higher quarkonium resonances and b decays

Main sources of uncertainties °  Frecise determination of open charm cross-section

+  CNM effects on quarkonium production
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Charmonium production at mid-y

ALICE
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- Heavy quarks participate to the collective expansion dynamics
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- Recombined states should inherit their flow
* Relevant observable for quarkonium (re)generation study

* Further constrain theoretical models describing quarkonium production
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ALICE

Acta Phys.Polon.Supp. 5 (2012) 323-328

J/ ¥ v2 at RHIC energies

v2 ~0 at RHIC energies R manas
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J/y v2 at \/SNN = 2.76TeV
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J/w vz measurements with ALICE in Pb-Pb

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

Performed both at
mid and forward
rapidity

Quarkonium — ete-:
- ly] < 0.9
* downto pt =0
- L= 13pb-!

spectrometer

Quarkonium — utu-:

»25<y<4
» down to ptr =0 VO : Event plane (EP) + centrality
« £ =225ub-! ITS (SPD) : vertex + EP

TO : luminosity
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J/y elliptic flow: how to measure it ?

- Methods based on event plane determination
S
From detector multiplicities : W, = + arctan(Q,,.0,,)

»  Fit of (cos(2 A)) distribution vs inv. mass ‘
with A = @ - ¥2ep
y
-sé) ﬁlIZ:IISSve Jy — pw : Izniluiglg L'JD/?V P—b> !j SozTey
815000_ is ;/254b2 [ <4 GeV/c 1 |Ly| 1(;9b2 P, <6 GeV/c
o . I u
e Opposite-sign pairs === Fit total Q ® Opposite-sign pairs:
10000- — Fit signal ===+ Fitbackground ° ° O Mixed event pairs ]
= MC signal shape M
odel total flow as
i ® 8 e
5000 Cee,
' ®o — bc
*4 va(Mypp) = 02780 (M) + 220510 ()
-~ - r
5: 0'1__ ® Opposite-sign pairs_:_ ¢ ® Opposite-sign pairs_: T 4
! [ - Fit total v,(m,,) - Fit total v,(mg,) .
S oosf . signal shape extracted
3 N o0 ]
(b)+ IIIIIIIIIII p @ : background : e.g,
24 26 28 3 32 34 3(6(532\?/03)24 26 28 3 32 (éeélv/ng)i polynomial fU.IlCtiOIl
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Results at \/SNN

o e T T T T .
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0.05 |- ﬁ 3
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. . . _0_1‘.1111.1111.111.[1 PR I S S
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0.2 [T Comparison to open charm

g - ALICE, Inclusive Jiy — p'p, 2.8 <y <4,20-40% .
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o F U 1 thermalization in the medium
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0-2 L) I ' I ] ) )

] E ALIGE 20 - 40% Pb-Pb, | 5, = 5.02 TeV .
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0.05~ = 1 initial magnetic field
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Cold nuclear matter effects

» Outside hot matter mechanisms, other effects might affect quarkonium production

o 1.4
,I%l ALICE, inclusive JAy — '
* Energy loss 12p
B 1
- Initial state: nuclear parton shadowing/CG condensate %%} %
0.6
- Final state: nuclear absorption 04
i ® p-Pb |s,, =5.02 TeV (JHEP 02 (2014) 073)
0'2:_ ® p-Pb |s, =8.16 TeV (preliminary)
» CNM investigated in p-A collisions R L R N TR
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— £~ o 227
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» Positive v, observation for charged particles
* Mass ordering for pt < 2.5GeV/c
* At high pT muons are dominated by HF decays
Audrey Francisco J/ y elliptic flow IPNO, March 8th 2018
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Collective effect for J/y in p-Pb ?
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» Azimuthal correlations between |/y (in the dimuon channel) and mid-rapidity charged particles

* Sizeable v2 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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ALICE

- The J/y particle flows !
» First hints at 2.76 TeV and clear signal at 5.02TeV
* Low energy measurements still compatible with LHC observations

- At high pt the |/y v2 in Pb-Pb is largely underestimated by theory

SOV ALICE Preliminary

- The origin of J/y v2in p-Pb is not yet understood R e
—o—— Pb-Pb5-20%,25<y" "<4
~ ——%—— Pb-Pb20-40%,25< y"" <4

Thank you for your attention |

" Transport model, 20-40% Pb-Pb, 2.5 < y"" <4
m ] Inclusive J/y

Primordial J/y

Papers on arXiv :

1709.05260 : ]/ elliptic flow in Pb-Pb collisions at Vs = 5.02 TeV p;" (GeVrc)

1709.06807 : Search for collectivity with azimuthal J/y hadron correlations
in high multiplicity p-Pb collisions at Vsan = 5.02 and 8.16 TeV
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