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lon of a heavy 1on collision

MADAI Coll. - - o ® ~20. >t(fmic)

particles interact with detectors

deconfined strongly-interacting QCD matter with color degrees of freedom

Study the properties and evolution of quark-gluon plasma (QGP):
» Color deconfinement;

» Parton Interactions:

» Expansion dynamics and hadronization;
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Why to study quarkonia?

Quarkonia: bound state of 2 heavy quarks (cc, bb)

v" Quarkonia produced in the initial hard partonic scattering with a large Q=.

— cc production can be computed via pQCD calculations;
— evolution of the pair into the physical quarkonium state is non-perturbative;

v’ Experience the entire evolution of the medium;

v" Dissociated while going through QGP due to Debye screening (Ap« %).
— suppression of quarkonia is a signature of QGP;

[ T. Matsui, H. Satz, PLB178(1986) 416

v Regeneration: the large abundance of large ¢ and ¢ quarks increases
their probability to form charmonia, particularly at LHC energies;

D

.D QD,

5 QD @D: '.DD
[ Andronic et al, Nucl. Phys. A772: 167-199,2006) .~ 8745 B
[ R.Thews et al, Phys. Rev. C63(2001) 054905 (RHIC) (LHC)

[_] P.Braun-Munzinger, J. Stachel, Phys. Lett. B490 (2000) 196
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Why elliptic flow?

How to assess to elliptic flow?
1 To probe early time:

o The dense nuclear overlap Is ellipsoid in non-central collisions at the » event plane method:

beginning of HIC. reconstruct event plane
o Spatial anisotropy — momentum anisotropy » two-particle correlations:
(Pressure gradients is largest in shortest direction); dffzm ): 22 cos(nAd))

Elliptic flow (v,) is defined by the 229 coefficient of Fourier expansion.
> =P (v2) J P > multi- partlcle correlations

(cumulants):

d3N d’N -
Ll 2ﬂppoTdy{1 $23% 0008 - \Pn)]}, 0, = (cos [n(d — ¥,)])
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Quarkonia v, : Ideal probe

Quarkonia| + elliptic flow

N\

Quarkonia v,

|deal probe to explore two factors:
v the initial spatial energy density in the nuclear collision region;

v the degree of thermalization of charm;
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A Large lon Collider Experiment (ALICE)

Run 2 VO (A and C):

Triggering,
centrality estimation
background rejection

Inner Tracking System (ITS):

Tracking, vertex reconstruction,
multiplicity estimation (pp, p—Pb)

-~
W— v — e~
- — J

- ¢ Lt

Time Projection Chamber (TPC):

Vertex reconstruction, PID, tracking

Muon arm (2.5 <y <4.0):
Forward tracking and
triggering of muons

Y (nS), Iy, w(nS)—p™u-
Distinction between J/y prompt (produced at
primary vertex) and non-prompt (b-hadron decays) Int. J. Mod. Phys. A 29, No. 24 (2014) 1430044

Central barrel (|y| < 0.9):

Jy,y(nS) — eTe”
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Jhy v, extraction
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v, {SP,|An| > 0.8} Counts /40 MeV/c?

[] JHEP 10 (2020) 141
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Elliptic flow in collisions

ALICE
o T T T T T T T T T T
> 0.3 Pb—Pb |5, =5.02 TeV —
e 7, |y < 0.5
> Jy: » Prompt D, |y| < 0.8
Inclusive J/y, 2.5 <y < 4
v pr <3GeV/c: v, (Y'(1S) ) < v,(Jy) < v,(D) 0.2 ¢ | v y
a mass ordering can be observed. * Inclusive Jiy, ly| < 0.9
«b—e |yl <0.8
v 3<pr<6GeV/c: v,(Jly) <v,(D) ~ v,y(m) m Y(1S)5-60%, 2.5<y <4
— charm quark thermalization? 0 ’ﬁ# %? -
v Dt > 6 GeV/C Uz(J/\V) ~ VZ(D) ~ Uz(ﬂ) - $‘ E:}%I |‘:]l;. +
similar path-length dependence of the energy loss? . _
.
» Y(1S): v, compatible with zero; Op#-M----b---------- . _
[_]1 JHEP 09(2018) 006 A IR I I NN VIR NI SN SRR B
[ PLB 813 (2021) 136054 2 4 6 8 10 12 14 1@? ‘U]XB
(] JHEP 10(2020)141 p_ (GeV/c)

[ PRL 126, 162001(2021)
[ PRL 123, 192301(2019)
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Elliptic flow In collisions

o B N DL DL LI I LA LR LU NN §

= 02l ALICE 20-40% Pb-Pb |5, =5.02TeV —

i M. He, B. Wu, R. Rapp [arXiv:2111.13528): i

- Transport coupling for open- and hidden-charm .

0.15 B - Inclusive J'w: regenerated + left-over primordial + b-feeddown

> Jhy v, described well by a recombination model which is [ Elwo sy T e coneitions PHES :
based on: I )
0.1 .

v charm quark transported through the QGP using i ]
Langevin; 0.05 - |

v’ space-momentum correlations of charm quarks in | |
expanding fireball (equilibrium); 0 —

i * Inclusive Jiy, 2.5 < y < 4, (SP, jAn| > 1.1), JHEP 10(2020)141 |

i | | I | | i I | | | I i | | I | | i |. | | | I i i | I | | i I

0 2 4 6 8 10 12 14 16

P, (GeV/c)

[ Phys. Rev. Lett. 128, 162301(2022)
[ JHEP 10 (2020) 141
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Elliptic flow in p—Pb collisions

ALICE
:‘E\J -I I | Pl [ 11 ] 1T 110 10 T o | P I I I-
 ALICE i
- (0—20%) - (40-100%) p—Pb ys,,, = 5.02, 8.16 TeV —
Jhy v, are measured separately by: 0.2 inclusive Jy, PLB 780 (201 Mzn _

® 203<y<3.53

_PD- - - - : - @ 446 < y <-2.96 ]
p—Pb: two particle correlation (J/y-charged); O G e ainty 5% _
Pb—Pb: scalar product; 01 o F -
1 e g -
» pr <3 GeV/c: consistent with zero; ' = .
» pr > 3 GeV/c: Jy v, > 0 with similar amplitude as O_E*j% ...................... b -
measured In semicentral Pb—Pb collisions; : 20-40% Pb—Pb |5, = 5.02 TeV -
_ Inclusive J/y, 25 < y < 4 _
_ e v, {SP, |An| > 1.1} _
i " |Syst. (uncorrelated) _
L 111 | P11 | | 11 | | [ 1 1 3 | [ 1 11 | [ 1 1 1| | [ &1 | | L 11 | I | |

[ Phys. Lett. B 780 (2018) 7-20 L (Eeva/c)
[ JHEP 10 (2020) 141 P
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Elliptic flow in pp collisions

0.2

~ [ ALICE Preliminary VOM (0-5%)-(40-100%) ]

0.15 pp, \S, = 13 TeV —

* Subtracted yields method 75 < Y. <40 i

0.1 1.5 < |An| < 5.0 —

: . 0.05 —

» No collective behavior observed for the J/y ]
elliptic flow in high multiplicity pp collisions =
at the LHC, within uncertainties; K1 ]

| o | -0.05 + 2

» First J/y elliptic flow measurement In pp x
collisions at LHC at forward rapidity; -0.1 | —
5.9% global syst. uncertainty N

~0-1% 2 4 6 8 10 12

p_(GeVic)
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Elliptic flow In Pb—Pb, p—Pb, pp collisions

A clear hierarchy of J/y v, from Pb—Pb, 0.1

0—PDb to high-multiplicity pp collisions
can be observed.

Aug. 29, 2024

5 0.3
E-D ..[ ALICE Preliminary
= U n Pb-Pb, |s,,, = 5.02 TeV, (30-50%) (JHEP 10 (2020) 141)
0.2 25<y__<4.0

» p-Pb, |5, = 5.02, 8.16 TeV, (0-20%)-(40-100%) (FLE 780 (2018) 7-20)
15<|Ang|<50,203<y <353
ul 15 _ CIms
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A Large lon Collider Experiment (ALICE)

Run 3: main upgrades of ITS, TPC and MFT

Run3
Tw)- b oin Technology o MW_PC GEM
= - 37 (Multi wire proportional chamber )
4 w heglll] ML
- Readout few kHz 50 kHz
. (continuous readout)
e | Coverage In] < 0.9

coverage: [/ <09 —-|n|<1.3 _ '
* Reconstruction of muon tracks

less material together with existing Muon
: : .. spectrometer.
Max rate: 1kHz —50 kHz Continuous readout — More statistics P

So far in Run 3 compared to Run 1 and 2 ;
~ X 800 more pp, ~ x 30 more Pb—Pb min. bias collisions
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Quarkonia reconstruction in ALICE

., y(nS) — u u

J/\|/, (nS) — eTe”

Eznx‘iuﬂ . L — — % E"L{'?El| ! LI BN BRI BB
?)5 : ALIGE Perfurman{;:e - > 180 — ALICE perfnnnance S
il - ™ - —4- same event unlike-sign -
o 200F /s ] = /s =136 TeV —
= 180F pp, Is=13.6 TeV . Data : o 160 T {:5} 0 Te -¢- mix event unlike-sign -
o - - Fi = N - Jiy,p(2S) > e'e =
; 16[}:— 25<y<36,Jwv,y(25)—> ppu _i:t e Ei 140 - 0.0<p_<16.0GeVi, |y|<0.9 =
2 F MFT+MCH+MID WS = g 1201 . E
©  140F y(25) — T 100 & . -
= - 2 < 45 ----Background 3 LD - * o .
S 4
3 120 MCH-MFT E 80 | . E
- N p_ <20 GeV/c Z - o* -
— T - 60 — +** . .
1“[}__ —] - '"‘l"'“'* -
= = 40 [=* . —
80 — WMW .
- . 20 — d
Eﬂ__ = - I | | | I | | - e 1|:
4ﬂ:_ _: - I|‘.:r|:.‘1|.‘1:|::I|‘.:.‘|:r1|.‘1.|:..|.,__
= = E { g ) 46242 —$- raw counts -
20 = = 3 ¥s+ B — CB2 + residual bkg ~
0 45 = 108 b 5+E )z = 19-19 — residual bkg |
. (GeV/c?) - :
10" £ — E
Quarkonia reconstructed at mid and forward rapidity downtopt =0 Lot i1 Tt

22 24 26 28 3 32 34 36 38 4
m,. (GeV/c?)
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Summary

» A clear hierarchy of J/y elliptic flow from Pb—Pb, p—Pb to high-multiplicity pp is observed;
» Run 3 data taking ongoing with a huge boost in recorded luminosity — Stay tuned,;
» More precise measurements will be possible in pp, and Pb—Pb in Run 3;

3
= = = = = = ] . "L ?m'l"'l"'l"'l"'l"'I"'I"'I"'I':
» Jhy elliptic flow in pp collisions in ongoing...; 3 0 AUCEperomance i
= 160 - pp s =136 T‘# -¢- mix event unlike-sign -
= 140 Jip, p(25) = e'e ]
c 12[1; 0.0<p_<16.0GeVic, |y|<0.9 -
£ o :
; £ 100 |- .. -
Da .rz) 22[}3{1'0' | T T — T ] T T T 1 T T T 1 T T T T T 1 ED — --‘ —
3. a _I LI | I | I LI I LN B B I | I U | I LI L I I I L I LI I_I_ __ __ : '-'-'-
= . 3 = - ALICE Perf ] = * =
3. .F ALICE Preliminary - > 00k eriormance E 60 geess® . :
= 0, Pb-Pb, |5, = 5.02 TeV, (30-50%) (JHEP 10 (2020) 141) . E 180E- pp, /s =13.6 TeV . Data E 40 B2 esesssssscssseccnces. ® —
= 2B CY ng <+ ] o - 2. 3.6, Jiv, y(28) » p'w — Fit ] 20 Wﬂ“:um.“ﬁ‘
02 p-Pb, |, = 5.02, B.16 TeV, (0-20%)-(40-100%) (PLB 780 (2018) 7-20) - 5 160F S <y <36 Jy, y(25) > pu — Jhy - - | | N
= 1.5<|dn| <5.0,203<y__<3.53 m Q - MFT+MCH+MID — y(2S) 3 L I L L L L
05" o pp, {5, = 13 TeV, (0-5%)-{40-100%) = 2 140 <45 ...Background o 4 raw counts
~ 15<|An|<50,25<y <40 1 = - IMEH-MFT - [ir_}ﬂ =462.42 ] |
- cms - o ] S+B W —
0.1 1 = = S 120 p. <20 GeV/c = . CB2 + residual bkg
- o I ¥ oo - 1002\ T ] 105 = V5 rBhes = 1919 — residual bkg _
o5k e H o - "3 : | ¥aY |
- ¢ t . - ]
= = SAN T} : 6o0f- =
= ' - = ]
=0.05 + — 4'.']:— =
0.1 — 201 . , E
= - ﬂ_ [ i L [ [ S SR T AN i ot et s s i =
_n 15 _I 11 1 I 1__| 11 I 11 1 1 I L1 11 | [ 11 1 | L1 | 1 I | 11 1 I 11 1 ] -I. 2-5 3 3-5 4 4-5 - . . . .
0 1 2 3 4 5 B T 8 GV;"E METEEN EFEFEE EEEE B PRI EFEEE BRI BT PR
P- (GeV/c) m,..- (GeV/c9) 22 24 26 28 3 32 34 36 38 4

m,. (GeV/c?)
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Hot nuclear matter effect (QGP) QGP melting
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ITS

Run 2 (ITS 1) Run 3 (ITS 2)
Technology pixel, strip, drift MAPS
# of layers 6 I
coverage In| = 0.9 In| 1.3
Material budget 1.14 % X, Innter: 0.36% X,
Outer: 1.10% X,
Spatial resolution 12 X 100 ym 5X5um
Max rate (Pb-Pb) 1 kHz 50 kHz
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JP v2 signal subtraction

ALICE
% 2'92:_ ALICE p-Pb 0-20% VOM '::-; 0.98~  3<p.'<6 GeVic 40-100% VOM & 0008 I VA';'C'Z'::'T"eV (0-20%) - (40-100%) VOM
;_"/ 29F  |s=816 TeV »;/ "~ 1.5<|An|<5.0 ﬁ © 2.03<y"<3.53
" 2.03<y'*<3.53 096 16 < Ag <2/6 S 0008 I 3<p!'<6 Gevic
2.88[ I i - 1.5<]|An| <5.0
286__ F >C\l - ® ® |
i - 0.002 — L o |
2.841 0.92|- l ® T ¢
I - N SN Wl 5= l
2.82'_— 1 | B | 0.9'_ - —@— Data &
- Y (Myy) = STp VTS Yp(Mpyy) - - .
2.8+ T +B - -0.002 - Total fit
» ) -YB 0.88 - e Vo{uu-tracklets,sub}
e | W W - el e b b ey 5 T a5 s 85 4 s
1.5 2 2.5 9 3.5 4 4.5 1.5 2 2.5 3 3.5 4 4.5 M, (GeV/c?)
M, (GeV/c?) M., (GeV/c?) i
1. Y'(Myy) = 18 SLLIV (M) in central and peripheral, respectively
Sig+Bkg ]/l/) Sig+Bkg B

2.a9+2a,cos(Ap) + 2a2cos(2Aq§)

Vo{J/4, sub} + g2V {bkg} (Muy)

3.V,{ee-h, sub} (M) =
2 uu Slg+Bkg [_] Phys. Lett. B 780 (2018) 7-20
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