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Quarkonium as a probe of QGP in Pb—Pb

ALICE
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Muon spectrometer
Trigger and tracking for
muons

Acceptance : 2.5<y<4.0

Inner Tracking System
Tracking, vertex reconstruction

+ VO Detector

EEREN]
H Centrality determination
triggering, and reaction plane
T ®-—measurement

Time Projection Chamber
Tracking, particle identification

Measured p+can be down to 0
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Signal extraction procedure of in Pb-Pb

ALICE ]
Pb-Pb, Sy = 5.02 TeV |
25< Yoms < 4 .
p. <12 GeV/c, 0-20% ]
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« Data collected in 2015 and 2018, corresponding to an
integrated luminosity of L;,, ~ 750 ub™1.

y(2S) and J/y yield extracted by least X? fits to the
opposite sign dimuon invariant mass spectrum.
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pp reference at /s =5.02 TeV

: E T T T I T T T | T T T ‘ T T T I T T T ‘ T T T q : ; LI ‘ T 1T ‘ L I TTT | L [ T 1T I TTT ‘ T 1T I 1T I TTT E
§ F—e— ALICE, pp Vs = 5.02 TeV, Inclusive y(2S), 2.5 <y <4 ] g - —®— ALICE, pp Vs = 5.02 TeV, Inclusive J/y, 25 <y <4 ]
8 1L L, =123pb'+1.8%, BRunc.:7.5% | 8 1; ) [ Uncor. syst. unc. 7
E E [JUncor. syst. unc. E S _22 L, =1.23pb" +1.8%, BR unc.: 0.6% }
Ea 2 S ] = ]
L3 > 4 > 107 - _
310 N l|’( ) | 510 %% Jwv
S o 3 | \\J
s | aa ] S -
©102¢ 4 L 1072 - .
':30 E 3 o E -
H 3 b -
| 10° ' .
1075 [T]NRQGD (Y-Q.Ma et al) + FONLL ] © [JNRQCD (Y-Q. Ma et al) + FONLL E
£ o | + P |
- [INRQCD+CGC (Y-Q.Ma et al) + FONLL 1 A EINRQCD+CGC (Y-Q. Ma ef al) + FONLL -
10 [JNRQGD (M. Butenschon et al) + FONLL 10 E’DNHQCD (M. Butenschon et al.) + FONLL =
E . [ DJIW from B, FONLL (M. Cacciari et al)
r Dw(2S) from B, FONLL (M.Cacciari et al.) 9 L ,
C oo o b e e b e e 1 0—5 ot b b by b b b s by Ly
0 2 4 6 8 10 12 0O 2 4 6 8 10 12 14 16 18 2
p, (GeVic) p, (GeVic)

Eur. Phys. J. C 83 (2023) 61

* Oy (p1<20 GeV/c) =5.88 + 0.03 + 0.34 pb; Ty(2S) (pr <12 GeV/c) = 0.87 + 0.06 + 0.10 pb.
« Data are well described by models within uncertainties.
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Centrality dependence of Rjx

@ 16
1.4
1.2

[ T T 17T ] T T 1.1 I T Trrr I TT1rrir I T T 17T I T 1T 1 1
[ ALICE, inclusive J/y, w(2S) — u'p
[ Pb-Pb, {5y =5.02TeV,25<y <4

- EJM/wUJ S'jmc m Jy,0.3<p_<BGeVic (PLB766 (2017)212)
L [Jw(2S) —wy(28) ¥(28), 0.3 < p < 12 GeV/c -
C y(2S), p. < 12 GeV/c (two most central bins) ]

0 50 100 150 200 250 300 350 400

N

part

Phys. Rev. Lett. 132 (2024) 042301

No centrality dependence is observed for y(2S) Rpa.
Y(2S) is more suppressed.

Statistical Hadronization Model (SHMc) underestimates

V(2S) Rpp 1n central collisions, but reproduces J/y Raa

well.
(Phys Lett B797 (2019) 134836)

Transport Model (TAMU) agrees with data well.
(Nucl. Phys. A 943 (2015) 147-158)

R = 1 d?Npa/dydpr
Al (TAA> dzo-pp/dyde
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pr dependence of Ry
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->Hint of regeneration at low pr.

Phys. Rev. Lett. 132 (2024) 042301
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Flat centrality dependence for y(2S)-to-J/y (double)
ratio at the LHC.

SPS results reach smaller y(2S)-to-J/y single and
double ratios values for central events.

the y(2S) suppression in Pb—Pb w.r.t pp is larger than
the J/y one by a factor ~2

SHMCc underestimates the y(2S)-to-J/y ratio in central
collisions; TAMU agrees with data.
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Centrality dependence of single and double ratio
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 Flat centrality dependence for (double) ratio at the LHC.
» Decreasing trend from peripheral to central collisions at RHIC and SPS.
=>Hint of regeneration at LHC

2024/11/16 y(2S) production in Pb-Pb collisions with ALICE 8



pt dependence of single and double ratio
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Prospective: Run 3 upgrade

ALICE

* Upgraded: TPC, ITS
* New: FIT, MFT

New MFT

Muon Forward Tracker
Upgraded ITS

Inner Tracking System

* ITS: 6 layers = 7 layers
« TPC: continuous read out
Measure y(2S) in central barrel

......IH-I_

iy

New FIT
Fast Interaction Trigger
FDD, FVO, FTO

Upgraded TPC
Time Projection Chamber«

e e
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¥ vy (2S)-to-J/y ratio in pp collisions at /s = 13.6 TeV

ALICE
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*  First measurement of y(2S) in central barrel in ALICE. See Yuan Zhang’s talk

» y(25)-to-J/y ratio measurements at midrapidity and forward rapidity.
» Opportunity to measure ratio and double ratio at both midrapidity and forward rapidity, with better precision.
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Summary

ALICE

* y(2S) production in Pb—Pb at \/syy =5.02 TeV:

* No centrality dependence of the y(2S) R4 and (double) ratio within uncertainties.
* An increase of the y(2S) suppression at high pt with respect to low pr.

* y(2S) is more suppressed compared to J/y, by a factor ~2.

 TAMU model describes data well; SHMc model agree with data at low pr.

e Qutlook:

« Better statistics and tracking performance with ALICE Run 3 upgrades.

» Opportunity to measure ratio and double ratio at both midrapidity and forward rapidity.
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Thanks
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Backup
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Model

ALICE

« SHMc:

» charmonia are assumed to be formed at hadronization according to statistical weights and
introducing a charm fugacity factor related to charm conservation and determined by the
charm production cross section.

* Inthe frame of SHMc it can be more appropriate to use the word “combination” rather than
“recombination” as there is no binding of charmonium states in the QGP phase.

« TAMU:

« dissociation and recombination rates for quarkonium states in the QGP are calculated taking
into account a lattice-QCD inspired evaluation of the dependence of their spectral properties
on the evolving thermodynamic properties of the medium.

The availability of accurate experimental results for various charmonium states represents a

crucial input for the evaluation of the theory approaches and ultimately for the understanding of
the existence of bound states of heavy quarks in the QGP.

2024/11/16 y(2S) production in Pb-Pb collisions with ALICE
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Cent

*  Results from Run 2, 2015 + 2018 combined
* Integrated Luminosity = 750 pub—1
s 4*1078 dimuon triggered, F=13.1

ALICE, ALICE-PUBLIC-2015-008
T . T

)

*  Muon pair selection:

@ | 'ALICE Pb-Pb\ 5, =5.02TeV
«  Pseudo rapidity on each muon -4.0<n<-2.5 S & Db N
» Radial transverse position at the end of the absorber g PN + (1N ol
17.6<Rabs<89.5cm Z f=0.801,u=45k=175 E
 Rapidity of the dimuon 2.5<y<4.0 g0 ]
*  Muons of opposite sign - ]
«  Matching tracks between tracking chambers and ]
trigger 10°8 =
« Event selection: AR E: j
« Beam gas and electromagnetic interactions rejected 0 5000 710000 15000 20000 25000 30000 35000
using VO and ZDC VOM amplitude (arb. units)

 SPD used for vertex determination

* Centrality estimated on a Glauber model fit of the VO

amplitud
2024/11/16 y(2S) production in Pb-Pb collisions with ALICE 16



Syst.

ALICE

ST vty 0 s )

Signal extraction 16-22 12-25
Tracking efficiency 3* 3
Trigger efficiency 1.6* 1.5-2
Matching efficienty 1* 1
MC input 2* 2
Normalization factor 0.7* 0.7*
(Tap) 0.7-2.3 1*
Centrality estimation 0-7 0.3*
pp reference 4.7* 7.9-11.1
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Detector

QlTCE
* Muon Arm :J/U, Y(2S), Y(nS) = prw
* Acceptance : 2.5<y<4.0

THE ALICE DETECTOR 2 3D e * Downtopr=0
| S omare ™ * Inclusive charmonia only

e. FMD

5 stations of tracking chambers
pu+ ¢ 2 stations of trigger chambers
* Dipole Magnet

or * Absorbers

) .
HMPID = 3 N - — —ay
EMCal “%’ —— = >

DCal 2
. PHOS, CPV
10. L3 Magnet
11. Absorber

12. Muon Tracker
13. Muon Wall
14, Muon Trigger
15. Dipole Magnet
16, PMD

17.AD

18.ZDC

19. ACORDE

I®

ITS
. FMD, TO, VO
TPC

coNOuAONE

* ITS used for vertex determination

* VO hodoscopes used as trigger (in coincidence
H- with Muon Trigger)

* VO also used for centrality determination

* VO and ZDC used for background rejection

lllustration of ALICE Detector during Run 2

2024/11/16 y(2S) production in Pb-Pb collisions with ALICE 18



Extraction

» (2S) yield extracted by y2 minimization fits the opposite sign dimuon invariant mass spectrum
using :

» 2 signal functions

+ Several line shapes are used for the signal functions RS . LR ALICI:E CTTTTTTTTTTTT
« Combinatorial Background substracted with 210 3 3
mixed-event technique E i Pb-Pb, s,y =5.02TeV -
* Remaining background fitted with several empirical functions N10° 25<Y <4 3

« The mass of the Y(25) is fixed to the one of the J/{ via the Q p; <12 GeV/c, 0-20%
mass difference of the two resonances as provided by the 810% ¢ 3

Particle Data Group S & .
*
* Several fit ranges 8103 L 14 $ b ¢
» Pb-Pbdata T
2l Jiy i
10 v(28) E
F background

10 | — totalfit ]
* For the whole dataset, N5 = 1.3.10%and N, = 9.2 .10° : T

26 28 3 32 34 36 38 4 42

m,.. (GeV/c?
Central<12GeV/c; peripheral0.3-12: remove photoproduction wn )
at low pt
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