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% The history of the Pb-Pb collision

o B e - - e
» -
X - ® i N -",j e =
- - - e .
- - - 2 =
" aF - - » o > .
v > - f
®_. - ‘0..‘. . ‘: = oy
_ = e - T A o - ae" & 2o "o i o
~~ “ahe . . w »* Se R, »
” - 00 P R S e = 7~ N a*>® e
- » @ » .‘-’u'.‘,.“ S - a 2 - ..(_;Av“.\ .
g - Y b « - - L —_— .
- - EW L3 T . - il - ."" q. * LN 2 "R o ‘.
. ~eh - e - -» -t . SR _ATa e
ST e, e T N PN - - - o A ra®
G = 2 ~ . (= a TRRAN
LIAS S B LS - £ - - She M & e
Aly g LA i ™ s . a2 W YT . - 1 e A
‘ﬂ“‘;.V.\ .- " A L O v e "5 Yy 4 -
&‘ = WY P o -~ oS Iﬂ" e » o> . > - CRE -
> L S o »- S~ - ’ I 3 . .- - - o,
e WO S L e i e Bt e
AT IR R o f2e WA P A IR N LA
L T R B AP At ~ -
T YA A - "> : e . . e s 1
# 3 Tt e - Sa- i, - - [ |
al ot (Y ‘)0 - ey <« L B NP b s
"N Sl W Y AT R oy X
®» - ™ - e d . » e
e P o 3 e e W " s TE2E N *a
" -5 0 s’ S W - Tg® et N
. » & - o - % * o Y
a » L Spcil - o " "
i s - .. »a Bh
- - - - . -
: » : s » - o
. a " = N
quark-gluon plasma - .- = - e B

S :
geometry Emission of thermal radiation « T2
gluon density

saturation?

parton energy loss, collectivity
transport coefficients, temperature

scattering lengths

19/09/25 ALICE LEEZBEMNNE (AKRE) 1


https://madai.phy.duke.edu/

ALICE

19/09/25 ALICE LEEZBEMNNE (AKRE)



ALICE collaboration

ALICE

40 countries, 167 institutes

1989 members, 1071 scientific authors
377 doctoral students, 124 postdocs

Runl||Run?2
System Year(s) Vsyn (TeV) Line
2010, 2011 2.76 ~75 b
Pb-Pb ’ ‘ P
2015, 2018 5.02 ~800 ub
Xe-Xe 2017 5.44 ~0.3 pb?
oh 2013 5.02 ~15nb
P- 2016 5.02, 8.16 ~3 nb?, ~25 nb!
2009-2013 0.9, 2.76, ~200 mb, ~100 nb'!
7,8 ~1.5 pb, ~2.5 pb*
PP 2015, 2017 5.02 ~1.3 pb™
2015-2018 13 ~36 pb!
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The outline of the ALICE

ALICE

ary 2023
ALICE

ALICE 1 (2009 - 2018
> = The ALICE experiment: the LHC Long Shutdown 2

A journey through QCD

Letter of intent for

ALICE 3

> ALICE 2 (2022 - 2033)
> ALICE 3 (2035 - 2041)

LHC LS2 LHC RUN 3 LHCLS3

LHC RUN 4 LHC LS4 LHC RUN 5 and RUN 6

2026-2028 2029-2032 2033-2034 2035-2041

2019-2021
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https://cds.cern.ch/record/2803563?ln=en
https://arxiv.org/abs/2211.04384
https://arxiv.org/abs/2302.01238

Quarkonium measurements with the ALICE

ALICE

ly] < 0.9
Jhy, y(28)— ete”

Time Projection Chamber
Tracking, particle identification

25<y<4 W USSR AR
Jhy, \II(ZS),+ B Inner Tracking System
Y(nS) - p™p Tracking, vertex reconstruction,

Event plane determination
-

V0 Detector

sanmu; o+ C.entraﬁty determination,
2 triggering, event plane

determination, and background
W rejection

Muon spectrometer
Trigger and tracking for muons

i; ‘ . e Charmonium measurement down to pr = 0
:|_ * Run 3 upgraded detectors allow to
e e measure the Wy(2S), Y'(nS) at midrapidty
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* Quarkonium suppression is the “smoking gun” of QGP

PHYS. LETT. B, in press

BROOKHAVEN NATIONAL LABORATORY

June 1986 BNL-38344

J/+ SUPPRESSION BY QUARK-GLUON PLASMA
FORMATION

T. Matsui

Center for Theoretical Physics
Lb toryf N clear Science
M of Technol
Cambridge, MA 02139, USA

and

H. Satz

Fakultat fir Physik
Universitit Bielefeld, D-48 Bielefeld, F.R. Germany
and
Phys Department
Brookh Nati b y, Upton, NY 11973, USA

ABSTRACT

If high energy heavy ion collisions lead to the formation of a hot quark-
gluon plasma, then colour screening prevents ¢ binding in the deconfined
interior of the interaction region. To study this effect, we compare the

of the ing radius, as obtained from lattici
QCDw:th!h J /¢ radius calculated in charmonium models. The feasibil-
ity to detect this effect clearly in the dilepton mass spectrum is examined.
We conclude that J/i suppression in nuclear collisions should provide an
unambiguous signature of quark-gluon plasma formatios

‘This manuscript has been authored under contract number DE—ACDZ T6CHO0016 with the U.S. Depart-
ment of Energy. A ingly, the U.S. G retains a Ity-free license to publish or
reproduce the published form of this contribution, or allow others to do l'orUS vae nt purposes.

19/09/25

» Heavy quarks produced in the early collision
stages

» Quarkonium production is one of the “smoking
guns” of QGP formation

» Quarkonium production suppressed sequentially
via colour screening in QGP

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

> 5700 citations
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f%i Quarkonium suppression is the “smoking gun” of QGP

PHYS. LETT. B, in press

BROOKHAVEN NATIONAL LABORATORY

June 1086 B_NLS&S“
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Center for Theoretical Physics
Laboratory for Nuclear Science
b Institute of Technol

M.

Cambridge, MA 02139, USA
and

H. Satz
Fakultat fir Physik
Universitit Bielefeld, D-48 Bielefeld, F.R. Germany
and
Physics Department
Brookh National Lab. y, Upton, NY 11973, USA

ABSTRACT
If high energy heavy ion collisions lead to the formation of a hot quark-
gluon plasma, then colour screening prevents cZ binding in the deconfined
interior of the interaction region. To study this effect, we compare the
depend of the ing radius, as obtained from lattice

QCD, with the J/ radius calculated in charmonium models. The feasibil-

ity to detect this effect clearly in the dilepton mass spectrum is examined.

We conclude that J/4 suppression in nuclear collisions should provide an T CtSll O M atSUi ( 1 9 5 3 _ 2 O 2 5 )

unambiguous signature of quark-gluon plasma formation.

This manuscript has been authored under contract number DE-AC02-76CHO00016 with the U.S. Depart-

e Ao, e 4 ke T. Matsui, H. Satz, PLB178 (1986) 416 > 5700 citations
(EREE)
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Charmonium (re)generation production

ALICE
P. Braun-Munzinger, J. Stachel, Nature 448 (2007) 302 Phys. Rev. D 105, 011103 (2022)
Development of = T T — T
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* Suppression of the charmonia due to colour screening and the dynamic dissociation

e Charm quark production cross section at the LHC 1s much larger compared to RHIC energies,

and the (re)generation contribution to the J/y is significantly higher than at RHIC
(BBE)
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% Inclusive J/y yield

ALICE .

ALICE, PLB 849 (2024) 138451
i T ) T T T T T 10_1 T T T T T T T T T T T T T T T T T T T
ALICE B ALICE T
Pb—Pb, 0-10%, sy = 5.02 TeV 10 Pb-Pb, 0-20%., {5, = 5.02 TeV
102 Inclusive J/y |ly| < 0.9 L Inclusive J/lyJ25 <y <4

T
T

1/No,&*N/(dydp_) (GeV/c)’
1/N.,&®N/(dydp_) (GeV/c)"

104 =
10+ k L
EE e Data 10°F o Data -
B Transport (R.Rapp et al.) | Transport (R.Rapp et al.) ]
[ Transport (P.Zhuang et al.) = ~ [JTransport (P.Zhuang et al.) .
SHMc (A.Andronic et al.) j 10°° = SHMc (A.Andronic et al.) —
g 10_25 - ! + : " " ! = 9 2 — Il ll N N 1 —
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» Inclusive J/y yields are shown as a function of p; at mid- (left) and forward (right) rapidity in central collisions
» Two transport models describe the data within uncertainties

» SHMc agrees with data at low pp, and underestimates the measurement at high p Zhou, K., etal,, PRC 89, 054911 (2014)
Andronic, A, etal, PLB 797, 134836 (2019)
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Inclusive J/y R, 4 Vs centrality

ALICE ,
ALICE, PLB 849 (2024) 138451
< T T T T I T T T T I T T T T I T T T T T T T l T T T l
<
o 2+ ALICE e Data — Q? 21 ALICE —
Pb-PD, {syy = 5.02 TeV Transport (R.Rapp etal.) - | Pb—Pb, |sy = 5.02 TeV i
Inclusive J/y, |y|<0.9  [] Transport (P.Zhuang et al.) | Inclusive J/y
SHMc (A.Andronic et al. i 7
p.>0.15 GeV/c ¢ (A.Andronic et al.) i i ® |y[<09(0.15<p <15GeV/c) |

® 25<y<4(03<p <8GeVic)
19& —————————————————————————————————— LR,
ot/ i@ [

L L 1 ! 1 L N 1 L | 1 L 1 L | 1 ! L 1 | |
0 100 200 300 400 0 200 400
( Npan> < Npart>

» Evidence for J/y (re-)generation in central collisions, with a larger contribution at
midrapidity compared to forward rapidity

» All models can describe the data but suffer from large uncertainties related to inputs used %79 - <@ B0 B 591 GO0
in calculations (eg. charm cross section, shadowing).
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Inclusive J/y R, 5 VS Pt

ALICE |
ALICE, PLB 849 (2024) 138451
( I T I T T T T T r T - I T - T T I T - r T I
Et< ol ALICE _ Q? ol ALICE —
I Pb-Pb,0-10%, s = 5.02 TeV i Pb-Pb, |5, = 5.02 TeV
i Inclusive J/y, |y| < 0.9 i i Inclusive J/w |
P e Data i i ® 0-10%, [y] < 0.9 |

® 0-20%,25< y <4

el Transport (R.Rapp et al.) ] |
1 i*% _______ [ Transport (P.Zhuang etal) _ | 1 E Jﬂ _____________________________________ -

! SHMc (A.Andronic et al.)
__l_ﬁ: [ ] Energy loss (F.Arleo et al.)

S T i M

O L L L L | L L I I 1 L I 1 I 0 PR SRS TR S [ TR S W T R TN T SN TR NN T T T
0 5 10 15 0 5 10 15 20
p. (GeV/c) p. (GeV/c)
» Transport and SHMc models describe data at low py, while SHMc underestimates the
measurement at high pr the energy loss model agrees with data at high py e A e

» Evidence for the (re)generation and demonstration of deconfinement at LHC
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Inclusive J/yv mean p

ALICE
ALICE, PLB 849 (2024) 138451
< T T T T I T T T T I T T T T I T T T T é T T T T l T T T T l T T T T l T T T T
I - ALICE - “ - ® ALICE, s, =5.02 TeV, Pb-Pb, |y| < 0.9 -
_ - ® Data ]
- PO-PD, {5y = 5.02Tev ¢ ¢ PHENIX, {5y, = 0.2 TeV, Cu-Cu, Au-Au, |y| < 0.35
2 L Inclusive JAy, ly| < 0.9 Transport (R.Rappetal.) _| 2L ]
L 0.45<p, <15GeVic (] Transp20r1 (P.Zhuang etal) | i + NAS50, {5y = 17.3 GeV, Pb—Pb, |y| < 1 i
: _ \P1/pppp i i e+ r
TAA — N + + +
B <pT>pp - I~ + + -
it T B— PR—
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1
0 100 200 300 400 0 100 200 300 400
(Npart) <Npart>
» Decreasing trend for r, , from semicentral toward central collisions Zhou, K., etal., PRC 89, 054911 (2014)

» raa below unity indicates a softening of the J/y p shape in Pb—Pb collisions compared to pp collisions, the behavior is
different from the lower center-of-mass energies
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&

Jhp-to-D? ratio in Pb—Pb collisions

ALICE
e » Sensitive to hadronization mechanisms for
o I
0Q 0.04 — ALICE B open and hidden charm hadrons
-?: | Pb—Pb, |s, = 5.02 TeV |
- - Inclusive Jiy, [y] < 0.9, 0.15 < p_< 15 GeV/c .
0.03 | Prompt D°, |y| < 0.5, p_>0 | > The centrality-dependent trend of the D° to
| e Data , i Jhy ratio can be explained by the increase
i SHMc (A.Andronic et al.) 1
a - of charm fugacity towards most central
0.02 — E | collisions according to SHMc prediction
i L] |
0.01 | -
0-10% 30-50%
Centrality

A. Andronic et al., JHEP07, 035 (2021)
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y(2S) R, , in Pb—PDb collisions at \/syy =5.02 TeV
ALICE =

ALICE, PRL 132, 042301(2024)

q _I T 1T 1 I T 1 171 I T 1T 1T 1T I L I T 1T 171 I L L I T 1T 171 I L L I I- < [ T T T T I T T T T I T T T T I T T T T I T T T T I T T T T ]
Q:<1_6:_ ALICE, inclusive J/y, w(2S) — p'u 3 o 4l PBPB, VSun= 5-02 TeV CMS, Iy | <1.6,0-100%
14 :_ TF;\?/I_UPb, %{j 5.02 TEV, 2.5< ycms <4 _: i AL|CE, 25 < yCm5 < 4, 0-90% (EPJC75T§018)509) ]
L Oy =gy ™ I, 03<p <8GeVic (PLB 766 (2017) 212) ] 1.2F ® J/y (JHEP 2002 (2020) 041) o J/y -
1.2F Clv(2S) —v(28) e y(28),03<p <12GeV/c ] - ® y(2S) v(2S) )
- 1 L [rrmerr e -

1 [ TAMU ._
; ] sk COdy ]
0.8f 1 °F HEE Cves)
0.6 | ] 0.6 0 .
[ 1 [ E ol 3
0.4 —_ 0.4F = - o ]
0.2f 1 o2 W | ]
0 [ 11 1 1 l 11 1 1 I | - I 1 1 | l L1 1 I 11 1 1 I 111 1 I 111 1 I I: E I —a I = I I E

0 50 100 150 200 250 300 350 400 0 —————
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» Alarger suppression of the y(2S) w.r.t the J/y is observed
» The y(2S) Ry, increases at low py, which 1s a hint of y(2S) regeneration gﬁﬁg? ;\'21‘;2;?2;Z‘;ﬁ?ﬁfﬁ;‘;}ﬁéﬁé@m9)
» The TAMU model describes data better than SHMc in central collisions
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Charmonium polarization

15
B x10 Au Au, V s = 200 GeV
AVFD Centrality 40-50%  ~|100 50000 e
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Christakoglu et al., EPJC (2021) 81: 717 F. Becattini et al., PRC 77 (2008)

Heavy-quark pairs are produced in the early stage of AA collision and can experience both the
short living B and the L of the rotating medium, polarization w.r.t. an axis orthogonal to the
event plane can be affected.
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Introduction to polarization measurements
ALICE

y z . , <
quarkonium
rest frame
£+
d
production
plane \. [y
LN
X p y

/ quarkonium
/ rest
/ frame

Polarization is studied via measurement of angular distribution of particle decay products

Polarization axis:

Helicity (HX): direction of vector meson in the collision center of mass frame

Collins-Soper (CS): the bisector of the angle between the beam and the opposite of the other beam, in the vector meson rest frame
Event Plane based frame (EP): axis orthogonal to the reaction plane in the collision center of mass frame
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E Introduction to the polarization measurements

W(cosf) o (1 —@) + (3pgo — 1) cos®

» pp collisions: Important to constrain
quarkonium production mechanisms in

1 hadronic collisions

W cos b, ¢) x (14 Ngcos?+ ---

( 7¢) 3 _|_ Ag ( 6 ) . .

» AA collisions: Polarization
o measurements gives access to different
Ag = polarization parameter time scales and mechanisms, like the
A¢p = 0 no spin alignment early-produced magnetic field, angular
momentum, and hadronization

N 1 — 3poo {)\9 >0 — poo < 1/3 mechanisms.

A 1+ poo Ao <0 — po >1/3

Z. Liang, X. Wang, PLB 629 (2005) 20-26

Y. Yang, et al. ,Phys. Rev. C 97, (2018)034917
P. Faccioli et al. EPJ C69 (2010) 657-673

X. Sheng, et al., PRL 131 (2023) 4, 042304
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Vector meson spin alignment

ALICE
T TR Iy<108&1.2<p <5.4 Gevic) - » Vector meson spin alignment measures field
N square, which corresponds to the local
[ correlation and fluctuation of the strong force
0.35 field
g F :
&7 i » The vector field is induced during the
0.3/~ i hadronization process
0.5, led: STAR (AuvAu & 20% - 60% Centralty) || | »This mechanism will open a new window for
T Jenel DR e smom ey - the strong force field study once it is confirmed!
10 10 10°

sy (GeV)

STAR, Nature 614 244 (2023)

X.-L. Sheng, L. Oliva, Z.-T Liang et al, PRL131 (2023)4,042304
X.-L. Sheng, L. Oliva, Z.-T Liang et al, PRD109 (2024)3, 036004
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K*? and ¢ spin alignment vs. centrality

ALICE
05 Event plane Event plane ALICE 0.5
I K°e0.8< p,<1.2 (GeV/c) ¢ lyl <0.5 '
04} +3.0< p._<5.0(GeV/ic)|| 1 :ﬂ: .ﬂ, 40.4
R s A —
0.2f * + ﬂ H0.2
H 00.5< p.< 0.7 (GeV/c)
0.1r #30<p <50 (Gevic) 0

0 100 200 300 0 100 200 300

» Maximum deviation of pgq in semicentral collisions and low py

» Deviation w.r.t 1/3 are 2.6 and 1.9¢ for K*? and ¢, respectively ALICE, PRL 125(2020) 012301
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K*? and ¢ spin alignment Vs py

ALICE
0.5F Event plane (a)T Event plane (b)10.5
K° o
0.4F HQH -+ & 40.4
T R T
80.3- " E LI ﬂﬂ ﬂ* ﬂ—0.3 S
Q H ﬂ Q
0.2f + —10.2
H p00=1/3
0.1F + —0.1
i 2 3 4 5 1 2 3 4 5
P, (GeV/c) P, (GeV/c)

> poo < 1/3 for K*O and ¢ at low py, poo consistent with 1/3 at high py
> poo for K? (spin=0) consistent with 1/3

ALICE IR EZBEHNE

ALICE, PRL 125(2020) 012301
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J/y polarization w.r.t the event plane

ALICE
ALICE, PRL 131 (2024) 4, 042303
(<® 0-5,“"\“"\""\"“\““\““\““\““\““\““, (<CD 0.6:“‘\“‘\“‘\“‘\‘ww
o4l ALICE, Pb-Pb {s, =5.02 TeV . 05L ALICE, Pb-Pb ISy = 5.02 TeV 3
I Inclusive J/y — utu- ] 0.4 - Inclusive JAp = pu'u,2.5<y <4 E
03F 2<p_<6GeV/ic,25<y<4 . F ;
B T i C ]
r 1 03 ; 7:
0.2 —*— E 0.2F ﬁ 3
01 —EI— i ] 0.1F _$_ ih E
o % of L 1
: ] —0.1F é
_0.1F ¢ Stat. uncert. . F ¢ 0-20% 1
|:|Syst uncert Event pIane "0'2? # 30-50% Event plane
_ 2 Ll PETETIN EYRTETEE A -0. C o« v v v by I
0 0 10 20 30 40 50 60 70 80 90 100 0 30 2 4 6 8 10 12
Centrality (%) P, (GeV/c)

» First measurement of quarkonium polarization w.r.t the event plane
» Significant polarization (~3.50) observed in semicentral collisions (40-60%) in 2 < p; <6 GeV/c
» The significance of the polarization reaches ~3.9¢ at low p; (2 <p; <4 GeV/c) in 30-50%

» Interpretation of results requires inputs from theoretical models
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D** polarization

ALICE
= L L B B L B L UL S. Dey, A. Jaiswal, arXiv:2502.20352v2
Q i , j . ; T

0'6;_ arX1v:2504.00714 _ 048} 75 = 10 fm (Bottom) 7 = 10 fm (Charm)

0 5: + 1 g = 15 fm (Bottom) =-=---- 7¢ = 15 fm (Charm)
E E A 043}

0.4 . o
B ] wn
F i S 0.38

0.3F # - vV |

0.2 Centrality 30-50% 033}
i ¢ lyl<0.3 )

0.1 ° 03<lyl<08 3 0.5 1 5 10 50

L1 1 1 I L1 11 | L1 1 1 | L1 1 1 | 11 1 | 1 1 | I 11
0 5 10 15 20 25 30 Pr (GeV)
P, (GeV/c)

» Evidence (3.10) of spin alignment p00 > 1/3 at pr > 15 GeV/c

» The D** spin alignment is suppressed by the charm quark thermalization at low pT
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J/y and D** polarization

ALICE
S ALIICE‘ll arxiv:2504.00714
0.6 30-50% Pb-Pb, |5, = 5.02 TeV . _ o
" Reaction plane V5 l ’ 1 »Evidence (3.10) of spin alignment p00 > 1/3
at pr > 15 GeV/cand 0.3 <|y| <0.8

pOO

(b 1/3)/ ©

=
A F

OS;t: 777777777777::

-+ o Prompt D*, 0.3 <lyl < 0.8

0.2 ¢+ Inclusive J/y,25<y <4.0 —
_I B—— I ) - J - I ) - I | { ) - | -

4.;_I 11 | 1T ‘ | | . ‘ | _:
o —————= ——————————-
of—— e ————————————]
o
_4}I \_,_\ | L1 11 ‘ I | | | I | | | ‘ | | | L1 I{

0 5 10 15 20 25 30
P, (GeV/c)

»Inclusive J/y seems to feature a common
increasing trend at the overlapping pr
(theoretical guidance is needed)
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Charmonium polarization results in heavy-ion collisions

ALICE

0.4

A

-0.4

0.4

0.3F

0.2

0.1
~0.1E
-0.2

-0.3
—0.4

L L
TR T

0.3E
0.2E
0.1E
OF
~0.1E
—0.2E
-0.3E

=S
Helicity £

L
Collins-Soper 3

[®] ALICE, Pb-Pb s, = 5.02 TeV,25 <y <4 ]
[0 ALICE,pp¥s=8TeV,25<y <4
{ LHCb,ppVs=7TeV,3<y <35

> Ay, Ay close to zero in Helicity and Collins-Soper reference frames

» Maximum deviation from zero is 2.10 in the low pr bin

ALICE, Phys.Lett.B 815 (2021) 136146
LHCb, JHEP 12 (2017) 110
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Bottomonia polarization results in heavy-ion collisions

ALICE

0.8 IHeliclity _f_ Clollinsl-Sopler _E
0.6F + ,-\1 E
15 3 E
LR | — kSR T ..................... 3
-0.2F 'T' + =
~0.4F + 3
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-0.8F + =
R e R B e L ARRSRRas S
0-BE ALICE, Pb-Pb 5y = 5.02 TeV, 0-90%  F E
0-6E Inclusive T(1S) — 'y E3 é
0-4E p <15GeVic,25<y <4 E3 E
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(lt) COCOCCCCCO0H 1l etttk e e i =
-0.2F = = &% =
-0.4F + =
-06F i E
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» The Y(1s) polarization was measuremend in Helicity and Collins-Soper reference frames
> Ay, A, Agg all compatible with zero but the measurement is still strongly limited by the statistics

ALICE, Phys.Lett.B 815 (2021) 136146
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LICE Performance
= Run 3 pp, s = 13.6 TeV

¥ 524.3 x 10° events

p/ Z (GeV/c)

TPC continuous readout (GEM)
» pp data taking at 500 kHz
» Pb-Pb data taking at 50 kHz
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New Muon Forward Tracker Upgraded Inner Tracking System
> Monolithic Active Pixel Sensor technology » 3 layers in inner barrel (IB), 4 in outer barrel (OB)
» Get closer to [P: from 39 mm to 23 mm

» Reduced material budget: from 1.14% X, to 0.36% X, per layer

» Reduced pixel size: from 50 x 425 pm? to 29 x 27 um?

» Spatial resolution: 5 pm
» Pixel size: 27 um x 29 pm
» Integration time: 5 ps
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®

ALICE in Run 3 data taken

x10%
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»Record all the minimum bias (MB) events during the data taken

100

1 1 |
22 24 26 28 3

) fi2ecesses
2 34 36 38 4
My (GeV/c?)

2

» Collected approx. 24B and 2000B MB events in Pb-Pb and pp collisions, respectively

» The reconstructed J/y significance is greater than 1200
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Charmonia in pp collisions at Vs =13.6 TeV

ALICE

New Preliminaryl

— T T T T T T T T 5— T T T | T T T ‘ T T T I T T T T T T T T T | T T T | T T T
o C ' ' ' > C .
> h ALICE Preliminary | 2 08 gleng preliminary
CD 1 a C 3 = .
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» With the significantly increased statistics allow to reconstruct y(2S) via dielectron decays
» The CGC + NRQCD and ICEM can describe the data at low p
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X Charmonia polarization in pp collisions

ALICE
New Preliminary
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» The Run 3 statistics allow for the measurement of J/\y polarization at midrapidity

» The measurement of J/y polarization in Pb—Pb collisions is ongoing
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Charmonium elliptic flow in Pb—PDb collisions

ALICE
New Preliminary

0.20 [Pb + Pb,[isyy= 5.02 TeV|20-40%, Jiy 2.5<y<4 { = O4pT— T T T
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M. He, et al., PRL.128, 162301 (2022)

» The new result is consistent with Run 2, with statistical precision improved at low p; at forward rapidity
» A significant J/y v, is observed at forward rapidity, consistent with the charm quark thermalization
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Summary

Dominant contribution from (re-)generation in central collisions and low p; for

prompt J/y

Evidence of the deconfinement at LHC

» A larger suppression of the y(2S) with respect to the J/y is observed

» Significant non-zero J/\y polarization and v, are observed w.r.t the event plane

» Stay tuned with Run 3
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Non-prompt and prompt J/y p; spectrum

ALICE =
ALICE, JHEP 02 (2024) 066

e 1 = B S S ) S B S . L S A L A A B A R
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» Non-prompt (left) and prompt (right) J/y p spectrum are compared with several different models.
» All the models seem to over estimate measured data of non-prompt J/y, the SHMc and BT agree with data
within uncertainties for the prompt J/y at low py
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Non-prompt and prompt J/y R, 5

ALICE |
ALICE, JHEP 02 (2024) 066
0 B B S B B B L L
[ft 1 gf. POWLANG = Data 1 g 25 " ALICE ' T
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» The SHMc model and transport microscopic calculations that include a contribution from regeneration are compatible with
the measured prompt J/y R, , at low p

» Non-prompt J/y R, , is described within uncertainties by models implementing collisional and radiative energy loss
contributions

» POWLANG calculations, which include only collisional contributions, overestimate the R, , at intermediate and high p
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