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The ALICE Collaboration

® Goal:

- Properties of QCD matter at extreme conditions

- Characterization of Quark-Gluon Plasma (QGP)

- Influence of initial- and final-state effects on particle

production
ALICE Physics Papers Timeline
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A Large lon Collider Experiment (ALICE)

overlapped events seen in TPC

ALICE upgrade during LS2 (2019-2021)

Continuous readout — more statistics

,,,,,,

Better vertexing + high efficiency at
low pT with ITS2

Run: 244918

Time: 2015-11-25 10:36:18
Colliding system: Pb-Pb
Collision ener gy: 5.02 TeV

tracks of-different collisions shown in different colour

Online reconstruction and data
compression

THE ALICE DETECTOR T a. ITS SPD (Pixel)
L)/ s b. ITS SDD (Drift)

. c. ITS SSD (Strip)

d. VOand TO

e. FMD

® ALICE capabilities:

-‘.., g - | - Extensive PID and low-pt tracking down to 150 MeV/c
- GEM-based TPC: 50 kHz Pb-Pb, continuous readout

= ITS 2: pointing resolution of 35 um at | GeV/c

i®

@ .

ITS

FMD, TO, VO
TPC

TRD

TOF

HMPID
EMCal

DCal

. PHOS, CPV
10. L3 Magnet
11. Absorber

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

17. AD

18. ZzDC

19. ACORDE

©CoNOO~WNE

- MFT:forward tracking and vertexing
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Setup in Run 3 (2022-2026
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ALICE Performance, Run 3
Pb—Pb, s = 5.36 TeV
Recorded

2023: 1535.5ub™

2024: 1544.1 ub™

Recorded

2022: 19.3pb™
2023: 9.7 pb”
2024: 53.1 pb™’
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QCD matter at its extreme

MADAI Collaboration

: quark-gluon plasma .
Initial stages fluid dynamic expansion Final state: hadron scattering * - .«

® By colliding different ion species
® pp & p-Pb & Pb -Pb
® Xe - Xe (Run 2)

—k
9]

® p-O&O-0 &Ne-Ne (finished in 2025)

Collected events in billion

*for central barrel only (MB)
expected in 2025 O Run1+2* 2023 2024 2025*
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Final state: charged-particle density dN/dn

Pb-Pb

/e [T 5 R e U B AL i
E R AA, central g
5 12’_ ¥ This analysis (|sy = 5.36 TeV), L, =130ub™ ]
S I e ALCE(f5y,=276,5.02TeV) )
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/\-fé - O ATLAS 5.36 Te
> . o PHOBOS .
\RI/ 8~ A PHENIX &
~ - BRAHMS 1
6/ 3¢ STAR -

. % NAS50 :

o B Fit e S5 u

ALICE, arXiv:2504.02505_]

2

¥ <05 -

o\ T T4 SRS S0 111 K O 1 1 S S 1 s
10 102 10° 10*

/sy (GeV)

PP

Energy density

e
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® Multiplicity measured with charged tracks at mid- and forward- rapidities

= First paper with Run 3 results: in line with extrapolation from lower energies

)} Yaxian MAO

6 8- ALICE, -36< n< -24 -
B —e— ALICE, |n| < 0.5 i
5 - == Pythia 8 Monash _:
= wmin Pythia 8 CR1 o
4: wenpyhiascre & €@ -
B e EPOS 4 !
m12:....!....!....!....!....!...s:
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= e -
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0.8y
n
= First measurement using new MFT detector: trend at forward rapidity compatible with PYTHIA 8
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parton interactions with QGP

MADAI Collaboration -
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Initialstaﬁes fluid dinamic eannsicn Final state: hadron scattering * - - b

Yaxian MAO .
Central China Normal University FCPPN/L 2025, 2025/07/24, Qingdao




Jet energy loss and medium response

® Energetic objects traversing a medium induce excitations (a ‘response’)

Duck via Wikimedia

A duck in water induces a wake

) Yaxian MAO
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Jet energy loss and medium response

. . . . . . . Negative
® FEnergetic objects traversing a medium induce excitations (a ‘response’) WS gk

.
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Duck via Wikimedia, jet wake via PLB 777 (2018) 86

® |et lose energy due to interaction Hard
with medium

.,..
]

I
a
IR .
N
a, O
4,
I
b,

= jet fragmentation pattern changes

= medium also modified by jets

" PRL 103 (2009) 152303

S fe— Expectations: “wake effects”
" Trough/ P

-~ depletion

Enhancement around jet -

Depletion opposite jet

A jet in QGP induces a wake

)} Yaxian MAO
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Away region

Jet quenching via di hadron correlations

Toward ®
region

High pt trigger track used as a jet proxy

® (Comparison between central and peripheral
collisions - medium modification (l¢p):

- Suppression of the away-side peak

- Stronger towards central collisions -
more medium

- Enhancement of the near-side peak

O
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Semi-inclusive jet energy redistribution

‘%““u" :‘i‘_ R =04 _‘f I = A1‘e(:oil (p T)AA i
"..... . .: :,i AA T AI’CCOﬂ (pT) ‘: Recoil jet
Xy BIAd R-=04 “recoil \P'T)pp - !
2" Ag

< B I: | | | | | | | | | | | | | | | | | | | | | | | | | :
< . _ . o o . of o
= [ 0 ALICE . Dota 1 @ First measurements of semi-inclusive recoil jet
2.5~ + V'S = 5.02 TeV — . ,
- i Ch-partile jets, anti-k; - yields down to very low p (7 GeV/c) with ALICE
L 1 R=04,In <05 -
27 Ap-n<06 ]
C : TT[20,50] - TT[5,7] >
15— # + =
e e e — —
- —— —
o5 =T -
- pT,jet ~ pT,trig -
B 1o 1 ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] ]
% T 20 40 60 80 100 120 140
pT,ch jet (GeV/C)
PRC 110 (2024) 014906
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Semi-inclusive jet energy redistribution

o P — 0.4 A Trigger
Levt® :i: = V. _; 7 _ recoil T/AA ,
‘%..'.. = . :" AA T A . ( ) " Recoil jet
I R -=0.4 "recoil 1PTpp ) - g
< B I: | | | | | | | | | | | | | | | | | | | | | | | | | -
< . _ o ¢ o . of o
= | Ao e Dat 1 @ First measurements of semi-inclusive recoil jet
25— V'S = 5.02 TeV — . .
C i Ch-particle jets, anti-kq - yields down to very low p (7 GeV/c) with ALICE
N R=0.4,1n 1<05 ]
2 Ag — 7l <0.6 -
C 1 TTI2050] - TTIS7] 1 e at low pr = hint of energy
1.5 — . \* + ]
: ___— : recovery in low pr jets?
1 l """""" S i e -
- —— —
N S 1 @ Jetyield suppression at 20 < pp. < 60 GeV/c—
E o Prjec ™ Prasig | | | : Jet energy loss
%07 20 40 60 80 100 120 140

Pr oo (GeVic) o Rising trend with increasing jet p+ — Interplay of

PRC 110 (2024) 014906 . . . .
jet quenching and jet production
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Semi-inclusive jet energy redistribution

YN A ————————— e
‘%““““ .:‘i‘: R — 0.4 , I _ Arecoil (pT)AA Trlack
......' , .: AA T Arecoﬂ (pT) ", Recoil jet
"t 0-10% R=04 recoil \F"T/pp ,

= f,//A@
< B | | | | | | | | | | | | | | | | | | | | | | | | | | | L
= T} auce —=— Data 1 ® First measurements of semi-inclusive recoil jet
- lI ----- JETSCAPE (Matter+LBT) -
2.5 \'S\n = 5-02 TeV — JEWEL (recoils off) - , .
" | Cheparticle jets, anti-k;  —— JEWEL (recoils on, 4MomSub) - yields down to very low pr (7 GeV/c) with ALICE
- R=04,1n 1<05 rybrid model -
2 | " et B No Elastic, No Wake N
- |\ Ap - al<0.6 B No Elastic, Wake - o . . . .
N TT[20,50] - TT[5,7] Elastio, No Wake |1 @ The rising trend is qualitatively described by all
F - predications
1 -
- 1 ® Hybrid model and |EWEL predictions overestimate
0.5 — . .
- - the suppression at high py
O B 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 ]
0 20 40 60 80 100 120 140 . : :
p Gevic) ® Hybrid model with wake effect and JEWEL with
T,ch jet .
PRC 110 (2024) 014906 recoils on capture the
— Medium response could be responsible for
_ enhancement
)| Yaxian MAO
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Recoll jet azimuthal m

.s® .v’ . ‘. R { A .
g Ar recoil

',".; IAA —

.... .
N
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® Broadening of recoil jets from R = 0.2 to R =

0.4 for 10 < pr e <20 GeVie

- Characteristic of medium response

- Soft radiation is recovered partially with =
—

increasing radius

® All features of distribution reproduced by

JEWEL with recoils on ...

= (Observed broadening consistent with
medium response

.| Yaxian MAO

¢/ Central China Normal University

e Ai ,r';’

o, ALICE |
(PT) AA VS\y = 5.02 TeV, Pb-Pb 0-10 %
’ Ch-particle jets, anti-k N
TI'{20,50} ~ .I_r{5,7} |0 < pT,jet <20 GeV/c .Recoﬂjet
T T 1 | 1 _I_I_|_I_I_I_I_|_I_ |
I = R=04 = * = recoils off
+~R=05 — recoils on, 4MomSub _

PRL 133 (2024) 022301

10 < Prcniot S 20 GeV/c

FCPPN/L 2025, 2025/07/24, Qingdao
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Energy-energy correlator and medium response

’?’ T i (a) ——
A S i Transition K=02
e  region 0.7 { medium e K=1.0
- S g | e G response B
: ......a L O. 6 E— K=4 .O
. 0.5 / 0.0
> ® 02 E=100GeV
Ar E 04 radiated
N g
©

EEC (2-point energy correlator)

0.3

0.2

0.1

T=0.36 GeV \

® |et-wake effects expected to change the EEC shape at larger angles

0.0 -*

/' Confinement

PRL.132.011901
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Energy-energy correlator and medium response

Y 0.8

O E | ] : | I | | | | | I g

_____ Transiton (@) . s L . ALICE Preliminary  |syy = 5.02 TeV :
Tbmanly 0.7 4 medium L 2 6_ Anti-k; charged-particle jets, R = 0.2 i

@) npQCD : : pQCD e K=1.0 5 g

ﬁ ICSPOnsc - 60< p, . <80GeV/c,|n |<0.7 :

i — T,chje
0.6 I nmtl 14 i pairs, lp‘T““:" >1 GeV/c
, / [.=4 fm Hybrid

0.5 0.0 12 I with elastic, with wake—
A 4 % : 0.2 E=100GeV with elastic, no wake
N 04 radiated B no elastic, with wake

© glu I no elastic, no wake

EEC (2-point energy correlator)

0.3 W JEWEL no recoil

0.2

[lllllllllll]lllllll

T=0.36 GeV 10
0.1 _
8
: 6
4
100

#
I IV B AT A AR A

2 i —
g 0.1
; . . -
- () — —— -
S 10-2 10! of -
- PRL.132.011901 : s hais
0
o 19
® |et-wake effects expected to change the EEC shape at larger angles P
LA
| -
° ° ° -D 3
® Hints of enhancement at low R and suppression at high R &
0.5
107
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Energy-energy correlator and medium response

0 R = 0.2 Charged Jet EECs: p_°"tack 5 0,15 GeV N M N R R
Transition PrediCtiOI‘lS f0r ALICE T ﬁ ~ ALICE Preliminary ﬁ = 5.02 TeV 2
E . Ehgah 5 W 6_— Anti-k; charged-particle jets, R = 0.2 =
=4 Q. L | — .
- w _g' E I No Elastic, No Wake : 140 60‘_ f’n ch ;e::ckao GeVie, |n | < 0.7 "
. = 1'8: I With Elastic, No Wake ! E i ol 1H(;?)\r,i£jc i
[ 0- L . . - —
1.6 (= No Elastic, With Wake | 121 2 with elastic, with wake—
i - ] With Elastic, With Wake : with elastic, no wake -
: i : 1 0‘_ B no elastic, with wake
EEC (2-point energy correlator) 1.2 | B . N0 Qs Do wake. -
1: . 8“_ M JEWEL no recoil -
0.83— Pb+Pb, 5.02 TeV, 0-10% B =’=__;__=¢= .
: R —  Anti-k; R = 0.2 ch-jets reconstructed with 6 B :;: — i
e #[:: - ﬂE’ 06 - pch-track >0.15 GeV, |T]C|T'tra0k| <0.9 | B — 2]
> I C 100 <pP™ <120, ™ < 0.7 | = - -
ORO00 ACETE YO L% E B 1 R —_
> & 0.45 pi"> 0.15 GeV Kudinoor, Pablos, Rajagopal : = | *I 2
> B 0.2k o | a ol -
1072 107" Jetradius R ¥ i -
: . R=0.2
*N._._ normalized, charged-track jets 0
j 15
% -
® |et-wake effects expected to change the EEC shape at larger angles N
o -t
]
® Hints of enhancement at low Ri and suppression at high R =
0.5

® Predictions by theorists suggest to enlarge jet-radius and lower pr in
order to search wake effects — accessible with Run 3 data

)} Yaxian MAO
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Fragmentation function with AT -tagge
— I L
g _ ALICE Preliminary, pp i
< 3.0— HF-tagged charged-particle jets, anti-k-, R = 0.4 —
O | T —
— - jet ch _
I - 7 < pLF (GeV/e) < 15, |17jetch| <05 S o e 13 ey -
S 25— 3< GeV/c) < 15, <0.8 V5 = eV
3 - Py | ) s DEN AL Vs=136TeV -
NI _ 0
2.0 D —
B Q -

A/D?

Improvements of jet analysis with Run 3 data

d jets

>

S +

1.0

] | | | -
2.2 —=
%-g; B data 000 e PYTHIA 8 Monash, Vs = 13 TeV =
1:62— = ==- PYTHIA 8 CR Mode 2, Vs = 13 TeV —
1.4 —
1.2
1.0
0.8
0.6

0. 0.8

. : : | : : . .
e Fragmentation function with A7 tagged jets shows much improved sensitivity to hadronisation

Pch, jet * PHF

Pch, jet * Pch, jet

mechanisms — hints of softer fragmentation of charm into A_ than DO

)} Yaxian MAO
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Improvements of jet analysis with Run 3 data

Trigger hadron

Fragmentation function with A -tagged jets ES Recoil jet with different R
— [ ] ! ' ! [ ! ! I ' [ ! ! ! I | ! I ! I | I I I ! [ ! | I ] v . B I | | I 1 | 1 I 1 | | I | | | I | 1 |
5 - ALICE Preliminary, pp - o = ALICE Preliminary = 1368 TeV. A
% 3.0— HF-tagged charged-particle jets, anti-k, R = 0.4 — EE 2 - Ch-particle jets, anti-k+ O 18V, Arecoi .
2 [ 7<pl" (GeVio)<15,In_ |<05 0 - —~ 1.8 0 Ap-7<06 8- 5.02 TeV, A,
"i 25__ 3 < pHF (GeV/C) < 15, |y | <0.8 © D, \{§= 13 TeV ] C\! : TT{20,50} — TT{5,7} e -
< - T HF B 1 V5-136TeV — 1.6 —— incl. jets, pp Vs =5.02 TeV
T 205 DO - A 14 * ——incl. jets, pp Vs =13 TeV .
- O - e, m -
= - o 1.2 -
o NE S AL :
_ C 1 =
1.0 e .
o . e | | | | - 0.8
N 2.2 —= - N
420 %g;: "B data 000 e PYTHIA 8 Monash, Vs = 13 TeV = 0.6 -
1:65— ===+ PYTHIA 8 CR Mode 2, Vs = 13 TeV —i - ~
ig__ E 0'4 e L I 1 | ! I I l \ | \ l | I | l ! 1 1 l e
08 0 20 40 60 80 100
0.6 p. . (GeV/c)
0. 0.8 . T,ch jet

: : : | : : . .
e Fragmentation function with A7 tagged jets shows much improved sensitivity to hadronisation
mechanisms — hints of softer fragmentation of charm into A_ than DO

® Recoil jet measurements show much better precision with respect to Run 2

.| Yaxian MAO .
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QGP (hydrodynamic) expansion

MADAI Collaboration

e
D
N \ \% - e -
- S
-
: ¢ _ _ |
Initial stages @ fluid dxnamic eannsion
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Elliptical flow of light nuclei

Z/ ‘ o — O.35_I | | | | | | | | | | | | | | | | | | | | | | | | | | | | ~ 1'2_I I ! | I I I | I I. I .I I I l I I ! I I I I ! I I I I ! | I I I ! I I_
* ﬁ/ TR 1 m | ALICE Preliminary, Pb—Pb, \[s. = 5.36 TeV -
¢ ~x 0.30= ALICE Preliminary o 1+ : —
R/ /o i -20°
%\/ﬁ > E Pb-Pb, {5 = 536 TeV S : : 0-20% FTOC centrality -
\ 025 0-20% FTOC centrality ¢ E 0.al LM h
L — | 3 -
|/ T 0.20 = A - - L) "He :
x : | - 0.6 i -
0.15— —— — I 7
Py - / . B i
0.10F = 0'4:_ :
0.05 f— "He, In| <0.8 —f 0.2:— ‘ — ; .
- 6 | Run 2 E u $ = ——— |
0.00 i IP Gl MUSIC — i ==
- + Ur(glf/lntw)a:Coalesce?ce . O ‘ B
- —— Blast-wave — -
_005? Lo oo b o o b b e by oy |__ _O 2_. AR [ S TN S TN NN TN N TN TN AN TN SN TN NN (NN TN SN TN SN AN SN TN RN TR [N SN TR SO S N
2 3 4 5 6 7 8 < 3 4 5 6 7 8
P Glasma: PRC 102 (2020 044005 Pt (G8V/©) p_ (GeV/c)
Blastwave, PRC 48 (1993) 2462
® v, of anti-3He in Run3 - better precision
® Discriminating power between coalescence and Blast-wave (fit to TVk/p)
® Flow of hypertriton measured for the first time
® Compatible with 3He but with large uncertainties
):| Yaxian MAO FCPPN/L 2025, 2025/07/24, Qingdao | 6
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Elliptical flow of heavy flavor

S — | I 11 | | | 1T 11 | | | |

2l 4 030 I N B N B B B B | 0.40
| cf). | ] E . :l | | | I | | | .l I. | | | | l | | | | | | | | I :
% 0.4 - ALICE Proe“mmary 1= - ALICE Prehmmary y[<0.8 - », _ ALICE Preliminary .
Pb—Pb, 30-50% 12 0950 Pb—Pb, 30-50%, \s\, = 5.36 TeV B K 0.35:— Pb_Pb \/Si _ 536 TeV. 30-50% =
: ﬁ 5.02 TeV 1 & - - B NN ; i
|3 ALICE Prompt D°, D*, D** average, |y| < 0.8, |A7] > 0.9 4 <L - PromptD TAMU \s, =5.02 TeV - 0.30F TAMU -
0.3 JHEP 01 (2022) 174 1o goob ° D° D° - = e AY 0 :
L * e o toeams 120 197 b 1o : 0.25[ # PrompiD] « InclusiveJiy D  —Jy -
(=536 TeV, Iy <08, lan| > 1.3 1= i e _ : .
02__ ¢ Prompt D" ‘ | 0.1 5__ —-——Ejﬂ: - 0'20:_ $ _:
- e Prompt D’ - i i ﬂ _ - ‘% -
B 7 = ' E‘E‘ — . 015__ 0 8 ]
0 1 - S 1 010 : — : 1% :
Rt M o E N ﬁfﬁ@r te- 0100 ol AH 3t ) —or .
i 0 | T 1 005_— op _ + — 005% 0 QM ul —E—_{j_ + —:
0.0F o 7 - == - i P + .
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® Prompt D-meson v2 measured using Run 3 Pb—Pb data sample — more precise and differential
- no significant difference between strange and non-strange D mesons
- D mesonelliptic flow reproduced by the transport(TAMU) model

® Significant different Ac* v2 compared to D-meson — baryon/meson effect?

® A significant [/ v2 is observed at forward rapidity - consistent with the charm quark thermalization
" Yaxian MAO
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Hadronization
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Improved performance for HF particles

N 80_I | 1 | 1 | 1 | 1 | 1 | 1 | 1 1 1 1 III_

E B | :\o _llll]lllllllllIlllllllllllllllllllll]llllllllllll-
El 7O%AL|CE Performance - go - ALICE Performance :
- B - ¥ E . i

= D+ + S 1 < D* - K'n*n* — Gaussian fit
= sof D~ — K'n*rn*, |y| < 0.8 1 © 102k i & GeV/ -
o 60 o 1 E 4<p.<5GeVic :
7 B _ _ E j - -
8 *Run2,pp Vs=13TeV : § 1/ <0.8 D (DCA):
S *Run3,pp Vs=13.6TeV - : -
40:_ g _: 10_35— a _5
- Run . - s ¢ P ]
o - : S :
30 * — - = ’ -
" . * - 1074 tee .0+ E
20 - : A "':t :
B ® o = " | .
10__Run 3 E : | by o
- - 10°F —=
_I|IIIIIII|III|III|III|III|III|III|III|III|III_ :lllllllllllllllllllllllllllllllllllllllllllllllll:
2 4 6 8 10 12 14 16 18 20 22 24 -500-400-300-200-100 0 100 200 300 400 50
p, (GeV/c) dy (um)

® |TS2 pointing resolution in Run 3 is x2 better than in Run 2
= |mportant for heavy-flavor prompt/non-prompt separation
) Yaxian MAO

FCPPN/L 2025, 2025/07/24, Qingdao
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Charm production: D mesons

P 1—""|""|""|""|""|""|""|— + I
N F o AL - e R A AR AR AR RN AR AR AR R R
= - ALICE Preliminary D' on'— K'Knt 3 ~» £ ALICE Preliminary —e- Data ]
0-9: pp collisions and charge con;. S - 0.9:— pp, Vs =13.6 TeV, ly|<0.5 E
0 8:— y|< 0.5 BR unc. (not shown): 7, 1% E - PYTHIA 8 7
" F Di- o' K'K ot - {5=136TeV - 0.8 E_ Monash _E
0.7 and charge conj. H = 0.7E- CR - Mode 0
- - - CR-Mode 2 -
0.6 I E 0.6/~ CR - Mode 3 -
0.5 - g - 0.5 -
0.45-" g m 9 = 0.4 — H =
0.31 | = o:{ﬂ .
i and charge con;. . I - Catania -
o BR unc. (not shown): 3.2% ] 0.2 v+ . —
0.2 o- V5 = 13 TeV, JHEP 12 (2023) 086 - = Do Do o5 KKz POWLANG -
0 13_ - Vs = 7 TeV, Eur. Phys. J. C 77 (2017) 550 B 0.1 and charge conj. \37 - HTL s
T & (5 = 5 TeV, JHEP 05 (2021) 220 . "' BRunc. (not shown): ;4% ——1QCD .
O:| L | L | L1 | Ll | L | L1 | L |: O:I | | L 1 1 | [ 1 1 | [ 1 1 | [ 1 1 | [ 1 1 | L 1 | | [ 1 1 | L 1 1 | L1 | | [ | 1 | [ 1 I_

2 4 6 8 10 12 14 16 18 20 22 24

-

0 3 10 15 20 25 30 35
(GeV/c) p. (GeV/c)

®First measurement of prompt E)s and D+ ratio with finer granularity and down zero pT

® provide a better baseline for Pb—Pb measurements, tools to investigate the strangeness
enhancement in charm sector

® coalescence model (Catania) sives best description, while others can not describe the data

.| Yaxian MAO .
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Charm production: baryons

N
o
X
—
o
w

&) || AN L L L - %\4'0_III|III|”IIIII|IlllllIl'”l'”llllllllll— | _G4.0_||||||||||||||||||||||||||||||||||||_
> [ ALICE Preliminar - N . T 1 [ ALICE Preliminar ’
S 351 pp, Vs =13.6 TeV ! — & 3 5'_ALICE Pre“mmary « Data T p. integrated - 8T c ciminary -
— M ' 1 £ 99C /s = 13.6 TeV T T 11 3.5 pp, Vs=13.6TeV . —
L B 22’ TS ATt spKntrt 4 S o - PP, — . + 138 L |y| <05 ata i
o — ¢ : 1 W - PYTHIA 8 + 1 & N ]
o 30p L0 and charge conj. 1 & V| < 0.5 + | 15, F -
” - 50 *(2455) 1 & 3.0 Monash —+ SHMc GSlI-Heidelberg — N 3.0 PYTHIA 8. Mode 2 ]
c - 2 Y Bl T i B ! -
S o5 M HET) — p(Ag) = (167.23 £ 0.06) MeVic e i Mode0 T [¢]7,=1566Mev ] = L probQQ1toQQOjoin_charm = 0.0275 (default) -
o 29[ 5 1 SHM+RQM * 5 5
o - g =1 |2 I\qli\zlg% f':gg) - f’ 2_5__ 1 T _ 170 MeV mgggg 1 13y 2.5 probQQ1toQQ0join_charm = 0.5 —
20:_ OIS EEEES _: o;\]o E H™ EE Belle (PRD 97, 072005) E - probQQ1toQQO0join_charm = 1 -
- N o O‘_ T e'e, ¥s=10.52 GeV 1 2.0:— —:
15— .‘ - L T = Prompt : B -
N S _ B +— o Direct 7 . :
- x% *(2520) 1 15K { T 1 150 ; .
10 u(Z) - u(AL) = (231.34 £ 0.53) MeV/c® - - T ] E n :
- o = 1.2 MeV/c? (fixed) . B —H— T o B i 1.0 - —
5 Signal = 24758 + 1558 E 1 O;MM e B - -
5 - i Z T ] - -
- 1 J\u ...... IE e SN . N 7 = T 1 Oor B
E 4000F = 0.5 T B - EPJC 85 (2025) 16
x@ 30002_ E : PYTHIA 8: JHEP 08 (201 5) 003 : 0 O_I | | I 1 1 | | 1 | | ] 1 1 | | 1 1 | | 1 1 | ] 1 1 | | 1 1 I L 1 1 | L1 1 | I—
£|: 20002_ _E —I | | L1 1 | L 11 | L 11 | L 11 | L 11 | L 11 | L1 1 | [ 11 | [ |1 | I_I_ | ] . 0 2 4 6 8 10 12 14 16 18 20
o 1000E = 0.0 GeV/
T O ’ , 3 0 2 4 6 8 10 12 14 16 18 20 p, (GeVic)
A BTt v +. K Iﬁ .+:
094 016 048 02 025 024 056 0.28 P, (GeVic)

M(pKnr) - M(pKr) (GeV/c?)
®First measurement of the production of 2c (2520) relative to 2c (2455) in pp at Vs = 13.6 TeV
® comparable yields for both resonances

® not described by default PYTHIA — running of parameters improve the description
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Open beauty production

0.20
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a L I P I e I I | | I | I I I 1 | I I I I I | I I [ ' ' 1
= | . ] — Q u ! | | Iy o e 0 ]
n 1 € - Co 47~ 10°E ALICE Preliminary B~ mesons =

TO; i '[A)‘OLICE Prellml(?gry 1 g 0.40 = ALICE Preliminary 43 £ ppcolisions ALICE, Vs=13.6TeV -
S D meson. <0, ] 1 5 0.35 | Asbaryon, |y <0.5 =N R E
w—  0.15— ¢ pp, Vs=13 TeV (JHEP 10 (2023) 092) — E = op, V5 = 13.6 TeV 15 Tas—=EE==EE___ E
- = pp,Vs=13.6TeV - 030 = " ' T 48 F "'i# =

B — i o) - _

- . - J° 10 —w =

i - IH i 0.25 - = Data 4 "E . 5

01 O - + — E E 1072 ;— = _;

n a - e ] s ]

"7, - mﬁﬁmmmm%%x%ﬁﬁﬁ 015 E 3 w0e ., 3

| s o Sy, U = — B" mesons FONLL 4]

PYTHIA 8 u ---"’f A : R I R K2 :‘y’% ] 10° = CMS, Vs =13 TeV == Vs=13.6 TeV, II/I <0.5 E

005 . Monash CR-BLCO - 0.10 £ IE‘EI o T PYTHIA 8 SO F IyI : ;I5 IE= Ig IGI IyI < ;IIS -

B - - = E E . 1 g5+ li<2 Vs = eV, ly| < 2. _

B T CR-BLC 2 CR-BLC3 T 0.05 :— Monash 7 CR-BLC O 4. g | ——t—————H | 1 E

- | |EPOS 4 Colour Ropes s : | | CRBLC2 [EHCRBLCS 33 oF 3

_l L1 I | I | I L1 1 I L1 1 I L1 1 I 1 1 I L1 1 I L1 1 I 11 1 I 1 1 I 1 1 I 11 1 _I O'OO I | I | I I I I I I I I I I | I | I | I L(\IE 1 ;%_-_- E_ ._.gi;

0 2 4 6 8 10 12 14 16 18 20 22 24 0 S 10 15 20 25 8 ,
pT(GeV/c) pT(GeV/C) 1 |

®Non-prompt D’ fraction measured in Run 3:improved precision compared to Run 2 results and
extended down to pt =0

® Non-prompt /. fraction measured pt down to | GeV/c
oFirst direct observation of B’ meson in ALICE, measured down to pt = | GeV/c

= better constraint of the open beauty production

)| Yaxian MAO -
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Flavour dependence of QCD showers

f Gluon-initiated shower \ / Quark-initiated shower\

Broader shower profile Narrower shower profile
Higher number of emissions Fewer emissions in the shower
= -
A = 4
? R
. . o
1 — 2(1 — 2))? Lt )
Pggg = 2CA( 2(1(_ ) ) Pq—>qg =CFp -

Casimir Colour factors

Different emission properties due to the
different amount of colour charge carried by
quarks and gluons

.| Yaxian MAO |
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Flavour dependence of QCD showers

f Gluon-initiated shower \ / Quark-initiated shower\ /Heav . uark-initiatedshower\

Broader shower profile Narrower shower profile Suppression of small angle emissions
Higher number of emissions Fewer emissions in the shower Harder fragmentation

s = /L,@
i § . 4% . ﬂ
G . -

1+ (1 — 2)? 1 z  2(1 — z)m?
ok i et Sl s 0 e ey

-

(1-2(1-—2))?
z2(1 - 2) 2

Casimir Colour factors The dead-cone effect

Pg—g9 =2Ca

A suppression of emissions in a cone of size

Different emission properties due to the . : _
6 = m/E around the direction of the emitter

different amount of colour charge carried by

quarks and gluons :
Sizeable effect for low energy heavy quarks

= | ow energy heavy-flavour jets can
maximize sensitivity to mass effects s iy

.....
L. 4
~ S

J. Phys. G17 (1991) 1602

.| Yaxian MAO |
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Zcut = 0175 =0

A.J. Larkoski et al., JHEP 1405 (2014) 146

oy : R ALL-PRE .
® The splitting function for charm quarks has a narrower angtilar distribution

Accessing charm splitting function

(1/N.,) dN/dR,

MC/data MC/data

1

1.
1

0
0.

0,= RJR

001 02 03 04 05 06 07 08 09
- ALICE, pp, Vs = 13 TeV . -
5[ charged jets, anti-k;, R = 0.4 g D -tagged L
- 15< p:;t " <30GeVic,In |<05  ° nousive 4
4 5<p% <30 GeVic, ly_ 1<0.8 syst.unc.
- Soft Drop (Zoe = 0.1, ,B 0) .
:E; ::T_- IIIIIIIIIIIIIIIIII'!!'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIII!:I
B e | e + + =
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e e S e L o B o S e e
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E—= : : ] I | : % } } : : : | : % } L 1 I l 1 I L l LI -E
2E mw inclusive PYTHIA 8 E
AE i B =
- oy - PRL 131 (2023) 192301
=1 1 L1 1 l 1 PO NN WO WO WY WO T VT WA TR SN SN SN SN SN WA AN Y N T A N N N N B |

0 O 05 0. 1 0.15 0.2 025 03 035 04

- At large angles dominated by Casimir colour effects

(1/Nigy o) AN/ R,

ratio to s
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ALICE Preliminary, pp
D°- tagged charged-particle jets, anti-k, R = 0.4
1<p (GeV/C)<48 |y0|<08|7] | < 0.5

Soft drop (z.,, = 0.1, B =0)
O Vs=13TeV, 15< pf“"“ (GeV/c) < 30

et ch

JEl Vs =13.6 TeV, 15 < p* ™" (GeV/c) < 30
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0.15

- At small angles a competition between the dead cone and Casimir effects is observed

)} Yaxian MAO
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Run 3 allows for the investigation of the different evolutions of mass and Casimir effects
24



Search for QGP limits

9 <« Pywo .
4 & Prass©
p‘\_\(}E

Hydrodynamic
Evolution Pre-Equilibrium S o
2 0!
Phase (< 1) %:% o
a) without QGP b) with QGP 2 e 6
A B
Yaxian MAO
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Strange hadron production

. . e x107
® Strangeness increases with multiplicity, from pp to Pb-Pb 2 OSET T T T T T T T T T T T T T T
collisions: + |t ALICE Preliminary -
8 07— —e— Run3,ppVs=13.6TeV —
: : : : ~ [ —e— Run3,ppVs=09TeV N
- hierarchy of increasing trend with strangeness content e b —o pl;n‘/g D v Nt Shys_ 13 (2017) 535539 -
.+ T ----- PYTHIA8 Monash ]
® Several approaches try to describe strangeness hadronization & b PYTHIAS Ropes -
in small systems s [ ] ;i -
- 3 :
L . 0.4 ¢ s =
- pQCD inspired models need extra mechanisms - [éﬂzl _ -
- Q -
® First Q) yield measured in pp collisions at Vs= 900 GeV at the 09 HEI -
LHC 02 -
- comparison with measurements at different collision 01 E
energies for pp collisions Vs= 900, 7, 13.6 GeV LT
O_I | 1 | [ 1 | | [ 1 | | [ 1 1 | | 1 | | [ 1 1 | [ | 1 | [ 1 | | [ | | | | 1 I—
- unprecedented multiplicity differential study with Run 3 0 2 4 6 8 10 12 14 16 18 20
data @N/dy) , .
= full sample will allow to extend the multiplicity reach
.| Yaxian MAO FCPPN/L 2025, 2025/07/24, Qingdao 26
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Strangeness enhancement origin search

/ét r 7+ o~ r 1. . rr .. 11 ¢ 11 11 1 [ 1T 1T T ] T T T T p]eading OKUJ _I LI N N U A I B B B LN L L N L L T Y I L Y I N N Y L B B |_

< Z - - - b < 0.14 |—Toward leading trigg trigg —

S 0.035 — A:;;SE’ = Correl?ritlon _ oo ¢QoppVs=13TeV = e — |A77] < 0.86, |Ag| < 1.1 ALICE, p_ = >3 GeV/c, |1~ <0.8  _

= - p, o >3GeVie, n™ <08, 1% <08 ¢ w ¢ pp, 5=502Tev - < _ Transverse to leading 7 < 0.8, |1F| < 0.8 —

2 0.030 [ _ 0.12 —0.86<An <1.2,096 <Ap <138 ]

= " E © Toward leading op. {3 = 13 TeV = — Full op, V5 = 13 TeV 7

T — A7 < 0.86, JAp[ < 1.1 —— PYTHIA8 Monash - | Anf<1.2,-m/2 < Ag < 3n/2 —— PYTHIA8 Monash |

< 0.025 — O Transverse to leading - PYTHIAS Ropos — 0.10 ~ o0 0 ¢ pp, Vs = 13 TeV —..- PYTHIAS Ropes ~ —

0,020 - 0 Iozﬁ?l <iAnf<1209<4p<18 . EPOS LHC . ro1 B ®mépp, Vs=502Tev. E::*OS HHe 5

C An| < 1.2, -1/2 < Ag < 3n/2 R B _ 0.08 — st —

— R m — — %syst. uncorr. E =

0.015 |— t stat. "“\““\\\‘;‘\ \\\\ — B [ Jsyst. _

E |:| SySt' \\-‘\‘\‘\““\‘m’ am > i — 0 . O 6 — —|_ stat. ‘ e

0.010 G Bz — B N

E Egﬁ SYS’[. uncorr. .““‘“‘;\g\““‘\r“:‘:::::::-“ E : ' ““:‘*;‘9\ P :

0005 [ iz = 0.04 - A —

E Y WLl mmu.nmmu.‘l‘.l.‘l.mb = ES= E : e :

::::::::..l........;:::‘.’T::::;:::::::::: 0.02 — | | | | | | -

% 1_5 ;_ T _; B I 1 | | | | | | | 1 1 I I I I 1 1 | | | | | 1 I 1 1 I I I I 1 1 | | | | | |

-~ = = JHEP 09 (2024) 204 £ 45— ]

g 1.0 EH '-E A B a

m - = 1.0~ —

§ 0.5 — — § = _

:I | I — | 11 1 | | 1 1 1 | I 1 1 1 | I 1 1 1 | | | I I | | I I | | I —| l: E 0'5 [ T

O 5 10 15 20 25 30 35 40 _I 11 | | 11 1 1 | 1 1 1 ] I 11 1 1 | | 11 I 1 1 1 ] I 11 1 1 | | - | I_

T 1T 1 I 1T 1 1 | T 1T 1 | T 1T 1 | T 1T 1 I T 1T 1 I 1T 1T 1 | 1T T 1

N - B n _

AN /A5 5 53 Gevie 5 1. rTmeners i

© B EPOS LHC e ]

° ° . . . . I: 0.8 — 4) S RTTTERI = ]

® Majority of the total production is from UE contribution : o6l o o o 4 oo ¢

@ -0 ]

— | —

. M . M : . 11 1 ] | | | 1 | | 11 ] ] I L1 1 1 | | ] | I | | ] ] I | | | | | ] |

Steepness of the strangeness increase is quite similar between T T T T T

jets and UE AN /A 105,553 Gevic

- Models can’t reproduce data well
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Search for jet quenching in small systems

Leading partil . (dN ?hs _TS/ dp T) VOM
X - &
(dNAS TS/de) -

ch

LR | T r T TT1Tr

¥s = 5-02 Tev
Away - Transverse @ pp (VOM mult. classes)

B B p-Pb (VOA mult. classes) 7 1
2K Pb-Pb (VOM cent. classes)

( —~

$om o 1
................. g ]S
-L v Jt ¢ .\¥/. o

— X flat background Q g LS
{ v , background Q

I il el R

1 10 10° <NTh>
PLB 843 (2022) 137649 C

€& ALICE, Phys. Lett. B 843 (2022) 137649

® Using particle correlation methods to study associated particles behavior as a function of
(transverse) multiplicity

- No enhancement (suppression) observed for Near (Away) side in pp and p-Pb collisions

.| Yaxian MAO .
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Search for jet quenching in small systems

Leadin ] AS-TS
)€ Q.64 o1 el sn e s e sl s S st ol
(ANAS-TS/dpr) -
MB 1 < Pt assoc < Pr,trig < 2 GeV/c
%? | T | B | ll'll T T LR | T T T TTITr | . ALICE —PYTHIA MonaSh
© VS, = 5.02 TeV 0.56 B BEE EPOS LHC S “PYTHIA 4C
. Away - Transverse @ pp (VOM mult. classes) B AMPT SM (x0.6) PYTHIA shoving g=3
Avay /§ B M p-Pb (VOA mult. classes) 7 1.5
Al @ 2K Pb-Pb (VOM cent. classes) 0.48
= -
o ot e 11— .
G % 9
0
5 = Kflat background Q -O 5 i ALICE
. { v , background Q 0'32__ pp VS = 13 TeV
O - |Ap[<1.3 Midrapidity Multiplicity Estimator
S | TR E R T T S T S A W N T T1 B S S N R 1 O L R | IR
v 1 10 102 (NT) 0 15 30 45 60 75
ch (Nen) (|n] < 1.0, pr> 0.2 GeV/c)

PLB 843 (2022) 137649

® Using particle correlation methods to study associated particles behavior as a function of
(transverse) multiplicity

- No enhancement (suppression) observed for Near (Away) side in pp and p-Pb collisions

- Peak width become narrower in HM events for low pT associated particles
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Search for jet quenching in small systems
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® Using particle correlation methods to study associated particles behavior as a function of
(transverse) multiplicity

- No enhancement (suppression) observed for Near (Away) side in pp and p-Pb collisions
- Peak width become narrower in HM events for low pT associated particles

= Azimuthal broadening in HM events observed for recoiling jets with high pT trigger particles
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Fresh news: chasing the small size-limit of QGP

Collective-like effects present in high multiplicity pp and p-Pb
collisions

® But: No jet quenching observed in p-Pb (d-Au) at high multiplicity
® Open questions:
= How plasma-like properties emerge in QCD?

= What is the smallest droplet of QGP?
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ALICE: what’s next?

Evolution towards higher pointing resolution and Maintain and enhance ALICE's unique
larger effective acceptance capabilities In particle identification
€' ALICE 1 y
= Calorl+metry
= conversions
= ALICE 2 Y .
:':I‘_ Run 3 5
=) ALICE 2
= 1o % Run 4
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Towards future: ALICE 2 (beyond Run 3)

LS3 LS4

2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037

ITS3 & FoCal

® Specific upgrades in LS3 (2026-29)
® TDRs approved in March 2024
® Moving towards “production” phase

ITS3

Cylindrical
Structural Shell

Half Barrels

ITS3 TDR: CERN-LHCC-2024-003 FoCal TDR: CERN-LHCC-2024-004
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Towards future: ALICE 3 (beyond Run 4)

LS3 LS4

2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

. . ® )
ALICE 3: Major upgrade in LS4 (2034-35) 9“ m
— Next-generation heavy-ion experiment - First ideas Letter of intent for ALCE o e e LIC L oo

at Heavy-lon town meeting in 2018 (arXiv:1902.01211) ALtk s

Outer Tracker % ALICE 3

— Letter of Intent:
Review by the LHCC in March 2022 (arXiv:2211.02491)

— Scoping Document:
Review just completed (CERN-LHCC-2025-002)

® Moving towards “comprehensive R&D” phase
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Summary

The ALICE experiment is specifically designed to study every phase of
heavy-ion collisions

® This presentation provides an overview of selected recent results
from the ALICE experiments. The results showcased do not represent

the full scope of measurements! The ALICE experiment:

A journey through QCD

® The complete data and detailed studies from Run | and Run 2 (2009-
2018) are documented in...

® The journey continues with ongoing research in Run 3 and beyond...

Eur. Phys. J. C (2024) 84:813

)} Yaxian MAO

s Central China Normal University

FCPPN/L 2025, 2025/07/24, Qingdao 33



Summary

The ALICE experiment is specifically designed to study every phase of
heavy-ion collisions

® This presentation provides an overview of selected recent results
from the ALICE experiments. The results showcased do not represent

the full scope of measurements! The ALICE experiment:

A journey through QCD

® The complete data and detailed studies from Run | and Run 2 (2009-
2018) are documented in...

® The journey continues with ongoing research in Run 3 and beyond...

Stay tuned! Thanks for your attention! Eur. Phys. J. C (2024) 84:813
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