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Evolution of relativistic heavy-ion collisions
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Quark-gluon plasma (QGP)
Strongly interacting matter,
in the extremely hot and dense environment microseconds after the Big Bang

Collective motion (Collectivity)
One of the most important features and probes of the QGP

LHC Run 3 data-taking (2023-2026): high statistics
e.g. 13 nb™" Pb—Pb collisions, =100 times the MB statistics of Run 2




Azimuthal correlations and anisotropic flow

Initial eccentricity + QGP evolution = Final momentum anisotropy

&N 1 dN >
E = 1+22vn cos[n(p — Wgp)]
d’p 2n pdpdy 1

Vn (P, ¥) = (cos[n(¢ — Wrp)])

2nd order

Elliptic flow

Triangular flow




Anisotropic flow in OO and Ne-Ne collisions

arXiv:2509.06428 60 ~ 20N e
N
E [ ALICE i
> - 00 and Ne-Ne, s, =5.36 TeV 7
- 0.2< p, < 3 GeV/c Ne-Ne OO ]
" Il <0.8 Q ¢ v{2) A
0.1— ¢ ¢ v,{4} N
: = " va{2} :
Zﬁ ¢ © 8 8 8 ® 8 8 § o .
005 4 o ¢ ¢ -
n é -
M 5 § B ]
u — = F m = 4 o -
O_ . . . . . —
0 10 20 30 40 50 60

Centrality (%)

v, (Ne-Ne / O0O)

v,4{2} (Ne-Ne / OO)

1.2+Mml<0.8

1

- ALICE 0O and Ne-Ne, |5, =5.36 TeV'
0.2< p, < 3 GeV/c

Data <
¢ {2 7 ALICE
¢ v,{4}
{2

- PGCM PGCM

t i +
3DGlauber IP-Glasma Trajectum

PGCM NLEFT

20

1
30
Centrality (%)

Observation of hydrodynamic response to initial geometry in OO & Ne-Ne
Unigque inputs to collectivity in small systems and nuclear structure



Anisotropic flow in OO and Ne-Ne collisions

arXiv:2510.02580
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Anisotropic flow in OO and Ne-Ne collisions
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PID v, in OO collisions
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Mass ordering and baryon-meson grouping are observed



Collectivity in p-Pb and pp collisions
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» Do we expect the collectivity in small collision systems ?
> Where is the the “smallest” (p-A, pp, ee...) and “dilutest”
(lower multiplicity) limit of collectivity onset ?



Collectivity in p-Pb and pp collisions

PRL 123, 142301 (2019)
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The magnitudes of v, in pp and p-Pb are similar as in Pb-Pb at low multiplicities
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Elliptic flow of identified particles in small systems

NC 17, 2585 (2026)
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Elliptic flow of identified particles in small systems

NC 17, 2585 (2026)
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Elliptic flow of identified particles in small systems
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Parameterizing the shape of nuclei

nucleon density described by Woods-Saxon profile

pO rolate
p(r7 97 ¢) — 1 + e[T—R(0,¢)]/ao 7] Prolat

3 4 m
m=—3 m=—4
P2: overall deformation parameter rn=r<rn
ao: diffuseness parameter Oblate
y: triaxiality parameter ;
T} T | ry < r,=r;
| | ‘ ( Triaxial
RHIC: Au+Au (relatively) RHIC: U+U (Ru, Zr) n#EnRFEn

LHC: Pb+Pb (double magic nucleus) LHC: Xe+Xe
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Imagining the nuclear structure

Nature 635 (2 024) 67-72 b Quantum fluctuations in orientations

Time Scale: T Z I/h ~ 103—1 04 fm/C Coherent superpos|t|0n of
wavefunctions probed at low energy

4+

2+
0+

0.148 MeV
0.045 MeV

Rotational band of 28U

e f g ]
gecgon ¥ \\
. A "2
¢ —— —
S NS
Body-body y y 3
configuration T<3‘ gmal dy T<3( g gmal Pt f_y> o
2\ arge 2 > Large V2
Boosted to Pressure-driven Particlization and
relativistic speed I" > 100 hydrodynamic expansion free streaming
\'K’g\\.\()\'\ p\a ‘\\\\ ////
S O §Q/é
=N [ |
Tip-tip. /// \\
configuration o d,
1 fm/c = 3 x 10 seconds « gmal\®
- -6
- e Time scale: 7 ~ 2Ry/I"~ 0.1 fm/c ¢~ 10 fm/c ¢~ 10" fm/c
= 3 yoctoseconds exposure expansion detection

15



Measurement of Xe at LHC-ALICE

PLB 869, 139855 (2025)
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Measurement of Xe at LHC-ALICE

PLB 869, 139855 (2025)
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Testing y-soft of Xe at LHC-ALICE

PRL 133, 192301 (2024)

0 X1 0° x107°
; 129y o +129Xe, '—SNN=5' 44 TeV —129Xe+129Xe, S\n=5.44 TeV
. -0.5- r 5
Transitional -
Prolate Triaxial (“soft”) Oblate o -1 < ol
) Q L Q
A A : (() A N -15F
“" . 4 % B.=0.17, y-soft (0°<y<60°
> _2:_ | B,=0.17, y-soft (0°<y<60°) EZ=0 17 :/ri:zial((y=10°) )
g’ . B,=0.17, triaxial (4=307) (5 25k 2 (b)
% L 1 L L L n 1 n L L L L L L L 1 L L n L 1 L L L L
[ R(p ) - p4,2; y-soft ° p4,2; triaxial 002 E_ R(p ) = p2,4;y-sofl ) p2,4; triaxial
L _ 1 a 42 Ip o C 2,4 Ip o
T L 1 - N 0.5 4,2; triaxial - N 2,4; triaxial
O y O }, 3q: : 3C\I 0 5
. o i T _g02F
Shape deformation of :
I ~0.04F
0 1 2 3 0 1 2 3
Centrality(%) Centrality(%)

6-particle cumulant needed
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Testing y-soft of Xe at LHC-ALICE

\A‘“i ALICE Preliminary QMZS prellmlnary
S e
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Comprehensive Bayesian analysis to simultaneously pin down all parameters of Xe
The extracted y value with a narrow ¢ indicates weak/no y-soft effect.

— Xe has arigid, triaxial deforamtion
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Collective effects under

strong magnetic and vortical fields

> Anomalous chiral effects
Search for the CPviolations in the

strong interactions and disentangle
the background mechanisms

> Polarization phenomena
Reveal how global/local polarization
observables respond to the QGP
collectivity

lag,
Reaction plane >
B = 108 - 10" Gauss \-6
P

w = 1021 g7
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Charge dependent azimuthal correlations
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Significant separations are observed for K and p
Ay follow p-p > p-A > K-K > h-h
indicating various global/local charge conservations
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Hyperon local polarization at ALICE

ALICE

s_ 0.0025_ L T l T T T T l L L ) I T L T I T LI M 5’— 0.004: L] I T L | T LI | L L] I LI T I LI LI I T I: E’— 0.005_\ L [ LI I LI I L | L I L I IIIIIIII I_
o C . ] Q - ] Q - i
oozl ALICE Preliminary E 00035 ALICE Preliminary E - ALICE Preliminary )
- -5 o . - 3 0.004— 5
: Fh-Fb VS =536 TeV, 20-60% . 0.003F  Pb-Pb |5y, = 5.36 TeV, 30-50% E - Pb-Pb |5, = 5.36 TeV ot
00015 A+A.p >05GeVic, ly| <05 = s _ ] i _ 1
z , ] 0.0025- A +A,ly|<05 ' = - A+7R,ly|<05,p_>0.5GeVic ]
e P, + 2P, SiN2p —2¥,) a 3 0.003 T s
0001 " P, P, + 2P, SinBp —3¥;) ] 0.002F—*" P, 3 P, ]
C ] = 3 - [ =1
S — ; . 0.0015F- ~ Pzss = - P .
0.0005 .~ - - ] 0.002~ .

L K N - . | = [ ]
E ) n, 1 0.001— —] r g
;' L 1 = ] r [] ] : t :
of= = 0.0005F :ﬁ. - 0.001— ¢ 1 .
~0.00051 3 O~ 5 | ------- retereee e et e s e s e = - ;:ﬁ 1
C . _0-0005:_ _: 0‘_—+——! ................................................................. —_
- C 1 1 1 1 1 1 11 1 Il | N C | - | L1 | 1 | 1 I Ll I l I— T l L1 1 | Ll 1 1 I L1 1 I Ll 1l 1 I (] I Ll L 1 I L1 1 I—
. 0 6 0 1 2 3 4 5 6 0 10 20 30 40 50 60 70 80
ne - n¥, p, (GeV/c) Centrality (%)

ALI-PREL-597386 ALI-PREL-597376 ALI-PREL-597381

Second and third order local polarization are
clearly observed with Run 3 data
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Hyperon local polarization at ALICE
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Second and third order local polarization are
clearly observed with Run 3 data
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Momentum correlations (Femtoscopy)

Annu. Rev. Nucl. Part. Sci. 71, 377 (2021)

Interaction
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n-nuclei femto correlation

Nature 648, 306 (2025)

arXiv:2502.20200 1.20 , , , ,
— ALICE pp Vs =13 TeV
1.3 LI LI B I ) LI B I ) rrri LI LELELEL LI LI ) p . [~ . T
ARERRRRLARRRS.4 ey T1 1.15 high-mult. (0-0.17% INEL>0)
1 2 4 — 1. 10 I ,/3,:30:0;&‘ 7
. . e 8
1A e T g, = Losp o 1
fS05eS) o """--u.-.-..-.-.._..,!!' W}yllllllllllf e - L_
- 7 1.00¢ feoe008 o0 0
e . 8
ALICE pp Vs =13 TeV E 60.95_
0.9 High Mult. (0-0.17% INEL>0)  — T[—d
m;< [2.00, 2.50) GeV/c? . 0.90} } nt-den-d
0.8 Elp-n* © p-n e Total Fit (x?/ndf = 14/15)
078 Background 3 0.85r %% A resonance |
B — Coulomb + Strong Interaction J 0.80F B Coulomb interaction
06 Ry + 1 = | IVIIA Backlground |
— Total Fit ] 2F . . . . .
05 llllllllllllllllllllllllIlllllllllllllllllll
~0 005 01 015 02 025 03 035 04 045 8 ot -
k* (GeV/C) _2 C 1 1 1 1 7
0 100 200 300 400 500
k™ (MeV/c)
Pr
o /P O
0 m/ : NC 15, 1 (2024)
SV I\ Te® 5 m-catalyzed process: mnp — 1d
® ®

25



4Li—=p-3He femto correlation in Pb-Pb
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» CF is one of the most essential branches in the QGP physics

> Highlight results across azimuthal correlations, flow,
femtoscopy are presented

» Chinese members have made and will keep on making big
contributions

Thank you for your attention!
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