ALICE @ FCPPN/L
“Study of QCD matter with the ALICE detector”
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Scientific context: quark-gluon plasma
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e Explore properties of the primordial matter
state, existed after a few ys of the Big Bang
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= Quark-gluon plasma (QGP)
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e Heavy-ion collisions — the QGP factory

= Create extreme conditions of temperature
and energy density

= QOGP created at the LHGC: Tef = 340 MeV

t = Time (seconds, years)
E = Energy (GeV)
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ALICE Collaboration

A Iarge ion collider experlment — ALICESS ® 36 contries
7 * 164 institutes
- 1938 members
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Study the primordial matter existed after the Big Bang
via ultra-relativistic heavy-ion collision “little bang”




ALICE experiment at the LHC n

e ALICE: A heavy-ion detector at the LHC

e Study of strongly-interacting matter at
extreme temperatures and energy densities

Time Projection Chamber (TPC)
* 7| < 0.9, charged-particle
tracking and identification (PID)

Inner Tracking System (ITS)
* [N < 0.9, vertexing

Time of Flight (TOF)
* [Nl < 0.9, triggering,
pileup rejection, PID

Muon spectrometer
e 25 < |nl <4, u—c,b, ye=W=//0

VO (VOA and VOC)
e VOA:28<n<51,VOC:-3.7<n <-1.7
* [riggering and multiplicity determination
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A journey through QCD

CERN-EP-2022-227

7 October 2022

ALICE

ALICE Eur. Phys. J. C84 (2024) 813

ALICE 1
(Geos)

The ALICE experiment:
A journey through QCD

~. FMD

ALICE Physics achievement
2009-2018
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ALICE at LHC Run 3 (2022-now)

\ tracking system (ITS2)

i The 2nd generation inner

ALICE 1 ALICE 2
\

Strip ) L onfe ) ( Pixel

* pp data ta klng at 500 kHz

i ¢ Pb—Pb data taking up to
50 kHz

~~~~~~~~~

e Improved tracking at low pr

Muon forward tracker (MFT)

I TRIGGER 3
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FT0-C Cherenkov detector

34<n<-23
0.8 m away from IP

FV0 scintillator detector
22<n<5.0
3.5 m away from IP

FT0-A Cherenkov detector
38=n=50
3.5 m away from IP

FDD-A scintillator array
75ns6.3
17.0 m away from IP

DIPOLE
MAGNET

( ABSORBER )




ALICE data taking in Run 3

Integrated luminosity (nb™)
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ALICE 1

ALICE Performance, Run 3
Pb-Pb, \sy = 5.36 TeV
Recorded
2023: 1.55nb™
2024: 1.54nb™
2025: 1.99nb™
2026: 1.83nb™
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ALICE @ FCPPN/L 8

7 Chinese institutes and 8 French institutes

Shopping list (keywords)

e CCNU, Wuhan e |IPNL & CC-IN2P3, Lyon Low mass vector particles
e CIAE, Beijing * IPNO, Orsay Flow and correlations
e CUG, Wuhan ¢ |PHC, Strasbourg Light flavour spectra
e HUST, Wuhan e LPC, Clermont-Fd Open heavy flavours
e HUT, Wuhan LPSC, Grenoble Electroweak bosons

USTC, Hefel Subatech, Nantes Quarkonia

Fudan, Shanghai IRFU, Saclay Jets

Detector contributions
= Ongoing: MUON, MFT and ITS2
= Upgrades: ITS3, ALICES



ALICE @ FCPPN/L

French Group Chinese Group Guernane Rachid | CR IN2P3/LPSC Pei Hua PR IOPP/CCNU

Name Status Affiliation Name Status Affiliation Guilbaud Maxime | MC IN2P3/Subatech | Shou Quiye Ass. PR FUDAN

| eader leadsr Hippolyte Boris PR IN2P3/IPHC Zhu Jianhui Ass. PR FUDAN
BASTID Nicole PR IN2P3/LPCA ZHANG PR IOPP/CCNU Kuhn Christian DR IN2P3/IPHC Wang Dong PR IOPP/CCNU
Xiaoming Lambert Stanislas | PhD IN2P3/Subatech | Yang Ping Ass. PR IOPP/CCNU
Baldisseri Alberto | Physicist | IRFU Zhou Daicui | PR IOPP/CCNU LA SUIeT s INAFEN g R & e CETesomely (68 PR [IOFH/geNs

Barreau Emilie PhD IN2P3/Subatech | Huang PR IOPP/CCNU Lotteau Clément | PhD IN2P3/IP2I Pen Xinye Ass. PR CUG &
Guangming IOPP/CCNU
Batigne MC NGRSt bt ZRo Daime; PR IOPP/CCNU Maire Antonin CR IN2P3/IPHC Bai Xiaozhi PR IOPP/CCNU

cuillbihk Mattei Lorenzo PhD IN2P3/LPCA Hou Yongzhen | Lecturer CUG &
Belikov louri DR IN2P3/IPHC | Ying Zongbao | PR |OPP/CCNU IOPP/CCNU
Eastille Physicist | IRFU Ma Yugang PR FUDAN & Mattioli Kara MC IN2P3/Subatech | Wang Yubiao | PhD IOPP/CCNU
@ ol 5 vien ECNU Millot Louise PhD IN2P3/LPSC Xu Lang Joint-PhD | IOPP/CCNU
. L 1 nd PR IN2P3/IP2] P Xiaome FRcearcher [ CIAE Pillot Philippe CR IN2P3/Subatech | Zhang Maolin | Joint-PhD | IOPP/CCNU
Conesa-Balbastre | CR IN2P3/LPSC | Wang Yaping | PR |OPP/CCNU Shabeita CR IN2P3/Subatech | Su Youpeng | PhD IOPP/CCNU

Ui Alexandre

Crochet Philippe | DR IN2P3/LPCA Ziy PR USTC Stocco Diego CR IN2P3/Subatech | Feng Wenhui | PhD IOPP/CCNU
DilERIE SalErio PhD IN2P3/IPHC Zhang Yifei PR USTC Tabikh Ahmad PhD IN2P3/LPSC Liu Rixin Master IOPP/CCNU
Faivre Julien CR IN2P3/LPSC Zhang Song PR FUDAN Uras Antonio CR IN2P3/IP2I Xu Xiaotong Master IOPP/CCNU
Furget Christophe | PR IN2P3/LPSC Tang Zebo PR USTC Xu Lang Joint-PhD | IN2P3/IP2] Wang Yuting Master IOPP/CCNU
Carein VMarie CR IN2P3/Subatech | Mao Yaxian PR IOPP/CCNU Zhang Maolin Joint-PhD | IN2P3/LPCA Liu Jun Engineer | IOPP/CCNU

62 members in 2026 (36 members in 2009)



History and achievements

o ~c/year bilateral visits of senior physicists and engineers/technicians

e 3 postdoc exchanges since 2009 All former joint-PhDs got
e > 10 defensed joint-PhD theses since 2008 permanent or postdoc

e > 20 mater student trainings since 2007 positions in academic filed

-+ M Yongzhen Hou ' Ran Xu p Yanchun Ding —~Y Yitao Wu
— ‘ Co-PhD (2021-24) Co-PhD (2020-24) Co-PhD (2019-22) 45 Co-PhD (2019-24)
® 2 ]Ol n-t_ Ph D defen ses gre CCNU-IPHC — CCNU-LPSC CCNU-IP2I 0 CCNU-IPHC

scheduled in 2026
. - - ivu Tan inarui Zhao Zuman Zhan
® 4 0n going Joil nt-PhD . Go-PhD (201?3-22) . Visitor (2Zohzm Coopggfﬁ (fgég-ﬂ)
CCNU-LPC CIAE-LPC =
p rOg rammes

e 2 master student trainings
Maolin Zhang ‘ - 7 Ny Yubiao Wang - Wenhui Feng
- : e X1, ey Co-PhD (2024-26) Visitor (2024)
dre pro pOsed IN 2026 “ Q0o 2ree20) 3 Sonas) el s CCNU-LPSC 3 CCNU-LPSC




Scientific production (2025 - 2026)

Published paper (10)

e ALICE Collaboration (R. Xu et al.), Inclusive isolated photon production in pp collisions, Eur. Phys. J. €85 (2025) 98

e ALICE Collaboration (X. Zhang et al.), =c° production in p—Pb collisions, Eur. Phys. J. €85 (2025) 86

e ALICE Collaboration (M. Germain et al.), Isolated prompt photon production in pp and p-Pb collisions, Eur. Phys. J. €85 (2025) 1407

e ALICE Collaboration (G. Balbastre et al.), Inclusive isolated-photon production in pp and Pb-Pb collisions, Eur. Phys. J. C85 (2025) 553

e ALICE Collaboration (X. Bai et al.), Coherent J/{ photoproduction in Pb-Pb collisions, Phys. Lett. B871 (2025) 139952

e ALICE Collaboration (M. Zhao et al.) Exploring nuclear structure with multiparticle azimuthal correlations, Phys. Lett. B869 (2025) 139855
e ALICE Collaboration (J. Zhu et al.), Multiplicity dependence of =¢c+ and =c° production in pp collisions, JHEP 2512 (2025) 038

e ALICE Collaboration (M. Li et al.) First measurement D*+ spin alignment in Pb—Pb collisions, JHEP 2510 (2025) 094

e ALICE Collaboration (C. Cheshkov, A. Uras et al.), Multiplicity-dependent inclusive J/{ production in pp collisions, JHEP 2507 (2025) 238

e ALICE Collaboration (Y. Ding et al.), Multiplicity dependence of Y production in pp collisions, Nucl. Phys. B1011 (2025) 116786



Scientific production (2025 - 2026)

Submitted papers (4)

e ALICE Collaboration (X. Zhang et al.), Jet energy flow modification in heavy-ion collisions, arXiv:2606.20061,
submitted to Phys. Rev. C

e ALICE Collaboration (G. Balbastre et al.), Isolated photon-hadron correlations in Pb—Pb collisions, arXiv:2605.02342,
submitted to Eur. Phys. J. C

e ALICE Collaboration (L. Xu et al.), Transverse-momentum fraction of strange hadrons in mini-jets in pp collisions,
arXiv: 2603.19387, submitted to Phys. Lett. B

e ALICE Collaboration (X. Zhang et al.), Evidence of prompt A: baryon and D meson elliptic flow in Pb—Pb collisions,
arXiv: 2603.18966, submitted to Phys. Rev. Lett.

Papers under the ALICE review (4)

e ALICE Collaboration (L. Xu et al.), Multiplicity dependence of the transverse momentum fraction of (multi-)strange
particles in mini-jets in pp collisions, tagged journal: Phys. Lett. B

e ALICE Collaboration (Y. Ding et al.), Upsilon polarization in pp collisions, tagged journal: Phys. Lett. B
e ALICE Collaboration (Y. Hou et al.), Search for jet quenching and acoplanarity in p-Pb collisions, tagged journal: JHEP

e ALICE Collaboration (L. Mattei et al.), Relative charmonium production in pp collisions, tagged journal: JHEP

In addition, 41 presentations given by students and faculties in conferences
and workshops, including QM’25, EPS-HEP’25, and ATHIC’25




Heavy quark transport properties

STRONG INTERACTIONS | NEWS

COURIER

Heavy flavours probe QGP geometry |§ e

N STAR, PRL 118 (2017) 212301

ALICE, PLB 813 (2021) 136054

IQCD, L. Altenkort et al., PRD 103 (2021) 014511

IQCD, H.T. Ding et al., PRD 86 (2012) 014509

IQCD, D. Banerjee et al., PRD 85 (2012) 014510

22 January 2021
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= |Indicate charm may thermalize in the medium
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Charm hadron v> 14

A

>
0.40
U 0.35

0.30
Do

ALICE, Pb-Pb fRun 3
v, {SP, |An] > 1.3}, (S = 5.36 TeV, 30-50%
e Prompt D’ ¢ Prompt D*
# Prompt D_ B Prompt A¢
v, (2, A7) > 2}, (S = 5.02 TeV, 30-40%

Low and mtermedlate—pT
v2(Ds2) <2D0

= Sequential hadronlzatlon
Zhuang et al., Phys. Rev. Lett. 136 (2026) 232301

Springer Proc. Phys. 250 (2020) 275

< Vo(TT%)

0.25 , Intermedlate and hlgh-pT
AL $$$$mu d A Ut P —
s @ Vo) > va(Ds') = v2(DY) = v (D)~ valre)
0.15 "--' ~ - Strong ewdence of coalescence

Further reveal the transport dynamics
of heavy quarks in the QGP medium

and provide high-precision microscope
I | I |

0.5 2 4 6 810 20 tomography of the QGP
ALICE arXiv:2603.18966, submitted to PRL p (GeV/ C)
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Spin alignment of vector mesons

ALICE Phys. Rev. Lett. 125 (2020) 012301 Prediction at heavy_quark sector
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Inconsistent with early direct Would a similar trend show at
extrapolation from A measurements heavy-quark sector?



Spin alignment of vector mesons
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Charm quarks exhibit different spin
alignment and polarization behaviors



Jet diffusion wake in QGP medium

= ALICE
= ] sy =5.02 TeV, Pb-Pb 0-10 %
Ch-particle jets, anti-k
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New approach to accessing soft-interacting
x [im] medium hydrodynamics via hard probes



Jet production modifications

W.-H. Feng
55 29/06, 17:55
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<
=  ALICE Preliminar —4— R VECTYTHA gt 5.36TeV : ..
é 0.5 = 536 Tev o 1 Small system collisions (e.g., pp, p-Pb)
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or-fraction of Ks?, A and == in mini-jets

ALICE arXiv:2603.19387, submitted to PLB Paper is under the ALICE review

~ L — T T T 7 1— : | | | I B
2 ALICE 1 N L ALICE Preliminary )
09l Pp. Vs =13TeV | ~ | op, Vs = 13 TeV )
L. Xu T o KO - - Trigger: Z(Z ) i
30/06, 09:45 - s - -
0.8 -?L
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0.6 :7_3
0.5

: 10 ) - | S S R N N

Ratio to 0-100%

Different behaviors between
baryons and mesons

= |Indicate harder fragmentation or larger isolated production of baryons

= New attribution of QGP-like baryon-to-meson enhancement in small systems



|Isolated direct photon production

STRONG INTERACTIONS | NEWS

Isolating photons at low Bjorken x ¢ Newest measurements of isolated
i ohotons with ALICE

1074 %o, p+ 8(6)_:1 ?+X

= Oooo y=0,n=4, . .
10° 8 °-o..% e First access to the low Bjorken-x
102 oy regime down to 10-3

=
o
o
IIIH‘

e Clearly follows the scaling behavior
established by previous measurements

o ALICE (13 TeV, |y|<0.67)
e ALICE (7 TeV, |y|<0.27)
x ATLAS (13 TeV, |y|<0.6)
10" g * ATLAS (8TeV, |y|<0.6)
| @ ATLAS (7 TeV, |y|<0.6)

[IEN
o
S
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DO (1.96 TeV, |y|<0.9)
100 " ATLAS (7 TeV, |y|<0.6) -+ DO (1.8 TeV, |y|<0.9) $
S + CMS(13TeV, Iy|<0.8) - DO (630GeV, |y|<0.9) &I

® CMS (7TeV, |y|<1.45) = CDF (1.96TeV, |y|<1) A

® Provides new constraints on nucleon
103} : CMS (7 TeV, IYI<0-2) *+ CDF (1.8 TeV, |y|<0.9) 8, : : . :
CMS (276TeV, |y|<145) o UAL (630 GeV, |y|<08) parton distribution functions (PDFs)

® PHENIX (200 GeV, |y|<0.35) + UA1 (546 GeV, |y|<0.8)

6
|
10 lll | | lllllll I I llllll] | I

10°° 1072 10
xi=2pl/Vs

(Vs/GeV)" Ed’°o/d>p (arb. units)




Ongoing upgrades — ITS3 and FoCal

2030-2033

20102013 20152018 H

ALICE 1 ALICE 2 ALICE 2.1

A. Uras
29/06, 18:10
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Next-generation experiment

2022-2026 2030-2033

ALICE 1 ALICE 2 ALICE 2.1 ALICE 3

29/06, 18:10 ALICE 3

—

ALICED -

ALICE arXiv:2211.02491

A next-generation heavy-ion
experiment at the LHC
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~ALICE 3 Study
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ALICE @ FCPPN/L is continuing to strengthen the
cooperation for ALICE 3 and beyond, with the
common interest In next-generation detector







ALICE capability
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e ALICE: A heavy-ion detector at the LHC

e Study of strongly-interacting matter at
extreme temperatures and energy densities
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Global polarization of hyperons

P, (%)

3_

2.9

10*

ALI-PREL-610478 | Sn (GeV)

= | HC Run 1 and 2: Global polarization consistent with zero (large uncertainties)

ALICE Preliminary

o (AR Large orbital angular

Pb-Pb 15-50%

05<p, <sGeve - MOMentum and strong

y| <0.5

AL|CE_PRC101,044611(2020) magnetic fields in nOn_
A A

] s -

. .. central collisions induce

e %" global polarization

STAR Nature 548, 62:65 (2017)

56 Z.-T. Liang and X.-N. Wang, Phys. Rev. Lett. 96 (2006) 039901
Au-Au 20-50% Z.-T. Liang and X.-N. Wang, Phys. Lett. B629 (2005) 20

|0|5 “Pref5eYc STAR Nature 548 (2018) 62 STAR Nature 614 (2023) 244
n| < 0.



Global polarization of hyperons

ALICE Preliminary

o (AR Large orbital angular

i 1
Pb-Pb 15-50% I or BT
05<p, <sGeve - MOMentum and strong

y| < 0.5

. . . +
AL|CE_PRC101,044611(2020) magnetlc erIdS In nOn_ a2

A A

H O Il 1 -
- s CENtral collisions induce

' 0.5< P, < 5 GeV/c . ;
10° ] yicos global polarization
STAR Nature 548, 62-65 (2017)
56 Z.-T. Liang and X.-N. Wang, Phys. Rev. Lett. 96 (2006) 039901

1 AuAu20-50% Z.-T. Liang and X.-N. Wang, Phys. Lett. B629 (2005) 20

p (')4 |0|5 “Pref5eYc STAR Nature 548 (2018) 62 STAR Nature 614 (2023) 244
n| < 0.

(S (GEV)
= | HC Run 1 and 2: Global polarization consistent with zero (large uncertainties)

= New Run 3: First observation of polarized hyperons at LHC energies with 50

New efforts are ongoing on measuring polarization between
particle and anti-particle, which is sensitive to the magnetic field!



