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…And higher temperatures?
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What will happen if 
continuing heating 

the matter?



Strong force in nuclear
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Attractive strong 
nuclear force Quarks

Gluons
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Figure 3: The unstable vacuum as invisaged by lee and Wick. 

ature as might be seen in cosmology. [4] Guth and Linde used the finite energy 
density of a false vacuum to drive a de Sitter expansion of the universe, and 
developed the idea of inflation.[5] In various contexts, vacuum stability is 
used as an argument to constrain the properties of fundamental theories of 
matter. 

Profs. Lee and Wick imagined making abnormal metastable states of 
such matter in heavy ion collisions: 

In this way one could temporarily restore broken symmetries of 
the physical vacuum and pssibly create abnormal states of nuclear 
matter. 

Prof. Lee's interest in such problems can be seen in some of his most 
early work : 

0 1950: Energy Production and pp Reactions in White Dwarfs 

0 1950-1952: Turbulence in Hydrodynamics and Magneto-hydrodynamics 

0 1952 Statistical Theory of the Equation of State and Phase Transitions 
(with C. N. Yang) 

Professor Lee was a student of Fermi, also a scientist with a broad range of 
physics interests. 

In 1980, there was a workshop held at the Center for Advanced Studies 
at Bielefeld University, "Statistical Mehcanics of Quraks and Gluons". This 
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Initial state QGP formation
Hadronisation

Freeze-out

!

Pre-equilibrium Viscous hydrodynamics Hadronic rescattering

Time:        0 fm/c < 1 fm/c ~10 fm/c ~1015 fm/c

π

D

K
d

Heavy-ion collisions
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Quark–gluon plasma
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Heavy-ion collisions probe the strongly-
interacting matter — the quark-gluon 
plasma (QGP) under extreme conditions 
of high temperature and energy density


Hard probes created at initial stage of 
the collision

➡QGP tomography


Soft probes created in the “fireball”

➡Fingerprint of the QGP evolution

Tkin	 Tchem	

Hard 
probes

Soft 
probes



ALICE Collaboration
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A large ion collider experiment — ALICE • 39 contries

• 146 institutes

• 1893 members

Study the primordial matter existed after the Big Bang 
via ultra-relativistic heavy-ion collision “little bang”



ALICE apparatus
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Inner Tracking System (ITS) 
• |η| < 0.9, vertexing



ALICE apparatus
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Time Projection Chamber (TPC) 
• |η| < 0.9, charged-particle 

tracking and identifi

Inner Tracking System (ITS) 
• |η| < 0.9, vertexing

Time of Flight (TOF) 
• |η| < 0.9, triggering, 

pileup rejection, PID



ALICE apparatus
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Time Projection Chamber (TPC) 
• |η| < 0.9, charged-particle 

tracking and identifi

Inner Tracking System (ITS) 
• |η| < 0.9, vertexing

Time of Flight (TOF) 
• |η| < 0.9, triggering, 

pileup rejection, PID

V0 (V0A and V0C) 
• V0A: 2.8 < η < 5.1, V0C: -3.7 < η  < -1.7 
• Triggering and multiplicity determination

Muon spectrometer 
• 2.5 < |η| < 4, μ←c,b, μ←W±/Z0



ALICE Capability 
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A journey through QCD
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ALICE Eur. Phys. J. C84 (2024) 813

2 4 6 8 10 12 14 16 18 20

 155 MeV ≈ cT at cTsDπ2

ALICE, JHEP 01 (2022) 174

ALICE, PLB 813 (2021) 136054

STAR, PRL 118 (2017) 212301

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

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

, PRD 103 (2021) 014511et al.lQCD, L. Altenkort 
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A journey through QCD
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ALICE Eur. Phys. J. C84 (2024) 813

Rencontres de Blois 2021Z.Conesa del Valle

Characterization of the medium viscosity
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Phys. Rev. Lett. 116 (2016) 132302 

• Large v2 observed in heavy-ion collisions. 

• Measurements described by viscous 
hydrodynamics considering low viscosity (η/s).  

• Bayesian estimate using data from RHIC and the 
LHC: QGP viscosity is at least an order of magnitude 
smaller than that of the most common fluids, it 
behaves more like a ‘perfect’ liquid.

Bernhard, Moreland and Bass, Nature Physics, vol.15, Nov. 2019, 1113-1117

J. E. Bernhard et al. Nature Phys. 15 (2019) 1113



The strongest magnetic field
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ALI-PREL-307073
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D0 and D0 v1 can offer insight into the early time EM fields

            

              Provide constraint for CME related physics

Das et. al., Phys Lett B 768, 260 (2017)

Gursoy et. al., Phys Rev C 89, 054905 (2014)

Subhash Singha,

Directed flow (v1) for heavy quarks due to EM fields

• The moving spectators can produce enormously large electromagnetic field 
(eB ~ 1018 G at RHIC)


• Due to early production of heavy quarks (τCQ ~ 0.1 fm/c) positive and 
negative charm quarks (CQs) can get deflected by the initial EM force

• Model predicts opposite v1 for charm and anti-charm quarks induced by this 
initial EM field


    This induced v1 depends on the balance between E and B fields

    The magnitude of such induced v1 for heavy quarks is much larger than the

    light quarks

τCQ

Pb+Pb 2.76 TeV

Pb+Pb 2.76 TeV

!4

• Recent hydro model with initial EM field predicts v1-split between the D and D meson

• D meson v1 greater than the D

• Predicted difference in v1 is about 10 times smaller than the average v1

Interplay between the drag by tilted  
bulk and the EM field
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Directed flow with open heavy flavours

E. Bruna (INFN To) 10

Varying magnetic field will influence moving charges à charge-dependent directed 
flow, asymmetric in rapidity

HF particles expected to have larger v1 wrt light flavours because they are 
produced when magnetic field is maximum, while light quarks might be produced later

à Very promising sensitivity to the effect of the early time magnetic field 
in heavy-ion collisions, can help constrain QGP properties

Assumption: 
arXiv:1608.02231

Das, Greco et al., arXiv:1608.02231

Hint of positive slope with a significance of 2.7σ
Similar trend observed for charged particles, but 
different magnitude



Mass difference of (anti)-nuclei
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•Test of CPT invariance of residual nuclear force by measuring mass difference in the 
nuclei sector (3He and deuterons)

•Improved by one to two orders of 
magnitude compared to earlier 
measurements
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2011 data taking

ALICE Nature Physics 11 (2017) 811•First measurement of binding-energy for (anti-)3He

•Confirms CPT invariance for light nuclei



Photon interactions
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Photon interactions in A+A

= +

Electromagnetic interaction
Photon-photon 

interactions
Photon-nucleus

interactions

V=r , Z  , f ,  J/\

z This large flux of quasi-real photons makes a hadron collider 
also a photon collider!
9 Photon-nucleus interactions: Vector meson
9 Photon-photon interactions: dileptons «

Ann. Rev. Nucl. 
Part. Sci.55:271
(2005)

ಎ高ෝ核໤ၑఱ会 ---查王ཽ

zStudied in ultra-peripheral collisions (UPC) to reject hadronic 
background.

22019ා6月24඾

Physics 
Today 70, 
10, 40 
(2017)
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• Exceed J/ψ at low-pT: 
coherent photo-production


• Sensitive to gluon 
distribution function at very 
low Bjorken-x

ALICE Phys. Rev. Lett. 116 (2016) 222301 STAR Phys. Rev. Lett. 123 (2019) 132302



Unveiling strong interaction
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• Unveiling strong-interaction potentials among hadrons via femtoscopy


• Important test for lattice QCD, input for EOS of neutron stars

ALICE Nature 588 (2020) 232 
ALICE Phys. Rev. Lett. 127 (2021) 172301 
ALICE Phys. Lett. B822 (2021) 136708

Attractive interaction 
+ enhancement above 
Coulomb interaction 



(Anti-)nuclei factory
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ALI-PREL-488975

ALICE Phys. Rev. Lett. 127 (2021) 172301 
Nature Phys. 19 (2023) 61

• Production not yet fully understood


• Nucleon coalescence, statistical 
hadronizaton…


• New tool to study QGP hadronizaton

• Strong impact on Dark Matter 
searches, e.g.


➡ χ0 χ0 → d̄, 3He + X



ALICE at the LHC Run 3
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pp collisions @13.6 TeV

Data taking in Run 3 – 2022 
§ July 2022 – first pp collisions at 10 kHz @13.6 TeV
§ pp physics data taking at ~500 kHz
§ pp 1-4 MHz tests (pp@4.5 MHz is equivalent to Pb–Pb@50 kHz)
§ Pilot beam Pb–Pb @5.36 TeV on 17-18 November 2022

July 2022: pp @13.6 TeV Nov 2022: Pb–Pb @5.36 TeV

I. Altsybeev, ALICE Highlights, LHCP 2023 7Muon forward tracker (MFT)

Upgraded 
readout of time 

projection 
chamber (TPC)

Fast integrated trigger (FIT)

The 2nd generation inner 
tracking system (ITS2)



GEM-based TPC
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GEM-based TPC 
➡ 50 kHz Pb–Pb, continuous readout

From detector ~3.6 TB/s 

➡Run 2: ~450 GB/s

Storage: 130 PB 

➡Run 2: 1 PB

Excellent TPC PID ➡︎ Directly “see” 
light nuclei (d, t, 3He, 4He)
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ALICE data taking in Run 3
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ALI-PERF-581127

pp data taking 

• Nominal interaction rate: 500–1000 kHz


• 2022–2024: 5.7×1012 minimum-bias (MB) 
events

➡ALICE LHC Run 1 & 2: 2×109 MB events

➡Event count increase: ~3000×



ALICE data taking in Run 3
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Pb–Pb data taking 

• 2022–2024: 2.4×1010 MB events


• 2025 scheduled: 1.7×1010 MB events

➡Event count increase: ~70×

Expected later in 2025/2026

p–Pb: ~150 nb-1 p–O: ~2.5 nb-1

Ne–Ne: 0.1 nb-1 O–O: 0.5 nb-1



ALICE data taking in Run 4
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The 3rd generation inner 
tracking system (ITS3)

Forward calorimeter (FoCal)



Next-generation experiment
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Hard Probes 2023                                                                                                                   28/3/20234

arXiv:2211.02491 ; CERN-LHCC-2022-009 ; LHCC-I-038 ; LHCC-I-038

ALICE 3 integrated luminosi@es: 

ℒppmonth ~ 0.5 W-1 and ℒppRun5+6 ~ 18 W-1 

ℒPb-Pbmonth ~ 5.6 nb-1 and ℒPb-PbRun5+6 ~ 33.6 nb-1  

Op1ons for pA collisions and lighter AA system 
with higher ℒNN under study

The ALICE 3 experiment

ALICE arXiv:2211.02491

LHC Run 3, 4 and beyond

Ø Higher data taking rate and upgraded TPC and ITS

Ø Direct reconstruction of beauty mesons and baryons

Ø Measurement of charm and beauty cross section and  
fragmentation fractions from pp to Pb–Pb

Ø Reconstruction of complex decays like Ξ77++

Ø Better constraints to theoretical models of the strongly 
interacting medium and hadronisation

Outlook

21

LoI ALICE 3: arXiv:2211.02491

25

➡ Scan from pp to AA collisions needed 
➡ ALICE3 is the ideal detector for acceptance 

and purity for the heavy flavour signal 
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for DD 
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ALICE-China team
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中方负责人： 

中方主要参与单位 

• 华中师范大学


• 复旦大学


• 中国原子能科学研究院


• 中国科学技术大学


• 中国地质大学（武汉）

殷中宝


负责人 

张晓明


马余刚


李笑梅


唐泽波


彭忻烨

M&OA人员：15人（占比3%） 
参加人员：99人（占比：5%）

准成员单位（2025年获批） 

• 中国科学院大学


• 中国科学院近代物理研究所


• 山东大学
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Backup
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Strong force in nuclear
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Attractive strong 
nuclear force



Heavy-ion program
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Heavy-ion program
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Heavy-ion program
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High temperature and low μB: LHC, RHIC 

• Global properties (T, η/s…) and collectivity 

• Hard probes (jets, heavy quarks…)

Finite temperature and μB: RHIC-BES, NICA 

• Critical point search 

• Correlations, di-lepton production…

Low temperature and large μB: NICA, FAiR 

• Search rich structure of phase diagram 

• EOS at large μB, chiral symmetry…
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High temperature and low μB: LHC, RHIC 

• Global properties (T, η/s…) and collectivity 

• Hard probes (jets, heavy quarks…)

Finite temperature and μB: RHIC-BES, NICA 

• Critical point search 

• Correlations, di-lepton production…

Low temperature and large μB: NICA, FAiR 

• Search rich structure of phase diagram 

• EOS at large μB, chiral symmetry…



Heavy-ion program
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High temperature and low μB: LHC, RHIC 

• Global properties (T, η/s…) and collectivity 

• Hard probes (jets, heavy quarks…)

Finite temperature and μB: RHIC-BES, NICA 

• Critical point search 

• Correlations, di-lepton production…

Low temperature and large μB: NICA, FAiR 

• Search rich structure of phase diagram 

• EOS at large μB, chiral symmetry…
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Time Projection Chamber (TPC) 
• |η| < 0.9, charged-particle 

tracking and identifi

Inner Tracking System (ITS) 
• |η| < 0.9, vertexing



ALICE apparatus
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Time Projection Chamber (TPC) 
• |η| < 0.9, charged-particle 

tracking and identifi

Inner Tracking System (ITS) 
• |η| < 0.9, vertexing

Time of Flight (TOF) 
• |η| < 0.9, triggering, 

pileup rejection, PID

Muon spectrometer 
• 2.5 < |η| < 4, μ←c,b, μ←W±/Z0


