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What will happen if

continuing heating ‘

the matter?
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The idea that one could make new forms of matter on size scale large
compared to microphysics size scales and that this might probe fundamental ;
properties of matter at energy densities much larger than that of nuclear
matter was born at this workshop. Prof. Lee described the possibility that
our vacuum might be unstable with respect to another vacuum, character-
ized by the expectation value of a scalar field, the Lee-Wick matter.[2]. This
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QCD phase diagram
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Heavy-ion collisions

Hadronisation

Initial state QGP formation

Time: 0 fm/c <1fm/c ~10 fm/c ~101° fm/c



Quark-gluon plasma

Hard
probes
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hadron Gas
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Central region 5’
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beam

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 10



LICE Collaboration
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A Iarge ion collider experlment — ALICE
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Study the primordial matter existed after the Big Bang
via ultra-relativistic heavy-ion collision “little bang”




LICE apparatus
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ALICE apparatus

(O (D Time Projection Chamber (TPC)

* |n| < 0.9, charged-particle
4L tracking and identification (PID)

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

/ZDC
~116m from |.P,

Time of Flight (TOF)
e Nl < 0.9, triggering,
(22 o) pileup rejection, PID

16m from I.P,
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ALICE apparatus

Time Projection Chamber (T
25350\ * |n| < 0.9, charged-particle
tracking and identification (

e — ner Tracking System (IT9)
70c b Laa > nl < 0.9, vertexing

w Time of Flight (TOF)
__ * |n| < 0.9, triggering,

S 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
e Triggering and multiplicity determination g,
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| ICE Capability
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A journey through QCD

2010-2013

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

The ALICE experiment:

A journey through QCD

2015-2018

ALICE 1

2022-2025

ALICE 2 ALICE 2.1

2029-2032

-
. .
. — -

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

N STAR, PRL 118 (2017) 212301

ALICE, PLB 813 (2021) 136054

B  ALICE, JHEP 01 (2022) 174

prompt

non-prompt
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2035-2038

ALICE 3

" ALICE, pp ly| < 0.5

= (s=13TeV

— m \s=05.02 TeV
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+ B factories, e'e’, s = 10.5 GeV
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2010-2013 2015-2018 2022-2025 2029-2032 2035-2038

ALICE 1 ALICE 2 ALICE 2.1 ALICE 3

ALICE - P /2
. Water °
ALICE Eur. Phys. J. C84 (2024) 813 =
C
The ALICE experiment: 10 E 2P,
A journey through QCD - P /o
N n C
| : - P
%) } Helium
2 - 2P,
1=
I8 J. E. Bernhard et al. Nature Phys. 15 (2019) 1113
0.1 - /
- Quark—gluon plasma
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Standard hydro T,

LHC: Pb+Pb@2.76 TeV

b=9.5 fm, n=1.0

— CE
X

— €5
y

1 I |
0.5

]
t (fm/c)

| I 1
1.5

N L1 LM

Not efficiency and acceptance corrected

ALICE Preliminary
10-40% Pb-Pb, |5, = 5.02 TeV

Not feed-down corrected

\
-

3 < p. < 6 (GeV/c)

fit function: k x 7
k=52x10"+1.8 x 10" (stat) £ 5.5 x 10 (syst)

|
—

| ALI-PREL-307073

| | | |
-0.5 0 0.5

A

n

>$1IOI—3I 1 1 1
L ALICE Preliminary

Pb-Pb \s,, = 5.02 TeV 5-40% 8 ub"’
p.> 0.2 GeV/c

S e ViV
0.1 E _________ -
O E """_'_::FE"": """""""""""""" I
—0.1F H -
B fit function: k - m i
-0.2 N k = 1.68 + 0.49 (stat) + 0.41 (syst) - 10" -
B bars: stat. err. _
-0.3 - boxes (filled/empty): syst. err. (corr./uncorr.) ]
:I L1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 I:

-0.6-04-02 0 0.2 04 0.6

n

ALI-PREL-129689

Hint of positive slope with a significance of 2.70

Similar trend observed for charged particles, but
different magnitude
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e Test of CPT invariance of residual nuclear force by measuring mass difference in the

nuclei sector ((He and deuterons)

p/z (GeV/c)

® Improved by one to two orders of
magnitude compared to earlier
measurements

¢ First measurement of binding-energy for (anti-)3He

m, (GeV/c2)

W

e Confirms CPT invariance for light nuclei

-@- ALICE
% A TR - == CPT prediction ! 110
{0 d—d :
R l i *He-3He ,—o— 1®
-0.002 -0.001 0.00 0.001 0.002 '
Alm/|z|)/(m/|z|)
i N : —16 X
He- He ‘ %\
—G— ANT71 @
: (Am/m) s
— 4
- d-d é ] .
——©&—— DOR6S5 9= —e— I
S MAS65 e DEN71, KES99
¢ g 0 ¢ ¥ ¢ 1 5 ] T S S R S 0
-010  -0.05 0.00 0.05 010 -10 -0.5 0.0 0.5 1.0
AM/|z|) px/(Mm/|2]) Aepz/€p

ALICE Nature Physics 11 (2017) 811
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Photon interactions

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

V=p,o ,0, J/y

STAR Phys. Rev. Lett. 123 (2019) 132302

R AA

:? ALICE, Pb-Pb |s,, = 2.76 TeV

25<y<4
t  0sp_<0.3GeVlc, global syst =+ 15.7 %
+ 0.3 = p_<1GeV/c, global syst = = 15.1 %
+ 1< p_<8GeVlc, global syst = = 11.5 %

? Common global syst = = 6.8 %

&

R

50 100 150 200 250 300 350

< Npart >

10

Au+Au 60-80%

Au+Au 40-60%

Au+Au 20-40%

U+U 60-80%

U+U 40-60%

p+p baseline uncertainty

E&] Il 60-80% N__, uncertainty
-

O O o e [ |

I 40-60% N__, uncertainty
E-]-] I 20-40% N_,, uncertainty

coll

STAR Eg i ]

[&]

%mgﬁ Y

—t
<
N

10" 1 10
P (GeV/c)

® Exceed J/Y at low-pr:
coherent photo-production

® Sensitive to gluon

distribution function at very

low Bjorken-x
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: B ALICE data &
d B coulomb
a b In‘teracuon ------ Repu|sive Coulomb + p—Z~ HAL QCD p_Q—
S “ \\N“\ — Attractive 6 1 -Coulomb+p—§2‘ HAL QCD elastic
A % ob— T | Repulsive I Coulomb + p—©~ HAL QCD elastic + inelastic
) g = \/ . —— Attractive .
= <3
. . . . O —~
Fm | T 2
Emission source S(r*) Schrodinger equation ‘ 50 100 150 200 3 | ' : . . .
v k* (MeV/c) |
Two-particle wavefunction Correlation function 6
[y (k*, r)
l / | | |
100 200 300
l " | I | k* (MeV/c)
c MY Attractive mteractlon ALICE Mot 588(020) 535
* * 5 * same ature
Ck*) = J'sr)lwks, r)|2d3r = E(k¥) + enhancement above
N_. (k%) : : ALICE Phys. Rev. Lett. 127 (2021) 172301
mixed Coulomb interaction

ALICE Phys. Lett. B822 (2021) 136708

e Unveiling strong-interaction potentials among hadrons via femtoscopy

¢ |mportant test for lattice QCD, input for EOS of neutron stars
21



(Anti-)nuclel factory

—~ [ ® ALICEon<A>=174 —  — Geant4

- . & Production not yet fully understood

\\ . .
_j:“\\ ® Nucleon coalescence, statistical

/// ' hadronizaton...

- e New tool to study QGP hadronizaton

? i O ALICEon <A >=31.8 — —  Geant4

(D)
0_16%{ " 5xALICEon< A > =347 —— ——  Geant4 x5

j =
192 __\\ @ ALICEon < A > = 17.4 95% confidence upper limit
\ ALICE Preliminary

III|III|III|III|III|III

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

BESS-Polar

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

= YoXo — &,3H€+X

Voyager 2 -

o B ' S heliosphere '




ALICE at the LHC Run 3

2010-2013 2015-2018 2022-2025 2029-2032 2035-2038

ALICE 1 ALICE 2.1 ALICE 3

B The 2nd generation inner
= tracking system (ITS2)

Upgraded
readout of time » A b % Nov 2022: Pb—Pb @5.36 TeV

projection 1§ e | ¢ { g N A e
chamber (TPC) s |

FDD-C scintillator array

FT0-C Cherenkov detector £49<n<-49 PIERE
-34<n<-23 -19.5 m away rom IP

-0.8 m away from IP

FVQ 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
4750563
17.0 m away from IP
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EM-based TPC

2010-2013 2015-2018

2022-2025 2029-2032 2035-2038

ALICE 3

ALICE 1 ALICE 2 ALICE 2.1

1(“)0 [ .”'

I%}ll| I I [ III|

900

~ ALICE Performance

“#» . Run 3, Pb-Pb \s, = 5.36 TeV
800 SR NN

B=05T
700

dE/dx (arb. unit)

600

500

400

(SR 300

" tracks of different collisions shown in different colour 200

GEM-based TPC 100

O g '_‘ POk TR ST R MR e R (A A [

= 50 kHz Pb—Pb, continuous readout o | ollz| (éoewc)

ALI-PERF-529714

From detector ~3.6 TB/s Storage: 130 PB  Excellent TPC PID = Directly “see”
= Run 2: ~450 GB/s = Run 2: 1 PB light nuclei (d, t, SHe, “He 24
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ALICE data taking in Run 3

2010-2013 2015-2018 2022-2025 2029-2032 2035-2038

ALICE 1 ALICE 2 ALICE 2.1 ALICE 3

~ ALICE Performance, Run 3, pp, Vs = 13.6 TeV

’;; *F Recorded PP data taklng

S | 2022: 19.3pb™ L . _

S 4o 2023 9.7pb’ * Nominal interaction rate: 500-1000 kHz
S | 2024: 459 pb™

g | p o 2022-2024: 5.7x1012 minimum-bias (MB)
- events

= ALICE LHC Run 1 & 2: 2x10° MB events

= Fvent count increase: ~3000x

20
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A

2010-2013 2015-2018

2029-2032 2035-2038

ALICE 2 ALICE 2.1

ALICE 3

PO Pb-Pb data taking

ALICE 1

T

15 inimum bias (hacronic | @ 2022-2024: 2.4x1010 MB events
e 2025 scheduled: 1.7x1070 MB events
| = Event count increase: ~70x
| Expected later in 2025/2026
| p-Pb: ~150 nb-1 p-0: ~2.5 nb-"
0- ' Ne-Ne:0.1nb' 0O-0O:0.5nb-

Run1+2* 2023 2024 2025** L S 26
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ALICE data taking in Run 4

2010-2013 2015-2018 2022-2025

ALICE 1 ALICE 2

, |
- = ’ ‘illll” ||||l

2029-2032

ALICE 2.1

2035-2038

ALICE 3

The 3rd generation inner
tracking system (ITS3)

END-WHEEL (C-side)

Silicon Genesis: 20 micron thick wafer

Open cell
carbon foam




2010-2013 2015-2018 2022-2025 2029-2032 2035-2038

ALICE 1 ALICE 2 ALICE 2.1 ALICE 3

* 8 FTTT | FTTT | FTTT | FTTT | FTTT | FTTT | FTTT | |||||||||||| ]
Superconducting TOF 0"2 ALICE 3 upgrade projection .
—— RICH Tracker T <4 E
H LIC E magnet system . —1fm (pp) ]
=S LLCT T HTILCT I B —— 3 fm 7
50 — 5 fm (Pb-Pb) E
ALICE arXiv:2211.02491 £ ) E
—_— - int’ .
i . - -pp=181fb™
A next-generation heavy-ion 3 - 0-10% Pb-Pb = 35 nb~!
experiment at the LHC 3 E
O 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 111 I:
0 0.05 0.10.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
k* (GeV/c)
Q B L L I B RN I B
c -
S I S
g) 10 —
R
Absorber e By E
Muon ook
Vertex ~ Chambers o
FCT Detector - = Ly =35 nb”

ECa] e S S S [ R P R 7Y 28
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ALICE-China team
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Heavy-ion program

Temperature T [MeV]

o< Net baryon density n/ n,
No=0.16 fm—3
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Heavy-ion program

% 200 High temperature and low pg: LHC, RHIC

7; ® Gilobal properties (T, n/s...) and collectivity
g ® Hard probes (jets, heavy quarks...)
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Heavy-ion program
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® Critical point search

® Correlations, di-lepton production...
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Heavy-ion program
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ALICE apparatus
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ALICE apparatus
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