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A largelon Qollider Experiment ALIC)E

39 countries, 174 institutes, 1927 members

2010 (27 km)

Tokyo Uni., Tsukuba Uni., Hiroshima Uni.,
and Nagasaki Uni.



ALICE at work since 2009

Excellent particle identification and tracking in the broad momentum range!

LHC Run 1 (206m13), Run 2 (2018018)
and Run 3 (2022026)

Central barrel
-1.0< <1.0

Muon arm Collision systems:

25< <4.0 pp, pPb, pO, OO, Nd&Ne, XeXe and P¥°b
Massive upgrade during LS2 (2e2(21):
L¢{HXEX ¢t/ HX aCc¢xz CL

x1000 (x30) more pp (PBb) events already
recorded in Run 3 thanin Run 1 & Run 2
(analyses are ongoing)

ALICE More than 500 ALIOtEpersa 2+ I NX
Run 3 Pb-Pb
V5NN = 5.36 TeV
Gth Now2024 Eur. Phys. J. C 84 (2024) 813
13:16:46 CET
JINST 19 (2024) P05062



https://cds.cern.ch/collection/ALICE%20Papers?ln=en

ALICE purpose

Early Universe
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¢ Properties of QCD matter at extreme conditions
¢ Characterization of quargluon plasma (QGP)
cX Ffta2z2 RIFEN) YFOGGSNI 4SI NDKS:

weakly- strongly- .

coupled | coupled  Fadonc

QGP QGP
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Deconfinement predicted by Lattice
QCD at ~155 MeV £ = 0)
A.Bazavo\et al. Phys. Lett. B 795 (2019) 15

N. Cabibbo & G. Parigthys. Lett. B59 (1975) 67

J. C. Collin& M. J. Perry, Phys. Rev. Lett. 34 (194353
GvdzZ- Ny {GF NB&RE

D. D. Ivanenko & D. lkurdgelaidzé\strofizika(1965) 479



Probing QCD phase diagram in laboratory

Measurements in AA and reference pp and gollisions

A Influence of initiad and finalstate effects on particle production

Stages of AA collisiondry challenging for modeling

Initial PDFs Little Big Bang




ALICE

Lightflavour




Chargedgatrticleproductionin ALICE
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¢ ALICE first Run 3 publication

¢ Energy dependence in line with expectations
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¢ ALICE first charged particle measurements in pp

collisions at forward rapidity with new MFT

detector

¢ Consistent with PYTHIA calculations



antimatter / matter  pull  antimatter / matter

pull

ThermaiFist, VVovchenkaet al. Comput PhysCommun 244 (2019) 295

1.0

1.0

Antimatter matter imbalanceat the LHC

Phys Rev Lett. 133 (2024) 092301
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System created in PPBb collisions is baryefnee and
electrically neutral at midrapidity

Statistical Hadronization Model (SHM)A&dronicet al. Nature 561 (2018) 321



First measurement of A =4
(antdhypernucleat the LHC

First evidence of thantihyperheliumg 4!
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Much larger statistics expected from Run 3
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SHM describes data after including excited states
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Anisotropic flow
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Anisotropic flow in various collision system

Collective flow observed in large and small systems
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arXiv:2411.09323

¢ Low py mass ordering

¢ Intermediatep;: baryonmeson
grouping and splitting

A quark coalescence and partonic

collectivity

C V,is nonzero for low multiplicity
events

¢ Baryonmeson grouping diminishes
for N., < 25

What is role of initial state effects o in
low multiplicity collisions?

12



Anisotropic flown OO and Néle collisions

Collective flow observed in similar size collision systems OO abd®Ne 0 6 dzii

160

¢ Characteristic centrality dependence not observed before in pp

and pPb collisions
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¢ Pronounced enhancement @6(Ne-Ne/OO) in central collisions

A Probing of earlstate dynamics and substructure of nuclei
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Femtoscopyorrelations to study hadron interactions aix:
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_ Origin of correlations: quantum interference, resonances,
M. Lisa, S. Prattet al., ARNPS 55 (2005)4827 conservation laws or finatate interactions
L.Fabbiettiet al., ARNPS 71 (2021), 302 inat . : domi e
D. Mihaylov et al., EPIC 78 (2018), 5, 394 Finalstate interactions dominate at sma
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Vector mesorrg baryon interactions

Foundation for chiral symmetry restoration searches
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claimed by theorists

E.Chizzalet al. Phys. Lett. B (2024) 138358
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First observation of thé %-p strong interaction fok* < 200 MeV/c
Data analyzed withinEFT using a coupledhannel approach
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Femtoscopyorrelations for mampody interactions

Novel way to study manlyody interactions

via free baryon scattering® 3

S 24

ALICE Preliminary
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Measured pp-p correlations are well described by full

three body calculations

A. Kievsky et alRhys.Rev.C09 (2024) 3, 034006
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First observation of repulsive thraeody pp-{

E. Garrideet al.,Phys.Rev.C10 (2024) 5, 054004
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Piondeuteronfemtoscopy

Addressing production of light (anti)nuclei and deuterons

Enhancement caused Ipydecay inherited during fusion process!
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ALICE

Heavy flavors ang
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Heavy flavors anguarkonia

Hard probes of QGP! Parton energy loss in QGP
P : //} E> E> E

Initial state (gluon saturation) Yu. LDokshitzeret al., J. Phys. Gtucl

Part. Phys. 17 (1991) 1602

In Q2

2 o XTAXELT)
A Qo TR
2 "
(Qs(x) = =
<« 1
“ 7
DGLAP ;
BFKL @ | Color screening vs regeneration
-— :
saturation 5 A »
' f L et o o w ) l, A € - —~ A
non-perturbaiive region g ~ 1 .5 lg,/' % -:: o \_. of ‘ J/‘V) 5?0 Ib, o) ) @)L A
= High Q,' * e ‘o "’\* ‘\_: ¥ oo, - ~Je @D 8\ Jly
|n X (;.HC) ‘/"‘ % a % A — @ L‘”" N
energy ‘;_3‘: oy » i g ® :
L. McLerran, R. Venugopalan, ; 80 .

Phys. Rev. D 49 (1994) 2233
T. Matsui & H. SatAhys. Lett. B178 (1986) 416
P. BraunMunzinger& J StachelPhys.LettB490 (2000) 196
R Thews et al., Phys. Re¥3054905 19



Flow of charm and beauty quarks inf@b -~

ALICE Run 3 measurements
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P, (GeV/e)

¢ First charm baryown, measurement
¢ Charm baryormeson splitting

¢ Stronger degree of equilibration for ¢ than b quarks - R
¢ TAMU transport model describes data point
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Prompt and nofprompt J| production

JHEP 02 (2024) 066
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JI andr (2S) measurements at forward rapidity ~r

ALICE Run 3 measurements

a1] [ T T T T T T T T T ] > 0.03 [T T T T T [T T T T [T T T T [T T T T[T T T T[T T T T[T T T [TTTT]
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- —o — o B i
: e ] D 0.005F .
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ALICE first neprompt J measurement at forward Precisg (2S)/ J/ suppression measurements
rapidity down to lowp; with MFT detector at forward rapidity
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ALICE

Strangenesandcollectivity

ALICE Run 3 measurements
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¢ /K shows similar trend in-Pb and pPb collisionshiaryon/meson enhancement at intermediaps)
¢ Consistent results for high multiplicityPb events
A *+-Pb collisions ruled mainly by Vector Meson Dominance model (effectively rirtsomnieraction)
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D productionin UPC

ALICE Run 3 measurements
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¢ Measuring charm hadrons gives access to gluon PDF doRjortkenx < 10

¢ Several charm production channels to explore

ALICE
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Modern form of Alchemy

Electromagnetic dissociation of Pb in UPC

Emission of 3 protons: transmutation of Pb to Au by light

b o
™ B

o 7

In total ~2.9x10> My'of various gold isotopes produced
at the LHC during Run 2 (2@P918)

Phys. Rev. C111 (2025) 054906

||
Pb—Pb |s, =5.02 TeV
e ALICE, (kp,Xn)
RELDIS, (kp,Xn)
------ RELDIS, nuclei

Pb-A |s,, =17.2 GeV

m  Pb-Pb Cecchini 2002

00 Pb-Au Scheidenberger 2004
J Pt ---. RELDIS, nuclei

ALI-PUB-606626
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ALICE
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Antonio UrasWed 19/11/2025
ALICREJpgrades

20262029 203062034 20342035 2036-
LS3 LS4
LS3: Inner Tracking System 3 (ITS3) & Forward Caloriffie@s)( LS4: New heawypn detector (ALICE 3)

Outer Tracker AL'CE 3

Inner Tracker

ITS3 FoCal

Magnet S j:’\ ,
TDRCERMN.HC€024003 Absorber .
Muon identification
FCT

TDRCERN.HC€024004 ALICERot CERN.HC€022009
Scoping documentCERMN.HC 025002
Ongoing R&D 28


https://indico.in2p3.fr/event/35255/contributions/161356

Cylindrical
Structural Shell

i
g

Half Barrels

¢ Truly cylindrical (silicon sensor bending)
¢ 65 nm MAPS sensors
¢ Sensor stitching (30 cm wafers)

Main physics motivation
¢ Improve performance for heaviavour
anddielectronmeasurements

Lot CERNLHC€019018
Physics performancesLICEPUBLI2023002

ALICE

Significance
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Forward Calorimete FOCd)

e O

3 ¢ ElectromagneticRoCaE) and hadronicdHoCalH) calorimeter
Y i — ¢ Acceptance:3.2< f p ®y

Main physics motivation
¢ Explore nodinear QCD evolution at sm&jorkenx
¢ Measurements of isolated, DY, open charm, jets and UPC

. EM and DIS measurements o Hadronic+UPC measurements
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ALICE 3

Main physics motivation

C
C

¢

O 0

QGP transport properties
Hadronizatiormechanism®f charm and
beauty hadrons, and nuclei

Chiral symmetry restoration (photon and
dileptons)

BSM searches

X

Strong R&D on innovative sensors ongoing
(largearea MAPS, Si tirraf-flight andSiPM
RICH)

Lot CERNLHC€022009
Scoping documentCERMN.HCE2025002

Acceptance:4.0<’

4£0

Multi-charm hadron production
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