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Overview

* The physics program of the ALICE experiment

* The ALICE detectors and systems

* Recent Run 2 results

* ALICE Run 3 upgrades, and results from the Run 3 data

* ALICE Run 4 upgrades and ALICE3
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Physics motivation
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Heavy 1on collisions and the QGP evolution

Freeze-out "
Hadronisation @ ..”

QGP formation e U

Initial state

Time: 0 fm/c <s1fm/c ~10 fm/c ~1015 fm/c
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Hot and cold QCD matter
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Relativistic Heavy-Ion Collisions parff'i'é?;;?::fimions saturation - s )
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Aicp In Q?
Hot QCD Cold QCD: as ~ 1 as < 1
Re-creating the quark-gluon plasma Studying the initial configuration of the
(QGP) with very hot temperate and colliding protons or ions, including the
energy densities that existed in the spatial structure of quark and gluons
early Universe. Deconfined state of New phenomena expected for low-x
quarks and gluons gluons: gluon saturation
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The ALICE experiment

39 countries, 162 institutes, 1889 members

ALICE is located at the LHC point 2
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ALICE: A Large lon Collider Experiment

Magnet _ _ Size = 16x16x26 m
Interaction point

ACORDE | ALICE Cosmic Rays Detector
AD | ALICE Diffractive Detector

DCal | Di-jet Calorimeter

- | o

EMCal | Electromagnetic Calorimeter

HMPID | High Momentum Particle
Identification Detector

ITS-IB | Inner Tracking System - Inner Barrel
ITS-OB | Inner Tracking System - Outer Barrel
e e Aall] _
= MCH | Muon Tracking Chambers
MFT | Muon Forward Tracker

MID | Muon Identifier

PHOS / CPV | Photon Spectrometer

006000000000

TOF | Time Of Flight

@ TO+A | Tzero + A

@ T0+C|Ter04C

@ TPC | Time Projection Chamber

@ TRD | Transition Radiation Detector
Q VO+ | Vzero + Detector
@ ZDC | Zero Degree Calorimeter

Designed to study heavy ion collision
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Heavy 1on collisions and the QGP evolution

Initial state

Time: 0 fm/c <s1fm/c ~10 fm/c ~1015 fm/c
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Probing gluon dynamics with UPCs
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UPCs: Ultra Peripheral Collisions Exploring photon-induced processes at high energies
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Energy dependence of coherent J/y meson in UPC
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JHEP 10 (2023) 119 Low-x gluon regime consistent with gluon saturation or shadowing
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https://doi.org/10.1007/JHEP10(2023)119
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Incoherent J/y In UPC Pb-Pb
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Model / Data
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First observation of subnucleonic hot spots in the Pb target
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https://doi.org/10.1103/PhysRevLett.132.162302

Exclusive four pions in UPC

Coherent events are at low pT UPCs provide a clean laboratory for
vector meson spectroscopy
g 6001 ALICE, Pb + Pb— Pb + Pb +a'nt*n x%ndf=51/47
- Sm=502TeV,|y ., . |<05 .
2 Mmoo e Vimen! < ALICE data confirm two resonances
a 5000 ¢  Data (zero net charge) p( 1 45 O) a nd p(‘] 700)
> E — +  Combinatorial BG (Pol4)
T 400t - === Coherent STARIight MC = 140
§ | 1 Incoherent STARIight MC § B AL|C§!5P82+TP3_) Pb + Pb +1T;TE;|:+E_ ;f%’ndf =18/21
00kt Sum(Coh + Incoh + Comb BG) & 120 VS_ND"t 2TV, Y o] <0 Prob =65 %
= [ t Data — Total
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https://arxiv.org/abs/2404.07542

Azimuthal correlation of UPC p°

Decreasing impact parameter

>
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Phys. Lett. B 858 (2024) 139017 Azimuthal asymmetry due to interference
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https://doi.org/10.1016/j.physletb.2024.139017

Isolated photon production
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4 Result extended to lower p; than previous measurements by ATLAS and CMS

arXiv:2409.12641
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https://arxiv.org/abs/2409.12641

Heavy 1on collisions and the QGP evolution

Initial state QGP formation

Pre-equilibriym

Time: 0 fm/c <s1fm/c ~10 fm/c ~1015 fm/c
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First e*e™ production at low mass
at 5.02 TeV central Pb-Pb
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arXiv:2308.16704 Low masses: probe in medium modified spectra from vector mesons

Inter median masses: probe thermal radiation from QGP
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https://arxiv.org/abs/2308.16704

JIy re-generation Pb-Pb collision

<
@ 2

Phys. Lett. B 849 (2024) 138451

ALICE
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Evidence of Jihy re-generation at low pr
Measurement of nuclear modification factor R4, extend to 1.5 GeV/c

JHEP 02 (2024) 066
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https://link.springer.com/article/10.1007/JHEP02(2024)066
https://doi.org/10.1016/j.physletb.2024.138451

Heavy 1on collisions and the QGP evolution

Time:

Initial state

Freeze-out
Hadronisation

QGP formation

0 fm/c

<s1fm/c ~10 fm/c ~1015 fm/c

12/10/2024
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First measurement of A = 4(anti)hypernuclel

C\/l_‘-. _I LI 1T 11 T 1T T 17T | L | T 1TT | T 1T | 1T I_ x10_6
88:— AL|CE —: = LN L L I R L L B A
- 3 Ke)
> F 0-10% Pb Pb \syy=5.02 TeV 3 S 20[ ALICE 7 SHM, T, =[155 +1.5] MeV |
8 = _He — *He+p+m* — O 0-10% Pb—Pb |5, = 5.02 TeV | gm,d?j fﬁ'f;%dfﬁﬁs&ev
6:_ l]/|<0 5 3 ly|<0.5 (ground state only)
Q8 °F local p-value: 2.73 x 10* E
S sb Significance: 3.5¢ E rop +0-50 ‘He T o2 ﬂ ]
y F . 0.7r T 4
S 4 - = 0.6 1 +H
—~ - ] 05} 99 T 23
2L 3 = 0.4} <0 { 0
- - 7
§ 2 § : 0.3}
1% A\ l —a— —— [ —— ; 0.2 - T N
O_llilwww|||||||||||'l‘l|“||r\ Y_L_'III 1E Lov v b b b o b e b Ly
389 39 391 392 393 394 395 3.96 % 97 3.9215 3.922 3.9225 3.923 3.922 39225  3.923
2
Mse o, (GEV/CY) M (GeV/c?)
Antiparticle-to-particle ratios in agreement with unity
arXiv:2410.17769 Masses are compatible with the world-average values within the uncertainties
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https://arxiv.org/abs/2410.17769

ALICE 2

ALICE 3

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034

2035 2036 2037

BCVSPIN Conference 2024: Particle Physics and Cosmology in

12/10/2024 the Himalayas

20



TPC upgrade

o 800F 3 >
N D e
-} — % :‘::  524.3 x 10° events
o - 3 :
> -
ke = 5
T, =
& =
N+ & A/ % =2 1 0o 1 2 3
Upgraded with GEM and continuous readout p! Z (GeVic)
pp data taking at 500 kHz
Pb-Pb data taking at 50 kHz ALICE TPC collaboration et a/2021 JINST 16 P03022
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https://iopscience.iop.org/article/10.1088/1748-0221/16/03/P03022

ALICE LS2 Upgrades: MFT

Add vertexing capacity to muon chamber

Extend the precision measurement of
QGP fundamental studies

Monolithic Active Pixel Sensor technology(MAPS)

Pixel size: 27 pm x 29 ym

= - Spatial resolution of 5 pm

Muon Forward Tracker S Us integration time CERN-LHCC-2015-001 ; ALICE-TDR-018
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https://cds.cern.ch/record/1981898

ALICE LS2 Upgrades: ITS2

Observable

Current, 0.1nb™!

Upgrade, 10nb™1

pipin statistical pipin statistical
(GeV/c)  uncertainty  (GeV/e) uncertainty
i Heavy Flavour
D meson Rpp 1 10% 0 0.3%
Dy meson Raa 4 15 % <2 3%
D meson from B Raa 3 30% 2 1%
J/i from B Rpa 1.5 15% (ppeine 1 5%
B* yield not accessible 2 10%
Ac Raa not accessible 2 15%
Ac/DP ratio not accessible 2 15%
Ay yield not accessible 7 20%
D meson vy (v2 = 0.2) 1 10% 0 0.2%
, Dy meson vz (v2 =0.2) not accessible <2 8%
Beam pipe D from B vz (v2 = 0.05) not accessible 2 8%
J/¢ from B vy (va = 0.05) not accessible 1 60 %
Ae va (v2 = 0.15) not accessible 3 20%

Inner Tracking System

Reduced pixel size: from 50 x 425 um? to 29 x 27 um?

Upgraded 3 layers of inner barrel and 4 layers of outer barrel

Reduced distance from interaction point from 39 mm to 23 mm

CERN-LHCC-2013-024 ; ALICE-TDR-017
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https://cds.cern.ch/record/1625842
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Performance of the ITS2 and MFT

1—4 -3 -2 —1 0 1 2 3 4 5 - ﬁt :eaét} th in m ‘ mosItTIéI'TCSZ layers L : : N J ; A
l mm t least |It |nI el|npefrr;n? t ayer | | | 1 : | 1 i i [ I I [
Jhy (mm) e i | 107" 1 10
p. (GeV/c) p; (GeVic)
T

Separation of J/y contribution form

beauty-hadron decay
Improved pointing resolution at midrapidity by factors of 2 in

transverse plane and factor of 6 in beam direction
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Integrated luminosity, pb™

Run 3 data taking

i = = T 1 @
60? ALICE Performance, Run 3, Pp, VS = 13.6 TeV g 1.6 ALICE Performance, 2023 12 @
- Recorded % .4l Pb-Pb, {5y = 5.36 TeV 1 2
sof 2022: 19.3 pb’ £l R - 1 1,a 8
| 2023: 9.7 pb” E - ecorded: 1535.5 ub —10 -
- 2024: 53.1 pb™’ 3 - g
| © ]
40: > 1| 8 2
- £ i 2024 Pb-Pb run completed
30/ - 0.8/~ -6 on November 25
B 0.6 |
20— B —{4
i 0.4/
100 B 2
- 0.2
O_ | O: | | | 0
Mar May Jul Sep Nov Dec 05 Oct 12 Oct 19 Oct 26 Oct

ALICE 2024 pp run completed
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ALICE Pb-Pb run in November 2024

ALICE
Run 3 Pb-Pb
= 5.36 TeV
6th Nov 2024
13:16:46 CET
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Run 3 results
ILHC ’

LHC HI.-LHC LHC
Run 3 LS3 Run 4 LS4

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037
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Promising UPC program in Run 3

3

x10
01"\ [ T I LI I LI I LI I LI I LI I rmTri ] LI I LI I_ X1 03
§ 220 ¢ ALICE Performance - %G F T RS I 3
< 200f E,bi%’_gsm= >90TeY = 0-35E ALICE Performance .
o 180F " > o3F Pb—Pb, sy, =536 TeV 3
:m: 160 - p7" < 0.15 GeVic E g : E 4 UPC (Y+Pb N D*+X) E
C = - -
3 ok ~ Unlike-si = 0.25F 1 -
G 140¢ . Lir;;_sei;gn E S - D**— D’n* and charge conj. .
120 5 2 02F + Data =
100F -: 5 =Y R Background 3 Just 20
sof E S 0.15F | 1 — Towlfit 4 percent
sokb _I : 1 statistics of
ok ; 01 4 2023 Run3
F ] 0.05 Pb-Pb
20 F E 05F
: | | . T - sample
0 [ T N T N N N S S s s s e w ¥R T W |—'—= IIIIIIIII
06 07 08 09 1 i 1/\/12 (;-SV 14 814 0.145 0.15 0.155 0.16
= (GeV/CY) M, — M, (GeV/c®)
Large increase in statistics exclusive vector
meson New type of UPC topology possible in Run 3
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D-meson elliptic flow in Pb-Pb collisions

—_— 05? T T I B T T 7 = 0.6_ T T ] 1_ T T 1T T ]
©@ [ ALICE Preliminary ] & - ALICE Preliminary .
A 0.4~ Pb-Pb, 30-50% centrality, {sy, =536 TeV ' 0.5F Pb-Pb, 30-50% centrality -
>) C , ] " Run 2, {5y, = 5.02 TeV ]
ﬂn 0.3- Run 3 (20% of 2023 Pb-Pb sample) E 0.4L x '}'AUCE D°. D', D** average, JHEP 01 (2022) 174
% ~ro# Dg . 'L # cMSD’ PLB816 (2021) 136253 1 ¢
— : ] 0 + : : : = -5 0 5 10
= 0.2 D', D" average — 0.3\ Run 3, { Sy = 5.36 TeV (20% of 2023 Pb-Pb sample) I
- ##_*_ e L ° D’, D" average 1 Just 20 percent
C e i 0 2L ] i
0.1 = " % St - vy ; SRtatlgtllgz %fb2023 |
C ] - S i un - sampie
C 1 0.1 -m i
00 ————— —3 % *ﬂﬁ_@‘“ *E
0 1: Syst. from data ] 00:__$ _______________ _'E
T Syst. from B feed-down ] 0 1:_ ALICE Run 2: |An| > 0.9 Syst. from data _:
-0 2: | ! L e ) . . Y C XH(S;ER Hﬂf 3|A|g|71|>>3 10 3 Syst. from B feed-down
1 2 3 4567 10 20 3040 —0.o¢ ! Coo | . L
p, (GeVic) 1 2 3 4567 10 20 3040

[ (GeV/e)
Four times larger data than Run 2
First measurement of prompt D-meson v, measured using Run 3 Pb-Pb data sample
No Significant difference between DY and D
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Lots of new exciting Run 3 results coming up

L B L L L L B B L

T T

>
6" 1.2F-ALICE Preliminary, pp, s = 13.6 TeV - e I
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ALICE upgrades for Run 4

ILHC LHC HIL.-LHC LHC ;
Run 3 LS3 Run 4 LS4 i
2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037
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Longitudinal segmentation

High granularity forward Calorimeter: FoCal

Pseudo rapidity coverage: 3.4<7<5.8

Study isolated direct photon, 7%, ] /4, ... in

forward region
Sensitive to low-x gluon dynamics

—
-

TDR approved

Starting production
CERN-LHCC-2024-004 ; ALICE-TDR-022

FoCal-E Pixels

-
t—

FoCaI EPads s\

Prototypes produced and tested W|th
beams at PS and SPS
Electromagnetic calorimeter FoCal-E:
High Granularity Pixel and
low granularity Si pad sensors

tungsten as absorber
Hadronic calorimeter FoCal-H: Cu tube with scintillating fibers

12/10/2024
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https://cds.cern.ch/record/2890281
https://cds.cern.ch/record/2890281

r pointing resolution [um]

Inner Tracking System : ITS 3

3 Inner layer of ITS2 will be changed

Using MAPS: bent sensors TDR agprOved

Reduced material budget Final design ongoing

Cylindrical
Structural Shell

Half Barrels
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https://alice-publications.web.cern.ch/node/9680

ALICE 3 for Run 5

__ mma & e

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037

Superconducting RICH TOF
magnet system

Large acceptance |n|<4

Retractable vertex detector

Enhanced particle identification
Continuous redout and online processing
R&D for possible sensors ongoing

Test beams for TOF, RICH, MID ongoing.

Muon
absorber

Muon
chambers

arXiv:2211.02491

FCT
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http://arxiv.org/abs/arXiv:2211.02491

Summary

 ALICE Physics Program:
Extensive coverage of various colliding systems and energies for heavy-ion physics research
Probing key QCD questions like deconfinement and low-x gluon dynamics

- ALICE 2:
Introduction of new detectors and upgrades and implementation of streaming readout from Run 3
Smooth and successful Run 3 data collection so far
Potential for several new measurements

 Future Upgrades:
Progress on Run 4 upgrades (ITS3 and FoCal) from 2030 (ALICE 2.1)

Plans for ALICE 3 are ongoing
Exciting developments in physics and detector technology ahead

Join us to continue advancing the physics of strong interactions!
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counts/(0.2 TeV)

Proton emission in UPC PbPb

-I L] LEE 3 L] I T L] L} | l L] | L] L] I T L] L ] L} i S“ -l L] L] L] L] I T L] ] L ] I Ll L] | L] I Ll T L] L ) ] .
L ] . 5 - E ° ) ,
- Pb—Pb VSN =5.02 TeV A o - Pb-Pb VSN =5.02 TeV -+ [ Pb RELDIS, (kp,Xn)
[ No signal in ZEMs | 5 [ No signal in ZEMs i 102 F T st =
8000~ . y £ 8000 . N 3 T Pb-A |5, =17.2GeV
- At least 1 neutron in ZNC S - At least 1 neutron in ZNA 4 F---_® Hg m  Pb_Pb Cecchini 2002 ]
[ 8 i 7 i ' ¢ 0 Pb-Au Scheidenberger 2004
" " I i 10 _ Pt ___.RELDIS, nuclei 3
6000~ - 6000 = = F [ TR
L . - - b - a0 e,
L - L + d s,  ETTreeeea
i —+ Data | | . —+ Data i 1k R LT
4000} — Fit, total - 4000 - — Fit, total - ' L e
[ Fit, 1p, 2p, 3p, 4p, 5p [ == Fit, 1p, 2p, 3p, 4p, 5p ] 10! [ TTET oo
i 7 T E L I
[ [ 7 3 TTTO ] o u 3
2000 2000~ - - - "i]‘ Tom =
= o - | I
3 i 7 10—2 E_ 1 1 L 1 L 1 L L '--- ! L L _E
ol ‘ ; ol : == o 1 2 3 4 5 6 7 8 9 10
0 5 10 15 20 0 5 10 15 20 k
E e (TeV) E,., (TeV)

First measurement of proton emission cross section in UPC Pb nuclei
Production of Pb, Ti, Hg and Au isotopes determined using proton emission cross-section

arXiv:2411.07058
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https://arxiv.org/abs/2411.07058
https://arxiv.org/abs/2411.07058

spin alignment of prompt and non-prompt
D*x+ mesons
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Polarization of coherent J/y

ALICE, Pb—Pb s, = 5.02 TeV, coherent J/y

T N Ay = 0.75 £ 0.25 (stat.) + 0.24 (sys.)
g 08 Helicity A, = 0.03 +0.03 (stat.) + 0.02 (sys.) 12000
© Agp = 0.10 £ 0.05 (stat.) + 0.06 (sys.)

10000
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ALI-PUB-542077

arXiv: 2304.10928
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Data consistent with transverse polarization
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Energy-energy correlation in Jets In pp and p-

Pb collision

Zeec (RY)

Model / Data

7F ALICE pp Vs =5.02 TeV
Anti-k; charged-particle jets, R=0.4
6 I, <05, p . >1GeVic

Sherpa

4 Lund
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o Herwig 7

¢ AHADIC

arXiv:2409.12687

EEC, ,,/ EEC,,

Separation of perturbative and non perturbative QCD
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Modification of energy-energy correlator observed in p-Pb collisions
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