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A Large lon Collider Experiment (ALICE) %E

Excellent particle identification and good tracking in the broad momentum range!
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ALICE Purpose

O Properties of QCD matter at extreme conditions

0 Characterization of Quark-Gluon Plasma (QGP)
N. Cabibbo & G. Parisi. Phys. Lett. B59 (1975) 67
J. C. Collins and M. J. Perry. Phys. Rev. Lett. 34 (1975) 1353

“Quark Stars”
D. D. Ivanenko & D. F. Kurdgelaidze

. : . . Astrofizika (1965) 479
O Influence of initial- and final-state effects on particle production ( )

Initial PDFs Little Big Bang Quark-Gluon Plasma Freeze-out

Measurements in A-A and reference p-p and p-A collisions!
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Probing parton distributions

0 Hadron and nuclear PDFs at high energy
0 Shadowing and gluon saturation at small Bjorken-x?

0O Universal state of matter at high energy - Color Glass Condensate (CGC)?
L. McLerran, R. Venugopalan, Phys. Rev. D 49 (1994) 2233

H1 and ZEUS
1 T T T T
2 12 =10 GeV? ‘ 1.3} Fermi |
: motion
08l T e 408 . "1.2f Antishadowing
! experimental w 1
model v 1.1 |
=
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<
0.9 ,
Shadowing
0.8 EMC-
effect
104 103 10 101 10°
10 10° 102 10" 1 €T
X EMC, J.J. Aubert et al. Phys. Lett B123 (1983) 275

H1 and Zeus, EPCJ 75 (2015) 580
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J/UP photoproduction in Pb-Pb

Probing parton distributions — nuclear shadowing and gluon saturation

JHEP 10 (2023) 119
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¢ ALICE, Pb-Pb {/s, = 5.02 TeV .
o Guzey et al., using ALICE Pb-Pb |5, = 2.76 TeV (PLB 726 (2013) 290-295) n
) Contreras, using ALICE Pb-Pb |s,, = 2.76 TeV (PRC 96 (2017) 015203) -
- - Impulse approximation -
--- STARlight P
— EPS09 LO -~
== LTA -7
----GG-HS -
----b-BK-A

Bjorken-x

2E My exp(—y) E

10°
WYF,b!n (GeV)

20 30 4050 10? 2x10?

Impulse approximation (no nuclear effects)
EPSQO9 LO - parametrization of available nuclear shadowing data

LTA (leading twist approximation) of nuclear shadowing using Gribov-Glauber theory
GG-HS — color dipole model + gluon saturation (hot spot model for hadronic structure)
b-BK-A — color dipole approach coupled to Balitsky-Kovchegov equation
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Energy dependence of J/{ photoproduction  ai

Probing parton distributions — nuclear shadowing and gluon saturation

Phys. Rev. D 108, 112004 (2023)

Bjorken-x
107! 1072 1073 107 107°
3 IIIIIII 1 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII 1
= 10°k ® ALICE p-Pb sy =8.16 TeV i
o r ALICE p-Pb Y5, = 5.02 TeV ]
< o LHCbpp Vs =7 TeV and 13 TeV (W+ solutions) a?
1 o LHCbpp Vs=7 TeV and 13 TeV (W- solutions) :::9 LW
o »  Fixed target (E401, E516, E687) ;2
g: o H1 l}ﬁ/’/ -
5 ye:
-102 — v ZEUS .

| Lﬁ e

-

JMRT NLO
CCT

Power-law fit to ALICE data
|

05-March-2024

10 20 30 40 102 2x10° 100 2x10°

W,, (GeV)

La Thuile 2024

Power-law dependence of a(y+p=2J/yY+p) on
W,,, (power § =0.70 £+ 0.04)
ALICE results compatible with HERA

Cepila—Contreras—Takaki (CCT) — color dipol
approach + hot spot model for hadronic
structure

Jones—Martin—Ryskin—Teubner (JMRT) — NLO
fit of HERA data



Light flavour
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Antimatter/matter imbalance at the LHC TG

arXiv:2311.1333
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System created in Pb-Pb collisions is baryon-free and
electrically neutral at midrapidity
Thermal-Fist, V. Vovchenko et al. Comput. Phys. Commun. 244 (2019) 295
Statistical Hadronization Model (SHM) A. Andronic et al. Nature 561 (2018) 321
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(Anti)hypertriton lifetime

Neutron Stars EoS - hyperon “puzzle” (Mys > 2 Mg)

Theoretical predictions

- - Nuo. Cim. 46 (1966) 786
-.- PRC 57 (1998) 1595

— J.Phys. G18 (1992) 339-357
PRC 102 (2020) 064002

PLB 811 (2020) 135916 - A ---- PLB 811 (2020) 135916 - B

PR 136 (1964) B1803

PRL 20 (1968) 819
PR 180 (1969) 1307

NPB 16 (1970) 46

PRD 1 (1970) 66

NPB 67 (1973) 269

STAR, Science 328 (2010) 58
HypHI, NPA 913 (2013) 170
ALICE, PLB 754 (2016) 360
STAR, PRC 97 (2018) 054909
ALICE, PLB 797 (2019) 134905

STAR, PRL 128 (2021) 202301

ALICE, Pb—Pb 5.02 TeV
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Phys. Rev. Lett. 131 (2023) 102302

Nuo. Cim. 21 (1961) 235

T =253 + 11(stat.) + 6 (syst.) ps
Bao =72 + 63(stat.) + 36 (syst.) keV

Nuo. Cim. 26 (1962) 840
Nuo. Cim. A 43 (1966) 180

NPB1 (1967) 105

O Most precise measurement of
hypertriton lifetime

d Models confirms that hypertriton
is @ weakly bound state

NPB4 (1968) 511

PRD1 (1970) 66

NPB52 (1973) 1

STAR, Nat. Phys 16 (2020)

ALICE, Pb—Pb 5.02 TeV
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(Anti)alpha production at the LHC ‘ %ﬁ

Test particle production mechanism with light nuclei

arXiv:2311.11758
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Emergence of long-range angular correlations
(“ridge”) in low-multiplicity pp collisions

The “ridge” — sign of collective expansion of QGP in Pb-Pb collisions

O The ridge is also visible in low multiplicity pp collisions
O Processes involved ete annihilation (ALEPH) do not contribute to the ridge in pp collisions (also confirmed at

higher energy Y.-Ch. Chen et al. arXiv:2312.0508)
O Pythia tunes underestimate the ridge
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Heavy flavour
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Heavy flavour (hard probes)

Ideal probes to study initial and final state effects on particle production

Initial state

O Modification of Parton Distribution Functions

@ Gluon saturation and Color-Glass Condensate (CGC)
L. McLerran, R. Venugopalan, Phys. Rev. D 49 (1994) 2233

Final state

O Parton energy loss in QGP (collisional/radiative, AE, > AE, > AE)

Yu. L. Dokshitzer et al., J. Phys. G: Nucl. Part. Phys. 17 (1991) 1602
O Hadronization mechanisms (fragmentation/recombination)
a Dissociation of charmonium states in hot medium

T. Matsui & H. Satz, Phys. Lett. B178 (1986) 416

O Recombination of charm and anti-charm quarks
P. Braun-Munzinger & J Stachel, Phys.Lett. B490 (2000) 196

R Thews et al., Phys. Rev. C 63:054905
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Prompt A baryon production in pp and Pb-Pb ALICE

Constraining hadronization mechanisms

Phys. Lett. B 839 (2023) 137796

D 14FALICE  0-10% Pb-Pb-
= :
2

Clyl <05 30-50% Pb-Pb-

|

C\ Sy = 5.02 TeV PP -

SHMc + FastReso + corona

Catania

i TAMU

11

1OpT (GeV/c) !

O Prompt Ac/ D meson ratio in pp and Pb-Pb compared to model predictions

(i

modeled with core-corona approach

)

Prompt

l/ Non-
TN~ . ‘ '
Interaction >~ R /

~

point B .

Catania and TAMU models include hadronization mechanisms via coalescence and fragmentation
Statistical hadronization model (SHMc) include only measured charmed mesons and baryons (pr distributions

O Ac/ Dratio increases from pp to central Pb-Pb collisions at intermediate p; = enhanced production via

coalescence or/and feed-down from higher mass resonances
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Phys. Lett. B 839 (2023) 137796

AN 4 d*Npp
dprdy  <Ncoy>dprdy

RAA —

A Hint of hierarchy in central collisions:
Raa(Ac) > Raa(Ds*) > R(DO)

— Hadronization via charm quark coalescence
or/and feed-down from higher mass resonances

Q Catania and TAMU models do not include
charm-quark radiative energy loss

@ TAMU model provides a good description of
the Raa Over the whole pr range in both
centrality classes
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Prompt and non-prompt J/y production ALICE

JHEP 02 (2024) 066
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ALICE Iin Run 3

2\
ALICE
Run 3 Pb-Pb
VSnN = 5.36 TeV

27 September 2023, 04:50
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ALICE Run 3 Performance

-. 35 —
2 ALICE Performance, Run 3, pp, Vs = 13.6 TeV
2
8 301 Recorded: 29.0 pb!
€
S
3 25—
“é |
> |
£ 20
15|
10/
5 target 250/pb
07 | \ l | \
02Jul22 010ct22 31Dec22 02Apr23 02 Jul 23
fc), 1.6~ ALICE Performance, 2023 ;12
= [
% 14 Pb-Pb, V5, =536 TeV
£ - Recorded: 1535.5 pb™’ —|10
2 12 i
2 [ |
kS - s
0.8/ e
0.6/ i
B —4
0.4 ]
0.2} P
“+ target 10/nb
07 | | | 0

05 Oct 12 Oct 19 Oct 26 Oct

05-March-2024

Number of collisions (B)

Wl

cTM; (AR A A R RARRS
§ C ALICE Performance b
8 12:— Run 3, pp Vs = 13.6 TeV
8 10 iH - ‘Hesnt -
o C ]
o 8 — Local p-value: 4.6 ¢ —
o o .
T B
Q 4
W AT LA \L LIt
2F l T j TIH\+ JRAN:
_IIII|IIII|IIII|IIII|I II‘IIIIlIII I\II_
P89 390 391 392 393 394 395 396 397
2
M, .. (GeV/c?)
5
,310 LN I I I I I I
g = -
(] B -
10° ALICE Performance . D.ata 3
p pp \s=13.6 TeV  —Fit E
10° 0.8<p_<25GeVic —*He .|
F —He :
107 & E
105‘ E
3 E
_1-..I...I....I...I....I....I....I....-
L 0 1 2 3 4
Ng™°(‘He)

La Thuile 2024

Work in progress!
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ALICE Upgrades ALTCE
2021 2022 2024 2025 2026 2027 2028 2029
J|FIMAM|J|J|A[S|ON|D|J|F[M|AM|]{]|A|S|O| J|J|A[S|O|N[D{I|FIMAM|]|J|A[S|ON|D| ] [FIM/AM[]|J|A[S|O|N|D{J|FIM|A[M| ]| J |A[S|ON|D{ J | F|[M/AM| ]| J|A|S|O|N|D{ I | FIM[A[M| J | 3 |A[S|ON|D|
Long Shutdown 3 (LS3)
LS4: Future heavy-ion detector (ALICE 3)
2030 2031 _ 2032 2033 2034 2036 2037 2038

AM|J|J|AIS|OIN|D ]| FIMIAIM| ]| J|A|S|OIN|D} J| FIMIAM| J| J|A|S|OIN|DY

Run 5 Superconducting R|cH
magnet system

N[O 3[FIMAM3]3]A] s‘m“‘M M3[3]A/SIOND]
J[FIMAM|J|J|A/S|OINID| J Shutdown/Technical stop
| TTTT] | | Protons physics
Ions
| | Commissioning with beam
L] || Hardware commissioning

LS3: ITS3 and FoCal

absorber

ITS3

Muon

Cylindrical chambers

Structural Shell

Half Barrels

NQ@%
N4
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Inner Tracking System 3 (ITS 3) ALTCE

Cylindrical
Structural Shell

Half Barrels

Q Truly cylindrical (silicon sensor bending) g 700 10°
B = —— ITS2 standalone
QO 65 nm MAPS sensors T s A ade s e
= Y L O ITS2 standalone (full MC
O Sensor stitching (30 cm wafers) E | PrPuli0h: =00 Ted — 1753 standalone
2 oF Liw=10 nb™ T —s= [TSHTPC
@ C _+_ 2102 ITS3 standalone (full MC)
O Main physics motivation 400F 3
O Improve performance for heavy S s
flavour and dielectron measurements : & 177
R o o R o e 5 2 i S
C 4 |
100 -+ :
Lol: CERN-LHCC-2019-018 o+ S A A Y S PR PR Wots 01 DapE us 1 = 8 & 1 2 o
Physics performance: ALICE-PUBLIC-2023-002 p. (GeV/c) ST S
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Forward Ca

[

1008

Isolated photons

012

L S o e I L LN L o B O |
ALICE FoCal-E Pad Prototype

w 2
uoH CERN SPS H2, 2022 + 2023, electrons 5 F FoCal simulation E
8 # 3 F 3
o U E 3 pp, s =14TeV,4<n<5 J
s Uiy 3 FoCal-E + FoCal-H
= 3 N
5 :'\ = p]‘,c\ust >5GeV/ic
S 008 £ —f— signal
.08 £
o P 210"— —— background __
s f E
St
Q. 0.06
w L
® [
% 0.04]
w r 10
0.02
%
0 5 10 15

20 25
p;‘T:o (GeV/c)

Lol: ALICE, LHCC-I-036 (2020)
Physics case: ALICE-PUBLIC-2023-001
Physics performance: ALICE-PUBLIC-2023-004
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orimeter (FoCal)

O Electromagnetic (FoCal-E) and hadronic (FoCal-H) calorimeter
O Acceptance: 3.2<n<5.8

O Main physics motivation
O Explore non-linear QCD evolution at small-x
O Measurements of isolated-y, DY, open charm and UPC

Hadronic+UPC measurements

EM and DIS measurements

"\102_ T T T T T

Q (GeV

) Y T I |

10

IIIllIlI

1 IIIIIlII 1 lIIIIIlI 1 IIllIIII 1 IlIIIIII 1 IIIIIlII AN

)
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ALICE 3 overview
30 = N IMaor Crnairpcrs '_,"fl:1-25

2.5 : absorber |

ALICE

ALICE 3

Superconducting RcH Multi-charm hadron production
magnet system

Main physics motivation

O QGP transport properties ( X w\\
0 Hadronization mechanisms of charm and | o

beauty hadrons, and nuclei RS N f°°”+“3|ja+/”
O Chiral symmetry restoration (photon and = _ -4 T i

dileptons) Wat B
O BSM searches A N
a . MUon ab Y

absorber < .,

Muon
chambers

O Strong R&D on innovative sensors ongoing
(large-area MAPS, Si time-of-flight and SiPM
RICH)

Lol: CERN-LHCC-2022-009
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Summary ALICE

Initial stages
A Nuclear shadowing observed in UPC at the LHC

O Power-law dependence of a(y+p=2>J/1+p) on W,,, in agreement with HERA results

Light flavour

Q System created in Pb-Pb collisions is baryon-free and electrically neutral at midrapidity
Q Most precise measurement of hypertriton lifetime (hypertriton is a weakly bound state)
A Anti-alpha p;differential distributions measured for the first time at the LHC

Q The “ridge” is also observed in low multiplicity pp collisions

Heavy flavour
O Ac/ D ratio increases from pp to central Pb-Pb collisions at intermediate p; = enhanced production via coalescence
Q Sign of prompt J/Y (re)generation in central collisions

O ALICE has ambitious upgrade plans: ITS 3, FoCal (Run 4) and ALICE 3 (beyond Run 4)

05-March-2024 La Thuile 2024 24



backup

05-March-2024

La Thuile 2024

25



ohotoproduction

Phys. Lett. B 817 (2021) 136280

Mandelstam |t| dependence of J/{

arXiv:2305.06169
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Antimatter/matter imbalance at the LHC TG

arXiv:2311.1333
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Abnormal f,(980) suppression in p—Pb collisions ek

Unknown internal structure of f,(980) — meson, tetraquark or KK?
arXiv:2311.11786

f/K°

ALICE ALICE §
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L oy : ] N + ] O fy(980) pr spectrum harder than for m (radial flow)
0.0 = 60-100% _] : n 60-100% i
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pa 053 + f(980)/m and f3(980)/K*(892)° indicate that f, does not

contain strange quarks (no strangeness enhancement in QGP)
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0 5(980)/K*(892)0 indicates that f, behaves like meson (no
enhancement at intermediate p;as for baryon-to-meson
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(Anti)hypertriton lifetime

Phys. Rev. Lett. 131 (2023) 102302
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Emergence of long-range angular correlations in
low-multiplicity proton-proton collisions

arXiv:2311.14357
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Long-range near-side correlation in e*e™ Collisions ()
at 91 GeV and 183-209 GeV with ALEPH AHIcE

A. Badea et al. Phys. Rev. Lett. 123, 212002 (2019)
Yu-Chen Chen et al. arXiv:2312.0508

ALEPH e*e” — hadrons, Vs = 91GeV
N,y 230, [cos(8, )| < 0.94
p']f‘b > 0.2 GeV
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