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L Freeze-out ALICE review paper
Hadronisation ...~ ‘ Eur. Phys. J. C 84, 813 (2024)

QGP formation

Initial state

Time: 0 fm/c ~101° fm/c
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ALICE/KoALICE collaboration

ALICE
ALICE Collaboration KoALICE
* 1041 authors, 1861 members Participants: 56
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High-energy heavy-ion physics: £ 20l 27}? !CE

Understanding the fundamental properties of strongly interacting quark gluon-plasma (QGP) remains one
of the key goals in high-energy nuclear physics.

What is the bulk behavior of QCD?
What are the collective features of QCD (Dynamics of heavy-ion collisions)?
How does the transition from confined matter to deconfined QGP occur?

B ALICE is the LHC experiment dedicated to heavy-ion physics!

MindJung Kweon, Inha University KSHEP fall workshop 2025
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ALICE
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CERN-EP-2025-081
31 March 2025

Revealing the microscopic mechanism of deuteron formation at the LHC

ALICE Collaboration*|

Abstract

The formation of light (anti)nuclei with mass number A of a few units (e.g., d, >He, and *He) in
high-energy hadronic collisions presents a longstanding mystery in nuclear physics [1, 2]. It is not
clear how nuclei bound by a few MeV can emerge in environments characterized by temperatures
above 100 MeV [3-5], about 100,000 times hotter than the center of the Sun. Despite extensive
studies, this question remained unanswered. The ALICE Collaboration now addresses it with a

_ _ _ | novel approach using deuteron—pion momentum correlations in proton-proton (pp) collisions at the '
MindJu ng Kweon ] Inha Unive I’Slty Large Hadron Collider (LHC). Our results provide model-independent evidence that about 80% of the 10
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Run 3 (2022-2026) data taking

ALICE Performance, Run 3, pp, s = 13.6 TeV
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First observation of 4He in pp collisions %
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e Important for anti-nuclei searches in space
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World-first measurement of A+ baryon flow in Pb-Pb
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First prompt charm-baryon v2 measurement in heavy-ion collisions

First evidence of charm baryon/meson splitting at intermediate/high pr
® TAMU: includes quark coalescence — captures the trend

MindJung Kweon, Inha University KSHEP fall workshop 2025 15



Hypertriton production, application to neutron star

(B

ALICE

' Rd—A ~ 10 fm

n‘-"’p

"deuteron” core

Lightest hyper nucleus

2.8 .

D. Lonardoni et al., PRL 114, 092301 (2015)  grxiv-2405.19826
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e At the LHC, ﬁH has been measured in pp, p-Pb, and Pb-Pb collisions

° XH powerful probe for investigating the nucleon-/\ interaction

e Crucial for the calculation of the equation of state (EoS) and the neutron star mass-radius relation

Mindung Kweon, Inha University

KSHEP fall workshop 2025
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Hypertriton production in pp & Pb-Pb collisions

== Coal. B, =420 keV (STAR) === Coal. B, =164 + 43 keV (Ave.)

.= Coal. B, =102 keV (ALICE) —— SHM XV A05. 19826
— — T T 1 T T 1 T T 1 1 r 111 11 1 1T 1 ° T T T 06 _| [ [ I [ [ [ [ | [ [ [ [ I | [ [ | ! a
) - O - T ’
< ALICE Preliminary B ALICE Pb-Pb -
o 10°F | =R . T  STAR -
C 3 Run 3 pp, Vs=13.6 TeV = 0.5— ®\s = 5.02 TeV I —
o) - | ; - T ™ T Snn = 200 GeV
Z Q|_ B ¢ II' Lint = 63 pb _ oy < : .VTW - 276 TeV [ :: NN :
| O - + 10% global unc. not shown - 0.4
O %‘ N * ..\1:\\1\:":‘%”""5’-'7 - : : :
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- & | 8\ - T ]
B + %H %3%+ T, |y| <1 > | n | - 1 T -
i ’ e/ | 02 T ~
~ arXiv:2504.02491 (2025) o - T P -
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] | ] !I ] ] ] ] é ] ] ] ] :|3 ] ] ] ] 4|- ] ] ] ] 5L ] ] ] ] _6 _| | | | | | | | | | | | | | | l | T | N
GeV/ 500 1000 1500 Zr-7r  U-U
PT (GeV/c) (d N /d 77) Ru-Ru Au-Au
ch In|<0.5
e Hypertriton production in pp & Pb-Pb collisions consistent e coalescence — interplay between the spatial extension
with — powerful tool to investigate the of the nucleus wavefunction and the system size

mechanism of nuclear production _
e SHM predicts a flat ratio: sensitive to their similar

masses, but insensitive to their size
MindJung Kweon, Inha University KSHEP fall workshop 2025 17



First-ever collisions of oxygen at the
- LHC

The Large Hadron Collider gets a breath of fresh air as it collides beams of protons and

oxygen ions for the very first time. Oxygen-oxygen and neon-neon collisions are also
on the menu of the next few days

1JULY,2025 | By Anais Schaeffer

ALICE

LHC Run3

proton-Oxygen
1 July 2025

MindJung Kweon, Inha University KSHEP fall workshop 2025



Light ions at the LHC: first results from
oxygen-oxygen and neon-neon collisions

&Panos Charitos [£6th Oct 2025

ALICE

Energy loss

System size

ALICE: mapping QGP across system sizes

ALICE, the experiment dedicated t0 heavy-ion physiCs, carried out a comprehensive programme of measurements in oxygen—
oxygen and neon—neon collisions. The collaboration reported clear signals of elliptic (v,) and triangular (v,) flow in both systems,

with strong centrality dependence and magnitudes comparable to those in heavier systems. These results strengthen the

evidence that hydrodynamic behaviour emerges even in small collision systems.

ALICE also measured charged-particle multiplicity distributions, which are essential to characterising the initial conditions of the
collisions. Together with particle spectra and the first nuclear modification factor (R_{AA}) studies in light-ion collisions, these
results extend ALICE’s longstanding programme of scanning QGP properties across system sizes, from Pb—Pb through Xe—Xe

down to O-O and Ne—Ne. The measurements already show sensitivity to the nuclear structure of oxygen and neon, underlining

ALICE’s central role in establishing the minimal conditions for QGP formation.

MinJung Kweon, Inha University KSHEP fall workshop 2025 19



Oxygen and Neon run at LHC

ALICE
Special run week in July dedicated to collisions of light lions (O and Ne)
16 20 Modeling uncertainties cancel in light-ion ratio
-
. - LHC and ALICE performed with excellence
b4 o pO: recored 7.27 nb-1 | 3x109 events

o OO: recored 5.01 nb-1 | 6x10° events
o NeNe: recored 0.84 nb-1 | 109 events

O Ne

Vv, uncertainty

NeNe/OO ratio

U(Vz {2, | An|> 1})
v2{2, | Anl>1)
-
=

56650 Z0PZ:AIXJE “|E }8 auojedels)

centrality [%)]

00 collision

MinJung Kweon, Inha University KSHEP fall workshop 2025 20



Oxygen and Neon run at LHC

ALICE

v, (Ne-Ne / OO)

v.{2} (Ne—Ne / OO)

—h
N

v2 ratio vs. centrality

- ALICE OO and Ne—Ne, V'San = 5.36 TeV
0.2 < p_< 3 GeV/c

Data
-~ M| <0.8 ¢ v,{2)
¢ V{4
- n V{2

Ratios between OO and Ne-Ne reduces uncertainties (< 0.01 exp. for v»)

® v2 peaks for central: stronger quadropole deformation of Ne compared
to tetrahedral O

— | @ vsincreases with centrality: in ultra central collision, tetrahedral O leads
/

to larger vs

: |
3DGlauber IP-Glasma Trajectum
- PGCM PGCM PGCM NLEFT

IP-Glasma captures ratios well

Trajectum overestimates ratio in 0-10%

l
30

Centrality (%)

MindJung Kweon, Inha University
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m Raa for in OO collisions

(B

ALICE

< _I 1 | Il | | I | | I | 11 | L | Tl | I | I I_
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;o o] 00, (s,=5.36TeV,n% 0-100% [=]| Pb—Pb, {5, =5.02TeV,h* 0-100% -
- . p-Pb -
11 - T ﬁ """""""""""" """" ]
08:_‘ . v I :
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_‘ ° ® —
0.6_’“ .o ]
- Jr 00 Xe-Xe .

04 xZI I ® |
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MindJung Kweon, Inha University

PbPb collisions: strong suppression — clear evidence for parton energy
loss in QGP

pPb collisions: no suppression = no QGP formation?

OO0 sits between these two
— |Is a medium dense enough to quench high pr hadrons formed?

n° Raa measured using EMCal
e 0-100% centrality
® Raa~ 0.65 at 4 GeV/c (4o from unity)

® Values between pPb and PbPb — implies moderate parton energy loss
— formation of small QGP?

® This trend supports a smooth system-size dependence of jet
quenching and energy loss

KSHEP fall workshop 2025 22



m Raa for in OO collisions

ALICE

< B | | L | L | L | L | L |
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MindJung Kweon, Inha University

Most similar to Raa of 65-70% PbPb collision
— 00 medium behaves like peripheral heavy-ion collisions?

Do we see energy loss?
® Raa~ 0.65 at 4 GeV/c (4o from unity)

o Compared to CNM (shadowing, nuclear PDFs) pQCD without energy
loss: data differ by 2.40

e Compatible with energy loss calculation (collisional + radiative) (Faraday,
horowitz, 2505.14568)

— Presence of parton energy loss?

KSHEP fall workshop 2025
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Alchemy at ALICE: turning lead to gold

Phys. Rev. C 111 (2025) 054906

e ALICE, (kp,Xn)
RELDIS, (kp,Xn)
RELDIS, nuclei

@ Pb-Pb Cecchini 2002
00  Pb-Au Scheidenberger 2004
- = =+« RELDIS, nuclei

.
—
el

o 1 2 3 4 5 6 7 8 9 10
Number of emitted protons

https:.//home.cern/news/n hysics/alice-detects-conversion-lead-gold-lhc

e Photons exchanged during a UPC collision can also excite Pb nucleus that decays into Au

e Cross-section roughly same as producing QGP — Over 1500 ‘news clippings’ world wide

MindJung Kweon, Inha University KSHEP fall workshop 2025
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In press

MindJung Kweon, Inha University

MAY 9,2025 | 2MIN READ

Physicists Turn Lead into Gold—For a Fraction of
a Second

Scientists at Europe’s famous particle collider briefly create

lead in a modern twist on the alchemical goal Is aIChemy rea I? PhYSiCiSts tu rn
lead into gold using the Large
Hadron Collider

By Austin Williams | Published May 9, 2025 8:33pm EDT | Science | FOX Local | »

Trending

n’ “éme, . ‘Senior bonus’ explained:
% What Trump's budget bill
T means for Social Security
taxes

Government plans to
fight flesh-eating maggot
by breeding billions of
flies

n. P Costco issues recall for
several items, urges
consumers not to use

L SUISSE

~=_ |ls ont transformée le plomb en or! Le
CERN pratique 'alchimie moderne

LHC experiments don't create large gold nuggets — but some particles within a beam of lead ions can turn into gold for about a micro

Images

Dans l'accélérateur de particules du CERN, des chercheurs ont
observeé la transmutation du plomb en or, un phénomene qui
fascine depuis l'Antiquité.

f X in  PARTAGER

Trasmutare il piombo in
oro: ecco il “miracolo” al
Cern di Ginevra

“Strappati” tre protoni da alcuni nuclei. La
ricercatrice dell’Infn Chiara Oppedisano: un
processo in cui le forze in gioco sono quelle
elettromagnetiche. Ora si aprono nuove
prospettive per i futuri acceleratori di particelle

Silvia Bandelloni

04 Giugno 2025 alle 06:00 3 minuti di lettura

KSHEP fall workshop 2025
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ALICE upgrades, beyond Run 3 !CE

LS3 LS4

2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037

ITS3 & FoCal

® Specific upgrades in LS3 (2026-29)
® TDRs approved in March 2024
® Moving towards “production” phase

ITS3

Cylindrical
Structural Shell

Half Barrels

ITS3 TDR: CERN-LHCC-2024-003 FoCal TDR: CERN-LHCC-2024-004

27
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https://cds.cern.ch/record/2890181/files/ALICE-TDR-021.pdf
https://cds.cern.ch/record/2890281/files/ALICE-TDR-022.pdf

ALICE upgrades, beyond Run 4 H:LICE

LS3 LS4

2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

CERN-LHCC-2022-009
CCCCC --038) \
11 March 2022

ALICE D

ALICE 3: Major upgrade in LS4 (2034-35)

P Scoping document for ALICE 3:
Lette r of i ntent fo r ALICE phase IIb upgrade for the LHC Long Shutdown 4

— Next-generation heavy-ion experiment - First ideas ALICE 3 N
at Heavy-lon town meeting in 2018 (arXiv:1902.01211) e

ALICE 3

— Letter of Intent:
Review by the LHCC in March 2022 (arXiv:2211.02491)

— Scoping Document:

Review completed w/ positive feedback (CERN-LHCC-2025-0(
® Moving towards “comprehensive R&D” phase
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ALICE Zd=7| 9a8|0|E EE8i1L KoALICES.| «dst ALIGE

ALICE 2 ALICE 2.1
I

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

Absorber
Magnet

Muon chambers RICH

FCT

ITS3 (LS3)
CMOS #|0|z{E 2AE[EsI0 S2= 155

AIg5H= &Ml 7|4 (HEP o 2|X)
Tracker

‘ _%Q_Ex_'ll R&D J_él'o:l Vertex detector
ALICE 3 Lol:

CERN-LHCC-2022-009

2

TS2 (Run 3) ALICE3 (LS4)

5{x] 28 tHy BE 4s7(7) gty MAM=E O|Fo{E
R&D % Mz #oiE Saif dalz A& —REH 7lE B
Mey gy AHMICH R&D &

TDR approved
KOALICE 4Z2[Z A=7| R&D A}

1EH4: 2013~2021 ITS2 R&D ! M= £0] — 2EH: 2021~3*%H ITS3 ==X R&D &#0{ — 3EtA|: 2023~&x| ALICE3 XM R&D =&
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Future ALICE: ALICE 3 ¢11zj|0|= (Run 5/6) ALICE

2010-2012 2015-2018 2022-2025 2029-2032 2035-2037

2030 ESITVERTIVESIIDEYITD

¥ ¥
ALICE 1 phase | upg ALICE 2 phase Ilb upg ALICE 3

ECAL = -
B iaanet | — RICH DE AE717} Bz HME 0|F0fH!

~ HER| 7|8 Fot

Muon chambers
FCT

Vertexer : CMOS Alg]|

+ E|HEH 7|22 0|23 W0 = oHo0l M)

rH
JEl
=
oY
[hh]
N
ﬂ
<
Ral
rir
-lo
o
_|=I_|
|
N
IR
=]
oo
—
W
(&%)
N
>
N
[

TOF: A2t E3lls

= _ 1oF 0| IjS HofLt UhER| Z4E7|. CMOS 7|t MM
Tracker

Vertex detector

sI=2El ALICE3 Outer Tracker =

ITS2 M|ZF 7|ZF SoF A2 MEM I ol=Z2} =t —» Ll 7|zt 214610 large scale industrial prodution = Outer Tracker ZE2H|E £H0§
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Setup at Pusan National University
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Diced wafer evaluation

#1 #2
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¢ 25.166 | 25.172 z

Dummy chip (2x3 cm?2):

Will be thinned down to
50 pm, 100 pm, 200 pm
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Thank you
for your attention!
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ALICE
7|t = . .
as | sALEgi7el | st | JlEH | Eelg
2019 67 78 7 16 32
2020 7 8 7 21 37
2021 78 89 7 24 41
2022 8 10 9 31 51
2023 8 10 10 30 : 51
‘U.ZLJ% 2024 87 10 8 33 : 52
o[ Y |z 2025 7 10 8 35 3 56
= §

Participants : 56 (202511 10& sixH)
- 770 CHet*

e W10

» HAlR 91413 : 8
. [H%I-.?-JAH- 35

=1 - O=

+ 7|El: 3 (MAIQi1 3 221, AT A 12)

s

* KISTI: CIE &A £H0{ 7[2 (1)
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Dead-cone effect
radiation suppressed inside a cone
with8 _=m/E

KSHEP fall workshop 2025

Article

Direct observation of the dead-cone effectin
quantum chromodynamics

https://doi.org/10.1038/s41586-022-04572-w  ALICE Collaboration**

Received: 29 June 2021

Accepted: 21 February 2022 In particle collider experiments, elementary particle interactions with large
momentum transfer produce quarks and gluons (known as partons) whose
evolutionis governed by the strong force, as described by the theory of quantum
chromodynamics (QCD)". These partons subsequently emit further partonsina
process that can be described as a parton shower?, which culminates in the formation
of detectable hadrons. Studying the pattern of the parton shower is one of the key
experimental tools for testing QCD. This pattern is expected to depend on the mass of
theinitiating parton, through a phenomenon known as the dead-cone effect, which
predicts a suppression of the gluon spectrum emitted by a heavy quark of mass m,
and energy E, within a cone of angular size my/E around the emitter’. Previously, a
direct observation of the dead-cone effectin QCD had not been possible, owing to the
challenge of reconstructing the cascading quarks and gluons from the experimentally
accessible hadrons. We report the direct observation of the QCD dead cone by using
new iterative declustering techniques*’ to reconstruct the parton shower of charm
quarks. This result confirms a fundamental feature of QCD. Furthermore, the
measurement of a dead-cone angle constitutes a direct experimental observation of
the non-zero mass of the charm quark, which is afundamental constant in the
standard model of particle physics.

Published online: 18 May 2022

Open access

W Check for updates

In particle colliders, quarks and gluons are produced in high-energy
interactions through processes with large momentum transfer, which
are calculable and well described by quantum chromodynamics (QCD).
These partons undergo subsequent emissions, resulting in the pro-
duction of more quarks and gluons. This evolution can be described
in the collinear limit by a cascade process known as a parton shower,
which transfers the original parton energy to multiple lower energy
particles. This shower then evolves into a multi-particl
with the partons combininginto aspray of experimental
hadrons known as ajet®. The pattern of the parton showe
todepend on the mass of the emitting parton, throughag
known as the dead-cone effect, whereby the radiation fro
of mass m and energy E is suppressed at angular scales
m/E, relative to the direction of the emitter. The dead-cc
fundamental feature of allgauge field theories (see ref.>fi
tion of the dead cone in QCD).

The dead-cone effect is expected to have sizeable img
charm and beauty quarks, which have masses 0f1.28 + 0.(

mass’, which was attributed to the suppression of collinear gluon
radiation from the heavy quark because of the dead-cone effect.
A measurement of the momentum density of jet constituents as a func-
tion of distance from the jet axis was also performed by the ATLAS
collaboration at CERN®, which pointed to a depletion of momentum
closetothejetaxis that was ascribed asaconsequence of the dead-cone
effect. The mass of the beauty quark was also estimated through a

-—' \m/E

4.1813:53GeV/c* (ref.") in the minimal subtraction scheme,
atenergies on the GeV scale. The emission probability in

region, which is the divergent limit of QCD at which thg¢
most intense, is suppressed with increasing mass of thy
leads to a decrease in the mean number of particles pro
partonshower. The DELPHI Collaborationatthe LEPe‘e ¢
ured the multiplicity difference between events containing
by heavy beauty quarks and those containing light quar
or strange). They found that the differences depend only.

*A list of authors and their affiliations appears at the end of the paper. *e-mai

..\'

440 | Nature | Vol 605 | 19 May 2022



From 3He inelastic cross section to dark matter

nature physics

Explore content v  About the journal v  Publish with us v

nature > nature physics > articles > article

Article | Open Access | Published: 12 December 2022

Measurement of anti-3He nuclei absorption in matter
and impact on their propagation in the Galaxy

The ALICE Collaboration

Nature Physics 19, 61-71 (2023) | Cite this article

6321 Accesses | 2 Citations | 375 Altmetric | Metrics

Abstract

In our Galaxy, light antinuclei composed of antiprotons and antineutrons can be produced
through high-energy cosmic-ray collisions with the interstellar medium or could also
originate from the annihilation of dark-matter particles that have not yet been discovered. On
Earth, the only way to produce and study antinuclei with high precision is to create them at

high-energy particle accelerators. Although the properties of elementary antiparticles have

been studied in detail, the knowledge of the interaction of light antinuclei with matter is

limited. We determine the disappearance probability of 3He when it encounters matter

particles and annihilates or disintegrates within the ALICE detector at the Large Hadron

ALICE 7".7:"1;:1 |

than the ones produced

from dark matter, 2022'-3 12'?'E'|, Nature phySiCS
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First full reconstruction of open-beauty hadrons at ALICE

ALICE

%x10° ALICE-PUBLIC-2025-004 B° production cross-section

Al R | 1T | 1T | 1T | 01T | 111 | T 1T | [ — I I I ! T T T I I ' I T =
O —
= | 1 T ———y . ) - 10°= ALICE Preliminary B° mesons =
% 2.0 ~8000 BO ¢ ALICE Prellmlnary—_ E — pp collisions ALICE, Vs=13.6TeV =
= e pp ($=13.6 TeV, L., =43 ob™' 5 10 —o—|y| <05 =
() = — e =
— [ ey } 1< p_<235GeV/c - 3 ;EE" T -
S 1.5 \\ ‘o ® Data — - Baa= "% =
[ - N ‘ B'S Dt Kt _ - —
- u \\ and charge conj. = " =
8 B N, ¢ — = Comb. background | B ]
0 1o+ N = —=s- =
O - B ->DK N — Total it function n = . =
1.0— B->D nm—>Dnw ~ — - - =
B Bga D.n*— K'Kn*n* 7] = - FONLL - =
— 0 o i - u mesons _
. 38% 393‘?"5_’1“0 i 10*=-CMS, Vs=13TeV == Vs=13.6TeV,|y|<0.5 =
i b “{Tgﬁ} _ = 4 |y| < 1.45 {s=13TeV, |y| < 1.45 3
0.5 B"— Dp*— D n*{n",y} o5+ <21 = Vs=13TeV, |y| < 2.1 ]
L i = ] 13
i : z 2 - Tor =
: : R e e
N N N (DU = N | A
4.9 5 5.1 52 53 54 b5 56 1 10 10°

M(D'r%) (GeV/c?) Py (GeVIO

e First measurement of B° at mid rapidity down to pt =1 GeV

e |n agreement with FONLL calculations (theory unc. >> exp. unc.)
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Particle production in heavy-ion collisions %

ALICE

dNIdy/(2J+1)

107k
1072 E

1073
107*
107°

1070
1077 L

E'ch'+"l""""l""l
7
.. K
R
¥
= e =
. ¢
_ Lo
_'
= e Data, ALICE
— Statistical Hadronization
- total (after decays)
-------- primordial
I | L I |

L L L
Pb-Pb \s,,=2.76 TeV
0-10% centrality

e Particle production in heavy-ion collisions

follow statistical hadronization:

N o (2J + 1)e”™/T

lll llllllll L
0E€E-12¢ "19G ainieN ‘e 1o "'y oluoJpuy

* The yields depend solely on the mass and

lllllll | llllllll | llllllll

temperature, consistent with a thermal model.
—supporting the thermal nature of the

hadronization process.

| llllllll | llllllll
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Light nuclei production

(B

ALICE
I 3 PRC 107, 064904

P ><1IOT:SIIIIIII DIeILIIItIIeIIIrOIr]I IIIIIII 1 I 1T 1rri /-\- 6><‘ IOT6IIIIIII 1 ITIrIIItlllonl 1 IIIIIII 1 I 1T 1Ini /-\- 6><1IOT6IIIIIII 1 1 IIIITeI 1 IIIIIII 1 L L
I I T 11 i
+ - ALICE + 4:_ + | p-Pb, VST\IN — 502 TeV 1+ 4:_ Therma‘l/-FI_S;I'gj‘l\//l/,chh = 155 MeV _:
2 [ pp, Pb-Pb:|y|<05 e f LEIre s =13 TeV, HM S F UrQMD Ifly_bri.d Coale};cence
S | p-Pb:-1<y <0, | o 12r © pp’:f:“”TeV 1 =12F Pb—Pb 5.02 TeV E
Q\ ar ﬂl i *] l C%E 10k 0 _Ipp, s =7TeV /L— h A O Coalescence -
i : 1o f Ledpp fs=5Tev : ] [ —— Two-body ]
| 8.‘ ¥ E E _ 8__ —— Three-body _
) 6F /H— - 6F -
Pb-Pb, Sy=276TeV | 4T 1 4F :
_ Pb-Pb, {Sm = 5.02 TeV 2F Z. - 2F .
O | | IIIIIII | | IIIIIII | | IIIIIII | L1 111l O- IIIIIII | | IIIIIII | | IIIIIII | | IIIII- O- IIIIIII | | IIIIIII | | IIIIIII | | IIIII-

1 10 10° 10° - 10 10° 10° - 10 10° 10°
N/ dnlab>m|ab|<0-5 <dN0h/dn|ab>mlab|<°-5 <dN°h/dn'ab>mlab|<o'5

Thermal model prediction: Eur. Phys. J. A (2020) 56:280

* Dependence of light-nuclei production on event multiplicity provides

| Light nuclei: binding energy O(10MeV) i j,55rtant insights into the mechanisms of light-nuclei formation

| expect dissociation in rescattering phase }
i + formation via coalescence of baryons |

{ ¢ 3He, t favour coalescence models — likely formed through the
i = different evolution vs density ]

coalescence of nucleons in the later stages of the collision
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Elliptic flow (v2) in small systems, similar to Pb-Pb?

(B

ALICE
ALICE
PP p-Pb Pb-Pb rorbs_-502Tev
) r r T T T r ! T ' I o > - r T 1 ' © T T 7 I I n| <0.8 B}
o ALICE Preliminary o1t  *p(P) ~ - ALICE Preliminary ent #p@) - . & p(D)
- pp, Vs =13 TeV : _ _ _ $h "
v op, Vs g v | p-Pb, |5, =502TeV o 0.3 8 ACK) -
£ 0.2~ 25<N,,<50 S IS VA EKCOEAMA) | YT @
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- 1 = f . - . §' Ks B Q@)
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_ 7 \ _ O i 1 o O
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S| 1l =01 e o ¥ - o
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LR ' ¥ . | % ¢ 1 '
- o9 ¥ + " -  e¥ . _
- ¢ -  on¥ e
O | I I - 0 1_.. | : = 0
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e Low pr (o1 < 3 GeV/c) - Mass ordering

splitting between baryons and mesons v>

MindJung Kweon, Inha University

e Similar observations in Pb-Pb, high multiplicity p-Pb and pp!

e Intermediate p1 (3 < p1 < 6 GeV/c): baryon-meson grouping,

KSHEP fall workshop 2025

Spatial anisotropy @ momentum anisotropy

&N 1
E—— =
dpr 27 prdprdy

d?N

{ 1 + Z v, cos[n(p —'¥,)] }
i=1
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Elliptic flow in small systems: model comparisons

PP

p-Pb

$ I_ T T T l . T T | | I I _ —— I T T T | T T | | I '
: ALICE Preliminary + = < L ALICE Prelimi + -
Te i ® +p(p) 1 N reliminary ot =+
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e \With quark-coalescence in pp: successfully reproduces baryon/meson
grouping and splitting

* In p-Pb, transport model with coalescence predicts only mass dependence

— thorough investigations, including careful data and model comparisons,
are needed to understand the underlying mechanism
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ALICE upgrade approach

(B

ALICE
Evolution towards higher pointing resolution and Maintain and enhance ALICE's unique
larger effective acceptance capabilities In particle identification
€' ALICEA i
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ITS3, ultra-light cylindrical pixel detector

ALICE

" i
LO [r] = 19 mm
L1[r] = 25.2 mm
L2 [r] = 31.5 mm
: ITS3 Engineering Model 1
ITS2 Inner Barrel 9 =
~0.35
Aluminum (14.3%) o~ . . ; .
I Gilue (5.3%) S
~ F . Water (9.7%) 50305 --- ITS3LO, Inl<1,Z,,=0 | . :
£ 07f — Py < ( XIX,)=0.086 %
— Silicon (13.4%) l l
E 0.6 -om': (s?v:)/ 0.25p---- Carbon Foam |
3\: Mean X/X0 = 0.36%
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0.4 O. 15 ----c---ccecteccenmemenccacmetcccccteccnnes
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ITS2 Layer 0
ITS3 TDR: CERN-LHCC-2024-003

ITS3 Layer 0

® Replacing the barrels by real half-cylinders (of bent, thin silicon) Fiek i s
® Rely on wafer-scale sensors (1 sensor per half-layer) in 65 nm Monolithic Active Pixel Sensors (MAPS) technology

First prototypes
® Prototypes of stitched sensors successfully produced!
o Fully integrated detector modules

e |deal construction elements for ultra-light detectors
Single units 10 units stitched

o

o Minimized material budget — large improvement of vertexing precision and physics yield, x/Xo: 0.36% — 0.09%

Mindung Kweon, Inha University APPC16
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ALICE 3, pushing the frontiers of tracking and PID %

ALICE

ALICE 3 SD: CERN-LHCC-2025-002

ALICE 3

Detector concept
o Compact, ultra-lightweight all-silicon tracker

Outer Tracker

® Vertex detector with unprecedented pointing resolution
Inner Tracker

o Particle Identification over large acceptance

® Superconducting magnet system
® Continuous read-out and online processing

Acknowledged in LHCC review; RICH
ECal

Magnet
Absorber

“ALICE 3 is a unique detector at the LHC

In terms of having a low material budget, a few-micron
pointing resolution, a large acceptance in eta, and hadron,
electron and muon identification.”

Muon identification —
FCT

MinJung Kweon, Inha University APPC16 48
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Unique ALICE 3 physics goals: key objectives

ALICE
Multi-charm baryons at low p
® How are hadrons formed in QGP?
® Recombination models predicts 2-3 orders of magnitude enhancement in Pb-Pb
Multi-charm baryon reconstruction
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= Unique access with ALICE 3 in Pb-Pb collisions
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Unique ALICE 3 physics goals: key objectives

ALICE

electromagnetic rad|at|on (V|rtual photons — e+e)

Temperature evolution of the QGP
® Precision differential measurements of dielectrons

and... Double differential spectra: T vs mass, pree
ALICE 3 Lol: arXiv:2211.02491
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https://arxiv.org/pdf/2211.02491

ALICE 3 R&D

| Bonded test devices Test devices layout:
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New groups are welcome to join ALICE 3!
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