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빅뱅 후 마이크
로 초 직후, 

고온 고밀도
의 새로운

 QCD 물질 (다체계
) 생성!

Quark-Gluon Plasma (QGP)

빅뱅 수 마이크로 초 직후, 
고온 고밀도의 강한 상호작용을 하는 쿼크와 글루온으로 이뤄진 물질이 생성됨 

                          쿼크-글루온 플라즈마 (QGP)

가장 근원적인 물질의 상태!
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ALICE review paper

Eur. Phys. J. C 84, 813 (2024)

  813 Page 8 of 221 Eur. Phys. J. C           (2024) 84:813 

Fig. 3 The evolution of a heavy-ion collision at LHC energies

in Fig. 3, and halt at the kinetic freeze-out temperature Tkin,

which is achieved at the time of ∼ 10 fm/c. At this point, the
particle momenta are fixed. These particles travel towards the
ALICE detector, where they will be measured ∼ 1015 fm/c
after the initial collision. The high-energy beams of the LHC
provide an unprecedented opportunity to study the QGP in
the laboratory. The highest centre of mass energy per nucleon
pair (

√
sNN) achieved at the LHC in Pb–Pb collisions has

been 5.02 TeV, which is ∼ 25 times higher than the top energy
available at the Relativistic Heavy-Ion Collider (which began
taking data in 2000). This in principle allows for the hottest,
densest, and longest ever lived QGP formed in the laboratory
to be probed using the ALICE detector.

1.2.2 Observables in heavy-ion collisions

There are various experimental probes used to investigate
all phases of heavy-ion collisions: the initial state, the QGP
phase, and the final hadronic phase. Each of these probes has
varying sensitivities to each phase. To start, a fundamental
quantity for many of these probes is the Lorentz-invariant
differential yield of final state particles, given by:

E
d3N
dp3 = 1

2πpT

d2N
dpTdy

, (1)

which is the number density of the particle three-momentum
scaled by the particle energy (E). This will depend on the
measured particle species in question, the transverse momen-
tum, pT, and rapidity, y. When the particle species is not

known, pseudorapidity η is used instead,4 and both are equiv-
alent when the particle energy is much greater than its mass.
Different pT ranges will probe different physical processes,
and for clarity in this review, one can define low-pT as
pT ! 2 GeV/c, intermediate-pT as 2 ! pT ! 8 GeV/c, and
high-pT as pT " 8 GeV/c.This classification is not intended
to provide a rigid distinction regarding these processes, but
to aid the reader regarding references to momentum ranges.

Initial state. Regarding the initial state, for a given collision,
the multiplicity can be determined, which is an addition of
the number of charged hadrons in a broad momentum range.
It plays a critical role in providing a selection on a range
of impact parameters, b, for heavy-ion collisions. It will be
large when b is small, which leads to large numbers of Npart
that will correspondingly produce large numbers of particles.
Such small-b collisions are referred to as central i.e. head-on,
whereas collisions with large impact parameters and small
numbers of Npart (and fewer produced particles) are referred
to as peripheral. The multiplicity therefore provides an exper-
imental handle on the centrality of a collision. Such a handle
is extremely useful, as many of the system properties such
as the energy density or lifetime depend upon the central-
ity. The multiplicity can also provide a measure of the initial
state entropy. If the system hydrodynamically evolves with-
out internal resistance i.e. viscous effects are minimal, the
multiplicity in the final state can be used to determine the

4 Defined as η = − ln[tan (θ/2)], θ being the polar emission angle of
the particle. A more complete description of kinematic variables can be
found in a Review of Particle Physics by the Particle Data Group [37].

123

ALICE 실험; LHC를 이용해 중이온을 충돌시켜 초기 우주 재현
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KoALICE 
Participants: 56 
• 7개 대학 
• 교수급: 10 
• 박사후 연구원 : 8 
• 대학원생: 35 
• 기타 : 3

* KISTI: 다른 소스 참여 기관 (1)

ALICE Collaboration 
• 1041 authors, 1861 members 
• 147 member institutes, 23 associate 
• 40 countries

546 papers 

인하대

성균관대

연세대 세종대

충북대

전북대
부산대

ALICE/KoALICE collaboration
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Science monitor 기사, 2022년 11월

LHC ALICE, CMS, ATLAS, LHCb  
2025년 Breakthrough 기초물리학상 공동 수상
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🏆 Breakthrough Prize  

 기초과학의 오스카상, 3백만 달러 상금의 과학 최고 권위 상, 기초과학분야에서 혁신적인 

발견과 탁월한 업적을 이룬 연구자들에게 수여되는 세계 최고 수준의 상 

 설립: 2012년, 후원: 실리콘밸리의 주요 기업가들( 마크 저커버거 등) 

 목적: 탁월한 과학 연구를 통해 인류의 지식 경계를 확장한 이들을 기리며, 과학이 사회로부

터 존경받는 문화를 만드는 것  

 2025년 상은 기초물리학, 생명과학, 수학 등 총 6개 부문에서 수상 

🏆 ALICE, CMS, ATLAS, LHCb 실험 기초물리학 분야 공동 수상  
 LHC Run 2 데이터에 기반한 연구 성과 인정 

 주요 공로 

 ALICE: 빅뱅 직후 수 마이크로초 동안 존재했던 쿼크-글루온 플라즈마 상태 연구 

 CMS, ATLAS: 힉스 보존 발견 및 특성 정밀 규명, 표준모형 너머의 물리 이론을 정밀하

게 검증 

 LHCb: 물질-반물질 간의 미세한 차이 정밀 측정, 72종 이상의 새로운 강입자 발견 

 총 상금 3백만달러 전액은 CERN & Society 재단에 기부 (박사과정생 장학금)
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2High-energy heavy-ion physics: 무얼 알아냈을까?

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

Energy density > 10 GeV/fm3 
Colour charge deconfined 
Strong energy loss for hard partons 
Hydro-dynamic expansion like a very-low viscosity liquid  
Hadronization as in thermal equilibrium

QGP as seen at the LHC

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? 
     ALICE is the LHC experiment dedicated to heavy-ion physics!
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ALI-PREL-609795

p-Pb

OO Xe-Xe

Pb-Pb

QGP의 존재 및 특성 규명: QGP에서의 에너지 손실

 시스템이 클수록, QGP가 더 크고 뜨거워져서 입자들이 더 많은 에너지를 잃음 (RAA<1) 
 경량 핵(OO) 충돌에서도 에너지 손실 패턴이 보임 

   → 작은 시스템에서도 QGP가 만들어질 수 있는가? 라는 질문에 중요한 단서 제공

1012 K 이상의 고온 고밀도 QCD 매질!
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2QGP의 존재 및 특성 규명: QGP의 흐름 (유체적 성질)

June 7th, 2024You Zhou (NBI) @ SQM2024 5

Working definition for small systems
❖ Working definition: Long-Range Multi-

particle correlations

• v2{4} ≈ v2{6} ≈ v2{8}

• v2{k} (2-sub) ≈ v2{k} (3-sub)

• Observation of flow in small systems

ALICE, PRL123, 142301 (2019)

타
원
흐
름
계
수

Perfect fluid 처럼 집단적으로 흐르는 strongly coupled system!

 타원흐름은 충돌 규모가 커질수록 증가함 (타원흐름이 클 수록 QGP의 유체적 성질이 강하게 나타남) 
 충돌에서 생성된 입자수가 충분히 커지면, 작은 시스템에서도 타원흐름이 나타남 

   → 양성자-양성자 충돌과 같은 작은 충돌 시스템에서도 유체적 흐름 발견!
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2ALICE, 중수소 생성 메커니즘을 규명하다!: 2025년 Nature Accepted

결합에너지가 2.2 MeV 밖에 안되는 deuteron이 

어떻게 극한 환경에서 생성되고 살아남을까?

충돌 직후 생성되는 Δ와 같은 짧은 수명의 공명 상태가 붕괴하면서 생성된 핵자들이 서로 결합해 중수소

(deuteron)을 만든다는 것을 실험적으로 증명!

p

n
~2 MeV

~150 MeV
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2강한 상호작용이 핵 구조 형성에 어떻게 기여하나?

 충돌에서 π–d 상관 함수를 통해 deuteron 생성의 실제 미시적 mechanism을 실험적으로 밝힘 
   Δ(1232) → N + π resonance decay가 deuteron 생성의 핵심 경로?  
 → 단순한 coalescence가 아니라 deuteron 중 거의 80%는 Δ가 붕괴하며 생기는 융합때문임

Δ 공명 생성·붕괴를 반영하는 peak
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2010-2021 LS2 검출기 R&D 및 제작

2022부터 현재까지 Run3 data taking!

A Large Ion Collider Experiment

11

Planning

Run 1 LS1 Run 2 LS2 Run 3 LS3 Run 4 LS4 Run 5 LS5 Run 6

2010-2012 2015-2018 2029-20322022-2025 2035-2037

phase I upgALICE 1 ALICE 2 ALICE 3

2023 – 2025:   selection of technologies, small-scale proof of concept prototypes (~25% of R&D funds)

2026 – 2027: large-scale engineered prototypes (~75% of R&D funds) a Technical Design Reports 

2028 – 2030:   construction and testing

2031 – 2032:   contingency

2033 – 2034:   installation and commissioning

2035 – 2042:  physics campaign 

phase IIb upg

Luciano Musa | ALICE 3 | 27 June 2022 2021 설치 완료! 

한국팀 내부 반도체 검출기 (ITS2) 
제작에 큰 기여
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2SBeyond Run 3, fundamental questions remain still open

GEM-TPC

ITS2

MFT

TRD
TOF

EMCal

Muon arm

Run 3 (2022-2026) data taking

GEM-based TPC:  up to 50 kHz Pb-Pb  
ITS2: provide pointing resolution of 35 μm at 1 GeV/c 
MFT: improve tracking and vertexing on the forward

Sampled pp luminosity

Sampled Pb-Pb luminosity

Over 70 Run 3 results approved for 2025 summer conferences! 
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2First observation of 4He in pp collisions

• Clear anti-4He peak in TPC dE/dx 

• Important for anti-nuclei searches in space

Anti-4He events 
in AMS-02
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2World-first measurement of Λc+ baryon flow in Pb-Pb

First prompt charm-baryon v2 measurement in heavy-ion collisions 

First evidence of charm baryon/meson splitting at intermediate/high pT

TAMU: includes quark coalescence → captures the trend

ALI-PREL-596997ALI-PREL-601047

baryons

mesons
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2Hypertriton production, application to neutron star

arXiv:2405.19826

chiara.pinto@cern.ch                                                                                                         

Astrophysics applications: neutron stars

! D. Lonardoni et al., PRL 114, 092301 (2015)

6

&
'!

• 3-body hyperon-nucleon interaction is key in the 
softening of the EoS and the consequent reduction of 
the predicted maximum mass

• different results on the maximum mass not necessarily 
incompatible with the observed neutron stars

• At the LHC, !"H has been measured in pp, p-Pb, and Pb–Pb collisions
• !

"H powerful probe for investigating the nucleon–Λ interaction 
• Crucial for the calculation of the equation of state (EoS) and the neutron star mass-

radius relation
~ 10 fm

Lightest hyper nucleus 

chiara.pinto@cern.ch                                                                                                         

Astrophysics applications: neutron stars

! D. Lonardoni et al., PRL 114, 092301 (2015)

6

&
'!

• 3-body hyperon-nucleon interaction is key in the 
softening of the EoS and the consequent reduction of 
the predicted maximum mass

• different results on the maximum mass not necessarily 
incompatible with the observed neutron stars

• At the LHC, !"H has been measured in pp, p-Pb, and Pb–Pb collisions
• !

"H powerful probe for investigating the nucleon–Λ interaction 
• Crucial for the calculation of the equation of state (EoS) and the neutron star mass-

radius relation
~ 10 fm

• At the LHC,           has been measured in pp, p-Pb, and Pb–Pb collisions 

•          powerful probe for investigating the nucleon–Λ interaction  

• Crucial for the calculation of the equation of state (EoS) and the neutron star mass-radius relation
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2Hypertriton production in pp & Pb-Pb collisions

• (
)H/3He ratio allows for testing the production models

§ SHM predicts a flat ratio: sensitive to their similar masses (m
!
"H=2.991 and m3He=2.809 GeV/c2), but insensitive to 

their size [r3He: 1.76 fm, r
Λ
"H	(npΛ): 4.9 fm (BΛ= 2.35 MeV), r

Λ
"H	(dΛ): 10 fm (BΛ ~ 0.13 MeV)]

§ coalescenceà interplay between the spatial extension of the nucleus wavefunction and the system size
§ better agreement with coalescence

chiara.pinto@cern.ch                                                                                                                             16

! ALICE Collaboration, arXiv:2405.19839

vs.

r0, PbPb ~ 3-6 fm

Hypertriton in Pb—Pb: test of production models

r0, pp ~ 1 fm• Hypertriton production in pp & Pb-Pb collisions consistent 
with coalescence model → powerful tool to investigate the 
mechanism of nuclear production

arXiv:2405.19826

• coalescence → interplay between the spatial extension 
of the nucleus wavefunction and the system size  

• SHM predicts a flat ratio: sensitive to their similar 
masses, but insensitive to their size

Pb-Pb

ALI-PREL-604500

pp
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2Oxygen and Neon run at LHC

Special run week in July dedicated to collisions of light lions (O and Ne) 
Modeling uncertainties cancel in light-ion ratio 

LHC and ALICE performed with excellence

pO: recored 7.27 nb-1 | 3x109 events

OO: recored 5.01 nb-1 | 6x109 events

NeNe: recored 0.84 nb-1 | 109 events
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2Oxygen and Neon run at LHC

ALI-PUB-610602

v2 ratio vs. centrality

v3 ratio vs. centrality

Ratios between OO and Ne-Ne reduces uncertainties (< 0.01 exp. for v2)

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

v3 increases with centrality: in ultra central collision, tetrahedral O leads 
to larger v3


IP-Glasma captures ratios well 

Trajectum overestimates ratio in 0-10%
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2π0 RAA for in OO collisions

PbPb collisions: strong suppression → clear evidence for parton energy 
loss in QGP 
pPb collisions: no suppression → no QGP formation? 

OO sits between these two 
→ Is a medium dense enough to quench high pT hadrons formed? 

π0 RAA  measured using EMCal

0-100% centrality

RAA ~ 0.65 at 4 GeV/c (4σ 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

ALI-PREL-609795

p-Pb

OO Xe-Xe

Pb-Pb
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2π0 RAA for in OO collisions

Most similar to RAA of 65-70% PbPb collision 
→ OO medium behaves like peripheral heavy-ion collisions?


Do we see energy loss?

RAA ~ 0.65 at 4 GeV/c (4σ from unity)

Compared to CNM (shadowing, nuclear PDFs) pQCD without energy 
loss: data differ by 2.4σ

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


→ Presence of parton energy loss? 

ALI-PREL-609722

ALI-PREL-609737
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2Alchemy at ALICE: turning lead to gold
Phys. Rev. C 111 (2025) 054906

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

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

Number of emitted protons
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2In press
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262.5일 동안 측정한 뮤온 다중도 분포: beam이 없을때!

1014–1016 eV 수준의 높은 에너지를 갖는 우주선이 
대기 원자핵과 충돌하여 생성된 거대한 air shower가 ALICE 도달 
→ 우주선의 에너지 스펙트럼 및 hadronic interaction model 테스트
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2ALICE upgrades, beyond Run 3

LS3 Run 4   Run 5                LS4Run 3

A

21

A Large Ion Collider Experiment

ALICE Upgrades Timeline 
ITS3 ALICE 3

Jochen Klein’s presentation 

L. Musa, ALICE Collaboration, RRB April 2022

ITS3 & FoCal 
 Specific upgrades in LS3 (2026-29) 
 TDRs approved in March 2024 
 Moving towards “production” phase

A Large Ion Collider Experiment

ALICE Status Report | RRB April 2025 | MvL

Forward Calorimeter

Forward Calorimeter upgrade: 3.4 < η < 5.8

• High-granularity Si-W electromagnetic calorimeter

• Hadron calorimeter: Cu-scintillator 

11

FoCal-E

FoCal-H

Location of FoCal in ALICE

Isolated photons and π0 at forward rapidity: small-x gluons

FoCal-E module

W + Si pad and pixel layers

FoCal-H Machined Cu for HCAL

New mechanical design for mass production (NBI, WUT)

ITS3 FoCal

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

https://cds.cern.ch/record/2890181/files/ALICE-TDR-021.pdf
https://cds.cern.ch/record/2890281/files/ALICE-TDR-022.pdf
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2ALICE upgrades, beyond Run 4

LS3 Run 4   Run 5                LS4Run 3

ALICE 3: Major upgrade in LS4 (2034-35) 
 
→ Next-generation heavy-ion experiment - First ideas  
at Heavy-Ion town meeting in 2018 (arXiv:1902.01211) 

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

→ Scoping Document:  
Review completed w/ positive feedback (CERN-LHCC-2025-002)ALICE 3 RRB | 29 April 2025 | Andrea Dainese, Antonello Di Mauro 2

Timeline of future upgrade projects

LS4: ALICE 3

• Letter of Intent reviewed in 2022

• Scoping Document just reviewed

LS3: FoCal & ITS3

• Specific upgrades for Run 4

• TDRs approved last year

• Moving towards production phase
FoCal TDR: CERN-LHCC-2024-004 ITS3 TDR: CERN-LHCC-2024-003

LOI: CERN-LHCC-2022-009 SD: CERN-LHCC-2025-002 

ALICE 3 RRB | 29 April 2025 | Andrea Dainese, Antonello Di Mauro 2

Timeline of future upgrade projects

LS4: ALICE 3

• Letter of Intent reviewed in 2022

• Scoping Document just reviewed

LS3: FoCal & ITS3

• Specific upgrades for Run 4

• TDRs approved last year

• Moving towards production phase
FoCal TDR: CERN-LHCC-2024-004 ITS3 TDR: CERN-LHCC-2024-003

LOI: CERN-LHCC-2022-009 SD: CERN-LHCC-2025-002 

 Moving towards “comprehensive R&D” phase
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2ALICE 검출기 업그레이드 로드맵과 KoALICE의 역할

KoALICE 실리콘 검출기 R&D 역사 

1단계: 2013~2021 ITS2 R&D 및 제작 참여 → 2단계: 2021~현재 ITS3 주도적 R&D 참여 → 3단계: 2023~현재 ALICE3 차세대 R&D 주도

1 2 3

 ITS2 (Run 3)  

 현재 운용 단계 

R&D 및 제작 참여를 통해 실리콘 검출기 

전문성 확보

ITS3 (LS3)  

CMOS 웨이퍼를 스티칭하여 통으로 구부려 

사용하는 혁신 기술 (HEP 분야 최초) 

주도적 R&D 참여 

ALICE3 (LS4)  

모든 검출기가 반도체 센서로 이루어짐    

→반도체 기술 집약 

차세대 R&D 주도

A Large Ion Collider Experiment

ALICE future upgrades

12ALICE Future Plans | QGP town meeting, CERN 17 Feb 2025 | Marco van Leeuwen

ALICE 3 LoI:  
CERN-LHCC-2022-009 

LS3 upgrades

Forward Calorimeter ITS 3

LS4: ALICE 3

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2034 20352032 2033

LHC 
LS2

LHC  
Run 3

LHC 
LS3

LHC  
Run 4

LHC 
LS4

LHC  
Run 5

ALICE 3ALICE 2 ALICE 2.1

2036

TDR approvedTDR approved

2037 
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2ITS3 R&D 및 제작 한국팀 성과 

1세대 Engineering Run 센서 R&D

CERN 및 국내에서 센서 R&D 참여,  
센서 테스트 및 각종 보드 국내 제작 수행

2세대 Engineering Run 셋업 R&D

CERN에서 센서 테스트 셋업 공동 연구 진행

빔테스트 수행

CERN PS 빔테스트 공동 수행 및 데이터 분석

01 02 03

국내 텔레스코프 검출기 제작

독자적인 기술력으로 아시아 최초의 MAPS 
기반 텔레스코프 완성

04

CERN ITS3 핵심 팀과의 긴밀한 공동 연구를 통해 실리콘 검출기 전문가를 체계적으로 양성하고, 한국으로의 기술 이전 및 독자적인 연구 인프라를 

성공적으로 구축

센서 디자인
연세대

센서 특성 연구
인하대, 부산대, 성균관대, 세종대

Interconnection technology
MEMSPACK, 인하대, 부산대

프로브카드 및 전자보드 생산
NOTICE, MEMSPACK, 연세대, 인하대, 부산대

텔레스코프 제작 및 빔테스트
부산대, 인하대, 성균관대, 세종대

기관별 전문 연구 분야

August beam test preparation
August 15th

Maintaining 
telescope

Thank you!

ALICE-ITS3 PS Beam test preparation
Assemble the babyMOSS-telescope

7 babyMOSS Empty box

Scintillator (PMT)DAQ Board
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2아시아 최초 MAPS 기반 텔레스코프 검출기 개발 및 빔테스트

1

2

2024년 3월
첫 번째 KEK 빔테스트 

KATS 시스템의 첫 검증을 일본 KEK에서 성공적으로 완료. 검출기의 기본 성능과 

데이터 수집 시스템의 안정성 확인 2025년 3월
두 번째 KEK 빔테스트 

개선된 KATS 시스템으로 고급 성능 평가 수행. 공간 분해능, 시간 분해능, 효율성 등 

핵심 지표에서 설계 목표 달성.

한국에서 아시아 최초의 MAPS 기반 실리콘 칩 텔레스코프 검출기(Korean ALICE TeleScope, KATS)를 개발하고, 이를 이용하여 일본 KEK에서 

빔 테스트를 수행

Jiyoung Kim (Inha Univ.) | ALICE ITS3 in Korea | AFAD | 18.04.024 | 15

Korean ITS3 team’s activities
Beam test at KEK, Japan

Bent ALPIDE
CE65v2

APTS-SF

■ ITS3 beam test with KATS at PF-AR beam line in KEK 
▸ Performed March 11th - 18th
▸ Collaboration with Korean + Japanese colleagues

● Total 17 participants from 5 Universities
▸ Electron beam @ 3 - 5 GeV/c
▸ Various DUT sensors have been studied

● Bent ALPIDE
● APTS-SF
● CE65v2

Data analysis is ongoing! Stay tune!

Jiyoung Kim (Inha Univ.) | ALICE ITS3 in Korea | AFAD | 18.04.024 | 15

Korean ITS3 team’s activities
Beam test at KEK, Japan

Bent ALPIDE
CE65v2

APTS-SF

■ ITS3 beam test with KATS at PF-AR beam line in KEK 
▸ Performed March 11th - 18th
▸ Collaboration with Korean + Japanese colleagues

● Total 17 participants from 5 Universities
▸ Electron beam @ 3 - 5 GeV/c
▸ Various DUT sensors have been studied

● Bent ALPIDE
● APTS-SF
● CE65v2

Data analysis is ongoing! Stay tune!

KATS

2024년 3월, KEK Japan 2025년 3월, KEK Japan
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2Future ALICE: ALICE 3 업그레이드 (Run 5/6)

A Large Ion Collider Experiment

ALICE upgrade projects

6ALICE Upgrades | Upgrade Week 7-11 Oct 2024 | MvL

ALICE 3 LoI:  
CERN-LHCC-2022-009 

LS3 upgrades

Forward Calorimeter ITS 3

LS4: ALICE 3

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2034 20352032 2033

LHC 
LS2

LHC  
Run 3

LHC 
LS3

LHC  
Run 4

LHC 
LS4

LHC  
Run 5

ALICE 3ALICE 2 ALICE 2.1

2036

NB: schedule update: LS3 moved by half a year

TDR approvedTDR approved

2037 

 Vertexer : CMOS 실리콘 픽셀 검출기. 휘어지는 웨이퍼 크기 칩 이용 (ITS3 기술 기반 

+ 최첨단 기술을 이용해 빔파이프 안쪽에 설치) 

 Outer Tracker (OT): CMOS 실리콘 픽셀 검출기. 업그레이드 된 ALPIDE 칩 이용. 

ITS2 검출기 면적의 6배: 100 억개 픽셀 x 6 = 600 억개 픽셀 

TOF: 시간 분해능이 매우 뛰어난 반도체 검출기. CMOS 기반 센서  

모든 검출기가 반도체 센서로 이루어짐! 
 → 반도체 기술 집약

 한국팀의 전략적 접근  
ITS2 제작 기간 동안 쌓은 전문성 및 인프라 확장 → 국내 기업과 협업하여 large scale industrial prodution → Outer Tracker 프로젝트 참여

한국팀 ALICE3 Outer Tracker 주도

A Large Ion Collider Experiment

11

Planning

Run 1 LS1 Run 2 LS2 Run 3 LS3 Run 4 LS4 Run 5 LS5 Run 6

2010-2012 2015-2018 2029-20322022-2025 2035-2037

phase I upgALICE 1 ALICE 2 ALICE 3

2023 – 2025:   selection of technologies, small-scale proof of concept prototypes (~25% of R&D funds)

2026 – 2027: large-scale engineered prototypes (~75% of R&D funds) a Technical Design Reports 

2028 – 2030:   construction and testing

2031 – 2032:   contingency

2033 – 2034:   installation and commissioning

2035 – 2042:  physics campaign 

phase IIb upg

Luciano Musa | ALICE 3 | 27 June 2022
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2한국팀 ALICE3 Outer Tracker R&D 주도
Toward ALICE 3 Outer Tracker (OT)

Jiyoung Kim (Inha Univ.) | ALICE 3 Outer Tracker | AFAD | 18.04.024 | 11

Datacon 2200 evo+ MRSI 705

■ Automatization and industrialization of module assembly 
▸ Collaboration with a local company (MEMSPACK) for ALICE 3 

module assembly with a multi-purpose machine die bonder
▸ Ongoing: dummy HIC production (ITS2 Outer Barrel (OB) 

design) using dummy chips and dummy FPC for validation of the 
machine and procedure

▸ The cost of machine design and production can be saved!

[General purpose die attach machines]

웨이퍼 후공정 정밀도

EngiON Thinning/dicing 기술로 웨이퍼 

후공정의 정밀도를 확인하고 최적화

모듈 조립 자동화

R&D 진행 중인 조립 자동화 시스템

(MEMSPACK)으로 정확도를 검증 

플립칩 본딩 기술 R&D (NNFC)

칩/웨이퍼 프로빙 시스템

시스템 운용 및 기업을 통한 대량 프

로빙/테스트(두산테스나) R&D 수행 

칩대량테스트 장비 제작(C-ON Tech)

쿨링테스트용 센서 대량 생산

냉각 시스템 R&D를 위한 센서 대량 

양산 체계 구축 및 생산 (ETRI) 

row11_1

Before Upgrade After Upgrade

Setup upgrade overview

Previous setup: 
Vibrations occurred consistently 
at shutter speeds of 150–200 ms.

Current setup: 
Image stabilizes within a few 
seconds even at shutter speeds 
below 70 ms.

32025-10-02 ALICE 3 WP3 meeting  |  Kyungrim Woo

08.10.2025 AUW 2025 | OT Thinning and Dicing Tests 9

Visual Inspection
Clamping structure upgrade
Before AfterBefore After

• High vibration tolerance

• Better imaging resolution

• 4 Rubber feet 12 Rubber feet

• 1 Clamping part 2 parts + screw clamping

• On table On 8 mm Al plate

Setup at Pusan National University

Diced wafer evaluation

IMPROVED PRODUCTION PROCESS
SCALING UP TO 200MM WAFERS

Lars Döpper MADHAT 7
MEMSPACK 모듈 조립 machine

ETRI 공정 센서

센서 조립 
(MEMSPACK) 
대량 조립 테스트
에도 이용

센서 캘리브레이션

FIRST TEMPERATURE CALIBRATION
RESULTS

Lars Döpper MADHAT 13

냉각 시스템 R&D를 위한 
온도 캘리브레이션

Setup at Inha University

C-ON Tech  
장비 도면

• Die bond with room temperature cure epoxy
– Two-component epoxy (353ND), easier to handle than Araldite 2011
– 100 μm thick chip
– Confirmed a good position precision after curing

Dummy module assembly (2025 Feb.)

13

1125

353ND

Before curing

After curing

조립 정확도 테스트

플립칩 본딩 R&D 센서 
및 전자보드 도면

시스템 운용 probe station
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거대과학에 수여된 Berakthrough 상의 의미를 되새기며, AI 시대를 살아가며…
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2Berakthrough 상의 의미를 되새기며, AI 시대를 살아가며…

인류가 성공한 이유는 �
‘지능’이 아니라 ‘다정함’이다
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2

Thank you  
for your attention!

New journey
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2KoALICE 참여 기관 현황

Participants : 56  (2025년 10월 현재) 
• 7개 대학* 
• 교수급: 10 
• 박사후 연구원 : 8 
• 대학원생: 35 
• 기타 : 3 (석사연구원 2인, 행정원 1인)

* KISTI: 다른 소스 참여 기관 (1)

기관
교수 박사후연구원 대학원생 기타 총인원

2019 6→7 7→8 7 16 1 32
2020 7 8 7 21 1 37
2021 7→8 8→9 7 24 1 41
2022 8 10 9 31 1 51
2023 8 10 10 30 1 51
2024 8→7 10 8 33 1 52
2025 7 10 8 35 3 56
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440 | Nature | Vol 605 | 19 May 2022

Article

Direct observation of the dead-cone effect in 
quantum chromodynamics

ALICE Collaboration* ✉

In particle collider experiments, elementary particle interactions with large 
momentum transfer produce quarks and gluons (known as partons) whose  
evolution is governed by the strong force, as described by the theory of quantum 
chromodynamics (QCD)1. These partons subsequently emit further partons in a 
process that can be described as a parton shower2, 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 
the initiating 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 mQ 
and energy E, within a cone of angular size mQ/E around the emitter3. Previously, a 
direct observation of the dead-cone effect in 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 techniques4,5 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 a fundamental constant in the 
standard model of particle physics.

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-particle final state, 
with the partons combining into a spray of experimentally detectable 
hadrons known as a jet6. The pattern of the parton shower is expected 
to depend on the mass of the emitting parton, through a phenomenon 
known as the dead-cone effect, whereby the radiation from an emitter 
of mass m and energy E is suppressed at angular scales smaller than 
m/E, relative to the direction of the emitter. The dead-cone effect is a 
fundamental feature of all gauge field theories (see ref. 3 for the deriva-
tion of the dead cone in QCD).

The dead-cone effect is expected to have sizeable implications for 
charm and beauty quarks, which have masses of 1.28 ± 0.02 GeV/c2 and 
4.18−0.02

+0.03 GeV/c2 (ref. 1) in the minimal subtraction scheme, respectively, 
at energies on the GeV scale. The emission probability in the collinear 
region, which is the divergent limit of QCD at which the radiation is 
most intense, is suppressed with increasing mass of the quark. This 
leads to a decrease in the mean number of particles produced in the 
parton shower. The DELPHI Collaboration at the LEP e+e− collider meas-
ured the multiplicity difference between events containing jets initiated 
by heavy beauty quarks and those containing light quarks (up, down 
or strange). They found that the differences depend only on the quark 

mass7, 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 CERN8, which pointed to a depletion of momentum 
close to the jet axis that was ascribed as a consequence of the dead-cone 
effect. The mass of the beauty quark was also estimated through a 
phenomenological fit to the measured data9. As hard (large transverse 
momentum) emissions are preferentially emitted at small angles, and 
are therefore suppressed for massive emitters, heavy quarks also retain 
a larger fraction of their original momentum compared to lighter 
quarks, leading to a phenomenon known as the leading-particle effect. 
This has been well established experimentally, with the fraction of the 
jet momentum carried by the leading (highest transverse momentum) 
hadron containing a charm or beauty quark (heavy-flavour hadron) in 
jets, peaking at 0.6–0.7 and 0.8–0.9, respectively, whereas the corre-
sponding fraction carried by the leading hadron in light quark-initiated 
jets peaks at smaller values10–14.

Until now, a direct experimental measurement of the dead-cone 
effect has been subject to two main challenges. First, the dead-cone 
angular region can receive contributions from hadronization effects 
or particles that do not originate from the gluon radiation from the 
heavy-flavour quark, such as the decay products of heavy-flavour 
hadrons. The second difficulty lies in the accurate determination 
of the dynamically evolving direction of the heavy-flavour quark, 
relative to which the radiation is suppressed, throughout the shower 
process. The development of new experimental declustering 
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LHC ALICE 실험: 마침내! 데드콘을 측정하다.
데드콘을 직접 측정해 양자색소역학의 근본적인 특성을 밝히다.

Gluon-initiated shower

Broader shower profile
Higher number of emissions

Quark-initiated shower

narrower shower profile
Fewer emissions in the shower

Heavy-quark-initiated shower

Suppression of small angle emissions
Harder fragmentation

The flavour dependence of QCD can be studied through the 
pattern of different types of parton shower

Flavour Dependence in QCD

7

Casimir colour factors

Dead Cone 측정: 2022년 5월 Nature 출간
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Y–N or Y–Y bound state. Although numerous theoretical predictions 
exist13,26–30, so far no clear evidence for any such bound states has been 
found, despite many experimental searches31–35.

Additionally, a precise knowledge of the Y–N and Y–Y interactions 
has important consequences for the physics of neutron stars. Indeed, 
the structure of the innermost core of neutron stars is still completely 
unknown and hyperons could appear in such environments depending 
on the Y–N and Y–Y interactions36. Real progress in this area calls for 
new experimental methods.

Studies of the Y–N interaction via correlations have been pioneered 
by the HADES collaboration37. Recently, the ALICE Collaboration has 
demonstrated that p–p and p–Pb collisions at the LHC are best suited 
to study the N–N and several Y–N, Y–Y interactions precisely8–12. Indeed, 
the collision energy and rate available at the LHC opens the phase 
space for an abundant production of any strange hadron38, and the 
capabilities of the ALICE detector for particle identification and the 
momentum resolution—with values below 1% for transverse momentum  
pT < 1 GeV/c—facilitate the investigation of correlations in momen-
tum space. These correlations reflect the properties of the interaction 
and hence can be used to test theoretical predictions by solving the 
Schrödinger equation for proton–hyperon collisions39. A fundamen-
tal advantage of p–p and p–Pb collisions at LHC energies is the fact 
that all hadrons originate from very small space-time volumes, with 
typical inter-hadron distances of about 1 fm. These small distances 
are linked through the uncertainty principle to a large range of the 
relative momentum (up to 200 MeV/c) for the baryon pair and enable 
us to test short-range interactions. Additionally, detailed modelling 
of a common source for all produced baryons15 allow us to determine 
accurately the source parameters.

Similar studies were carried out in ultrarelativistic Au–Au colli-
sions at a centre-of-mass energy of 200 GeV per nucleon pair by the 
STAR collaboration for Λ–Λ40,41 and p–Ω−42 interactions. This collision 
system leads to comparatively large particle emitting sources of 
3–5 fm. The resulting relative momentum range is below 40 MeV/c, 
implying reduced sensitivity to interactions at distances shorter 
than 1 fm.

In this work, we present a precision study of the most exotic among 
the proton–hyperon interactions, obtained via the p–Ω− correlation 
function in p–p collisions at a centre-of-mass energy s = 13 TeV at the 
LHC. The comparison of the measured correlation function with 
first-principle calculations13 and with a new precision measurement 
of the p–Ξ− correlation in the same collision system provides the first 
observation of the effect of the strong interaction for the p–Ω− pair. 
The implications of the measured correlations for a possible p–Ω− 
bound state are also discussed. These experimental results challenge 
the interpretation of the data in terms of lattice QCD as the precision 
of the data improves.

Our measurement opens a new chapter for experimental methods 
in hadron physics with the potential to pin down the strong interaction 
for all known proton–hyperon pairs.

Analysis of the correlation function
Figure 1 shows a schematic representation of the correlation method 
used in this analysis. The correlation function can be expressed theo-
retically43,44 as C(k*) = ∫d3r*S(r*) × |ψ(k*, r*)|2, where k* and r* are the 
relative momentum and relative distance of the pair of interest. S(r*) 
is the distribution of the distance r* = |r*| at which particles are emitted 
(defining the source size), ψ(k*, r*) represents the wavefunction of the 
relative motion for the pair of interest and k* = |k*| is the reduced rela-
tive momentum of the pair ( p pk = | − |/2% % %

2 1 ). Given an interaction poten-
tial between two hadrons as a function of their relative distance, a 
non-relativistic Schrödinger equation can be used39 to obtain the  
corresponding wavefunction and hence also predict the expected 
correlation function. The choice of a non-relativistic Schrödinger  
equation is motivated by the fact that the typical relative momenta 
relevant for the strong final-state interaction have a maximal value of 
200 MeV/c. Experimentally, this correlation function is computed as 
C(k*) = ξ(k*)[Nsame(k*)/Nmixed(k*)], where ξ(k*) denotes the corrections 
for experimental effects, Nsame(k*) is the number of pairs with a given 
k* obtained by combining particles produced in the same collision 
(event), which constitute a sample of correlated pairs, and Nmixed(k*) is 
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Fig. 1 | Schematic representation of the correlation method. a, A collision of 
two protons generates a particle source S(r*) from which a hadron–hadron pair 
with momenta p1 and p2 emerges at a relative distance r* and can undergo a 
final-state interaction before being detected. Consequently, the relative 
momentum k* is either reduced or increased via an attractive or a repulsive 
interaction, respectively. b, Example of attractive (green) and repulsive 
(dotted red) interaction potentials, V(r*), between two hadrons, as a function 
of their relative distance. Given a certain potential, a non-relativistic 
Schrödinger equation is used to obtain the corresponding two-particle 

wavefunction, ψ(k*, r*). c, The equation of the calculated (second term) and 
measured (third term) correlation function C(k*), where Nsame(k*) and Nmixed(k*) 
represent the k* distributions of hadron–hadron pairs produced in the same 
and in different collisions, respectively, and ξ(k*) denotes the corrections for 
experimental effects. d, Sketch of the resulting shape of C(k*). The value of the 
correlation function is proportional to the interaction strength. It is above 
unity for an attractive (green) potential, and between zero and unity for a 
repulsive (dotted red) potential.
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Y–N or Y–Y bound state. Although numerous theoretical predictions 
exist13,26–30, so far no clear evidence for any such bound states has been 
found, despite many experimental searches31–35.

Additionally, a precise knowledge of the Y–N and Y–Y interactions 
has important consequences for the physics of neutron stars. Indeed, 
the structure of the innermost core of neutron stars is still completely 
unknown and hyperons could appear in such environments depending 
on the Y–N and Y–Y interactions36. Real progress in this area calls for 
new experimental methods.

Studies of the Y–N interaction via correlations have been pioneered 
by the HADES collaboration37. Recently, the ALICE Collaboration has 
demonstrated that p–p and p–Pb collisions at the LHC are best suited 
to study the N–N and several Y–N, Y–Y interactions precisely8–12. Indeed, 
the collision energy and rate available at the LHC opens the phase 
space for an abundant production of any strange hadron38, and the 
capabilities of the ALICE detector for particle identification and the 
momentum resolution—with values below 1% for transverse momentum  
pT < 1 GeV/c—facilitate the investigation of correlations in momen-
tum space. These correlations reflect the properties of the interaction 
and hence can be used to test theoretical predictions by solving the 
Schrödinger equation for proton–hyperon collisions39. A fundamen-
tal advantage of p–p and p–Pb collisions at LHC energies is the fact 
that all hadrons originate from very small space-time volumes, with 
typical inter-hadron distances of about 1 fm. These small distances 
are linked through the uncertainty principle to a large range of the 
relative momentum (up to 200 MeV/c) for the baryon pair and enable 
us to test short-range interactions. Additionally, detailed modelling 
of a common source for all produced baryons15 allow us to determine 
accurately the source parameters.

Similar studies were carried out in ultrarelativistic Au–Au colli-
sions at a centre-of-mass energy of 200 GeV per nucleon pair by the 
STAR collaboration for Λ–Λ40,41 and p–Ω−42 interactions. This collision 
system leads to comparatively large particle emitting sources of 
3–5 fm. The resulting relative momentum range is below 40 MeV/c, 
implying reduced sensitivity to interactions at distances shorter 
than 1 fm.

In this work, we present a precision study of the most exotic among 
the proton–hyperon interactions, obtained via the p–Ω− correlation 
function in p–p collisions at a centre-of-mass energy s = 13 TeV at the 
LHC. The comparison of the measured correlation function with 
first-principle calculations13 and with a new precision measurement 
of the p–Ξ− correlation in the same collision system provides the first 
observation of the effect of the strong interaction for the p–Ω− pair. 
The implications of the measured correlations for a possible p–Ω− 
bound state are also discussed. These experimental results challenge 
the interpretation of the data in terms of lattice QCD as the precision 
of the data improves.

Our measurement opens a new chapter for experimental methods 
in hadron physics with the potential to pin down the strong interaction 
for all known proton–hyperon pairs.

Analysis of the correlation function
Figure 1 shows a schematic representation of the correlation method 
used in this analysis. The correlation function can be expressed theo-
retically43,44 as C(k*) = ∫d3r*S(r*) × |ψ(k*, r*)|2, where k* and r* are the 
relative momentum and relative distance of the pair of interest. S(r*) 
is the distribution of the distance r* = |r*| at which particles are emitted 
(defining the source size), ψ(k*, r*) represents the wavefunction of the 
relative motion for the pair of interest and k* = |k*| is the reduced rela-
tive momentum of the pair ( p pk = | − |/2% % %

2 1 ). Given an interaction poten-
tial between two hadrons as a function of their relative distance, a 
non-relativistic Schrödinger equation can be used39 to obtain the  
corresponding wavefunction and hence also predict the expected 
correlation function. The choice of a non-relativistic Schrödinger  
equation is motivated by the fact that the typical relative momenta 
relevant for the strong final-state interaction have a maximal value of 
200 MeV/c. Experimentally, this correlation function is computed as 
C(k*) = ξ(k*)[Nsame(k*)/Nmixed(k*)], where ξ(k*) denotes the corrections 
for experimental effects, Nsame(k*) is the number of pairs with a given 
k* obtained by combining particles produced in the same collision 
(event), which constitute a sample of correlated pairs, and Nmixed(k*) is 

Emission source S(r*)

Interaction

(k*, r*)

(k*, r*) 2

Schrödinger equation

Two-particle wavefunction

V(
r*

) (
M

eV
)

k* (MeV/c)

r* (fm)

C
(k

*)

r*
p2

p1

C(k*) = ∫ d3r* = [(k*)
Nsame(k*)

Nmixed(k*)
S(r*)

Attractive
Repulsive 

Attractive
Repulsive 0

10

50 100 150 200

0.5 1.0 1.5 2.0

b

c

da

Correlation function

\

\

Fig. 1 | Schematic representation of the correlation method. a, A collision of 
two protons generates a particle source S(r*) from which a hadron–hadron pair 
with momenta p1 and p2 emerges at a relative distance r* and can undergo a 
final-state interaction before being detected. Consequently, the relative 
momentum k* is either reduced or increased via an attractive or a repulsive 
interaction, respectively. b, Example of attractive (green) and repulsive 
(dotted red) interaction potentials, V(r*), between two hadrons, as a function 
of their relative distance. Given a certain potential, a non-relativistic 
Schrödinger equation is used to obtain the corresponding two-particle 

wavefunction, ψ(k*, r*). c, The equation of the calculated (second term) and 
measured (third term) correlation function C(k*), where Nsame(k*) and Nmixed(k*) 
represent the k* distributions of hadron–hadron pairs produced in the same 
and in different collisions, respectively, and ξ(k*) denotes the corrections for 
experimental effects. d, Sketch of the resulting shape of C(k*). The value of the 
correlation function is proportional to the interaction strength. It is above 
unity for an attractive (green) potential, and between zero and unity for a 
repulsive (dotted red) potential.
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Y–N or Y–Y bound state. Although numerous theoretical predictions 
exist13,26–30, so far no clear evidence for any such bound states has been 
found, despite many experimental searches31–35.

Additionally, a precise knowledge of the Y–N and Y–Y interactions 
has important consequences for the physics of neutron stars. Indeed, 
the structure of the innermost core of neutron stars is still completely 
unknown and hyperons could appear in such environments depending 
on the Y–N and Y–Y interactions36. Real progress in this area calls for 
new experimental methods.

Studies of the Y–N interaction via correlations have been pioneered 
by the HADES collaboration37. Recently, the ALICE Collaboration has 
demonstrated that p–p and p–Pb collisions at the LHC are best suited 
to study the N–N and several Y–N, Y–Y interactions precisely8–12. Indeed, 
the collision energy and rate available at the LHC opens the phase 
space for an abundant production of any strange hadron38, and the 
capabilities of the ALICE detector for particle identification and the 
momentum resolution—with values below 1% for transverse momentum  
pT < 1 GeV/c—facilitate the investigation of correlations in momen-
tum space. These correlations reflect the properties of the interaction 
and hence can be used to test theoretical predictions by solving the 
Schrödinger equation for proton–hyperon collisions39. A fundamen-
tal advantage of p–p and p–Pb collisions at LHC energies is the fact 
that all hadrons originate from very small space-time volumes, with 
typical inter-hadron distances of about 1 fm. These small distances 
are linked through the uncertainty principle to a large range of the 
relative momentum (up to 200 MeV/c) for the baryon pair and enable 
us to test short-range interactions. Additionally, detailed modelling 
of a common source for all produced baryons15 allow us to determine 
accurately the source parameters.

Similar studies were carried out in ultrarelativistic Au–Au colli-
sions at a centre-of-mass energy of 200 GeV per nucleon pair by the 
STAR collaboration for Λ–Λ40,41 and p–Ω−42 interactions. This collision 
system leads to comparatively large particle emitting sources of 
3–5 fm. The resulting relative momentum range is below 40 MeV/c, 
implying reduced sensitivity to interactions at distances shorter 
than 1 fm.

In this work, we present a precision study of the most exotic among 
the proton–hyperon interactions, obtained via the p–Ω− correlation 
function in p–p collisions at a centre-of-mass energy s = 13 TeV at the 
LHC. The comparison of the measured correlation function with 
first-principle calculations13 and with a new precision measurement 
of the p–Ξ− correlation in the same collision system provides the first 
observation of the effect of the strong interaction for the p–Ω− pair. 
The implications of the measured correlations for a possible p–Ω− 
bound state are also discussed. These experimental results challenge 
the interpretation of the data in terms of lattice QCD as the precision 
of the data improves.

Our measurement opens a new chapter for experimental methods 
in hadron physics with the potential to pin down the strong interaction 
for all known proton–hyperon pairs.

Analysis of the correlation function
Figure 1 shows a schematic representation of the correlation method 
used in this analysis. The correlation function can be expressed theo-
retically43,44 as C(k*) = ∫d3r*S(r*) × |ψ(k*, r*)|2, where k* and r* are the 
relative momentum and relative distance of the pair of interest. S(r*) 
is the distribution of the distance r* = |r*| at which particles are emitted 
(defining the source size), ψ(k*, r*) represents the wavefunction of the 
relative motion for the pair of interest and k* = |k*| is the reduced rela-
tive momentum of the pair ( p pk = | − |/2% % %

2 1 ). Given an interaction poten-
tial between two hadrons as a function of their relative distance, a 
non-relativistic Schrödinger equation can be used39 to obtain the  
corresponding wavefunction and hence also predict the expected 
correlation function. The choice of a non-relativistic Schrödinger  
equation is motivated by the fact that the typical relative momenta 
relevant for the strong final-state interaction have a maximal value of 
200 MeV/c. Experimentally, this correlation function is computed as 
C(k*) = ξ(k*)[Nsame(k*)/Nmixed(k*)], where ξ(k*) denotes the corrections 
for experimental effects, Nsame(k*) is the number of pairs with a given 
k* obtained by combining particles produced in the same collision 
(event), which constitute a sample of correlated pairs, and Nmixed(k*) is 
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Fig. 1 | Schematic representation of the correlation method. a, A collision of 
two protons generates a particle source S(r*) from which a hadron–hadron pair 
with momenta p1 and p2 emerges at a relative distance r* and can undergo a 
final-state interaction before being detected. Consequently, the relative 
momentum k* is either reduced or increased via an attractive or a repulsive 
interaction, respectively. b, Example of attractive (green) and repulsive 
(dotted red) interaction potentials, V(r*), between two hadrons, as a function 
of their relative distance. Given a certain potential, a non-relativistic 
Schrödinger equation is used to obtain the corresponding two-particle 

wavefunction, ψ(k*, r*). c, The equation of the calculated (second term) and 
measured (third term) correlation function C(k*), where Nsame(k*) and Nmixed(k*) 
represent the k* distributions of hadron–hadron pairs produced in the same 
and in different collisions, respectively, and ξ(k*) denotes the corrections for 
experimental effects. d, Sketch of the resulting shape of C(k*). The value of the 
correlation function is proportional to the interaction strength. It is above 
unity for an attractive (green) potential, and between zero and unity for a 
repulsive (dotted red) potential.
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실험으로 측정 가능한 물리량

이론에서 구한 포텐셜 넣고, 
계산 가능한 물리량

우리가 알고 싶은 것:  
1 fm 스케일에서 강입자 사이의 상호작용

일반적으로는 두 입자의 scattering을 통해서…

우리는 소스를 만들어서!
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2First full reconstruction of open-beauty hadrons at ALICE

ALI-PREL-595060
ALI-PREL-595086

ALICE-PUBLIC-2025-004

~8000 B0

B0 production cross-section

• First measurement of B0 at mid rapidity down to pT = 1 GeV 

• In agreement with FONLL calculations (theory unc. >> exp. unc.)



MinJung Kweon, Inha University KSHEP fall workshop 2025 42

Outline

• Mission of the ALICE experiment
• ALICE experiment 
• Highlights of the recent results 
• Collective dynamics 
• Jet and heavy quark dynamics
• Photons and Dileptons 
• Small systems 
• Femtoscopy and hadron interactions

• ALICE Run3 and Prospects
• Summary 

2Particle production in heavy-ion collisions

A Large Ion Collider Experiment

ALICE Highlights | LHCP 2024 | M van Leeuwen

Particle yields in heavy-ion collisions: statistical hadronisation

Particle production yields follow statistical 
hadronisation:


with 

• T = 156 ± 2 MeV

• plus resonance feeddown

• plus final state scattering

14

N ∝ (2 J + 1) e−m/T

Yield vs mass

Andronic A., et al. Nature 561, 321-330

• Particle production in heavy-ion collisions 

follow statistical hadronization: 

• The yields depend solely on the mass and 

temperature, consistent with a thermal model. 

→supporting the thermal nature of the 

hadronization process. 

N / (2J + 1)e�m/T

<latexit sha1_base64="1YEmj5flnFwy9lZvDjzVxdqnxD4="></latexit>
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2Light nuclei production

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

• Dependence of light-nuclei production on event multiplicity provides 
important insights into the mechanisms of light-nuclei formation 

• 3He, t favour coalescence models → likely formed through the 
coalescence of nucleons in the later stages of the collision

Light nuclei: binding energy O(10 MeV) 
expect dissociation in rescattering phase 
+ formation via coalescence of baryons 
⇒ different evolution vs density 

LIGHT (ANTI)NUCLEI PRODUCTION IN Pb-Pb … PHYSICAL REVIEW C 107, 064904 (2023)

FIG. 6. Left: ratios of transverse momentum spectra of t and 3He in different centrality intervals. Right: multiplicity dependence of the
average t /3He ratio compared with the coalescence model expectations (two-body coalescence in orange and three-body coalescence in blue)
[57]. The open boxes represent the total systematic uncertainties, while the vertical lines are the statistical ones.

capture qualitatively the observed trend with multiplicity. The
UrQMD model uses a hybrid approach where nuclei are ulti-
mately produced by coalescence. However, none of the model
curves are able to explain quantitatively all the data points.
In all cases, a decrease in the ratios is observed from central
Pb-Pb collisions toward peripheral Pb-Pb collisions. In partic-
ular, in the case of the d/p ratio, this depletion is significant
when considering only the uncorrelated uncertainties. Such
an effect is expected in transport codes modeling interactions
of the nuclei in the rescattering phase following the hadron
formation [85].

In the SHM, assuming the grand canonical ensemble, the
nucleus-to-proton ratios are fixed by the temperature of the
source, thus they are expected to stay constant as a function
of charged-particle multiplicity. However, when assuming a
canonical ensemble and the exact conservation of baryon
number over a defined volume, the nucleus-to-proton ratios
increase from low to high multiplicities. The extension of
the conservation volume was studied via event-by-event cor-
relation measurement and it was found to be Vc = (1.6 ±
0.2) dV/dy [25]. The studies presented here thus show that a
small conservation volume is needed to describe deuteron-to-
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2Elliptic flow (v2) in small systems, similar to Pb-Pb?

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

• Low pT (pT < 3 GeV/c) - Mass ordering 

• Intermediate pT (3 < pT < 6 GeV/c): baryon-meson grouping, 
splitting between baryons and mesons v2

18/07/2024

Elliptic flow of multi-strange hadrons in Run 2

4/14

ALICE, JHEP 05 (2023) 243

• Also multi-strange hadrons + and , exhibit mass ordering for $# < 3 GeV/c and are grouped with 
baryons at intermediate $# values

• The measurement of Ξ and Ω flow is limited to the centrality range 10-50% and %! < 6 GeV/c 
→	 Run 3 data will allow for an extension of $# and centrality intervals

Measurement of !!
performed with the 
2- and 4-particle 
cumulants 

!! ≈ !!! 2 + !!!{4}
2

Chiara De Martin – ICHEP 2024

JHEP 05 (2023) 243
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Figure 3. The pT-differential v2 measured with four-particle cumulants (v2{4}) for different particle
species and centralities in Pb–Pb collisions at √

sNN = 5.02TeV. The vertical error bars and the
filled boxes represent statistical and systematic uncertainties, respectively.

tervals, with the most central and the most peripheral, i.e. 10–20% and 50–60%, drawn
in the top left and bottom right, respectively. This analysis profits from the data samples
collected by ALICE in 2015 and 2018 which allow extending the previous results from
two-particle correlations [25–27, 33] to higher-order cumulants. Figure 3 presents the first
pT-differential v2 measurements using four-particle cumulants (i.e. v2{4}) for the same par-
ticle species as reported in figure 2 from Pb–Pb collisions at √

sNN = 5.02TeV. In both
cases, similar features of the pT-differential measurements as reported and discussed in
detail in refs. [26–28, 33] are confirmed. The progressive increase of v2 with the centrality
of the collision for a given pT interval illustrates the final-state anisotropy that originates
from the initial-state ellipsoidal geometry in non-central collisions, quantified by the spa-
tial eccentricity ε2. Furthermore, both the effects known in the literature as mass ordering
and the meson–baryon particle type grouping are present in these new measurements. The
former originates from the radial flow of the system, while the latter is explained in a
dynamical picture where flow develops at the partonic level followed by quark coalescence
into hadrons [32].

The meson–baryon grouping is generally attributed to hadron production via coales-
cence in the intermediate pT region [32], where the direct contribution from hydrodynamic
expansion may no longer be dominant and the path-length dependence of energy loss might
not play a significant role yet [60]. This grouping is further investigated using the number
of constituent quarks (NCQ) scaling, similarly to what was done in refs. [26–28, 33]. The
values of v2{4}/nq reported in figure 4 confirm that the scaling, if it holds at all, is only
approximate. The contributions of v2{4} from different sources will be further discussed in
section 5.3, where detailed comparisons with theoretical model calculations will be shown.

– 13 –

pp                                        p-Pb                                 Pb-Pb

18/07/2024

Studying QGP with elliptic flow

1/14

Eccentricity in the initial state of a heavy-ion collision is converted to momentum anisotropy in the final state 
distributions of particles →	the second-order coefficient of the Fourier expansion is referred to as elliptic flow

• Elliptic flow can be used to probe the transport coefficients of the QGP (i.e. shear viscosity and bulk 
viscosity), the initial state of the collision and its fluctuations

• Strange hadrons are good candidates because they have small hadronic cross sections →	their flow is less 
affected by the hadronic phase interactions

!! = cos 2(( − *"#)

Fig
ure 

cre
dit

→	Flow in pp and p-Pb collisions in talk by W. Wu Thu 18th 11:02

Chiara De Martin – ICHEP 2024

S. Trogolo - Initial Stages, 2023

Azimuthal anisotropies in heavy-ion collisions 4

x

y

z

!
A

A

Reaction plane Ψ2

The interaction region has an initial geometrical anisotropy  
The initial geometrical anisotropy is transformed into a 
momentum anisotropy by the pressure gradients

E
d3N
dpT

= 1
2π

d2N
pTdpTdy {1 +

∞

∑
i=1

vn cos[n(φ − Ψn)]}

v2 = ⟨cos[2(φ − Ψ2)]⟩ second harmonic coefficient 
elliptic flow

! S. Voloshin et al., Z.Phys.C 70 (1996) 665-672 

! J.-Y.Ollitrault, NPA 590 (1995) 561c-564c 

! A. M. Poskanzer et al., PRC 58 (1998) 1671-1678

Elliptic flow (v2): asymmetry between the in-plane and out-of-plane directions 
➡ low pT: participation in collective motion and thermalization of heavy quarks 
➡ high pT: path-length dependence of energy loss

Spatial anisotropy → momentum anisotropy
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2Elliptic flow in small systems: model comparisons

June 7th, 2024You Zhou (NBI) @ SQM2024

ALI-PREL-573050
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Importance of quark-coalescence in small systems

❖ Low pT (pT < 3 GeV/c) 
• Mass ordering, reproduced by both models (hydro dominant)

❖ Intermediate pT (3< pT < 6 GeV/c) 
• With quark-coalescence: successfully reproduces baryon/meson grouping and splitting
• Without quark-coalescence: mass dependence, fails to reproduce grouping and splitting effects

With quark-coalescence Without quark-coalescence

Model: W. Zhao etc., PRL125 (2020), 072301
Y. Wang etc, arXiv:2401.00913

June 7th, 2024You Zhou (NBI) @ SQM2024 13

Dense partonic matter (?)
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❖ Transport model with coalescence (AMPT) predicts only mass dependence. 
• Even using same quark-coalescence code, AMPT fails to reproduce the baryon/meson grouping and splitting. 

-> System is too diluted to have a sufficient quark-coalescence. 

❖Further suggests that one needs dense partonic matter with quark-coalescence to reproduce the data.

S. Tang etc, Nucl. Sci. Tech. 35 (2024) 32

Default AMPT
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 > 25chN
Without template fit

❖PYTHIA with rope, which well explains the strangeness enhancement without QGP formation, fails to 
predict the baryon/meson splitting and grouping, similar for UrQMD -> Importance of partonic matter

pp                                        p-Pb                               
pp 

Quark-coalescence 

p-Pb 
Transport model with 
coalescence (AMPT)

Model: W. Zhao etc., PRL125 (2020), 072301 

Y. Wang etc, arXiv:2401.00913

S. Tang etc, Nucl. Sci. Tech. 35 (2024) 32

• 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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A Large Ion Collider Experiment

ALICE Upgrades Timeline

10

Run 1 LS1 Run 2 LS2 Run 3 LS3 Run 4 LS4 Run 5 LS5 Run 6

2010-2012 2015-2018 2029-20322022-2025 2033-2034

ALICE 2ALICE 1 phase 1 upg ALICE 3phase II upg

A Large Ion Collider Experiment

LHC and ALICE timeline: pushing the frontiers of precision

ALICE 3 INFN, Roma, 11.11.2021                                                        Andrea Dainese 8

The near and far future of HI at the LHC

F. Bellini, Emergence of QGP phenomena - EPS-HEP - 27.07.2021 36

ATLAS and CMS phase II
- Replace inner tracking systems to increase 

coverage 
- Timing layers: e.g. CMS MIP Timing Detector
- Calorimeters, muon system upgrades, etc…
ALICE ITS3 and FoCal

Major upgrades during LS2 for 
ALICE and LHCb

Precision era for flagship 
observables!

2010-2012                     2015-2018                   2022-2024                     2028-2030                  2032-2034    2036-2039

Run I LS1 Run 2 LS2 Run 3 LS3 Run 4 LS4 Run 5 LS5 Run 6

High luminosity LHC
We are 
here

Link to LHC schedule
Run3 and run 4 expected lumi for heavy-ion programme: https://arxiv.org/pdf/1812.06772.pdf

ALICE3: a whole new 
dedicated HI experiment!

LHCb upgrade II 
(CERN-LHCC-2018-027) 

Much more in the Detector 
R&D and Data Handling 
parallel sessions…

“ALICE 2”“ALICE 1” Major upgrade

Enhance physics reach by improving: 
– rate capabilities & acceptance
– tracking precision

à high precision, reduce backgrounds, 
access rarer probes

“ALICE 3”New detector

Po
in

tin
g 

re
so
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tio

n 
at

 h
=0

, p
T=

1G
eV

 (µ
m

)

+ ITS3/FoCal

Enhance physics reach: rate capabilities, acceptance, detector performance (tracking precision & PID)

a continuous readout and recording 
(online data compression based on event reconstruction)

a Improved vertex tracking at low pT

a higher precision, reduce background, access to new 
(rarer) observables

Phase I upgrade (LS2)

ALICE 2.1phase 1.1 upg

L. Musa, ALICE Collaboration, RRB April 2022

+

Evolution towards higher pointing resolution and 
larger effective acceptance

Maintain and enhance ALICE's unique 
capabilities in particle identification

ALICE 3 RRB | 29 April 2025 | Andrea Dainese, Antonello Di Mauro 3

ALICE upgrades strategy
Large steps in pointing precision and 

“effective acceptance” + 
Keep/strengthen ALICE unique reach in 

particle identification
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EP Detector Seminar, April 2025A. Kluge

⚫ 259 x 14 mm2

⚫ 6.72 Million 
Pixels

MOSS

60

ER1

⚫ study yield, power/signal 
transmission

⚫ stitched back-bone
⚫ controls & reads out 

sensor from left short 
side only

⚫ 10 repeated sensor 
units (RSU)
⚫ powered and tested 

independently
⚫ pitch 22.5 and 18 μm

S
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Replacing the barrels by real half-cylinders (of bent, thin silicon) 

Rely on wafer-scale sensors (1 sensor per half-layer) in 65 nm Monolithic Active Pixel Sensors (MAPS) technology 

Minimized material budget → large improvement of vertexing precision and physics yield, x/X0: 0.36% → 0.09%

ITS3 TDR: CERN-LHCC-2024-003

first prototypes
Wafer-scale sensors
‣ Prototypes of stitched sensors have been 

successfully produced

- tested for yield and detection efficiency


‣ The sensors are fully integrated detector modules


‣ This technology forms the ideal construction 
elements for ultra-light detectors

28Magnus Mager (CERN) | Pixel detectors | QM 2025 | 

see e.g. [Niclas Tiltmann's poster]

300 mm

single units 10 units stiched
10 units stitchedSingle units

MOSS (MOnolithic Stitched Sensors)

First prototypes  
Prototypes of stitched sensors successfully produced!

Fully integrated detector modules 
Ideal construction elements for ultra-light detectors

https://cds.cern.ch/record/2890181/files/ALICE-TDR-021.pdf
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ALICE 3, pushing the frontiers of tracking and PIDOutline
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Detector concept 
Compact, ultra-lightweight all-silicon tracker  
Vertex detector with unprecedented pointing resolution  
Particle Identification over large acceptance 

Superconducting magnet system 
Continuous read-out and online processing

                 Acknowledged in LHCC review;  

“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.” 

ALICE 3 SD: CERN-LHCC-2025-002

https://cds.cern.ch/record/2925455/files/LHCC-G-185.pdf
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Unique ALICE 3 physics goals: key objectivesOutline
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Multi-charm baryons at low pT 
How are hadrons formed in QGP? 
Recombination models predicts 2-3 orders of magnitude enhancement in Pb-Pb

Goethe-University Frankfurt                                                                                                       Raphaelle Bailhache

Multi-charm baryon reconstruction

14

First ALICE 3 tracking layer at 5 mm: 
• Track strange baryon ( ) before it decays

• High selectivity thanks to pointing resolution of  baryon 


 Unique experimental access with ALICE 3 in Pb—Pb collisions 
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ITS 3 as a strangeness tracker

• Many charged strange-particles have 𝒄𝝉 ∼ some cm, larger than ITS 3 inner barrel radius

… ITS 3 as a “MHz bubble chamber”!
• Charged strange-particle mini tracks might help to improve the secondary vertex reconstruction

Potentially useful for kink-
topology reconstruction

Ω− → 𝐾−Λ → 𝐾−𝑝𝜋−

Σ− → 𝑛𝜋− with ITS 2

Strangeness tracking, 
Like a bubble chamber

78 ALICE Collaboration

reach for daughter PID with the RICH detector provides a large reduction of the background
with respect to the ALICE 2 case. This provides a substantial advantage to ALICE 3 in the study
of mass-dependent effects for quenching with respect to both CMS and ATLAS.

As shown in the right panel of Fig. 29, ALICE 3 will also provide a much larger signal effi-
ciency. The excellent tracking and PID capabilities of ALICE 3 provide an excellent separation
between background and signal candidates without the need of applying very tight selections,
which results in an increase of the efficiency by about a factor 2–5 with respect to ALICE 2 (right
panel of Fig. 29), in addition to a much reduced background contamination. The larger efficiency
is especially critical for the measurements of higher-order cumulants of charmed-hadron multi-
plicity distributions (see Section 3.3.4 for more details).

Comparison to CMS and LHCb performance The CMS detector in Run 4 will be equipped
with a timing detector (MTD), which will provide hadron-PID capabilities at low-pT [277] at
midrapidity. The expected S/B for D0 ! K�p+ candidates in the interval 5< pT <6 GeV/c was
estimated to be approximately 0.03–0.1. These estimations were based on results presented in
the MTD Technical Design Report [277] and on an extrapolation that relies on a Run 2 CMS
measurement [278]. These values are significantly lower than those extracted in the same pT in-
terval with ALICE 3. A direct comparison with the performance expected for LHCb is currently
unavailable, since the LHCb Collaboration is still assessing its capabilities in central Pb–Pb
collisions. In p–Pb collisions, the estimated S/B ratio [279] is about 2.7 and 6.1 for D0 with
2 < pT < 3 GeV/c in the rapidity interval -4< y <-3.5 and 2.5< y <3.0, respectively. This
value is similar to the ALICE 3 one obtained in very high-multiplicity Pb–Pb collisions in the
same rapidity interval. In addition, this estimate is lower than the one obtained by ALICE 3
in central Pb–Pb collisions at central rapidity, where the ALICE 3 PID selection is much more
effective.

3.3.1.2 Multi-charm baryons: X++
cc and W+

cc
Measurements of the multi-charm baryons are a central part of the ALICE 3 physics program

(see Sec. 2.1.3). In the following, we demonstrate the physics performance for the X++
cc and W+

cc
baryons. ALICE 3, which is specifically designed for these studies, can effectively reconstruct
these rare hadrons in proton-proton and nucleus-nucleus collisions using strangeness tracking,
described in Section 3.2.1.3. The performance of the standard approach based on the recon-
struction of the decay daughters in pp collisions is presented for comparison.

X++
cc and W+

cc reconstruction using strangeness tracking
The ALICE 3 apparatus is ideally suited to perform the direct tracking of multi-strange hyperons,
which are the decay products of multi-charm baryons in the channels:

X++
cc ! X+

c +p+ ! X�+3p+ and W+
cc ! W0

c +p+ ! W�+2p+
. (10)

The properties of the charm and multi-charm baryons considered in these studies are reported in
Table 6.

Multi-charm baryon reconstruction

Track non-prompt Ξ baryon before it decays, novel technique  
⇒ Unique access with ALICE 3 in Pb-Pb collisions
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Temperature evolution of the QGP 
 Precision differential measurements of dielectrons


and… 

Fundamental aspects of the QCD phase 
transition

QCD bound states and hadron interactions 

Much more…

Letter of intent for ALICE 3 (CERN-LHCC-2022-009) 103

mula:

vprompt
2 =

p
4

1
R2

NINP �NOOP

NINP +NOOP (12)

where R2 is the resolution of the reconstructed event plane R2 = h(cos2(jEP �y2)i. For small
v2 values, the absolute statistical uncertainty is independent of the value of the elliptic flow and
only depends on the relative statistical uncertainty of the prompt dielectron yield. The expected
vprompt

2 with its statistical uncertainty is shown with open black markers in the right-hand panel
of Fig. 55 as a function of mee for semi-central (30-50%) Pb–Pb collisions at

p
sNN = 5.02 TeV,

assuming an event-plane resolution of 0.9. The absolute values of the elliptic flow are taken
from the calculations in Ref. [123]. The statistical uncertainty is smaller than 0.004 over the full
mee range under consideration.

The prompt contribution from light-flavour hadron decays can be subtracted from vprompt
2 based

on the yield and v2 of the mother mesons from independent measurements and computing the
corresponding vLF

2 of decay electrons with a cocktail method. The elliptic flow of the excess
spectrum is

vexcess
2 =

(1+Nexcess
/NLF)vprompt

2 � vLF
2

Nexcess/NLF , (13)

where Nexcess and NLF are the measured excess yield and calculated dielectron yield from known
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Figure 54: Left: simulated raw spectra of excess e+e� pairs fitted with an exponential function in
the mee range 1.1-1.8 GeV/c2 to extract the early-time temperature Tfit of the medium in central (0-
10%) Pb–Pb collisions at

p
sNN = 5.02 TeV. The green boxes show the systematic uncertainties from

the combinatorial background subtraction and the tracking and electron identification. The magenta
boxes indicate systematic errors related to the subtraction of the light-flavour and heavy-flavour
contributions. Right: extracted Tfit parameter after dielectron efficiency correction compared to the
input Treal (see text) for different selections in pair transverse momentum including the integrated
case (pT,ee < 4 GeV/c). Only statistical errors are shown.

Time

Goethe-University Frankfurt                                                                                                       Raphaelle Bailhache
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Electromagnetic radiation

6

∿∿∿∿
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γγ*

e+

e−

Projection for thermal dielectron  

ALICE 3, one month Pb—Pb

mee

dominated  
by QGP radiation

R. Rapp, Adv. High Energy Phys. 2013 (2013) 148253

P.M Hohler and R. Rapp, Phys. Lett. B 731 (2014) 103


ALICE CERN-LHCC-2022-009

Averaged temperature  of the QGP  
using thermal dielectron  spectrum at  GeV/  

Need:

• Very good electron identification down to low pT

• Small detector material budget (  conversion background)

• Excellent pointing resolution (heavy-flavour decay background)
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ALICE 3 LoI: arXiv:2211.02491

Double differential spectra: T vs mass, pT,ee

https://arxiv.org/pdf/2211.02491
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