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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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(정부 지원을 받는) 거대 연구 그룹으로서의 KoALICE

소규모 연구그룹과 거대 연구그룹은 과학생태계를 유지하기 위해 하는 일이 다르다

대규모 인프라를 구축하여 안정적으로 장기 프로젝트 수행

feat: 국제 프로젝트지만 직접 검출기 구축에 참여하여
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이런 측면에서 (국가 차원의 참여구조인) KoALICE는

KoALICE (based on 한-썬 사업)

한국 고에너지핵물리학의 ‘국제 실험 참여 플랫폼’ 역할 수행

➡ 지속 가능한 참여 구조를 만들어 주는 역할

� 연구 협력 조직으로 기능하다 (physics analysis, detector operation, shift, ..): 

       ↳ (한국 연구 그룹 내) 공동 연구 계획 수립 가능

� 기여없이는 영향력(혹은 데이터를 사용할 권리)도 없다 (안정적인 파견 공동연구 + 검출기 개발/제작): 

       ↳ 데이터 사용자 → 검출기 구축자로서의 역할 가능  
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그렇다면 KoALICE는 이러한 플랫폼으로서의 역할을 했을까?
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Physics analysis 협력 구조 형성 (공동의 기반 위에 연구를 수행하는 구조 체계화)
○ Jaeyoon Cho (Inha): Measurement of Ξ+c baryon via hadronic decay channel in pp collisions at √s = 13.6 TeV


○ Hyunwoo Kim (Inha): Measurement of Ξ+c baryon jet to understand charm fragmentation in pp collisions at √s = 13.6 TeV


○ Giyoung Kim (Inha): Measurement of Ξ+c baryon via hadronic decay channel in PbPb at 5.36 TeV


○ Vit Kucera (Inha): Measurement of Λc baryon jet to understand charm fragmentation in pp collisions at √s = 13.6 TeV 


○ Sangwoo Park (SKKU): f2(1270) production measurement in PbPb collisions, 


○ Yeonseul Bae (SKKU): f0(980) production measurement in pp and PbPb collisions, 


○ Junsuk Bae (SKKU):  Jet transverse momentum in all three collision systems, 


○ Hyungjun Lee (SKKU): b-jet production in pp collisions 


○ Jaehyeok Ryu (PNU): Multiplicity dep. and R-dep. jet fragmentation observables in pp at 13.6 TeV


○ Sujung Ji (PNU): K1 production in pp at 13.6 TeV, Charged K* polarization in PbPb at 5.36 TeV


○ Hyunji Lim (PNU): Multiplicity dep. ⍴(770) production in pp at 13.6 TeV


○ Changhwan Choi (PNU): b-jet cross section with GNN in pp at 13.6 TeV


○ Minjae Kim (PNU): vdM scan analysis, Multiplicity dep. Ξ(1530) production in pp at 13.6 TeV


○ Jinhyun Park (PNU): Ξ+c cross section via hadronic decay channel in pp at 5.36 TeV


○ Krista Smith (PNU): Ξ0c cross section via hadronic decay channel in pp at 5.36 TeV, heavy-flavor electron flow in pp at 13.6 TeV 


○ Adrian Nassirpour (Sejong): prompt photon in pp at 13.6 TeV


○ Jimun Lee/Adrian Nassirpour (Sejong): ϕ and K* in and out of jets in pp at 13.6 TeV

Heavy flavour baryons

Heavy flavour jets

Heavy flavour flow


Light flavours (f, K, ⍴, ϕ, …)

Jets

Jet structures

Run3 data 분석 예
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지속적인 참여를 기반으로 실리콘 픽셀 검출기 제작 주도 가능해짐   

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 

실리콘 픽셀 검출기는 

매우 어렵다…
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이러한 틀안에서, ALICE의 연구 결과는

KoALICE 각 연구자의 기여가 한땀씩 녹아 있는 결과로 와 닿다

(ALICE 연구 결과 = 나의 연구 결과) 
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High-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!

다체계 QCD, 

Goal로 보자면 ‘이해의 지평을 넓히는’
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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!

지금은 익숙해진 그림이지만
, 

Group genius의 결과물
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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

모든 단계에서 이해의 지평을 넓혀가다…
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Entering precision QGP

Temperature evolution of the QGP 
 Precision differential measurements of dielectrons

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

ALICE 3 LoI: arXiv:2211.02491

Double differential spectra: T vs mass, pT,eeNew Section 2.7: Summary of QGP properties  

12

q Show “temperatures” of QGP
ü Obtained from hydro descriptions of low pT spectra/flow
ü Hydro descriptions of !(1) and !(2S) RAA
ü Direct photons
ü Chemical freeze-out fits (lower limit on TPC)

IP-Glasma+MUSIC constrained by 
soft observables 

Direct photon slope parameter

Chemical freeze-out temp
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온도

시간

https://arxiv.org/pdf/2211.02491
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Entering precision QGP

시간

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 �� ∼ 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− → �−Λ → �−��−

Σ− → ��− 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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Future 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

2040년까지 장기 계획 수립
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한국팀 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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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 

2Berakthrough 상의 의미를 되새기며, AI 시대를 살아가며…

인류가�성공한�이유는��
‘지능’이�아니라�‘다정함’이다�

Group�genius가�빛을�발하고�
다정함이�있는�곳으로�
후속�세대에게도�비슷한�환경을�
지속적으로�만들어주고�싶다



MinJung Kweon, Inha University KREONET workshop 2025

S

17

Thank you  
for your attention!

New journey
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과학을 다루는 정책은 과학만큼 과학적이어야 한다.

과학을 위한 과학 (science of science) 


