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한국ALICE실험사업팀의 발자취와

KoALICE의 미래

Jin-Hee Yoon
on the behalf of KoALICE collaboration



Nuclear Physics?

 What to see? 

 Nucleus = bulk of proton & neutron

 proton/neutron = bulk of quarks & gluons

 Bulk   INTERACTION

 bulk behavior, collective features, phase diagram, etc. 
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Phase Transition and QGP

 우주초기물질에서현재까지

– 임계온도보다높은온도에서는쿼크와글

루온이속박되지않고자유롭게존재할수

있다. 

 QGP

– 초기우주에서빅뱅이후물질이형성되는

동안거쳤을상태

– Almost Perfect fluid!
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HF (인하,부산,연세)

Energy loss        
LF (부산)  

Quarkonium(세종)

강입자화

메커니즘(인하)

System Software 

(충북)

업그레이드Flow & Correlation 

(인하,전북)

JET & Multiplicity 

(성균관,부산, 강릉원주, 세종)

짧은 시간 작은 공간에서 물질의 상호작용은?



CERN LHC
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100m under the ground
27 km in circumference



ALICE Collaboration
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HISTORY
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2000, DWKim
with Ministry

2000

DWKim, SYKim, 
MoST at CERN

2005

TOF Super Module + KISTI-T2 & Sejong T3

2007

Cosmic - MTR Monitoring + RPC test
1st Paper (NIM)

Minister CERN Visit

2010

2011

ALICE-Upgrade Funding

2013

ITS Upgrade

2009

2012

KIAF(2011)
KISTI-T1(2012)

2022

RUN3 ongoing

2017

한썬협력
10주년기념



1st MoU for M&O in 2002

2022-11-18 KSHEP@PNU / Jin-Hee Yoon(Inha University) 8



MoU for Cooperation between CERN & Korea in 2006
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MoU for Participation as a Collaboration in 2009
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ITS Upgrade
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Participation of additional institutes

 Besides ITS

– MFT : 30kCHF(in kind) (ALICE-MoU-Add #39) 

+ 33,618 CHF (chip series test) (ALICE-MoU-Add #40)

 기관가입

– KISTI(2010/2012)

– 인하대(2013) (ALICE-MoU-Add #30)

– 전북대(2016) (ALICE-MoU-Add #49)

– 충북대(2019) 

– 성균관대(2021)

 총 52명 (교수/박사급/대학원생/기타=10/9/31/2)
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참여인력
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now 31 Grad. Students now 52 Participants
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성과
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성과

 30~35 papers / year

 2 NATURE papers (2020, 2021)

 1 NATURE Physics (2017)

 총 11명의박사 + 32명의석사배출

 대통령근정포장(2021)

 한국팀분석결과가 ALICE3 upgrade LOI에실림

 최우수논문상(2021)
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Observables
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PRL 128 (2022) 01200
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Schedule

ITS2 : Mass Chip 

Test & HIC Assembly

ITS3 ALICE3



ITS2

 낮은운동량까지측정가능

 x3, x5더좋은위치분해능
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Chip 5만개 전량 test 및 HIC assembly 1/5
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Korean Role in ITS3

 ITS2 화소센서설계

 시뮬레이션을통한실리콘센서특성연구

 구부러진칩의빔테스트데이터분석

 KOMAC 빔테스트

 구부러진칩과 PCB의 wire bonding (together with MEMSPACK)

 검출기시스템소프트웨어개발

 하이테크기술의국내이전및중소기업의세계시장진출협력
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ALICE3

 Beyond Run 4

– Still remained the fundamental questions open:

– Fundamental QGP properties driving its constituents to equilibration?

– Hadronization mechanisms of the QGP?

– Partonic equation of state and its temperature dependence?

– Underlying dynamics of chiral symmetry restoration?

 Next-generation heavy-ion exp.

– First ideas at Heavy-Ion town meeting 2018 (arXiv:1902.01211) → Letter of Intent for ALICE 3:

– Review concluded with very positive feedback by the LHCC in March 2022, 

– and recommended to proceed with R&D (CERN-LHCC-2022-009) 
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ALICE3
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 Experimental challenges

– Compact, ultra-lightweight all-silicon tracker

→ 𝝈𝝈𝐩𝐩𝐩𝐩/𝒑𝒑𝑻𝑻≈ 𝟏𝟏~𝟐𝟐𝟐

– Vertex detector with unprecedented pointing resolution → 

𝝈𝝈𝐃𝐃𝐃𝐃𝐃𝐃 ≈ 𝟏𝟏𝟏𝟏 𝝁𝝁m (pT = 200 MeV) 

– Particle Identification over large acceptance (−4 < η < 4) →  γ, 

e±, μ±, K±, π±

– Continuous read-out and online processing

 Detector with unique and unprecedented features at the LHC 



ALICE3
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Schematic View of ALICE 3
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Vertex Detector
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Pointing resolution

~10 μm at pT = 200 MeV/c

~2 μm at high pT

Open

Closed

Conceptual study of iris tracker

Wafer-size, ultra-thin, curved, CMOS Active Pixel 
Sensor

 Ultimate performance (same for ITS 3)

First layer at mid-rapidity: 5 mm from the beam
 Inside beam pipe, retractable configuration

Unprecedented spatial resolution: σpos ≈ 2.5 μm

Extremely low material budget 1‰ X0 per layer



Large Acceptance Tracker
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Build on experience with ITS 2 and ITS 3 (same CMOS process)
10 m2 → 60 m2: challenges on industrialisation

60 m2 silicon pixel detector
based on CMOS Active Pixel Sensor technology
8 + 2 x 9 tracking layers (barrel + disks)

Compact: rout ≈ 80 cm, zout ≈ ±4 m
Large coverage: ±4η
High-spatial resolution: σpos ≈ 5 μm (req. < 10 μm)
Timing resolution ~ 100 ns
Very low material budget 

- 1% X0 per layer overall → X/X0(total) ≲ 10 %
Low power: ≈  20 mW/cm2

Relative pT resolution
~1% over large acceptance
 integrated magnetic field crucial (2T)
 overall material budget critical

η



Particle ID from ToF
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Separation power ∝ L/σTOF
→ Distance and time resolution crucial
→ Larger radius results in lower pT bound

2 barrel TOF layers (|η| < 1.75)
Outer TOF at r ≈ 85 cm, surface: 30 m2, pitch: 5 mm 
Inner TOF at r ≈ 19 cm, surface: 1.5 m2, pitch: 1 mm

1 forward TOF layers (1.75 < |η| < 4)
Inner radius = 15 cm, outer radius = 150 cm, 
z ≈ 405 cm, surface: 14 m2, pitch: 1mm to 5 mm

Silicon timing sensors
CMOS sensor with gain (baseline)

R&D on monolithic CMOS sensors with 
integrated gain layers

Conventional LGADs (fallback) 

R&D with very thin sensors



PID from RICH

2022-11-18 KSHEP@PNU / Jin-Hee Yoon(Inha University) 29

Complement PID reach of outer TOF to higher 
pT with Cherenkov detector
→ Ensure continuous coverage with the TOF

Aerogel radiator

Refractive index n = 1.03 (barrel) 

Refractive index n = 1.006 (forward)
R&D on monolithic silicon photon sensors

Total SiPM area ~ 60 m2
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Extension 
to beauty

Extension to 
multi-charm



Muliticharm hadrons
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Strangeness tracking: 
tracking directly non-prompt Ξ-

decaying from Ξcc+
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Thank you!
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