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Nuclear Physics?

v" What to see?

v Nucleus = bulk of proton & neutron

v proton/neutron = bulk of quarks & gluons

v Bulk € INTERACTION

LHC Experiments

ifa”y Universe The Phases of QCD

v bulk behavior, collective features, phase diagram, etc.

Critical Point

—

AR L Superconductor

/ Vacuum

900 MeV
Baryon Chemical Potential

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



Phase Transition and QGP

Early Uni
Spl At The Phases of QCD
z LHC Experiments

Temperature
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Critical Point

Almost Perfect fluid!
Hadron Gas p:
Superconductor

Nuclear /
/ Vacuum Matter Neutron Stars
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ALICE Collaboration
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3 Cosmic ray test
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Cosmic - MTR Monitoring + RPC test
15t Paper (NIM)

2010

Visits

Minister of education, science and
echnology for the Republic of Korea,
Lee Ju-Ho, centre left, visited the
ALICE surface exchibic at CERM on

11 Sepember with Jurgen
Schuldraft, ALICE :.Fchlnuzs.pzrscm. far

12 September
right, and In-Kwon Yoo, Korean contact physicist for the ALICE

experiment and prnl'ns:.nr at Pusan i]niw:rsir}'. centre r'igh'r The

Kaorean party also toured the CMS control centre.

Minister CERN Visit



15t MoU for M&O in 2002

ALICE COLLABORATION - MoU for M&O CERN-RRB-2002-034

The European Organization for Nuclear Research (CERN)

and

Korea Science and Engineering Foundation

declare that they agree on the present Memorandum of Understanding for the ALICE

Experiment.
University of Lisbon
Republic of Korea [Kangnung Kangnung National University D. W. Kim
Done in Geneva Dx Pohang Pohang Accelerator Laboratory J. Chot
/¢ / / Donls Romania Bucharest National Institute for Physics and M. Petrovici
28/ lo [<ont & Nuclear Fneineering
For CERN For KOSEF

Prof. Jos Engelen Dr. Eom, Cheon Il
Chief Scientific Officer Program Director, Nano-technology
and International 5&T Program
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MoU for Cooperation between CERN & Korea in 2006

ICA-KR-0096

COOPERATION AGREEMENT

between

THE EUROPEAN ORGANIZATION FOR NUCLEAR
RESEARCH

and

THE GOVERNMENT OF THE REPUBLIC OF KOREA

concerning

THE FURTHER DEVELOPMENT OF SCIENTIFIC
AND TECHNICAL COOPERATION IN
HIGH-ENERGY PHYSICS

IN WITNESS WHEREOF, the undersigned, being duly authortzed by the respective
Parties, have signed this Agreement.

Pone in duplicate at Geneva on 25 October 2006 in the Korean and English languages,
both texts being equally authentic.

For the Eurvpean Organization For the Government of

for Nuclear Research the Republic of Kgrea
TR 1. M

Robert AYMAR Won-hwa PARK
Director-General Korean Ambassador in Bern
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MoU for Participation as a Collaboration in 2009

ALICE COLLABORATION

CERN-RRB-2009-009

Addendum No. 15

to the

Memorandum of Understanding
for Collaboration in the Construction of the ALICE Detector

Definition of the Contributions of the Republic of Korea

Considering that:

The ALICE Experiment is covered by a Memorandum of Understanding
(MoU) setting out the responsibilities of the different participating
Institutes and Funding Agencies for the construction of the ALICE

detector?;

Participation of the Korean Team in the construction of the ALICE

detector was formalized in an Addendum 2

Addendum);

to the MoU (MoU

The composition of the Korean Team in ALICE and its supporting
Funding Agency has changed.

It is agreed as follows:

! Memorandum of Understanding for Collaboration in the Construction of the ALICE

Detector, ALICE RRB-D 00-41.

2 Addendum no. 8 to the ALICE Memorandum of Understanding, CERN-RRB-2006-073,

5 October 2006

28 April 2009 Page 1 ALICE-MoU, Add.#15

2022-11-18

ALICE COLLABORATION

CERN-RRB-2005-009

For the ALICE Collaboration

) // éﬂp/dﬁ

(1. Schukraft)
Spokesperson

For
KIZOS

(Cheon Il Eom)
Chairman

For Kangnung National University

G

For CERN

o

r (5. Bartolucci)
Chief Scientific Officer

For the Korean
ALICE Team

{In-Ewon Yoo)
Team Leader

For Pusan National University

dﬁ#ﬂﬁ"‘ﬂ—"“x‘/

(Jinsook Kim)
Researcher

For Sejong University

(Seyong Kim)
Professor

{In-Kwon Yoo)
Professor

For Yonsei University

AP

{Ju-Hwan Kang)
Professor

28 April 2009

Page3 ALICE-Mol, Add.#15
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Common Infrastructure for the Upgrade
of the ALICE Detector

ALICE Collaboration ALICERRB-2013-125

The European Organization for Nuclear Research (CERN)

and

National Research Foundation of Korea (NRF)

declare that they agree on the Present Addendum to the Memorandum of Understanding for
Collaboration in the Construction of the ALICE Detector.

Upgrade of the
ALICE Inner Tracking System

ALICE Collaboration ALICE RRB-2014-104

29 October 2013 6 ALICE-MoU-Add # 35
Mexico 12 104’778
Republic of Korea NRF 11 96'046
Republic of Korea - KISTI 3 26'194

2022-11-18

The European Organisation for Nuclear Research (CERN)

and

National Research Foundation of Korea (NRF)

declare that they agree on the present Addendum to the Memorandum of Understanding fi— 1

Collaboration in the Construction of the ALICE Detector.

L b —

-

16 March 2015 6
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Participation of additional institutes

v Besides ITS
—  MFT : 30kCHF(in kind) (ALICE-MoU-Add #39)

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

R =2 3

—  KISTI(2010/2012)

—  OISICH(2013) (ALICE-MoU-Add #30)

— ™ ELH(2016) (ALICE-MoU-Add #49)

- =5TCH(2019)
—- g2 (2021)

v & 5288 (n/8 AL /Ci et ‘'l /7| Ef=10/9/31/2)
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3 S5 320[(108 7|F) HOIUS A
2016 2017 2018 2019 2020 2021.04 2016 2017 2018 2019 2020 2021
now 31 Grad. Students now 52 Participants
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KoALICE National Workshop 2021

2022. 1. 4(Tue) ~ 7(Fri)  Highl Roesort KoALICE / KISTI
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KoALICE 5T CHEYA CERNCOURIER
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hadronsatthe LHC

Unveiling the stronginteractionamong

vation of the dead-cone effectin

v" 30~35 papers / year romodynamics

ELECTRON GASES ||
Spinand charge partways

v 2 NATURE papers (2020, 2021)

TOPOLOGICAL PHOTONICS x ALICE Collaboration*=
Optical Weyl points and Fermi arcs.

Accepted: 21 February 2022 Inparticle cg

Published online: 18 May 2022 momentum
evolutionisg

chromodyny

v" 1 NATURE Physics (2017)

Open access
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+ Performance study : Z};* on non-strangeness decay Bl - Efnt - pKnh)nt —
+ Efficiency : Increases with pr due to higher momentum 1+ Letter of intent for
« Significance ALIC E 3
+ Signal/event : Theoretical expectation(cross section, 39 nb) + PYTHIA 8 (pr shape) + efficiency + BR(0.03%)

o
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physics today is to understand from first
tween hadrons with different quark content.
iing techniques that solve the dynamics of

lime lattices'?. Experimentally, the dynamics of
ied by scattering hadronsoffeach other. Such
rimpossible for unstable hadrons** and so

for hadrons containing up and down quarks’.
orrelations in the momentum space between
ivistic proton-proton collisions at the CERN
aprecise method withwhich to obtain the
dynamics between any pair of unstable

-‘ hse of the interaction of baryons containing

strate how, using precision measurements of
e effect of the strong interaction for this
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Observables

gy T T T T TECT] T { (R T T | N T T LI B B B

< -
i e ALICE 1 = 035 7 TAMU &S MC@sHO+EPOSZ r
: sozTev oo -.-LeT : PRL 128 (2022) 01200
1.4F Pb-Pb, {5y =502 TeV ] 030F "PHSD .- POWLANGHTL -
B Centrality 0-10% 1 DAB-MOD LGR . 8 0'8 - : |0| B
5 Prompt D°, D*, D** average —: 0.25 ... catania = = A|_|CE Ac /D
- S, X <05 1 0.20 E o 0.7 F o pp, ¥s=5TeV
1.0 : H ' ] c — s, e pp, Vs=13TeV
" ] 0.15 3 206¢ 1. PP E
0.8 1 = O L -
L 1 : = GJ B ~_ 4 .
0.6 |t 3 S 1 w05F T vl <0.5
Bl p - p—'-J}; g - = =N
0.4[ S \\ © 0.4 F 72 - ~§. E
0.00 ] O g TS BN ]
S . L ~, k
0.2f - ~0.05 . - 0.3 3 h ]
| 1 Il il 1 I = |: Centrahty 30_500/0. lyl < 08 E C D ]
4x107" 1 2 34567 10 20 30 el ettt —— 0.2 3 Y E
p. (GeV/o) 1 2 3 4 567890 20 30 [ A-%;
5 p, (GeV/c) 0.1F ey}
1 I 1 1 1 1 1 111 I 1 ]
1 10
P (GeV/c)

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




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

ALICE 1 phas; phase 1B\ pg ALICE 3

ITS2 : Mass Chip
Test & HIC Assembly

Tracker

Cylindrical
Structural Shell

Half Barrels

ne ALICE collaboration presents the

ACE Industry Award 2020

to

C-ON Tech

JamdongGu Inche~n, Sor*h Ke ea

© tfoaitn o ’he e ceptional
ner w0 the agevelopment of a high- - % Vertex
1 automated system for the mass 4~ Detector
on visual inspection and electrical >
the ALPIDE monolithic pixel sensor
‘he extraordinary dedication of C-
sh contributed to the successful
on of the ALICE Inner Tracking
and Muon Forward Tracker.




ITS2

= ;@14}'1] E 401]: = L INETSE
e 2= = = = Al L ERN S Y ]
v DQI-C ?__% O|:7)|-X| =/ IC'>| 7|'o 2 : g AHHHE - 35“5 1 Cupremd | T (datal 3
& 80f Currenk Tl .2 300F i HegtedeiS ]
= 1 I B = F " : i
= 1 bt b l.'-':'d |-[ sl o b o
=0 O H A T i i 2 250—
v x3,x5 0 2 #X| E9ls o 0] & ool H
= : o E .-'l i =0
s 40] & 150} S
2 S 100t Hall 1 Meta gy
6 layers: 7 layers: 201D ] sob P I
2 hybrid silicon pixel all Monolithic Active Pixel Sensors i} ] ﬂ; T+ ;.,:ffj*:mur-..u_..._ i
=t . G F b | ]
2 s!l!con drlft 10" i 10 107 1 10 _
2 silicon strip p, (GeVic) p, (GeVic)
Inner-most layer: Inner-most layer:
radial distance: 39 mm radial distance: 23 mm
material: X Xo= 1.14% material: X/Xo= 0.3%
pitch: 50 x 425 pm? pitch: O(30 x 30 pm?)
rate capability: 1 kHz rate capability: 100 kHz (Pb-Pb)

ChiP 5B ROF test % Wic assewbly 1/5
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ITS3

in a nutshell

replace

2022-11-18

cw
\

N4

Cylindrical
Structural Shel

Half Barrels :

by in LS3
based on: — : _
> wafer-scale (up to ~28x10 cm), |Silicon Genesis: 20 um thinned waer
; > ultra-thin (20-40 pm), |
key improvements: > bent (R=18, 24, 30 mm)
> closer to beam pipe: 23—18 mm Si sensors (MAPS)

> less material: 0.3 = ~0.03 %Xo

main benefit:
> better tracking performance
> especially at low pt

KSHEP@PNU / Jin-Hee Yoon(Inha University)




Korean Role in ITS3

v A=t0lds St 28 AN 58 g+

{ Xl £ 12t pCBL| wire bonding (together with MEMSPACK)

Fig. 9. Total currents in the FSD Simulation, TCAD and
Garfield++. The bottom panel shows ratios of the currents
in the upper panel. The red (blue) solid line in the ratio plot
indicates Itcap/Irsp (Icarfielat+/Irsp)-

A AR AzES 0] g

7|22 O L S27| G MA A TE 24

Set-up and procedure ready and tests are starting! ] o
s Mager (OB
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ALICE3

v" 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?

v" Next-generation heavy-ion exp.
09 ...  CFRNLHCC2020:

— First ideas at Heavy-lon 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

v Experimental challenges

=
o
o

ALICE 1

£
— Compact, ultra-lightweight all-silicon tracker :Ej . \ ALicE 2
i ® Run3
> opr/Pr= 1~2% i,: ) %AéﬁEf
— Vertex detector with unprecedented pointing resolution » é \ N
Opca = 10 um (pT = 200 MeV) é ALICE 3
— Particle Identification over large acceptance (-4<n<4)- v, s 1 . 0 100 1000

Acceptance (An)X Pb-Pb interaction rate (kHz)
et, ux, K, nt

— Continuous read-out and online processing

= Detector with unique and unprecedented features at the LHC
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Layer Material

Intrinsic

Barrel layers

Forward discs

thickness resolution Length (+z) Radius (r) Position (|z]) R Rout
(%Xo) (um) (cm) (cm) (cm) (cm) (cm)
Superconducting 0 0.1 2.5 50 0.50 26 0.005 3
RICH Tracker 1 0.1 2.5 50 1.20 30 0.005 3
magnet system 2 0.1 2.5 50 2.50 34 0.005 3
3 1 10 124 3.75 77 0.05 35
4 1 10 124 7 100 0.05 35
5 1 10 124 12 122 0.05 35
6 1 10 124 20 150 0.05 80
7 1 10 124 30 180 0.05 80
8 1 10 264 45 220 0.05 80
9 1 10 264 60 279 0.05 80
10 1 10 264 80 340 0.05 80
11 1 400 0.05 80

Absorber

Muon

\, Vertex = Chambers

FCT =~ Detector
ECal
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Schematic View of ALICE 3

3.0

2.5

2.0

(m)

x 1.5

1.0

0.5

0.0

MUon chambers =
absorber
=15
Magnet n=175
ECal n=2.0
____________ RICH
______________________ TOF n=2.5
LT Fam
R e
| | | RGN A - - :;1‘\
-6 -4 ) 0
zZ (m)
U.Uo
0.05
0.04
£0.03
o
0.02
0.01
0.00 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6
z (m)
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Vertex Detector
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: Opos = 2.5 uym

Extremely low material budget 1%o0 Xo per layer

§104§ T T LR LR T "g
= F ALICE 3 study T
-.% 103§ m=0 R_ =100cm 3
o Ly Layout V1 ]
@ Ix2 . —— ITS2 ]
10? —— ITS3 3
£ IX5 ALICE2
£ .~ ALICE 2.1]
s : —; o 10? 5
iClosed Pointing resolution : E
~10 pm at pr = 200 MeV/c i3 . ALICE 3 E
~ i _1_ . l Covvl vl _
2 ym at high pr 10-1 g 1 s g

(o (GeV/c)
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Large Acceptance Tracker

Relative pr resolution

60 m? silicon pixel detector ~1% over large acceptance

based on CMOS Active Pixel Sensor technology e integrated magnetic field crucial (2T)
8 + 2 x 9 tracking layers (barrel + disks) [IENCKEE « overall material budget critical
Compact: rout = 80 cm, Zout = 4 m

Large coverage: +4n

High-spatial resolution: Gpos = 5 ym (req. < 10 pym)
Timing resolution ~ 100 ns

Very low material budget

- 1% Xo per layer overall — X/Xo(total) < 10 %
Low power: = 20 m\W/cm?

4 —e— Solenoid 7.5m, additional windings at edges
Solenoid+Dipole, averaged in ¢

3L —e— Delphes Parametrization

Ap;/pr (%)

£ x 2 pixel
volume

Artistic view of a
SEM picture of
ALPIDE cross sectiony

‘.0

A .

_'CT i L SRR p oo .
! BUIld on experlence with ITS 2 and ITS 3 (same CMOS process)
10 m2—> 60 m2 challenges on mdustrlallsatlon

]
[

. Muon
"'hambem

[]
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Particle ID from ToF

Separation power o« L/oroF
— Distance and time resolution crucial
— Larger radius results in lower pt bound

2 barrel TOF layers (|n| < 1.75)
Outer TOF at r = 85 cm, surface: 30 m?, pitch: 5 mm

Inner TOF at r= 19 cm, surface: 1.5 m?, pitch: 1 mm
1 forward TOF layers (1.75 < |n| < 4)

Inner radius = 15 cm, outer radius = 150 cm,
Z = 405 cm, surface: 14 m2, pitch: 1mm to 5 mm

-Silic'on'ti'ming sensors
ICMOS sensor with gain (baseline) ;
R&D on monolithic CMOS sensors with

i integrated gain layers i
Conventional LGADs (fallback)

! ~» R&D with very thin sensors

’ ’ T T

v/c

0.8

0.6

0.4

0.2

T T ] T T T l T T T { T T T I T T T

T

':ALICE 3 study

- “Layout vi, bTOF1 [n] < 1.44, B = 2T
i 7 Pb-Pb, (5, = 552 TeV, Pythia8 Angantyr

| L athenn |TarE e

AT R

| 1 | | | | | | | | 1 ‘ | | 1 | 1 |

107" 1

10
p (GeV/c)

Sensor nodes

I Jlala/a/a/
Vo e e

Wy AT T AT ST

ARCADIA
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PID from RICH

Complement PID reach of outer TOF to higher  § | """ opaig ™ 7 e/n e/n
. = 03f - :
PT with Cherenkov detector 2 C Layoutv1, bRICH [y] < 1.4, B = 2T ] ITOF
: . - ) . 104 TOF
— Ensure continuous coverage with the TOF S 0250 rHhast ok Pnes Ao - it N
Z L G P =3 RICH n = 1.03
o i 3 ] N >~
Aerogel radiator 2 02 F . 2 094t
o i F. 1 8
Refractive index n = 1.03 (barrel) 0151 Iy = &
- §§ i} 1 10—1_
Refractive index n = 1.006 (forward) o i ]
R&D on monolithic silicon photon sensors - - ¥ ] |
0.05]- P = 0 1 2 3 4
C : 3 : ] n
06 Oﬁ 1 1 1‘1 1 lll | 1 1 11 1| ll 1 ]
Single layer aerogel ofoo, 1 10 ﬂ/K n/K
- % p (GeV/c) .
R iTOF
Or 10 e 7Z] oTOF
T r~.GZ3 RICH n = 1.006
2 7 E=3.RICH n = 1.03
E 100 g 7 o v 7 i A ?m\
’ z 74y~ KR IO \
=
& Q&
10—1_ / //
<
L=2cm d~20cm 1072 ; r ;
0 1 2 3 4

n
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7

Centrality 30-50%, |y| < 0.8

1 1 R A | 1
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Muliticharm hadrons

.‘. . fE\
\ ' O
oI | 17
o 0 i
o\° !
(£ ] px( d
e o f )
o \\\\ T &
A \;\\ .
EF S EN+at —).+37r T | o

tracking directly non-prompt =
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Yhank goul

“This is impossible.”

Alice

“Only if you
believe it.” g Ny
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