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Milestons of the ALICE upgrade

ALICE
High luminosity for ions High luminosity LHC Higher luminosity for ions
Run 3 LS3 +— Run4 ——— LS4 —— Run § ----
”””” l l \ I
2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035
ALICE 2 ALICE 3

CERN-LHCC-2020-009 CERN-LHCC-2019-018 CERN-LHCC-2022-009

Beyond Run 4

Address fundamental questions will remain still open:

& Fundamental QGP properties driving its constituents to equilibration
&+ Hadronisation mechanisms of the QGP
+ Partonic equation of state and its temperature dependence

£+ Underlying dynamics of chiral symmetry restoration

Mindung Kweon, Inha University APCTP Workshop on the Physics of Electron lon Collider 2



Milestons of the ALICE upgrade

High luminosity for ions High luminosity LHC Higher luminosity for ions
Run 3 LS3 e  Run 4 -—— LS4 & Run 5 -
. | . l . . . ! il
2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035
ALICE 2 FoCal ITS3 Q ALICE 3
‘‘‘‘‘ = &
CERN-LHCC-2020-009 CERN-LHCC-2019-018 CERN-LHCC-2022-009 : .
Beyond Run 4 R
Address fundamental questions will remain still open: ! AL'CE 3'

— Next-generation heavy-ion experiment - 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, recommendation to proceed

with R&D (CERN-LHCC-2022-009)

Mindung Kweon, Inha University APCTP Workshop on the Physics of Electron lon Collider



Physics for ALICE 3

Systematic measurements of (multi-)heavy-flavoured hadrons down to low pr
& Transport properties in the QGP down to thermal scale

& Mechanisms of hadronisation from the QGP

Hadron interaction and fluctuation measurements
& Existence and nature of heavy-quark exotic bound states and interaction potential °
& Search for super-nuclei (light nuclei with c)
&+ Search for critical behaviour in event-by-event fluctuations of conserved charges \U

e et
Precision differential measurements of dileptons
& Evolution of the quark-gluon plasma \/
ey

=1

I'molecule

as large as 5 fm

&+ Mechanisms of chiral symmetry restoration in the QGP

Many more...

Mindung Kweon, Inha University APCTP Workshop on the Physics of Electron lon Collider 4



Physics for ALICE 3

ALICE

Heavy quark transport

Mindung Kweon, Inha University APCTP Workshop on the Physics of Electron lon Collider 5



Charm quark transport

Run 1+2 %

< 1 6_1 | T T T T 11T T T L >N T T T LI N B | T R ALICE, JHEP 01 (2022) 174
e O ALICE - 0.35  »zz TAMU MC@sHQ+EPOS2 = ALICE, PLB 813 (2021) 136054

i - i ey LIDO -.= LBT =
1.4 PB-Pby Sy =SI02Tel 2 0.30F - -I PHSD - -- POWLANG-HTL 5

b Centrality 0-10% ] — DAB-MOD LGR = I 1QaceD, A. Francis et al, PRD 92 (2015) 116003
1,2: Prompt D°, D*, D** average q: 0.25 = +. Catania = |

Y| <05 - e = - T IQCD, H.T. Ding et al,, PRD 86 (2012) 014509

1.0p L | pu i : B  (QCD, D. Banerjee et al, PRD 85 (2012) 014510

- 1 0.15 4 =
0.8 3 5 I TAR. PRL 118 (2017) 212301

- 01 0 7 {'5:5;::.:_ l - _-:
0.6 A Nt - =S S B ALCE, PLB 813 (2021) 136054

0.05 {'/ —

0.4 - . i - - I ALICE, arXiv:2110.09420

: . 5 | I | | | | | | | | | | | | | | | | | | | | | | | | | | | I | | | I | | |
0.2f i 3 2 4 6 8 10 12 14 16 18 20

[ Centrality 30-50%, 0.8 .

| S = [ | II 1 1 1 L1 11 II | 1 1 L1 _O 10 y Lyl < I 5 anSTC at TC = 155 Mev
4x107" 1 2 34567 10 20 30 ' — —
p. (GeV/c) L 2 3 4567890 20 30 Data-to-model agreement: TAMU, MC@sHQ,

p. (GeV/c)

Heavy quark propagating in the QGP interact with medium constituents
&+ Lose energy via elastic collisions and radiative processes

LIDO, LGR, and Catania “selected”

Low pt heavy flavour interaction described by transport models in terms of diffusion coefficient (Ds)

& Multiple elastic scatterings in the QGP — “Brownian motion”
D9 measured down to zero pr (first time in Pb-Pb at the LHC)
&+ Raa and v2 measurements down to low pt — constrain diffusion coefficients Ds

o 1.5 < 2nDsT: < 4.5 — direct access to heavy flavour relaxation time: zcharm ~ 3-8 fm/c

MindJung Kweon, Inha University APCTP Workshop on the Physics of Electron lon Collider

Tg = (Mg /T)Ds



Determining transport properties with precision

ALICE

< 2_] L | L | L | L | L | L UL I_
0:<1 gE ALICE Upgrade Simulation =
| 6k 0-10% Pb-Pb, {5,,=5.5 TeV, Ly, = 10 nb" -
14 ?Hr Prompt D°— K'* —f
1.2 - ° D° from B =
. - | + B> D .
1 - i M v Jhy(— e’e) from B (mid rapidity) _E
0. 8% T ﬂ[ sy u) fom B 25<y<36) ]
0. 6j—ﬁ ' H E
045 s by 4+ e— E
0.2 =
O:l 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 | | 1 1 1 1 | 1 1 1 | | 1 l:
0 > 10 15 20 25 30 35 40
p. (GeV/c)
N\c v2 performance
>N 0-3_ I LI B B | I LI I LI B B |
B - ALICE 3 Study LInt = 35 nb
‘g 0.25 PbPb \s, =5.5 TeV 30-50%
G - A, — pKr, lyl<1.44
0.2 = ALICE 3 ]
- H» e ITS3, L, =10nb" 7
0150 |4 - o ITS2, Ly =10mb -
0.1 ¢ # E
0.05= — d -
0 - 1 PR S AN T S T T N T T T T N T TN ST T [N T T ST S [N S T T S N S S M A .
0 5 10 15 20 25 30 35

P, (A;) (GeV/c)

MindJung Kweon, Inha University

heavy flavor baryons

Run 3+4 & Run 5

Run 3+4 (w/ ITS2, 3): beauty measurements down to low pT including

Need ALICE 3 performance (pointing resolution, acceptance) for precision

measurement of e.g. A¢, Ay , and multi-charm vz

0.2

estimated v,

o
—L

APCTP Workshop on the Physics of Electron lon Collider

Nv v2 performance

ALICE 3 Study L.

r |
=35nb

int

PbPb \/s, = 5.5 TeV 30-50% N
Extension to beauty A°- am!—pKa), lyi<t.44  Extension to multi-charm

— = ALICES3 m
o ITS3, L, =10nb"
ITS2, L, =10 nb™
g a —
p— + —
t '
*
I —t
] ] ] | l
5 10 15 20 25

P, (A,) (GeV/c)

estimated v,

=cctt V2 performance

ALICE 3 Study L. =35 nb"

int —

Pb-Pb \s,, = 5.5 TeV 30-50%

Hea — ':+J'l:+ — Entntnt, lyl<1.44

0.2
U
0.1
@
0 | | | | | |
0 4 6 ., 8 10 12 14



Physics for ALICE 3

Charm hadronization

Mindung Kweon, Inha University APCTP Workshop on the Physics of Electron lon Collider 8



Charm hadronization

Run 1+2

PRL 128 (2022) 012001
0 0.8 T
507 ALICE j A /D 8 1. PYTHIA 8.243, Monash 2013
R © pp, ¥s=>5TeV PYTHIA 8.243, CR-BLC:
S 0BE ‘.".\ ° pp, Ys=13TeV -=--Mode 0 =--Mode 2 =‘-Mode 3
-5 B ¢
© y| < 0.5 SHM+RQM
8 0.5 Catania
—— QCM
3 0.4 Rl
0.3
0.2F ‘N
0.1 femreemnnnnnnnnnnsanrannres .
] I ] ] ] ] ] L 1 1 I ]

Enhancement at low pT w.r.t to ete-, ep collisions

& Universality of charm fragmentation among different collision
system broken?

Well described by SHM+RQM, Catania and QCM

MindJung Kweon, Inha University

APCTP Workshop on the Physics of Electron lon Collider

ALICE
arXiv:2112.08156

< L L L L I B
> T 5
~ 14CALICE s\ =502 TeV, lyl <0.57
< r .
1.2~ —
1 —— 0-10% Pb-Pb -

i t —— 30 -50% Pb-Pb -

0.8 Z
0.6 -
0.4 I —

- i | 5

0.2~ | -

- I PR [N SR TR TR T NN SR SR NN TN A TN TN SN NN RN SN T S -

0 5 10 15 20

p_ (GeV/c)

Additional dynamics in central Pb-Pb collisions: Ac/Do
enhancement at intermediate pr

Suggests hadronization by recombination + mass-
dependent pt shift from collective expansion



Heavy flavor hadronization

Baryon/meson ratios: beauty

1 | [ 1 [ | [ [ [ [ | [ 1 [ | 1 [ [ | [
ALICE Upgrade simulation

Pb-Pb \s, = 5.5 TeV, centrality 0-20%
L. =10nb’

(0 0)
T T | T T | T T T T 1]

Ko three-quark model, Au-Au 200 GeV
------- Ko extr three-quark

L
6 ?/-\‘-v— Ko diquark model, Au-Au 200 GeV
- N N Ko extr diquark ]
o BT PYTHIA —]
4= + -
3F N =
2 kA =
= =
0 oo v e e e e 3
5 10 15 20 25
p, (GeV/c)

Heavy-strange hadrons: Ds,

g 2: I | | I l | I | | I | | | I I | | | | I | | | | I | | 1 1 | 1 :

T, -_ﬂ ALICE Upgrade Simulation -

1 6E 1 0-10% Pb-Pb, \s,=5.5TeV, L, =10 nb" -

1 .4 ;:' -““ —:

1.25 "EL =

13 ——"PHSD, D* e

— 1" 3 _

C ---- TAMU, D] .

O.Bﬁ - - =

0.6 e OIS -

- I - - N

0.4 gz = - .

2 R -

) - | | I\ | | | :
% 5 0 15 20 25 _ 30

P (GeV/c)

non-prompt Ds

>N 0_25 _I [ I L | L | L I L | L | 11 | L L [ l_
- ALICE Upgrade Projection -
0.20 > 1° fopb;_f)b’ w0t -
- Lig =101 ,' Non-prompt D;' -
0.15 | o 1152 -
Y TAMU :
0.1 O:_ - — - Non-prompt D! -
- _;" | * Iny| ---- Prompt D;' i
0.05 | T4~ " B
000 H—————— ==t — ! —
_0'05 _I L1 I | l L1 | l L1 1 I L1 | l | . I 1 1 1 I | | | L1 | I L1 l_
O 2 4 6 8 10 12 14 16 18 20

Extend heavy flavor measurements to beauty sector, Ds, and baryons

Important input for

&+ Total heavy-flavor cross sections

&+ Interplay strangeness enhancement and heavy flavors

&+ Baryon formation - coalescence

MindJung Kweon, Inha University

APCTP Workshop on the Physics of Electron lon Collider
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Extend to multi-charm hadrons Run 5

Test how independently produced quarks form hadrons
— Measurement of multi-charm hadrons

’?J 2 __I L | | L I | I II | | L II__
& Contribution from single parton scattering is very small 25;0 IR
_ o |
& Very large enhancement predicted by Statistical hadronization '°\|'°10—3 — 0 . " " e <
model in Pb-Pb collisions o x 100 " :
107" & s Qe =
SR M
6 -5 __ O _—
1077 s
© - . -
o © o x 1000 -
10°F E
&+ Progress relies on the reconstruction of complex decay chains 10—7;— " —
Ex) Qft - 57 + Dt - -
r_‘_i_ A _I_ 10—8 lllll | ] | llllll | | | llllll | | | I I |
= wp+ K+ 1 10 10°
DY 5 K~ +7t +xa7" A

= With ALICE 3, measure additional states to test physical picture

These measurements are very sensitive to the approach to chemical equilibrium!

MinJung Kweon, Inha University APCTP Workshop on the Physics of Electron lon Collider 11



Multi-charm baryon reconstruction in ALICE 3 Run 5 %

ALICE

mEE _ywt T

cC -

3 Reconstruction of

First ALICE 3 tracking layer at 5 mm =ec** decay in the ALIGE 3 tracker

& Track (non-prompt) strange baryon (=-) before it decays | € Strangeness tracking
&+ High selectivity thanks to pointing resolution of =- baryon - <= Like a bubble chamber
= Unique access with ALICE 3 in Pb-Pb collisions
& Same for Qcct using non-prompt Q-!
Qf - Q0 +nt - Q 427" \
3 - S e
- | _
S - |
O I _
CED 10 =
n - =
- Expected significance in Pb-Pb -
= S -
- Qg =
i ALICE 3 Study -
B Pb-Pb 0-10% PYTHIA )
107 Full acceptance over Inl<4.0 —
Particle + antiparticle = R © A S <N
T Strangeness tracking: ;
o2 4 6 &8 10 12 14 f{racking directly non-prompt =- |

GeV/e) ¢ . - 3
Pri&VIO 1 decaying from Zect |

MinJung Kweon, Inha University APCTP Workshop on the Physics of Electron lon Collider 12



Physics for ALICE 3

ALICE

Hadron-hadron interaction

I'molecule

as large as 5 fm

MinJung Kweon, Inha University APCTP Workshop on the Physics of Electron lon Collider 13



Final state interaction

Interaction _
\ ------ Repulsive

—— Attractive

V(r*) (MeV)
o

»

P

C(k*) = | S17)|w(k*, r)|2 d3r*

k*: reduced relative momentum of the pair (k* = 1/2| p;’;o — p;‘;*+ ) :

—oa A e o o e o g e o A e s e D s 2 e e g

------ Repulsive
. —— Attractive
3
O
1 ISt

50 100 150 200
k* (MeV/c)

Correlation function

g BN W PR B - e (e o s 2 e e g

p-=-: predicted attractive interaction

&+ Consequences for the possible appearance in neutron stars

p-Q-: predicted very attractive interaction

Mindung Kweon, Inha University

&+ Opens the door for a NQ di-baryon (bound state)

APCTP Workshop on the Physics of Electron lon Collider

3.5

3.0

1.5

1.0

Nature 588 (2020)

B8 ALICE data

i] - Coulomb

Coulomb + p—=~HAL QCD
Coulomb + p—©Q~ HAL QCD elastic

- Coulomb + p—£~ HAL QCD elastic + inelastic

T T T

A

X d%»][‘lizl:;‘lﬂﬁhﬂ-lﬂ?l_][ E—l—:

=
T \_/{ o

100 200
k* (MeV/c)

100 200 300

14



Nature of Exotic bound states Run 5

ALICE

D° — D*? molecule

I'molecule

o= =

-

Mindung Kweon, Inha University

D°D**. nature of T
% | | | | I | | | | l | | | | I | | | | I | | | |
(;2 ALICE 3 upgrade projection INcrease
100 W<4 \odels source-size
—— 1 fm (pp) i
st\ 2 fm 3 i
4 ---- 3 fm - i
3 —— 5fm (Pb-Pb) ¥
| Simulated data
2, - pp, L, =181 ]
- Pb-Pb,L_=35nb™’
4x107 jl* 7
3x107" -
2)(10_1 oo e by by by ALICE CERN'LHCC'2022'009
0 0.1 0.2 0.3 0.4 0.5

k* (GeV/c)
Exotic states: Tcct, ¥c1(3872)...

&+ Include double charm states, potentially weakly-bound states
&+ Investigate structure with two particle momentum correlations and yields arXiv:2203.13814

2 Understand dissociation and regeneration in QGP — unique access to low pt x¢1(3872)

Possible with ALICE 3 thanks to excellent pointing resolution + large acceptance

APCTP Workshop on the Physics of Electron lon Collider
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ALICE 3 detector

Experimental challenges

ALICE

o Compact, ultra-lightweight all-silicon tracker — op1/pT= 1-2%

: - : S ducti TOF
o Vertex detector with unprecedented pointing resolution — PETOREIETS RicH Tracker

magnet system
Opca= 10 IJm (pT: 200 MeV)
&+ Particle Identification over large acceptance (-4 <n < 4) —
V, er, 'ui, Ki, TT:

& Continuous read-out and online processing
= Detector with unique and unprecedented features at the LHC

— 100
g ALICE 1
=
> ALICE
v
3 \ ALICE 2
% Run 3
< ALICE 2
f 10 a2 Run 4
© \ Absorber
o
= Muon
>
o Vertex Chambers
) ALICE 3 'R
o FCT Detector
f= ECal
I=
o 1
('
1 10 100 1000
Acceptance (An)X Pb-Pb interaction rate (kHz)

MinJung Kweon, Inha University APCTP Workshop on the Physics of Electron lon Collider 16



ALICE 3 schematic R-z view

ALICE 3 overview

~

~
: -
3.0 iambers

-___...-—’

0.05

0.04

——

£0.03
o

0.02

-y

e
—

-
—
e

——

0.01;

0.00 -

MindJung Kweon, Inha University APCTP Workshop on the Physics of Electron lon Collider 17



Layer Material  Intrinsic Barrel layers Forward discs

thickness resolution Length (+z) Radius (r) Position (|z]) R Rout

(%Xo) (um) (cm) (cm) (cm) (cm)  (cm)
Ve rtex d EtECto r 0.1 2.5 50 0.50 26 0.005 3

0
1 0.1 2.5 50 1.20 30 0.005 3
_ 2 0.1 2.5 50 2.50 34 0.005 3
Superconductlng RICH Tracker 3 1 10 124 3.75 77 0.05 35
magnet system 4 1 10 124 7 100 005 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
0 1 10 264 80 340 0.05 80
1 1 400 0.05 80

Absorber

Muon
Vertex  Chambers

Fcr ¢ Detector
ECal

MinJung Kweon, Inha University APCTP Workshop on the Physics of Electron lon Collider 18




Vertx detector n%ce

Tracker = 4 i
RICH Pointing resolution oc 7, - 4/x/X,

35 mm P -~ & ~10 ym at pt = 200 MeV/c
| @ ~2 ym at high pr
’§10“; L R A AL B R I R AL IR
E ALICE 3 study T -
- ]
-% 10°E n=0 R_=100cm =
o) - — Layout V1 -
& F.Ix2. —— ITS2 -
10°E —— ITS3 E
= 2" |xs ALICE2 °
cC [ == e e - _
ALICE already @ 5 . [ ¢ ALICE 2.1
pioneering
Conceptual study of iris tracker technique of - / -
&+ Wafer-size, ultra-thin, curved, CMOS Active Pixel Sensor bent silicon chip 15_ ALICE 3 3
= Ultimate performance (same for ITS 3) ITS3 R&D | I -
& First layer at mid-rapidity: 5 mm from the beam 10, > ] 8_1 ; 1|0 e
= Inside beam pipe, retractable configuration p. (GeVic)
&+ Unprecedented spatial resolution: 0pos = 2.5 pm |
& Extremely low material budget g
-1%0 Xo per layer " ;



Layer Material  Intrinsic Barrel layers Forward discs

thickness resolution Length (+z) Radius (r) Position (|z]) R Rout

Large acceptance tracker T I T s

0
1 0.1 2.5 50 1.20 30 0.005 3
_ 2 0.1 2.5 50 2.50 34 0.005 3
Superconductlng RICH Tracker 3 1 10 124 3.75 77 0.05 35
magnet system 4 1 10 124 7 100 005 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
1 400 0.05 80

Absorber

Muon
Vertex  Chambers

Fcr ¢ Detector
ECal

MinJung Kweon, Inha University APCTP Workshop on the Physics of Electron lon Collider 20



Large acceptance tracker %

ALICE
- : TOF
60 m2 silicon pixel detector Tracker I X
based on CMOS Active Pixel Sensor technology Relative pr resolution oc B LO

8 + 2 x 9 tracking layers (barrel + disks)

~1% over large acceptance
& Compact: rout = 80 cm, Zout = =4 M & ~1% g p

@ Large coverage: +4n - integrated magnetic field crucial (2T)

. . . - Il material t critical
o High-spatial resolution: Gpos = 5 pm (req. < 10 ym) overall material budget critica

& Timing resolution ~ 100 ns

&+ Very low material budget
-1% Xo per layer overall = X/Xo(total) = 10 %

20 mW/cm?

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

3l —e— Delphes Parametrization -

& Low power: =

Ap+ipr (%)

a i
SEM picture of
ALPIDE cross sec tion{

Bmld on experience  with ITS 2and ITS 3 (same CcMOoS process)
l 10 m2 - 60 m2: challenges on mdustrlallsatlon o

MinJung Kweon, Inha University APCTP Workshop on the Physics of Electron lon Collider 21



Tracker sensor requirement

ALICE
The ALICE 3 tracker has two sets of requirements Parameter Vertex detector T
&+ Vertex detector: high hit rate, high radiation load
&+ Outer tracker: low power, large surface (yield, fill factor) Spatial 2.5 um 10 um
A common sensor might be possible, but is not needed resolution
&+ Main benefit would be synergies, possibly cost savings Time
resolution 100 ns (RMS) 100 ns (RMS)
— Naturally follows the ITS 3 developments
Hit rate
Key R&D topics capability 35 x 106/ (s cm?2) 5x 103/ (s cm?)
£+ Radiation hardness
Power
-5 x 1015 1 MeV neg/cm? is demonstrated for HYMAPS at -25°C e e 70 mW/ cm? 20 mW / cm?
- At least 5 x 1015 1 MeV neg/cm?2 seem feasible in 65 nm at room temperature -
(preliminary results) Radiation 1.510®
hardness 1 MeV neq / cm2/ year

&+ Power consumption

- Several contributors: in-pixel front ends, on-chip data aggregation, high-speed links

- Scales with time resolution and pixel pitch

- Optimisation process to be carried through
¢ Integration

- The modularization for the other tracker needs to be co-developed with the chip

design (e.g. chip dimensions)

MindJung Kweon, Inha University

APCTP Workshop on the Physics of Electron lon Collider
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5pum Cu

50 nm Au 50 pm polyimide
300 pm-wide Al pad Ni/Au 2.5 pm Ni place- 25 pm epoxy glue lami-

_—

10 kg/cm2
180 °C
vacuum

Tracker example “MAPS foils” e kg e S
" —

150 ym-wide opening

| ] | ] ] ] = hOIe
MAPS foils - chips within printed circuit boards patie polyimide (e
& “Novel” concept (revised and updated from 2012) oA 12504
&+ Will be studied further as an option
Ni/Au
Cu plating_ plating
cloctro Gu
; cross-section part thickness
I A
: ~ _Cuplating 13 pm
E “0'%&%_250 K RS o N 93 gladding 5 um

Polyimide

45 um

metal stack

) .

silicon 45 pm

pad: 300 pm

100 pm

MAPS sensor

MinJung Kweon, Inha University APCTP Workshop on the Physics of Electron lon Collider 23
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Particle identification with Time Of Flight

Mindung Kweon, Inha University

ARCADIA

APCTP Workshop on the Physics of Electron lon Collider

ALICE
Separation power o« L/oToF O rEmm—— . e/n e/
— Distance and time resolution crucial > L oF
— Larger radius results in lower pt bound : “ ud 2 oToF
2 barrel TOF layers (|n| < 1.75) 08" T 100
& Outer TOF at r = 85 cm, surface: 30 m2, I % WW
pitch: 5 mm 0.6/ %%7
- § EeAE T B et 107! ///7 /3}\
&t Inner TOF at r = 19 cm, surface: 1.5 m2, i ‘ ¢/// /
pitch: 1 mm 0.4 g // 7
u Sk 1072 : . .
1 forward TOF layers (1.75 < |n| < 4) B st AR ’ : ’ ? )
& Inner radius = 15 cm, outer radius = 150 cm, 02| ““AL'CE 3 Study _ /K
z = 405 cm, surface: 14 m2, pitch: Tmm to 5 mm I Layoutv1, BTOF fnl < 1.44.8-2T - K
i  Pb-Pb, sy = 5.52 TeV, Pythia8 Angantyr - TOF
0 L - 1-1L11||._-,-"r'1-’-4 i - 101-5 71 olOF
‘ e R GTOF ZOp S 10-! ] 10 :
1 Silicon timing sensors p (GeVic)
t CMOS sensor with gain (baseline) S 1°°§
& R&D on monolithic CMOS sensors with T /////// %
integrated gain layers lo-1. / Z
Conventlonal LGADs (fallback) 7 // //
4 ﬁ I ., rtl nSS . 102

24



Particle identification with Cherenkov light

ALICE

e/n

e/n
Complement PID reach of outer TOF to R " ALICE 3 | : ToF
. i = 0.3+ study — 101 - (Z2 oTOF
higher pr with Cherenkov detector 2 i Layout v1, bRICH [7] < 1.44, B = 2T i 5 £=3 RICH n = 1.006
— Ensure continuous coverage with the TOF S ) 251 Pb-Pb, (s, = 552 TeV, Pythia8 Angantyr | =3 RICH n =1.03
> 0.25— e R [P
2 ¢ T3
Aerogel radiator S oah 1 %
& Refractive index n = 1.03 (barrel) S 1 o
&+ Refractive index n = 1.006 (forward) 0.15- = |
R&D on monolithic silicon photon sensors : 1 10 |
0.1_— — 0 1 r2) 3 4
0.05 - /K
Lho i _
. % - i ] ITOF
Single layer aerogel oolefe - 2 | l 2 71 oTOF
CZ‘O/. 0 | | | N I I | | | | I I I 1 g E RICH n = 1006
1 10p (GeV/c) F==*] RICHn =1.03
s S 100 ¥ );/ 0w }.\\\
L > — v 3 /// %‘//V S
I. — | - Y D S T YIRS TS SN S Y T = ﬁ,,' E A 4 ........ :':::
<< > aerogel adior S 5 4/////
l=2¢m d~20cm - IS 7
1072 . : .
0 1 2 3 4

N
MindJung Kweon, Inha University APCTP Workshop on the Physics of Electron lon Collider 25



More on particle identification

Large acceptance Electromagnetic calorimeter (2nt coverage) L 5<p <10 GoVie
&+ Pb-scintillator sampling calorimeter + at n = O crystal = Xy — J/wy
calorimeter 200~ |
@& Photons + high p electrons identification 150
& Critical for measuring P-wave quarkonia and thermal radiation o0
via real photons :
50—
E.||...-_J.--1---|---.-=LI L Lo e o by
. aa 0.25 0.3 0.35 0.4 0.45 0.5 0.55 O.E} Q.65 ,
Muon Identifier Mirere)Mie'e) (Gevie)

&+ Absorber + 2 layers of muon detectors

Track - good hit distance at first MID layer (muons)

—0.3

2+ Muons down to pt > 1.5 GeV/c ST §p>1.5GeV/c =10
@ Scintillator bars with SiPM read-out T R _ 3
& Possibility to use RPCs as muon chambers i 10
o ..
Forward conversion tracker o
& Thin tracking disks in 3 < n < 5 in its own dipole field ‘°'2:‘ A 10
o Very low pt photons ( < 10 MeV/c) B e 03

Search spot for muons ~0.1 x 0.1 (n X @)

MindJung Kweon, Inha University APCTP Workshop on the Physics of Electron lon Collider



R&D activities

ALICE

Silicon pixel sensors

& Thinning and bending of silicon sensors
ith ITS3 - Integrated read-out

- Expand on experience wit

&+ Exploration of new CMOS processes
- First in-beam test with 65 nm process
£+ Modularization and industrialization

Silicon timing sensors

# Characterization of SPADs/SiPMs

- First test in beam

& Monolithic timing sensors
- Implement gain layers

n-epi nwell
pwell
\
deep
pwell
High Resistivity Si

Mindung Kweon, Inha University

Photon sensors
2 Monolithic SiPMs

Detector mechanics and cooling
&+ Mechanics for operation in beam pipe

- Establish compatible with LHC beam
& Minimization of material in the active volume

- Micro-channel cooling

R&D v Extend ALICE Coldplate concept to large surface carbon fibre ultralight substrate embedding polyimide pipes

Alice ITS R&D study

Large surface (>1.5m)
several parallel pipes (>4 pipes)

v pipe-less coldplate (NEW concept) Microvascular cooling groves network embedded in Carbon substrate

VaSC (Vaporization of Sacrificial

Components)
1. Modified PLA embedded in CFRP preform
2. Co-cured with CFRP part

3. Vaporization step after curing (Vacuu

Thermo-plasﬁtic (PLA) sacrificial material , removed after curing

APCTP Workshop on the Physics of Electron lon Collider
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Summary and outlook

ALICE 3 will provide access to fundamental properties of QCD matter at extreme
energy density

&+ Thermalization of heavy quarks
&+ Hadronisation and nature of hadronic states
&+ Partonic equation of state and its temperature dependence

&+ Deconfinement and chiral symmetry restorations, ...

Novel detector concept based on innovative technologies
£+ Building on experience with cutting-edge technologies pioneered in ALICE
&+ Requiring R&D activities in several strategic areas

Planning
& 2023-25: selection of technologies, small-scale proof of concept prototypes
&+ 2026-27: large-scale engineered prototypes — Technical Design Reports

& 2028-31: construction and testing
& 2032: contingency
& 2033-34: installation and commissioning

MindJung Kweon, Inha University APCTP Workshop on the Physics of Electron lon Collider

Letter of intent for

ALICE 3

VERSION 1

CERN-LHCC-2022-009

Letter of Intent submitted in 2021
LHCC review @ Recommendation
to proceed with R&D program
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ALICE

Thank you for your attention!

MindJung Kweon, Inha University
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Heavy quark energy loss Run 1+2

ALICE
<<( 1.8_ | | L | | | | | | | [ 8
@ [ ALICE Preliminary 1 ALICE, Pb-Pb, \s,, = 5.02 TeV
1.6 = NN
- 0-10% Pb-Pb \/s,, = 5.02 TeV - 0-10%. lyl < 0.5
1.4 chargedjets, anti-kr o p_ 03 s Non-prompt D°
2l 3<p,,<36GeV/c - (b quarks())
C e Inclusive jets, R = 0.2 N Prompt D
1t - (c quarks)
0.8 s
L ® i
0.6 i
; 1 - ;
0.4—5E]F T H_HQHH#
0.2 o+ [T —
0: o | . | Tl i open markers: P extrapolated pp reference
10 10°
p. (GeV/c) 1 10 pT(GeV/ C)
Hint of a higher Raa of D%-jets compared to Less suppression for non-prompt D mesons from B decay
inclusive jets in Pb-Pb than prompt D mesons

& Quark vs. gluon energy loss
&+ Mass effects (dead cone)

MinJung Kweon, Inha University APCTP Workshop on the Physics of Electron lon Collider 30



Determining transport coefficients: heavy flavour

Run 3+4

} 2_| L | T 1T 1 | I | T 1T | T 1T 1 | T 1T 1 T 1T L I_ >N 0'3_ ! ! ! | ! ! ! | ! ! ! | ! ! ! | ! ! ! | ! ! ! | ! ! ! | ! ! ! _
@ , g ALICE Upgrade Simulation - - ALICE Upgrade Simulation -
‘ _6% 0-10% Pb-Pb, S=5.5 TeV, L = 10 nb” E 0.25:— Pb-PDb, s =5.5 TeV, L, =10 nb" E
Al . ;‘;mpt [E: o E 0.2 . D°,30.50%centr. -
2 e o — - o D!, 30-50% centr.
ol || + B'-Dr E -l A%, 10-40% centr.
1 | ﬁ];*_ v Jy(— e'e) from B (mid rapidity) N 0.15 B _B$EL e | i
O.8ff *_Jﬁ[*— A Jhy(— ut) from B (2.5<y<3.6) — il __E$§-' _
0 6_—ﬂ _ ]ﬁt; - O.1—n S n __
Ce g Ty e . - : b Y

040 o8 T 1 — E — e
= Ty : 0.05[~ -
0.2 — ﬂ i}
O:| RN BN AN B BN A B B B B B B B R B B B A B A B B AN BN A A A |: O T I I T T T T A R I _

0 5 10 15 20 25 30 35 40 0 2 4 6 38 10 12 14 16
p. (GeV/ce) P, (GeV/c)

Run 3+4: high-precision beauty measurements; heavy flavor baryons
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DD azimuthal correlations Run 5

ALICE

QAT S

x107°
= *GEJ I_ I | I I I I
Zz |=° | Do-Dj pair -lA¢l > 78 Away

PYTHIA, Monash .ja¢l</8  Nealr
ol \s=14TeV,inel. 3« p.<6GeV/c_

MindJung Kweon, Inha University

1 d Nassoc
N, dA

(rad™)

50
9_

40

30

20

10

ALICE 3 projection: DD correlations

ALICE Run 3 + 4 projection

60

X1 0_3 %1 0—3

"I""I""I""I"'_'1I'"'I":wl—"\.lzo_"l""l 'I""I""I""I1"_
C . ALICE 3 Study, L;,, =35 nb _ O i, Expected ALICE 2 performance, L, = 13 nb . |
C =¥ Nowusneing PYTHIA 8.2, s, = 5.5 TeV, 0-100% central 4 B — PYTHIA[.2, Sy = 5.5 TeV, 0-100% central .
- Full thermalisation D°_TP azimuthal correlations, bkg-subtracted H o7 100~ D°-D° azimuthal correlations, bkg-subtracted ]
P 0 p?o >4 GeV/c, 2 < p?u <4yl <4 7] § S- B p?o >4 GeV/c, 2 < p? <4,ly|<0.8 |
- pP > 4GeV/c ; 123 g . -
: 1 O| _ B _
- 2 < 1 = [ . -
S RS ! . -
T - E a0 T snsla| |l -
-4 . T L T I (L |-
ad Correl. unc. * 1.8e-04 (indep. c-cbar contrib.) = o0l I " an 17
- Unc. NS width + 18.0%, AS width + 3.8% - I bt L || il i
: 1 I | 1 1 1 I 1 | | ILJnIC. rqsl yileldli :9.I3°/T, AlS Iyielld -I_*- 3I.4°{° 1 I | | l: O; | | I_—I | | | TI | | | l_\_l | | | *I | | | | -+ —iI-—_-l_T-.i

—1 0 1 2 3 4 -1 0 1 2 3 4
Ao (rad) Ao (rad)
Angular decorrelation directly probes QGP scattering
& Sensitive to energy loss mechanisms, degree of thermalisation
&+ Strongest signal at low pr

Very challenging measurement: need good purity, efficiency and n coverage
Heavy-ion measurement only possible with ALICE 3!
APCTP Workshop on the Physics of Electron lon Collider 32



ALICE

Final state interaction Run 1+2

arXiv:2201.05352

L ] S First measurement of correlation functions involving charm hadrons
= ALICE pp s =13 TeV - | |
Qg 4 High-mult. (0-0.17% INEL >0) ~ &+ allows access to the strong interaction between a proton and a
I . | charm meson
i e pD ®pDb
I —— Coulomb i p-D~: genuine pD~ correlation function reflects the pattern of an
3 — C. Fontoura et al. — overall attractive interaction
= PR i Y. Yamaguchi et al. : &+ degree of consistency improves when considering, in addition,
I J. Hofmann and M. Lutz ] state-of-the-art models that predict an attractive strong ND
o J. Haidenbauer et al. (g?/4n = 2.25) — interaction with or without a bound state
I _ Paves the way for precision studies of the strong interactions
- - involving charm hadrons!
1 S e Model foI=0) fo(I=1) N
i i Coulomb (1.1-1.5)
i | | - Hai;le/t;bauerlet al. [21] 01 . Hats)
— T — . —VU. 2—1.
0 100 200 300 400 - §§ /4m =2.25 0.67 0.04 (0.8-1.3)
k* (MeV/c) Hofmann and Lutz [22] —0.16 —0.26 (1.3-1.6)
Yamaguchi et al. [24] —4.38 —0.07 (0.6-1.1)
Fontoura et al. [23] 0.16 —0.25 | (1.1-1.5)

MinJung Kweon, Inha University APCTP Workshop on the Physics of Electron lon Collider 33



Final state interaction

Run 3+4

ALICE
()-Q) correlations p-2 correlations

~ T T T I I I I T T T T T o 8 - ' ' ' | ' ' ' ' | ' ! ! ! | ! ! =
x 141 | | — 3< - L 7
% - ALICE Upgrade projection 1 & 1.7F ALICE Upgrade projection L=
19 __ PP \s =14 TeV, Q trigger _ 16 E_ PP Vs =14TeV, Lint =200 pb _E
- Liy =200 pb’ - Tk gCh >27o<g°_h> = -
1 [ —e— —+— . _ 1.5 A P- P- —
i — Z m fss2 -
SNARN 4+ + - 1.4 =
0.8H/[ | + — - XEFT (NLO) -
- - 1.3 3 ESC16 E
- 1 1E p—(Ay) baseline =
0.4 — Coulomb + HALQCD = : :
N 1 -
0.2 — Coulomb - = -
_ 0.9 = =
O | I | | | | I | i O 8 : 1 1 1 1 I | | | | I | | | | I | | I:

0 100 200 300 0 100 200 300
k™ (MeV/c) k* (MeV/c)

ALICE pp program document
Probe interaction potential a the fm scale!
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Electromagnetic radiation -

Projection for thermal dielectron mee
ALICE 3, one month Pb-Pb

= ALICE 3 Study

- 0-10% Pb-Pb, |5, = 5.02 TeV
TOF+RICH (40, rej), B=0.5T Syst. Uncertainties:
0.2< P, < 4 GeVl/c, Inel <0.8
No bremsstrahlung included
DCA.. =<1.20

ee —

—_k
o

$ L,=56nb"

sig. ( 5%) + bkg. (0.02%)

CT (15%) + LF (10%)

,[

dN

ce 3/2 —m.IT
Determination of QGP temperature throughout the evolution requires x (Mg I')" e e

® dmee
precision measurement of dielectrons

—h
<
w
T

|

1/N, ,d*N/dm,_.dy (GeV/c?)

&+ Average temperature T of the QGP using thermal dielectron mee

spectrum at mee > 1.1 GeV/c? (QGP radiation dominated) dominated

&+ Extremely challenging because of backgrounds — need small = = T
detector material budget to minimize y conversion background &

excellent pointing resolution to suppress heavy-flavor decay electrons

“data”/cocktail

Possible with ALICE 3 thanks to excellent pointing resolution + small

material budget "

cc (
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
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Electromagnetic radiation

ALICE

Expected statistical errors of T as a function of pree
ALICE 3, one month Pb-Pb

’>-\4OO I 1 1 1 | I | | I | | I D | | I | | I | |

© | ALICE 3 Study | ]
S | 0-10% Pb-Pb, |5 = 5. 02TeV | :
- NN : :

350 L. =5.6nb’

First T measurements in Run 3 and 4

300 1 —
| A
ALICE 3: probe time dependence of T 1 _
@ Double differential spectra: T vs mass, pree 250 | N
Complementary measurements with real photons 200" Fit Range: 1.1 <me, <1.8 GeVic2 | ~
- e T (stat. unc. only) 4 .
l Treal T i
150 L1 1 1 | L 1 1 1 | 1 1 1 | L 1 1 1 | I 1 1 1 I I 1 1 1 | |
0 05 1 15 2 25 3 0-4
. (GeV/c)
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Chiral symmetry restoration

ALICE

Study chiral symmetry restoration (CSR) mechanisms
using thermal dielectron spectrum m_, at m_. < 1.2 GeV/c?

& Thermal production of p Hot hadron gas

& p sensitive to surrounding medium y¥ ,ﬁ'
& Modification of p spectral function related to CSR oy
e-
= ALICE 3 access to CSR mechanisms like p-a1 mixing
0.08:— """""""""""" Vacuum """""""""""""""""""" T | 100 M;:V """"""""""""""""""""" T ' 140 ‘N'Ie\‘/' """""""""
@ 0.06 n p — Vector — Vector — Vector
% _ ai— Axial—vector —  Axial—vector — Axial-vector
a’i
ol TesoMev T=160 Me T=170 Mev
@ 006 — Vector — Vector — Vector
% —— Axial—-vector —— Axial—-vector —— Axial-vector
a’.

MindJung Kweon, Inha University
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1/N,, °N/dm,.dy (GeV/c?)"

—
<
\V)

1073

1.2

'data'/cocktail

ALICE 3 mass spectrum

_—
_—
—_
L
b
S

e |

Yo

ALICE 3 Study

0-10% Pb-Pb, |/s,, = 5.02 TeV
TOF+RICH (40, rej), B=05T
0.2< Pro < 4 GeVlic,In | <0.8
No bremsstrahlung included
DCA,, =1.20

“
o wn®
“ mm"
-------------

-- vacuum p SF

[ 1 I 1111

— in med. SF w/ x-mixing

— in med. SF w/o x-mixing
¢t L. =56nb"

Syst. Uncertainties:

sig. ( 5%) + bkg. (0.02%)

cC (15%) + LF (10%)

| 1 lIlIII|

[ 1 [ 1111

= High precision =

- with ALICE 3 -
—_— ]

I i - ut "

M .++_........._._.g---

B ; ‘\\_-——"_4" _

2 04 06 08 1 12 14

m,, (GeV/c?)
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ALICE
-
AN Centrality 0-10 %, lyl<0.5
; do./dy = 0.532 £ 0.096 mb
5
~~
Z
©O
E Pb-Pb m':?.76 TeV 3
1 1.5 2 2.5 3MaS;3.(SGeV;1
1.5 2 2.5 3 3.5 4 4.5 o
red: single charm, green: double charm, blue: triple charm m (GeV)
lines: primordial SHM predictions
22
dashed line: SHM (u,d,s), red line: SHMC (1c), green line: SHMC (2c), blue line: SHMC (3c)
MinJung Kweon, Inha University APCTP Workshop on the Physics of Electron lon Collider 38



Search for charmed hyper nuclei “c-deuteron”

ALICE

anti-deuteron

« c-deuteron dxc
- bound state of neutron-/\c

- lightest possible hyper-nucleus with charm

-ct ~ Cct(\c) ~ 60 pm

- Large uncertainty from branching ratio
(0.18~0.6 %) and also from production
model

-mass = 3.226 GeV/c2
- decay channel: d + K- + mtt

MindJung Kweon, Inha University

_ A (s
np ’5 o |-©

anti-triton anti-hyper-triton c-deuteron

??

Weakly bound object: strong

@Q / insights into the QGP and the

hadronization phase
— constraint for in-medium and
molecular coalescence

APCTP Workshop on the Physics of Electron lon Collider
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ALICE ITS upgrades in Run 3 and 4

ALICE

ITS 1 (ALICE exhibition)

6 layers:

- 2 layers of Silicon Pixel Detector (SPD)
- 2 layers of Silicon Drift Detector (SDD)
- 2 layers of Silicon Strip Detector (SSD)

Distance to interaction
point (mm)

X, (innermost layer) (%)
Pixel pitch (um?)

Readout rate (kHz)

Spatial resolution (r¢ X z)

(um?)

Mindung Kweon, Inha University
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~1.14

50 X 425

11 x 100

22

~0.35

27 X 29

100

5%X5

Cylindrical
Structural Shell

Half Barrels

ITS 3

3 truly cylindrical Si pixel layers

7 layers of ALPIDE Monolitic Active Pixel Sensors

- ultra-thin wafer-sized curved sensors

- 2 i ili . . .
10 m? active silicon area - no external connections air-flow cooling

- 12.6 x 10° pixels

18 —> Closer to interaction point

0.05 ——> | Lower material budget

0(15>< 15) —» | Improved granularity

o Faster readout

——— | Improved resolution

APCTP Workshop on the Physics of Electron lon Collider
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102 .

101 4

re pointing resolution [um]

10°

—— |ITS2 standalone
=== |TS2+TPC
O ITS2 standalone (full MC)
—— |TS3 standalone
=== |[TS3+TPC
o ITS3 standalone (full MC)

0.05

0.1

0.2 0.3 0.5 1 2 3 5 10 20 30
Transverse momentum [GeV/c]

X ~2 improved in pointing resolution (ITS2 —ITS3)
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