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1Ll Context

RALICLE

* ALICE 2 upgrades ready
for high-luminosity with heavy ions
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| European 'ParticIePhysic':s |
 Strategy Update recommends
full exploitation of the LHC,

Incl. heavy-ion programme

* Preparation of Technical Design Reports
for intermediate upgrades in LS3

e e

° Letter of Intent for ALICE 3 [CERN-LHCC-2022-009]
Scoping Document ALICE3 [CERN-LHCC-2025-002]

Pb-Pb: 6.2 nb-1 Pb-Pb: 6.8 nb-1 Pb-Pb: ~ 35 nb-"
O-0: 500 b p-Pb: 0.6 pb-’
High luminosity HL-LHC Higher luminosities for ions
for ions e sttt et s e e
Run 5
LHC schedul
SenedHe 2036-2041
ALICE 1 ALICE 2 ALICE 2.1 ALICE 3
upgrade upgrade upgrade
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I Strongly-interacting matter in extreme ®)
conditions: the Quark-Gluon Plasma o
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T Strongly-interacting matter in extreme

.y RLICE
conditions: the Quark-Gluon Plasma
At high energy density € - phase transition T |
to the QGP :
Colour confinement removed 2 | N
Chiral symmetry approx. restored [PRD 90 094503 (2014) S RS 1= e
Lattice QCD (so far limited to small densities). ° : ";;5',',':}",;{;",;;;;;{""? “ﬁsﬁi}ﬁ
e X
e, ~1 GeV/fm? (T,~155 MeV ~10'2 K at yp=0) g %ﬁ{
e o i
Transition is a crossover at low pg s -
%9 . 3s/4T3 :
oﬁ? 0 B . I N Y Y S [N S Y [N S S S lTl[hﬂleY]l L1

130 170 210 250 290 330 370
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1 QGP study in heavy-ion collisions

High-energy nucleus-nucleus — large € & T (>> ¢, T,) over large volume (~ 10 fm3)
Initial Hard QGP Hydrodynamic - .;Had_r{),nizaﬁ;(?n ,
state collisions  formation ~ expansion P Xy nd freeze-oudt "

.+ ~and freeze-ouf ' -

gty P e
.“.‘.b- . ~ - & o
< - i .
T. O = ¢ . .
. P
o o
- «

Visualization by J.E. Bernhard, arXiv:1804.06469

The QGP as seen at the LHC:

Energy density > 10 GeV/fm?3 Expands hydro-dynamically like a

Colour charge deconfined very-low viscosity liquid

Strong energy loss for hard Hadronizes as in thermal
partons equilibrium
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1 QGP study in heavy-ion collisions @%

High-energy nucleus-nucleus — large e & T (>

Initial Hard QGP Hydrodynamis
state collisions formation expansion
Time 0 ~0.5 fm/c

The QGP as seen at

Energy density > 10 GeV/fm?
Colour charge deconfined

Strong energy loss for hard
partons equilibrium
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https://arxiv.org/abs/2211.04384

TLTI Major open questions after the 2020s

Nature of interactions with the QGP of highly energetic quarks and gluons

To what extent do quarks of different mass reach thermal equilibrium ?

What are the mechanisms of hadron formation in QCD?

— Systematic measurement of (multi-)charm hadrons

QGP temperature throughout its temporal evolution

What are the mechanisms of chiral symmetry restoration in the QGP?

— Precision measurements of dileptons

QCD chiral phase structure — fluctuations of conserved charges
Nature of exotic charm hadrons — charm hadron-hadron correlations
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Take big steps in |

pointing resolution
and effective rate
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ALICE upgrade strategy

Pointing resolution at n=0, pt=1GeV (um)
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TLTI ALICE upgrade strategy %

—

EEEEeeae e
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pointing resolution conversions

and effective rate Y 4

| Take big steps in |

PID
Stenthen ALIC : i
. unique (at LHC) | | | | | |
reach in particle // LU L L LI L1 {11 L Ll [ 1 1]
identification 0 407 1 10 1 ?2
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Acceptance (An)X Pb-Pb interaction rate (kHz)

 New tracking system: ITS3
(ITS2; CMOS 180 nm, ITSS3:
CMOS 65 nm)

 Forward calorimeter: Focal

ITS3 TDR: CERN-LHCC-2024-003
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Intermediate step: ITS3

ITS2 ITS3

LO [r] = 19 mm
L1[r] = 25.2 mm
L2 [r] = 31.5 mm

ITS2 Inner Barrel ITS3 Engineering Model 1

©
~
TTT

Aluminum (14.3%)

-Glue(s'ao/o) A0.35lII|IlIIIIllllllllllllll'llllll

I Water (9.7%) * : : : : ; :
Kapton (24.3%) ~ _

— P s s$0.300-...|TS3LO Il <1, Zp =0 |
Silicon (13.4%) < (XIX,)=0.086 %

ot 61 . |Em caonFoam |

Mean X/X0 = 0.36%

0 05 1 15 2 25 3
0.2 0.4 0.6 0.8 1 @ (rad)

ITS2 Layer 0 ITS3 Layer 0

RALICLE

Detection layers closer to
Interaction point.
Finner: 23 =~ 19 mm

Reduced beam pipe
diameter.

Fpipe- 18 & 16 mm

Reduced thickness, no
supporting structures,
air cooling
x/X0: 0.36% — 0.09%



1Ll Intermediate step: ITS3
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 New tracking system: ITS3
e Forward calorimeter: Focal
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Pointing resolution
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RLICLE

1 Physics performance

Inverse slope T of thermal ete- dN/dM

Nuclear modification of B in Pb-Pb Significance of A, .
< | | T I [ I | | L | [ | T I L | | g - : - . :
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Improve vertexing performance and reduce backgrounds for:
Heavy-flavour hadrons — interaction of heavy quarks in QGP
Low-mass dielectrons — thermal radiation from QGP
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TLTI ALICE 3 detector concept

RALICE
ALICE: Run 3 und Run 4 (2022-2029) ALICES3: Run 5 (2036-2041)

Outer
Tracker

Superconducting

Magnet
Forward
Conversion
Tracker
Rate pp collisions < 1 MHz Rate pp collisions up to 25 MHz
Rate Pb-Pb collisions < 50 kHz Rate Pb-Pb up to 300 kHz
Space resolution: 25 pm Space resolution: 2,5 mm
Power consumption: 8MW Power consumption: 2 MW
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TLTI

Compact all-silicon tracker
with high-resolution vertex
detector (CMOS, 65 nm)

Superconducting magnet
system

Particle ldentification over large
acceptance: muons, electrons,
hadrons, photons (RICH and
TOF; Muon detectors )

Probably no calorimeter !

Fast read-out and online
processing
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ALICE 3 detector concept

Outer Tracker

Vertex Detector

Tracking Discs
Time of Flight

RICH -

Muon absorber —

N

Muon chambers -

Superconducting Magnet

Forward conversion tracker

14



TLTI

Electromagnetic radiation @%

* Access to precise QGP temperature

* First measurements in R

un 3 and 4

Inverse slope T of thermal ete- dN/dM
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S - int = 5.6 Nb™ 'measured'
S [ 0-10% PbrPb, {5, =502 TeV . uree 2
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© — _
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Direct measure
of temperature
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ALICE Upgrade Simulation -
Pb-Pb s, =5.5 TeV, 0-10%
—+— L,_,=3nb", B=02T

11< M_.. (GeV/c?) < 2.0

ee,fit

Syst. err. sig. + bkg. —
| Syst. err. cc + cocktail -

ALICE 3 Lol, CERN-LHCC-2022-009

T versus energy

; 400 —
(0] [ Fireball average temperature
= ul {>
~ 350 = —o— NAGO —6— ALICE ITS3 - 3 nb™ (simulation, stat. only)
~ Z
— —i— HADES —A— CBM (simulation)
300
— —H— NAG60+ (simulation)
250 Model (Rapp et al)
200
_ o e o
150 °
E Hadronisation temperature
1 OO :_ Lattice QCD
- PLB 795 (2019) 15
50 — SHM fit to experiment
— Nature 561 (2018) 7723
O_ | | IlIIlII | | IIllIII 1 | lIIlIII | | L1 1 111
3
1 10 10° 10 10°

V'Spy (GeV)

ALICE 3: access time evolution and flow field
* Double-differential spectra: T vs mass, pt

* Dilepton v2 vs mass and pt
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https://cds.cern.ch/record/2803563
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- ALICE 3 Study p -
= { L,=56nb =
~ 0-10% Pb-Pb, |sy, = 5.02 TeV -
= TOF+RICH (40, rej), B=0.5T Syst. Uncertainties: =
- 02<p, <4CeVic,Inl<08 sig. (5%) + bkg. (0.02%) -
No bremsstrahlung included o
= DCA.. <1.20 CT (15%) + LF (10%) =
t‘b--—.-....-v“. —— Fit of the spectrum _
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RLICE

ALICE 3 Lol, CERN-LHCC-2022-009
;400_] L | L | | | | L L | | | I | L L I Td )
§ ~ ALICE 3 Study ] §
= | 0-10% Pb-Pb, Sy =5.02TeV - ]
350~ L,=5.6nb I ] -
- . e - — -
300}~ 1 - -
] ¢ R
Time dependence of ) h
250 temperature only accessible | N
i with ALICE 3 : N
2001 Fit Range: 1.1 <m,, < 1.8 GeV/c? -
. e T (stat. unc. only) - :
- T el ] :

150 L1 1 1 l L1 1.1 ] L1 1 1 l L1l 1.1 I L1 1.1 | L1 1.1 l |
0 0.5 1 1.5 2 2.5 3 0-4
P oo (GeV/c) |


https://cds.cern.ch/record/2803563

RALICLE

ALICE 3 mass spectrum

Chiral symmetry

Relative syst uncertainty from HF decay bkg
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access p — @4 mixing

ALICE 3 Lol, CERN-LHCC-2022-009

* Can be effectively suppressed in ALICE 3

* Large for m,, = 1GeV/c?
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https://cds.cern.ch/record/2803563

T Heavy flavour transport

Non-central
collision Mo v2 performance
0.3 | | I1 | |
ALICE 3 Study L, , =35 nb
PbPb |5, = 5.5 TeV 30-50%
A) = Al (Af — pK*), lyl<1.44
~ 0.2 = ALICE 3 ]
; » ITS3,L  =10nb™
2 ITS2, L., =10 nb™
E ——
° o0 T —
Interactions with the plasma t . ; !
generate azimuthal anisotropy vo: T
0 iIS 110 115 210 2I5
dN p_(A,) (GeV/c)
— X 1 4+ 2v,c082(p — P)
dep
* Heavy quarks: access to quark transport at hadron level relaxation time
* Expect beauty thermalisation slower than charm — smaller ve To = (Mq/T)Ds

* Need ALICE 3 performance (pointing resolution, acceptance) for precision
measurement of e.g. A\c and No v2
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DD azimuthal

Charm azimuthal correlations

O Icoll, K=15 It _I4; GeV' - §

1 L coll4+rad, K = 0.8 4 — 10] GeV === - o)

i [10—20] GeV ==== 73 5
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J e C

g 10_2 Cé, 0 - 20% a fl_)

S — A - T

% / N\ (a) T

1073 F /// - \\\ _ 8

/ e

) 7 NN ©

107* F Y/ I "\ \ '\ =,

// I 1 \ I-I\g
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10-5 .,l//l l 1:’ l ‘n l T | 8
0 1 2 3 4 5 6
A¢

Ol

* Angular decorrelation directly probes QGP scattering
* Signal strongest at low pr

* Very challenging measurement:

need good purity, efficiency and n coverage
— heavy-ion measurement only possible with ALICE 3
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ALICE 3 projection: DD correlations
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https://arxiv.org/pdf/1305.3823

LTI Exotic bound states @%

D°D**. nature of T - iati | iplici
ature ot fec X..Dissociation and regeneration vs multiplicity

| | | I I | | | | | | | | | | | I | | I | | |

7t ALICE 3 upgrade projection
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Models ] o ke
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* Exotic states: y.,(3872), T, ...

* Include double charm states, potentially weakly-bound states
* Investigate structure with femtoscopic momentum correlations Y. Kamyia et al, arXiv:2203.13814

* Understand dissociation and regeneration in QGP
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https://arxiv.org/abs/2203.13814

ALICE

How to measure this and much more ?

Outer Tracker
[Vertex Detector}

Tracking Discs
(Time of Flight

~

C
E RICH -

Muon absorber —

J

N

Muon chambers -

Superconducting Magnet

Forward conversion tracker
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TLTI Vertex Detector concept and R&D @)

BLICE
= ™ n m A1O4E | I| | IIIIIII| | IIIIIII| | IIIII:
Retractable _v_erte_x detector inside beam pipe (Iris) | E i ALICE 3 study T
Target specifications for pixel sensor: 10x10 um? pixels, 5 .l :
o b = =0 R_=100cm E
<50 um thickness, NIEL: ~10'¢ 1 MeV n.,/cm? el T vt
g i — |TS2
o 102E —— ITS3
S -
Geometry '% :
B Beryllium < 105_
| Carbon_paper -
B Cold plate :
Epoxy_glue 1 |
B silicon -
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TLTI Electron and hadron ID requirements

RALICE

e, i, K, p separation with TOF + RICH detectors, with specifications o; = 20 ps, 6 = 1.5
mrad

FCT
n/K
Tracker | '
. ITOF
[ TOFJ 10‘zm v 7] oTOF :
‘ w .12-2{-2-2-2-2-2-2-2-1-.°.-.-... ~ =3 RICH n =1.006
ALICE 3 Lseseetoseeeees F=o RICH n = 1.03
~ N et RN
S S e Ny SRR B
QO W AT S NS S S S e s rescessene
9 oooooooooooooooooo
&

1o-1 \\E\s\\\\\\\\\ /// %7 i
| /////4

{ RICH}
ECaI 10-2
Absorber / L

Muon identification —

23
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1Ll Time of flight

L

* Separation power X
Otof

* distance and time resolution crucial

* 2 barrel + 1 forward TOF layers

. _ Total silicon
.outer TOF at R = 85 cm {surface 45 m2‘

° inner TOFatR =19 cm
* forward TOF at z = 405 cm

* Silicon timing sensors (o1orF = 20 ps)

* R&D programme on
monolithic CMOS sensors with integrated gain layer
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pr(GeV/c)

S. Bufalino,

e/r

ITOF
107 - Z2 oTOF

109 -

W%f;
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1071
§ 7
s f// %

102

/K

ITOF
107 - vZ3 oTOF

B

s

102

M. Colucci, G. Rivetti

RALICLE
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TLT] Silicon Time of Flight

Barrel TOF (|n| < 2)

Outer TOF: radius = 85 cm, pitch = 5 mm
Inner TOF: radius = 19 cm, pitch =1 mm

Forward TOF disks (2< |n| < 4)
Radial size = 15-100 cm, pitch =1 mm

Two R&D lines in ALICE:

Hybrid LGADs: R&D with thin sensors
— close to target time resolution in test beams

CMOS LGAD (baseline):

— single chip with sensor and readout
— significant cost reduction
— first prototypes, test beams, optimisation
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Hybrid LGAD time resolution

\l
o

g e Double 20 pm
S 60 L e Single 20 um Back
= o Single 20 pym Front
[e]
$ 50 <]
) T ‘Q\\
= 40 & e
~d 4
30 -“a£\ T 3
10
105 115 125 135 145 155
V (V)
CMOS-LGAD (MadPix)
MadPix LGAD
(DUT) (Trigger reference)
S. Bufalino, M. Colucci, G. Rivetti 20
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1Ll RICH with Si photon sensors

RALICLE

Barrel RICH (|n| < 2)

radius= 0.9m, length= 5.6m
photon detection area = 39
m2

readout cell size=2 x 2
mm?

y o SEEEEEREEEEEF EEEEEEEREEF S¥ SEEEREREETEEES

Target Cherenkov angle Soovol- Pesvemscad g e e

resolution achieved in testbeam = [ == 0o | Fontom  seese -

. . [ L ; Pion Mean 242+0.0 __

with small detector prototype $F = I8 I s sewen -

£ N e | Prot Norh009e+04 +3.852e+01

_ _ gsooo_ ALICE 3 RIC f Prot Mean 2124+0.0

R&D fOCUSGS on Ch0|ce Of SIPM, & _ Test beam ! Prot Sigma 498440014

- - - 4000— Oct 2024 |

radiation tolerance and cooling € | 1 KenNom  ooo2iae7

> 5 { Kaon Mean 233.8+0.0 _

20001 J ) Bkg Norm 0.198+0002

S > i {§ O\ 1
L=2cm d~20cm 0% g0 180 200 '250 240 60280 300 320 340

Single hit angle [mrad]
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ALICE

Outer tracker: the largest CMOS detector ever

[Outer Tracker }

Vertex Detector

[Tracking Discs}
Time of Flight

RICH -

Muon absorber —

N

Muon chambers -

Superconducting Magnet

L Forward conversion tracker}

GSI Seminar | June 30th, 2025 |



QOuter Tracker g
CERNCO ¥ Monolithic pixel sensors

July/August 2021 cernco

Reporting on international high®energy physics

IR SERA  On modules on water-cooled carbon-
| = fibre support

ITS2 (installed & operational)

\

R&D challenges on
=% * powering scheme (— material)
= @ f ° industrialisation

TONPHCLZP A7 R

.
| Build on

\experience|
- With ITS2

Inner Barrel
(bottom half)

Outer Barrel

GSI Seminar | June 30th, 2025 | 28
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Outer tracker

ALICE 3 tracker geometry

R (m)
OOOOOOOOP

R=0.8m

Module

Outer Tracker Barrel:
* 05 nm CMOS Technology
* 30 m?
* 5000 Modules
* 64000 Sensors

e 25 billions read-out channels

GSI Seminar | June 30th, 2025 |
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TLTI

Sensor
Pitch Power | Timining Material
size |consumpti budget
on

Outer Tracher| ~50 um | <30-40 | ~200ns| <1 % X,
sensor mW/cm?

Current APTS | <20 um ~* 40 ~2 uSs <1 % X,
mW/cm?

ER2: 30, 40, 50 um APTS will be delivered (end 2025)

1.5mm

\NZ Zif Bl ==

r AN N
| E R, i

1.5mm

W

pisd >

Pixel pitch = 50 um

.
O

GSI Seminar | June 30th, 2025 |

Collection speed reduced

Collection efficiency reduced at pixel corners
APTS: Nucl.Instrum.Meth.A 1069 (2024) 169896

ALICE

65 nm technology
Thickness: 50-100 um

We need larger and faster
sensors with low(er) power
consumption

Grouping

connection of the input
nodes of two diodes /

J. Hensler



1Ll Sensor

Test campaigns

» Bonn: Medium intensity e-, beam spot ~ 1cm? Test
program done in spring . Stop

- DESY: (2.4 GeV e-) Low intensity, large beam spot.
150kHz over full area 10cm?

« CERN PS: winter break: Stop in 2026
* Frascati: (500MeV e-), Tmm beam spot
- MAMI (850 MeV e-) smal beam spot

- Japan under discussion (travel budget!)

BabyMOSS  APTS DPTS BabyMOSS

=> In pixel efficiency
=» Tracking resolution

GSI Seminar | June 30th, 2025 |

|. Altsbeev
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TLTI Sensor

RLICE
Test campaigns Time above threshold
- Bonn: Medium intensity e-, beam spot ~ 1cm? Test * Useful to correct tot time-walk
program done in spring . Stop * PID
 Measurement with BabyMOSS telescope at different
- DESY: (2.4 GeV e-) Low intensity, large beam spot. inclination angles and e- beams (1, 2,4 GeV)
150kHz over full area 10cm? _ e e B

1400} —_— 0 ]
— 30°

45° |
1000} 60° |

« CERN PS: winter break: Stop in 2026

* Frascati: (500MeV e-), Tmm beam spot

A < \ \ A - B 4ooi .'Hl{f.;%_'_ |
* MAMI (850 MeV e-) smal beam spot L TTES WM.=
- Japan under discussion (travel budget!) * |nput for the digitizer of OT simulations 0<|n|<0.5

---- 20 threshold
—— e-m
—— mn-K

K-p

ToT [ps/10um]

Co
Separation Power

BabyMOSS  APTS DPTS BabyMOSS

=> In pixel efficiency - of A

10-T 100 1

=> Tracki luti priceve
racking resolution B. Ulukutlu, H. Fribert
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1.1

0.9

0.8

Efficiency

O
~

O
o

Timing requirements

Seeding with Inner Tracker Seeding with TOF

500 ns ROF < 120 ns Timing
H|A8 pp@24M HZ Vs=13.6TeV 2 us ROF < 580 ns Timing
S B= 2T h]|<0 5 o,=1cm

PY]

. | gy ; -
s +***—‘— o s
Eas =a=:a—+_e_ . ———p

-

: - ' : : H
T . nHits>=9

.
P L L L L L L L L R L L L L

Efficiency

B *+*’F+ . ‘ ’

“ ROFs: 500ns all layers

o ROFs: 500ns Inner, 2us ML+OT
O ROFs: 500ns Inner, 5us ML+OT
— |
¢

ROFs: 2us all layers

----------------------------------

1 pp collision per ROF

RLICIE

YTHIA8 pp, V5=136TeV  o,=5cm
ACTS, Bi= 2T, Inj<0.5 nHits>=9

200, with TOF in seeding

Or1T7

0.2 0.4 0.6 0.8 1 1.2
P (GeV/e)

3
P, (GeV/e)

It is Important to have fast Inner Layers, outer layers can be slower
Inclusion of the iTOF layer in the seeding allows to resolve hits from different bunch crossings in time

GSI Seminar | June 30th, 2025 |

|. Altsebeev




@ @
3.2 cm
==bc | Sensor
atension
@ ®

* Industrialized module assembly (~8000 modules)

2.5cm

Module

Connectors FPC

Spaceframe

* MEMPACK : glueing + wire-bonding on FPC, good precision with 100 um L Korea

* C-ON tech company: prototype assembly machine currently produced

GSI Seminar | June 30th, 2025 |




L] Module @)

RLICIE

B. Ulukutlu Credit: M. Gronbeck, L. Dépper

* Dummy FPC

e Dummy sensor (Madhat) - For realistic studies of cooling and vibrations

* Real FPC still to be designed!
* ALTAI sensors will be used for first prototyping
* Serial powering currently under study (simulations and prototyping)

GSI Seminar | June 30th, 2025 |



TLTI

Barrel layout and design:

Study compatibility with the different detector volumes
Study of interfaces and integration of services

RLICE
B. Windelband, S. Diettrich, L. Varga

Mechanics and cooling
'”

 »

Stave carbon spaceframes prototype (similar to CBM STYS)

N

Heat camera view

Module fixation and assembly procedure
back side

nnnnnn
zzzzzzzz

Heat camera measurement

B
!
] " '
! 2+ T
: |
I -
A | -
! o
|
1 |

chip side

N
(o)]

N
B

Temperature [°C]

20

.......

GSI Seminar | Jurie sotT, 20




TLTI Next cooling setup

RALICLE

insulation

*3x half staves (1.3m long) imitating a segment

of the #10t and #9t OT layers j V% V4
> <} RL:;::s barrel | between | ~Pace VA4

*Setup can be extended to host 3+2+1 staves P ] Rl Rl TS > 4
> 450 | 2640 | 0.766 64 > <]

P 4 AR amome N

W Total 260 N <

L. Varga
GSI Seminar | June 30th, 2025 |



TLTI

2023

ALICE 3 timeline @%@

2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

Run 3 LS3 Run4 LS4

Q1 Q2 Q3 Q4|Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4/Q1 Q2 Q3 Q4/Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 ' Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Detector
ALICE 3 | scoping,

2022:

2023 - 2025:
2026 - 2027
2028 - 2031:
2032 - 2033:
2034 - 2035:

Selection of technologies,
WGs kickoff R&D, concept prototypes

Contingency and
precommissioning

detector scoping, resource planning, sensors selection, small-scale prototypes

Letter of Intent reviewed by LHCC — very strong support

large-scale engineered prototypes — Technical Design Reports
construction and assembly
contingency and pre-commissioning

Long Shutdown 4 - installation and commissioning

2036 - 2041: physics campaign, Pb-Pb ~35 nb-1, pp ~ 18 fb-’

GSI Seminar | June 30th, 2025 | 38



T ALICE R&D synergies S

.  ALICE has pioneered Si MAPS R&D for 10-15 years (ALPIDE, ITS3)
. ALICE 3 now drives:
further innovation in MAPS (low material, time res., large area, modularity and automation)
- novel R&D for PID detectors (Si timing, radiation tolerant SiPM)
. This matches ECFA R&D Roadmap towards FCC-ee detectors, but also upgrades and new
experiments in nuclear and HIl physics (CBM, R3B, NA60+)

0 8 12 16 20 zincm Stagel: Planar ALPIDES 2 arm
| | | | | "

Target st 2_r|d 3"j 4th Station

CBM Si sensors Target Recoil

upgrade options: Tracker for R3B
upgrade MVD with next
generation MAPS at FAIR

possible addition of timing
silicon layers (LGADs,
SPADs)
forward silicon tracker
(fragments ID inside the
beampipe)

(courtesy P. Gasik)

(courtesy R. Gernhauser)

Stage2: Planar ALPIDES Barrel

GSI Seminar | June 30th, 2025 | Stage3: Bent Barrel like ITS3 39




TLTI Conclusions

RLICLE

* ALICE 3 is needed to unravel the microscopic dynamics of the QGP:
* Properties of the QGP
* Chiral symmetry restoration
* Hadronisation and nature of hadronic states

* Innovative detector concept
to meet the requirements for the ALICE 3 physics programme

* building on experience with technologies pioneered in ALICE
* requiring R&D activities in several strategic areas

Thank you for your attention!

GSI Seminar | June 30th, 2025 | 40



T Do your job and trust the process @%

From CAD and small prototypes to Mass production !!

STS Iaddef;

OT staves

https://www.cbm.gsi.de/projects/sts

GSI Seminar | June 30th, 2025 |



RLICLE

THANKS a lot for your attention and
looking forward to the future
collaboration

GSI Seminar | June 30th, 2025 |



1 ALICE 3: integration studies %

1)

Study of integration scheme
with alternating services

Enables modular and
independent installation of:

: and
TOF barrels, and TOF

endcaps

Improves contingency in LS4
schedule

43
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c-deuteron

& o
P @p

anti-triton anti-hyper-triton

Decay channel:

cg—d+K +7n"
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Probability

Impact parameter distributions

o
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N
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o

o

N
|

0.015—
0.01—

0.005

| | |

# Layout v1, Inl < 1.44
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; :
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-0.004
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% ALICE 3 study -

-0.002 — 0 —
DCA, deuteron (cm)

0.002 0.004

Counts

10°

28 29 3

Nuclear states: charm-deuteron

Invariant mass distribution

_III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
~ ALICE 3 study ]

~ PYTHIA 8.2 Angantyr, Pb-Pb |s,, = 5.52 TeV

= Signal —

= Primary background :“ |

B Correlated background ;'{* " W i
* -

. S/B=0.41
_ Significance = 51.2 ’“'"

Layout vi, Inl <1.44
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Unigue sensitivity to undiscovered charm-nuclei:
charm-deuteron and higher nuclear states

44



1Ll ALICE3: Physics motivation

* ALICE 2 will allow comprehensive measurements of
* medium effects and hadrochemistry of single charm
* time-averaged thermal QGP radiation
* patterns that are indicative of chiral symmetry restoration

* Fundamental questions will remain open — ALICE 3
* fundamental QGP properties driving its constituents to equilibration
* microscopic mechanisms leading to strong partonic collectivity
* partonic equation of state and its temperature dependence
* underlying dynamics of chiral symmetry restoration

= Nanasakan Aadns o N LA A T A TR PTRINE T T N

| Progress requires qualitativé steps
in detector performance and statistics
— next-generation heavy-ion experiment

GSI Seminar | June 30th, 2025 |
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