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ALICE upgrade plans
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LS3: FoCal & ITS3 LS4: ALICE 3
e Specific upgrades for Run 4 ¢ Next-generation heavy-ion experiment for Run 5
e TDRs approved last year e |etter of Intent reviewed in 2022
e Moving towards production phase * Scoping Document just reviewed
FoCal TDR: CERN-LHCC-2024-004 ITS3 TDR: CERN-LHCC-2024-003 LOI: CERN-LHCC-2022-009 SD: CERN-LHCC-2025-002
Letter of intent for P, e

ALICE 3
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<> The ALICE 3 upgrade

RILICIE

= Novel all-silicon compact detector Bt i ALICE 3

« Ultra-light all-pixel tracker with retractable vertex Inner Tracker
detector inside the beam pipe TOF
* Extensive particle identification: TOF, RICH, MID t
 Large acceptance |n|<4 P
» Superconducting solenoid magnet B=2 T
» Continuous read-out and online processing e [
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* not limited by detector
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<> The ALICE 3 upgrade

RILICE
Key objectives :
Outer Tracker ALICE 3

* Access to QGP temperature vs. time

- Precision measurement of dileptons Inner Tracker
* Understanding thermalization in QGP . NF
- beauty and (multi-)charm hadrons
. FD
+ Fundamental aspects of QCD phase transition
-> chiral symmetry restoration: di-electron mass spectrum
» Laboratory for hadron physics
- hadron-hadron interaction potential, exotic hadrons RICH '
— 100 ECal
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* not limited by detector
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ALICE 3 detector requirements

RILICIE
Component Observables Barrel (|| < 1.75) Forward (1.75 < |n| < 4) Detectors
Vertexing (Multi-)charm Best possible DCA resolution, Best possible DCA resolution, retractable Si-pixel tracker:
baryons, opca =~ 10pm at opca ~ 30pum at Opos = 2.5um,
dielectrons pr=200MeV/e,n =0 pr=200MeV/e,n =3 Rin =~ 5mm,
X /Xy =~ 0.1% for first layer
Tracking (Multi-)charm Opy /pr=1—-2% Silicon pixel tracker:
baryons, Opos ~ 10um,
dielectrons, Ry ~ 80cm,
photons ... L~ +4m
X /Xy =~ 1% per layer
Hadron ID (Multi-)charm /K /p separation up to a few GeV/c Time of flight: oyr = 20ps
baryons RICH: n ~ 1.006 —1.03,
Gg ~ 1.5mrad
P I D Electron ID  Dielectrons, pion rejection by 1000x Time of flight: Gy &= 20 ps
quarkonia, up to 2-3 GeV/c RICH: n = 1.006 —1.03,
xc1(3872) og ~ |.5mrad
Muon ID Quarkonia, reconstruction of J/y at rest, steel absorber: L = 70cm
Xe1(3872) 1.e. muons from pt ~ 1.5 GeV/c at muon detectors
n=>~0
ECal Photons, large acceptance Pb-Sci sampling calorimeter
jets
ECal Xe high-resolution segment PbWO, calorimeter
Soft photon  Ultra-soft photons measurement of photons Forward conversion tracker
detection in pt range 1-50 MeV/c based on silicon pixel tracker
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ALICE 3 PID detector requirements

RILICE
6 -6
ALICE 3 layout
§ Version 2
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ALICE 3 TOF detector requirements

6 5 4 3 2 1 0 -1 -2 -3 -4 -5 -6
ALICE 3 layout =18 n=0.5 %0 n=405 #4210
Version 2
3
=15 ‘ n=<15
2
3 = s \ . ; < =
=z 7=2.0 = < 7 o n==-2.0
= 3 MAGNET 7 : 2
| S OoTOF (R=85cm) -
n=3.0 . A==30
—— ITOF (R=20cm)
=35 S I n==35
n=4:0 1 T m B e ==4.0
0 6 5 4 71 _ 0 -17 -4 -5 -6

fTOF (Z= +370 cm)

30 TOF PID ranges

e/m < 500 MeV/c (—) Separation power < L/oroF
K/t <25 GeVic - required time resolution: oror = 20 ps

p/K < 4 GeVlc
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RILICIE
6
ICE3
Versic
3
n=t5
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ALICE 3 RICH detector requirements

Extend TOF PID ranges
e/t s 2GeVic

K/ < 10 GeV/c

p/K < 16 GeV/c
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5 4 3 2 1 0 1 -2 -3 4 5 6
3 layout n=18 n=0.5 n=0 1=£0.5 7%-1.0
1=<1.5
| n=-20
\GNET
bRICH g=25
9 - 6 A==30
I 9_: I n==35
- m==4.0
5 4 3 2 1 0 1 2 -3 4 5 6
z(m)

Aerogel radiator
*  DbRICH: n=1.03

— ° fRICH : n=1.006

+ Cherenkov angle resolution gy, = 1.5 mrad
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ALICE 3 MID detector requirements

6 5 & 3 0 -1 -2 -3 -4 -5
ALICE 3 layOUi n=18. n=0.5 n=0 n=£05 74-1.0
Version 2
3
um MID

o 7=2.0

=30

n=3:5 VS
n=4.0 111 1w

u identification from p; ~1.5 GeV/c at n=0 — .

— Jydowntop;=0
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MAGNET

2
5 N . ) \ [ ."" y ‘/./V —

n=<1.5

n=-20

=295

A==3.0

n==395
==4.0

-2 -3 -4 -5

Steel absorber, 70 cm at n=0
Granularity ~ 5x5 cm?
n, K rejection factor ~ 100
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Silicon-based TOF detector specs

Inner TOF Outer TOF Forward TOF disks

Area (m?) 1.5 37 6
Granularity(mmz) 1x1 5x5 Ix1to5x%x5
Hit rate (kHz/cm?) 200 15 280
Material budget (% X)) 1to3 1to3 1to3
Power density (mW/cm?) 50 50 50
System time resolution (ps) 20 20 20
Radiation tolerance NIEL (1 MeV neq/cmz) 7-1012 9.10! 1-1013
Radiation tolerance TID (rad) 3.10° 2-10* 4-10°

inner-TOF: R=19 cm, |z| < 62 cm, 1x1 mm? pixels
outer-TOF: R =85 cm, |z| < 350 cm, 5x5 mm? pixels Total surface
(TOF) ~ 45 m?

Two barrel layers (|n|<2) =

Two forward disks (2<|n|<4) - forward-TOF:z= +370 cm, R = 15-100 cm, 1x1 mm?2 pixels
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Silicon-based TOF detector specs

Inner TOF Outer TOF Forward TOF disks

Area (m?) 1.5 37 6
Granularity(mmz) 1x1 5x5 Ix1to5x%x5
Hit rate (kHz/cm?) 200 15 280
Material budget (%Xj) 1to3 1to3 1to3
Power density !mW/cmZ) 50 50 50
System time resolution (ps) 20 20 20
Radiation tolerance NIEL (1 MeV neq/cmz) 7- 10li 9.10'" 1-10°
Radiation tolerance TID (rad) 3.10° 2-10* 4-10°

inner-TOF: R=19 cm, |z| < 62 cm, 1x1 mm? pixels
outer-TOF: R =85 cm, |z| < 350 cm, 5x5 mm? pixels Total surface
(TOF) ~ 45 m?

Two barrel layers (|n|<2) -

Two forward disks (2<|n|<4) - forward-TOF: z= +370 cm, R = 15-100 cm, 1x1 mm? pixels

Three sensor technologies: LGAD, monolithic CMOS-LGAD (baseline), SiPM

EMMI Soft Photons Day, 26 May 2025 | Antonello Di Mauro 12



Time Resolution (ps)
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E. Carnesecchi, S. Strazzi et al, EPJ Plus 138 (2023) 99
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Electric field
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https://link.springer.com/article/10.1140/epjp/s13360-022-03619-1
https://link.springer.com/article/10.1140/epjp/s13360-023-04621-x

Silicon-based TOF detector R&D

2. Monolithic CMOS LGADs:

. Sensor and FEE integrated in the same chip— cost reduction
. Based on INFN ARCADIA MAPS 110 nm LFoundry, with additional
gain layer

[ ARCADIA pad sensor ]

Beam-test results on 50 um thick sensor (Oct. 2024)

140 — T T
High Resistivity Si High Resistivity Si 0.10
HVgackside < 0 130 :”2\
MADPIX (Monolithic CMOS Avalanche Detector PIXelated Prototype) N
'E‘ 110 I 0.00
5‘ —4 - 0 2 1 [
Time [s] x10-%
100 f
L]
[ ]
90t ° (] [ ]
[ ]
T R R TR TR T
Veack [V]
Time res. sensor + front-end (@0.18mW/ch): 88 ps

, Time resolution sensor: = 75 ps
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RILICIE

2. Monolithic CMOS LGADs:

. Sensor and FEE integrated in the same chip— cost reduction
. Based on INFN ARCADIA MAPS 110 nm LFoundry, with additional

gain layer

ARCADIA pad sensor

HVp, >0

ARCADIA pad sensor with gam

deap
pwell

High Resistivity Si

HVackside < 0

MADPIX (Monolithic CMOS Avalanche Detector PIXelated Prototype)

deep
pwell

High Resistivity Si

E w
‘-x'ncu\m‘\-\\\ s AR CR TR e
o & B B
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Silicon-based TOF detector R&D

TCAD simulation of new short-loop sensor,
15 pm thick

Mean signal of 5k events

—— Dose 1.000 Sub 7um Vtop 40 Vgr 7 Vback -6
—— Dose 1.000 Sub 7um Vtop 45 Vgr 7 Vback -6
—— Dose 1.000 Sub 7um Vtop 50 Vgr 7 Vback -5

0 1 2 3 4 5

t[ns)
Time Resolution vs CFD

Gain values
— [Gain = 15.3]
—— [Gain =19.3]
— [Gain = 26.3]

20 40 60 80
CFD [%]

New prototypes planned for this
summer expected to reach 20 ps
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RLLCE

Silicon-based TOF detector R&D

3. SiPMs for timing:

First demonstration of direct detection of charged particles exploiting Cherenkov photons
generated inside protective layer

108

Entries

101

/3 WR

=) SRl

VOV = Vbr'as - Vbreakdown

=) SRS, == ERil

105 4
104 4
103 4
102 4
10 4

100 4

Vo\/=2V

silicone resin (1, 1.5 mm)

without resin

E. Carnesecchi, B. Sabiu et al, EPJ Plus 138 (2023) 788
100

WR
SR1
SR15
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90 ~16% 40V
80 1
70 1~81%
60
501
404
30 10%
201
10

0

3%

\ without

protection

4 HE B 1o

with
protection

Time resolution (ps)

~8%

~10% ~10% ~61%
1 2 3 4 5 6 7 8 =9
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0.1
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Signal amplitude (V)
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Measured ~ 20 ps jitter at sensor level
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RICH with Si photon sensors specs

Barrel RICH Forward RICH disks

Area (m?) 28 9
Granularity (mmz) 2x2 2x2

Hit rate (kHz/cm?) 15 280

Photon detection efficiency at 400 nm (%) 40 40

Material budget (%Xp) lto3 lto3

Power density (mW;’cmZ} 50 50

Time resolution (ps) _ 50 50

Radiation tolerance NIEL (1 MeV neg/cm?)  6.2-10%! 1-105 \
Radiation tolerance TID (rad) 1.5-10% 3-10°

Barrel RICH (|n|<2) = R =90 -120 cm, |z| < 350 cm, 2x2 mm?2 pixels

Two forward RICH discs (2<|n|<4) 2 z=+4380cm, R=15-110 cm, 2x2 mm? pixels

Total surface
~ 37 m?2

Cherenkov radiator: aerogel + photon detectors: SIPM

EMMI Soft Photons Day, 26 May 2025 | Antonello Di Mauro
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RICH with Si photon sensors specs

RLLCE

RICH requirements: extend TOF PID

. 30 TOF PID ranges
Material Reifnfggtx've Pinresnola [GEV/c] e/ < 500 MeV/c

e K/t < 2.5 GeV/c
p/K < 4 GeVic

Cherenkov radiator materials

1.000035 0.061 16.68 59.01 112.14 112

" 1.000283  0.021 5.87 20.75  39.44 124 '
[}
0
& 1.000449  0.017 4.66 16.47  21.48 175 . . : :
© Aerogel with n=1.03 optimal radiator choice
1.0015 0.009 25 9.0 17 136 o
1.03 0.002 0.55 2.0 3.8 300 ,/’.____-
é 1.3 0.0006  0.174 0.614 1.168 165 2.,/ <— Rayleigh scattering |
g 1.333  0.00058  0.158 0.56 1.065 190 -
1.41 0.00051  0.161 0567  1.079 125 D .
[%2) Wavelength [nm]
= 1.46 0.00048  0.144 0509  0.969 105
(%]
1.58 0.00047  0.132 0465  0.884 158 +

SiPM: 2x2 mm?2, PDE > 40% @ 400 nm

* n can be tuned in range ~ 1.001-1.1
**Aerogel needs photon detection in the visible

EMMI Soft Photons Day, 26 May 2025 | Antonello Di Mauro 18



BALICE
Aerogel Gas
Charged track
L=2cm d~20cm
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RICH with Si photon sensors R&D

“Projective” layout with modules pointing to collision point

Performance simulations

HTM+Bayes analy5|s, Pb Pb b < 3 5 fm (0-59
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RICH with Si photon sensors R&D

RLLCE

R&D focuses on:
» Aerogel characterization
* SiPM DCR (< 1 MHz/mm?2) and radiation
hardness (NIEL ~ 7 x 10 1 MeV ng,/cm?):
- CO, cooling @ - 40 °C and annealing
- backside illuminated SiPM
- microlenses and light concentrators

Cherenkov angle of pions, kaons and protons:

~ 1.5 mrad angular resolution
1

T AR LA b LA L) sl L L s s L s st s g
E C  Pos. beam, 10 GeVic ALICE 3 RICH B i
o T —e—Daa Test beam Oct 2024 Charged trackg|
-, . —n | \
s 10 E : Pion § 0 T T T T T
% F 3 Kaon B 2. 1000~ ]
[} : :l Prot : 9 C Mo: §13361-2050 w/1 mm SiO, ]
g ~ L M1: $13361-3075 w1l mm Si0, _|
"5 10_2? 511'41 +0.02 — S< - eg 800— + Radioroc 2 and PicoTDC -
pt 0, 1.43£0.11 = L=2cm d~20cm 3 r Norm1 841.643+18.180 |
2 . o 1451001 ] O ol Mean1 2790+0583 _|
13} . Sigmat 46.1131£0.899 -
© . o ] . . . . L ]
i 10E E «  SiPM equipped with SiO, i o
- 3 . L 400~ ) e
- : % t window for MIP timing g Somez  samizasts |
- - . . . - Beam: - 10 GeV/ q
ot bbb el bl x*l L. | A . — ~ 35 ps time jitter on SIPM+R/O 200 p ;mc =
180 185 190 195 200 205 210 215 220 225 230 235 240 245 250 255 F a
Ring Cherenkov angle [mrad] C - o
. R - 0 500 1000 . 1500 2000
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RICH with Si photon sensors R&D

BILICE
+ e-ID extension using gaseous radiator having n ~ Aerogel Gas e s Mt Mt s noad Aaas e
1.0006: 2 e Leane
. . . b B
- avoid high GWP fluids (CF,, C,F,... ) £ ‘ ]
- blend of CO2 (n=1.00045) and CF,,0 or i-C,H;, 2
£ 10°
P (GeV/c)
n Bin
e 1} T K p
1,00045]|0,9996| 0,017 | 3,522 | 4,652 | 16,454 | 31,272 10
1,00060]/0,9994| 0,015 | 3,050 | 4,028 | 14,249 | 27,082 L=2em d~25cm E
CED :“"l“"l“"""""""I""\" ] > 1.4 > 14
L 1 [e] =
a 162 p=3 GeV/c (] Etectron . E) 4 Using aerogel photons 4 Using high-n gas photons 5 4 Using aerogel photons 4 Using high-n gas photons
2 14— D Not electron _| S12 212
he} C ] b= +
@ = e 9] ]
= K. o 1 # 1.0 1.0 R
5 ™ Moo | T vy B T EC
5 10 ~ ] 0.8 - 4+ -+- ++ 0.8 ﬂ + +
-g Ce - R +
Ea?'}?‘-ﬁ-“'.'w . _E 0.6 s 06 4
c 6~ * . ! N . * ] ++
3 te ¢ ] 0.4 0.4
= a— —] +
2:_ 3 0.21 B=2T,|n|<2 + 021 B=2T,|n<2
C . b -+
9595 -1 5 0 05 1 15 2 005 1 2 3 4 5 0.0 1 3 3 3 5
Pseudorapidity Momentum [GeVi/c] Momentum [GeV/c]
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MID detector specs and R&D

¥ w,_' N LE e BT 0
% Testbeam in Oct 24 of SC|nt|IIators/S|PM and

Muon chambers £ MWPC prototypes usmg final size iron absorber

« 160 chambers of 1x1 m?

« Anx A¢ granularity — 5x5 cm? cells
» 2 layers of plastic scintillator bars

* SiPMs readout

Alternative option: MWPC

Absorber outside SC magnet
« Standard magnetic steel absorber
 Thicknessof=70cmatn =0

R&D focuses on:
* scintillator material selection

 layout optimization for & rejection - PR AR AR R
~ [T (L)[cm] 30-09;— . FNALSClntlIIatorchamber(x1/(Acc><EIfxBDTeif)T
© - pp(s=14TeVPythia 8.304 + Geant 4 v11 | 50! 2 345 Bog ° MWPC(<1EM) 3
o [ kTS ] O r S E
i) L -t lyl<1.24 i =n r & GeV/e pions rotation scan %_07:— —
E 0'8,_ ] 0200_— 8 F "

LI; r . * E = EJ-208 23.065— -
I=) 0'6:_ " ] 150 4 FNAL-NICADD 0.05 - E
- _’ ' r E -
Soa * & o ] i 0.04- 3
= T 100F g
172 r L 0.03 . -
< oo . — L F 3
o L —e— Non-Magnetic ] 50 0.02 =
8 C —+— Magnetic 1 F F ]
L R B R R R AN A R 0 N T T 0'013_ | E
p, (GeVic) 10 20 30 40 60 a7[’deg?'ges] 500 6o
Absorber Iength L (cm)
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Thoughts on e-ID for FCT

< 10g 7 i 7 7 < 107'g 7 7 i i
o E PP fs=14TeV __ Hadronic decays and direct y's D) E pp, (s=14TeV __ Hadronic decays and direct y's
= [ 4<n<s — Secondary intetactions/decays = [ 4<n<s — Secondary interactions/decays
] 1 E...50 Mey External bremsstrahlimg ] 2 E, > 50 Mev External bremsstrahling
E - J — &> veto -
E E — Internal bremssirahlung E 10 E — Internal bremsstrahlung
- _1: —_ - E
-.-g_,- 10 ; -r ‘H‘_hk—“‘—“____h -..-g,- 10—3_
= C e prd E
S 102k — I E . ] + e veto
E et L e ] L L e . .
3 E e A O R P ] - conical beam pipe
= L iy e e LN = 107k besr
= 10°3 HJfrﬁ.-f“’ e Ll SR = E E’H‘J{W Mmﬂ
g ]ndﬂ F ﬁfﬂ: IL“W_;JLLL
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Thoughts on e-ID for FCT

Goal: identify e*- from few 10’s of MeV/c up to few GeV/c

Material SelEelve Pthreshold [GeV/C]

index

e T K

1.000035 0.061 16.68 59.01 112.14 112

1.000283 0.021 5.87 20.75 39.44 124
1.000449 0.017 4.66 16.47 21.48 175
1.0015 0.009 2.5 9.0 17 136

Gaseous radiator

l

Csl-based gaseous photon-detector (e.g. with GEMSs)

fo reflective
photocathode

_ GEMI

C GEm2
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Thoughts on e-ID for FCT

Threshold Imaging Cherenkov detector (NA44)

Hit pads

Flat mirrors

Cherenkov photon

CsT based
MWPC

Photon detectors

Radiator gas

Kip/d

A. Braem et al., Nucl. Instr. & Meth. A 409 (1998) 426-431
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*  Depending on radiator gas, hadrons will produce Cherenkov photons
only above a certain momentum (e.g. in CO, for n: p,, = 4.7 GeV/c) —
work in threshold mode

«  Using flat mirrors one can detect photons generated by e*- using
photo-detectors placed outside the acceptance

+  Simple and cheap technology for the photon-detector: Csl +GEMs (or
THGEMSs)

For example: COMPASS MPGD (Hybrid THGEM+MICROMEGAS)

FUSED SILICA WINDOW

PROTECTION WIRES 4.5mm

@ ArICH,50/50 i
Csl 4mm
THGEM | o U A A A A AN A
THGEM 2 ¥ 3mm Csl film

- | Til A 470 4 4 4 4 2 2 4 4 4 A 0 1 4 2

5mm

i |

>

MESH

ANODE wiTH PAD

S. Dalla Torre, Nucl. Instr. & Meth. A 970 (2020)
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Thoughts on e-ID for FCT

Threshold Imaging Cherenkov detector (NA44)

Hit pads

Flat mirrors

Cherenkov photon

Kip/d

A. Braem et al., Nucl. Instr. & Meth. A 409 (1998) 426-431

Frank-Tamm relation
d’N 27« . 1
derd\ )2 ﬁ%"’()\)
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Radiator gas

CsT based
MWPC

Photon detectors

Optical window

The choice of the optical window of the PD has a strong impact on
the number of detected photons hence on the length of the radiator
gas volume, which in turn defines the area of the PD

0.1

H. Rabus et al., Nucl. Instr. & Meth. A 438 (1999) 94-103

H. Rabus et al., Nucl. Instr. & Meth. A 438 (1999) 94-103
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0.00t A .
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Fused silica

Wavelength range 160-210 nm 121-210 nm
No. of Cher. phot. In 1 m CO, 63 146
No. of Cher. phot. In 1 m He 5 115

113-210 nm

173

13.7
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Summary

e The ALICE collaboration has proposed a new experimental apparatus to fully
exploit the excellent LHC performance as HI collider starting from Run 5.

e PID plays a central role in the achievement of the rich physics programme aiming at
ultimate insights on QGP through studies of dielectrons, heavy quarks and more.

e Extensive R&D in key areas, such as MAPS for timing and radiation-hard SiPMs, is
driving sensor technology forward in ways that will also benefit future applications.

e The “versatility” of Cherenkov imaging offers interesting options for implementing
e-ID in the FCT detector.
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