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Pb-Pb: 6.2 nb-* Pb-Pb: 6.8 nb-1 Pb-Pb: ~ 1
0-0: 500 pb- p-Pb: 0.6 pb- : b-Pb: ~35 nb

2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037

ALICE 3
ITS3, FoCal = New detector in LS4 (2034-35)
" Specific upgradesin L.S3 (2026-29) = Lol reviewed in 2022 (CERN-LHCC-2022-009)
= TDRs approved in March 2024 Scoping Document review just completed
» Moving towards “production” phase

FoCal TDR: CERN-LHCC-2024-004

ITS3 TDR: CERN-LHCC-2024-003

Letter of intent for

ALICE 3

Cyiindrical %
Structura I Shell

Half Barrels ~
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ALICE 3 concept

Novel and innovative detector concept

Compact and lightweight all-pixel tracker

Retractable vertex detector
Extensive particle identification
Large acceptance |n|<4

Superconducting solenoid magnet (2 T)

Continuous read-out and online processing

Pointing resolution at n=0, p1=1GeV (um)

ALICE 1

®

RALICE

ALICE 2
Run 3

3 ALICE 2
10 RLICE Run 4

N

ALICE
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Acceptance (An)X Pb-Pb interaction rate (kHz)

RLICE

3

1000

FCT

Tracker
TOF

ALICE 3

RICH

ECal

Magnet
Absorber

Muon identification

Interaction rates ALICE* ALICE 3
pp 500 kHz-1 MHz 24 MHz
Pb-Pb 50 kHz 100 kHz**

* from LHC Run3
** limited by LHC projections (not detector)
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ALICE 3 concept

Novel and innovative detector concept TOF

Key objectives:

FCT

Compact and lightweight all-pixel tracker
Retractable vertex detector ALICE 3
Extensive particle identification

Large acceptance |n|<4

Superconducting solenoid magnet (2 T)
Continuous read-out and online processing

Access to QGP temperature vs. time SR
—> Precision measurement of dileptons ECal
Magnet

Understanding thermalization in QGP
- beauty and (multi-)charm hadrons Absorber

Fundamental aspects of QCD phase transition PSR ettt

- chiral symmetry restoration: di-elector mass spectrum Interaction rates ALICE* ALICE 3
Laboratory for hadron physics pp 500 kHz-1 MHz | 24 MHz
—> hadron-hadron interaction potential, exotic hadrons Pb-Pb 50 kHz 100 kHz**

* from LHC Run3
** limited by LHC projections (not detector)

M. Colocci — Terascale Detector Workshop — March 17-21, 2025 (Bonn) 4



—— ALICE 3 —— ALICE3-TOF —— LGAD —— CMOS-LGAD SiPM RICH —— MID —— Conclusions

ALICE 3 detector requirements

Component  Observables Barrel (|n| < 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 ~ 10um at opca ~ 30um 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 Opr /pr~1——2% Silicon pixel tracker:
baryons, Opos ~ 10pm,
dielectrons, Ry =~ 80cm,
photons . .. L~+4m
X /Xy ~ 1% per layer
Hadron ID (Multi-)charm 7/K/p separation up to a few GeV/c Time of flight: Gy, ~ 20ps
baryons RICH: n ~ 1.006 — 1.03,
Oy ~ 1.5mrad
Electron ID  Dielectrons, pion rejection by 1000x Time of flight: Gy, ~= 20ps
quarkonia, up to 2-3GeV/e RICH: n ~ 1.006 — 1.03,
Xc1(3872) Cp ~ 1.5mrad
Muon ID Quarkonia, reconstruction of J/y at rest, steel absorber: L =~ 70cm
X:1(3872) i.e. muons from pt ~ 1.5 GeV/c at muon detectors
n =0
ECal Photons, large acceptance Pb-Sci sampling calorimeter
jets
ECal Xc high-resolution segment PbWO, calorimeter
Soft photon  Ultra-soft photons measurement of photons Forward conversion tracker
detection in prt range 1-50 MeV/c based on silicon pixel tracker
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ALICE 3 detector requirements

Component  Observables Barrel (|n| < 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 ~ 10pum at opca ~ 30um 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 Opr/PTR1——-2% Silicon pixel tracker:
baryons, Opos =2 10 um,
dielectrons, Ryt =~ 80cm,
photons . .. L~+4m
X /Xy =~ 1% per layer
Hadron ID (Multi-)charm 7 /K / p separation up to a few GeV/c Time of flight: &y, ~ 20ps
baryons I : RICH: n =~ 1.006 — 1.03,
Timing is needed 09 ~ 1.5mrad
ElectronID  Diclectron=» Strategic R&D on timing silicon sensors Time of flight: Oy ~ 20ps
quarkonia, up to 2-3 GeV/c RICH: n =~ 1.006 — 1.03,
Xc1(3872) Og ~ 1.5mrad
Muon ID Quarkonia, reconstruction of J/y at rest, steel absorber: L ~ 70cm
Xc1(3872) i.e. muons from pt ~ 1.5 GeV/c at muon detectors
n=~0
ECal Photons, large acceptance Pb-Sci sampling calorimeter
Jets : . o
y et This talk is focused more on the ALICE3 timing detector
ECal Xec high-resolution segment e e
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 TOF detector: Iayqut _
Mz \

-3 -4 -5 -6

..ﬁﬁ_hl“ul%m EEE=E

6 5 4 3 2 1 0 -1 -2 -3 -4 -5 -6
z(m)

The ALICE3-TOF detector will provide PID over the full acceptance (|n|<4)

inner-TOF: R =19 cm, |z| < 62 cm, 1x1 mm2 pixels

<
Two barrellayers (jnl<2) = outer-TOF: R = 85 cm, |z| < 350 cm, 5x5 mm?2 pixels

Total surface
Two forward disks (2<|p|<4) > forward-TOF: z = +370 cm, R = 15-100 cm, 1x1 mm? pixels | (TOF)~45m?
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ALICE 3 TOF

— dEtECtOI’ req ul rem ents

q " S g
> B=20T e osomrann > “‘2; B=2.0T g;;::.'::; 1 3"fB-= 20'r gu;::*::",
S ¢t o TOF (outer) g t 07O fouter) ] g ¢t /K [ TOF (outer)
< [ elm o2 pokry < [ Kim ey | o e
1D§— [ RICH fforward) 3 105’\ [E_ RIGH floneard) 3 10:RICH [ RICH (lorward) 3
j ‘ FRICH > § : ‘
1W0'E TOF E . 10'E 3
107°F E 10°F E 10°F E
Ea o o o 1 1 P | 1 P l 1. A E 1 P 1 P
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n mn mn
< . . . . ~
f{//n 1520:3) IC\BA(S\\////((:: —> required time resolution: oror = 20 ps — T P
T =< L.
p/K < 4 GeV/c Rad. hardness: OTOF 15 kHz/cm?
outer-TOF: NIEL ~ 9-10 [1 MeV n,, /cm?] fTOF 28 kHz/cm?

inner-TOF: NIEL ~ 6.1-10%*? [1 MeV n

eq /CM?]

forward-TOF: NIEL ~ 8.5:10'2 [1 MeV ng, /cm?]

Low material budget 1-3% X,

|$ R&D on advanced silicon technologies
LGADs, CMOS-LGADs and SiPMs
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: = 70 . 35
FBK prototypes | S
LGAD Blectric field PIDTOLRES | D 2 & HPKS0
o | '@ 2 --- FBK25
""" ’ s’:rl?‘:ﬁllm 1x 1 mm? ¢ 25 m 35 PR "
Based on internal Low-gain (10-30) | electric field A g a0 ‘\ um T simulation
pepidayer | [Pt on "o }*{ 1
electric field [25 um] 25 ps: slightly worse time resolution than H\}
what expected L @ {}} }}} -
o [ ]
[35 um] 22 ps: in agreement with MC simulations 20 t ¢
E. Carnesecchi, S. Strazzi et al, EPJ Plus 138 (2023) 99
10
50 F. Camesecchi, S. Strazzi et al, EPJ Plus 138 (2023) 990 60 90 120 150 180 210 240 270 300 330
- — VAV
& @ e Double 50 pm V)
double-LGAD introduced and c 45 Single * Single 50 pm Front
tested for the first time 5 e . Single 50 um Back
40 . Single
> signals of both layers sum up 35 ' e
- using a single front-end amplifier E [
2 30 T T
C-T;: .'E.\_ . | parW!
25 UL ]
Double ' ] +‘
consistent improvement of the time resolution 20 i
for double-LGAD w.r.t. single LGAD 45 | 20 UM
160 170 180 190 200 210 220 230
V(Vv)
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LGADSs

LGAD

1 Gain region

Very high

Based on internal Low-gain (10-30)

electric tield

p epi-layer | Drift region

" Low and uniform
electric field

Time Resolution (ps)

19

16

13

10

Structures under test (1 x 1 mm?) &
FBK prototypes |

what expected

[25 um] 25 ps: slightly worse time resolution than

[35 um] 22 ps: in agreement with MC simulations

35 pm (145 V) e0
30

" 0° i .45
¢ 30 % 75
75° '}

— W A . i =

SiPM RICH —— MID —— Conclusions
. B0
@ e« FBKZ25
= 50 pm
. g 70 + FBK35
D = HPKS0
| 2 60
. S a --- FBK25
5 g 25 Hm simulation
| 1x1mm? @ 50 \ 35 um - - - FBK35
- = ' simulation
= HFKS0
40 ‘,{ \}} + ‘} simulation
30 'L} -
- } } } I
20 }
E. Carnesecchi, S. Strazzi et al, EPJ Plus 138 (2023) 99
10
60 90 120 150 180 210 240 270 300 330

V (V)

LGAD inclined with respect to the beam direction to probe
the sensor response at the edges of the outer barrel (n = 2)

Intense beam-test campaigns at CERN-T10
demonstrated the possibility of achieving a
time resolution of 20 ps with thin LGAD design

Next slides: monolithic approach (CMOS-LGAD)
Less material and costs, simpler and cheaper assembly

0 10 20 30 40 50 60 70 &0
Angle (degrees)
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CMOS-LGAD starting point

INFN-ARCADIA project
Fully depleted MAPS in 110 nm LFoundry CMOS

A. Patterno, Vertex 2021

. . ~ ARCADIA Main Demonstrator
Available thicknesses: .

= 48 um, 100 um, 200 um (full depletion
demonstrate up to 400um)

Target applications:

= Medical Imaging (PCT)
=  Space applications

= HEP experiments

= X-ray imaging

Cosmic Rays

X-ray image -photon
counting

3 engineering runs:

= 1st—mid 2021 . e
» 2nd_ heginning 2022

= 39— peginning 2023 ARCADIA o ST
Main demonstrator (MD): R R s
= Sensor array of 512x512 pixels

= Pixel pitch: 25um

»= Binary pixel with event-driven readout

Sensor

Incremental map

0Sr source

M. Rolo, Pixel layout

M. Colocci — Terascale Detector Workshop — March 17-21, 2025 (Bonn) 11
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ARCADIA MAPS: gain add-on option

ARCADIA pad sensor

DPW

n-epi

ARCADIA pad sensor with gain

pw [nw | pw | EENSCRSORPEORN | pu [Nw

PW

\ DPW

High Resistivity Si
p+

\

DPW

PW |[NW [ PW
jayer

n-epi

PW

NW

PW

DPW

/

High Resistivity Si

= Add-on p-gain below the collecting electrode (“LGAD layout”) starting from 3" engineering run

= 48um active thickness

= ARCADIA production:
L, passive structures and monolithic structures

» Requires negative bias of the backside, positive bias at the sensor pad and

AC coupling of readout electronics

M. Colocci — Terascale Detector Workshop — March 17-21, 2025 (Bonn)
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MadPix

Monolithic CMOS Avalanche Detector PlXelated Prototype

First CMOS-LGAD prototype with integrated electronics and gain layer

Active thickness: 48 um

¢ Backside HV: allow full depletion - -20 V to -40 V
® Topside HV: manage the gain - 35V to 65V

8 matrices of 64 pixels each 64 x 2 analogue outputs
4 flavours Pixels of 250 pum x 100 pm
AN — SN \oA Not optimal for timing (distortion term),

bigger pixels can be implemented in
dedicated runs

e  Four adjacent px’s can be acquired
simultaneously (4 SMA 50 Q to scope)

M. Colocci — Terascale Detector Workshop — March 17-21, 2025 (Bonn) 13
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First characterization

20

15 -

Charge [e¢7]

%10

—V, 15V—1V, 30V
Vi, 20V—1V,, 35V
—7V,, 25V - - .Reference

|

gain ~3(...)
-7 PM250G1
Voack =35V
0 10 20 30
Time [ns]

Passive structures under
focused IR laser
Backside Illumination
Integrated charge in time
We have gain...
... but lower than expected

= Lateral CV

= P-gain implantation energy is
lower than expected
(TCAD simulations)

= Gain target with nominal profile:
10-20

gain

O experiment
——simulation - nominal p-gain
——simulation - tuned p-gain

Fa¥

ST
Q
g

a
ST

capacitance [a.u.]

Layout A1, W6
250 x 250 um? pitch

35

| —e—simulation - tuned p-gain

r Layout A1, W6

U. Follo et al 2024 JINST 19 P07033

—e—simulation - new revised p-gain

First production:
sensor gain = 3

Vhack = —40V .__/./o—o—o-o

10 20 30 40 50
top voltage [V]

top voltage [a.u.]

Gain extraction using TCAD
simulations with tuned p-gain
profiles (TCAD simulations)
Gain simulated = 3

Good agreement between data
and simulation

M. Colocci — Terascale Detector Workshop — March 17-21, 2025 (Bonn)
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October 2023 Plane1 Plane2 Plane3 Plane4
Time resolution measured in a beam test i Beam I H |
450 “T 10 GeVic
200] —— A2 Vigp = 45V Madpix Trigger:
7 eference
—_ b U. Follo et al 2024 JINST 19 P07033 4 planes telescope §
3 MadPix linked to a Xilinx FPGA controlled in
- | control room
E 350 A Readout = Oscilloscope for signal acquisition
% ] Jitter: RMS of the time difference between laser trigger out (TTL) and
§ | | analogue output of MadPix (@ 50% signal amplitude)
3001 ' ivation ! 7 350
g 1 V1op/ gain activation i Ef C+ Laser data
= _ ; J 300; —— Simulations
250 1 2501 \
: Signal amplitude of MIP
200

W 3% N
Threshold (mV) 0 \[130 ps

2 =D 2 2 2 2
( Ot = OTime Walk S OLandau Noise T ODistortion T O Jitter - UTDC)

Time resolution of 245 ps can not be explained with jitter
-> Main contributor: Sensor % " Tq0 20 30 40 s 60 70

Ampl7itude [mV?0
In next short-loop run the gain increased (MPV > 60 mV) — jitter contribution will decrease (< 50 ps)

M. Colocci — Terascale Detector Workshop — March 17-21, 2025 (Bonn) 15
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MadPix: Focused lon Beam

TB2 - A2 - J4 - CFD: 50.0%

CERN T10 - July 2024

300 , —
. —— BOTTOM 30.0 IV A2
275 BOTTOM 35.0 1 T e T
—— BOTTOM 40.0
I B Preliminary 10-2
nQ /..,:;-
? 225 F Expected behavior] /
200 f . ] = /
Unexpected < {
175 | : N £5 LD /
150 " L 1 n L n L 1 L n n n 1 n n . , n g .(‘;I; _('8
15 50 55 0 kS %
Vrop [V] s O 10~ 3 .
TB2 - A2 - J4 - CFD: 50.080 ’ '_] [ ]
W " Guard Ring
Preliminary —— TOP 380 / \ Sample 2
180 i TOP 61‘0 1 - i i i 1 i i i 1
i : 0 20 40
1 o FIB surgery done at INRIM (Torino - Italy)
Z (© o Vback ['V]
= 160 ]
© ok { Too high substrate current (guard ring was floating) S Backeid t
- guard ring shortened with a Focused lon Beam Iowe?gd Zlf ;’gﬂ;;nof
40f ]
magnitude
T R
Vpack [-V]
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= First estlmatlon of galn usmg 55Fe 140
|—> 13F @ Wﬁ Preliminary 1 130
W15
12 ¢ b
11 . M 120
= —
< 10f AN Gain~11 | @
© =110
9L o Peak [V /e] (VTOP 30 V) 1 +
Gain = Electronicsgqin[V/e] ©
o e °® 100
[
7 L , 1 1 1 L
40 45 50 55 60 65 90
Vtop [V] 55 - -
501 i 9
- 50-um-thick o 80
Next: . =
Position-time correlation 2 35 / %
Radiation hardness studies g 30} 25-pm-thick | &
Short-loop run with lower 250 ps 12
o o o 20 =
active thicknesses in the N s ] =
2"d part of this year ) s i . i3
0 10 20 30 J(J' :'J(J 60 70
CFD, %

Latest production

Prototypes of the latest short-loop run arrived in Sep. 2024

Beam-test results (Oct. 2024 at CERN-T10)
TB1 - A2 - J5 - CFD: 30.0%

T T T T T T T T T T T T T T T T T T T T T

0.10F ' r d : " Preliminary

- 0.08 | 1 -

0.06

V[V

0.04

0.02

0.00

Time [s] x10~8

I T TS T S B

18 20 22 24 26 28
Veack [-V]

Time res. sensor + front-end (@0.18mW/ch): 88 ps
Time resolution sensor: = 75 ps
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SIPMs for timing

= SiPM as array of O(10%) SPADs (Single Photon Avalanche Vov = Vias = Vireakdoun
Detectors) in Geiger mode (gain 10%) above breakdown CcJWR [ SRL [ SR15 [ ER1
. . . 106
= Direct response of S.IPM.S to the passage of charged particles £ Camesecchi, B. Sabi et al £P Plus 138 (2023) 788 Voy = 2 V
was studied for the first time 105 ]
R FBK NUV-HD-RH technology - _
N 20 pm pixel pitch, 72% FF 10% 1 silicone resin (1, 1.5 mm)
Wiadiidor 3 (2444 SPADs in 1 x 1 mm?) ;
— 0 3]
-:( high crosstalk with the protection resin < .g 10
RN o =
— large contribution of the Cherenkov § 102
light produced in the resin without resin
(acting as Cherenkov radiator) 10!
| L
< without protection layer > 107! - - ; ‘

0O 01 02 03 04 05 0.6 07 08
Signal amplitude (V)

50 mV

mainly 1 SPAD firing, up to 4-5 SPADs
compatible with intrinsic crosstalk

|10 ns
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F. Carnesecchi, B. Sabiu et al, EPJ Plus 138 (2023) 788

- - - 100 =
WR
SIPMs for timing o 1.
80 # SR15
. .. . M ¥ er1
The increased number of firing SPADs improves il b Tl A
. . q- . . S 60 without
significantly the time resolution (below 20 ps) € 2 5 protection with
. . o protection
Large fraction of multi SPADs events é solo
- huge noise rejection w.r.t. standard SiPMs F ool \
~3% j
10 ~6% _gop b - 4
[%)] percentage of events with 1, 2, 3, etc firing SPADs B M0k ok -e1%
1 2 3 4 5 6 71 8 =9
» Larger area SiPMs (3.2 x 3.12 mm?) i
— enough to collect all produced Cherenkov photons - —e— Efficiency --=— Noise SR15-3x3-40 ® SR3-3x3-40 &  WR-3x3-40
tested in October 2023 (CERN T10) 100 e——
" N\ D 2 - NUV-HD SiPMs produced by FBK 90| 2 4 3 mm silicone resin < 30
T \‘ 40 pm pixel pitch, 83% FF In 1 | »
15 mm —)/' %x312mmz (6200 SPADs in 3.2 x 3.12 mm?) ol ;-
" - Customized front-end XLEE s 70 g i e 1
" amplifiers of ~40d dB gain < 60 ) o mmsticone resimn 208
5 50 ! without protection @
E 40 : g
. | > 3 photoe- 10
20 i Voy = 2V p Voy = 3V
10 A,j ) -
0 O.i_h(?é- 0.3 04 05 06 0.7 0.1“0.; 0.3 04 05 06 0.7 0.1‘ 0.2 0.3 04 05 0.6 0.7 0.8

Threshold (V)
- SiPMs can be operated at large n.p.e. threshold i.e. above the dark count

Rad hardness studies ongoing (lower T needed) Large variety of applications from space experiments to colliders
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FCT
R I C I I Tracker
Surface NIEL TOF
Detector requirements T | O ey oger
q bRICH 28 8.3:10 ALICE 3

= Extend charged PID beyond TOF limits fRICH 9 8.5-1012

16 1 el = S A L B S L

14 \ AerogeL n = 1.03 B g r | 2x2mm* * Elec *Muon ePion « Kaon e Prot \ .

$ | Op,, = 1.5mrad ., g' 1.2 : i | -

12 T fo | :
3 1.07eess Bt e R
5,10 r ...o LT m::’t‘:‘;::z ‘tq; -ECaI
gg Oa;u.e ...‘. ? Magnet
§ . n.s} - ‘ i E Absorber —
g . ; ALICE 3 study 1 Muon identification

‘L 0.V A O O o O O 04— ~ PbPb(0-5%)

- > 02:_ e _ VSuw =5.52TeV

, | “r e ! Pythia8, B =2T — -

012345678 91011121314151617 181920 00— e DoPuessuend o o u Lo v u b w3 PrOJegtlve bRICH to improve coverage at large |n|
particle momentum [GeV/c] Momentum [GeV/c] while saving on overall photosensitive area

= Angular resolution: g,,, = 1.5 mrad

Cherenkov threshold:

o n=1.03 (barrel), n = 1.006 (forward)

o Aerogel radiator
o SiPMs for photon detection
(2x2 mm? pixel size)

Charged track

L=2cm d~25cm

99999

T A

|

ARA T

M. Colocci — Terascale Detector Workshop — March 17-21, 2025 (Bonn)

20



= Cherenkov threshold:
o n=1.03 (barrel), n = 1.006 (forward)
o Aerogel radiator
o SiPMs for photon detection
(2x2 mm? pixel size)

= Angular resolution: g,,, = 1.5 mrad

Charged track

L=2cm d~25cm
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FCT
I z I C I I Tracker
Surface NIEL TOF
Detector requirements | T yev reaer
g bRICH 28 8.3-101 ALICE 3
= Extend charged PID beyond TOF limits fRICH 9 8.5-1012
= S A L B S L
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RICH

R&D directions

* High radiation load expected in the barrel (8.4-101! 1 MeV neg/cm?)
- SiPM DCR increase to not tolerable values (> 4 MHz/mm?)

Aerogel Gas

Matrlx MO

Charged track w

e patieny

suooyd noyuas

Ioieipey

ALICE 3 RICH beam test

o Improve SiPM radiation hardness
o Development of cooling (-40 C)/annealing (+50 C?) systems | i=3cm d~20om & |
» “Merged” oTOF+bRICH using a common SiPM layer coupled to a thin radiator j
Central array: 1 HPK S13361-3050AE-08 (64 3x3 mm? SiPMs)
. . . Ring arrays: 7 HPK S13361-2050AE-08 (64 2x2 mm? SiPMs)
= Extend electron PID up to = 4 GeV/c by introducing Cherenkov radiator gas AF\ddition;I vessel sq“‘gpedRW‘éT‘ 2ex2trFaEH:’SKI 513361_-2%)9508 for timing
(CsF1,0/N, (20/80%), n = 1.0006) into the proximity focusing gap rontend: custom based on Radioroe ane preo

Correcting for time walk and ch. by ch. offset,

. Single photon angular resolution At res. down to = 50 ps = = 35 ps at single SiPM level
CERN T10 beam test highlights

o L L B B B B B L L L L L L By 81000_""1"“|"l'|lll||r\\l|l|lr_
S 180F- - L o

(OCtO ber 2024) £ f Negbeam 10Gevic Entries 2195797 =) MO: §13361-2050 w/1 mm SiO,
- —e— Dat: - r N —
B 1 e s © 160 e parabig PlonNs@eesds 16770002 = = L M2: $13361-3075 w/t mm SiO, |
g E Pos. beam, 8 GeV/e PRELIMINARY 2 A 40:_ — Fit Pion Mean 2415£00 - 'g‘ 800~ + Radioroc 2 and PicoTDC m
o L —% Data V\ ] % F PionSigma  4239+0.003 8 - Norm1 841.643+18.180 |
d —F 2 = L ]
Z10E [ pg, 1.5 Mrad g £ 12 Bkg Norm /::&91 00006 600l Mean1 27900583 _|
2 [ [Ckaon 3 © 100F- = - Sigma1 46.113+0899
e _ - | -
% L [ Prot 1 s} F 4.2 mrad ] r Norm2 87.490+18.155
w 102 ©,1.48+0.03 . 5 8 — 400 Mean2 1181143260 _|
g E o 1574013 E _g 60:_ E L Sigma2 93.391+4.613
L [ 01462005 s 5 E 3 N ) ]

5] F 3 Beam: - 10 GeV/c
L 107 . Z aof = 200 - Data |
L £ 10 nswindow E o ] - af‘ 4
C Ny = 10 f ] 20 Z_ _Z : - Fit :

10-{55 "/65 180 195 200 205 210 215 220 225 230 235 240 245 350 255 0720 1487160 180 200 220 240 260 280 0 340 360 -fo00 . -500 0 500 . 1000 . 1500 Ztioo

Ring Cherenkov angle [mrad] Single photon Cherenkov angle [mrad] Yo maxtot = Wo,maxtat [PS
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—— ALICE 3 —— ALICE3-TOF —— LGAD —— CMOS-LGAD

SiPM

RICH —— MID —— Conclusions

MID detector

Requirements
= Muon ID down to p; = 1.5 GeV/c
" |n|<1.3

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

Muon chambers
= 160 chambers

-

7z

» An x A¢ granularity — 5x5 cm? cells f:, 3 e g '
. . . C I udy
= 2 layers of plastic scintillator bars > 200 / \ . § 0.8 JAp — s with MID, Iyl < 1.44 i
(good performance on light-yield output (40 phe), good time resolution (< 2 ns) 005— // _ l-lé I
= Coupling to WLS fibers is considered g &5 1 £ osf ]
= SiPMs readout '] H s [1ER-I: ]
= Alternative options to scintillator bars: ~100" \”“"o% // 18
= MWPCs: 160 chambers (pos. resolution of a few mm) 5 \\%%% / c o2 ]
* RPCs: 320 chambers (time, granularity 5x5 cm?) g k""i’b" 9 . .
~300F A E % 5 10 15
300 200 -100 0 100 200 300 P, (GeVic)
x (cm)
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MID detector

Efficiency [%]

T

“Ll L

Considered technologies being tested o !'

Plastic scintillators:

==

MID chamber (scintillators) [ig

= Small size prototype tested at end of 2024
(FNAL scintillator bars, WLS fiber and SiPMs)

MID chamber (4 MWPCs)

= Hadron suppression measured with pion beam

(L)[cm] X
T T T __2501— ? ClitI’fSr a
100k yor & 8 ses o9 5o u 8 son o 5 508 o] %_ [ R. Alfaro et al, 2024 JINST 19 T04006 o
i [ : 6 GeVic pions rotation scan .g
9 G 2001 “(;_:
E H  EJ208 5
r [@)]
8 E 150 ¢ FNAL-NICADD £
N v
Hadrons at 6 GeVic [ 8
7 # FNAL-NICADD bar - 100 =
® EJ-208 bar ] a
B ® PROTVINO bar SiPM 12 50
5 1 0'...|....|....|....1....|....| ........ |...

P IR R R R R RS
20 40 60 80 100

AT e B

CERN T10 ) (end of 2024)

o T —— T ——— -
100 R. Alfaro et al, 2024 JINST 19 T04006
o — _3
o ’—E_;‘E._%’E;a-
L — e — =
» _._—-:_5_
90_— 4;.:_
» e
: —3
80— -
[ % Ch-50-2 ]
70— —-Ch-50-3 -
[ - chs504 §
r Ch-80-5 ]
60— Ch-80-6 —
s Chso7 Beam 5 GeV/c
5'.....| Ll Ll ]
10 10%

_10°
Intensity [Hz/cm?]

10 20 30 40 50 F
Distance to SiPM [cm] a degrees]
= Uniform efficiency both along the horizontal = Charge vs. incident angle in scintillator bars
(and vertical) position = 30°-60° covered by particles from the I.P .

MWPC efficiency >95% up to 100 Hz/cm?,
well above ALICE 3 MID
Good spatial res. of 2-5 mm
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https://iopscience.iop.org/article/10.1088/1748-0221/19/04/T04006
https://iopscience.iop.org/article/10.1088/1748-0221/19/04/T04006

—— ALICE 3 —— ALICE3-TOF —— LGAD —— CMOS-LGAD —— SiPM RICH MID Conclusions

Summary

» The ALICE collaboration actively pursues future upgrades: this is crucial to fully
exploit LHC as HI collider in the next LHC runs

= To fulfill the rich physics program, ALICE 3 is being designed with fast and
light PID detectors based on frontier Si-based sensors

» Extensive R&D in several strategic areas (e.g. MAPS for timing, Rad-hard SiPMs)
that will have a broad and strong impact for future HEP experiments
o New collaborators interested in physics and sensor R&D are welcome!

» TDR submission expected in 2027, installation in 2034-35
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_— 103§
a 5’ E ALICES3 projection, with IRIS, no PID, PbPb \JSTN=5.52T9V
(0] [ SHMC_2021,L =350nb"
8 102 £ ¥, > J 7, Iyl < 1.44, BR=1.83%
S F —ECAL
o= - ---PCM
_ E gl T —
] i £ i
Physics channels o ™t yashed
= BSM searches (axions) in yy + yy | S No ECal
Xz~ J/V+y
= Direct photon y,4;;- + jet measurements -
ot h.ul.“.\.“.l;...I....I....I....l.u.l“uluu
L R R ST
P, (GeV/c)
= Specs
= Cells:

- Lead tungstate crystals (PbWO,) (inner barrel)
- Sampling Pb-scintillator cells (both for outer barrel and endcap)

Scintillation light emitted by the ECal cells is measured by silicon
photomultipliers (multi-pixel photon counters, MPPC)

RICH
|:> ECal

FCT

Tracker
TOF

ALICE 3

44

Magnet
Absorber
Muon identification

Table 14: ECal geometry specifications for the baseline option.

ECal central barrel built from PbWO, cells needs to be cooled down to -25 ECal scgment 1) range Cell technology Cell size Ny Ny Ny

°C with temperature stabilization (iOl OC) Central barrel |n| < 0.45 PbWO;4 22%x22cm? 348 57 19836
Outerbarrel  045< || < 1.6 Pb-Scisampling 3x3ecm? 256 120 30720

Sampling cells of the outer barrel and the endcap will be produced from End cap l6<n<4  Pb-Scisampling 4x4cm? 6000

alternating layers of lead absorber and plastic scintillator tiles
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Laser on MadPix (CMOS-LGAD)

S o
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J oot
= F
= 06—
Q. E
E Scan of sensor area
o
— -107!
9.956
1072
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. - N : Entries 34298
. - - : |
_ 103 = - Reference time: laser | st W06
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; C ¥2/ ndf 1.279e+04 /273
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9.996 2} 400(— Prellmlnary p1 @ 11+3.929e-13
- © » p2 1.188 £ 0.040
3 C p3 1.169 +0.033
g 300+— 61
C O; = S
10.016 Q - t P
105 -:33 200~
g :
T-a 100/—
— — - -
N ¥ O ® o N T O © o N T © ® O S~a o E |
N NN RN 5 ® ® ®© © 4 0 0 0 O N - -0
T QT T e QR T L | ~ gl dtsrndier sl st desned M N L L L e x40
s R - ;(mnr;\ L A s 40 40.5 41 41.5 42 425 43 435 44 445 45
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Physics goals Subsystems and specifications
Observable Unigueness Magnet IT oT TOF RICH ECAL MID FCT
Multi-charm Observation of B=12T a~2.5 gm a~10 pm Outer/Forward Barrel
baryons multi-charm R,=5 mm R.> B5 cm a~20ps Forward
baryons in AA 2 K~0.1% XIXg~1%

colisions Inl<4 Inl<4
D-Dbar ular B=12T " “ Outer/Forward Barrel
correlations de-correlation of a~20ps Forward

soft charm
Beauty mesons | Precision of 0.01 B=12T . “ Outer Barrel Inl<1.3
and baryons on elliptic flow o~ 20 ps Forward
Quarkonia, Measurement at B=12T Inl<1.3 Inl<1.3 PbyScintillator |gl<1.3
X-1(3872) low py and central

rap.
Aotz Excited charmonia B=12T |g|<1.3 Igl<1.3 Cuter Barrel Crystals |g|<1.3
in AA collisions o~ 20ps segment
Di-leptons Time-evolution of B=051T o~2.5 pm lnl<2 InnerfOuter Barrel |nl=<1.3
(T, flow, thermal radiation; R,=5 mm o~ 20 ps
x-symm) chiral symm. at *X~0.1%
#a=0 Inl<2

Net-baryon 6" order net-proton B=12T |p|<4 Inl=4 Outer/Forward Forward
fluctuations cumulants o~20ps
Photon-jet, High-precision Pb/Scintillator
full jets low-pr, large-R jet barrellendcap

madification
Hadronic Charm-charm B=12T o~2.5 gm a~10 pm Quter/Forward Barrel
physics hadronic inter.; R,=5 mm R..> 65 cm o~20ps Forward
(femtoscopy, observation of X ~0.1% 2% ~1%
nuclei) charm-nucllel:_ |g|<d [gl<4

{hyperinuclei with

A=5and 6
Searches inyy | ALPs m>D.1GeV B=12T |nl<4 |ml<d InnerOuter/ Barrel/Forward | Pb/Scintillator
in UPCs and low coupling Forward barreliendcap

o~20ps

Ultrasoft Validity and limits | Small dipole dcp<5
photons of Law thearem B~025T xX~1%
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TID for PYTHIAS + FLUKA simulation pp, Vs=14TeV, L o 18000 pb” NIEL for PYTHIA8 + FLUKA simulation pp, Ys=14 TeV, L, 18000 pb’!
£

10"%~
§ £s §
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