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ALICE

INTRODUCTION
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ALICE EvoLuTioN (RuN 1 ... 4)

ALICE

LHC Run 1 LHC Run 2 LHC Run 3 LHC Run 4
2009 - 2013 2015 -2018 2022 - 2026 2030 - 2033
ALICE 1 ALICE 2 ALICE 2.1
Pb-Pb: 1 kHz, pp: 200 kHz Pb-Pb: 50 kHz, pp: 750 kHz Pb-Pb: 50 kHz, pp: 750 kHz

ACORDE | ALICE Cosmic Rays Detector
AD | ALICE Diffractive Detector

DCal | Di-jet Calorimeter

EMCal | Electromagnetic Calorimeter

HMPID | High Momentum Particle
Identification Detector

ITS-IB | Inner Tracking System - Inner Barrel The ALICE eXpel‘Iment

ITS-OB [ Inner Tracking System - OQuter Barrel 3 A jou rne y th rou g h Qc D

MCH | Muon Tracking Chambers
MFT | Muon Forward Tracker

MID | Muon Identifier

PHOS / CPV | Photon Spectrometer
TOF | Time Of Flight

TO+A | Tzero + A

T0+C | Tzero + C

TPC | Time Projection Chamber

TRD | Transition Radiation Detector

VO+ | Vzero + Detector

0060 0000060000 HO60000

ZDC | Zero Degree Calorimeter

Setup during Run3
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ALICE SiLICON TRACKER EVOLUTION (RuN 1 ... 4)

ALICE
LHC Run 1 LHC Run 2 LHC Run 3 LHC Run 4
2009 -2013 2015-2018 2022 -2026 2030 -2033
ALICE 1 ALICE 2 ALICE 2.1
Pb-Pb: 1 kHz, pp: 200 kHz Pb-Pb: 50 kHz, pp: 750 kHz Pb-Pb: 50 kHz, pp: 750 kHz
, _ , N\ \ N
ITS1 @ Run 1, 2 (Pixel, Drift, Strip) ITS2 @ Run 3 (MAPS) ITS3 @ Run 4 (Wafer-Scale, Curved MAPS)

N P Y

J. Liu, 03.09 | Link _ .
S. Kushpil, Poster | Link U. Savino, 02.09 | Link

\_ ) ‘- J \_ y, \_ J

ALICE silicon tracker upgrades are aimed to improve the impact parameter

resolution (4d,), while increasing the Pb-Pb interaction rate Ty - COShl/ZT] X
Ado - a * O-r(p @ b * * -
Pr Xo

= Position Resolution (oy,) *® Material Budget (X /X)) = Readout Speed

= |nnermost Radius (r;) = Radiation Tolerance = Detector Acceptance
Z. Drasal and W. Riegler, Nucl.Instrum.Meth.A 910 (2018) 127-132
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https://indico.global/event/16792/contributions/161099/
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ALICE 3 (RuN 5)

Physics Goals -

= Thermalisation of heavy quarks in QGP
= Evolution of QGP temperature as function of time
= Fundamental aspects of the QCD phase transition

= | aboratory for hadron physics

Key Detector Features -

=  Compact, ultra-light silicon tracker

= PID capabilities over |n| < 2.5:

Time-Of-Flight + Ring Imaging Cherenkov + Muon ID

=  Superconducting 2T solenoid magnet

= Continuous read-out and online processing

03.09.2026 - PSD14 - QMU London (UK)

Letter of Intent for ALICE 3: CERN-LHCC-2022-009

o7

ALICE

LHC Run5
2036 -2041

ALICE 3
Pb-Pb: 100 kHz, pp: 24 MHz

Outer Tracker

Inner Tracker

TOF

FD

RICH —=

N. Nicassio, Poster | Link
Magnet

Absorber

Scoping Document:

GERN-LHOO2025-002  Muon identification
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ALICE 3 (RuN 5) %

Physics Goals -  ———e—— e

Key Detector Features -

ALICE

LHC Run 5
2036 -2041

ALICE 3
Pb-Pb: 100 kHz, pp: 24 MHz

Inner Tracker
Thermalisation of heavy quarks in QGP

Evolution of QGP temperature as function of time
Fundamental aspects of the QCD phase transition

Laboratory for hadron physics

Compact, ultra-light silicon tracker

PID capabilities over |n| < 2.5:
Time-Of-Flight + Ring Imaging Cherenkov + Muon ID

Superconducting 2T solenoid magnet

Continuous read-out and online processi ng Letter of Intent for ALICE 3: ~ CERN-LHCC-2022-009
Scoping Document: CERN-LHCC-2025-002
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ALICE

GENERAL DESIGN FEATURES
AND REQUIREMENTS
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ALICE 3 INNER TRACKER (IT) — LAYouT

n=0.0 n=05 n=10
300 - L n=15
250 1
g
B e o e o e e e e e e e e
= 200 1
: n=20
2
‘;"é 150
£
= 100 P =23
e
=]
=2 n=3.0
50 1 =35
n=40
0 1 T T T T T T T
0 100 200 300 400 500 600
Beam Direction (z) [mm]
= CMOS MAPS for all 8 barrel layers, covering = 6.2 m?
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VERTEX DETECTOR (VD)

n=0.0 n=05 n=1.0
300 - L n=15
250 1
=
B e o e o e e e e e e e e
= 200 1
: n=20
R
‘;‘é 150 -
5
= 100 - n=25
e
=]
=2 n=3.0
50 1 =35
n=4.0
0 Vertex Detector
0 100 200 300 400 500 600

Beam Direction (z) [mm]

= CMOS MAPS for all 8 barrel layers, covering = 6.2 m?

= Vertex Detector (VD): 3 barrel layers inside the beam pipe (15 =5 mm)
O,y = 10 ym @ p; = 0.25 GeV/c

03.09.2026 - PSD14 - QMU London (UK)

ALICE

’é"‘*1045 | | IIII|I| I I III||I| I | IIIIII| I | IIIIH:—
2 ALICE 3 study T -
g o -
5 10¢ n=0 R_=100cm 3
© - —— ALICE3-VD (Run5) ]
8 B = ALICE 2-ITS2 (Run3) A
;) 10%E---g-------2 —— ALICE 2.1-1TS3 (Run 4) =
E ' -
[= a x10 | .
° T | i
Q {Qf---Tomeeoenss , -

1= i N

1071 | | IIIIII| I:\ IIIIII| | | IIIIII| | L1 11ll
107 107 1 10 10°
[ (GeV/c)
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MIDDLE LAYERS (ML)

n=0.0 n=05 n=1.0
300 - L n=15
- T T LT 1 T 1 T
a0 S,_ URRUORN SOUOOE SO ORS00 O O ALICESstudy -
E ___________________________Irln_ef-[qF___ Q. I ACTS reconstruction =77 7
= 200 1 <]
g )’]=2.0 ...............................
3 150 1 Middle Layers
a SO Jvnl oot O DU U5 SOOI SR SO S N N 1 SOUOROROOE SO -
= 100 A L R S SN N NI RN R D=1
g ..........................
= =30 [
50 1 =35
n=4.0
0 1 T T T T T T T
0 100 200 300 400 500 600
Beam Direction (z) [mm]
= CMOS MAPS for all 8 barrel layers, covering = 6.2 m?
= Vertex Detector (VD): 3 barrellayers inside the beam pipe (ry =5 mm)
Oy = 10 pm @ p; = 0.25 GeV/c

Middle Layers (ML): 5 barrel layers outside the beam pipe
Ap./p;<2% @ p;>0.20 GeV/c and 2T
Shared mechanics with Inner TOF barrel layer
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REQUIREMENTS

ALICE
n=0.0 n=05 n=1.0
300 - =S ALICE 3
250 | i ALICE 2.1 Inner Tracker
T .
B it .. JnmeriOF ITS3 _
< 200 1 i Vertex Middle
= n=20
% 150 | Middle Layers Detector Layers
% 100 | | =25 Intrinsic Position resolution [pm] 5 2.5 10
e
* o0l | n=30 Pixel Pitch [um] 20 10 <50 (20)
n=35
N Vertex Detector | Time Resolution [us RMS] o(1)  0(.1)  0(0.1)
0 100 200 300 400 300 600 In-Pixel Hit Rate [Hz] 54 94 42
Beam Direction (z) [mm)]
Fake-Hit Rate [/pixel/event] <107 <107 <107
= ALICE 3 IT requirements spanning wide ranges for each parameter )
Power Consumption [mW/cm?] 35 70 20...30
Particle Hit Density [MHz/cm?] 8.5 94 0.6
X/Xo per Layer [%)] 0.09 0.1 1.0
Total Sensor Area [m?] 0.1 0.1 6.1
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REQUIREMENTS

ALICE
n=0.0 n=05 n=1.0
300 - =S ALICE 3
Inner Tracker
= 250 A I o - ALICE 2.1
B |l Do i e ITS3 .
< 200 1 i Vertex Middle
= n=20
£ 150 Middle Layers Detector Layers
_% 100 | | =25 Intrinsic Position resolution [pum] 5 2.5 10
e - _
* o0l | n=30 Pixel Pitch [um] I 20 <50 (20)
n=3.5
o | E Vertex Detector | Time Resolution [ps RMS] o1) 0(0.1)  0(0.1)
0 100 200 300 100 500 600 In-Pixel Hit Rate [Hz] 54 94 42
Beam Direction (z) [mm]
Fake-Hit Rate [/pixel/event] <107 <107 <107
= ALICE 3 IT requirements spanning wide ranges for each parameter _
Power Consumption [mW/cm?] 35 70 20...30
= Vertex Detector (VD): Retractable lightweight in-vacuum mechanics
. . . 5
High radiation load and hit density (= 100 MHz/cm?) Particle Hit Density [MHz/cm?] 8.5 94 0.6
Pixel pitch of 10 pm X/Xo per Layer [%] 0.09 0.1 1.0
Total Sensor Area [m?] 0.1 0.1 6.1
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REQUIREMENTS

ALICE
n=0.0 n=05 n=1.0
300 - =S ALICE 3
Inner Tracker
= 250 A I o - ALICE 2.1
B |l Do i e ITS3 .
< 200 1 i Vertex Middle
= n=20
£ 150 Middle Layers Detector Layers
_% 100 | | =25 Intrinsic Position resolution [pum] 5 2.5 10
=l
* o0l , Z:g  Pixel Pitch [um] 7 20 10 <50 (20)
0 Vertex Detector = I Time Resolution [us RMS] I o(1) 0(0.1) 0(0.1)
0 100 200 300 400 300 600 In-Pixel Hit Rate [Hz] 54 94 42
Beam Direction (z) [mm]
Fake-Hit Rate [/pixel/event] <107 <107 <107
= ALICE 3 IT requirements spanning wide ranges for each parameter _
I Power Consumption [mW/cm?] I 35 70 20...30
= Vertex Detector (VD): Retractable lightweight in-vacuum mechanics
. . . 5
High radiation load and hit density (= 100 MHz/cm?) Particle Hit Density [MHz/cm?] 8.5 94 0.6
Pixel pitch of 10 pm X/Xo per Layer [%)] 0.09 0.1 1.0
» Middle Layers (ML):  Module design for high-yield industrial production I Total Sensor Area [m?] I 0.1 0.1 | 6.1 I

Low power consumption while maintaining timing
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ALICE

SENSOR DEVELOPMENT AND
CHARACTERISATION
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ALMIRA — ALICE 3 MONOLITHIC INTEGRATED TRACKER ASICS %

ALICE

= Common design approach for all ALICE 3 tracker layers

= Modular design with Pixel Macros (80 x 80 pm?) as basic unit
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ALMIRA - ALICE 3 MONOLITHIC INTEGRATED TRACKER ASICS
ALICE

= Common design approach for all ALICE 3 tracker layers

= Modular design with Pixel Macros (80 x 80 pm?) as basic unit
ALMIRA-V: a larger format chip 10 um pitch for the VD
ALMIRA-T: areticle-size = 20 ym pitch for tracking layers

Pixel Macro for 10 um pixels Pixel Macro for 20 um pixels
[ ] [ ] [ ] [} [ ] [ ] [ ] [ ] — — — o
L — — — — — — —] [ ] ® L] L]
AFE AFE AFE AFE AFE AFE AFE AFE pre—  — fre—  —
L S — — Ll — L L AFE AFE AFE AFE
[ ] [ ] L ] L] [ ] L] L ] [ ] - - - .
— — ] — |—] — — —
AFE AFE AFE AFE AFE AFE AFE AFE o —
— = | = — — — =
of flels(ofofe ol fefslefoffe] s — — — . —
| 50 [ D [l | 5 [l | 50 (| 3 [frd] 0 [l 3 [ ° L) @ [ ]
arefl = flare|l 5 |[arell = fare afe|| = ||aFe = [laFell = [|Fe)| 5 — = = 2 —
L _E = & = é =z £ [ == E — & AFE AFE AFE 2 AFE 2
eflclle|=(|@®)]cp@fll®]|z/l®||=|®fc|l®]| > —_ < =

o o o o o o o o [+ o

bd] O | 2 [le{| S f B ffed] &[] B et § fp=ed| = 2 e
arell = flarel[ 2 [[are]|l = farell S ||are]] = [larefl Z ||are]f = [jare]l o — = -
L 5 | 2 |2 5 I 5 I 3 1= 2|2 5 1| 2 5 s = F
=lelzlzlle Slalelzlzfgtlezll 3 » 5 = S
off_flejclfoff_j®fz|®| [®]c(®f=]®|2 — x — 2 S x — 8
| < = S || < =t | e [t S [l < ffed| G o = [} S ] = [ ] o«
afefl = flaFe ‘5, AFe|l = || AFE aFell = |laFe || 3 ||are ]l = JlaFE]| 3 e E i ;gn = :zt =]
= < = ¥ |[==| < f=== =l E = & |=—] Z [=—| & AFE < AFE g AFE 4 AFE
efofle|=(lofjofe ef|of|leffz(lefofe]= — — E — —
F— = T | = o | T | | < <<
AFE AFE AFE AFE AFE AFE AFE AFE
- S I | I | — —
[ ] [ ] [ ] L} [ ] L} L} [ ] — — — —
— — = — — — — —] ® ) Y ®
AFE AFE AFE AFE AFE AFE AFE AFE — — — |—
— — S— S e p— p— — AFE AFE AFE AFE
[ ] [ ] [ ] [} [ ] [} [} [ ] — — — E—
— ] ] I — — —— -
AFE AFE AFE AFE AFE AFE AFE AFE
. Charge Collection Electrode AFE| Analog Front End
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ALMIRA - ALICE 3 MONOLITHIC INTEGRATED TRACKER ASICS
ALICE

= Common design approach for all ALICE 3 tracker layers = Matrix Core of 128 pixel macros arrays (1 X 1 cm?®) with

. . ) ) . . peripheral interface for control, aggregation, serialisation
= Modular design with Pixel Macros (80 x 80 um~) as basic unit

ALMIRA-V: a larger format chip 10 um pitch for the VD = Detailed designing and simulations ongoing, with first
ALMIRA-T: areticle-size = 20 ym pitch for tracking layers submission targeted in 2027
Pixel Macro for 10 um pixels Pixel Macro for 20 um pixels Pixel Matrix Core

. . . . . . . . 1 — T1 — 1 —~ T

L — =] |— — — = — [ ] ® L ] ® EE
ofoRocRoBohioilolo = i . .

ikl e sl i ] W i il I o x 128

ofl llef[S]@]c]e® off cffef[S|lo@fl cff@f £ — — —/ || i b

— i i E HeEE i . ° o |2 Lo

A 2 b A ) R ) D R e D — _ b

ofcfefcleflSlolzle]cfe]c]e]fe] 2 — 12l = 2] = 2] — |E

b 5 | S [l=] 5 = & [P = [P S | = =] S . = ° 5 [ = [ &

OEOHOEOROEOHD KO E — 7l = &l — "l —

o [o] (o [el [e] [e| [*] [e] _ — _ _

el =] [+l =1 [~ [ [=] [+ Ad Ad hd Ad

L L L L L L e L AFE AFE AFE AFE EoC Unit EoC Unit EoC Unit
[ ] [ ] [ ] [} [ ] [} [} [ ] — Lo — L

AFE AFE AFE aref  |fare AFE AFE AFE S S I S e S I Data Merging, Formatting and Buffering

. Interface Circuitry and Interconnect Pads

. Charge Collection Electrode AFE| Analog Front End
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OPTIMISATION OF SENSOR DOPING PROFILES

ALICE

= 3D-TCAD simulations to optimise doping profiles (“Splits”)

03.09.2026 - PSD14 - QMU London (UK) K. Agarwal - ALICE 3 Inner Tracker: Design and Developments 19



OPTIMISATION OF SENSOR DOPING PROFILES

ALICE
2
= 3D-TCAD simulations to optimise doping profiles (“Splits™) 107
® Pitch = 20 ym
VSUB =-12V
= Middle Layers: ' ® = 0 n,/em’
. . . =10
* Split4-6: -1.2V bias and 20 um pitch 5 5
* Optimised to lower sensor capacitance (Cs) for higher 3 A
signal-to-noise ratio and lower analog power consumption . x
10
® Further split optimisation ongoing for O V bias ; | i | -
3 = Middle Layers °
41
2 OF 2
EX *
1E
0 i : : : :
Split 1 Split 4 Split 5 Split 6

C. Lemoine et al., JINST 19 (2024) 02, C02033
G. Borghello et al., JINST 20 (2025) 07, C07053
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OPTIMISATION OF SENSOR DOPING PROFILES

ALICE
= 3D-TCAD simulations to optimise doping profiles (“Splits™) ]
Pitch = 20 ym : Pitch = 10 um
VSUB = —12 V 4 VSUB = —40 V
= Middle Layers: ®=0ny/em’ | | |®=0n,/cm’
* Split4-6: -1.2V bias and 20 um pitch %
* Optimised to lower sensor capacitance (Cs) for higher b
signal-to-noise ratio and lower analog power consumption X i

® Further split optimisation ongoing for 0 V bias

= Vertex Detector:

* Split7: -4.0V biasand 10 pm pitch
* Optimised for faster charge collection time (™M, ) to
improve radiation hardness

= Analog Pixel Test Structures (APTS) of various splits
produced during ITS3 Engineering Run 2 (ER2)

U. Savino, 02.09 | Link

[ |
t

[ns]

georner
95%

Middle Layers Vertex Detector |

® X

Split 5 Split 6 Split 1 Split 7

C. Lemoine et al., JINST 19 (2024) 02, C02033
G. Borghello et al., JINST 20 (2025) 07, C07053
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CHARACTERISATION OF SENSOR PROTOTYPES

ALICE

= Cold DUT setup with ALPIDE telescope to test irradiated
APTS chips as function of temperature in lab and in beam

= Analysis ongoing for > 30 APTS variants (pitch, split, layout)

0,1 Tpm

TRG DUT

APTS APTS

25um  10um
ALPIDEs ALPIDEs
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CHARACTERISATION OF SENSOR PROTOTYPES

5,

ALICE
= Cold DUT setup with ALPIDE telescope to test irradiated 100.0 | }
APTS chips as function of temperature in lab and in beam | PRELIMINARY
99.51  Non-irradiated — -
- Split 7
= Analysis ongoing for > 30 APTS variants (pitch, split, layout) S 99.0- 19.0 °C
> Pitch 10x10 pum?
S 98.51 |
* Freeing space for FE design in 10 pm pixel pitch kS,
£ 98.0-
Variant with around the electrode 2 |
hibit ble perf to the default (G £ 975 i Varant
exhibits comparable performance to the default (G) é G ER2
O'track""l 7um 8 97.01 + P5 ER2 pwell opening
Syst. uncert. D‘?D
96.51 I Stat. uncert.
incl. shared-data corr. ddeep implanth
960 1 ' [ l | ! ! adjustedldoping
_____ _I_ I . ey 60 80 100 120 140 160 oo |
Threshold (e™) split 5617
TRG DUT
gansq ?(?Jrs A. Sturniolo, Poster | Link

ALPIDEs ALPIDEs
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ALICE

MoODULES AND MECHANICS R&D
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VERTEX DETECTOR
ALICE

= Wafer-scale, curved MAPS barrel layers inside beampipe

= Detection layers enclosed in beryllium case “petals”

Petal Case

VD Sensors

(1/39 barrel) /®

03.09.2026 - PSD14 - QMU London (UK) K. Agarwal - ALICE 3 Inner Tracker: Design and Developments 25
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VERTEX DETECTOR
ALICE

= Wafer-scale, curved MAPS barrel layers inside beampipe
= Detection layers enclosed in beryllium case “petals”

* Opening and closing (r, =5 < 15 mm) based on a translation of

the petals driven by rotary motor device

At top beam energy (r, ~ 5 mm) At beam injection energy (r, ~ 15 mm)

Rotary feedthrough

to control VD opening Translation

motion

VD Sensors

(1/39 barrel) /®
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VERTEX DETECTOR
ALICE

= Wafer-scale, curved MAPS barrel layers inside beampipe
= Detection layers enclosed in beryllium case “petals”

* Opening and closing (r, =5 < 15 mm) based on a translation of

the petals driven by rotary motor device

= Carbon cold plate with bi-phase CO, to remove sensor and

beam-induced power dissipation

At top beam energy (r, ~ 5 mm)

Rotary feedthrough

to control VD opening Translation

motion

Beryllium
Carbon paper
Cold plate
Epoxy glue
Silicon

Petal Case

VD Sensors

(1/39 barrel) /®
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VERTEX DETECTOR : PROTOTYPING

Full Engineering Model #1

-

(,u,

Ll

Ultra-High Vacuum Test Setup

(4 aluminium petals, 0.3 mm thick) ) L (4.0 x10'° Torr # 5.33 x 10719 mbar)

ALICE

.

Carbon cold plate with
polyimide tubes
(burst pressure 150 bar)

J

03.09.2026 - PSD14 - QMU London (UK)
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MIDDLE LAYERS %

ALICE
. . 2 ) . .
= Reticle-sized MAPS to cover = 6 m- over 5 layers outside the beampipe Loyer ° ~
Configuration f’ -
‘M L6

/‘*’”o
/ o

f W ; /s
ij J; {} t i
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MIDDLE LAYERS

ALICE

= Reticle-sized MAPS to cover = 6 m? over 5 layers outside the beampipe Layer . sﬂ""’:

= Evaluation ongoing to establish baseline module design
* Interconnection and FPC technologies
* Powering concepts beyond parallel powering (DC-DC conversion, serial powering)
* On- and off-module data aggregation scheme
* R&D in synergy with ALICE 3 Outer Tracker module production (= 50 m?)

29 mm

[
»

&
<

ALMIRA Chip

25 mm

ALMIRA Chip

e

ALMIRA Chip

Configuration

ALMIRA Chip

ALMIRA Chip

ALMIRA Chip

ALMIRA Chip

ALMIRA Chip

03.09.2026 - PSD14 - QMU London (UK)
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MIDDLE LAYERS

ALICE
= Reticle-sized MAPS to cover = 6 m? over 5 layers outside the beampipe Layer . o
Configuration f' C o
= Evaluation ongoing to establish baseline module design . /
* Interconnection and FPC technologies . / 4,{"‘:{1 e
* Powering concepts beyond parallel powering (DC-DC conversion, serial powering) - / o .,\ ﬁ L5
* On- and off-module data aggregation scheme [ /

R&D in synergy with ALICE 3 Outer Tracker module production (= 50 m?)
= Studying stave design inspired by existing solutions (ALICE ITS2, CBM STS)

29 mm

e

ALMIRA Chip ALMIRA Chip ALMIRA Chip ALMIRA Chip

25 mm

ALMIRA Chip ALMIRA Chip ALMIRA Chip ALMIRA Chip
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ALICE

SUMMARY AND OUTLOOK

03.09.2026 - PSD14 - QMU London (UK) K. Agarwal - ALICE 3 Inner Tracker: Design and Developments 32



SUMMARY AND OUTLOOK %

ALICE

ALICE 3 Inner Tracker (Run-5) has unique detector
concepts, thus, pushing the current technological limits

= |mprove radiation hardness and rate capabilities

= Achieve smaller pixel pitches and spatial resolution
= Retractable mechanics and operation in beam pipe
= Reduce power consumption

= |ndustrial and automatised module assembly methods
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SUMMARY AND OUTLOOK %

ALICE
ALICE 3 Inner Tracker (Run-5) has unique detector Extensive R&D underway towards the

concepts, thus, pushing the current technological limits Technical Design Report (TDR) phase
= |mprove radiation hardness and rate capabilities = Common sensor development for all silicon layers
= Achieve smaller pixel pitches and spatial resolution = Baseline concepts established for mechanics and cooling
= Retractable mechanics and operation in beam pipe = Prototyping and testing ongoing, with concurrent transition
= Reduce power consumption to more realistic and larger objects
= Industrial and automatised module assembly methods = Physics simulations with detailed modelling of sensor

response and detector geometry

Construction & Comm. &
Integration Install.

Operation

ALICE 2.1

LHC
L54

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038
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ALICE

THANK YOu
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ALICE

EXTRA SLIDES
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ALICE 3 PHYsSICS PROGRAMME

Access to temperature as function of time

= di-electron mass spectra, p; dependence, elliptic flow

Understanding thermalisation in the QGP

= charm diffusion: D-Dbar azimuthal correlations

= beauty thermalisation: high-precision beauty measurements
= approach to chemical equilibrium: multi-charm hadrons

T~0fm/c

Letter of Intent for ALICE 3:
Scoping Document:

CERN-LHCC-2022-009
CERN-LHCC-2025-002

o7

ALICE

Fundamental aspects of the QCD phase transition
= net-baryon and net-charm fluctuations
= chiral symmetry restoration in QGP: di-electron mass spectra

Laboratory for hadron physics
= hadron-hadron interaction potentials
= explore nature of exotic hadrons (tetraquarks)

T<1fm/c

T~10fm/c

Early time dynamics

03.09.2026 - PSD14 - QMU London (UK)

Hydrodynamic evolution Hadronic rescattering
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ALICE 3 v3.B.1 %

ALICE

SC Solenoid Magnet

- — = A

Outer Tracker Barrels
Outer Tracker Disks

Vertex Detector

— Middle Layers

= Time of Flight

Absorber

Muon Identification
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SILICON TRACKER : INSERTION SEQUENCE %
ALICE

Superconducting
Solenoid Magnet

Step 2. Outer
Tracker Barrels

Step 1. Vertex Detector
(inside beampipe)
Step 3. Middle
Layers (Barrels)

ALICE3 v3.b.1
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INTERFACE CONTROL DRAWING : SERVICES
ALICE

5250 5250

5000 "

5000

]

R3050

— T T |
| ¥ RICH BARREL RIGH BARREL =
TOF BARREL TOF BARREL =
= = T
A M T
I L) g — el 1
s ]
o
s B a4 .
= OUTER OUTER & 1
iR DISKS o DISKS
=
. E IDDLE LAYERS AND =
{— = MIDDLE DISKS 1 b |
o
- !
il L e P iy
g BEAM PIPE :
¢ IP g
720
750 750 DETECTORS SECTION FOR SERVICES
1410 1410 (mm2)
1440 1440
1480 1430 MIDDLE LAYERS AND MIDDLE DISKS 57000
100 1585 1588 100
[ mam = Wot Agplicable el shedied Al 3000BA-14 1IR3 G ergaty e BLE Braes soerion o s roarvrom o ™ [ OUTER LAYERS 107000
[E— OES1EHED, i BT | o
ALICE3-VW3.b0,3 40 2250 2250 OUTER DISKS 88000
e i '\r\ AL 2600 2600
R D]l,%r‘:ll" RECIGREn L L L | | 1:10 TOF BARREL 66000
AT FOR Y e e
Wit AT e e e L] ] = 2604 - 14 RICH BARREL 200000
viEIE 1N Ebu:kﬂﬁfm W | Len > T
) \‘j T WL IR BRI TOF END CAP 60000
2| 0 AA - i
RICH END CAP 74000

03.09.2026 - PSD14 - QMU London (UK) K. Agarwal - ALICE 3 Inner Tracker: Design and Developments 40



ITS3 SENSOR DEVELOPMENT ROADMAP
ALICE

Multi Layer Reticle 1 Engineering Run 1 Engineering Run 2 Engineering Run 3
MLR1 -2021 ER1-2023 ER2 -2025 ER3 -2027

65 nm MAPS Qualification Stitched MAPS (MOSS, MOST)  Full scale ITS3 prot. (MOSAIX) ITS3 Final Sensor Production

I

97,82

R (azimuthal direction)
folded around beam-pipe

Layer 0: 3 segments 21666

Layer 1: 4 segments \ 259,992 /
Layer 2: 5 segments o0, Z-axis (equatorial direction) beam length s
Repeated ™ 265,992 T

Sensor Unit
(RSU)

DPTS: Nucl.Instrum.Meth.A 1056 (2023) 168589 MQOSS: e-Print: 2510.11463 [physics.ins-det] ITS3 Technical Design Report, CERN-LHCC-2024-003 | Link
Nucl.Instrum.Meth.A 1083 (2026) 171082

APTS-SF:  Nucl.Instrum.Meth.A 1069 (2024) 169896

APTS-OA:  Nucl.Instrum.Meth.A 1070 (2025) 170034
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https://cds.cern.ch/record/2890181?ln=en

Nucl.Instrum.Meth.A 871 (2017) 90-96

S E N SO R F LAVO U R EVO LUTI O N ( M L R 1 ) Nucl.Instrum.Meth.A 1056 (2023) 168589

Nucl.Instrum.Meth.A 1069 (2024) 169896

ALICE

A bum |

——————»
b~ lpm
! > |
i COLLECTION : COLLECTION COLLECTION
' ELECTRODE ! ELECTRODE ELECTRODE

A r=r3] ()
P-WELL (PW) ' P-WELL (PW) R - P-WELL (PW) e - u

=
DEEP P-WELL (PX) DEEP P-WELL (PX) DEEP P-WELL (PX) r
DEEP N-WELL (NX) > | DEEP N-WELL (NX)
DEPLETE i
~ 10um REGION !
DEPLETED -« DEPLETED

REGION ~ 1.25um REGION

P~ EPITAXIAL LAYER P~ EPITAXIAL LAYER P- EPITAXIAL LAYER

4

v
A
v
A
v

pixel pitch (here ~ 20um) pixel pitch (here ~ 20pum) pixel pitch (here ~ 20pm)

Standard Modified Modified with Gap

(Sz0z) Sinogseu1s “1un ‘sisay] gyd ‘@ulows] uinualon) (Wolj Suoi1eisnyj|

Higher cluster size and spatial resolution

Higher seed signal, efficiency and radiation tolerance
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PROCESS SPLIT EVOLUTION o B e INeT 20 a0t 02 Coroes

ALICE

P-WELL (PW) g P-WELL (PW) " P-WELL (PW) "

DEEP P-WELL (PX) DEEP P-WELL (PX) DEEP P-WELL (PX)

DEEP N-WELL (NX) DEEP N-WELL (NX) DEEP N-WELL (NXside) (NXcentre)

DEPLETED DEPLETED DEPLETED
REGION REGION REGION
P- EPITAXIAL LAYER P- EPITAXIAL LAYER P- EPITAXIAL LAYER
Split1 Split4 Split5,6, 7

Increasing deviation from the foundry standard profile

Split1: Foundry standard profiles Split5,6: NXside to increase charge collection

. o , NXcentre to reduce sensor capacitance
Split 4: Reduced doping in n-type implant (NX)

Reduces sensor capacitance Split 7: Similar to process split 5, 6 but for 10 pm
Increases radiation sensitivity Higher doping for smaller NXside
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VERTEX DETECTOR : PETAL COMPONENTS
ALICE

Service module

Coldplate

Layer O

Carbon
paper

Carbon

frame
! FPC
Carbon Carbon
frame paper

Carbon
paper

FPC
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VERTEX DETECTOR : THERMAL MANAGEMENT
ALICE

. 350
Carbon laminate ID=0.29mm-2mm Pipe dimension [mm]
K13D2U UD prepreg, 300 { WT=0.025mm-0,167mm ] O 1D=029; WT=0.083
. . . —_ 7 =0.50; WT=0.083
graphite foil, carbon veil. = o0 O tomoseuT
. 0 2501 ID=0.51; WT=0.025
Thickness < 0.2mm > P ¥ ID=1.00; WT=0.076
Inner radius = 25.1 mm 5 200 . A ID=1.02; WT=0.025
) v O ID=1.97; WT=0.167
L] Beryllium g 150 ) ID=2.05; WT=0.025
0 Carbon paper [ 100 -
Cold plate o Burst pressure
Ep_oxy glue 501 . A 150 bar
Silicon |
0+ . . : !
0.0 0.1 0.2 0.3 0.4
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Wall Thickness / Radius [mm/mm]

c4o(|)d plate: 1 mmID,q~ 0.5W cm'2, G ~ 1200 kg m2s™!

Tsat [OC]

— 30,
g -
% 20t . s
() ° a
g 4o . ¥
[ 5]
2 . .
[e] 5]
= OF ® ]
B e
Polyimide pipe - 10. g |
Inner diameter = 1.024 mm o Kapton tubes
Wall thickness = 0.076mm %0 20 10 0 10 20



VERTEX DETECTOR : ALIGNMENT STRATEGY %

ALICE
FIRST CLOSURE AFTER INSTALLATION NEXT CLOSURES
= |nstall the Vertex Detector in open position, = No need to realign (move) VD
= Keep itopen (can be off by 6.64 mm) = Only need to identify VD w.r.t. beam.
= Move beampipe by reconstructed vertex (1.10 mm) Beam movement normal to beam line is of low magnitude
= Close and align (1.10 mm) between injections

6.64 mm 1.1 mm 1.1 mm
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VERTEX DETECTOR : SAFETY ISSUES %
ALICE

IN CASE FULL VD SHOULD BE EXTRACTED:
= Requires vacuum opening
= Extracted from the beampipe without the need to open the

VD extraction along the . .
central beampipe experiment or to remove the central beampipe

" Process could take several weeks

Detailed sequence planning is being thoroughly studied

Bempipe outside the experiment
(~5 m away) to be removed

AN

VD OPENING / CLOSING:

= |nterlocks avoid premature closing
= Onlyto be closed as soon as Stable Beams are declared
= Long-term cycling of the motion system under test

= Manual operation will be integrated in the design
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VERTEX DETECTOR : VACUUM ENVELOPE

ALICE

S1 GVl  GVIA

— 2 i T T

O l
~—_|IE—= |

ALICE3 vacuum system plan currently being
defined in close discussions with CERN TE-VSC
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