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The ALICE experiment at LHC INEN
4 A Optimised for the study of the Quar
Gluon Plasma (QGP)
- A Tracking and identification of
particles in high multiplicity events
Pamany ____from different collision systems:
- e, f-ff et A Pb-Pb (up to,/i =5.36 TeV)
R A pp (upto /=13.6 TeV)

A Pb-p (upto i =8.0 TeV)
In Run3
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A Optimised for the study of the Quar
Gluon Plasma (QGP)

A Tracking and identification of
particles in high multiplicity events
from different collision systems:

A Pb-Pb (up to,/i =5.36 TeV)
A pp (upto /T=13.6 TeV)

A Pb-p (upto /i =8.0 TeV)
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The Inner Tracking System INEN
ALICE
ITS2
A Installed in 2021
A 7 layers
ouerBarel - A Monolithic Active Pixel silicon
Beam pipe Sensors (MAPS) technology
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The Inner Tracking System

ALICE

ITS2 iInnermost 3 hal{ayers

_—— - g W
e

-

Q%%ﬂ 1 IR 27cm A |nstalled in 2021

siicon S\ A Monolithic Active Pixel silicon Sensors (MAI
A Material budget of 0.36%,Xer layer

A 50 pum thick sensor 6.06% X,

A Radius P layer = 24 mm

Sectiorof ITSZ2
half-layer 4
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ALICE

Ultra-thin (50 um)
¥ and flexible silicon

Y
\ k ‘
silicg’

Ultra-light
carbon foam
supports

Technical Design Report
approved in 2024link
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https://cds.cern.ch/record/2890181?ln=it

The Inner Tracking System

ALICE

ITS2 innermost 3 halayers ITS3 single haldyer model

i -

= | Uttrathin (501um)
qq " ‘ nd flexible silicon
AR L

AT
siliconk N
Sectionof ITS24
half-layer ¢
‘ Ultra-light
X 5 carbon foam
e - SN B supports
A Material budget of0:86% X per layer A Material _budgét o0I09% K per layer
A 50 pum thick sensor 6.05%X, A 50 um thick sensor
A Radius layer A Radius T layer
A Beam pip thick, radiusigim A Beam pip thick, radiusTGHm
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ALICE

The Inner Tracking System

Pointing resolution

IR 2 IO S L L L L L UELENLELELERA '

M

2107

o(DCA,) (um)

{FAT sim = ] = 0.5, Pb-Pb ys, = 5.5 TeV
H--- ITS2 —— ITS2 + TPC
4--- ITS3 —— |ITS3 + TPC

LLLLL]

CEENEIN T Improvement up to r

43107 T T T T T T

107" 1 10
https://cds.cern.ch/record2890181 pT (GeVic)

Ultra-thin (50 um)
¥ and flexible silicon

Ultra-light
. carbon foam
A | supports

A Material budget oBI08%IK per layer
A 50 pum thick sensor

A Radius Ftlayer
thick, radiusHENTm

A Beam pip
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https://cds.cern.ch/record/2890181

R&Dchallengs W) (e

ITS3 key elements
1. 3truly cylindricalselfsupportinglayers

2. Eachlayer made by flexible MAPS
sensorsvhich:
1. have alarge-area, up to O(10x27 cnv)
2. areultra-thin (50 um)

3. Ultra-light carbon foam structures keep
the sensor irposition
Air cooled (1,~20°C

e ™o
e w10y

Carbon foam ===
supports y

Schematic structure of ITS3

07/07/2025 anna.villani@cern.ch iWoRID 202% ITS3 11



F

TRIESTE

N
’ % _ AW AN

o -t . il Ma . .
07/07/2025 @\ " L ~_ annayllan CURORIDR025 ITS3 W




INFN

TRIESTE

Silicon sensor bending

ALICE

A 50 pmMAPScan be bent to the ITSarget

Approximate radius (mm)

0 1 | 2
Displacement (mm)

4 5

30.08 15.15 10.22 7.8 6.38 5.45
ITSq
600 A
smaller
= radius
£ 500 -
=
3.
@A 400 -
8
D
N 300
£
s % Breaking Point
§ 200 —— 40 um 65 nm processed
E ~4— 50 um 65 nm processed
100 A —4— 30 um SuperALPIDE
—— 40 um SuperALPIDE
0- —— 50 um SuperALPIDE
1
3
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A 50 pm MAPS can be bent to the ITS3 target
A Bent ALPIDEbhperformanceis unaffected
A Confirmed using analog test structures in the 65 nn

Adoi.org/10.1016/j.nima.2021.166280
CMOS p r0Cess Ahttps://arxiv.org/ abg2502.04941

Silicon sensor bending

ALICE

0.200
ALICEITS3 WIP
Fe55 source measurements
0.175 1 Plotted on 18 Jan 2024 Flat
APTS SF
= 0.150 pitch: 15 um [ (FLAT) AF15P W16B3
£ type: modified with gap [ 1 (LONG-EDGE) AF15P_ W16B101
) split: 2 L (SHORT-EDGE) AF15P_W16B104
S 0.125 ;/sub = \;%WSHZ -48V J B
o reset — P L n
; Ipjasn = 5 HA 1 L e t
b 0.100 - Ipiasp = 0.5 HA
5 Ipiass = 150 uA
g Ipiasz = 200 A
“q_J 0.075 A Vieset = 500 mV L
= il
©
& 0.050
1
0.025 A _L
0000 T T T T T 1 1 T
0 10 20 30 40 50 60 70 80

Seed pixel signal (mv)
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ALICE

Chip development
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Chip development roadmap

ALICE

Run 3

—
2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031

2019 | 2020 | 2021 2032

Past: received in Sept 2021

MLR1¢ First MAPS in CMOS 65 nm

A Smaliscale prototypes

A Technology qualified

A Performance explored beyond ITS3
requirements FEIS

DPTS: 1. https://doi.org/10.1016/j.nima.2023.168589
2. https://arxiv.org/abs/2505.05867

APTS-SF: https://doi.org/10.1016/{.nima.2024.169896

APTS-OA: https://doi.org/10.1016/j.nima.2024.170034
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https://doi.org/10.1016/j.nima.2023.168589
https://arxiv.org/abs/2505.05867
https://doi.org/10.1016/j.nima.2024.169896
https://doi.org/10.1016/j.nima.2024.170034

Chip development roadmap

ALICE

LS2 Run 3 LS3

IR S S S A S A S S R
2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031
M

2032

Past: received in Sept 2021 Present: received in May 2023
MLR1¢ First MAPS in CMOS 65 nm — ¢ First stitched MAPS

A Smaliscale prototypes A First largearea prototypes
A Technology qualified A Stitching validation

A Performance explored beyond ITS3
requirements S

DPTS: 1. https://doi.org/10.1016/[.nima.2023.168589
2. https://arxiv.orq/abs/2505.05867

APTS-SF: https://doi.org/10.1016/{.nima.2024.169896

APTS-OA: https://doi.org/10.1016/j.nima.2024.170034
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https://doi.org/10.1016/j.nima.2023.168589
https://arxiv.org/abs/2505.05867
https://doi.org/10.1016/j.nima.2024.169896
https://doi.org/10.1016/j.nima.2024.170034

Chip development roadmap

ALICE

LS2 Run 3 LS3

IR S S S A S A S S R
2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031
M*--

2032

Past: received in Sept 2021 Present: received in May 2023 Future: exp. ER2 in Nov 2025,
MLR1¢ First MAPS in CMOS 65 nm — ¢ First stitched MAPS ER3 2027

A Smaliscale prototypes A First largearea prototypes ER2 Fullscale prototype

A Technology qualified A Stitching validation ER3 Final sensor production

A Performance explored beyond ITS3
requirements S

DPTS: 1. https://doi.org/10.1016/[.nima.2023.168589
2. https://arxiv.orq/abs/2505.05867

APTS-SF: https://doi.org/10.1016/{.nima.2024.169896

APTS-OA: https://doi.org/10.1016/j.nima.2024.170034
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@) Largearea MAPS: stitching

ALICE

Lithographic mask
Sitched sensors:
| A Repeated identical but functionally independent units
D A In-siliconinterconnections and peripheral structures
along the outer edges of the resulting largeea chip
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@) Largearea MAPS: stitching

ALICE

Lithographic mask
Sitched sensors:
| A Repeated identical but functionally independent units
D A In-siliconinterconnections and peripheral structures
along the outer edges of the resulting largeea chip
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@) Largearea MAPS: stitching

ALICE

Lithographic mask
Sitched sensors:
A Repeated identical but functionally independent units
D A In-siliconinterconnections and peripheral structures
along the outer edges of the resulting largeea chip
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@) Largearea MAPS: stitching

ALICE

Lithographic mask
Sitched sensors:
A Repeated identical but functionally independent units
D A In-siliconinterconnections and peripheral structures
along the outer edges of the resulting largeea chip
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Largearea MAPS: stitching

ALICE

Lithographic mask

Sitched sensors:

A Repeated identical but functionally independent units

A In-siliconinterconnections and peripheral structures
alorig-the outer edges of the resulting largeea chip

0 /
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Largearea MAPS: stitching

ALICE

Lithographic mask
Sitched sensors:
A Repeated identical but functionally independent units
D A-In-siliconinterconnections and peripheral structures
along uie.outer edges of the resulting largeea chip
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Largearea MAPS: stitching (i) (Ine

ALICE N %

Lithographic mask
Sitched sensors:
A Repeated identical but functionally independent units
D A In-siliconinterconnections and peripheral structures
along the outer edges of the resulting largeea chip

14cm
=
L1

26 CM
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First stitched prototype

Small prototypes Largearea MAPS
| | |
2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2

ALICE

| |
028 | 2029 | 2030 | 2031 | 2032

e T

ER1MOnolithic Sitched Sensor, MOS f{":-_i{:"—“‘\ ”:e" K
A 25.9x1.4cme

Tl
L
=
D

Y

, S CENE
~~F ITS3 layer0
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ALICE

Yy prototype
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MOSAIX:
A Divided in segments
A Pixel pitch: 20.& 22.8 um
A 12 RSU per segment
A 12 tiles per RSU
A Different pixel variants for
operational margins

265.995 mm

: 5 X segments._

1 segment

LO:3x segm ents

| |L1:4 x segments

€ wwggle —  *

= 12x REPEATED SENSOR UNIT
D
E 1 _?Ex K 1
. . . ] i o erocat]| o
A Design irdepth verification ongoing @ ||| EEE - e e e || e | T T %
: - S ; ©
A ER2 implementation procedure and | £|| &l || L =
ts identical for ER3 L B :|
scr|p3|en|ca or > 5 o EE |-
A C 7\ )f |' f O WH a dZ(_) Y}\ a W | e TILE | TILE | TILE | | TILE | TILE | TILE g
S
< > <P
4.5 mm 21.666 mm 1.5 mm
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Energycalibratin () GineX

ALICE

Ar-Kq g — Peak fit

ST———Scattered X-rays from
the primary source

\ Sn-Kq
4

Sn-KB
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DPTS:-Xay fluorescence W e

ALICE

X-ray beam

A Fluorescence photons from Sn target g Digital
M ET 1iPixel
A et 1St
60@} i JTUCEUNE
/Fluorescence
photons

| X-ray source
output
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DPTS:-xay fluorescence

H LIC E TRIESTE
A Fluorescence photons from Sn target | Digital
| Pixel
)\0% Test
| Sructure
ToT (us)
0.0 40.6 82.5 124.5 166.4
[ | | ALICE ITS3 preliminar DPTSOW22B48

Fluorescence 10° Ar-Kg g FIuorescencéOmeasure%ents: \ng;g;?‘gat‘-‘d

u S Si-KmW Sn-Lg In-Ga X-ray source on Sn target| gyjit. 4 (opt.)
s Plotted on'12 Oct 2023 lreset = 10 A
photons 104 \l,\ M\ - Iiias = 100 NA
" Scattered X-rays from Ibiasn = 10 nA

L the primary source {7'3=1=03?0%Amv

5 10° Sn-Kg 1\;;152;2\23,2\/— 12V
o S Calibrated
’ - 2 n-Kg .
-tk - 107 e Uncalibrated
X-ray source —— Peak fit
output ® 0 2000 4000 6000 8000
B © Signal (mV)

—  Detector
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& DPTS: ¥ay fluorescence

ALICE

A Energy calibration of the response up48.8 keV ] |

&

A Fluorescence photons from Sn target -

p
I

ToT (us)
0.0 40.6 82.5 124.5 166.4
1051 R f:-\ILICIE ITS3 prelimhnary .
r- uorescence measurements:
Fluorescence Si-Ke, g,/ %g_La :Dr?-(f;ta é(-raylszogrctemg:?n target
v otted on C
photons RN
10 \\ [V\ ~—Scattered X-rays from I

the primary source

!

X-ray source

output

~ Detector

N
=
o

-
>
B

P Gy o B —— ' | 6000
Signal (mV)

¢ Test

e ITUCLUTE

DPTSOW22B48
Non-irradiated
version: O

split: 4 (opt.)
lreset = 10 pA

Ipias = 100 NnA
l,-'Ji.asrl =10 nA

lgp = 100 NA
Veasn = 300 mV
Veash = 250 mV
pre,‘.' = Vsub =-12V

Calibrated
Uncalibrated
—— Peak fit

-28.8

Energy (keV)

~
N

o
o

07/07/2025 anna.villani@cern.ch iWoRID 202% ITS3

31



)

ALICE

DPTS:-xay fluorescence

,Qe:% M-‘} \
\epIRAEE e TRIESTE

A Fluorescence photons from Sn target

= m Djgital

Pixel

2 A Energy calibration of the response up48.8 keV| { |
oA _ _ Bt 1€St
A Demonstratedinearity of the response Bt Sructure
ToT (us)
0.0 40.6 82.5 124.5 166.4
' ' 1 ' o DPTSOW22B48
105 ALICE ITS3 preliminary Non-irtadiated
Ar-K Fluorescence measurements: o
Fluorescence Si-Ke, g,/ %g_La In-Ga X-ray source on Sn target ;’Sﬁi!"z(ﬁpt,)
h © Plotted on 12 Oct 2023 lreset = 10 pA
P otons 10% \3,\ [V\ - Ibias = 100 NA
" Scattered X-rays from ?ﬂasn TOIOO T
. = n
_g the primary source gfm = 300 my
cas =250
0 10° Sn-K, gpw:], = \Zubrzv— 12V
: d Sn-Kg Calibrlated
: L z Uncalibrated
X-ray source —— Peak fit
output 128.8
2163
=3
>
14.4 2
0]
c
NN}
-\ = 7.2
= Detector
e - 0.0
| e I 4000 6000 8000
Signal (mV)
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@) NIEL and TID radiation hardnes

HLICE TRIESTE
A Nontlonizing Energy Loss (NIEL) affects mainly the charge collection process
A Total lonizing Dose (TID) radiation affects theiiel frontend See A. Sturniolo poster

_ 5
100 — - - == .__3__;!\“ 10

99 4 /TS3 detection Ef_ﬁ_c@ﬂc_y_r_eclu_ir_eﬂ‘_em______________'_\ L 104
<> 98 - N 103 a
X =
; = 2 %
> 97- A 1102 2
3 )
'S 961 \ —#— Detection efficiency [ 10t Z
% El\ -H- Fake-hit rate ;
c 951 AN —— Non-irradiated 100 &
2 | . 10131 MeV negcm 2 by
o 9% T e L B S R 10 kGy r1070 <
@ =, X
2 934 BTN 10728

e
92 T \\\%___+\ 10_3
91 < 5 pixels masked.l . . \\.L ;L T[ JJT:.
50 100 150 200 250 300

Threshold (e-)
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NIEL and TID radiation hardne

ALICE

A In-beam measurementsietection efficiency

100 10°
99 4 /TS3 detection efficiency requirement _ T g L 104
A\ () 3
98 - SO -10 ’___({',:
AN —
B Oy oo @
97 \ Ay 102 X
\\ \\ \\ -.9_'
\\ \\ \\ ﬂ
96 1 NN —#— Detection efficiency [ 10" =
El\ A \\\ -#- Fake-hit rate @
95 A “ M -5 —— Non-irradiated -10° 4@'
\ ~
\ h RN 5 13 -2
gq T3 fakehitrate | ° NS SN O MU PPAY. -
requirement Y !"-,___A?“\@\ —&— 10 kGy 5
\E\. ‘h“-a\"\"--i____& A(.é
93_ \\m.‘h &\.\\ --""'m""'"&"-—-..__k,-—"i '10_2LI_
-.Ek @\
\\ \\ _3
92 1 \\+___+\ Y -10
N ghged
91 = 5 pixels masked. N LY - Lo
50 100 150 200 250 300

Threshold (e")
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ALICE
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A In-beam measurements: detection efficiency
A Functional characterizatiorfake Hit Rate (FHR)

100 10°
99 4 /T53 detection efficiency requirement _ T S e m e L 104
A\ () 3
Q 98 - SO - 10
o AN
S— E \h \ 2
> 971 AR - 10
cC \ \ ~
Q \\ \\ \\ 1
- — \
'S 961 NN oE —#— Detection efficiency [ 10
= R
\ ~ e .
c 95- R —— Non-irradiated -10°
o N AN N _
o N N i 13 2
(s 94 | !TS3 fake-hitrate | _ > .g,___é:'_":... o e 1077 1 MeVneq cm -+t10°1
9 requirement So ﬁ"-,_ﬁ_ﬁ’“\@\ —&— 10 kGy
() \E\ -—h""ﬁ\v-.\.___g__
O 93, "t B A g b A1 1072
~- \.@
&\\ \\\
92 1 \\+___+\ N i 10_3
s -~
< 5 pixels masked. N - JB“ 'J*““‘L
91 : - 0

50 100 150 2
Threshold (e™)

07/07/2025 anna.villani@cern.ch iWoRi

D2025¢ ITS3
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ALICE

A Efficiency higher than 99% in a wide range of thresholds

See A. Sturniolo poster

- s — 5
100 i 10 Region 0
99 | ITS3 detection efficiency requirement ~—~~  ®SCh &y 000 104 Type: 2.5 um gap
& o ijas - 62 DAC
A ' x 3 - Ipiasn = 100 DAC
@ 08 \\ = -10 Y lap = 50 DAC
S \m Operating range \ E lreset = 10 DAC
a 97 - \ - 102 3 Vsnie = 145 DAC
c A % Veasn =104 DAC
'g 96 - \ & -10! = Vosup =-1.2 V
= \Ek . ; Strobe length = 0.6us
v S — o
cC 95 - \\ N ® N 100 JF_UJ T 27°C
o \\ \\\ o —
+ K B \.&x. ITS3 fake-hit rate reguirement -1 =
_?]j M- _E\\ EE'H-..:@\ ______________________ r10 -CI;J —#— Detection efficiency
o .28 W < -#~ Fake-hit rat
O 93| ALICE ITS3 beam test WP, XSl 1 10-2,0 are-nitrate
@ CERN PS April 2025, g Y —— Top non-irradiated
| 7 GeV/c hadrons, DA SE T L 10-3 Top 1013 1MeV ngg cm~—2
921 Ppiotted on 20 May 2025 -, 10 - h
o . _ N - I op 10 kGy
91 Association window: 30 pm. (0,0,4) pixels masked. \‘L ‘l, l 1 0

100 150 200 250 360
Threshold (electrons)
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A Efficiency higher than 99% in a wide range of thresholds
A Efficiency of 99% at

See A. Sturniolo poster

_— 5
100 = ——— _5\1\ 10 Region O
1 ITS3 detection efficiency requirement ______*7S . N R N 104 Type: 2.5 um gap
99+ e - 10 Ipias = 62 DAC
‘\ T 3 — ijasn = 100 DAC
@ 08 \\ = -10 Y lap = 50 DAC
D \\ \ o Ireset = 10 DAC
> 97- =t 1102 X Venin = 145 DAC
c A % Veasn =104 DAC
S 96 \ 10! £ Vpsw=-1.2V
= \ — Strobe length = 0.6us
v R o & T=27°C
c 951 N -10° ©
(e \\ —
ks | IS A oo S | 1TS3 fake-hit rate requitement | 1 n—1'S
_?JJ_{ 94 _E"\ 10 'G;J —#— Detection efficiency
a =B, = -d~ Fake-hit rate
0O 931 ALICE ITS3 beam test"W(p, 10720 AN
@ CERN PS April 2025, — ~~~g —#— Top non-irradiated
| 7 GeV/c hadrons, S L 10-3 Top 1013 1MeV ngg cm~—2
9271 plotted on 20 May 2025 . 10 - .
T . | T T op 10 kGy
91 Association wlmdow: 30 pm. (0,0:4) pixels masked. | \L J—. '1.' 1 . 0
100 150 200 250 300
Threshold (electrons)
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ALICE
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&Y INFN
h, Eil2 i/ i
o TN _f‘"-°_ TRIESTE
ks

A Efficiency higher than 99% in a wide range of thresholds

A Efficiency of 99% at e A Stumiol nost
. . ee A. urniolo poster
A Efficiency of 99% at 5
100 - = Se—gm 10 Region O
L
| ITS3 detection efficiency requirement ______*7S 5. " R N 104 Type: 2.5 um gap
99+ - : 10 Ipias = 62 DAC
A 2 . Ipiasn = 100 DAC
< 98- \ " -10° @ /g =50 DAC
o \\ \ K Ireset = 10 DAC
> 97- 5 1102 -5 Venir =145 DAC
c A % Veasn =104 DAC
S 96- \ 10t £ Ve =-12V
= \ — Strobe length = 0.6us
@ o ] N 100 & T=27°C
C A ©
Re, RN -
O | I A Mool S | __ TS3 fake-hit rate requitement | 1 41
_?Jj 94 _E\\ 10 'Gg) —#— Detection efficiency
O )28 ~ i :
O 93] ALICE ITS3 beam test'W(p, 1020 ¥~ Fake-hit rate
@ CERN PS April 2025, "\m\ —4— Top non-irradiated
92 | 7 GeV/c hadrons, N 103 Top 10!3 1MeV neq cm™2
Plotted on 20 May 2025 -=--H_ -
o . . N y. I op 10 kGy
91 Association wlmdow: 30 ym. (0,0:4) pixels masked. | \Jl J—. '1.' 1 . 0
100 150 200 250 300
Threshold (electrons)
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Mechanics and
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ITS3 mechanical model
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Wind tunnel: cooling test

ALICE

Wind tunnel
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