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' OUTLINE S

The ALICHourney
Focus on the ALICE Inner Tracking System j .‘,....,
The first ALICE ITS for LHC run 1 and run 2|"""",M9.22*
Enteringhe MAPS era: from ITS1to ITS2 =

ITS3 upgrade
ALICE 3 plans

Summary

PAOLA LA ROCCA (UNICT & INFN CATANIA)
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' THE ALICE JOURNEY

FEIT
]
3

LHCRur2 LHC LS2 LHCRurg LHC LS3 LHCRun% LHC LS4 LHCRurb

2017-2018 2019-2021 2022-2026 2026-2029 2030-2034 2034-2035 2036-2041
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\THE ALICE JOURNEY

ALICE 1: the original conflguratlon

energy densities g -’ ~l'“;“ i
A Tracking and identification of particle
multiplicity events from dlf[ n a,, .

LHCRun?2 LHC LS2 LHCRurg LHC LS3 LHCRun% LHC LS4 LHCRurb
2017-2018 2019-2021 2022-2026 2026-2029 2030-2034 2034-2035 2036-2041

PAOLA LA ROCCA (UNICT & INFN CATANIA)




25th ZIMANYI SCHOOL, Budapest, December 1-5, 2025

' THE ALICE JOURNEY

ALICE 1: what we learned

The ALICE experiment: R Ener :
‘ ‘ gy density > 10 GeV/fi | A
A JSMLEieY through Q_CD A Colourcharge deconfined = = s

A Strong energy loss for hap:hrtoq$ o Fi wr
A Hydro-dynamic expansion like av ,‘;M_ j_ 17 i
liquid

A Hadronization as in thermal equ -

Eur Phys. J. 84, 813 (2024)

LHCRun2 LHC LS2 LHCRur8 LHC LS3 LHCRun4 LHC LS4 LHCRurb
2017-2018 2019-2021 2022-2026 2026-2029 2030-2034 2034-2035 2036-2041

PAOLA LA ROCCA (UNICT & INFN CATANIA)
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ALICE DETECTOR LS2 UPGRADES
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NEVX Ih.IN.ER TRA(EKING SYSTEM (ITS)

| THE ALICE JOURN|

"% Seven layers €O sing
UPGRADE : icon pixel sens 1 h sted
A
S electron » ares

NEW MUON FORWARD
TRACKER (MFT)
Five disks of monolithic

ALICE 2: the first major upgrade

A to increase the data taking rate by about
two orders of magnitude

A to enhance its track reconstruction efficiency
and precision for the detection of shioréd
particles containing heaflavourquarks

AOGALI CE U p g artucys
Shut dJdINSMN9 PEO62

NEW READOUT SYSTEM
t syste

The new

NEW BEAMPIPE WITH A SMALLER
DIAMETER (36 4 mm)

nes protons and ons

- o B, P ‘,‘.,:'%

___ALICEL . AUCE21 | ALICE3
LHCRure LHC LS2 LHCRun3 LHC LS3 LHCRun% LHC LS4 LHCRurb
2017-2018 20192021 2022-2026 2026-2029 2030-2034 2034-2035 2036-2041

PAOLA LA ROCCA (UNICT & INFN CATANIA)
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' THE ALICE JOURNEY

ALICE physics goals driving the upgrade requiremedatsare probes and hlgh preC|S|on

A H eflavouyhadrons (down to very lops) A mechanism of quarkledlu iction.

A Ch ar mo mAi dissociatidn/eeteaesation as tool to studyccimf"ﬁe
temperature )
A Dileptons fr om-nassRectormesoha. tsymrmetry | ~;
temperature and EOS iy
A Hpregikion measurement of light and hypecleiA production mechams de

;uu i

gy
“K ﬁl!h’ wrﬁ’r |l
‘:h mmﬂ-%}?:f

collectivity

A é

LHCRur? LHC LS2 LHCRun3 LHC LS3 LHCRund LHC LS4 LHCRurb
2017-2018 2019-2021 2022-2026 2026-2029 2030-2034 2034-2035 2036-2041

PAOLA LA ROCCA (UNICT & INFN CATANIA)
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' THE ALICE JOURNEY

ALICE 2.1:
Directly boosts the ALICE core physics program the
largely based on:

A low momenta

A secondary vertex reconstruction

E.g.[ . S/B improves by factor 10, significance by
factor 4

ITS3 &-oCal

A TDRs approved in March 2022ERN HCE2024-003, CERN.HCE2024-004)
AMoving towar ds o0 pr odiUC. iR

ALICE 2.1
LHCRure LHC LS2 LHCRurg LHC LS3 LHCRun4 LHC LS4 LHCRurb
2017-2018 2019-2021 2022-2026 20262029 2030-2034 2034-2035 2036-2041

PAOLA LA ROCCA (UNICT & INFN CATANIA)
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| THE ALICE JOUR

7

Scoping document for ALICE 3:

ALICE 3: MaJOr upgrade In LS4 (20'35) mor \‘ ALICE phase ITb upgrade for the LHC Long Shutdown 4
A Nextgeneration heawon experiment __ALICE3 _
First ideas at Heavion town meeting In | .
2018 (arXiv:1902.01211 | (

A
A Letter of Intent: Review by the LHCC in
A

March 2022 arXiv:2211.0249)
Scoping Document: review completed |
May 2025 (CERN_.HCE2025-002)

LHCRur2 LHC LS2 LHCRurg LHC LS3 LHCRur4 LHC LS4 LHCRun5
2017-2018 2019-2021 2022-2026 2026-2029 2030-2034 20342035 2036-2041

PAOLA LA ROCCA (UNICT & INFN CATANIA) 9
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' THE ALICE JOUR =1 S

N
ALICE
CERN-LHCC-2025-002

Scoping document for ALICE 3:

Unique ALICE3 physics goals Letter of intent for

A Transport properties in the QGP down t( BROLICE
thermal scale | ALICE 3

A Temperature evolution of the QGP gl

A Fundamental aspects of the QCD phasé
transition

A QCD bound states arfthdroninteractions

A Beyond SM studies

LHCRur2 LHC LS2 LHCRurg LHC LS3 LHCRur4 LHC LS4 LHCRun5
2017-2018 2019-2021 2022-2026 2026-2029 2030-2034 20342035 2036-2041

PAOLA LA ROCCA (UNICT & INFN CATANIA) 10
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'THE ALICE JOURN

From ALICE 1 to ALICE 3

A Major improvements in pointing precision
and oeffectlveag aucaes

A Strengthened ALICE PID capabilities (also &
forward rapidities

EY

B AR &~
g AL ICE1
% LICE
= ALICE 2
é:l__ ) Run3
= { ALICE 2
1]
fp 15 ance @ Run 4
5
5 ®
0 ALICE 3
+T4]
=
1=
S 1
o,

[y

10 100 1000

Acceptance (An)x Pb-Pb interaction rate (kHz)

L »—..g\
LHCRurn? LHC LS2 LHCRun3 LHC LS3 LHCRuM LHC LS4 LHCRurb
2017-2018 2019-2021 2022-2026 2026-2029 2036-2041

PAOLA LA ROCCA (UNICT & INFN CATANIA)
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'FOCUS ON THE ALICE INNER-TFRACK

The evolution of the ALICE Inner Tracking System is a remarkablé e>3ample of the techr oI0|g

progress in pixel detectors | e L S

Inner Tracking System (ITS)
A the central most detector surrounding the beampipe
A located in the central barrel of ALICE

Basic functions of the ITS 3
A the determination of the primary vertex with a resolution better than 100 mlcrom ter
A to reconstruct secondary vertices necessary for reconstruction of charm and hyperon~d
A to track and identify particles with lemwomentum particles o . - ==

A to improve the momentum and angle resolution for particles reconst

Chamber (TPC) = ==l

PAOLA LA ROCCA (UNICT & INFN CATANIA)
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A Consisted of total six cylindrical layers:
A Silicon Pixel Detectors (SPD)
A Silicon Drift Detectors (SDD)
A Silicon Strip Detectors (SSD)
A dHdx information in 4 outer layers (SDD, SSD)

|
» A

- “'- .: » ¢ ; ‘.§ ”\\ -
type R area chan- occu- (o _Re¢ |o Z Mat. \ ) ) Ak Nl )
layar fem] | [m3 nels pancy budg. = AT . Q i \
1 39 | 007 | 32M | 21 = SPD SSDwE i
pixels " ~ } 4
SPD I 1 12 um | 100 um | 1 % & -1 — _— Laf 7 A\
2 76 | 014 | 66M | 06 > — ,/ P
g ¢ e \
(s 150 | 042 | 43k | 25 el ﬂ/ T,
35 um 25um| 1.1% é a—r |
s SO0 |39 | 0s9 90k | 1 e | |
T ”" N % \ - )
5 d_:"ble 380 | 22 1AM | 4 — ‘f;x » -
o 20 um | 830 um | 0.8% s W 9 ,\
6 P 430 | 28 1.5M | 3.3 » e 2

SSD - /)

+ support/thermal shield
PAOLA LA ROCCA (UNICT & INFN CATANIA)



25th ZIMANYI SCHOOL, Budapest, December 1-5, 2025

' THE FIRST ALIC]H—IHSNEFCDIAND RUN 2

The ALICE SPD
A 2 barrel layers built as two half barrels around the beampipe

A Light weight support structure (carbon fiber)
A C,F,, evaporative cooling system
A 1200 pixel chips, 9.8x10channels

HYBRID TECHNOLOGY

ALICE1LHCDb readout chip  Sensor |
A n ®HPCMOS, 8192 cells A p-inn, 70.7 mm x 16.8 mm
A Thinned to156m A 200 >mthick

| > Flip chipbonding o
Pb-Sn solder bump bonding
5 readout chips connected to one sensor

PAOLA LA ROCCA (UNICT & INFN CATANIA)
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'FROM ITS TO ITS2: TOWARD

A Result of ~ 10 years of R&D and C&l | _
A Part of a major upgrades completed for ALICE during LHC L1§ a;,t;,' d)
A 7 layers all MAPSLO m?, 24k chips12.5 Gigapixels (factor 1000 higher thar

.........

A Innefmost layer: ey E “f““"- .
A radial distance23 mm - ——————————

~ ALICE Performance -
" Run 3 Pb-Pb, {s,, = 5.36 TeV.

(39 mm for SPD)

A material: X/% = 0.36%  § [ <08 ™ ]
(~1% for SPD) v
A Pixelsize: 29 A 27 >mZ2 .‘"\:\.: __« Run2data |

Beam pipe

—_
o
n
TTTT]

(50 x 425 pn% for SPD)
A Ultrarlightweight support e
structure and cooling AiSS H i ey e T

107 1

impact parameter resolution (um)

PAOLA LA ROCCA (UNICT & INFN CATANIA)
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'ENTERING THE MAPS ERA

A

MAPS (Monolithic Active Pixel Sensorsensor and electronlcs (E m,. > St

1A

F'{rk

CMOS Image Sensors to Slowly Regain Growth Momentum Mme
) | | 1 ~ v
$35 T Sales (SB) —*—Units (B) T 16 s i
$30 + 2016-2021 CAGRs — 14 & A A IOt Of JEVE ‘ |
— Sales =13.9% Units = 11.6% : 4] =
2 g5 1 2021-2026F CAGRs T 12 E |ndUStry & SRR =
E Sales =6.0% Units = 6.9% $20.1 193 10 & e s ; 3
R s105 o[, 2 A Many develo oments are directly”
+ = 9 = =
3 515 1 S O =
E - 6 g d
= $10 T 3 3 =
S 403 A A
3 1 5 A
$5 L, 8 o
S0 } + { { } } { } } } 0

16 17 18 19 20 21 22F 23F 24F 25F  26F
Source: IC Insights

PAOLA LA ROCCA (UNICT & INFN CATANIA)
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'ENTERING THE MAPS ERA

A PiXeldetector (PXL) of the STAR experiment at RHIC: first apg |cat|on of MAPS in high ene

physics (2014) L “»\
A In the same years, ALICE started the development of a new IV
A OALPIDE s ens alr s @i it p
shield CMQOS circuitry and avoid loss of efficiency

NWELL TRANSISTORS
DIODE NMOS PMOS DIODE

1 _
1018 VRst
Np ~ 10
NWELL A/PWELL \ cm
: Ves S

DEEP /PWELL y / L L

PWELL

DEEP PWELL 4

Diffusion

—3

13
Epitaxial Layer P- Np ~ 102 cm

PAOLA LA ROCCA (UNICT & INFN CATANIA)
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'THE I'P&PICHIP

i _—

Thin senso©(50 >m)
Highly integratedd(100)
in-pixel II ¥
Low powercon 'é ption!!: Sl
Smalldlodei - q;"’i “‘;’n ’E““m T
O(1-5 fFr———— Sy
Very granular:0(30 > |
Good detection eff|C|enc =

Position resolution improved profit
from charge sharln

Popo 2 | P >

PAOLA LA ROCCA (UNICT & INFN CATANIA)
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=) LI PN U L.!..L l!..'J.L............l..J..l LI B _
20 .
> 2x10 .
S 107
L0 ) = 19 mm i Q i
Li{r] = 252 mm " h—
4 L2 Ir 31 § m, R r Z D .i_
] ’ 30+

20+
ITS3 Engineering Model 1

-]

XIXy (%)
o

%o

-]

}o ¢ 1 H T i H I i H

5"0‘ o 1TFUI| sim (ITS) x* || < 1, Po-Pb {5,,,= 5.5 TeV ||
o CEEeITS2 - LOI ITS3 - LOI o
. 410 1FEEHeITS2 «TS3 0

107" 1 10
P, (GeV/ie)
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'THE NEW SENSOR FOR:iho@esmes

~g|

.‘_.__...._.._.—..w..f_
REEFERTERREE

Technology validation:
A 65 nm CMOS process

A Spatial resolution ~ Bm

A High efficiency > 99%

A Low Fake Hit Rate (FHR) <Spixel/event

A Excellent radiation tolerance (up to 4 40 MeV
n,,cned and 400 krad)

PAOLA LA ROCCA (UNICT & INFN CATANIA)

Small test structuresPTS, DPTS, CEE€
Succes.' uIIy quallfled the 65n pou

\

First stltch” d M, i
MOSS, MOS wa\i L "’f“'.* m‘h
\%\QT:‘_‘}”\‘__ .

Successfu y qualified the [;
sensor deS|gn |

Fukscale, fu
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' THE NEW SENSOR FO R bship@essmars

The first stitched sensors

for HEP:

A Bothdigital sensors
with differentdensities
andreadout

MOSSMOnolithicStitchedSensor)
A 14 x 25.9 mm, 6.72 Mpixel
A 2 differentpitches

MOST(MOnolithicStitchessensorvith Timing)
A 18xmy nm¢>
A more dense desigdijfferent power granularity

PAOLA LA ROCCA (UNICT & INFN CATANIA)

Small test structuresPTS, DPTS, CEC
Successfully qualified the 65nm proc
for ITS3

ey - - ,-, ? o
B B L v ¥ mu.,n e COTeS Serlen
Ty o N

ER1 (Englneemn

First stitched MA R T 11
MOSS, MOST \\\‘" Ui
Successfully qualifie | the largeale
sensor design

Fultscale, fully functior

MOSAIX(IrL
%‘:\
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I THE NEW SENSOR FOR:bh&S@essmes

Small test structure@sPTS, DPTS, CEC

100 1= Succ

CETTE—. Region 0 i ,/ [
|53 detection efficiency requiremient S 104 Type: 2.5 um gap f / T C
NP1y : 10 Ioias = 62 DAC Ol 1 1 OO
‘\ A 3 - fbjasn =100 DAC s 35 A : _‘"‘
< 981 N r10° @ Iy =50 DAC SR
< \\ AN K] frg-set =10 DAC J
> 971 8 s 1102 X Vann= 145 DAC
b ‘\\ \\ "'lﬁ- Vcasn =104 DAC
S 961 N 10t £ Vpsuw=-12V
= ‘EL % ~— Strobe length = 0.6us
¢ 95 N L1090 & T=27°C
5 N =
Ay N
kv S aeozsl S ITS3fakehitrate reguitement | 1 -1 S
:5_,15 %4 B . RN 10 E —#— Detection efficiency
[ B h vy - :
O 93] ALICE ITS3 beam testW(p, i P A 110728 4~ Fakehit rate
@ CERN PS April 2025, “'1\ = —#— Top non-irradiated < »
1 7 GeV/c hadrons, % L 10-3 —J— Top 1013 IMeV ngy cm-2 S a . |
921 piotted on 20 May 2025 g —-({1\ 10 Top 10 KGy e uc : S ! i ki
91 Association window: 30 um. (0,0,4) pixels masked. \‘,L_ J‘_ l _l 0 - '

100 150 200 250 300 SenSOHT,"

Threshold (electrons)

A Characterization in laboratord functional yieldE%Tz e :
higher thar98% il e

A Several tests beam at CERN PS and SPS beam lit

l’ERS‘.a’ITSB sensor production

PAOLA LA ROCCA (UNICT & INFN CATANIA) 23
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' THE NEW SENSOR FQORsbdip@essmes

Small test structuregsPTS, DPTS, CEC

3 Successfully qualified the 65nm proc:
A Incorporate learnings from MLR1, MOSS and MOST lm y 4 - - -
fOI‘ |T{ .‘_‘j'_
testing el
A Modular design: each sensor is divided into 3, 4, or b '
segments

Successfully qu
sensor design

i

- THely R/ (F
: Left End Cap 1: ot

: Repeated Sensor Unﬂ:
RECRight End Cap

S 0 D i

33 3 sensor production

PAOLA LA ROCCA (UNICT & INFN CATANIA) 24
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A

Detector concept

Outer Tracker

A Compact, ultrdightweightall-silicon tracker -
A Vertex detector with unprecedented pointing , TOF

resolution P
A Particle Identification over 8 units of N7 o< | | ‘

pseudorapiditydown to very lowp R Yty |
A Superconducting magnetB=2.0 T -~ ~ R e
A Continuous readut and online processing ECal

Magnet
f\bsorber
Acknowledged in LHCC review: B e

OALI CE 3 is a uni gue det_e‘._-:

PAOLA LA ROCCA (UNICT & INFN CATANIA)


arxiv.org/abs/2211.02491
arxiv.org/abs/2211.02491
arxiv.org/abs/2211.02491
https://cds.cern.ch/record/2925455
https://cds.cern.ch/record/2925455
https://cds.cern.ch/record/2925455
https://cds.cern.ch/record/2925455
https://cds.cern.ch/record/2925455
https://cds.cern.ch/record/2925455
https://cds.cern.ch/record/2925455

25th ZIMANYI SCHOOL, Budapest, December 1-5, 2025

'ALICE 3: VERTEX DETECTOR

LAYOUT Distancefrom interaction point:

A 3 Barrel layers + 3x forward + backward disks @fafer- | > ™m ater beamsiabiizaton
scale, ultrathin, bent CMOS MAPG&n 4 retractable
opetal s6 I nsi de e Ghea=.

EXPECTED PERFORMACES

Low material budget: ~0.1%Aayer
Radiation tolerance: ~£0 1 MeVn,/cm Distancefto interaction point:
Pointing resolution ~1®m o7 > mmatinjection

~2.5 mm spatial resolution (1im pitch)

~100 ns time resolution

Pointing resolution: 5x better than ALICE 2.1 (ITS3 + T

o oo To T I I

CHALLENGESIechanics and Radiation tolerance

PAOLA LA ROCCA (UNICT & INFN CATANIA)
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'ALICE 3: THE MIDDLE AND THE—OUTE

LAYOUT
A 60 n? of CMOS MAPS
A Layout8 barrel layers + 2x9 disks

EXPECTED PERFORMANCES

A ~1% X /layer material budget

A ~10 mm spatial resolution (up to 56n pitch)
A ~100 ns time resolution (~38W/cm?)

A Radiation tolerance: ~6x18 1 MeVn,, /cm@

CHALLENGESarge area (industrialization) and low material budge

PAOLA LA ROCCA (UNICT & INFN CATANIA)
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| CONCLUSIONS

The ALICE detector has undergone, and will continue to undergo slgnlflcant upgrades tc explc

the enhanced performance of the LHC and to extend its physics rea.cp
A ALICE has developed and now is very successfully operatlngzal\m CKe

A generated a lot of interest in other experiments ol 4'
A ALICHETS3will replace the innemost 3 layers of ITS2 —
A ALICE 3s a new detector based on a fsilicon tracker

ALICE continues to push the state of the art of MAPS sensors and detectors E
A copies used by several current and future experlmeIﬁHHNl)EIC SVT NAGO+, LUX
me d i C 2 F = :

A rich physics program to address open questions in hot and de\'“\‘ G | beyc

PAOLA LA ROCCA (UNICT & INFN CATANIA)
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A 7 Layers (3 inner / 2 middle / 2 outer) /
from R = 22 mm to R = 400 mm e ) (O5)
A 192 Staves(48 IL / 54 ML / 90 OL)
A Ultra-lightweight support structure and
cooling
A 10 m?active silicon area, 12.5 x 19
pixels

Outer Layers (OL)

Middle Layers (ML)

Inner Barrel (IB)

Beam pipe

Layer #
n. of Staves

PAOLA LA ROCCA (UNICT & INFN CATANIA)
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Threshold distribution per chip

Threshold (e-)

1ITS2 CALIBRATION

- Threshold scan of full detector: > 50 TB of event data T L -

ALICE Performance

(RIETH i Tk R
;‘, 1l ': ".:I_ ) 10° .
i i ! | B “; 1 Ij! {7 @ . ,“. % .‘,..
A AR FIR A L i A ..{' .i i } i ”
i Several Scans to be run Sequential Iy ;400 J ( e - — 7s2 I:rsshz‘Jk:liscan‘r:med/!;a!gefr'ves!raulYOOeA' wcssmzlzzz.;emsui
.I“ : g ] ‘ ] ] ‘ \Il“ ] ; { “ \ | “‘ |
i g samu 4 Lk i) 81 & i b ot i ide 5 il " i § L.j

The Challenge:
- Online calibration of 12.5 billion channels

A Threshold tuning (adjust thresholds to target) k. 0

[73
(o]

A Threshold scan (measure actual thresholds) " olll .
200 | i
- After tuning: Thresholds very stable on all the chips: B " o i

A RMS of threshold distribution compatible with what we ., AP
had during production R To00 Ghip D

A ENC no'se B Se . o = l I Noisdistribution per chip " =
i 'f".fi.7¢f i ﬁi‘qﬁ!‘[nﬁ- I Al T

IJI w| II " | “lll\ 1) Hl Il?IIIIIII I | 1|l IIHIIIII
30 gy i i IJI \I TRy [N I ” ‘ ‘

| | | | I
25 ‘ ‘

N0|se 5e

0 5000 10000 15000 20000 !
ChiplD
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ITS2 PERFORMA

A Stable operation of 24k chips
A >99% functional pixels
A Tuned and stable thresholds
A Well controlled fake hit rate:
< 10-6/pixel/event
A 2 x better impact parameter
resolution at 1 GeV/c

= 1 075 T T T LN B B 1 T T T 1

g | | | | 1| 5 e
g_ 10-° requirement ALICE ITS2, cosmic data

& - - Layer 1
g 7 |-‘ ' ® e .. | . = o T = ‘] ..I ] g
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ALICE Performance

ITS2 Threshold scan tuned (target threshold 100 e ), run 530038, Dec. 2022 - 2.1 % of the pixels pulsed
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ITS2 VS ITS3

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

Cooling plate

ITS3

9 ALPIDE sensors —

Glue dots

I Flexible PCB

Innermost haltlayer:
54 sensors replaced by 1!

[ITs3L0, M <1, 2, =0
( XIX, ) =0.086 %
.| carbon Foam

[ Glue
Bl ] Silicon

X/X, (%) for is1

ITS2 Layer 0 ITS3 Layer 0
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ITS2 VS ITS3 —

Not to scale

ITS2innerbarrel
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ITS3 PHYSICS MOTIVATIONS

ALICE 2A ALICE 2.1
A Impact parameter resolution reduced by a factor of2 in lowp- region i
A Tracking efficiency up to more than 30% higher, in lop4 region U

Most striking improvements in the study of: i et

A Low momentum charm and beauty hadrons
A Low-mass dielectrons

A Beautybaryons

A Beauty-stange mesons

A Charm strange and multistrange baryons

A Light charmhypernuclei

PAOLA LA ROCCA (UNICT & INFN CATANIA)



25th ZIMANYI SCHOOL, Budapest, December 1-5, 2025

\I\/IEASUREI\/IENT—CCIFC)LAI\/IBA —

In heavyion collisions the production of charm and beauty baryons is expecte p be S|gn|f|cantly en|
A recombination with light-flavour quarks present inside QGP | —

l ( L ﬁ ;
A hadron-mass-dependent radial collective flow

W=D Tl echs watimbiog .

schematic view of a Ac: decay

However current results have limited n
statistical precision !

The measurement requires very precise tracking
and impact parameter resolution

PAOLA LA ROCCA (UNICT & INFN CATANIA)
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'MEASUREM ENT-«:)@LA A =

Large improvement yrt ITS2) of significance (factor 4) and S/B ratlo (1
AHUgqaqlll WGYRUgqRUNDWI Wt YieqRY
A larger efficiency for the signal selection

8 180 2 -
= - ALICE Upgrade = |ITS3 = " ALICE Upgrade = |TS3
J___) 150__ AC — FJK-T'E+ e ITS2 % 15_ Ac — pK'TE+ e |TS2
= [ Pb—Pb 0-10%, |5, = 5.5 TeV S F Pb—Pb 0-10%, \s,,, = 5.5 TeV
2 MO | =10 nb” 3
2 N o -1
r20f- + a3 .
B > =
100 ° T ¢
F 2 102 -
80l _+__+_ =2 107 "
F 4t t 2R S S
50? +
C 1073
40~
20=_._+++_._ >
5 104
G=?_IIIIIIIIII|IIIIIIIIIII|IIIIIIIIIII EIIIIIIIIII|IIIIIIIIIIIIIIIIIII|III
2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20

p. (GeVic)
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o(DCA,,) (um)

.........

efficiency primary particles

0.4t dmeerieenets poeed :
{Full sim (ITS) n || < 1.0, Pb-Pb {5, = 5.5 TeV
| —e= ITS2

0'2__5-0- ITS3 1

ITS2 - LOI ITS3 -LOI

ao'biErs? TS o 1 0 A T M

-1
10~ 1 10 1071 1 10 10 1 10
P, (GeV/e) P, (GeV/c)
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'THE 65 NM CMOS TECHNOLOGY.

U Tower PartnersSemiconductor Co. (TPSC9 65 nm CMOS imagingrocess for - :
Monolithic Active PixelSensors(MAPS) L i m_'f\j

U Chosenfor ALICE ITS3 detector and under study by the CE N ' Ol
monolithic pixel sensors Ty i

Key advantages: = *-‘,,.;»»
e )fde oraf ~Aqtfl
& -1t miEONCE.

el colk
PMOS vel collection

NMOS slectrode NMOS PMOS
— ] — — — = ==
LB = LI e ) U o . Eais ;
pwel 1 nwedl : A pwell el | pwvedl nwell R 5 ) pwall | rwsll | ~e J nwell paed I rraell
deep pell : caep pwel [ dasp pwell N L Goep pwed | e M 0 No REmeE deen .
S ) |
y | low dose n-type implant | | ow Cose N-typa Implant
- | \ |
STANDARD | - MODIFIED jooienn MODIFIED WITH GAP e
| / {
: ' 3 / :
depieted zone i / i
/ |
! \ | / :
| depleted rone 4 { depleted zons
deplation boundary 1 ,./ |
| / | | o epitavial layer
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'MLR1 SENSOR PROTOTYPES —

APTS: Analog Pixel Test Structure CE65: Circuit Exploratoire 65 DPTS: Digital Pixel Test Structure
: , Pe———————— N S— &’
£ | [R——— T ;’3“ £
= | 0
el E i 8l B E
| Ry ' T Ig L !
| & . —— ; W\ CCTETETD
«  6x6 pixel matrix * 64x32 pixel matrix, 15 um pitch * 32x32 pixel matrix, 15 um pitch -
* Pitch: 10, 15, 20, 25 um (3 subvariants: AC, DC and SF) * Asynchronous digital readout =
* Analogue readout of central * 48x32 pixel matrix, 25 um pitch » Time-encoded pixel position <
4x4 submatrix * Rolling shutter readout (50 ps * Time-over-threshold
. Output buffer in two versions: integration tlme) measurements
Source Follower (SF) and Op
Amp (OA) * Goal: explore pixel matrix Goal: study the in-pixel front-
Goal: explore pixel designs S uniformity and rolling shutter ||

PAOLA LA ROCCA (UNICT & INFN CATANIA)
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'MLRIRADIATION HARDNESS

; C
75 i ais— 100 100 +— 4 i DPTSOW22B17
1:,“ 10% 1MeV n.q cm™?
E 5.0 951 W s | :vai;e:r: 22
= - — version: O
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9 i
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- .
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85 1 10
o 3 104 1MeV ngy cm2
f ) m
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=] ] -1
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4= 1 k!
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\ N
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it
- ?
g 4.00 1.6'3 —#— Spatial resolution
= ';J' —-#— Average cluster size
= . .
g 3.75 A ALICE ITS3 1.5 E —— Non-irradiated
S doi.org/10/1016/j.nima.2023 /168589 = - 108 1MeV ngem=2
e DPTS, Vo = -2.4V 2z -
@ 3.50 W 1.4 o 101 1MeV nyq cm™2
% 3.25 1 [H“\":E:ZELH..‘ 1.32 —#- 10" IMeV neg cm™*
B cs»__@:m E::‘IB g 10 kGy
& 3.00 S Sl N 12§ —F 100kGy
gl e I —— 10 kGy + 10% 1MeV ney cm™
e e T . o RO
L = L
2.75 e R
2.50 A r1.0

75 100 125 150 175 200 225 250 275 300 325 350

Threshold (via Veasp) (€7)
Spatial resolution and average cluster size Vs threshol La '
15 >m pitch DPTS: i
Y The spatial resolution measured slightly better than pixe
Y Slight systematic decrease of average cluster size with the

PAOLA LA ROCCA (UNICT & INFN CATANIA)



25th ZIMANYI SCHOOL, Budapest, December 1-5, 2025

: : _—
|
100 - I?.___E‘*:;ig:—__?"""'-
gg _______________________ -_-.__-__-::i, "'-_-__-"-"'T.___-______________-__-__-__-______________-
o] MM
= ™
3 96-
=
o
b
= 941
c
o
T 92
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] 90 15 um pitch
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—$— 25 pym pitch
88 1

75 100 125 150 175 200 225 250 275 300 325 350
Threshold (e~}
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0.7 1 10 pm pitch
7 4.5 15 pm pitch
~6 4.0 @ 0.6 1 20 pm pitch
E °1 Y3 > [ 25 um pitch
= T3 requirement %' —4— Spatial resolution ﬁ g 0.5 Hnp
6 ST e T35 N -#- Average cluster size _
= ; et 0.4
3 ] 5 10 um pitch e < =
ﬁ 4 3.0 ‘g 15 um pitch S _g 0.3
r—: 3 559 —$— 20 um pitch ®
[ % —4— 25 um pitch & 0.2
F2 20
=
< 0.1
1. -1.5
&3 &::_@_.___?___ N !
—-%'-—'-'-‘ﬂ&::::::_—_—_@:__=__.__==ggtge 0.0 T T T T T
0 . 1.0 1 2 3 4 5 6 7
75 100 125 150 175 200 225 250 275 300 325 350 Cluster size (pixel)

Threshold (e™)

Spatial resolution and average cluster size VS threshold* d
A More charge sharingd improved resolution B
A Considering the ITS3 target pitch size of 20.8mx22.8 “:,’\

for a threshold of 100 e
A For the ITS3 it is expected to have on average less tharb pixe

particle hit

PAOLA LA ROCCA (UNICT & INFN CATANIA)
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MLRIPOWER CONSUMPTION

100 —4— Det. efficiency | 142

99 |- -4-- Fake-hit rate |
_— lpias =10 nA a7
L _ L1gl 1
e 98 le=20nA [0 @
) T
2 § | —4— lias =30 nA .
(v 961 ‘\‘\,{, \ L —4— lpias =50 nA 110 e
5 ! 4, 4 Tbies =100 nA 3
& 941 A N 107t ©
= [ A . o
E \‘. \\* \\ "'?
= VoY L, w
g 92 - ¥ \"l\ + = 102 Aré

\l ‘\li_l?l,‘ “‘\+.- [V
FHR meagurement sensitjvity lim|t _3
90+ r10

50 75 100 125 150 175 200 225 250 275 300 325 350
Threshold (e™)

DPTS front end designed to investigate power consumptgan
A At least a main currentl,,.. of 30 nAis needed *‘ |

A 16 mW/cm2as measured on 15>m pixel
A 7.6 mW/cm2if projected to the final ITS3 sensor pixel pltch

PAOLA LA ROCCA (UNICT & INFN CATANIA)



25th ZIMANYI SCHOOL, Budapest, December 1-5, 2025

| STITCHING -_—

A Split the design on the reticle:
Left End Cap LEC)
Repeated Sensor Unit RSU)
Right End Cap REQ

A Endcaps and multiple RSUs can be interconnected to &egment i -

T i
{piim W —- I

A Multiple independent Segments can be diced out together forming wafer-scale sensor

Wafer-scale sensor

Reticle Modular design Segment
I ﬂ Segment 0 —
| T ———|
Segment 1
Endcap RSU Endecap Endcap RSU RSU RSU RSU RSU RSU Endcap

PAOLA LA ROCCA (UNICT & INFN CATANIA)
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Radius Sensor size (mm?3)
Layer O 19.0 266 x 58.7
Layer1 25.2 266 x 78.3

Layer 2 31.5 | 266 x 97.8 I

2 = 300 mm (12”) silicon wafer

PAOLA LA ROCCA (UNICT & INFN CATANIA)
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'MOSS STRUCTURE ————

A 10 Repeated Sensor Units (RSU) 3
A 2 Half Units (HU) with 4 regions (each with different electronics)
A TOP regions: 256 x 256 pixels, 22.5 em pitch
A BOTTOM regions: 320 x 320 pixels, 18 em pitch

259em

R R R R T T T R R T

1.4 cm

TTUsadE ¥ siialiotbl s 1 We #0878 1 1 4V bt o B
...............................

Repeated Sensor Unit

e
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' MOSS TESTS

Dedicated
Impedance
setups
measurements
Power ramps
Impedance
measurements

Full powering and Full test
functional tests system

$

73 cm

Dedicated setup
+reduced test system
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'MOSS TESEBD —

}l

1

- I
Wafer-to-wafer variations o sre \f T

100
—— mm Excluding failures due to readout architecture
= Excluding failures due to readout architecture and powering
80
e 4 I Maximum_number of halflayers ______________________
n from a set of 12 wafers

2
o 601 o
k2 2 31
= y—
c o
O [
-E}‘ 40 _ i g 2 1
ot E :
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201 HEE Functional & performance failures £ 1 :'f_'
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— ™~ m < Ty} w r~ o] r~ o — o~ rn < 2% 39% 59,
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'MOSS TS IAL RESOLUTION

PAOLA LA ROCCA (UNICT & INFN CATANIA)



