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ITS2

Å7 layers

Å24k CMOS MAPS

Å12.5 Gigapixels

Å10 m2

ALICE Inner Tracking System
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Introduction

ITS3

ÅReplacing the ITS2 Inner Barrel

ÅTo be installed during LS3 (2026-2028)

Inner Barrel



What can we improve?

ÅCan the material be further reduced?

ÅCan we get closer to the interaction point?

Inner Tracking System 3
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Motivation

~24 mm



ÅOnly 15% of total material is silicon

ÅIrregularities due to cooling and support structures

ÅMaterial degrades pointing resolution

Inner Tracking System 3
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Motivation Flexible PCB
(Aluminium and Kapton)

9 sensors
(Silicon)

Cold Plate

15 %

ITS3 removes almost all unnecessary material!

Support structure
(Carbon, Glue)



ÅHow can we achieve it?

ÅRemove water cooling

ïAir cooling

ÅRemove the circuit board

ïIntegrate data, control and power 

distribution on chip

ÅRemoval of mechanical support

ïSelf-supported arched structure

Inner Tracking System 3
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Goals



ïWafer-scale sensor ASICs

ïFabricated with stitching

ïAll electrical signals and power 
routed on-chip

ïUltra-thin and bendable: 50 µm

ï266 mm (Z) x variable width* (rű)

ïCMOS MAPS

Å65 nm technology

ïOpen-cell carbon foam spacers

ÅKey benefits

ïExtremely lightweight

ÅMaterial budget: 0.35% X0 => 0.05% X0

ïUniformly distributed material

ïCloser to interaction point

ÅBeam pipe radius: 18.2 mm => 16 mm

ÅRadial position: 24 mm => 18 mm

Inner Tracking System 3
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Detector Overview

* The sensor width (rű) varies with layer

rű

18 mm



ÅEffects of air cooling is investigated in detail

ïBreadboard model

ïWind-tunnel test setup

ÅMaximum vibrational level measured within +/- 0.5 µm

ÅDetector can be operated at 5 ºC above inlet air temperature

Detector concept

October 5th 2023 TWEPP23: ALICE ITS3: a bent stitched MAPS-based vertex detector - Speaker: O. Groettvik 8

Cooling



Sensor developments

October 5th 2023 TWEPP23: ALICE ITS3: a bent stitched MAPS-based vertex detector - Speaker: O. Groettvik 9

Early R&D and first stitching prototype (ER1/MOSS)

More @ TWEPP:

- G. Rinella: The Monolithic Stitched Sensor (MOSS) Prototype for the ALICE ITS3 and First Test Results

- C. Lemoine: Prototype measurement results in a 65nm technology and TCAD simulations towards more radiation tolerant monolithic pixel sensors

- C. Ferrero: Validation of the 65 nm TPSCo CMOS imaging technology for the ALICE ITS3

2021 2022 2023 2024 2025 2026 2027 2028 2029

RUN3 LS3 RUN4

MLR1 ER1

MOSS

ER2

MOSAIX

Final 

sensor

Installation and commissioning

65 nm CMOS process

- Digital and analog test structures

- Detection efficiency measurements

Bent MAPS

Demonstrated operation and 

detector efficiency 

Stitching

- MOSS: a complete sensor

- Investigate performance 

- Assess yield

Efficiency: > 99%

FHR: < 0.01 pixel-1 s-1

Efficiency agnostic

to bending radius
Tests ongoing!



Sensor developments
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Engineering Run 2: towards a complete sensor (MOSAIX)

More @ TWEPP:

- M. Rodriguez: Model and analysis of the data readout architecture for the ITS3 ALICE Inner Tracker System

- P. Dorosz: Development of the data transmission architecture of the stitched sensor prototype towards the ALICE ITS3 upgrade

- V. Gromov: Prototype of a 10.24Gbps Data Serializer and Wireline Transmitter for the readout of the ALICE ITS3 detector

Layer 0: 12 x 3 rows

Layer 1: 12 x 4 rows

Layer 2: 12 x 5 rows

Repeated (Stitched) Sensor Unit 

*Illustrates repeatable unit on ER1 (MOSS)
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Sensor developments
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Engineering Run 2: towards a complete sensor (MOSAIX)
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Power and data carried via stitched backbone (27 cm!)

Å3 sub-designs:

ïREC

ïLEC

ïRSU

ÅStitched 

backbone:

ïPower distribution

ïControl and data 

readout


