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THE ALICE JOURNEY
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THE ALICE JOURNEY
ALICE 1: the original configuration

Å the heavy-ion experiment at the LHC designed to study 

the physics of strongly interacting matter at extreme 

energy densities

Å Tracking and identification of particles in high 

multiplicity events from different collision systems

Ą 18 sub-detectors used in LHC runs 1 & 2 (until 2018)
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THE ALICE JOURNEY
ALICE 1: what we learned

Å Energy density > 10 GeV/fm3

Å Colourcharge deconfined

Å Strong energy loss for hard partons

Å Hydro-dynamic expansion like a very-low viscosity 

liquid

Å Hadronization as in thermal equilibrium

Eur. Phys. J. C84, 813 (2024)
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THE ALICE JOURNEY

ALICE 2: the first major upgrade

Å to increase the data taking rate by about 

two orders of magnitude

Å to enhance its track reconstruction efficiency 

and precision for the detection of short-lived 

particles containing heavy-flavourquarks

ÅòALICE upgrades during the LHC Long 

Shutdown 2ó JINST19 P05062
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https://doi.org/10.1088/1748-0221/19/05/P05062
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THE ALICE JOURNEY

ALICE physics goals driving the upgrade requirements ðrare probes and high precision

Å Heavy-flavourhadrons (down to very low pT) Ą mechanism of quark-medium interaction

Å Charmonium states Ą dissociation/regeneration as tool to study de-confinement and medium 

temperature

Å Dileptons from QGP radiation and low-mass vector mesons Ą s̝ymmetry restoration, initial 

temperature and EOS

Å High-precision measurement of light and hyper-nuclei Ą production mechanism and degree of 

collectivity

Å é
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THE ALICE JOURNEY
ALICE 2.1: 

Directly boosts the ALICE core physics program that is 

largely based on: 

Å low momenta

Å secondary vertex reconstruction 

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

factor 4 

ITS3 & FoCal

Å TDRs approved in March 2024 (CERN-LHCC-2024-003, CERN-LHCC-2024-004)

ÅMoving towards òproductionó phase
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https://cds.cern.ch/record/2890181?ln=en
https://cds.cern.ch/record/2890181?ln=en
https://cds.cern.ch/record/2890181?ln=en
https://cds.cern.ch/record/2890181?ln=en
https://cds.cern.ch/record/2890181?ln=en
https://cds.cern.ch/record/2890181?ln=en
https://cds.cern.ch/record/2890281?ln=en
https://cds.cern.ch/record/2890281?ln=en
https://cds.cern.ch/record/2890281?ln=en
https://cds.cern.ch/record/2890281?ln=en
https://cds.cern.ch/record/2890281?ln=en
https://cds.cern.ch/record/2890281?ln=en
https://cds.cern.ch/record/2890281?ln=en
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THE ALICE JOURNEY

ALICE 3: Major upgrade in LS4 (2034-35)

Å Next-generation heavy-ion experiment

Å First ideas at Heavy-Ion town meeting in 

2018 (arXiv:1902.01211)

Å Letter of Intent: Review by the LHCC in 

March 2022 (arXiv:2211.02491)

Å Scoping Document: review completed in 

May 2025 (CERN-LHCC-2025-002)
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https://arxiv.org/pdf/1902.01211
https://arxiv.org/pdf/2211.02491
https://cds.cern.ch/record/2925455?ln=en
https://cds.cern.ch/record/2925455?ln=en
https://cds.cern.ch/record/2925455?ln=en
https://cds.cern.ch/record/2925455?ln=en
https://cds.cern.ch/record/2925455?ln=en
https://cds.cern.ch/record/2925455?ln=en
https://cds.cern.ch/record/2925455?ln=en
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THE ALICE JOURNEY

Unique ALlCE3 physics goals

Å Transport properties in the QGP down to 

thermal scale

Å Temperature evolution of the QGP

Å Fundamental aspects of the QCD phase 

transition

ÅQCD bound states and hadron interactions

Å Beyond SM studies
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THE ALICE JOURNEY

From ALICE 1 to ALICE 3

ÅMajor improvements in pointing precision 

and òeffectiveó acceptance

Å Strengthened ALICE PID capabilities (also at 

forward rapidities)
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FOCUS ON THE ALICE INNER TRACKING SYSTEM

The evolution of the ALICE Inner Tracking System is a remarkable example of the technological 

progress in pixel detectors

Inner Tracking System (ITS) 

Å the central most detector surrounding the beampipe 

Å located in the central barrel of ALICE

Basic functions of the ITS

Å the determination of the primary vertex with a resolution better than 100 micrometer

Å to reconstruct secondary vertices necessary for reconstruction of charm and hyperon decays

Å to track and identify particles with low-momentum particles

Å to improve the momentum and angle resolution for particles reconstructed by the Time Projection 

Chamber (TPC)
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THE FIRST ALICE ITS FOR LHCRUN 1 AND RUN 2

Å Consisted of total six cylindrical layers: 

Å Silicon Pixel Detectors (SPD)

Å Silicon Drift Detectors (SDD)

Å Silicon Strip Detectors (SSD)

Å dE/dx information in 4 outer layers (SDD, SSD)

SPD SDD SSD

TPC

+ support/thermal shield 
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THE FIRST ALICE ITS FOR LHCRUN 1 AND RUN 2
The ALICE SPD

Å 2 barrel layers built as two half barrels around the beampipe

Å Light weight support structure (carbon fiber)

Å C4F10 evaporative cooling system

Å 1200 pixel chips, 9.8x106 channels

Sensor

Å p-in-n, 70.7 mm x 16.8 mm

Å 200 m˃ thick

ALICE1LHCb readout chip

ÅлΦнр ˃m CMOS, 8192 cells

Å Thinned to150 ˃m

HYBRID TECHNOLOGY

Flip chip bonding

Pb-Sn solder bump bonding

5 readout chips connected to one sensor
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FROM ITS TO ITS2: TOWARD THE MAPS ERA

Å Result of ~ 10 years of R&D and C&I

Å Part of a major upgrades completed for ALICE during LHC LS2 (2019 - 2021)

Å 7 layers: all MAPS 10 m², 24k chips, 12.5 Giga-pixels (factor 1000 higher than the SPD)

Å Inner-most layer:Å Inner-most layer: 

Å radial distance: 23 mm 

(39 mm for SPD)

Åmaterial: X/X0 = 0.36%

(~1% for SPD)

Å Pixel size: 29 Ἁ27 ˃ m² 

(50 x 425 µm2 for SPD)

Å Ultra-lightweight support 

structure and cooling
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ENTERING THE MAPS ERA

MAPS (Monolithic Active Pixel Sensors): sensor and electronics on the same substrate

Å Exploits commercial CMOS imaging sensor (CIS) process to detect charge particles

Å Huge commercial interest 

Å A lot of development ongoing in 

industry

ÅMany developments are directly 

applicable to particle detectors 

Å Available in large quantities 
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ENTERING THE MAPS ERA
Å PiXeLdetector (PXL) of the STAR experiment at RHIC: first application of MAPS in high energy 

physics (2014) 

Å In the same years, ALICE started the development of a new MAPS with improved performances 

ĄòALPIDEó sensors: first processed used to MAPS that featured a DEEP P-WELL allowing to 

shield CMOS circuitry and avoid loss of efficiency
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THE ITS2 ALPIDECHIP

Å Thin sensor: O(50 ˃ m)

Å Highly integrated O(100): transistors 

in-pixel

Å Low power consumption

Å Small diodes Ą capacitances of 

O(1-5 fF)

Å Very granular: O(30 ˃ m)

ÅGood detection efficiency

Å Position resolution improved profiting 

from charge sharing

512 x 1024 pixels 
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Pb-Pb 5.36 TeV 
LHC22s period 

18th November 2022 
16:52:47.893 
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THE ITS3: FURTHER IMPROVEMENTS STILL POSSIBLE?

Å Replacing the barrels by real half-cylinders (of bent, thin silicon)

Å Rely on wafer-scale sensors (1 sensor per half-layer) in 65 nm MAPS technology

ÅMinimized material budget Ÿ X/X0: 0.36% Ÿ 0.09%
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THE NEW SENSOR FOR ITS3
MLR1 (Multi-reticle Layer Run 1)

First 65nm process MAPS

Small test structures: APTS, DPTS, CE65

Successfully qualified the 65nm process 

for ITS3 

ER1 (Engineering Run 1) 

First stitched MAPS 

MOSS, MOST 

Successfully qualified the large-scale 

sensor design 

ER2 (Engineering Run 2) 

Full-scale, fully functional prototype 

MOSAIX(in production) 

ER3 ITS3 sensor production 

Technology validation:

Å 65 nm CMOS process

Å Spatial resolution ~ 5 mm

Å High efficiency > 99%

Å Low Fake Hit Rate (FHR) < 10-6 /pixel/event

Å Excellent radiation tolerance (up to 4 x1012 1 MeV 

neqcmϖ² and 400 krad)

APTS DPTS CE65
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THE NEW SENSOR FOR ITS3
MLR1 (Multi-reticle Layer Run 1)

First 65nm process MAPS

Small test structures: APTS, DPTS, CE65

Successfully qualified the 65nm process 

for ITS3 

ER1 (Engineering Run 1) 

First stitched MAPS 

MOSS, MOST 

Successfully qualified the large-scale 

sensor design 

ER2 (Engineering Run 2) 

Full-scale, fully functional prototype 

MOSAIX(in production) 

ER3 ITS3 sensor production 

MOSS (MOnolithic Stitched Sensor)

Å 14 x 25.9 mm2, 6.72 Mpixel

Å 2 different pitches

MOST (MOnolithic Stitched sensor with Timing)

Å 18 xму ˃m2

Åmore dense design, different power granularity

The first stitched sensors 

for HEP: 

Å Bothdigital sensors 

with different densities 

and readout

Å Stitching Ą large area 
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THE NEW SENSOR FOR ITS3
MLR1 (Multi-reticle Layer Run 1)

First 65nm process MAPS

Small test structures: APTS, DPTS, CE65

Successfully qualified the 65nm process 

for ITS3 

ER1 (Engineering Run 1) 

First stitched MAPS 

MOSS, MOST 

Successfully qualified the large-scale 

sensor design 

ER2 (Engineering Run 2) 

Full-scale, fully functional prototype 

MOSAIX(in production) 

ER3 ITS3 sensor production 

Å Characterization in laboratory Ą functional yield 

higher than 98%

Å Several tests beam at CERN PS and SPS beam lines 
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THE NEW SENSOR FOR ITS3
MLR1 (Multi-reticle Layer Run 1)

First 65nm process MAPS

Small test structures: APTS, DPTS, CE65

Successfully qualified the 65nm process 

for ITS3 

ER1 (Engineering Run 1) 

First stitched MAPS 

MOSS, MOST 

Successfully qualified the large-scale 

sensor design 

ER2 (Engineering Run 2) 

Full-scale, fully functional prototype 

MOSAIX(in production) 

ER3 ITS3 sensor production 

MOSAIX

Å Incorporate learnings from MLR1, MOSS and MOST 

testing

ÅModular design: each sensor is divided into 3, 4, or 5 

segments

LEC: Left End Cap

RSU : Repeated Sensor Unit

REC: Right End Cap
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ALICE 3: PUSHING THE FRONTIERS OF TRACKING AND PID

Detector concept

Å Compact, ultra-lightweight all-silicon tracker

Å Vertex detector with unprecedented pointing 

resolution

Å Particle Identification over 8 units of 

pseudorapiditydown to very low pT

Å Superconducting magnet B = 2.0 T

Å Continuous read-out and online processing

LoI: arxiv.org/abs/2211.02491

Scoping Document: CERN-LHCC-2025-002

Acknowledged in LHCC review: 

òALICE 3 is a unique detector at the LHCó

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
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ALICE 3: VERTEX DETECTOR
LAYOUT

Å 3 Barrel layers + 3x forward + backward disks of wafer-

scale, ultra-thin, bent CMOS MAPS on 4 retractable 

òpetalsó inside the beampipe primary vacuum

EXPECTED PERFORMACES

Å Low material budget: ~0.1% X0/layer

Å Radiation tolerance: ~1016 1 MeV neq/cm-2

Å Pointing resolution ~10 mm

Å ~2.5 mm spatial resolution (10 mm pitch)

Å ~100 ns time resolution

Å Pointing resolution: 5x better than ALICE 2.1 (ITS3 + TPC)

CHALLENGES: Mechanics and Radiation tolerance

Distance from interaction point:
r0~ 5 mm after beam stabilization

Distance from interaction point:
r0~ 15 mm at injection
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ALICE 3: THE MIDDLE AND THE OUTER TRACKER
LAYOUT

Å 60 m2 of CMOS MAPS

Å Layout: 8 barrel layers + 2x9 disks

EXPECTED PERFORMANCES

Å ~1% X0/layer material budget

Å ~10 mm spatial resolution (up to 50 mm pitch)

Å ~100 ns time resolution (~30 mW/cm2)

Å Radiation tolerance: ~6x1012 1 MeV neq /cm-2

CHALLENGES: Large area (industrialization) and low material budget

Relies on maturity, reliability and availability of a large quantity of MAPS
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CONCLUSIONS
The ALICE detector has undergone, and will continue to undergo, significant upgrades to exploit 

the enhanced performance of the LHC and to extend its physics reach.

Å ALICE has developed and now is very successfully operating a 10 m2 MAPS tracker, ITS2

Å generated a lot of interest in other experiments

Å ALICE ITS3will replace the inner-most 3 layers of ITS2

Å ALICE 3is a new detector based on a full-silicon tracker

ALICE continues to push the state of the art of MAPS sensors and detectors

Å copies used by several current and future experiments (sPHENIX, EIC SVT, NA60+, LUXE, R3B, 

medical, é)

A rich physics program to address open questions in hot and dense QCD and beyond
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BACK-UP
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ITS2: THE LARGEST MAPS DETECTOR (SO FAR)

Å 7 Layers (3 inner / 2 middle / 2 outer) 
from R = 22 mm to R = 400 mm

Å 192 Staves(48 IL / 54 ML / 90 OL)
Å Ultra-lightweight support structure and 

cooling
Å 10 m2 active silicon area, 12.5 x 109

pixels



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

PAOLA LA ROCCA (UNICT & INFN CATANIA) 31

ITS2 CALIBRATION
The Challenge:

- Online calibration of 12.5 billion channels

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

- Several scans to be run sequentially

Å Threshold tuning (adjust thresholds to target)

Å Threshold scan (measure actual thresholds)

- After tuning: Thresholds very stable on all the chips:

Å RMS of threshold distribution compatible with what we 

had during production

Å ENC noise ~ 5e-

Before tuning

After tuning

Noise ~ 5e-
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ITS2 PERFORMANCE
Å Stable operation of 24k chips

Å >99% functional pixels

Å Tuned and stable thresholds

Å Well controlled fake hit rate:

< 10-6/pixel/event

Å 2 x better impact parameter

resolution at 1 GeV/c

Threshold uniformity

Threshold stability
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ITS2 VS ITS3

ITS2 Inner half-barrel

ITS3

Innermost half-layer: 
54 sensors replaced by 1! 
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ITS2 VS ITS3

ITS2 inner barrel ITS3

Not to scale
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ITS3 PHYSICS MOTIVATIONS

ALICE 2 Ą ALICE 2.1
Å Impact parameter resolution reduced by a factor of ~2 in low pT region
Å Tracking efficiency up to more than 30% higher, in low pT region

Most striking improvements in the study of:
Å Low momentum charm and beauty hadrons
Å Low-mass dielectrons
Å Beauty baryons
Å Beauty-stange mesons
Å Charm strange and multi-strange baryons 
Å Light charm hypernuclei 
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MEASUREMENT OF LAMBA-C (ɽC)

In heavy-ion collisions the production of charm and beauty baryons is expected to be significantly enhanced:
Å recombination with light-flavour quarks present inside QGP
Å hadron-mass-dependent radial collective flow

However current results have limited 
statistical  precision !

The measurement requires very precise tracking 
and impact parameter resolution 
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MEASUREMENT OF LAMBA-C (ɽC)

Large improvement (wrt ITS2) of significance (factor 4) and S/B ratio (10), thanks to:
ÅĤĲƣƣĲƖШƓŸŔŰƣŔŰŊШƖĲƚŸũƨƣŔŸŰƚШӛШũċƖŊĲƖШƖĲŢĲĦƣŔŸŰШŸŉШƣőĲШĦŸůĤŔŰċƣŸƖŔċũШĤċĦťŊƖŸƨŰĬ
Å larger efficiency for the signal selection

Precise measurement of ɽŎ/D ratio at 
low pT
Å c̔ production Ą total  cc cross 

section

BENCHMARK FOR ITS3 
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ITS3 PERFORMANCE FROM SIMULATIONS
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THE 65 NM CMOS TECHNOLOGY
ü Tower Partners Semiconductor Co. (TPSCo) 65 nm CMOS imaging process for 

Monolithic Active Pixel Sensors (MAPS)
ü Chosen for ALICE ITS3 detector and under study by the CERN EP R&D on 

monolithic  pixel sensors

Key advantages:
æ )fde o^af^qflk e^oakbpp
æ -lt mltbo `lkprjmqflk
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MLR1 SENSOR PROTOTYPES
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MLR1 ðRADIATION HARDNESS
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MLR1 ðSPATIAL RESOLUTION

Spatial resolution and average cluster size Vs threshold and irradiation levels, as measured in testbeams on 
15 ˃ m pitch DPTS:
Ÿ The spatial resolution measured slightly better than pixel pitch / Ѝ12 (no degradation with received dose)
Ÿ Slight systematic decrease of average cluster size with the increasing non-ionising radiation dose
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MLR1 ðPIXEL PITCH

The detection efficiency increases with increasing pixel pitch
Å Relative fraction of pixel border area decreasing with the increasing pixel pitch
Å Pixel border only being less efficient due to geometrical sharing of the charge among neighboring pixels 
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MLR1 ðPIXEL PITCH

Spatial resolution and average cluster size VS threshold and pixel pitch, measured with APTS
Å More charge sharing Ą improved resolution
Å Considering the ITS3 target pitch size of 20.8 ˃m×22.8 ˃ m, the expected spatial resolution is about 5 m˃

for a threshold of 100 e
Å For the ITS3 it is expected to have on average less than 1.5 pixels above threshold for a minimum ionizing 

particle hit
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MLR1 ðPOWER CONSUMPTION

DPTS front end designed to investigate power consumption (ITS3 target < 40 mW/cm2) :
Å At least a main current Ibias of 30 nA is needed
Å 16 mW/cm2 as measured on 15 ˃ m pixel
Å 7.6 mW/cm2 if projected to the final ITS3 sensor pixel pitch 
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STITCHING
Å Size of the chip usually limited to a few cm2 by the reticle size in the production process

Å Split the design on the reticle:
Left End Cap (LEC)
Repeated Sensor Unit (RSU)
Right End Cap (REC)

Å Endcaps and multiple RSUs can be interconnected to a Segment

Å Multiple independent Segments can be diced out together forming a wafer -scale sensor
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ITS3: WAFER-SCALE STITCHED SENSORS
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MOSS STRUCTURE
Å 10 Repeated Sensor Units (RSU)

Å 2 Half Units (HU) with 4 regions (each with different electronics)

Å TOP regions: 256 x 256 pixels, 22.5 ɛm pitch

Å BOTTOM regions: 320 x 320 pixels, 18 ɛm pitch



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

PAOLA LA ROCCA (UNICT & INFN CATANIA) 49

MOSS TESTS

Å MOSS: 2200 bonds!

Å Need dedicated large-scale test setup

Å Several functional tests on all 82 MOSS

Yield ~89 % (~98% excluding readout 

issues)

Å Good performance and uniform behavior 

NO wafer or sensor position 

dependence 
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MOSS TESTS -YIELD
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MOSS TESTS -SPATIAL RESOLUTION


