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ALICE UPGRADES TIMELINE

RUN 6RUN 5RUN 4
2029-2032

RUN 3
2022-2025

RUN 2
2015-2018

RUN 1
2009-2013

LHC schedule

High luminosity for ions (~7⋅1027 cm-2 s-1)

HL-LHC (~5-7.5⋅1034 cm-2 s-1)

Higher luminosi6es for ions

Collision 
systems pp, pPb, Pb-Pb

pp, pPb, 
Xe-Xe, Pb-Pb

pp, pO, OO, 
pPb, Pb-Pb pp, pPb, Pb-Pb pp, pA?, AA pp, pA?, AA

ALICE 3ALICE 2 ALICE 2.1 ALICE 1

intermediate upgrade major upgrade

European Particle Physics Strategy Update 
recommends full exploitation of the LHC, 
incl. heavy-ion programme



ALICE 2: upgrades for RUN 3
Mo#va#on: 
High-precision measurements of rare probes 
at low transverse momentum (heavy flavour, 
di-electrons...)

- Cannot be selected by hardware trigger
- Need to record large minimum-bias data 

sample: read out all Pb-Pb interac1ons up 
to the maximum collision rate of 50 kHz

- con1nuous readout mode

Goal:
- Pb-Pb integrated luminosity 13 nb-1

(plus pp, pA and O-O data)
-> Gain factor 100 in sta1s1cs for min bias 

sample w.r.t. runs 1+2
- Improve vertex reconstruc1on and tracking 

capabili1es 

Upgrade program completed in #me
and on budget
In opera#on since October 2021
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Readout upgrade
TOF, TRD, MUON, ZDC, Calorimeters

new GEM-based ROC

ALICE 2



ALICE 2: upgrades for RUN 3
Motivation: 
High-precision measurements of rare probes 
at low transverse momentum
• heavy flavour, dielectron jets

- Cannot be selected by hardware trigger
- Need to record large minimum-bias data 

sample: read out all Pb-Pb interactions up 
to the maximum collision rate of 50 kHz

Goal:
- Pb-Pb integrated luminosity 13 nb-1

(plus pp, pA and O-O data)
-> Gain factor 100 in statistics for min bias 

sample w.r.t. runs 1+2
- Improve vertex reconstruction and tracking 

capabilities 

Upgrade program completed in time 
and on budget
In operation since October 2021
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Readout upgrade
TOF, TRD, MUON, ZDC, Calorimeters

new GEM-based ROC

ALICE 2

MISSION ACCOMPLISHED
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ALICE 2.1: upgrades for RUN 4

FoCal-E

FoCal-H

FoCal
• FoCal-E:

Si-W high-granularity
electromagne6c calorimeter

• FoCal-H:
Cu-fibre
hadronic calorimeter

ITS3
• replace 3 innermost layers of ITS
• wafer-scale, bent, monolithic 

ac6ve pixel sensors 

ALICE 2.1

ALPIDE chip



• ITS3: improve determination of primary and 
secondary vertices at high rate. How?
• reduce material budget

• remove mechanical support, cooling, electrical 
circuits

• exploit large area MAPS: 1 layer= 2 sensors
• go closer to the interaction point

• beam pipe: smaller inner radius (18.2 to 16 mm) and 
reduced thickness (800 to 500 μm)

• innermost layer: mounted around the beam pipe, 
radius 18mm (was 22 mm)

• ITS3 Technology choices:
• MAPS CMOS 65 nm CIS of Tower & Partners 

Semiconductors
• thinned down to 20-40 µm -> flexible; bent to 

target radii
• mechanically held by carbon foam ribs

• Pointing resolution: improved by a factor of 2 over 
all momenta
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• ITS2: 
• 7 layers of ALPIDE MAPS, CMOS 180nm tech 

node, 50µm thick, low power (<40mW/cm2), 
position resolution ~4µm 

• surface coverage: 10m2, 12.5Gpixels
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From ITS2 to ITS3: all silicon detector

ITS2 Layer 0: X/X0=0.35% ITS3 “only silicon”: X/X0=0.05%

LeNer of Intent for an ALICE ITS Upgrade in LS3 hNps://cds.cern.ch/record/2703140

ITS2 Inner Barrel ITS3

https://cds.cern.ch/record/2703140


Ongoing R&D: Thinning and Bending of sensors
• Bending of 180nm small size MAPS 

demonstrated:
- 50 µm thick ITS2 chip (ALPIDE) bent to 22 mm 

showed excellent efficiency in the beam test 
in 2020

• Development of tools to bend large area 
silicon sensors 

S.Beolé – EuNPC 2022 7

https://doi.org/10.1016/j.nima.2021.166280

• Engineering models of ITS3 are being produced: equipped 
with dummy silicon 

efficiency>99.9%

https://doi.org/10.1016/j.nima.2021.166280


Ongoing R&D: Thinning and Bending of sensors
• Bending of 180nm small size MAPS 

demonstrated:
- 50 µm thick ITS2 chip (ALPIDE) bent to 22 mm 

showed excellent efficiency in the beam test 
in 2020

• Development of tools to bend large area 
silicon sensors 
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h\ps://doi.org/10.1016/j.nima.2021.166280

• Engineering models of ITS3 are being produced: equipped 
with dummy silicon 

MISSION ACCOMPLISHED

https://doi.org/10.1016/j.nima.2021.166280


• EXAMPLE: Digital Pixel Test Structure (DPTS): 
• 32×32 pixel matrix, Pixel Pitch: 15×15 µm2, Asynchronous 

digital readout
• TEST RESULTS very promising!

• Non-Irradiated sensors: 
• Excellent efficiency and low fake hit rate
• spatial resolution <4.5µm

• Irradiated sensors at room temperature : 
• good efficiency, fake hit rate increase
• spatial resolution: no changes observed

• Next step: stitching -> large area sensors (15x27 mm2 -> 
7Mpixels) available mid 2023

9

• Main goals:
• Learn technology features
• Characterize charge collection
• Validate radiation tolerance

• Pixel prototype chips: APTS, CE65, DPTS
• Testing since September 2021:

• huge effort shared among many institutes
• laboratory tests 
• beam tests
• Irradiation campaign @ Rez, CERN, Ljubljana
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Ongoing R&D: validaLon of 65nm CMOS IS technology

efficiency>99%
resolution~4µm



ITS3 expected performance: c-deuteron
• Charmed hyper-nuclei predicted already in the 70s (Phys. Rev. Lett. 39, 1506)

• Never observed 

• Lighter possible state: c-deuteron (bound state of Λc
+ and neutron) 
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• Considered decay: (Λ+
c n) → d+K−+π+

• cτ(Λ+
c ) ≈ 59.9 μm PRD 98, 030001 (2018)

Impact-parameter distribu>on of decay 
deuteron crucial to discriminate signal 
from background

ITS2 ITS3

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.39.1506
https://pdg.lbl.gov/2018/tables/contents_tables_baryons.html


The FoCal project
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• Main goal: 
- measurement of direct photon producfon at 

forward rapidity in pp and pPb to probe gluon 
density at small x, forward 𝜋0 in pp, pPb, PbPb

- constrain gluon nuclear PDF at small Bjorken-x 
(x<10-4)

Layout:

• FoCal-E: 
- high-granularity Si-W calorimeter for photons and π0

- About 150K pad + 4K pixel sensors

• FoCal-H: 
- convenfonal metal-scinfllator sampling calorimeter 

for photon isolafon and jets
- About 1K channels

• Current focus: prototype development and beam 
tests

Letter-of-Intent: 
CERN-LHCC-2020-009

3.4 < h < 5.8

https://inspirehep.net/literature/1805025


FoCal-H                                                           Focal-E
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Conven1onal metal-scin1llator sampling calorimeter: 
scin`lla`ng fiber-based
Requires only transverse but no longitudinal segmenta1on
Main goals:
• Photon isola1on: by direct detec`on of high energy 

hadrons close to the candidate direct photon
• Hadronic jet energy

Extensive test beam campaigns ongoing

Si-W calorimeter with effec>ve granularity ≈ 1mm2

Main challenge: dis>nguish direct γ from decay γ
(from π0) at high energy 
• LAYOUT: 20 layers W (3.5 mm ≈ 1 X0) + Si-sensors

• Low granularity layers (~1 cm2), Si-pads
• shower profile and total energy

• High granularity layers  (~30x30 μm2), CMOS MAPS 
• to resolve overlapping showers

HCal

PAD

PIXEL



Beyond RUN 4
To answer the remaining 
fundamental questions we need:
• precision measurements of 

dileptons
➟evolution of the quark gluon 
plasma
➟mechanisms of chiral symmetry 
restoration in the quark-gluon 
plasma

• systematic measurements of
(multi-)heavy-flavoured hadrons
➟transport properties in the quark-
gluon plasma
➟mechanisms of hadronisation
from the quark-gluon plasma

• study of hadron interactions and 
fluctuations

➟interaction potentials and c-nuclei
➟susceptibility to conserved 
charges

S.Beolé – EuNPC 2022 13

c/b

c/̅bH c

c

c
c c̅
c

c̅

c ̅
c ̅

Ωccc

e+e-

Hadron abundances ‘hadrochemistry’

Hadron correlations, fluctuations

Electromagne`c radia`on (∝ 𝑇!)

Hadron momentum distribu`ons, azimuthal anisotropy



ALICE 3

• Novel and innovative detector concept
- Compact and lightweight all-silicon tracker
- Retractable vertex detector
- Particle identification systems
- Large acceptance
- Superconducting magnet system
- Continuous read-out and online processing

• Improvement of pointing resolution and 
effective statistics
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LOI: CERN-LHCC-2022-009

https://cds.cern.ch/record/2803563


VERTEXING
• Poin#ng resolu#on ∝ 𝑟! ⋅ 𝑥/𝑋! (mulIple scaJering 

regime) ➟ 10 µm @ pT = 200 MeV/c

- radius and material of first layers crucial
• 3 layers within beam pipe (in secondary vacuum)

at radii of 5 - 25 mm
- wafer-sized, bent Monolithic AcIve Pixel 

Sensors 
- σpos ~2.5 µm → 10 µm pixel pitch
- 1 ‰ X0 per layer

- minimal radius given by required beam 
aperture:
R ≈ 5 mm at top energy, 
R ≈ 15 mm at injecIon energy
→ retractable vertex detector
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5x better than ALICE 2.1
(ITS3 + TPC)



Vertex Detector
• Conceptual study

- wafer-sized, bent MAPS
(leveraging on ITS3 activities)

- rotary petals for secondary vacuum
(thin Be walls to minimise material)

- feed-throughs for power, cooling, 
data

• R&D challenges on 
mechanics, cooling, radiation tolerance
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Tracking: Outer tracker
• Rela6ve pT resolu6on ∝ "/$!

%⋅'
➟ ~1 % up to η = 4

- crifcally depends on integrated magnefc field and overall 
material budget 

• Layout: ~11 tracking layers (barrel + disks)
- MAPS modules on water-cooled carbon-fibre cold plate
- σpos ~10 µm → 50 µm pixel pitch
- fming resolufon ~100 ns (→ reduce mismatch probability)
- material ~1 % X0 / layer → overall ⁄𝑋 𝑋! =10%

• R&D challenges on 
- powering scheme (→ material) 
- industrialisafon
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Total silicon surface ~60 m2

80cm

4m



• Ring-Imaging Cherenkov
• Extend PID reach of outer TOF to higher pT

• aerogel radiator to ensure continuous 
coverage from TOF

→ refractive index n = 1.03 (barrel)
→ refractive index n = 1.006 (forward)

• silicon photon sensors
• R&D on monolithic photon sensors

18

• Time of flight 
• Separa&on power ∝ (

)"#$
Layers:
• 2 barrel (R ≈ 85 cm - R ≈ 19 cm) 
• 1 forward z ≈ 405 cm
Silicon &ming sensors (σTOF ≈ 20 ps):
• total surface ~45 m2

• R&D on monolithic CMOS sensors with 
integrated gain layer
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Particle identification: TOF & RICH



Electromagne,c Calorimeter and Muon ID
GOAL: Photon detection and lepton 
identification
• Electromagnetic Calorimeter
- Large acceptance ECal
• sampling calorimeter O(100) layers      

(1 mm Pb + 1.5 mm plastic scintillator)
- Additional high energy resolution 

segment at midrapidity or forward 
• PbWO4-based

• Muon ID
- Hadron absorber outside of the 

magnet   
• ~70 cm non-magnetic steel

- Muon chambers
• search spot for muons ~0.1 x 0.1 

(eta x phi) → ~5 x 5 cm2 cell size
- matching demonstrated with 2 

layers of muon chambers
• scintillator bars with SiPM read-out
• resistive plate chambers
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Strangeness tracking and mulL-charm baryons
• ALICE3 vertexing: Impact parameter resoluDon ~10µm

• Excellent for strangeness tracking and for mulD-charm baryons: Ω""# , Ξ""# (O(10 μm) 
lifeDmes)
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The                challenge: 
- Depends on unknown 

branching rafos
- Depends on unknown 

lifefmes
- Detector capable, but large 

integrated luminosity is a 
necessity

Ratio of multi-charm baryon to single-charm baryon (Lc) yield 

• Precise mul`-charm baryon 
measurements spanning 
system size:
- centrality selecfon
- different collision systems



Nuclear states: charm-deuteron

Unique sensitivity to undiscovered charm-nuclei:
charm-deuteron and higher nuclear states
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Decay channel:

Impact parameter distributions Invariant mass distribution



Summary and conclusions
• ALICE 2 is taking data successfully in LHC RUN 3

• ALICE 2.1 will allow higher precision measurements:
- ITS3: better pointing resolution, R&D progressing according to schedule
- FOCAL: first prototypes being tested, very good results from beam test data

• ALICE 3 will give better insight of the microscopic dynamics of the QGP:
- Properties of the QGP
- Chiral symmetry restoration
- Hadronisation and nature of hadronic states

• Innovative detector concept to meet the requirements for the ALICE 3 physics programme
- building on experience with technologies pioneered in ALICE
- requiring R&D activities in several strategic areas
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Other material
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FoCal-E
• Main challenge: dis1nguish direct γ from decay γ (from π0)

at high energy 
- Two photon separafon from π0 decay (10 GeV, η=4.5) ~2mm
- Needs small Molière radius and high granularity readout
- Si-W calorimeter with effec6ve granularity ≈ 1mm2

• LAYOUT:
- 20 layers W (3.5 mm ≈ 1 X0) + Si-sensors
- Low granularity layers (~1 cm2 ≈  R2

M ), Si-pads
• shower profile and total energy

- High granularity layers  (~30x30 μm2), CMOS MAPS (ALPIDE 
developed for ALICE ITS2)
• posi6on resolu6on to resolve overlapping showers

• Test campaign:
- 2021

• Full illumina6on of both layers
• Observa6on of electromagne6c showers in both layers

- 2022
• Data taking both at PS and SPS
• Successful opera6on of 18 pad layers (MIP distribu6ons very 

clean)
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Beam

2 Pixel layers
One of the 18 PAD layers

HCal



ITS3 Physics Performance: strangeness tracking

• Reconstruct weakly decaying hadrons:  Strangeness, charmed 
hadrons, nuclei....

• direct measurement of mother in ITS innermost layers, 
daughters in outermost layers + TPC
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Impact parameter in xy for prompt W and W 
from Wc decay 
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Irradiated DPTS

Detec`on efficiency and fake hit rate Spatial resolution and cluster size



Prospects for RUN3 and 4
• Runs 3 and 4 will bring new insights:

- time-averaged thermal radiation 
from the quark-gluon plasma

- medium effects and 
hadrochemistry of single charm

- collectivity from small to large systems

- jet substructure

• Fundamental questions will remain open after LHC Run 3 & 4
→ next-generation heavy-ion programme for LHC Run 5 & 6
- What is the nature of interactions between highly energetic 

quarks and gluons and the quark-gluon plasma?

- To what extent do quarks of different mass reach thermal equilibrium?

- How do quarks and gluons transition to hadrons 
as the quark-gluon plasma cools down?

- What are the mechanisms for the restoration of chiral symmetry 
in the quark-gluon plasma?

S.Beolé – EuNPC 2022 28


