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ALICE roadmap
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You are here
Detector Upgrade: ITS3 + FoCal

Run 3 Run 4Long Shutdown 3 (LS3)

ALICE 2 ALICE 2.1

Half Barrels

Half
 La

ye
r

Beampipe

Carbon Foam

Cylindrical 
Structural Shell

FoCal-H
FoCal-E

ITS3
New ultra-light, truly 

cylindrical Inner Tracking 
System layers, replacing 
the 3 inner layers of ITS2

FoCal
New high granularity Forward 
Calorimeter

Run 3 + Run 4
• 13 nb-1 of Pb-Pb collisions 
• readout rate ~ 50 kHz (Pb-Pb)

~ 1 MHz (pp)
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A look at ITS2 
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Single ALPIDE chip
3 cm

1.
5 

cm

512 x 1024 
pixels

Monolithic Active Pixel Sensor
In-pixel: amplification, discrimination and 
multi event buffer

ITS2: Total of ~ 12.5 109 pixels

24000 chips
11 m2

Inner Barrel

Outer 
Barrel

Beam 
pipe

ITS2, Closer, thinner, better:
• 23 mm from IP
• 0.35% x/X0 per layer, Inner Barrel
• 1.15% x/X0 per layer, Outer Barrel
• pixel size ~ 27x29 μm2

How can we further 
improve the ITS2 
performance?

ITS2
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A look at ITS2 

4

Single ALPIDE chip
3 cm

1.
5 

cm

512 x 1024 
pixels

Monolithic Active Pixel Sensor
In-pixel: Amplification, Discrimination and 
Multi event buffer

ITS2: Total of ~ 12.5 109 pixels

24000 chips
11 m2

Inner Barrel

Outer 
Barrel

Beam 
pipe

How can we further 
improve the ITS2 
performance?

Replacing the 3 
innermost layers

432 ALPIDE chips

ITS2, 3 layers Inner Barrel

ITS2
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ITS3 – lower material budget

5

Replacing the 3 innermost layers
How can we further improve the ITS2 performance?

• Circuit board à removable if integrated in circuit
• Water cooling à removable if power consumption < 20 mW/cm2

• Mechanical support à removable if self supporting arched structure

ITS3:
inner barrel replaced

x 1/7

ITS2

Run 4

Lol: CERN-LHCC-2019-018
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6

Key and challenge technologies:
Stitching

• Wafer scale-chips à in chip power and signal distribution
• 300 mm wafer can house a chip to equip a full half-layer

Bending
• Also thinning down to 20-40 μm (0.02-0.04% X0)
• Different target radii: 18 mm, 24 mm, 30 mm

Run 4From 432 to 6 bent sensors

Stitching

14 cm

Courtesy: R. Turchetta, Rutherford Appleton Laboratory

ITS3: 6 truly cylindrical wafer-scale MAPS

Bending
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Run 4From 432 to 6 bent sensors

Stitching

14 cm

Courtesy: R. Turchetta, Rutherford Appleton Laboratory

ITS3: 6 truly cylindrical wafer-scale MAPS

Bending

Key and challenge technologies:
Stitching

• Wafer scale-chips à in chip power and signal distribution
• 300 mm wafer can house a chip to equip a full half-layer

Bending
• Also thinning down to 20-40 μm (0.02-0.04% X0)
• Different target radii: 18 mm, 24 mm, 30 mm

• Handling à ultra thin structures
• Support and cooling

- Carbon foam ribs
- Air (not too high, vibration < spatial resolution)

• From CMOS 180 nm à 65 nm 
- Larger wafers available 30 cm (can house a chip 

to equip a full half-layer), and lower cost
- Better integration à smaller pixels: 15x15 µm2

- Lower power consumption

• First layer at 18 mm: instead of 23mm, thanks to the 
closer thinner (500 μm) beam pipe, 16 mm
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ITS3: 6 truly cylindrical wafer-scale MAPS
From 432 to 6 sensors – Bending

Radius = 30 mm 

Run 4

50 μm Dummy chip
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ITS3 – Performance

9

Run 4

Impact parameter resolution

Improvement of a factor 2

ITS2

ITS3

Tracking efficiency

Large improvement especially at low pT

ITS3 ITS2

d0 track impact parameter

primary vertex secondary vertex
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ITS3 - Physics performance

10

Goal: 
• Study beauty-quark hadronisation mechanism, Bs0: hadronisation of beauty quarks via recombination + 

enhanced strange-quark production in the QGP
How:
• Non-prompt Ds+: sensitive to Bs0 production, larger statistical significance than a full Bs

0 reconstruction
• Models à differences in flow of prompt/non-prompt from different flow of charm/beauty quarks at low pT
• Much better impact parameter resolution of ITS3 à much cleaner identification of the different templates 

Run 4

ITS2, Run 3 ITS3, Run 4
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How:
• Ξc→ p K π
• 3 primary tracks from same vertex (huge comb.background)

ITS3, Run 4

ITS2, Run 3

ITS3 - Physics performance

11

Run 4

Study the enhancement in heavy-ion collisions of charm quarks 
!c

+ and Ds
+ enhancement from coalescence models, statistical 

hadronisation
• Ξc next step à might set very powerful

constraints
• Test for HF coalescence models expecting 

enhancement of baryon and strange states

rare but perfect cτ ≈ 135 μm

ITS3
ITS2

Expected significance

Better impact parameter resolution is the key



F.
Ca

rn
es

ec
ch

i, 
7t

h 
Ju

ly 
20

21
, O

ffs
he

ll-
20

21
, A

LI
CE

 u
pg

ra
de

ITS3 – R&D

12 Run 4

Bending of ALPIDE chips 

Tension wire

Kapton, 100 μm

ALPIDE, 50 μm

Jig radius = 18 mm
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arXiv:2105.13000 

99.99% efficiency

99.9% efficiency

99% efficiency

normal operation 
point

IN
ef
fic
ie
nc
y

ITS3 – R&D

13

Beam tests @DESY with bent ALPIDE chips 

"ITS3: 6 ALPIDEs bent at 18 mm, 24 mm, 30 mm 

Run 4

Up to six tracks points

Data being analyzed

First working demonstration
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2⨉9 ALPIDEs

50/40/30 μm thick

6 cm

14 cm

not stitched but can be interconnected individually

ITS3 – R&D

14

Run 4

New chips MLR1: first submission in the 
TowerJazz 65 nm technology, 2021-07

Next steps

Super – ALPIDE 
large-scale detector based on 18 bent MAPS

First handling of large chips
- electrical integration
- mechanical properties of large processed wafer-scale chips 
of different thicknesses
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Forward Calorimeter

15

FoCal-E
FoCal-H

3.4 < $ < 5.8

7 m from IP

FoCal-E: Electromagnetic calorimeter
High-granularity Si-W sampling sandwich

FoCal-H: Hadronic calorimeter
Conventional metal-scintillator sampling calorimeter 

Run 4
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Gluons dominate 

Q2

E
u
r. P

h
ys. J. C

7
5
 n

o
. 1

2
, (2

0
1
5
) 5

8
0
, a

rX
iv:1

5
0
6
.0

6
0
4
2
 [h

e
p

-e
x].

FoCal - Why

16

Main physic goal: 
• constrain gluon nuclear PDF at small Bjorken-x

‣ x<10-4: structure of protons and nuclei basically 
unconstrained experimentally

• Growth expected from evolution equations (DGLAP and BFKL), 
‣ Linear QCD: gluon density increases with Q and 1/x 

(parton splitting)

• Explore non-linear QCD: at small x, gluon merging 
(recombination) → may balance
‣ gluon saturation (at the saturation scale Qs) ?

Unveil gluon PDF at small-x Run 4

Lol: CERN-LHCC-2020-009
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6−10 5−10 4−10 3−10 2−10 1−10 1
x

1

10

210

Q
 (G

eV
) EM and DIS measurements

central LHC

M
FT

LHCb
FOCAL

LHCb

NMC/EMC

EIC

fR
HI

C

(Pb)sQ

(p)sQ

estimated saturation scales
estimated saturation scales

FoCal - Why
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Measure isolated % at forward rapidity y
• At LO more than 70% from Compton with 

direct sensitivity to gluon density

• % not affected by final state effects nor 
hadronization

• Every 2 units of y, xmin decreases by ~10

hA

hB

q

g
q

!

Unveil gluon PDF at small-x by detecting % at forward y Run 4
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FoCal-H

18

Conventional metal-scintillator sampling calorimeter: 
sandwich-type or scintillating fiber-based
• Photon isolation: by direct detection of high energy hadrons 

close to the candidate direct photon
• Hadronic jet energy
Requires only transverse but no longitudinal segmentation

Run 4

Test beam 2021, plans:
• HCal prototype based on Cu + Fibers
• Performance/resolution simulations ongoing:

• Optimise performance
• Choice of readout (SiPM/APD) rather independent of sampling 

structure

FoCal-E
FoCal-H



F.
Ca

rn
es

ec
ch

i, 
7t

h 
Ju

ly 
20

21
, O

ffs
he

ll-
20

21
, A

LI
CE

 u
pg

ra
de

FoCal-E
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à Two photon separation from π0 decay: ~2 mm

Required:
• Both longitudinal (layers) and transversal (pixels, granularity) segmentation:
• Small Molière radius, RM

• High granularity readout Si-W calorimeter with effective granularity of ~1 mm2

Main challenge: distinguish direct γ from decay γ s (from π0) at high energy 
Run 4
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FoCal-E

20

20 layers W (3.5 mm ≈ 1 X0) + Si-sensors
• LG Layers : Low granularity 

(~1 cm2 ≈  R2
M ), Si-pads

• shower profile and total energy
• HG Layers : High granularity (~30x30 μm2)), 

obtained with pixels (CMOS-MAPS ALPIDE)
• position resolution to resolve overlapping 

showers
• R&D directly applicable to whole 

electromagnetic calorimeter made of 
MAPS

Run 4
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FoCal-E - R&D

21

1 Module: 18 pad layers + 2 pixels layers
Readout, power, cooling connected
on one side

22 modules

Run 4

Si-W prototype calorimeter 
• 19 layers of silicon pad 

detectors arrays and 
tungsten plates 

• associated electronics

Results in agreement with 
simulations

Beam test: Full module mini-FoCal 2018@CERN-PS, SPS

Peak position~log(E)

Design and testbeam
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FoCal-E - R&D
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Run 4
Testbeam - EPICAL-2 (Electromagnetic PIxel CALorimeter prototype-2)

New digital pixel calorimeter prototype 
3x3 cm2 cross section
24 layers, in each one: 

• 2 ALPIDE CMOS MAPS 
• 3 mm W absorber 

Aim:
Demonstrate suitability of ALPIDE for high-granularity layers 
Two-shower separation under high particle density environment

• electron (positron) beam 
• beam energies: 1.0-5.8 GeV 

Goals:  energy linearity, energy resolution, shower profiles

Beam test 2020@DESY
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Beam test

Energy resolution 

FoCal-E - R&D

23

Run 4
Beam test and simulations - EPICAL-2 (Electromagnetic PIxel CALorimeter prototype-2)

250 GeV e-

250 GeV e-

SIMULATIONS

Simulations
first look at higher energies
- promising energy resolution 
- shower-separation capabilities 

(e- separated by ~ 7.2 mm)

One-electron event 5 GeV

Be
am

Beam test

Successful tests of EPICAL-2 
- ALPIDE sensor suitable for calorimeter use 
- Preliminary energy linearity check 
- Energy resolution improved compared to previous prototypes 
- reasonable longitudinal shower shape 
Next steps
- detailed study of shower development 
- evaluation of two-shower separation capability 
- further studies of high-energy behaviour
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ALICE 3

Run 4 Run 5LS4 LS5

Totally New 
Detector

ALICE 3ALICE 2.1 (Run with ITS3 + FoCal)

https://arxiv.org/abs/1902.01211

• Increase rate capabilities: 
luminosities x20-50 higher than in ALICE in Run 3-4 
(<LNN>  up to 1034 cm-2s-1)

• Superior tracking, vertex and timing detector

ALICE 3 
a next-generation LHC heavy-ion (soft QCD) 
experiment
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ALICE 3

Run 4 Run 5LS4 LS5

Totally New 
Detector

ALICE 3ALICE 2.1 (Run with ITS3 + FoCal)

ALICE 3 
a next-generation LHC heavy-ion (soft QCD) experiment

https://arxiv.org/abs/1902.01211

Physics program:
• Multi Heavy Flavour
• Dileptons
• Ultra-soft photon production à Low’s theorem
• Nature, formation of exotic states
• Open Heavy Flavour performance
• Heavy flavour energy loss
• Hyper-nuclei
• New physics: tau g-2, light-by-light scattering, 

dark photons
• …
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ALICE 3 - Why
Run 5

Multi-HF Baryons

Yield of production ~ "charm
N

single
double

triple

arXiv:2104.12754v2

Hadronization mechanisms 
Multi-charm baryons: almost pure coalescence particles 
à large discrimination power on the role of the various hadronization 
mechanisms

In heavy-ion collisions, enhanced production 
of multi-HF baryons wrt pp collisions

Ωcc and Ωccc not yet observed
Ωccc may only be accessible in 
heavy-ion collisions

Impact parameter, momenta resolutions and PID 
key technologies, to be pushed at the state of art
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ALICE 3 - Why
Run 5

Low material budget and low-pT coverage detector

One observable, multiple physics topics
• ρ spectral shape (broadening or dropping mass) sensitive to in-

plasma chiral symmetry restoration (sensitive to ρ-a1 mixing)
• Precision measurement of plasma temperature  

(QGP thermal radiation) from dilepton spectra 
- High mass: high temperature/early times

• Anomalous dilepton production

Initial state Hard 
processes

Thermal radiation 
from QGP

Hadronic 
decays

Thermal radiation 
from hadron gas

Dileptons

0 0.2 0.4 0.6 0.8 1 1.2 1.4
)2c (GeV/eem

4−10
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G
e

V
/

e
e
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e
e
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N
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e
v

N
1

/

Sum

Light-Flavour

collN (PYTHIA fitted to pp + EPS09) x −e+ e→ cc

collN (PYTHIA fitted to pp) x −e+ e→ bb

Thermal contributions (R. Rapp):

Thermal HG

Thermal QGP

ALICE 3 Study

 = 5.02 TeVNNs0-10% Pb-Pb, 

| < 1.1
e

η, |c > 0.2 GeV/
T,e

p

 = 0.5 T, no bremsstrahlungBLayout v1, 

 rej) PIDRICH
πσTOF + RICH (4

σ < 1.2 
ee

DCA

ALI−SIMUL−492735

Symmetry restoration Temperature

~exp(-mee/T)

Produced at all stages (negligible final-state interactions)
Information from the whole space-time system evolution 
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ALICE 3

28

Run 5

- Fast à profit from higher luminosity (also with nuclei lighter
than Pb): 50-100 x Run 3/4 

- Large acceptance à barrel + end caps Δη = 8
- Ultra-lightweight silicon tracker with excellent vertexing 
- Kinematic range down to very low pT
- Extensive particle identification 

Ultra-thin detector with precise tracking and PID
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ALICE 3 – Tracking and Vertexing
Run 5

3 Inner layers closer to IP, (e.g. Iris tracker )
• Retractable innermost layer ~ 5 mm
• X/X0 ~0.1 % / layer

Requirement: resolution of impact 
parameter~10 μm @pT=200 MeV

MAPS à la ITS3: wafer scale stitched and bent silicon detectors

Outer Barrel tracker: 
• 9 layers à large area
• X/X0 ~1 % / layer, 
• pitch ~ 30-50 μm
Requirement: σpT / pT ~2 %

2−10 1−10 1 10 210

)c (GeV/
T

p

1−10

1

10

210

310

410

m
)

µ
p

o
in

tin
g

 r
e

so
lu

tio
n

 (

π

 = 100 cm
min

 = 0   Rη

Layout V1

ITS2

ITS3

ALICE 3 study

ALI−SIMUL−491785

ITS2

ITS3

ALICE 3
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3

Run 5 and beyond

ALICE 3 - Iris tracker
Inside the beampipe
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3

Run 5 and beyond

ALICE 3 - Iris tracker
Inside the beampipe

5 mm

25 mm

15 mm
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ALICE 3 - Iris tracker
Inside the beampipe

Run 5 and beyond

3
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ALICE 3 - Iris tracker
Inside the beampipe

Run 5 and beyond

3

35 mm

16 mm
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ALICE 3 – TOF-PID
Run 5

TOF layer at 1 m: requirement σ = 20 ps

Technologies under study

e-& separation (nσ =3) up to ~ 700 MeV/c 
K-& separation (nσ =3) up to ~ 2.4 GeV/c
p-K separation (nσ =3) up to ~ 4 GeV/c

SPAD
LGAD

MAPS

e/
π 

se
pa

ra
tio

n 
(n

σ)

pT (GeV/c)

bette
r σ

e-
!

se
pa

ra
tio

n 
(n

σ)

20 ps
40 ps
80 ps
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ALICE 3 - PID
Run 5

Aerogel-RICH at 120 cm
- To extend PID to higher momenta
- Photodetectors: SiPM (MCP, LAPPD)

e-& separation up to ~ 3 GeV/c
K-& separation up to ~ 10 GeV/c
p-K separation up to ~ 16 GeV/c

Aerogel-RICH

And other PID detectors under discussion
TOF layer at 20 cm
- To extend PID to lower momenta (e and & > 20 MeV/c)
- Requirement <50 ps, material budget 1-3 %

ECAL (PbWO4 crystals)/ Pixel Shower Detector(radiator + high-
granularity pixels) at 130 cm
- Electrons (pion rejection) and E(photons) ≈ 0.1 GeV – 10/20 GeV

MuonID at 160 cm
- Muons down to pT ≈ 1.5 GeV at ' = 0, GEM technology

Forward conversion tracker: 
- Photons down to pT ≈ 10 MeV/c, 2.5 < ' < 5
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Conclusions
ALICE plans for Run 4
Upgrade of Inner Tracking System, ITS3, based on wafer-scale, bent MAPS 
First beam test proof of concept done, full-size mechanical mockups, characterisation 
of 65 nm chips this summer. Preparation of TDR.

New forward calorimeter, FoCal
Beam test proof of concept done, construct prototypes for SPS@2021. 
Preparation of TDR.

ALICE 3 for Run 5 and beyond
A next-generation heavy-ion experiment with a superior tracking, vertex and 
PID
Preparation of the Letter of Intent: physics performance, definition of detector 
requirements, detector technology survey and development.

francesca.carnesecchi@cern.ch


