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Overview of the talk 

• ALICE experiment – history

• Physics highlights Run 1 and 2

• ALICE upgrade for Run 3

• ALICE future

Upgrade for Run 2
ALICE 3 project
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Heavy Ions @ LHC 
• First (sub-)detector concepts of heavy-ion experiment at the LHC

• Aachen 1990 conference (E.Quercigh, P.Sondereger, H.Specht, …)
• Heavy-ion detector proposal(s)

• Evian 1992 workshop (dedicated detector, modified DELPHI, CMS)

• Letter of Intent 1993 – ALICE experiment (addition of muon spectrometer requested by LHCC)
• Technical Proposal 1995 (1996 – 2006 addenda), approved 1997
• 1998 – 2005 Technical Design Reports

3Karel Šafařík: Alice Experiment Past Present & Future

LoI TPAachen Workshop
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Why HI @ LHC ?  Energy !
For A-A collisions:

Ecms = 5500 A GeV
Elab = Ecms

2 / (2A mN) = 1.61 ´ 107 A GeV
for lead ions  Elab Pb-Pb = 3.35 ´ 109 GeV = 3.35 ´ 1012 MeV 

Further we need Harald Fritzsch Identity (definition of Anglo-Saxon pound £AS)

2 ´ 10-30 £AS = me             (= 0.511 MeV)
and some other definitions (gravitational acceleration g) 

g = 1 in/tr2 (1 s = 19.65 tr, trice)
(speed of light c) c = 6 ´ 108 in/tr 

mec2 = 72 ´ 10-14 £AS in    (= 0.511 MeV)

1 MeV = 1.41 ´ 10-12 £AS in 
Finally

Elab Pb-Pb = 1 £AS ´ 4.7’’           (= 0.45 kg ´ 12 cm)
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LHC Energy
And for pp collisions:

Elab pp(14TeV) = 0.15 £AS in ≈ ¼ £AS ´ ½’’ = ⅛ £AS ´ 1’’ = …

For those who don’t like to be seated on a lead ion (and to fly inside 
LHC vacuum pipe)

Ecms Pb-Pb = 5500 A GeV = 1.14 ´ 109 MeV
(HFI, etc.)

Ecms Pb-Pb = 10-3 £AS ´ 1.6’’ (= 0.45 g ´ 4 cm)

Still, macroscopic energy !!! (one can actually hear it)
But the size of ions 

is by factor more than 10-12 smaller 
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Early ALICE designsEarly ALICE Designs 

1990 Design (Aachen) 
open axial field magnet 
(AFS/ISR, + NA38 muons) 

1992 Design (Evian) 
no muons  
thin (<17%X0) and small solenoid 
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LoI Detector (1993) 

magnet use competing with L3P proposal 
=> Plan B was to built another large solenoid (0.2T) 

ALICE @ LoI time
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Mega-Alice in 1994Mega-ALICE (1994) 
2 muon arms + assorted forward detectors (later outsourced to ‘Felix’ proposal) 

2 assorted forward detectors – later ‘outsourced’ to Felix proposal – became Totem
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ALICE in TP (1995)TP Design (1995) 

Note the approx. zero mass support structures, cables and services ! 



Many years of R&D 
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ALICE R&D 

z Inner Tracking System (ITS) 
Ö Silicon Pixels (RD19) 
Ö Silicon Drift (INFN/SDI) 
Ö Silicon Strips (double sided) 
Ö low mass, high density  interconnects 
Ö low mass support/cooling 
 

z TPC  
Ö gas mixtures (RD32) 
Ö new r/o plane structures 
Ö advanced digital electronics 
Ö low mass field cage 
 

z em calorimeter 
Ö new scint. crystals (RD18) 

 

z PID 
Ö Pestov Spark counters 
Ö Parallel Plate Chambers 
Ö Multigap RPC's (LAA) 
Ö low cost PM's 
Ö CsI RICH (RD26) 
 

z DAQ & Computing 
Ö scalable architectures with COTS 
Ö high perf. storage media 
Ö  GRID computing 
 

z misc 
Ö micro-channel plates 
Ö rad hard quartz fiber calo. 
Ö VLSI electronics 

1990-1998:Strong, well organized, well funded R&D activity 

• R&D made effective use of long (frustrating) wait for LHC 
• was vital for all experiments to meet LHC challenge ! 
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R&D example: Time of Flight
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R&D example: Time of Flight Detectors 
z aim: state-of-the-art TOF at ~1/10 current price !  
Ö requirements: area > 150 m2, channels ~ 150,000, resolution s < 100 ps 
Ö existing solution: scintillator + PM, cost > 150 MSF ! 
� R&D on cheaper fast PM's failed 

z gas TOF counters + VLSI FEE 
Ö Pestov Spark Counter (PSC) HIGH TEC 
� 100 mm gap, > 5 kV HV, 12 bar, sophisticated gas 
� s < 50 ps, but only (!) ~ 1/5 cost  
� technology & materials VERY challenging 
Ö Parallel Plate Chamber (PPC) LOW TEC 
� 1.2 mm gap, 1 bar, simple gas & materials 
� 1/10 cost, but only s = 250 ps 
� unstable operation, small signal 
Ö Multigap Resistive Plate Chambers (MRPC) 
� breakthrough end 1998 after > 5 years of R&D ! 
� many small gaps (10x250 mm), 1 bar, simple gas & materials 
� ~ 1/10 cost,  s < 100 ps , simple construction & operation,.. 

found immediate wide use:  
HARP, STAR,PHENIX, HADES/CBM@GSI,..  

option for time-stamping at ILC/CLIC 
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ALICE 2011
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Silicon Pixel Detectors

SPD half-stave 
Each Stave is built of two HALF-
STAVES, read out on the two 
sides of the barrel, respectively.  

Bus 

ALICE1LHCb chip 

Carbon-fibre sector 
Cooling tube 

MCM 

Grounding foil 

Silicon sensor 

Ladder: 5 chips+1 sensor 

193 mm long 

Pixel 
Mechanics 

Half-Barrel final assembly 

The Half Cylinders and their tooling 

Front view 



Silicon Pixel Detector assembly 
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SPD router

Installation in
ALICE experiment
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Silicon Drift Detectors
Drift 

Central 
Cathode 
at -HV 

Edrift 

Edrift 

Voltage divider 

vd (e-) 

vd (e-) 

Anodes 

ÅHV supply 

ÅLV supply 
ÅCommands 
ÅTrigger 
    Data Æ 

Carbon fiber support 

Cables to power 
supplies and DAQ 

SDD layers 
into SSD 

Cooling (H2O) tubes 

Layer # ladders Mod./ladder # modules 
3 14 6 84 
4 22 8 176 

72 Vertex '09 / Veluwe (Nl) 

Front-end electronics (4 pairs of ASICs) 
-> Amplifier, shaper, 10-bit ADC, 40 MHz sampling 
-> Four-buffer analog memory 
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Silicon Drift Detector LadderSDD Ladder 
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Silicon Strip Detectors

SSD 
Detector 

• Stereo Double-sided short 
strips , asymmetric 

• Produced at IRST, 
Canberra and Sintef 
 

P: 3 short strips 
7.5 mrad 

N: 11 short strips  
27.5 mrad 
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Silicon Strip Detector assemblySoldering  laddercables 

aligning the tails of  
flex and laddercable 

24 laddersets delivered 

Facilities and personnel allow for 
5 ladders/week (14 weeks total) 

Module assembly 



SPD test at LHC
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Hictoricaly the first
particles in the LHC
detected by SPD
during injection test
15.06.2008

First beam passing through ALICE
(up to 3 km) 08.08.2008

…was celbrated all around the world
08.08.2008 8pm Beijing 
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Time Projection Chamber
General features 
� Diameter u Length : 5 m u 5 m 
� Azimuth angle coverage: 2p 
� Pseudo-rapidity interval: |h|<0.9 
� Readout chambers: 72 
� Drift field: 400 V/cm 
� Maximum drift time: 96 ms 
� Central electrode HV: 100 kV 

 

 
Gas 
– Active volume: 90 m3 

– Ne-CO2-N2: 85.7% - 9.5% - 4.8% 
– Cold gas - low diffusion 
– Non-saturated drift velocity 

� temperature stability and          
homogeneity d 0.1 K 

Readout 
� Pads (3 types): 557 568 
� Samples in time direction: 1000 
� Data taking rate: 

o ~ 2.8 kHz for p-p 
o ~ 300 Hz for Pb-Pb 

ALICE TPC Overview 



Time Projection Chamber assembly  
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Installation at CERN

CERN - PH / TA2  

Macrolon Rods (2x2x18) 
• support the strips (à la NA49) 
• support the HV degraders 
• distribute the gas 
• distribute laser tracks (à la STAR) 

• Suspended Al-mylar strips 
• Streched Al-mylar central electrode 
• Endplates to hold ROCs 
• Mechanical precision 200mm 

Field Cage - Construction 
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l beam 1: 1st complete orbit ~ 10:30

l beam 2: 1st complete orbit ~ 15:00

22

First signals from ALICE

Time September 10th 2008: circulating beams!  
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LHC  11th September 2008 “RF-capture”

First orbit RF capture



19th September 2008

Jan Fiete Grosse-Oetringhaus

Temperatures 
LHC Sector 34
Friday 19th Sep

Karel Šafařík: Alice 
Experiment Past 
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25

ALICE

ATLAS

CMS

LHCb
Le Bois

Joly

Point 3
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Tunnel after 19th September
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Dipole-Quadrupole Joint after Incident
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Physics highlights ALICE 1
Run 1 & 2



Anti-p to p ratio at midrapidity 
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• How easy/difficult is to transfer baryon number at large rapidity distances?
• is baryon number transported by quarks or a “string junction”?
• what’s corresponding Regge trajectory intercept?

Recent Bratislava group results on 
midrapidity antiproton to proton 

ratio in p-p collisions

ALICE Collaboration : Midrapidity Antiproton-to-Proton Ratio in pp Collisions at √s=0.9 
and 7 TeV Measured by the ALICE Experiment;  Phys. Rev. Lett. 105, 072002 (2010)

the lower energy data points are taken from [21–23]. The
!p=p ratio rises from 0.25 and 0.3 at the CERN Super
Proton Synchrotron and the lowest CERN Intersecting
Storage Rings (ISR) energy, respectively, to a value of
about 0.8 at

ffiffiffi
s

p ¼ 200 GeV, indicating that a substantial
fraction of the baryon number associated with the beam
particles is transported over rapidity intervals of up to five
units.

Although our measured midrapidity ratio R at
ffiffiffi
s

p ¼
0:9 TeV is close to unity, there is still a small but signifi-
cant excess of protons over antiprotons corresponding to a
p- !p asymmetry of A ¼ 0:022" 0:003ðstatÞ " 0:007ðsystÞ.
On the other hand, the ratio at

ffiffiffi
s

p ¼ 7 TeV is consistent
with unity [A ¼ 0:005" 0:003ðstatÞ " 0:007ðsystÞ], which
sets a stringent limit on the amount of baryon transport
over 9 units in rapidity. The existence of a large value for
the asymmetry even at infinite energy, which has been
predicted to be A ¼ 0:035 using !J ¼ 1 [4], is therefore
excluded.

A rough approximation of the "y dependence of the
ratio R can be derived in the Regge model, where baryon
pair production at very high energy is governed by
Pomeron exchange and baryon transport by string-junction
exchange [5]. In this case the p= !p ratio takes the simple
form 1=R ¼ 1þ C exp½ð!J ' !PÞ"y(. We have fitted
such a function to the data, using as value for the
Pomeron intercept !P ¼ 1:2 [24] and !J ¼ 0:5, whereas
C, which determines the relative contributions of the two
diagrams, is adjusted to the measurements from ISR,
Relativistic Heavy Ion Collider (RHIC), and LHC. The
fit, shown in Fig. 4, gives a reasonable description of the
data with only one free parameter (C), except at lower
energies, where contributions of other diagrams cannot be

neglected [5]. Adding a second string-junction diagram
with a larger intercept [4], i.e., 1=R ¼ 1þ C exp½ð!J '
!PÞ"y( þ C0 exp½ð!J0 ' !PÞ"y( with !J0 ¼ 1, does not
improve the quality of the fit and its contribution is com-
patible with zero (C ) 10, C0 ) '0:1" 0:1). In a similar
spirit, our data could also be used to constrain other Regge-
model inspired descriptions of baryon asymmetry, for ex-
ample, when the string-junction exchange is replaced by
the ‘‘odderon,’’ which is the analogue of the Pomeron with
odd C parity; see [6].
In summary, we have measured the ratio of antiproton-

to-proton production in the ALICE experiment at the
CERN LHC collider at

ffiffiffi
s

p ¼ 0:9 and
ffiffiffi
s

p ¼ 7 TeV.
Within our acceptance region (jyj< 0:5, 0:45<pt <
1:05 GeV=c), the ratio of antiproton-to-proton yields rises
from Rjyj<0:5 ¼ 0:957" 0:006ðstatÞ " 0:014ðsystÞ at 0.9 to
a value close to unity Rjyj<0:5 ¼ 0:991" 0:005ðstatÞ "
0:014ðsystÞ at 7 TeV. The !p=p ratio is independent of
both rapidity and transverse momentum. These results
are consistent with standard models of baryon-number
transport and set tight limits on any additional contribu-
tions to baryon-number transfer over very large rapidity
intervals in pp collisions.
We would like to thank Paola Sala, John Apostolakis,

Alfredo Ferrari, Dmitri Kharzeev, Carlos Merino, Torbjörn
Sjöstrand, and Peter Skands for numerous and fruitful
discussions on different topics of this Letter. The ALICE
Collaboration would like to thank all of its engineers and
technicians for their invaluable contributions to the con-
struction of the experiment and the CERN accelerator
teams for the outstanding performance of the LHC com-
plex. The ALICE Collaboration acknowledges the follow-
ing funding agencies for their support in building and
running the ALICE detector: Calouste Gulbenkian
Foundation from Lisbon and Swiss Fonds Kidagan,
Armenia; Conselho Nacional de Desenvolvimento
Cientı́fico e Tecnológico (CNPq), Financiadora de
Estudos e Projetos (FINEP), Fundação de Amparo à
Pesquisa do Estado de São Paulo (FAPESP); National
Natural Science Foundation of China (NSFC), the
Chinese Ministry of Education (CMOE) and the Ministry
of Science and Technology of China (MSTC); Ministry of
Education and Youth of the Czech Republic; Danish
Natural Science Research Council, the Carlsberg
Foundation and the Danish National Research
Foundation; The European Research Council under the
European Community’s Seventh Framework Programme;
Helsinki Institute of Physics and the Academy of Finland;
French CNRS-IN2P3, the ‘‘Region Pays de Loire,’’
‘‘Region Alsace,’’ ‘‘Region Auvergne,’’ and CEA,
France; German BMBF and the Helmholtz Association;
Hungarian OTKA and National Office for Research and
Technology (NKTH); Department of Atomic Energy and
Department of Science and Technology of the Government
of India; Istituto Nazionale di Fisica Nucleare (INFN) of
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FIG. 4 (color online). Central rapidity !p=p ratio as a function
of the rapidity interval "y (lower axis) and center-of-mass
energy (upper axis). Error bars correspond to the quadratic
sum of statistical and systematic uncertainties for the RHIC
and LHC measurements and to statistical errors otherwise.

PRL 105, 072002 (2010) P HY S I CA L R EV I EW LE T T E R S
week ending

13 AUGUST 2010

072002-5

Bratislava group

• Results at 900 GeV show small 
excess of baryons over antibaryons.

• At 7 TeV midrapidity ratio goes to 
unity.

• Results are well described with BN 
(Baryon Number) transfer via Regge 
trajectory using α≈1/2.

• No significant contribution with 
constant BN transport with α≈1 is 
needed.

19

M.Broz (Bratislava, Prague)
M.Mereš (Bratislava)
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J/y dissociation vs. regenerationA Large Ion Collider Experiment

ALI-PREL-511269

Charmonium dissociation and regeneration
• Reminder: J/y suppression due to 

colour screening in the QGP 
reduced at low pT and at central 
rapidity by cc regeneration

– ~100 cc pairs per central Pb-Pb

• New result: measured y(2S) – ✕10 
lower binding energy! – to pin down 
the role of these two mechanisms

• y(2S) ~ ✕2 more suppressed than J/y
• Hint of regeneration at low pT

ICHEP2022, 11.07.2022                                                                               Andrea Dainese 11

stronger screening
regeneration?

Q

Q

J/y
y(2S)

à B. Paul, Sat parallel
A Large Ion Collider Experiment
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reduced at low pT and at central 
rapidity by cc regeneration
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ICHEP2022, 11.07.2022                                                                               Andrea Dainese 9
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Q
J/y

A Large Ion Collider Experiment
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stronger screening
regeneration?

Q

Q

J/y
y(2S)

à B. Paul, Sat parallel
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Jet deflectionA Large Ion Collider Experiment

Semi-inclusive “soft” jets deflected 

• Jets recoiling against a high-pT hadron 
à down to jet pT ~ 10 GeV/c

ICHEP2022, 11.07.2022                                                                               Andrea Dainese 14

jet

hadron

Drecoil vs Df broader in Pb-Pb than in pp

Angular deflection of soft large-R jets:
Scattering on QGP constituents?
Medium response to energy loss?

Df

à Y. Hou, Fri parallel
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Energy loss: charm vs. beauty
A Large Ion Collider Experiment

Quark-mass dependence of energy loss

ICHEP2022, 11.07.2022                                                                               Andrea Dainese 16

• Energy loss predicted to depend on QGP 
density, but also on quark mass

• “Dead cone” effect reduces small-angle 
gluon radiation for high-mass quarks

• Less suppression for (non-prompt) D 
mesons from B decays than prompt D 
mesons

• Smaller energy loss for b quarks needed 
to describe the ratio of RAA

arXiv:2202.00815

Beauty / charm RAA

à B. Zhang, Thu parallel

A Large Ion Collider Experiment

Quark-mass dependence of energy loss

ICHEP2022, 11.07.2022                                                                               Andrea Dainese 15

• Energy loss predicted to depend on QGP 
density, but also on quark mass

• “Dead cone” effect reduces small-angle 
gluon radiation for high-mass quarks

• Less suppression for (non-prompt) D 
mesons from B decays than prompt D 
mesons

Non-prompt D0

(b quarks)
Prompt D0

(c quarks)

arXiv:2202.00815

à B. Zhang, Thu parallelA Large Ion Collider Experiment

Quark-mass dependence of energy loss
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mesons from B decays than prompt D 
mesons

• Smaller energy loss for b quarks needed 
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Beauty / charm RAA

à B. Zhang, Thu parallel
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Elliptic flowA Large Ion Collider Experiment

• Non-central collisions: elliptical geometry            à azimuthal modulation in momentum

ICHEP2022, 11.07.2022                                                                               Andrea Dainese 19

higher harmonics (v3, v4, …)

expansion (flow)

Mass ordering at low pT
à hydrodynamic flow

Baryon vs. meson grouping at higher pT
à quark-level flow + recombination

arXiv:2206.04587

Elliptic flow in Pb-Pb
A Large Ion Collider Experiment

Elliptic flow in Pb-Pb … and in pp, p-Pb

• Non-central collisions: elliptical geometry            à azimuthal modulation in momentum

ICHEP2022, 11.07.2022                                                                               Andrea Dainese 20

higher harmonics (v3, v4, …)

expansion (flow)

à quark-level flow + recombination in high-multiplicity p-Pb (and pp)

arXiv:2206.04587

A Large Ion Collider Experiment

Elliptic flow in Pb-Pb … and in pp, p-Pb

• Non-central collisions: elliptical geometry            à azimuthal modulation in momentum

ICHEP2022, 11.07.2022                                                                               Andrea Dainese 20

higher harmonics (v3, v4, …)

expansion (flow)

à quark-level flow + recombination in high-multiplicity p-Pb (and pp)

arXiv:2206.04587



Heavy-flavour flow 
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Heavy flavour participates in the collective dynamics
at LHC energies
Flow strength like the light hadrons

34
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Baryon to meson in charm sectorA Large Ion Collider Experiment

Hadronization of charm quarks from pp to Pb-Pb

ICHEP2022, 11.07.2022                                                                               Andrea Dainese 22

Opposite of trend 

arXiv:2112.08156

• Additional dynamics in central Pb-Pb 
collisions: Lc/D0 enhancement at 
intermediate pT

• Suggests hadronization by
recombination + mass-dependent pT
shift from collective expansion

• Prospects: high-precision, and other 
baryons, from Run 3 data

à J. Zhou, Thu parallel
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QCD interactions among hadronsA Large Ion Collider Experiment

QCD interaction among hadron pairs, and triplets
• Use femtoscopy technique to assess 

residual strong interaction in h-h and h-h-h
– Poorly known for strange baryons 

• Relevant for neutron star modeling
– Unknown for charm hadrons and 3-body

ICHEP2022, 11.07.2022                                                                               Andrea Dainese 26

First study of the two-body scattering involving charm hadrons ALICE Collaboration
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Figure 2: Genuine pD− correlation function compared with different theoretical models (see text for details). The
null hypothesis is represented by the curve corresponding to the Coulomb interaction only.

red band. The purple band in Fig. 1 represents the total background that includes all contributions with
their corresponding weights. Finally, the genuine pD− correlation function is obtained by solving Eq. 1
for CpD−(k∗) and is shown in Fig. 2. The possible enhancement at low k∗ could be attributed to an overall
attractive genuine pD− final-state interaction.

The systematic uncertainties of the genuine pD− correlation function, CpD−(k∗), include (i) the un-
certainties of Cexp(k∗), (ii) the uncertainties of the λi weights, and (iii) the uncertainties related to the
parametrization of the background sources. In particular, the systematic uncertainties of Cp(K+π−π−)(k

∗)
are estimated by varying the proton and D−-candidate selection criteria and the range of the fit of the
C(k∗) parametrized from the invariant mass sidebands. The uncertainties of the λi weights are derived
from the systematic uncertainties on the D− purity and fnon-prompt reported above. The systematic un-
certainty of CpD∗−(k∗) is due to the uncertainty on the emitting source. The overall relative systematic
uncertainty on CpD−(k∗) resulting from the different sources is of 10% in the lowest k∗ interval.

The resulting genuine CpD−(k∗) correlation function can be employed to study the pD− strong interaction

that is characterized by two isospin configurations and is coupled to the nD
0

channel. First of all, in order
to assess the effect of the strong interaction on the correlation function, only the Coulomb interaction is
considered. The corresponding correlation function is obtained using CATS [73]. Secondly, various
theoretical approaches to describe the strong interaction are benchmarked, including meson exchange
(Haidenbauer et al. [21]), meson exchange based on heavy quark symmetry (Yamaguchi et al. [24]), an
SU(4) contact interaction (Hoffmann and Lutz [22]), and a chiral quark model (Fontoura et al. [23]). The
relative wave functions for the model [21] are provided directly, while for the models from [22–24] they
are evaluated by employing a Gaussian potential whose strength is adjusted to describe the corresponding
published I = 0 and I = 1 scattering lengths listed in Table 1. The pD− correlation function is computed
within the Koonin–Pratt formalism, taking into account explicitly the coupling between the pD− and nD0

channels [75] and including the Coulomb interaction [76]. The finite experimental momentum resolution
is considered in the modeling of the correlation functions [38].

The outcome of these models is compared in Fig. 2 with the measured genuine pD− correlation function.
The degree of consistency between data and models is obtained from the p-value computed in the range
k∗ < 200 MeV/c. It is expressed by the number of standard deviations nσ reported in Table 1, where the
nσ range accounts, at one standard deviation level, for the total uncertainties of the data points and the

6

arXiv:2201.05352 

First measurement of p-D correlation function:
• Attractive interaction
• Estimate of QCD scattering parameters

à L. Fabbietti, Wed plenary



Strange particle production 
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• Is there a strangeness enhancement?
• Or is just a continuous development from pp to AA

24

Strange and multi-strange particle productionStrange and multi-strange particle production
in p-p and Pb-Pb collisionsin p-p and Pb-Pb collisions

Nature Physics 13 (2017) 535-539

Study of the K0

S
 and Λ in p-p and Pb-Pb collisions at various LHC energies

- physics analysis (selection of signals, systematic errors, ....)
- systematic studies, method improvement
- testing robustness of analysis methods

Recent observation:

The production of strange 
and multi-strange
particles in the high multiplicity 
p-p collisions exhibits behaviour
observed in Pb-Pb collisions

Main analysis topic in Kosice



Ultra-peripheral collisions 
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• Insight into shadowing and saturation
• gamma–nucleus interactions

CTU group, J.G.Contreras Nuno et al.
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ALICE upgrade for Run 3



ALICE-2 upgrades 
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A Large Ion Collider Experiment

ICHEP2022, 11.07.2022                                                                               Andrea Dainese 26

ALICE 2 Upgrade
à Tracking precision ✕3
à Pb-Pb rate ✕50

New GEM-based TPC
with continuous readout

New Inner Tracking System (ITS)
– 7 barrels, 10 m2 silicon tracker 
based on MAPS (12.5 G pixels)

New Muon Forward 
Tracker (MFT) - 5 disks 
based on MAPS

New Fast Interaction Trigger (FIT) 
– 3 detector technologies:
interaction trigger, online 
luminometer, forward multiplicity

New Beampipe 
smaller diameter (36.4 mm), first 
detection layer at 20 mm

New Trigger and Readout 
Upgrade of readout 
electronics of all detector, 
new Central Trigger 
ProcessorNew Online/Offline (O2)

The near and far future of HI at the LHC

F. Bellini, Emergence of QGP phenomena - EPS-HEP - 27.07.2021 36

ATLAS and CMS phase II
- Replace inner tracking systems to increase 

coverage 
- Timing layers: e.g. CMS MIP Timing Detector
- Calorimeters, muon system upgrades, etc…
ALICE ITS3 and FoCal

Major upgrades during LS2 for 
ALICE and LHCb

Precision era for flagship 
observables!

2010-2012                     2015-2018                   2022-2024                     2028-2030                  2032-2034    2036-2039
Run I LS1 Run 2 LS2 Run 3 LS3 Run 4 LS4 Run 5 LS5 Run 6

High luminosity LHC
We are 
here

Link to LHC schedule
Run3 and run 4 expected lumi for heavy-ion programme: https://arxiv.org/pdf/1812.06772.pdf

ALICE3: a whole new 
dedicated HI experiment!

LHCb upgrade II 
(CERN-LHCC-2018-027) 

Much more in the Detector 
R&D and Data Handling 
parallel sessions…

2010-2012                   2015-2018               2022-2025                2029-2032              2035-2038               2040-2041



New all-pixel trackers: ITS-2 and MFT  
• ITS-2 seven layers monolithic active pixel sensors
• MFT five layers Muon Forward Tracker in front of absorber

41Karel Šafařík: Alice Experiment Past Present & Future

A Large Ion Collider Experiment

New all-pixel trackers: ITS2 and MFT
• Monolithic Active Pixel Sensors (MAPS)

– Low resistivity, high efficiency, low thickness, 
low power consumption

– Also chosen by sPHENIX and MPD@NICA

39

Current ITS New ITS2 MFT

N Layers 6 7 5

Inner radius 3.9 cm 2.3 cm /

Layer
thickness ~1.1% X0 0.3-1.0% X0 0.8% X0

Spatial 
resolution

12x100 µm2

35x20 µm2

20x830 µm2

~5x5 µm2 ~5x5 µm2

ITS2 tracking precision 
x3 better in rφ plane, 
<20 µm above 1 GeV/c

(-3.6<h<-2.3)

MFT: <100 µm 
above 1 GeV/c

CERN-LHCC-2013-024, CERN-LHCC-2015-001 ICHEP2022, 11.07.2022                                                                               Andrea Dainese



MFT – CTU Prague contribution
• Muon Forward Tracker at CERN

• completely new detector for precise tracking in front of muon absorber
• participation in construction and commissioning
• system run coordination
• development of quality control software

42Karel Šafařík: Alice Experiment Past Present & Future



TPC upgrade – GEM readout
• Time Projection Chamber change to continuous readout

• readout MWPC replaced with GEM chambers
• Pb–Pb up to 50 kHz

43Karel Šafařík: Alice Experiment Past Present & Future

Small TPC for drift measurement

ion feedback from
amplificatio region

A Large Ion Collider Experiment

TPC with GEM readout for Pb-Pb at 50 kHz
• Current MWPC: readout rate limited by ion backflow
• New readout chambers (GEM): continuous readout of Pb-Pb

at interaction rate of 50 kHz
– preserve pT and dE/dx resolution

• 5 interactions on average during TPC drift time (90 µs)
• Calibration and track-to-event assignment in O2 system

ICHEP2022, 11.07.2022                                                                               Andrea Dainese 40

Stack of 4-GEM-foils

CERN-LHCC-2013-020

Triple'GEM+principle+of+operation+

� Fast%electron%signal%(polarity!)%
� %
�����
����	�%
� ��������	�
����������electrods�%
�%Gas%gain%about%a%factor%3%lower%than%
in%MWPC%

GEMs%are%made%of%a%copperAkaptonAcopper%
sandwich,%with%holes%etched%into%it%

Electron%microscope%photograph%of%a%GEM%foil%

20%

72 readout chambers

Full TPC 80-deg φ slice



Forward Diffractive Detector – CTU Prague   
• Forward Diffractive Detector (CTU Prague)

• new detector, completely built in Prague
• selects diffractive events
• participate in triggers
• acts as luminometer, monitors beam conditions

44Karel Šafařík: Alice Experiment Past Present & Future

Scintilator assembly

  

 Forward diffractive detector (FDD)

wavelength
shifter

PMTs

fibres
plastic 

scintillators

Physics goals: 
- tags di
racve events by vetoeing
  acvity in forward direcon
- provides triggers
- acts as a luminometer and 
- monitors beam condions.

Completely built at CTU in Prague

Two detectors one at each side of the interacon point

8

• installed at CERN C-side in February 2021, A-side in July 2021
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ALICE Future



ALICE Upgrade 
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Prague institutions organized ALICE Upgrade Week last year



Upgrade Projects 
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Forward Calorimeter

Karel Šafařík: Alice Experiment Past Present & Future 48
UW intro | Sep 19, 2022 | MvL, jkl 5

FoCal: full module prototype test
• 3 test beam sessions planned for 2022

• PS (June): full pad setup + HCAL


• Pads: improved grounding - read out multiple layers

• HCAL: longer modules


• SPS (Sept+Nov): test full prototype

• Pixel layers repaired

• Common readout of pixel and pad layers

• VMM readout for HCAL

Schedule:

2023: TDR

2023/2024: final design for production

2024-2027: production and calibration in beam

2027: installation

Pixel layer
Pad layer

Complete pad layer setup

New HCAL prototypeFoCal-E pad layers, 2022 PS testbeam, Voltage scan (ASIC 1)

0 20 40

5

10

15

10×

500 V

0 20 40

5

10

15

10×

300 V

0 20 40

5

10

15

10×

100 V

0 20 40

5

10

15

10×

450 V

0 20 40

5

10

15

10×

250 V

0 20 40

5

10

15

10×

75 V

0 20 40

5

10

15

10×

400 V

0 20 40

5

10

15

10×

200 V

0 20 40

5

10

15

10×

50 V

0 20 40

5

10

15

10×

350 V

0 20 40

5

10

15

10×

150 V

0 20 40

5

10

15

10×

25 V

ADC

co
un

ts

ALI-PERF-525191

UW intro | Sep 19, 2022 | MvL, jkl 5

FoCal: full module prototype test
• 3 test beam sessions planned for 2022

• PS (June): full pad setup + HCAL


• Pads: improved grounding - read out multiple layers

• HCAL: longer modules


• SPS (Sept+Nov): test full prototype

• Pixel layers repaired

• Common readout of pixel and pad layers

• VMM readout for HCAL

Schedule:

2023: TDR

2023/2024: final design for production

2024-2027: production and calibration in beam

2027: installation

Pixel layer
Pad layer

Complete pad layer setup

New HCAL prototypeFoCal-E pad layers, 2022 PS testbeam, Voltage scan (ASIC 1)

0 20 40

5

10

15

10×

500 V

0 20 40

5

10

15

10×

300 V

0 20 40

5

10

15

10×

100 V

0 20 40

5

10

15

10×

450 V

0 20 40

5

10

15

10×

250 V

0 20 40

5

10

15

10×

75 V

0 20 40

5

10

15

10×

400 V

0 20 40

5

10

15

10×

200 V

0 20 40

5

10

15

10×

50 V

0 20 40

5

10

15

10×

350 V

0 20 40

5

10

15

10×

150 V

0 20 40

5

10

15

10×

25 V

ADC

co
un

ts

ALI-PERF-525191

UW intro | Sep 19, 2022 | MvL, jkl 4

Forward Calorimeter (FoCal)

• Goals: direct photon detection to probe gluon density at small x,  
forward !0 in pp, pPb, Pb-Pb


• Current focus: beam tests with prototypes

Longitudinal profile (2γ showers) Trans. profile

3.4 < η < 5.8

EMCal: Si-W for photon detection

HCal: Cu-scintillator: direct photon isolation and jets

→ Wed pm,  
Fri am

Contact

C. Loizides

Letter-of-Intent: CERN-LHCC-2020-009
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From ITS 2 to ITS 3 

Karel Šafařík: Alice Experiment Past Present & Future 49ALICE upgrades | April 26, 2022 | MvL, jkl 6

ITS3

• Improve Inner Tracker performance by

• moving closer to the interaction point

• reducing material budget


• Replace Inner Barrel with truly cylindrical layers (ITS3)

• requires low-power, wafer-scale, bendable sensors  

(MAPS: 65 nm TowerJazz ISC, stitching, thinning)

ITS3From stave-based inner barrel to truly cylindrical layers

ITS2

Contacts

M. MagerA. Kluge

UW intro | Sep 19, 2022 | MvL, jkl 7

ITS3 status
• Realisability of pixel sensors in 65 nm 

demonstrated in many testbeam campaigns


• Bending of thinned silicon sensors and large 
dummy wafers established


• Operation of bent sensors (ALPIDE) established 
in many testbeam campaigns


• Stitching for wafer-scale sensors 
to be demonstrated with Engineering Run 1 
→ submission being finalised


• TDR in preparation for Q4 2023

→ Tue am

wafer 
(⌀=300 mm)

06/SPS
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ALICE 3 Physics Programme

Karel Šafařík: Alice Experiment Past Present & Future

• ALICE 3 – LoI submitted recently – completely new detector for heavy-ion physics at the LHC
• high-rate, high-resolution, large-acceptance heavy-ion experiment for Run-5 (~2035)

50
UW intro | Sep 19, 2022 | MvL, jkl 9

ALICE 3 physics program
• Thermal radiation, chiral symmetry 

restauration

• Di-electron mass, pT spectra, v2


• Heavy flavour transport, thermalisation

• Beauty meson, baryon v2

•  azimuthal correlations

• Multi-charmed baryons


• Hadron interactions, structure

• Net-quantum-number fluctuations

• (Forward) Ultra-soft photon production

• BSM searches, e.g. ALPs
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pQCD SPS (Phys. Rev. D 57, 4385)
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ALICE 3 Detector 

Karel Šafařík: Alice Experiment Past Present & Future 51ALICE 3 overview | October 22nd, 2021 | jkl, MvL 10

ALICE 3 detector
• Vertex tracker: excellent pointing resolution 

• Heavy flavour mesons/baryons, multi-charm 
(yields, flow, correlations)


• HF rejection in dielectron, dimuon 
measurements


• Large acceptance tracker and PID 
• Correlation measurements

• Rapidity dependence measurements


• TOF and RICH 

• Hadron ID for heavy flavour decays, net-

baryon measurements

• Electron ID (with ECAL) for dielectron radiation 

(and J/!)

• Muon ID down to pT = 1.5 GeV:  

quarkonia, including P-wave (with ECAL), exotic 
hadrons


• ECAL (+conversions): photon detection for P-wave 
quarkonia, photon radiation, jets


• FCT: ultra-soft photons



Magnet 

Karel Šafařík: Alice Experiment Past Present & Future 52
UW intro | Sep 19, 2022 | MvL, jkl 13

Magnet
• Existing LoI results for 


• Heavy flavour: 2 T solenoid + dipole

• Dielectrons: 0.5 T


• Evaluate performance with updated magnet configuration and field 
strengths

• 1 T solenoid

• 2 T solenoid


• Quantify impact on heavy flavour

• mass resolution (esp forward eta)

• efficiency for decay daughter (esp strangeness tracking)


• Quantify impact on dielectrons

• low mass acceptance: conversion tagging

• PID coverage inner/outer TOF

Relative momentum resolution

as function of η

 ACTS: toolkit for tracking with flexible  
geometries and field maps

Talks: P Larionov, F Colamaria, T Gunji

A Large Ion Collider Experiment

ALICE 3 integration and run programme

ICHEP2022, 11.07.2022                                                                               Andrea Dainese 49



Tracking system 

Karel Šafařík: Alice Experiment Past Present & Future 53

UW intro | Sep 19, 2022 | MvL, jkl 14

Tracker layout
• Optimise/refine tracker layout  

incl. number and placement of layers

• Barrel and endcap layers


• Strategy

• ACTS to evaluate efficiency and resolution, 

produce tables for fast simulation

• O2 for matching algorithms and strangeness tracking 


• Consider:

• Efficiency and momentum resolution

• Redundancy: robustness against failing chips/ladders

• Strangeness tracking: efficiency for secondary tracks

Tracking efficiency with ACTS

Talks: P Larionov, D Chinellato
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Particle Identification 
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Electromagnetic calorimetry 

Karel Šafařík: Alice Experiment Past Present & Future 55

UW intro | Sep 19, 2022 | MvL, jkl 16

Electromagnetic calorimetry

• Evaluate physics performance with only sampling calorimeter

• initiative for PbWO4 segment (Russian institutes) currently on hold


• Implement ECAL response in simulation for electron ID


• Evaluate performance impact of shower overlaps


• Jet and !-jet performance projections

UW intro | Sep 19, 2022 | MvL, jkl 11

ALICE 3 planning
Long-term schedule 

• 2023-25: selection of technologies,  
small-scale proof of concept prototypes  
(~ 25% of R&D funds)


• 2026-27: large-scale engineered prototypes  
(~75% of R&D funds)  
→ Technical Design Reports


• 2028-31: construction and testing


• 2032: contingency


• 2033-34: Preparation of cavern, installation

2017 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 20312018 2034 20352032 2033

LHC  
Run 2

LHC 
LS2

LHC  
Run 3

LHC 
LS3

LHC  
Run 4

LHC 
LS4

LHC  
Run 5

ALICE 3ALICE 2ALICE 1 ALICE 2.1

Next 12 months 

• Mapping of R&D topics to groups 
→ Upgrade week


• Preparation of scoping document

• studies for scoping considerations

• definition of R&D lines

• resource planning


• Formalisation of Work Packages

Long-term schedule 



ALICE 3 Integration and Runing
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A Large Ion Collider Experiment

ALICE 3 integration and run programme

ICHEP2022, 11.07.2022                                                                               Andrea Dainese 49

A Large Ion Collider Experiment

ALICE 3 integration and run programme

ICHEP2022, 11.07.2022                                                                               Andrea Dainese 49



Pushing Frontiers of Precision 
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A Large Ion Collider Experiment

ALICE future: pushing the frontiers of precision

ICHEP2022, 11.07.2022                                                                               Andrea Dainese 42

“ALICE 2”“ALICE 1” Major upgrade

Enhance physics reach by improving: 
– rate capabilities & acceptance
– tracking precision

à high precision, reduce backgrounds, 
access rarer probes

“ALICE 3”New detector
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+ ITS3/FoCal

The near and far future of HI at the LHC

F. Bellini, Emergence of QGP phenomena - EPS-HEP - 27.07.2021 36

ATLAS and CMS phase II
- Replace inner tracking systems to increase 

coverage 
- Timing layers: e.g. CMS MIP Timing Detector
- Calorimeters, muon system upgrades, etc…
ALICE ITS3 and FoCal

Major upgrades during LS2 for 
ALICE and LHCb

Precision era for flagship 
observables!

2010-2012                     2015-2018                   2022-2024                     2028-2030                  2032-2034    2036-2039
Run I LS1 Run 2 LS2 Run 3 LS3 Run 4 LS4 Run 5 LS5 Run 6

High luminosity LHC
We are 
here

Link to LHC schedule
Run3 and run 4 expected lumi for heavy-ion programme: https://arxiv.org/pdf/1812.06772.pdf

ALICE3: a whole new 
dedicated HI experiment!

LHCb upgrade II 
(CERN-LHCC-2018-027) 

Much more in the Detector 
R&D and Data Handling 
parallel sessions…

2010-2012                   2015-2018               2022-2025                2029-2032              2035-2038               2040-2041
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ALICE future: pushing the frontiers of precision
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