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Overview of the talk 

• ALICE experiment – history

• Physics highlights Run 1 and 2

• ALICE upgrade for Run 3

ALICE 2

• ALICE future

Upgrade in LS3

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 - History, Present & Future

LoI TPAachen Workshop
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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 1994
Mega-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 ! 
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ALICE 2011
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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

ffif
f i

ffi
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
ffif

f i ffi
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

ffif
f i

ffi
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 exchangeand baryon transport by string-junction
exchange [5]. In this case the p=p ratio takes the simple
form 1=R ¼ 1 þ Cexp½ð J PÞ yŠ. 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 1 þ Cexp½ð J

PÞ yŠþ C0exp½ð J0 PÞ yŠwith 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 datacould also beused 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 theanalogueof thePomeron 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

ffif
f i ffi

s
p

¼ 0:9 and
ffif

f i ffi
s

p
¼ 7 TeV.

Within our acceptance region (jyj < 0:5, 0:45 < p t <
1:05 GeV=c), the ratio of antiproton-to-proton yields rises
from Rjyj< 0:5 ¼ 0:957 0:006ðstatÞ 0:014ðsystÞat 0.9 to

a value close to unity Rjyj< 0:5 ¼ 0:991 0:005ðstatÞ

0:014ðsystÞat 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, CarlosMerino, 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 Scienceand Technology of theGovernment
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) PH Y SI CA L RE V I E W L E T T E RS
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)



Karel Šafařík: Alice - History, Present & Future

11

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
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Jet deflection
A 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
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• 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)
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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
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à quark-level flow + recombination in high-multiplicity p-Pb (and pp)
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A Large Ion Collider Experiment
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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

15
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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/D
0 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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Figure2: GenuinepD− correlation function compared with different theoretical models (see text for details). The

null hypothesis is represented by the curvecorresponding 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 isshown in Fig. 2. Thepossibleenhancement at low k∗ could beattributed 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 λ i 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 λ i 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 onCpD− (k∗ ) resulting from the different sources is of 10% in the lowest k∗ interval.

Theresulting genuineCpD− (k∗ ) correlation function can beemployed to study thepD− strong interaction

that ischaracterized by two isospin configurations and iscoupled to thenD
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 achiral 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

areevaluated by employing aGaussian potential whosestrength isadjusted to describe thecorresponding

published I = 0 and I = 1 scattering lengths listed in Table 1. ThepD− correlation function iscomputed

within theKoonin–Pratt formalism, taking into account explicitly thecoupling between thepD− and nD
0

channels [75] and including theCoulomb interaction [76]. Thefiniteexperimental momentum resolution

is considered in the modeling of the correlation functions [38].

Theoutcomeof thesemodels iscompared in Fig. 2 with themeasured 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 isexpressed by thenumber 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
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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

- Replace inner tracking systems to increase 
coverage 

- Timing layers: e.g. CMS MIP Timing Detector

- Calorimeters, muon system upgrades, etc…

ITS3 and FoCal

Major upgrades during LS2 for 

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

a whole new 
dedicated HI experiment!

(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

20Karel Šafařík: Alice - History, 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

21Karel Šafařík: Alice - History, 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

22Karel Šafařík: Alice - History, 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
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ALICE future



ALICE Upgrade 
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Prague institutions organized ALICE Upgrade Week last year



Upgrade Projects 

Karel Šafařík: Alice - History, Present & Future 25



From ITS 2 to ITS 3 
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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)
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Feb. 4, 2021       pbm 19

...now a few slides from Magnus Mager's talk at the
CERN ALICE 3 workshop



ALICE 3 Physics Programme
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• 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)

27
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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ALICE 3 Detector 
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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
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“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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- Replace inner tracking systems to increase 
coverage 

- Timing layers: e.g. CMS MIP Timing Detector

- Calorimeters, muon system upgrades, etc…

ITS3 and FoCal

Major upgrades during LS2 for 

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

a whole new 
dedicated HI experiment!

(CERN-LHCC-2018-027) 

Much more in the Detector 

R&D and Data Handling 

parallel sessions…
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