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Need for upgrades

→ systematic coverage of phase diagram  
requires experiments at different facilities 

with precision data and large samples

Open questions on  
Quark Gluon Plasma 

• Transport properties and 
thermalisation 

• Interaction of hard probes 

• Formation of hadrons 

• Phase transition, critical point,  
equation of state 

• Chiral symmetry restoration 

• Caloric curve 

• …
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Plans for upgrades
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Upgrades and new experiments span all the range from low to high µb
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SIS100 @ FAIR
• New SIS100 under construction 

• variety of species (p to U) with 
beam energies up to 11 AGeV (Au) 
→ c.o.m. energies from 2.7 - 4.9 GeV 

• civil engineering in final phase 

• operation was planned for ~2025,  
first physics ~2027, delays expected 

• Experiments relevant for heavy-ion physics 

• HADES → transfer/upgrade from SIS-18 

• CBM → under construction

SchwerIonen Synchrotron 100 Tm

under  
construction
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CBM @ SIS100
• Main physics topics 

• phase transition and equation of state 

• caloric curve 

• multi-strange hypernuclei 

• exotic composite objects  

• Observables 

• charm and strangeness (sub-threshold) 

• collective flow 

• dileptons 

• Experimental setup 

• AuAu @ c.o.m. energy 2.9 - 4.9 GeV, Rint ~10 MHz 

• identified hadrons and leptons 

• R&D concluded with Technical Design Reports, 
pre-production ongoing, civil engineering in final phase 

• commissioning planned ~2027 

• further upgrades being planned

Compressed Baryonic Matter

under  
construction

Heuer/Tribble review concluded  
with recommendations to FAIR council


→ measurements highly competitive and potentially superb


→ timely completion of SIS100 recognized as critical

Press release, Oct 26

https://www.gsi.de/en/start/news/details/2022/10/26/fair-projekt-von-internationaler-expertinnengruppe-evaluiert
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HADES @ SIS100
• Main physics goals 

• systematic dielectron and hadron spectroscopy 
at lower energies (complementary to CBM) 

• Observables 

• electrons 

• identified hadrons 

• strangeness 

• Experimental setup 

• AuAu collisions 

• dielectron spectrometer 

• recent upgrades: 
ECal, forward detectors 

• in operation since 2002 (@ SIS18), 
several detectors upgraded recently

High-Acceptance DiElectron Spectrometer

[arXiv:0906.0091]

operational, 
to be moved
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CBM + HADES physics

Precision measurement of  
dielectron spectrum 

at low energy (µb ≈ …)

examples

Measurements for  
caloric curve of QCD
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SPS @ CERN

• SPS in operation 

• primary and secondary beam  
for fixed target experiments 

• variety of species (p to Pb) 

• beam energies up to 158 AGeV (Pb) 
→ c.o.m. energies from 4.9 to 17.3 GeV 

• Experiments relevant for heavy-ion physics 

• NA61/SHINE → upgraded 

• NA60+ → Expression of Interest

Super Proton Synchrotron

operational
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new trigger  
and DAQ

new TPC 
readout

upgrade of projectile 
spectator detector

new time-of-flight 
detectors

9

NA61/SHINE @ SPS
• Main physics goals 

• onset of deconfinement 

• search for critical point 

• reference for cosmic ray and neutrino physics 

• Observables 

• charm hadron production 

• Experimental setup 

• Pb-Pb at different energy 

• tracking (before & after target) and PID 

• vertexing 

• Upgrades of 
→ charm programme 

• Upgrades/additions:  
Projectile Spectator Detector, TOF, trigger 
system, readout (1 kHz)

[SPSC-P-330-ADD-10]

operational
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NA61 physics

Precise measurement of cc ̅production in full phase space 
→ discrimination between models Precise measurement of J/ψ production

examples

[CERN-SPSC-2019-017]
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NA60+ @ SPS
• Main physics goals 

• caloric curve 

• chiral symmetry restoration 

• colour screening 

• Observables 

• dileptons 

• open charm 

• quarkonia 

• Experimental setup 

• AuAu @ different energies 

• vertex spectrometer (MAPS-based) 

• muon spectrometer (GEM-based) 

• toroidal magnet 

• Expression of Interest (2019),  
Letter of Intent in preparation

proposed
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NA60+ physics

J/Psi reconstruction Precision measurement of dielectron spectra 
→ caloric curve and chiral symmetry restoration 

examples
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RHIC @ BNL
• RHIC in operation 

• beam energies up to 200 AGeV (Au) 
→ c.o.m. energies 7.7 - 200 GeV 

• beam energy scans, 
incl. fixed target operation 

• to be superseded by EIC (Electron Ion Collider) 

• Experiments relevant for heavy-ion physics 

• STAR → added fixed target 

• sPHENIX → new experiment 

• ECCE → new experiment at EIC

Relativistic Heavy-Ion Collider

operational
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STAR FXT @ RHIC
• Main physics topics 

• extension to collision energies 
too low for collider mode 

• Observables 

• identified hadrons 

• Experimental setup 

• scan of collision systems/energies 

• extended for fixed target operation 

• iTPC: pT > 60 MeV/c, |η| < 1.5 

• EPD: 2.1 < |η| < 5.1 

• eTOF: PID in iTPC acceptance 

• forward tracking & calorimetry

Solenoidal Tracker At RHIC - FiXed Target

operational
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sPHENIX @ RHIC
• Main physics topics 

• QGP transport incl. T dependence 

• parton energy loss 

• Observables 

• jet and substructure 

• quarkonium spectroscopy,  
e.g. Y states 

• Experimental setup 

• pp, p-Au, Au-Au @ 200 GeV 

• MAPS-based vertex detector 

• Time Projection Chamber 

• ECal + HCal 

Super Pioneering Hadron Electron Nuclear Interaction eXperiment

commissioning
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sPHENIX physics
examples

Projected uncertainties 
for nuclear suppression 

of various probes

Projected uncertainties 
for second-order azimuthal anisotropy 
of prompt and non-prompt D0 mesons
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LHC @ CERN

ALICE 3  
upgrade

ALICE 2  
upgrade

LHCb  
upgrade I(a)

LHCb  
upgrade II

ATLAS  
phase I upgrades

ATLAS  
phase II upgrades

CMS  
phase I upgrades

CMS  
phase II upgrades

LHCb  
upgrade Ib

ALICE 2.1  
upgradeALICE 1

LHCb

ATLAS

CMS

HL-LHC
High luminosity 
for ions

Higher luminosities for ions

All experiments have (planned) upgrades 
improving the performance for heavy-ion collisions

intermediate upgrade major upgrade

Run 1 
2009 - 2013

Run 2 
2015 - 2018

Run 3 
2022 - 2025

Run 4 
2029 - 2032

Run 5 Run 6 

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

LHC schedule

Collision systems

Large Hadron Collider

operational
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ALICE 2
Consolidation and readout 
upgrade of all subsystems

Inner Tracking System 

• 3 + 2 + 2 layers of 
MAPS (~10 m2) 

• improved vertexing 
at higher rates

Time Projection Chamber 

• new readout chambers: 
MWPC → GEM

Fast Interaction Trigger 

• new detectors

Muon Forward Tracker 

• MAPS-based tracker 
installed 

• vertexing in forward  
acceptance (muon arm)

➟ Continuous readout with Pb-Pb @ 50 kHz 

➟ Better vertexing (central and forward)

Run 1 Run 2 Run 3 Run 4 Run 5 Run 6

(not to scale)

Integrated on-/off-line system 

• continuous readout 
• GPU-based reconstruction 

parallel with data taking  
• online event selection

→ S. Beolé 
Thu 17:20

A Large Ion Collider Experiment

operational
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ALICE 2.1

➟ Continuous readout with Pb-Pb @ 50 kHz 

➟ Better vertexing (central and forward)

Run 1 Run 2 Run 3 Run 4 Run 5 Run 6

FoCal 

• FoCal-E: 
Si-W high-granular 
elm. calorimeter 

• FoCal-H: 
Cu-fibre  
hadronic calorimeter

FoCal-E

FoCal-H

Consolidation and readout 
upgrade of all subsystems

Inner Tracking System 

• 3 + 2 + 2 layers of 
MAPS (~10 m2) 

• improved vertexing 
at higher rates 

• ITS3 → Bent, wafer-scale  
monolithic pixel sensors  
for 3 innermost layers

Time Projection Chamber 

• new readout chambers: 
MWPC → GEM

Fast Interaction Trigger 

• new detectors

Muon Forward Tracker 

• MAPS-based tracker 
installed 

• vertexing in forward  
acceptance (muon arm)

Integrated on-/off-line system 

• continuous readout 
• GPU-based reconstruction 

parallel with data taking  
• online event selection

→ S. Beolé 
Thu 17:20

A Large Ion Collider Experiment

approved, 
R&D in progress
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ALICE 3
Vertex detector 

• Retractable detector 
Rin ≈ 5 mm 

• Wafer-scale monolithic  
CMOS sensors

Tracker 

• Monolithic CMOS sensors

Forward Conversion Tracker 

• Tracking disks (MAPS)

Elm. calorimeter 

• PbWO4 in central region 
• Pb/Sci for large acceptance

Muon ID 

• Iron absorber 
• Scintillating bars, WLS, SiPM

Time-of-flight detector 

• monolithic CMOS sensors 
with gain layer

Ring-imaging Cherenkov detector 

• Aerogel radiator 
• SiPM read-out

[CERN-LHCC-2022-009]

LHCC review of Letter of Intent 
completed March 2022

Run 1 Run 2 Run 3 Run 4 Run 5 Run 6

Superconducting  
magnet system

➟ Tracking and PID over large acceptance 

➟ Excellent vertexing  

➟ Continuous readout 

→ S. Beolé 
Thu 17:20

A Large Ion Collider Experiment

Letter of Intent 
R&D ongoing
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ALICE 3 vertex detector
• Conceptual study of iris tracker 

• minimise distance of first layer 
→ in beampipe, retractable 

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

• rotary petals (thin Be walls) 
for secondary vacuum

5 mm

25 mm

16 mm

35 mm

5x better than ALICE 2.1 
(ITS3 + TPC)
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Strategic R&D
• Silicon pixel sensors 

• thinning and bending of silicon sensors 
→ expand on experience with ITS3 

• exploration of new CMOS processes 
→ first in-beam tests with 65 nm process 

• modularisation and industrialisation 

• Silicon timing sensors 

• characterisation of SPADs/SiPMs 
→ first tests in beam 

• monolithic timing sensors 
→ implement gain layer 

• Photon sensors 

• monolithic SiPMs 
→ integrate read-out 

• Detector mechanics and cooling 

• mechanics for operation in beam pipe 
→ establish compatible with LHC beam 

• minimisation of material in the active volume 
→ micro-channel cooling

Unique and 
relevant technologies 

→ Synergies with 
LHC, FAIR, EIC, …
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Thermal radiation
• Precision measurements of dilepton spectra  
→ QGP temperature, imprints of chiral mixing in the QGP 

• Multi-differential measurements (pT, v2) 
→ temporal evolution
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Heavy-flavour transport
• Understand transport and thermalisation in the QGP 
→ measurements of DD̅ correlations and in the beauty sector  
→ statistics and vertexing

pD0

T > 4 GeV/c
2 < pD0

T < 4 GeV/c

cc ̅→ D0D̅0 correlations

Run 5 & 6
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Multi-charm baryons
• Expected enhancement of multi-charm states  

provides high sensitivity to equilibration 
→ systematic measurement of hadron yields  
→ luminosity, acceptance, vertexing, PID,  
strangeness tracking

1x charm
2x charm
3x charm

Run 5 & 6

Run 3 & 4

cd

ct

Λc
Ωc J/ψ

Ξcc

Ωccc

Hadron yields in statistical hadronisation model
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Nature of exotic states

• Characteristic sign-change between pp and Pb-Pb  
in case of bound Tcc state 

• Effect clearly visible within experiment precision

DD* momentum correlation

• Study interaction between hadrons trough 
momentum correlation 

• Carries information about existence  
of bound states



Heavy-ion upgrades | EuNPC, Oct 27, 2022 | Jochen Klein 27

Conclusions

• Heavy-ion experiments continue to produce exciting results 
(also beyond QGP physics) 

• Fundamental questions require further input from experiments 
at different energies to probe different parts of the phase diagram 

• Interesting upgrades ongoing/planned 
providing excellent prospects at various facilities

Thank you  
for your attention!
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Backup
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ATLAS phase II upgrades

New Inner Tracker (ITk) 
• hybrid silicon pixel  

and strip sensors

• coverage up to |η| < 4

Endcap calorimeters 
• higher granularity

Luminosity detectors

High-granularity  
timing detector 

• Based on LGADs

• PID with σTOF ≈ 35 ps

• Baseline trigger for HI

Electronics upgrades

➟ Extend tracker acceptance to |η| < 4 
➟ Time-of-flight PID 2.5 < |η| < 4 
➟ Endcap calorimeters with higher granularity

Run 1 Run 2 Run 3 Run 4 Run 5 Run 6

HL-ZDC 
• JZCaP (jointly with CMS)

• adapt to new optics

• increase radiation hardness 

• Reaction plane detector

Trigger and DAQ 

• L1 and HLT improvements

• Further upgrades

Muon system 
• New Small Wheels installed 
→ sTGC + MicroMegas


• New muon chambers

LAr calorimeter 

• Segmented super-cells:  
shower-shape discrimination 
at trigger level
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CMS phase II upgrades

Endcap calorimeter 
• High-granular ECal + HCal 
→ 4d showers (σt ≈ 20 ps)

MIP timing detector 
• barrel: LYSO + SiPMs

• endcaps: LGADs

• σTOF ≈ 30 ps

New readout for muon system

➟ Charged particle tracking up to |η| < 4, muons up to |η| < 3 
➟ Time-of-flight PID up to |η| < 3  
➟ High-precision vertexing 
➟ Wide coverage calorimetryL1 trigger, HLT, DAQ

Run 1 Run 2 Run 3 Run 4 Run 5 Run 6

Tracker 
• inner: hybrid silicon pixels

• outer: hybrid silicon pixels + 

strips

HCal 

• HPD → SiPMs

Luminosity detectors HL-ZDC 
• JZCaP (jointly with CMS)

• adapt to new optics

• increase radiation hardness 

• Reaction plane detector

Forward muon system 

• All GEM chambers

• new frontend electronics for 

CSC endcaps
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LHCb Upgrade II
[CERN-LHCC-2021-012]

LHCC review of Framework TDR 
completed in March 2022

Run 1 Run 2 Run 3 Run 4 Run 5 Run 6

Tracking 

• new Upstream Tracker (timing)

• Mighty Tracker (SciFi + silicon)

• Magnet stations (possibly) 
→ pT below 5 GeV/c

RICH 

• RICH1 and RICH2

• precision timing

Calorimeters 

• SPACAL or Shashlik

• precision timing

Muon stations 

• M2 - M5

• additional shielding 

(instead of HCal)

TORCH 

• Time-of-flight wall

• precision timing

Fixed target 

• possible extension with 
polarised gas target, 
solid target ➟ No centrality limitation for AA 

➟ Excellent vertexing capabilities

Vertex Locator 

• new VELO

• precision timing

Run 5 infrastructure 

• engineering, mechanical 
support, shielding

https://cds.cern.ch/record/2776420?ln=en

