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This talk:
➢ Short report on the consensus view, as expressed in the 

Town meeting: Heavy-Ion and QGP Physics, 17 Feb 2025
➢ General remarks that frame the following discussion on 

inputs and benchamrsk for the ESPP2025



Town meeting: heavy ion and QGP physics at CERN
Consensus report linked to https://indico.cern.ch/event/1483832/

Following the procedure established for previous Strategy Updates in 
2012 and 2018, a one-day Town Meeting was held on 17 February 2025 
to  formulate a consensus view of the entire scientific community with 
research focus on ultra-relativistic heavy ion collisions. 

Following the charge of this Strategy Update, the meeting focussed on 
the scientific opportunities with ion beams at the HL-LHC and at CERN 
fixed-target experiments.

Town meeting orgainzers: Roberta Arnaldi, Yen-Jie Lee, Alexander 
Milov, Raimond Snellings, Urs Wiedemann, Michael Winn



1st main conclusion of the town meeting

The top priority for quark matter research in Europe is to fully 

exploit the physics opportunities presented by nuclear beams 

throughout the entire HL-LHC program.



Other main conclusions of the town meeting
2. Physics opportunities with fixed-target experiments

“… exploiting recent advances in detector technologies and extending the collision energy 
range toward lower energy, there are ample opportunities for a new generation of precision 

measurements to address central questions about the QCD phase diagram … ”
Endorsement of NA60+ project, NA61/SHINE, role of CBM towards lower energies

3. Ions at CERN’s accelerator complex
“… a second heavy ion source and upgrade to the heavy ion comples would greatly enhance 
the scientific potential of collider and fixed target program … “
Mentioning of interest in lighter ion species.

4. Physics opportunities at FCC-hh
“… the design choices for FCC-hh and its injectors should allow for the possibility to inject 
heavy ions …” 

5. Dedicated support for theoretical research



Some further general remarks on nuclear beams 

at HL-LHC



Heavy-ions at the LHC: 15 years of success and discovery

Synergies with high energy physics
➢ Science           (related fundamental questions and techniques) 
➢ Technology    (common detectors, common R&D)
➢ Sociology        (same collaborations advance HEP and HIP)

A community of > 1000 heavy-ion physicists has added weight and extended the 
scientific scope of the high-energy physics flagship project. ESPP2026 is an opportunity 
to document how this success story can be continued throughout the HL-LHC.



Physics in reach after LHC run 4

Full exploitation of LHC as a heavy ion collider requires new detector: ALICE3 

Despite  strong progress, crucial questions will remain unanswered after run 4.
Upgraded ATLAS, CMS and LHCb maintain physics reach beyond run 4.
The scientific opportunities in reach of HL-LHC include:

➢ How do heavy quarks thermalize?
Unique access to partonic equilibration phenomena, transport properties.

➢ Access to chiral symmetry restoration via dilepton measurements. 
Crucial property of the only phase transition of fundamental quantum 
fields  that is testable in the laboratory. 

➢ Much more: … hadron-hadron interaction potentials … 













END

Back-up slides …



ALICE 3 LoI: CERN-LHCC-2022-009

Scoping Document now in preparation

Upgrades and long-term synergies with particle physics
R&D for ALICE3 & LHCb phase II upgrades aligned 
with the long-term strategic needs identified in the 
ECFA Detector R&D roadmap. 

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


After run4:  example charmed hadrons
➢ In runs 3&4: hypernuclei up to A=4, 

single charm states (c=1)

➢After run4: hypernuclei A>4, multi-charm states

Unique access to charm thermalization and hadronization dynamics. 



After run4:  QGP temperature via dileptons

➢ Leptonic T-measurement
measures QGP radiation
(not T at hadronization) 

➢ T-measurement via a 
Lorentz-invariant mee

(not subject to blueshift)

➢ Milestone on the path to the extremely challenging measurement of medium-
modified rho and a1 spectral functions (chiral symmetry restoration). 



Unique opportunites for high-luminosity heavy ion collisions
➢Exploiting opportunities of boosted 

topologies in the QGP 

Attems et al. PRL 132 212301 (2024)

➢ How are parton-splitting functions modified by the QGP?

➢ How do jets evolve towards equilibrium?

➢Exploiting Z-boson triggered jets 
for precision measurements of
parton energy loss.  

➢ Access to QCD formation times.



➢ Potential: much enhanced precision on initial conditions.
➢ Short runs addresse fundamental questions about the 

emergence of collectivity with system size.
➢ Longer runs: unique rate capabilities
➢ pO , pA collisions: unique npdf constraints prior to EIC, also 

informs cosmic ray physics


