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The long term LHC schedule (1)
• The European strategy for particle physics recommends the full exploitation the LHC 

including its heavy-ion program.

• A new era for heavy-ion physics at the LHC is about to start: the completion of the 
ALICE upgrades in LS2 (ALICE 2) together with high intensity Pb-ion running will
allow to collect 100x the min bias statistics with respect to Run 1 & 2 at 
unprecedented precision.

• For the pp community, the big game changer will come in 2029 with the High
Luminosity LHC operation (HL-LHC) after the completion of the Phase II upgrades in 
ATLAS and CMS.

Many thanks to M. v. Leeuwen
& J. Klein for providing most of

the slides for this talk!

https://home.cern/sites/default/files/2020-06/2020%20Update%20European%20Strategy.pdf
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The long term LHC schedule (2)

[slide from J. Klein, QM 2022]

https://indico.cern.ch/event/895086/contributions/4615176/attachments/2424470/4150512/2022-04-10-QM-Future_LHC_exp-jkl-v1.pdf
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Evolution of LHC experiments

[slide from J. Klein, QM 2022]

https://indico.cern.ch/event/895086/contributions/4615176/attachments/2424470/4150512/2022-04-10-QM-Future_LHC_exp-jkl-v1.pdf
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Heavy-ion running in LHC Run 5 & 6
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ALICE 3:
the dedicated heavy-ion experiment for 

LHC Run 5 & 6
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ALICE 3 detector concept
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Vertexing
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Outer tracker
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Time of flight
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Ring-imaging Cherenkov
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Electromagnetic calorimeter
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Muon identifier
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Electromagnetic radiation
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Dielectrons: chiral symmetry and thermal emission
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Heavy flavour transport
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DDbar azimuthal correlations
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Hadron formation
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Multi-charm baryons
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Net-proton fluctuations
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ALICE 3:
so much more than 

“traditional” heavy-ion physics
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Hypertriton lifetime and binding energy

à Most precise measurements are done at the LHC and not at dedicated 
low energy facilities!

[ALICE, arXiv:2209.07360]

https://arxiv.org/pdf/2209.07360.pdf
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Hypertriton production and its size

[B. Mueller, arXiv:2209.00070]

https://arxiv.org/abs/2209.00070
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Exotic bound states

à A new way of thinking! Use a system size scan from pp to heavy-ion collisions to elucidate the
structure of exotic bound states!



25

Other bound states: Quarkonia
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gc

gc2
gc3

[A. Andronic et al., JHEP 07 (2021) 035]

Thermal production of charm particles
• Charm particle production 

rates are expected to be 
enhanced by the factor of the 
charm fugacity gc ≈ 30 
(including charm nuclei).

• This makes multi-charm 
observable at LHC energies 
despite small branching ratios.

• Excellent synergy between 
charm and anti-nuclei physics: 
anti- and hyper-nuclei provide 
the baseline to measure gc
with multi-charm hadrons!

Predictions of statistical-thermal hadronization model
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Charm nuclei: the c-deuteron
Impact parameter distributions Invariant mass distribution

Decay channel:

Unique sensitivity to undiscovered charm-nuclei:
charm-deuteron and higher nuclear states
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Antinuclei production in b-quark decays (1)

[M. Winkler, T. Linden, PRL 126 (2021)]

à Anti-3He originating from Λb decays from dark matter annihilation might lead to an enhanced flux of 
anti-3He near earth.
à Accelerator based experiments like ALICE are in the best position to determine the branching ratios 

of these rare decays. 
à Precise dca-resolution of ALICE 3 is key to perform the measurement. First layer in beam-pipe 

removes all potential ambiguities from Moliere scattering that are difficult to simulate.

[ALICE 3 Letter of Intent]
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Antinuclei production in b-quark decays (2)

After LHC Run 3 & 4, we will have understood the formation mechanisms of A < 5 anti- and hyper-
nuclei from collisions, but will only start to probe their production in b-quark decays. Run 5 & 6 will 

provide the definitive answer.
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Nuclear structure ?

à Thanks to Y. Zhou for providing the input!
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Summary and conclusion
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Summary and conclusion

• Keep one thing in mind: the LHC will be the only very high energy
hadron-hadron collider for many many years to come.

• It is our duty to fully exploit it! It is the only place where a high energy 
heavy-ion program can be pursued in the foreseeable future.

• ALICE 3 offers a unique opportunity to fully complete the heavy-ion 
physics program at very high energies. This does not only include 
traditional heavy-ion physics topics, but also the new avenues 
discussed at this and similar workshops!
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Thank you!
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Planning


