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Run 3 data taking
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Large heavy-ion data sample collected 

in 2023; first results shown at conferences

Recorded Pb-Pb luminosity
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ALI-PERF-581127

Recorded p-p luminosity

Large pp samples collected (with offline trigger selections)

2024 data taking progressing very well
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Run-3 physics performance examples
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Impact parameter resolution Heavy flavour mesons
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LS2 upgrades: improved pointing resolution and larger data samples
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ALI-PREL-571534

Run 3 results: charm baryon resonance production: Σ0,++
c
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Σ0,++
c → Λc π  yield ratio vs pTΣ0,++

c

Similar yield of both resonances

Not described by Pythia hadronisation


in line with statistical model expectation

ALI-PREL-574270
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Run 3 Pb-Pb results: elliptic flow
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ALI-PREL-581279

ALI-PREL-570455
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Asymmetric initial state 
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momentum asymmetry

Heavy flavor meson v2  meson v2
3He

Improved precision constrains formation mechanism

More results shown at SQM, LHCP, ICHEP, Hard Probes this summer

Some based on partial statistics — analysis of full sample ongoing
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ALICE upgrade projects
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ALICE 3 LoI:  
CERN-LHCC-2022-009 

LS3 upgrades

Forward Calorimeter ITS 3

LS4: ALICE 3

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2034 20352032 2033

LHC 
LS2

LHC  
Run 3

LHC 
LS3

LHC  
Run 4

LHC 
LS4

LHC  
Run 5

ALICE 3ALICE 2 ALICE 2.1

2036

NB: schedule update: LS3 moved by half a year

TDR approvedTDR approved

2037 

https://cds.cern.ch/record/2803563
https://alice-publications.web.cern.ch/node/9680
https://alice-publications.web.cern.ch/node/8917
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Forward Calorimeter upgrade

Forward Calorimeter upgrade: 3.4 < η < 5.8

• High-granularity Si-W electromagnetic calorimeter

• Hadron calorimeter: Cu-scintillator   


• Goal: determine small-x gluon density in the nucleus  
by measuring forward production of isolated direct 
photons, 𝜋0, jets …

7

Prototype test campaigns at PS and SPS

• Pad sensors + readout validated

• p-type sensors from Indian vendor being 

tested

• Pixel readout validated

• HCAL readout with H2GCROC validated FoCal-E 

W-Si pad + pixels

FoCal-H 
Cu + scintillator
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FoCal physics program
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High granularity to  
reject decay background

High precision direct photon measurements down to low pT 
to constrain gluon density down to small x ≈10-5
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Larger program: 𝜋0, jets, UPC
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LS3 upgrades: ITS 3 — ultra-light fully cylindrical tracking layers
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Replace inner 3 tracking layers with ultra-light tracking layers

• Large area sensors, curved around beam pipe, carbon foam 

support 

Improved pointing resolution for


• Heavy flavour reconstruction

• Di-lepton measurements

Λc significance

Curved sensor bonding test

Impact parameter resolution

ITS3 TDR

https://alice-publications.web.cern.ch/node/9680
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ITS3 R&D

• Development of stitched sensors: 65 nm technology


• Engineering runs (MLR1, ER1) completed 
optimise design, test stitching


• Mechanical prototypes produced


• Air cooling strategy tested and validated

10

Engineering model  
for thermal tests

Air cooling test setup

ITS3 LoI: 
 CERN-LHCC-2019-018

Handling of stitched structures

MLR1 efficiency and fake rate

https://cds.cern.ch/record/2703140/
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LHC Run 5 and 6: ALICE 3

11

Upgrades: improvements in 
precision, rate, acceptance

Retractable vertex tracker

ALICE 3 Letter of Intent 
(CDS:  LHCC-2022-009)

• Compact all-silicon tracker with high-resolution vertex 
detector: 
excellent pointing resolution


• Particle Identification over large acceptance: muons, 
electrons, hadrons, photons


• Fast read-out and online processing

https://inspirehep.net/literature/2176715
https://cds.cern.ch/record/2803563
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Temperature of the QGP: electromagnetic radiation

Light flavour hadron abundances consistent with common chemical freeze-out

• Limiting temperature: ~155 MeV

Electromagnetic radiation gives access to temperature of QGP before hadronisation

• Cleanest signal: dilepton pairs

• Expected T at LHC: 300-400 MeV

12

Temperature 
from hadron abundances 

‘chemical freeze-out’

Projected temperature 
from electromagnetic radiation

T vs energy
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Unique access to time evolution of 
temperature  

via v2, pT dependence of T
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Heavy-flavour transport: DD̅ azimuthal correlations

• Angular decorrelation directly probes QGP scattering

• Signal strongest at low pT


• Very challenging measurement:  
need good purity, efficiency and η coverage 
→ heavy-ion measurement only possible with ALICE 3

13

c

c

Charm azimuthal correlations

S. Cao et al., private com
m

.,  
based on PLB 838 (2023) 137733
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Heavy-flavour transport: DD̅ azimuthal correlations

• Angular decorrelation directly probes QGP scattering

• Signal strongest at low pT


• Very challenging measurement:  
need good purity, efficiency and η coverage 
→ heavy-ion measurement only possible with ALICE 3
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pD0

T > 4 GeV/c
2 < pD0

T < 4 GeV/c

ALICE 3 projection:  correlations DD

ALICE Run 3 + 4 projection

S. Cao et al., private com
m

.,  
based on PLB 838 (2023) 137733
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Hadron formation: multi-HF hadrons
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1x charm
2x charm
3x charm

Run 5 & 6

Run 3 & 4

cd

ct

Λc
Ωc J/ψ

Ξcc

Ωccc

Multi-charm baryons: unique probe of hadron formation

Statistical hadronisation model: very large enhancement in AA

• Specific relation between yields:  for n-charm states gn

c

Yield vs mass

Ωccc

A Andronic et al, JHEP 07 (2021) 035 
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Heavy-ion collisions as a laboratory for hadron physics
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Figure 1: Distribution of D0D0⇡+ mass. Distribution of D0D0⇡+ mass where the contribu-
tion of the non-D0 background has been statistically subtracted. The result of the fit described
in the text is overlaid.

The function is built under two assumptions. Firstly, that the newly observed state has
quantum numbers JP = 1+ and isospin I = 0 in accordance with the theoretical expecta-
tion for the T+

cc ground state. Secondly, that the T+
cc state is strongly coupled to the D⇤D

channel. The derivation of FU relies on the isospin symmetry for T+
cc! D⇤D decays

and explicitly accounts for the energy dependency of the T+
cc! D0D0⇡+, T+

cc! D0D+⇡0

and T+
cc! D0D+� decay widths as required by unitarity. Similarly to the FBW profile,

the FU function has two parameters: the peak locationmU, defined as the mass value where
the real part of the complex amplitude vanishes, and the absolute value of the coupling
constant g for the T+

cc! D⇤D decay.
The detector mass resolution, R, is modelled with the sum of two Gaussian functions

with a common mean, and parameters taken from simulation, see Methods. The widths
of the Gaussian functions are corrected by a factor of 1.05, that accounts for a small
residual di↵erence between simulation and data [39,104,105]. The root mean square of
the resolution function is around 400 keV/c2.

A study of the D0⇡+ mass distribution for selected D0D0⇡+ combinations in the region
above the D⇤0D+ mass threshold and below 3.9GeV/c2 shows that approximately 90% of all

3

• Several exotic heavy flavour states identified


• Loosely bound meson molecule or tightly bound tetraquark?


• Study binding potential with final state interactions 
‘femtoscopic correlations’

vs

: nature of D0D*0 χc1(3872)

Bound states produce specific pattern vs system size

 discoveryT+
cc

LHCb, Nat Phys 18 (2022) 7, 751
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Other physics topics

• Susceptibility of the QGP: net-baryon fluctuations


• Resonance production in Ultra-peripheral 
collisions


• ALP search in 𝛾𝛾


• Measurements of ,  


• Production of nuclei in  decays


• Search for charm-nuclei


• Ultra-soft photons: Low’s theorem

χc χc1

Λb →3 He
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ALICE 3 R&D
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Outer Tracker  

Module, stave and barrel 
design, air cooling system, 
module assembly for 
industrial production 


Superconducting magnet 
● Design

● SC cable options: Cu stabilized Nb/Ti, 

Al stabilized Nb/Ti, MgB2 


Inner Tracker 
• vertex IRIS retractable system: mock-ups of petals and rotation system, 

primary and secondary vacuum systems design CO2 cooling studies

• middle layers: module design, ultra-light version with stitched sensor
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ALICE 3 R&D
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TOF 
sensor technologies under study: 

● hybrid LGAD

● monolithic CMOS LGAD

● SiPM

●

RICH 
● aerogel Cherenkov radiator

● SiPM radiation hardness

● SiPM timing properties for MIP 

detection (combined TOF 
measurement)

MID 
technologies under study: 

● scintillators + SiPM

● multi-wire chambers

● resistive plate chambers 
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Summary

• Run 3 data taking: large data samples, improved momentum resolution open new 
physics opportunities


• LS3 upgrades: ITS3 and FoCal progressing well


• ALICE 3: unique physics program enabled by


• Excellent pointing resolution


• Increased rapidity coverage and rate


• Excellent PID

19

An interesting and productive week ahead!
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Summary

• Run 3 data taking: large data samples, improved momentum resolution open new 
physics opportunities


• LS3 upgrades: ITS3 and FoCal progressing well


• ALICE 3: unique physics program enabled by


• Excellent pointing resolution


• Increased rapidity coverage and rate


• Excellent PID

19

An interesting and productive week ahead!

Upgrade events in 2025:

- ALICE 3 Days, 17-19 February

- ALICE 3 Days, 19-21 May

- Upgrade week, 29 Sept-3 Oct



Thank you for your attention
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ITS3 impact parameter resolution
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Transverse Longitudinal
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ALICE LS3 upgrades: Forward Calorimeter

• Prototype tests at PS, SPS:

• ECAL pad and pixel layers

• HCAL Cu-scintillator spaghetti design


• Analysis ongoing — encouraging first results

22
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Impact parameter resolution — HF benchmarks
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ALICE 3: an ambitious physics program …
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ALICE upgrades strategy
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Large steps in pointing precision  
and “effective acceptance”

+ 

Keep/strengthen ALICE unique reach  

in particle identification
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Chiral symmetry restoration:  mixingρ − a1

• Spontaneous breaking of chiral symmetry generates hadron masses in QCD

• Large mass difference between 

  (770 MeV) and  (1260 MeV)

• Chiral symmetry restored in QGP 

•  and  degenerate: mixing

• ALICE 3 provides experimental access to chiral symmetry restoration 

mechanism

ρ a1

ρ a1
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Hohler and Rapp, PLB 731,103 ALICE 3 provides necessary precision

https://arxiv.org/pdf/1311.2921.pdf
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Heavy flavour transport: elliptic flow v2

Heavy quarks: access to quark transport at hadron level 
• Expect beauty thermalisation slower than charm — smaller v2


• Need baryons and mesons to disentangle hadronisation effects: interplay with light 
quarks

27
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Hadron formation: multi-HF hadrons

28ALICE Upgrades | Upgrade Week 7-11 Oct 2024 | MvL
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2x charm
3x charm
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Run 3 & 4
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Multi-flavour mesons: Bc, Ds, Bs, … 

Tightly/weakly bound states J/𝜓, , 


Large mass light flavour particles: nuclei

χc1(3872) T+
cc

• Multi-charm baryons: unique probe of hadron formation

• Statistical hadronisation model: very large enhancement in AA


• Specific relation between yields:  for n-charm states 


• How is thermalisation approached microscopically?

• Measure multiple states to probe dynamics of thermalisation 

and hadronisation

gn
c
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Multi-charm baryons
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New technique: strangeness tracking  

Ξ++
cc → Ξ+

c + π+ Ξ+
c → Ξ− + 2π+
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Multi-charm baryons
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Net-baryon fluctuations
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3Mesut	Arslandok,	Yale	UniversityALICE	3	Review,	22.10.2021
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ALICE	1-2

ALICE	3

Second cumulant vs η coverageBaryon ID coverage
Projection for 6th cumulant 

ALICE 3: much larger  
baryon ID coverage  

in pT and η

Second cumulant probes baryon 
number conservation — ‘correlation distance’

Higher cumulants: sensitive to  
baryon number susceptibility  

and critical behaviour
4σ observation in reach with ALICE 3
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Quarkonia and χc1(3872)
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Charm azimuthal correlations

32

EPOS4HQ, in prep.

S. Cao et al.,

private comm.,


based on 

 PLB 838 (2023) 

137733


