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ALICE experiment at the LHC
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ALICE at LHC Run 3 (2022–Jul 2026)
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The 2nd generation inner tracking system (ITS2)
➡ 7 layers MAPS detector, the innermost layer 

closer to interaction point

Time projection chamber (TPC)
➡ New readout: MWPC → GEM

Fast integration trigger (FIT)
➡ Event trigger, luminometer, 

EP reconstruction

Readout of most detectors are 
upgraded to allow continuous readout

• pp data taking at 500 kHz 

• Pb–Pb data taking up to 50 kHz 

• Improved vertexing 

• Improved tracking at low pT

Muon forward tracker (MFT)

Zero-degree calorimeter (ZDC)
➡ First order event plane (EP) 

determination via measurement 
of spectator fragments

➡ 5 planes of MAPS, vertexing 
for forward rapidity muons



ALICE date taking in Run 3
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pp: 8 trillion MB events

×1000 more than Run 1+2

Pb–Pb: 52 billion MB events

×160 more than Run 1+2
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ALICE Performance, Run 3

 = 5.36 TeVNNs  Pb, −Pb

Recorded

2023: 1.55 1−nb

2024: 1.54 1−nb

2025: 1.99 1−nb

2026: 1.83 1−nb
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ALICE date taking in Run 3
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pp: 8 trillion MB events

×1000 more than Run 1+2

Lint MB events

p–O 7.27 nb-1 3×109

OO 5.01 nb-1 6×109

Ne–Ne 0.84 nb-1 109

Pb–Pb: 52 billion MB events

×160 more than Run 1+2



Charged particle density
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ALI-PREL-610448
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• Energy density from Bjorken estimation

J. D. Bjorken, Phys. Rev. D27 (1983) 140

➡ LHC Pb–Pb: ε ~ 18 GeV/fm3

➡Much higher than deconfinement 

condition: ε ~ 1 GeV/fm3

• Energy dependence in line with expectation 
from lower energies

➡ Including also OO and Ne–Ne collisions

➡ Important validation of upgraded detectors

Pb–Pb 
√sNN = 5.36 TeV

See also ALICE arXiv:2504.02505
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Jet quenching in QCD medium
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JETSCAPE Phys. Rev. C104 (2021) 024905

RHIC Au+Au √sNN = 200 GeV 
STAR Phys. Rev. Lett. 91 (2003) 172302 

PHENIX Phys. Rev. Lett. 101 (2008) 232301

PHENIX Phys. Rev. C87 (2013) 034911

LHC Pb–Pb √sNN = 2.76 GeV

ALICE Phys. Lett. B696 (2011) 30

ALICE Phys. Lett. B720 (2013) 52

CMS Eur. Phys. J. C72 (2012) 1945

ATLAS Phys. Lett. B748 (2015) 392

ATLAS Phys. Lett. B719 (2013) 220

LHC Pb–Pb √sNN = 5.02 GeV

ALICE JHEP 1811 (2018) 013

CMS JHEP 1704 (2017) 039

ATLAS Phys. Lett. B763 (2016) 313



Jet induced diffusion wake
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Jet induced diffusion wake
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Jet induced diffusion wake
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JetDiffusion 
wake
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Jet induced diffusion wake
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JetDiffusion 
wake

ALICE Phys. Rev. Lett. 133 (2024) 022301

Acoplanarity increases with R at low pT 


➡Diffusion wake signature

➡Scattering is debatedSee also ALICE arXiv:2606.20061 

ALICE Phys. Lett. B864 (2025) 139409
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RAA and v2 of D mesons at the LHC
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ALICE JHEP 2201 (2022) 174

ALICE Phys. Lett. B813 (2021) 136054
CMS Phys. Lett. B816 (2021) 136253

CMS Phys. Lett. B782 (2018) 474

TAMU Phys. Rev. Lett. 124 (2020) 042301

LIDO Phys. Rev. C100 (2019) 064911

PHSD Phys. Rev. C92 (2015) 014910

DAB-MOD Phys. Rev. C102 (2020) 024906

MC@sHQ+EPOS2  Phys. Rev. C89 (2014) 014905

Catania Phys. Lett. B805 (2020) 135460

LBT Phys. Lett. B777 (2018) 255

POWLANG-HTL JHEP 1802 (2018) 043

LGR Eur. Phys. J. C80 (2020) 671



Charm quark transport
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2 4 6 8 10 12 14 16 18 20

 155 MeV ≈ cT at cTsDπ2

ALICE, JHEP 01 (2022) 174

ALICE, PLB 813 (2021) 136054

STAR, PRL 118 (2017) 212301

, PRD 85 (2012) 014510et al.lQCD, D. Banerjee 

, PRD 86 (2012) 014509et al.lQCD, H.T. Ding 

, PRD 103 (2021) 014511et al.lQCD, L. Altenkort 

ALI−DER−499016

1.5 < 2πDs(T) < 4.5, τcharm = (mcharm / T) Ds(T) = 3–9 fm/c < τmedium ≈ 10 fm/c 
➡︎ Indicate charm may thermalize in the QCD medium
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Hot QCD Phys. Rev. Lett. 132 (2024) 051902



Charmed hadron flow
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Run 3



Charmed hadron flow
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D0

D+

π±

Ds+

Λc+

ALICE arXiv:2603.18966

Run 3 Intermediate and high-pT 
v2(Λc+) > v2(Ds+) ≈ v2(D0) ≈ v2 (D+) ≈ v2(π±)


➡ Strong evidence of coalescence


Low and intermediate–pT 
v2(Ds±) < v2(D0) ≈ v2 (D±) < v2(π±)


➡ Sequential hadronization

Collectivity in oxygen-oxygen collisions: v2 of identified hadrons

ICHEP 2026 - ALICE Highlights 10

• Low pT: mass ordering
• Intermediate pT: baryon/meson grouping

• Indication of partonic medium expanding under 
a common velocity field: also observed in Pb-Pb

mesons

baryons

common
velocity

• Anisotropic flow: preferential particle emission
• quantified via a Fourier decomposition:

• Leading term: v2, “elliptic flow”
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Spatial anisotropy → momentum anisotropy

OO

See Alexian Lejeune, 30/08 at 11:30am

NEW



Charmed hadron flow
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ALICE arXiv:2603.18966

Run 3 Intermediate and high-pT 
v2(Λc+) > v2(Ds+) ≈ v2(D0) ≈ v2 (D+) ≈ v2(π±)


➡ Strong evidence of coalescence


Low and intermediate–pT 
v2(Ds±) < v2(D0) ≈ v2 (D±) < v2(π±)


➡ Sequential hadronization
Zhuang et al., Phys. Rev. Lett. 136 (2026) 232301


Springer Proc. Phys. 250 (2020) 275

Further reveal transport dynamics of 
heavy quarks in the QGP medium 

and provide high-precision 
microscope tomography of the QGP



Ξc production in Pb–Pb
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ALI-PUB-639067

Both Ξc0/Ds+ and Ξc0/Λc+ ratios are enhanced Pb–Pb compared to pp

➡︎ Challenging the model predictions

ALICE arXiv:2607.17903



Ds+/D+ ratio vs. multiplicity
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Ds+/D+ ratio vs. multiplicity
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➡ LHCb measurements in 

different rapidity



Ds+/D+ ratio vs. multiplicity
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pp Consistent with LEP 
and independent on pT 
and multiplicity

Pb–Pb Increase 
with multiplicity at 
intermediate-pT

p–Pb Steeper increasing

➡ LHCb measurements in 

different rapidity

Light-ion systems are 
important to fill the gap

What is the particle production 
mechanism cross systems?



Baryon/meson grouping
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ALI-PUB-588336

Pb–Pb

ALICE Nat. Comm. 17 (2026) 2585

Collectivity in oxygen-oxygen collisions: v2 of identified hadrons

ICHEP 2026 - ALICE Highlights 10

• Low pT: mass ordering
• Intermediate pT: baryon/meson grouping

• Indication of partonic medium expanding under 
a common velocity field: also observed in Pb-Pb

mesons

baryons

common
velocity

• Anisotropic flow: preferential particle emission
• quantified via a Fourier decomposition:

• Leading term: v2, “elliptic flow”
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Spatial anisotropy → momentum anisotropy

OO

See Alexian Lejeune, 30/08 at 11:30am

NEW



Baryon/meson grouping cross systems
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• Baryon/meson grouping also observed in high-multiplicity pp and p–Pb


• Evidence of high-multiplicity p–Pb and pp include partonic collectivities

ALI-PUB-588336

Pb–Pb p–Pb

pp

ALICE Nat. Comm. 17 (2026) 2585



QGP signature in OO
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ALI-PREL-635353

Nuclear modification factor of 
charged particle jets in OO

➡Exceed suppression at low pT 

than p–Pb

Pb–Pb

OO

p–Pb

See also ALICE arXiv:2606.19967



ALI-PREL-623904 ALI-PREL-635195

QGP signature in OO and Ne–Ne

26

ALI-PREL-635353

Nuclear modification factor of 
charged particle jets in OO

➡Exceed suppression at low pT 

than p–Pb

Pb–Pb

OO

p–Pb

Elliptic flow in OO and Ne–Ne


• Mass ordering at low-pT


➡Collective expansion of the medium


• Baryon/meson grouping at intermediate pT


➡Driven by quark constituents

OO Ne–Ne

See also ALICE arXiv:2606.19967



ALI-PREL-633454

ALI-PREL-624137

Particle production cross systems

27

Crucial input to the study of the 
relationship between many-body QCD 
phenomenology and QGP signatures



Geo-driven flow in OO and Ne–Ne
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Light ion collisions to bridge the gap: flow

19C. Oppedisano, 111° Congresso Nazionale SIF, Palermo, 22-26 settembre 2025

v2 Ne/O ratio in central collisions is sensitive to the nuclear 
structure ➧ the enhancement at small centrality values 
reveals a deformed shape of 20Ne

ALICE, arXiv 2509.06428

➧ v2 and v3 >0 with weak centrality dependence,  
well described by geometry-induced hydrodynamic  
predictions 

(Ne-Ne + He-Ne) / Ne-Ne

Glauber

• Experimental assessment through time dependence 
of multiplicity distributions and observables
– Good benchmark: time dependence of primary-vertex 

contributors (tracks in a reco. vertex)
– He-O collisions have lower 

multiplicity than O-O
• Comparison with Glauber

– O: no or very little contamination 
– Ne: 2% He after 10 hours

• ZDC studies ongoing

21

Transmutation (experiment)

ALICE Results in Small Systems and Light Ions - Jan Fiete Grosse-Oetringhaus

P(primary vertex contributors)

Low multiplicity 
increases with time

Ne-Ne

Ratio to start of fill

Ne-Ne: 10 hrs

O Ne

Ne-Ne: 5.5 hrs

OO: 5.5 hrs

ALICE arXiv:2509.06428

S. Zhang, Y.-G. Ma et al., Phys. Rev. C95 (2017) 064904

W.-B. He, Y.-G. Ma et al., Phys. Rev. C94 (2016) 014301v2 Ne–Ne/OO ratio enhancement at small centrality


➡Reveals a deformed shape of 20Ne

High energy nuclear collisions provide “snap-shoot” for the initial nuclear geometry

(Ne-Ne + He-Ne) / Ne-Ne

Glauber

• Experimental assessment through time dependence 
of multiplicity distributions and observables
– Good benchmark: time dependence of primary-vertex 

contributors (tracks in a reco. vertex)
– He-O collisions have lower 

multiplicity than O-O
• Comparison with Glauber

– O: no or very little contamination 
– Ne: 2% He after 10 hours

• ZDC studies ongoing
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Transmutation (experiment)

ALICE Results in Small Systems and Light Ions - Jan Fiete Grosse-Oetringhaus

P(primary vertex contributors)

Low multiplicity 
increases with time

Ne-Ne

Ratio to start of fill

Ne-Ne: 10 hrs

O Ne

Ne-Ne: 5.5 hrs

OO: 5.5 hrs

See also ALICE Phys. Lett. B869 (2025) 139855
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Z.-T. Liang and X.-N. Wang, Phys. Lett. B629 (2005) 20

STAR Nature 614 (2023) 244

Vorticity ( ) ➡︎ polarization independent on charges


Magnetic Field ( ) ➡︎ charge-dependent polarization

⃗ω
⃗B

[F. Becattini et al., Phys. Rev. C95 (2017) 054902]
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• PH ~ 0 within large uncertainties
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New ALICE Run 3


• First observation of polarized Λ at 
LHC energies with 5σ


• ω ~ 1020 s-1 at the LHC

➡ω ~ 1021 s-1 at RHIC

➡Consistent with the empirical 

prediction based on dv1/dy
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Polarization along the beam direction
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L.-G. Pang, Q. Wang, X.-N. Wang el al.
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S. A. Voloshin, T. Niida
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New Run 3 results compare to model
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Good agreement between data and model including

➡Shear-induced polarization

➡Assuming a temperature dependent bulk viscosity ζ/s (par III)

➡An isothermal hadronization hypersurface

100 200 300
T [MeV]

0.0

0.1

0.2

0.3

0.4

≥/
s

Bulk Viscosity Parametrizations

Param I

Param II

Param III

Run 3

ALICE arXiv:2606.18070
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B. Fu et al., Phys. Rev. Lett. 127 (2021) 142301
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Polarization induced by triangle flow
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Pz,s3

Pz,s2

ALICE arXiv:2606.18070 ALICE Phys. Rev. Lett. 116 (2016) 132302

• Pz,s3 is compatible with Pz,s2, despite the v3 is smaller v2

➡Similar relations is observed by STAR

➡Model predictions are needed to interpret these results

[STAR Phys. Rev. Lett. 131 (2023) 202301]

v2

v3



)c (GeV/
T

p

1 2 3 4 5

0
0

ρ

0.1

0.2

0.3

0.4

0.5 Random plane
*0K

(e)

ALICE

| < 0.5y|

1 2 3 4 5

0
0

ρ

0.1

0.2

0.3

0.4

0.5 Production plane
*0K

(c)
1 2 3 4 5

0
0

ρ

0.1

0.2

0.3

0.4

0.5 Event plane
*0K

(a)

)c (GeV/
T

p

1 2 3 4 5

0
0

ρ

0.1

0.2

0.3

0.4

0.5Random plane

φ

50%)-Pb (10-Pb

pp

40%)-Pb (20-, PbS
0K

(f)
1 2 3 4 5

0
0

ρ

0.1

0.2

0.3

0.4

0.5Production plane

φ

(d)
1 2 3 4 5

0
0

ρ

0.1

0.2

0.3

0.4

0.5Event plane

φ

(b)

 = 1/3
00

ρ

ALI−PUB−520388

)c (GeV/
T

p

1 2 3 4 5

0
0

ρ

0.1

0.2

0.3

0.4

0.5 Random plane
*0K

(e)

ALICE

| < 0.5y|

1 2 3 4 5

0
0

ρ

0.1

0.2

0.3

0.4

0.5 Production plane
*0K

(c)
1 2 3 4 5

0
0

ρ

0.1

0.2

0.3

0.4

0.5 Event plane
*0K

(a)

)c (GeV/
T

p

1 2 3 4 5

0
0

ρ

0.1

0.2

0.3

0.4

0.5Random plane

φ

50%)-Pb (10-Pb

pp

40%)-Pb (20-, PbS
0K

(f)
1 2 3 4 5

0
0

ρ

0.1

0.2

0.3

0.4

0.5Production plane

φ

(d)
1 2 3 4 5

0
0

ρ

0.1

0.2

0.3

0.4

0.5Event plane

φ

(b)

 = 1/3
00

ρ

ALI−PUB−520388

 
!pp
* θ *Ĵsys
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ALICE PRC 101, 044611 (2020)

Λ  Λ

50%-Pb 15-Pb

c< 5 GeV/ 
T

p 0.5 <

| < 0.5y|

Λ  Λ
STAR Nature 548, 62-65 (2017)

50%-Au 20-Au

c< 6 GeV/ 
T

p 0.5 <

| < 0.8η|

ALI−PREL−610478

PH = −
8

παH

⟨sin(φ∗
p − Ψ(1)

SP)⟩

R(1)
SP

STAR Nature 548 (2017) 62

ALICE Run 3

ALICE Phys. Rev. Lett. 125 (2020) 012301

K*0 φ

Thermal estimation 




 ➡︎ 

ρ00 − 1/3 ∼ 𝒪(P2
H)

PH < 0.1 % ρ00 − 1/3 ∼ 0



Spin alignment of HF particles
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Spin alignment of HF particles
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K*0 φ

Charm quarks exhibit different spin 
alignment and polarization behaviors
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50% centrality−Pb, 30−Pb

Reaction plane

 = 5.36 TeVNNs| < 0.8, y, 0.3 < |+Prompt D*

 = 5.02 TeVNNs| < 0.8, y, 0.3 < |+Prompt D*

 = 5.02 TeVNNs <4.0, y, 2.5 < ψInclusive J/

ALI-PREL-633298

J/ψ New D* 
in Run 3

Thermal estimation 
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95% C.L.

ALICE

 = 2.76 TeV
NN

sPb, −Pb

 = 5.02 TeV
NN

sPb, −Pb

 = 5.44 TeV
NN

sXe, −Xe

ALI-PUB-620672 ALICE Phys. Lett. B880 (2026) 140672

Test limits of CME at the LHC
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Newest constraint on CME with Event 
Shape Engineering (ESE) at the LHC



Two-body femtoscopy
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Ann. Rev. Nucl. Part. Sci. 71 (2021) 377

9

  
two-particle wave function
ψ( ⃗k * , ⃗r*)

⃗r *

⃗pa

⃗pb
Described with a Gaussian core

G(r * ,rcore(mT)) = 1
(4πr2core(mT))3/2 ⋅ exp( − r *2

4r2core(mT) )
Short-lived strongly decaying resonances effectively enlarge it

E(r * ,Mres, τres, pres) = 1
s

exp( − r *
s )

 source functionS( ⃗r*)
 Gaussian coreG( ⃗r * ,rcore)

with s = βγτres = pres
Mres

τres

➡ Emitting source: hypersurface at kinematic freezout 
of final-state particles

C( ⃗k*) = ∫ S( ⃗r*) |ψ( ⃗k * , ⃗r*) |2 d3r *

• Further constraints on the residual strong 
interaction between NN, YN and YY

• Important input of EoS of neutron stars

ALICE Nature Physics 588 (2020) 232



π+–d correlations

40

Inelastic interactions
➡Correlated nucleon in 

deuterons and pions due 
to the common Δ mother

ALICE Nature 648 (2025) 306 
ALICE Phys. Rev. X14 (2024) 031051

π+–d⊕c.c.

Inherit from p–π+



New p–D correlations in Run 3

41

pD- Compatible with Coulomb-only 
interaction or shallow repulsive 
strong interactions

ALI-PREL-621961

pD+

pD+ Clear deviation from Coulomb-only model
➡Models include bound state Σc++(2800) 
➡Disfavored by data

ALI-PREL-621980

pD-

See also ALICE Phys. Rev. D110 (2024) 032004  
Phys. Rev. D106 (2022) 052010
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ALICE

• Heavy-ion detector at the Large Hadron 
Collider (LHC)

• Study physics of strongly interacting 
matter at extreme temperatures and 
energy densities using nucleus – nucleus 
collisions, in particular

• Run 3 is currently ongoing

2010-2013 2015-2018 2022-2026 2030-2033

ALICE 1 ALICE 2 ALICE 2.1

Run 1 LS1 Run 2 LS2 Run 3 LS3 Run 4 LS4 Run 5

2036-

ALICE 3

S. Siddhanta, SQM 202625/03/2026

FoCal Letter-of-Intent (CERN-LHCC-2020-009) 27

3 Conceptual design

3.1 General considerations

The most challenging measurements of the anticipated physics program of FoCal have been
identified as:

1. The measurement of direct photons in pp and p–Pb collisions at forward rapidity to explore
the small-x structure of protons and nuclei at high energy.

2. The measurement of high transverse momentum neutral pions in Pb–Pb collisions, and
their modification relative to pp collisions, to probe the hot and dense strongly interacting
medium away from midrapidity.

These measurements impose requirements on the overall design and performance of the pro-
posed detector in this Letter of Intent.

Fig. 19: Installation of the FoCal at the 7m location with FoCal-E and FoCal-H detectors.

Large rapidity measurements require a placement of the detector close to the beam pipe. As the
particle density in these regions is very high due to the kinematic boost of produced particles
a large distance from the primary interaction vertex is advantageous. The favorite location of
FoCal is on the A-side of the experimental setup outside of the ALICE magnet and in front of
the compensator magnet. On this side there is enough room to place both an electromagnetic
(FoCal-E) and a hadronic (FoCal-H) calorimeter, as illustrated in Fig. 19. The distance of the
detector to the nominal interaction point for this scenario is z ⇡ 7 m. The transverse extent of the
calorimeters at this position is not severely limited by integration issues, and will be constrained
by physics considerations and overall cost. We consider this the default position of the FoCal

2.4 R&D and production plan 13

LongeronHalf-ring

Half-layer
sensor

Beampipe

Cylindrical support structure

19
25.2 31.5

16.5

(b)

(a)

266 mm

[mm] (c)

1

2.5

3

2.5

Figure 2.1: Simplified ITS3 Detector layout, (a) 3 top and 3 bottom half layers around the
beam pipe within the cylindrical support structure supported by carbon foam half-rings and
longerons, (b) radial distance of beampipe and layers 0, 1, 2, (c) zoom of supporting carbon
foam structures.

r3 ~ 31 mm

r2 ~ 25 mm

r1 ~ 19 mm

rb ~ 16 mm

FoCal-H
FoCal-E

ALICE ITS3 TDR 
CERN-LHCC-2024-003

7 m from IP3.4 < η < 5.5

ALICE FoCal 
LoI:   CERN-LHCC-2020-009 
TDR: CERN-LHCC-2024-004
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ALICE

• Heavy-ion detector at the Large Hadron 
Collider (LHC)

• Study physics of strongly interacting 
matter at extreme temperatures and 
energy densities using nucleus – nucleus 
collisions, in particular

• Run 3 is currently ongoing

2010-2013 2015-2018 2022-2026 2030-2033

ALICE 1 ALICE 2 ALICE 2.1

Run 1 LS1 Run 2 LS2 Run 3 LS3 Run 4 LS4 Run 5

2036-

ALICE 3

S. Siddhanta, SQM 202625/03/2026

ALICE3 LoI: 
CERN-LHCC-2022-009 
Scoping document: 
CERN-LHCC-2025-002

LHC Run 3, 4 and beyond

Ø Higher data taking rate and upgraded TPC and ITS

Ø Direct reconstruction of beauty mesons and baryons

Ø Measurement of charm and beauty cross section and  
fragmentation fractions from pp to Pb–Pb

Ø Reconstruction of complex decays like Ξ77++

Ø Better constraints to theoretical models of the strongly 
interacting medium and hadronisation

Outlook

21

LoI ALICE 3: arXiv:2211.02491

25

➡ Scan from pp to AA collisions needed 
➡ ALICE3 is the ideal detector for acceptance 

and purity for the heavy flavour signal 
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1 fm (pp)
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Pb)−5 fm (Pb

ALICE3 LOI, CERN-LHCC-2022-009 
Y.Kamiya et al., Eur. Phys. J. A 58 (2022)7, 131

D0D*+ D+D*0T+
cc

3875 3515
mass [MeV]

➡Assumption of a Tcc as molecular state and a scattering length 
for DD 
➡   fm a0 = − 7.16 + i1.85

Hard Probes 2023                                                                                                                   28/3/20234

arXiv:2211.02491 ; CERN-LHCC-2022-009 ; LHCC-I-038 ; LHCC-I-038

ALICE 3 integrated luminosi@es: 

ℒppmonth ~ 0.5 W-1 and ℒppRun5+6 ~ 18 W-1 

ℒPb-Pbmonth ~ 5.6 nb-1 and ℒPb-PbRun5+6 ~ 33.6 nb-1  

Op1ons for pA collisions and lighter AA system 
with higher ℒNN under study

The ALICE 3 experiment



C
E

R
N

-L
H

C
C

-2
0

2
5

-0
0

2
/

L
H

C
C

-G
-1

8
5

1
6
/

0
7
/

2
0
2
5

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

CERN-LHCC-2025-002
LHCC-G-185

© 2025 CERN for the benefit of the ALICE Collaboration.
Reproduction of this article or parts of it is allowed as specified in the CC-BY-4.0 license.

Scoping document for ALICE 3:

ALICE phase IIb upgrade for the LHC Long Shutdown 4

ALICE Collaboration *

*See Appendix B for the list of authors

ALICE3 upgrade project

44

2

ALICE

• Heavy-ion detector at the Large Hadron 
Collider (LHC)

• Study physics of strongly interacting 
matter at extreme temperatures and 
energy densities using nucleus – nucleus 
collisions, in particular
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Ø Better constraints to theoretical models of the strongly 
interacting medium and hadronisation
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The ALICE 3 experiment

Thanks for your attention!
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ALICE overviewHard Probes 2026 20

▸   Jets, also in Pb–Pb, are highly collimated:
          → the jet is concentrated around a hard core
          → 〈ΔpT〉 decreases rapidly with R

▸   Pb–Pb jets contain less energy in ΔR than pp
          a) out-of-cone redistribution of particles
          b) narrowing of surviving jet cores

▸   Both JEWEL recoil configurations are
      compatible with the data within uncertaintiesPreeti D. Lesser, 

Jet, 24/06 3:20 PM    

Proxy for the jet  energy in R2 - R1:

Energy Loss✓

Quantifying jet energy redistribution
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Jet energy redistribution
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ALI-PUB-638251

Antonio Palasciano
antonio.palasciano@poliba.it

ALICE overviewHard Probes 2026 20

▸   Jets, also in Pb–Pb, are highly collimated:
          → the jet is concentrated around a hard core
          → 〈ΔpT〉 decreases rapidly with R

▸   Pb–Pb jets contain less energy in ΔR than pp
          a) out-of-cone redistribution of particles
          b) narrowing of surviving jet cores

▸   Both JEWEL recoil configurations are
      compatible with the data within uncertaintiesPreeti D. Lesser, 

Jet, 24/06 3:20 PM    

Proxy for the jet  energy in R2 - R1:

Energy Loss✓

Quantifying jet energy redistribution

📚  ALICE, arXiv:2606.20061
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ALICE arXiv:2606.20061• Jets are highly collimated at the LHC


• Pb–Pb jets contain less energy in ΔR than pp

➡Out-of-cone redistribution of particles

➡Narrowing of surviving jet cores
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At LHC Pz is sensitive to


• Bulk viscosity ζ/s of the QGP at LHC energies ➡︎ change the sign of Pz


• Shear-induced polarization ➡︎ competes with the thermal vorticity

A. Palermo et al.,  Eur. Phys. J. C84 (2024) 920

B. Fu et al., Phys. Rev. Lett. 127 (2021) 142301
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The measured pT dependence is not fully described by the model, which predicts 
a steeper increase with pT, indicating the need for further model development


➡︎ Only 2023 Pb–Pb data is used, to be improved with full Pb–Pb sample

Run 2
Run 3

30–50%

Run 2
Run 3

ALICE arXiv:2606.18070
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ρ00 − 1/3 ∼ 𝒪(P2
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PH < 0.1 % ρ00 − 1/3 ∼ 0
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• Material budget: 

- 0.36% X  per layer 

➡ 0.09% X  per layer 
0

0
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ALICE

• Heavy-ion detector at the Large Hadron 
Collider (LHC)

• Study physics of strongly interacting 
matter at extreme temperatures and 
energy densities using nucleus – nucleus 
collisions, in particular

• Run 3 is currently ongoing
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2.4 R&D and production plan 13
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Figure 2.1: Simplified ITS3 Detector layout, (a) 3 top and 3 bottom half layers around the
beam pipe within the cylindrical support structure supported by carbon foam half-rings and
longerons, (b) radial distance of beampipe and layers 0, 1, 2, (c) zoom of supporting carbon
foam structures.
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of tracks with less than seven reconstructed hits. In the case of ITS3 with the inclusion of dead
zones, the reduction of overall impact-parameter resolution remains within 5% and 10%. This
demonstrates that the track-reconstruction e�ciency can be preserved almost entirely with a
limited degradation of the impact-parameter resolution.

7.4.2 Heavy-flavour decay reconstruction
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Figure 7.13: Left: ratio between the expected significance for the ↵+
c ⇥ pK�⇡+ signal obtained

with the ITS3 with and without dead zones in midcentral Pb–Pb collisions at
⇡

sNN = 5.5 TeV
as a function of pT. Right panel: Comparison of the expected performance for the measurement
of the ↵+

c elliptic flow in midcentral Pb–Pb collisions at
⇡

sNN = 5.5 TeV for Lint = 10nb�1

obtained with the ITS2 and the ITS3 with and without dead zones. The predictions for the
elliptic flow of D0 mesons and ↵+

c baryons are also reported [8].

The impact of the reduction of tracking e�ciency and pointing resolution due to the dead
zones was evaluated on the measurement of the ↵+

c -baryon production in Pb–Pb collisions at⇡
sNN = 5.5 TeV. In fact, its measurement is one of the most sensitive to the worsening of the

impact-parameter resolution, because of the very short lifetime of the ↵+
c baryon, c�(↵+

c ) !
60 µm [62]. The studies presented in Ref. [7] were repeated by considering the track impact-
parameter resolution and reconstruction e�ciency presented in Section 7.4. The left panel of
Fig. 7.13 shows, as a function of pT, the ratio between the statistical significance obtained for
the extraction of the ↵+

c signal via the ↵+
c ⇥ pK�⇡+ decay channel with and without the dead

zones in the ITS3 layers in midcentral Pb–Pb collisions at
⇡

sNN = 5.5 TeV. A reduction of
about 10% is obtained in the case of the inclusion of the dead zones, which is partly due to
the worse impact-parameter resolution obtained for tracks that do not have a reconstructed
hit in the first or second ITS3 layer and partly due to the reduction of e�ciency due to the
dead areas at ⇢  0, ⇡. The two e⇤ects contribute similarly to the reduction of performance.
The e⇤ect of this loss of performance was then evaluated for the measurement of the elliptic
flow coe�cient v2. The v2 parameter is typically used in the physics of heavy-ion collisions
to quantify the azimuthal anisotropy of the particles produced, taking as a reference axis that
of the so-called reaction plane, which is defined by the impact-parameter vector of the two
colliding nuclei and the beam axis. In non-central collisions, the anisotropy mainly originates

Upgrade of the Inner Tracking System during LS3: study of physics performance 15
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Fig. 8: Expected nuclear modification factor of B0
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bars represent the expected statistical uncertainty on the measurements. The ITS2 points are shifted in pT for
visualisation purposes. The systematic uncertainties, which are the same for ITS2 and ITS3, are displayed as
boxes only for the ITS3.

the measurement of the B0
s meson will complement the existing and future measurements of the CMS

Collaboration [74, 104, 106], extending them to lower pT.

3.4 D+
s mesons from beauty-hadron decays

The beauty-meson production can also be investigated via the measurement of non-prompt D mesons
coming from beauty-hadron decays. Among the different D-meson species, the D+

s meson is particularly
interesting because of the large fraction from non-prompt D+

s mesons that come from B0
s -meson decays

(BR(B0
s → D+

s +X) = (93±25)% [99]), and is, therefore, highly sensitive to the beauty-strange hadron
production in the QGP. The advantage of this measurement compared to the exclusive reconstruction
of B0

s mesons is the large amount of D+
s mesons coming from B mesons, which guarantees a higher

statistical precision. However, with this measurement it is not possible to distinguish D+
s mesons coming

from different beauty-hadron species and the pT of the beauty-hadron parent is not reconstructed. The left
panel of Fig. 9 shows the correlation between the D+

s -meson pT and the parent B0
s -meson pT obtained

with the PYTHIA8 generator [77]. The distribution of B0
s -meson pT for different pT intervals of the

D+
s meson is therefore wide, as illustrated in the right panel of the same figure. For this reason, the

interpretation of non-prompt D-meson measurements has to be performed via comparison to theoretical
predictions.

The expected performance for the measurement of non-prompt D+
s mesons was studied employing a

strategy similar to the one used for the B0
s -meson production described in Sect. 3.3. Two different se-

lection strategies based on the displaced D+
s → !∀+ → K↑K+∀+ decay-vertex topology were explored.

The first one consisted of the application of linear selections, while the second one was performed us-
ing multivariate techniques based on the BDT algorithm provided by the XGBoost library [105]. The
expected signal and background raw yields were estimated as described in Sect. 3.3. In addition, the
fraction of D+

s mesons from beauty-hadron decays in the estimated raw yield, fnon-prompt, was evalu-
ated starting from FONLL calculations for the cross section, the RAA from the TAMU model, and the

Precisely constrain on c, b transport properties in QGP
ALICE-PUBLIC-2023-002

ALICE ITS3 TDR 
CERN-LHCC-2024-003
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FoCal-H
FoCal-E

7 m from IP

FoCal Letter-of-Intent (CERN-LHCC-2020-009) 27

3 Conceptual design

3.1 General considerations

The most challenging measurements of the anticipated physics program of FoCal have been
identified as:

1. The measurement of direct photons in pp and p–Pb collisions at forward rapidity to explore
the small-x structure of protons and nuclei at high energy.

2. The measurement of high transverse momentum neutral pions in Pb–Pb collisions, and
their modification relative to pp collisions, to probe the hot and dense strongly interacting
medium away from midrapidity.

These measurements impose requirements on the overall design and performance of the pro-
posed detector in this Letter of Intent.

Fig. 19: Installation of the FoCal at the 7m location with FoCal-E and FoCal-H detectors.

Large rapidity measurements require a placement of the detector close to the beam pipe. As the
particle density in these regions is very high due to the kinematic boost of produced particles
a large distance from the primary interaction vertex is advantageous. The favorite location of
FoCal is on the A-side of the experimental setup outside of the ALICE magnet and in front of
the compensator magnet. On this side there is enough room to place both an electromagnetic
(FoCal-E) and a hadronic (FoCal-H) calorimeter, as illustrated in Fig. 19. The distance of the
detector to the nominal interaction point for this scenario is z ⇡ 7 m. The transverse extent of the
calorimeters at this position is not severely limited by integration issues, and will be constrained
by physics considerations and overall cost. We consider this the default position of the FoCal

ALICE FoCal 
LoI:   CERN-LHCC-2020-009 
TDR: CERN-LHCC-2024-004

3.4 < η < 5.5
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Fig. 13: Approximate (x,Q) coverage of various experiments for regions probed by DIS measurements
including the future EIC project, as well as possible future direct photon and Drell-Yan measurements (left
panel), and hadronic+UPC measurements (right panel) at RHIC and LHC. The estimated saturation scales
for proton and Pb are also indicated. The horizontal dashed line and the dashed curve indicate the kine-
matic cuts above which data were included in the nNNPDF fits.

The right figure shows the regions covered by hadron measurements at RHIC and LHC. In ad-
dition, the regions which are covered by LHCb for measurements of open charm and bottom
(blue) as well as where FoCal can measure neutral pions at small x (red) are highlighted. LHCb
can in principle also measure light hadron production in that range, but no results have been
published to date. Figure 13 demonstrates that the FoCal and LHCb measurements will probe
much smaller x than any of the other existing and possible future measurements, with the Fo-
Cal reaching to the smallest x ever measurable until the possible advent of the LHeC [10] or
FCC [11].

The saturation scale, which is indicated in Fig. 13, is obtained using Eq. 1, with the normal-
ization obtained by setting its value to about 1.7 GeV/c for A = 1 at x = 10�4 [70]. At high
enough parton density or consequently small enough x, non-linear QCD evolution is expected
to play a role, in particular near the saturation scale. A smooth, not abrupt, transition is ex-
pected from the linear to the non-linear region as a function of x, and the absolute magnitude
of Qs is theoretically not well established. Hence, both LHCb and FoCal collaborations strive
to extend the planned photon measurements to even lower pT and and lower Q. Since these are
challenging measurements, the corresponding regions are indicated as darker (FoCal) and open
(LHCb) trapezoids in the left panel of Fig. 13. For FoCal, the main challenges at very low pT
are the large background of decay photons, as well as the increasing contribution from fragmen-
tation photons (as discussed in Sec. 5). Members of the LHCb collaboration are attempting to
base their measurements of photons at lower pT on photons that convert to an electron-positron
pair in the detector material [71, 72]. This approach would provide a clean sample of photons,
however suffers from a rather small efficiency and relative large photon conversion uncertainty.
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2. The measurement of high transverse momentum neutral pions in Pb–Pb collisions, and
their modification relative to pp collisions, to probe the hot and dense strongly interacting
medium away from midrapidity.
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FoCal is on the A-side of the experimental setup outside of the ALICE magnet and in front of
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(FoCal-E) and a hadronic (FoCal-H) calorimeter, as illustrated in Fig. 19. The distance of the
detector to the nominal interaction point for this scenario is z ⇡ 7 m. The transverse extent of the
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-Explore non-linear QCD evolution at extremely 
small-x region

-Gluon saturation expected due to balance 

between split and recombination of gluons

-Saturation Scale; Qs2 ∝ A1/3


-p+A is preferable for saturation study

-Both p+p and p+A are necessary


-Understanding the initial conditions of QGP 
physics 
-Origin of long-range correlations in small 

system

-Early thermalization puzzle

geometric scaling
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M. MazzilliHeavy-quark correlations 

• At leading order,  pairs are correspondingly 
 pairs that are produced back-to-back in 

azimuth 

• While traversing the medium, the back-to-back 
topology is expected to be washed out, in 
particular at low pT 

• The azimuthal de-correlation is sensitive to the 
thermalisation degree and to the energy loss 

• Crucial for this measurement: large acceptance, 
high purity and efficiency    

cc̄
DD̄
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M. MazzilliBeauty production and flow 

• Due to their larger mass, beauty quarks are 
expected to be less thermalised than charm 
quarks, an effect already hinted at by the 
comparison of elliptic flow (v₂) between prompt 
and non-prompt charm hadrons. 

• A direct reconstruction of beauty hadrons would 
allow this key hypothesis to be tested with much 
greater precision, providing a crucial benchmark 
for the field. 

Crucial for this measurement: large acceptance and 
excellent pointing resolution

13

D-meson pair azimuthal de-correlation 
is sensitive to the thermalization 
degree and to the energy loss

Direct reconstruction of beauty hadrons 
allows us to test beauty quark 

thermalization and hadronization
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M. MazzilliMulti-charm hadrons 15

Highly efficient reduction of 
background from primary hyperons 
thanks to the pointing resolution! 

Layers very close to the interaction 
vertex significantly increase the 
efficiency to track weakly decaying 
hadrons prior to their decay 
compared to ALICE  2.1

Direct detection of weakly decaying particles  

• Charged hyperons can leave hits in tracking layers before decay  

• Match corresponding hits to topologically reconstructed candidate to greatly 
improve precision 
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● Direct detection of weakly decaying particles
● Charged hyperons can leave hits in tracking layers before decay
● Match corresponding hits to topologically reconstructed 

candidate to greatly improve precision
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Unique access to multi-charm hadrons

Highly efficient reduction of background from 
primary hyperons thanks to the pointing resolution!

Match hits to topologically 
reconstructed candidate to 
greatly improve precision
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● Match corresponding hits to topologically reconstructed 

candidate to greatly improve precision
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QGP time evolution
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QGP temperature and time evolution with dileptons

● Accessing the QGP temperature
● Excellent pointing resolution for HF rejection
● Exceptionally low material budget

→ Little background from ɣ-conversion
● Very good electron identification down to low pT

Dominated by 
QGP radiation
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QGP temperature and time evolution with dileptons

● Accessing the QGP temperature
● Excellent pointing resolution for HF rejection
● Exceptionally low material budget

→ Little background from ɣ-conversion
● Very good electron identification down to low pT

● Probe time dependence of temperature
● With ALICE 3 precision: differential in pT


