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● Lattice QCD predicts phase transition from ordinary 
nuclear matter to colour-deconfined medium: 
Quark-Gluon Plasma (QGP)

Heavy flavours

– Heavy Quarks (HQ) produced in hard 
scattering processes before QGP formation

– 𝜏
HQ

 ~ ½ m
c
 ≲ 0.1 < 𝜏

(QGPform., LHC)
 ≈ 0.3 fm/c    

F. Liu et Al. PRC 89 (2014) 034906 

– Probe full system evolution

➡ In-medium energy loss

➡ HQ thermal equilibration degree

➡ Hadronisation mechanism
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https://home.cern/science/experiments/alice
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
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● QGP modifies heavy-flavour (HF) hadron spectra 
and relative abundance 

– HQ interacts with QGP constituents lose energy 
via elastic collisions and radiative processes

➡ In-medium energy loss

– Fragmentation D
q
→H(z

q
, Q2): parton shares 

fraction of its momentum z
q
 with hadron H 

(dominant at high p
T
)

– Coalescence/Recombination: partons close in 
phase space recombine into higher p

T
 hadron 

(dominant at low p
T
)

➡ Modification of hadronisation 
mechanism

F. Grosa

https://home.cern/science/experiments/alice
https://indico.cern.ch/event/1139644/contributions/5344541/attachments/2711287/4708030/QM2023_openhf_fgrosa.pdf
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● HQ diffusion described by transport 

models (Boltzmann, Fokker-Planck, 

Langevin)

– Spatial diffusion coefficient D
s

– 𝜏
Q

 = 1/𝛾 → D
s
 = T/[𝛾(p=0)m

Q
]

EPJC 84 (2024) 8, 813

HQ diffusion

● Initial geometrical anisotropy translates to 
momentum anisotropy of final hardon in 
off-central collisions
– Fourier series: 2nd harmonic, elliptic flow (𝜈

2
)

– 𝜈
2
  measurements to constrain D

s

ϕ

x

y

z ψRP

https://home.cern/science/experiments/alice
https://link.springer.com/article/10.1140/epjc/s10052-024-12935-y
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Time Projection Chamber (TPC)

– Tracking, PID via dE/dx

– Gas Electron Multipliers (GEMs) in 

TPC readout for higher interaction 

rate (✕~50 in Pb–Pb collisions)

  Time Of Flight (TOF)

– PID via time-of-flight 

measurements

Data sample:

– Pb–Pb √s
NN

 = 5.36 TeV (2023), ℒ
int

 = 1.5 nb-1

Solenoid magnet 
(B~0.5 T)

\ \

Fast Interaction Trigger 
(FIT) detectors

– Trigger

– Centrality and 

multiplicity 

determination

Inner Tracking System (ITS)

– Tracking

– Primary and decay vertices reco.

– 7 layers of silicon pixel detector

➡ Improved pointing resolution (✕~2-5) 

to the primary vertex

HF decay channels (|y|<0.8):

– D0 → K–π+ – D+→K–π+π–

– D
s

+ → ϕπ+→K+K–π+  – 𝚲
c

+→pK–π+

https://home.cern/science/experiments/alice
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● Non-prompt D contribution estimated via linear 
fit to inclusive meson 𝜈

2
  vs.  non-prompt 

fraction
– Data-driven method adopted to estimate 

the non-prompt fraction

● 2023 Pb–Pb data collected by ALICE (1.5nb-1)
● Scalar Product (SP) technique to extract D 

meson 𝜈
2

– Simultaneous fit to invariant mass 
distribution and inclusive 𝜈

2
 vs. invariant 

mass

Elliptic flow extraction with ALICE

New!

New!

https://home.cern/science/experiments/alice
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New!

D0

D+π+

J/ψ Ds
+

Meson’s elliptic flow

● Positive charm 𝜈
2
 observed

– (Partial) charm thermalisation

https://home.cern/science/experiments/alice
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New!

● Clear mass ordering below 3 GeV/c
– Hydrodynamic description of 

meson’s flow

Meson’s elliptic flow

𝜈2(J/ ψ) ~ 𝜈2(D) < 𝜈2(π)

● Positive charm 𝜈
2
 observed

– (Partial) charm thermalisation

D0

D+π+

Ds
+J/ψ

https://home.cern/science/experiments/alice
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New!

D0

π+

Ds
+

Meson’s elliptic flow

● Clear mass ordering below 3 GeV/c
– Hydrodynamic description of 

meson’s flow

● Larger 𝜈
2
 for open- than hidden-charm 

states in 3 < p
T
 < 8 GeV/c

– Contribution from the bulk + 
coalescence

𝜈2(J/ ψ) < 𝜈2(D) < 𝜈2(π)

Don’t miss Victor’s talk!05/04 11:05

● Positive charm 𝜈
2
 observed

– (Partial) charm thermalisation

𝜈2(J/ ψ) ~ 𝜈2(D) < 𝜈2(π)

D+

J/ψ

https://home.cern/science/experiments/alice
https://indico.cern.ch/event/1480248/timetable/?view=nicecompact
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New!

D0

π+

Ds
+

𝜈2(J/ ψ) < 𝜈2(D) < 𝜈2(π)𝜈2(J/ ψ) ~ 𝜈2(D) < 𝜈2(π)

Meson’s elliptic flow

● Larger 𝜈
2
 for open- than hidden-charm 

states in 3 < p
T
 < 8 GeV/c

– Contribution from the bulk + 
coalescence

● Common 𝜈
2
 > 0 for p

T
 > 8 GeV/c

– In-medium energy loss
– Fragmentation dominates 

coalescence 
𝜈2(J/ ψ) ~ 𝜈2(D) ~ 𝜈2(π) > 0

● Clear mass ordering below 3 GeV/c
– Hydrodynamic description of 

meson’s flow

● Positive charm 𝜈
2
 observed

– (Partial) charm thermalisation

D+

J/ψ

https://home.cern/science/experiments/alice
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● D0 𝜈
2
 compared with transport models 

predictions

● Differences:

– Coalescence implementation

– Presence of hadronic phase

– Adoption of nPDFs

– HQ interactions with medium

➡ High data precision allow for 
model discrimination

➡ Constraint to predicted D
s

TAMU: PRL 124 (4) (2020) LGR: EPJC 80 (7) (2020) PHSD: PRC 93 (3) (2016)

CATANIA: PRC, 96 (4) (2017) POWLANG:EPJC 82 (2022) 607

           LANGEVIN: EPJC 81 (2021) 1035 LBT+PNP: PLB 838 (2023) 137733

Charm-meson flow vs models

New!

https://home.cern/science/experiments/alice
https://journals.aps.org/prl/issues/124/4
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.042301
https://link.springer.com/article/10.1140/epjc/s10052-020-8243-9
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.93.034906
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.96.045202
https://link.springer.com/article/10.1140/epjc/s10052-022-10482-y
https://link.springer.com/article/10.1140/epjc/s10052-021-09833-y
https://www.sciencedirect.com/science/article/pii/S0370269324000819
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● Different D
s
+ meson 𝜈

2
 compared to 

non-strange D?

– Different mass, different hadronic 
rescattering, different hadronisation (see 
M. He et al. PRL 110 (2013) 112301)

– Hint of lower strange-D 𝜈
2
,  remains 

consistent within uncertainties

➡ Larger dataset needed to draw final 
conclusion

Strange vs. non-strange D 𝜈
2

TAMU: PRL 124 (4) (2020)

New!

https://home.cern/science/experiments/alice
https://link.aps.org/doi/10.1103/PhysRevLett.110.112301
https://journals.aps.org/prl/issues/124/4
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.042301
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D0 D+

π+

Ds
+

● Progressively decreasing 𝜈
2
 going from mid-central to peripheral

– Shorter QGP spatial extension/time duration

➡ Reduced bulk contribution to D meson 𝜈
2

➡ Residual 𝜈
2

 proper of the HQ

D meson 𝜈
2

 vs. centrality

New!

https://home.cern/science/experiments/alice
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● First measurement of 𝚲
c

+ baryon 𝜈
2

New!

TAMU: PRL 124 (4) (2020)

D0

𝚲c
+

https://home.cern/science/experiments/alice
https://journals.aps.org/prl/issues/124/4
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.042301
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● First measurement of 𝚲
c

+ baryon 𝜈
2

● Compatible with D below for p
T 
< 4 

GeV/c (similar mass)

TAMU: PRL 124 (4) (2020)

Ds
+

J/ψ

D0

𝚲c
+

New!

https://home.cern/science/experiments/alice
https://journals.aps.org/prl/issues/124/4
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.042301
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● First measurement of 𝚲
c

+ baryon 𝜈
2

● Compatible with D below for p
T 
< 4 

GeV/c (similar mass)

● Baryon–meson 𝜈
2
 grouping

– Larger effect from recombination 
for baryons than mesons

➡ Partonic collectivity in Pb–Pb

– Good description by TAMU 
model

TAMU: PRL 124 (4) (2020)

Ds
+

J/ψ

D0

𝚲c
+

New!

https://home.cern/science/experiments/alice
https://journals.aps.org/prl/issues/124/4
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.042301
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● Mass ordering for p
T

 < 4 GeV/c

– 𝜈
2
(K

s
0) > 𝜈

2
(𝚲) > 𝜈

2
(𝚲

c
+) ~ 𝜈

2
(D0)

● Baryon-meson grouping at higher p
T

 

– Common underlying mechanism

– Number of Constituent Quark (NCQ) scaling? 
Ks

0

𝚲c
+

D0

𝚲

New!

https://home.cern/science/experiments/alice
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● No clear universal scaling of 𝜈
2
/n

q
 

between mesons and baryons 
observed in LF or HF

– Combined effect of 
hydrodynamics + hadronisation 

● Mass ordering for p
T

 < 4 GeV/c

– 𝜈
2
(K

s
0) > 𝜈

2
(𝚲) > 𝜈

2
(𝚲

c
+) ~ 𝜈

2
(D0)

● Baryon-meson grouping at higher p
T

 

– Common underlying mechanism

– Number of Constituent Quark (NCQ) scaling? 

New!

Ks
0

𝚲c
+

D0

𝚲

New!

https://home.cern/science/experiments/alice
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● Charm hadron 𝜈
2
 measurements provide 

information on charm quark thermalisation 

● Measurements of prompt D 𝜈
2
 in Pb-Pb from 30 

to 80% below 1 GeV/c
− A hint of lower D

s
+ 𝜈

2 
with respect to D0 𝜈

2
 in 

semi-central collisions
− Common decreasing 𝜈

2
 from semi-central 

to peripheral collisions

● First measurements of prompt 𝚲
c

+  𝜈
2 

in Pb-Pb in 
30-50%
− Baryon-meson grouping observed in HF 

sector
− NQC scaling violated in both LF and HF 

sectors

https://home.cern/science/experiments/alice


Additional material

https://home.cern/science/experiments/alice
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21|19ALICE in Run 3Non-prompt fraction estimation

● Define n sets of selections with different 

prompt and  non-prompt D-meson 

contributions

● Each set is equivalent to an equation with 2 

variables (N
prompt

, N
nonprompt

)

● Each set relates efficiency (є) and raw yields (Y) 

to the  corrected yield (N
prompt

, N
nonprompt

) of 

prompt and non-prompt Ds

● System of equations is overdetermined

– Approximated solution for the corrected 

yields  obtained by 𝜒2 minimisation of the 

system

– From the approximated solution, the 

non-prompt fraction can be estimated

https://home.cern/science/experiments/alice
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Models Bulk nPDFs HQ interactions Hadronization Hadron  

phase
D
s

Ref.

CATANIA
Boltzmann  

quasi-particles
Langevin Recomb. (Wigner) + Frag. No 3.5-4.5

Phys. Rev. C 96 (2017) 044905 (R
AA

)
Phys. Lett. B 805 (2020) 135460 (v

2
)

DAB-MOD  
(M&T)

Hydro viscous  
(v-USPhydro)

Langevin Recomb. (ICM) + Frag. No 2.5 Phys. Rev. C 102, 024906 (2020)

LBT
Hydro viscous  

(VISHNew)
Yes Boltzmann coll+rad Recomb. (ICM) + Frag. No 2

Phys. Rev. C 94 (2016) 014909
Phys. Lett. B 777 (2018) 255

LIDO Hydro viscous
Boltzmann Langevin  

coll+rad
Recomb. (ICM) + Frag. Yes 2-4 Phys. Rev. C 100, 064911

LGR Hydro viscous Yes Langevin coll+rad Recomb. + Frag. 2-4 Eur. Phys. J. C, 80 (2020) 671

MC@sHQ+  
EPOS2

Hydro ideal (EPOS) Yes Boltzmann coll+rad Recomb. (ICM) + Frag. No 1.5 Phys. Rev. C 89 (2014) 014905

PHSD
off-shell parton  

transport
Yes Collisional Recomb. (ICM) + Frag. Yes 4

Phys. Rev. C 93, 034906 (2016) (LHC)
Phys. Rev. C 92, 014910 (2015)

POWLANG
Hydro viscous  
(ECHO-QGP)

Yes Langevin coll In-medium strings No 7
Eur. Phys. J. C 75 (2015) 121 (R

AA
)

JHEP 02 (2018) 043 (v
2
)

TAMU Hydro ideal Yes Langevin T-matrix (coll) Recomb. (RRM) + Frag. Yes 4 Phys. Rev. Lett. 124, 042301 (2020)

Transport models properties

https://home.cern/science/experiments/alice

