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Heavy flavours as probe of the QGP
Quark-gluon plasma (QGP) is a deconfined state 
of hadronic matter created in Pb-Pb at the LHC 

Heavy flavours quarks are produced in hard-
scattering processes 

➡ probe the space-time evolution of the system 
and interact with the medium constituents via: 
- elastic scatterings 
- induced gluon radiation  

Azimuthal anisotropies allow the investigation of 
➡ interaction and coupling of heavy quarks with 

the medium 
➡ initial conditions of the system

➡ Production time of cc(bb) pair at rest  
tprod ≃ ℎ/4mc(b) ≃ 0.07(0.02) fm/c 

➡ QGP formation time tQGP ≃ 0.1-1 fm/c [1]
[1] F. M. Liu, S. X. Liu, Phys. Rev. C 89, 034906 (2014)

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.034906
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Elliptic flow (v2): asymmetry between the in-plane and 
out-of-plane directions 
➡ low pT: participation in collective motion and 
thermalization of heavy quarks 
➡ high pT: path-length dependence of energy loss 

Triangular flow (v3): sensitive to event-by-event 
fluctuations in the initial distributions of nucleons and 
gluons in the overlap region 
➡ sensitive to the ratio of the shear viscosity to the 
entropy density, η/s
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Elliptic and triangular flow
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The ALICE experiment
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D-meson reconstruction
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Meson Mass (GeV/c2) decay channel c𝜏 (μm) BR (%)[3]

D0 (cu) 1.865 K-𝜋+ 123 3.95
D+ (cd) 1.870 K-𝜋+𝜋+ 312 9.38
D*+ (cd) 2.010 D0 (→ K-𝜋+) 𝜋+
 strong decay 2.66
Ds+ (cs) 1.968 φ (→ K-K+) 𝜋+
 150 2.27

[3] PDG, Prog. Theor. Exp. Phys. 083C01 (2020)

Full reconstruction of hadronic decay 
channel 


Reduction of combinatorial background 
achieved applying: 
➡ geometrical selection of displaced       

decay-vertex topology 
➡ particle identification (PID) 

Signal from 2D (invariant-mass, v2) 
distribution 

Feed-down from b-hadrons subtracted 
with a FONLL-based method [4]

[4] Cacciari et al., JHEP 1210 (2012) 137📖 arXiv:2005.11131
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http://pdg.lbl.gov/2019/html/authors_2019.html
https://link.springer.com/article/10.1007/JHEP10(2012)137
https://arxiv.org/abs/2005.11131
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D-meson elliptic flow

5

Non-strange D-meson v2 in 0-10% and 
30-50% centrality class 
➡ positive for pT > 2 GeV/c  
➡ increases from central to semi-central         
→ reflecting the increasing eccentricity of 
the interaction region

📖 arXiv:2005.11131

5 10 15 20 25 30 35
)c (GeV/

T
p

0.05−

0.00

0.05

0.10

0.15

0.20

0.25

0.30

 
|>

0.
9}

η
Δ

 {S
P,

 |
2v

ALICE
 = 5.02 TeVNNsPb, −Pb

|<0.8y average, |+, D*+, D0Prompt D
10%−0
50%−30

|<0.8y average, |+, D*+, D0Prompt D
10%−0
50%−30

Syst. from data
Syst. from B feed-down

ALICE
 = 5.02 TeVNNsPb, −Pb

|<0.8y average, |+, D*+, D0Prompt D
10%−0
50%−30

|<0.8y average, |+, D*+, D0Prompt D
10%−0
50%−30

Syst. from data
Syst. from B feed-down

ALI−DER−348356

New

https://arxiv.org/abs/2005.11131
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D-meson triangular flow
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6

Non-strange D-meson v2 in 0-10% and 
30-50% centrality class 
➡ positive for pT > 2 GeV/c  
➡ increases from central to semi-central         
→ reflecting the increasing eccentricity of 
the interaction region 

Non-strange D-meson v3 in 0-10% and 
30-50% centrality class 
➡ positive for 2 < pT < 8 GeV/c  
➡ compatible in the two centrality classes, 
as observed for light hadrons [5]

📖 arXiv:2005.11131

New

[5] ALICE, JHEP 1809 (2019) 006

https://arxiv.org/abs/2005.11131
https://link.springer.com/article/10.1007/JHEP09(2018)006
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D mesons vs. light hadrons
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📖 arXiv:2005.11131

📖 ,p: JHEP 1809 (2018) 006π±
📖 J/ : arXiv:2005.14518ψ

Mass ordering for pT < 3 GeV/c 

vn( ) < vn(D) < vn(p) < vn( ) 

For 3 < pT < 8 GeV/c 
 vn(D) ≃ vn( ) < vn(p) 

➡ consistent with vn constituent quark scaling


vn(D) > vn( ) for 3 < pT < 6 GeV/c 
➡charm-quark coalescence with light quarks


For pT > 8 GeV/c all vn are similar 
➡ consistent with path-length dependence of 
in-medium energy loss similar for quarks and 
gluons

J/ψ π

π

J/ψ

New0-10% 30-50%

https://arxiv.org/abs/2005.11131
https://link.springer.com/article/10.1007/JHEP09(2018)006
https://arxiv.org/abs/2005.14518


📖 MC@sHQ+EPOS: PRC 91, 014904 (2015) 

📖 LIDO: PRC 98 064901 (2018) 

📖 LBT: PLB 777 (2018) 255-259 

📖 LGR: arXiv:1912.08965  

📖 DAB-MOD M&T: PRC 96 064903 (2017)
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Elliptic and triangular flow vs. models

14-18/09/2020 106° Congresso S.I.F. - Stefano Trogolo 8

1 2 3 4 5 6 7 8 10 20 30
)c (GeV/

T
p

0.05−

0.00

0.05

0.10

0.15

0.20

 
|>

0.
9}

η
Δ

 {S
P,

 |
2v

50%−Centrality 30

1 2 3 4 5 6 7 8 10 20 30
)c (GeV/

T
p

0.05−

0.00

0.05

0.10

0.15

0.20

 
|>

0.
9}

η
Δ

 {S
P,

 |
2v

ALICE
 = 5.02 TeVNNsPb, −Pb

|<0.8y average, |+, D*+, D0Prompt D
Syst. from data
Syst. from B feed-down

10%−Centrality 0

1 2 3 4 5 6 7 8 10 20 30
)c (GeV/

T
p

0.05−

0.00

0.05

0.10

0.15

0.20

 
|>

0.
9}

η
Δ

 {S
P,

 |
3v

POWLANG HTL
LBT
BAMPS el
BAMPS el+rad
DAB-MOD M&T

1 2 3 4 5 6 7 8 10 20 30
)c (GeV/

T
p

0.05−

0.00

0.05

0.10

0.15

0.20

 
|>

0.
9}

η
Δ

 {S
P,

 |
3v

TAMU
MC@sHQ+EPOS2
LGR
LIDO
PHSD
Catania

ALI−DER−352603

📖 arXiv:2005.11131

All models with hadronisation via quark 
coalescence and fragmentation fairly 
describe the measured vn harmonics

Constrain charm spatial diffusion coefficient 

➡ from models describing vn with 𝜒2/ndf < 2 

➡ leading to the charm thermalization time

📖 TAMU: PRL 124, 042301 (2020) 

📖 BAMPS: JPG 42, 115106 (2015) 

📖 PHSD: PRC 93, 034906 (2016) 

📖 POWLANG: EPJC 75, 121 (2015) 

📖 CATANIA: PRC 96, 044905 (2017) 

Ds = (T/mQ)τQ

1.5 < 2πTcDs < 7

τcharm = 3 − 14 fm/c

New0-10% 30-50%

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.91.014904
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.98.064901
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.93.034906
https://arxiv.org/abs/1912.08965
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.96.064903
https://arxiv.org/abs/2005.11131
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.042301
http://iopscience.iop.org/article/10.1088/0954-3899/42/11/115106/meta
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.93.034906
https://link.springer.com/article/10.1140/epjc/s10052-015-3336-6
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.96.044905


Charming strangeness
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Ds+ v2 measured with the same 
technique as for non-strange D mesons 
➡ extended pT range towards high 
momenta


Ds+ v2 in 30-50% compatible within 
uncertainty with non-strange D-meson 
v2


Charm-quark transport model can 
fairly describe both strange and non-
strange v2

📖 TAMU: PRL 124, 042301 (2020) 📖 PHSD: PRC 93, 034906 (2016)

📖 D0, D+, D*+ arXiv:2005.11131

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.042301
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.93.034906
https://arxiv.org/abs/2005.11131


Conclusions & outlook
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Positive D-meson elliptic and triangular flow   
➡ constrain charm spatial diffusion coefficient 
➡ charm-quark coalescence with flowing light-flavour 
quarks 
➡ similar v2 for strange and non-strange D mesons

D-meson azimuthal anisotropies measured in Pb-Pb 
collisions at √sNN = 5.02 TeV

ALICE will upgrade its detectors and readout systems 
in view of Run 3 → new Inner Tracking System (ITS2) 
➡ HF vertexing improved especially at low pT → 
possibility to perform new measurements               
(e.g. Λc , beauty hadrons v2)
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