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The ALICE detector

• ITS primary vertex resolution: ~10μm.

• TPC particle ionisation measurement 
resolution: ~5%.


• TOF time measurement resolution: 
~80ps.
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High-pT 
electrons

J/ψ down 
to pT = 0

EMCal (|y| <  0.7): 
extension of HFe 
study to higher pT

MUON (2.5 < y < 4)


• HFm muons


• J/ψ down to pT = 0


• W/Z decay muons
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System Year √sNN (TeV) Lint

Pb–Pb 2018 5.02 ~0.9 nb-1

2015 5.02 ~250 μb-1

2010—2011 2.76 ~75 μb-1

75Xe–Xe 2017 5.44 ~0.3 μb-1

75p–Pb 2016 8.16 ~25 nb-1

5.02 ~3 nb-1

2013 5.02 ~15 nb-1

pp 2015—2018 13 ~59 pb-1

5.02 ~1.3 pb-1

2009—2013 8 ~2.5 pb-1

7 ~1.5 pb-1

2.76 ~100 μb-1

750.9 ~200 μb-1

75

Recent highlights from ALICE, EPS-HEP 2019, Ghent

Run 2 data samples

pp 5 TeV 

• Reference data sample


Pb-Pb 5 TeV

• Large sample 

• 2018 upgraded TPC readout


pp 13 TeV

• Reference for rare probes

• High-multiplicity triggers


p-Pb 5 and 8 TeV

•  Initial state effects

• ‘small systems’ physics 


Xe-Xe pilot run

!3

Larger data samples than run 1: better precision, larger pT reach

ALI-PERF-313425 ALI-PERF-313420

pp 5 TeV reference data

Main sample collected in 2017

Pb-Pb 5 TeV

Main sample collected in 2018

Excellent LHC performance. Thanks to the accelerator teams!

9x increase

Pb–Pb 5.02 TeV
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Heavy quarks (charm and beauty): powerful probes of the Quark-Gluon Plasma (QGP)

Heavy flavours 
Heavy quarks (charm and beauty) are produced in initial 
hard-scattering processes at the early stage of collisions  

3 D. Moreira de Godoy  Quark Matter 2017 

In Pb-Pb collisions: 
•  Experience the full evolution of the system 
•  Interact with the hot and dense QCD matter 
•  Sensitivity to the medium properties	

Leptons from heavy-flavour decays: 
•  BR of heavy-flavor hadrons to 

electrons � 10% 
•  Measurement in a wide pT range 

(from 0.5 to 20 GeV/c) 
•  Contributions of charm and beauty-

hadron decays can be disentangled 
in the electron yield (cτ ≈ 500 µm for 
beauty hadrons) 

Pb

Pb

Total charm cross section in HIC 
is expected to scale w. r. t. the 
number of binary collisions in 
pp-like collisions

• Produced in initial hard scatterings (high Q2) at the early stage of heavy-ion collisions: 
τc/b ~0.01 — 0.1 fm/c < τQGP (~0.3 fm/c)


• Production cross section calculable with pQCD (mc, mb ≫ ΛQCD)


• Experience the entire evolution of the QCD medium — probe transport properties of 
the deconfined medium
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Nuclear modification factor (RAA): heavy quark in-medium energy loss


• Elastic (radiative) vs. inelastic (collisional) processes


• Color charge (Casimir factor) and mass (eg dead-cone effect) dependence


• Sensitive to the presence of the medium

RAA(pT) =
dNAA/dpT

< TAA > d�pp/dpT QCD vacuum

QCD medium

• RAA = 1, if no medium modification

ΔEg > ΔEq > ΔEc > ΔEb

➡RAA(light hadron) < RAA(D) < RAA(B) ?

Medium modification of heavy-flavour hadron production 

• Hadronization via coalescence may modify the Ds+ / non-strange D and Λc / D ratios
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Elliptic Flow of Muons From Heavy Flavour Decays
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Azimuthal anisotropy: Fourier decomposition of particle azimuthal distribution relative 
to the reaction plane (ΨRP)

• Elliptic flow (v2): second order Fourier coefficient
➡ Low and intermediate pT: collective motion and possible heavy-quark thermalization 

in the QCD medium
➡High pT: path-length dependence of heavy-quark in-medium energy loss
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• Strong suppression: charm undergone significant interactions in the QGP
➡ Indication of RAA(Ds+) > RAA(non-strange D): charm hadronization through 

recombination in medium

• Same v2 of Ds+ and non-strange D mesons within uncertainties in pT > 3 GeV/c

• Simultaneous description Ds+ and 
non-strange D RAA and v2

➡Constrain interplay of 
coalescence and collisional 
energy loss + medium flow

➡Charm quark diffusion coefficient 
at the LHC: (1.5 – 7) / 2πTc
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• RAA of D mesons systematically smaller than 
non-prompt J/ψ at high pT

➡ Indication of mass-dependent suppression 

for charm and beauty

• RAA(D) ~ RAA(π) — different parton pT 
distribution and fragmentation
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• Hint of a smaller suppression for beauty-decay electrons for pT < 6 GeV/c


• Data is reproduced by models within uncertainties, implementing quark mass 
dependent energy loss
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ALI-PREL-319441

Open-beauty elliptic flow 

29 

•  v2 >0 (~3.5σ effect) for electrons from beauty-hadron decays in 20-40% centrality  
•  Similar v2 than for charm(+beauty) electrons 
•  From analysis of 2015 data  à can reduce uncertainties with 2018 data  

E. Gauger 

Strangeness in Quark Matter, 10-15 June 2019, Bari 

• Similar than e←c,b

• From analysis of 2015 data — can reduce uncertainties with 2018 data

• v2 > 0 (~3.5σ effect) for e←b in 
20-40% centrality
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• Strong suppression of D0-tagged jets in the 
most 10% central Pb–Pb collisions

• Similar suppression of D0-jets and D mesons

• D0-tagged jets: more quark-seeded jets 
compared to inclusive jets

• Hint of more suppression of low pT D0-tagged 
jets than inclusive jets at higher pT



Direct flow of open charm !17

Xiaoming Zhang / CCNU Study on HF and strangeness with ALICE QCD physics workshop, Weihai, 17–25 July 2019
ALI-PREL-307073

η
0.6− 0.4− 0.2− 0 0.2 0.4 0.6

o
d

d
 -

1
 -

 v
o

d
d

 +
1

v

0.3−

0.2−

0.1−

0

0.1

0.2

0.3

3−
10×

-1bµ = 5.02 TeV 5-40% 8 
NN

sPb-Pb 

c > 0.2 GeV/
T

p

-
1 - v+

1v

ALICE Preliminary

boxes (filled/empty): syst. err. (corr./uncorr.)
bars: stat. err.

-4 10⋅ 0.41 (syst) ± 0.49 (stat) ±k = 1.68 

η ⋅fit function: k 

ALI-PREL-129689

η
0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8

 o
d

d
1

v 
∆

40−

30−

20−

10−

0

10

20

30

40
3−10×

)0D( odd
1v) - 0(D odd

1v

η ×fit function: k 

-2 10× 0.2 (syst)) ± 0.1 (stat) ±k = (3.0 

ALICE Upgrade projection

-1 = 5.02 TeV, 10 nbNNs30-50% Pb-Pb, 

ALI−SIMUL−140060

Directed flow with open heavy flavours

E. Bruna (INFN To) 10

Varying magnetic field will influence moving charges à charge-dependent directed 
flow, asymmetric in rapidity

HF particles expected to have larger v1 wrt light flavours because they are 
produced when magnetic field is maximum, while light quarks might be produced later

à Very promising sensitivity to the effect of the early time magnetic field 
in heavy-ion collisions, can help constrain QGP properties

Assumption: 
arXiv:1608.02231

Das, Greco et al., arXiv:1608.02231• Sensitive to the early time EM fields in the collisions

➡Provide constraint for CME related physics


• Charm dragged by tilted bulk

➡ Larger v1 for D mesons, probe the longitudinal 

profile of the initial matter

Hint of positive slope with a 
significance of 2.7σ at low pT

Similar trend observed for 
charged particles, but different 
magnitude
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• New Λc RAA in 2018 Pb–Pb data, similar suppression as Ds+


• Hint of higher Λc / D0 ratio in Pb–Pb collisions than small systems

➡Described by model including both coalescence and fragmentation
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Beauty with non-prompt D0 mesons 

6 

•  Novel analysis based on 
•  two-step machine learning (BDT) cut optimisation to single out non-prompt D-

meson component from prompt one and combinatorial background 
•  Data-driven determination of prompt D-meson contamination  

•  Cross section described by FONLL 

“Raw” non-prompt fraction 

Charm and beauty production in pp collisions 
described reasonably by pQCD calculations 

E. Gauger, 
M. Cai poster 

Strangeness in Quark Matter, 10-15 June 2019, Bari 
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• Study of rare probes, non-prompt D mesons, Σc, Ξc… are on the road 

• Exploring new techniques, such as machine learning…

ALICE SQM preliminary



J/ψ production in Pb–Pb collisions !20
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• Suppression is insensitive on centrality 
in central and semi-central collisions

• Recombination plays important roles 
on J/ψ production on top of the Debye 
screening at the LHC energies
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Υ(1S) production in Pb–Pb collisions !21

Xiaoming Zhang / CCNU Study on HF and strangeness with ALICE QCD physics workshop, Weihai, 17–25 July 2019
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Υ(1S) nuclear-modification factor 

30 

PLB790	(2019)	89	

•  Significant Υ(1S) suppression, increasing from 
peripheral to central collisions 

•  No significant variation observed as a function 
of pT and rapidity 

•  Transport models reproduce data within 
uncertainties 

•  Hint of opposite y trend in Krouppa? 
•  Stronger suppression measured for Υ(2S) in          

       0-90%: 

W. Shaikh 
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Zhou et al., NPA931  (2014) 654-658 
Du et al., PRC 96, no. 5, (2017) 054901 

PRD97, no1. (2017) 016017 

RAA
ϒ(2S) / RAA

ϒ(1S) = 0.28± 0.12(stat)± 0.03(syst)

31 

•  First measurement of Υ(1S) elliptic flow at forward rapidity from analysis of 2015 
and 2018 Pb-Pb datasets together.  

•  Υ(1S) v2 compatible with zero as well as with the small positive values predicted 
by available theoretical models 

•  KSU: path-length dependence of dissociation of initially created bottomonia 
•  TAMU: includes also possible formation via recombination 

•  Indication of lower v2 than inclusive J/ψ (2.6 σ) in 3 < pT < 15 GeV/c 

W. Shaikh 

Υ(1S) (non?) elliptic flow 
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Strangeness in Quark Matter, 10-15 June 2019, Bari 

• Significant Υ(1S) suppression, increasing from peripheral to central collisions


• Positive v2 of J/ψ: suggest J/ψ are formed by flowing charm quarks


• First measurement of Υ(1S) elliptic flow at forward rapidity - consistent with zero



(Multi-)strange particle spectra !22

Xiaoming Zhang / CCNU Study on HF and strangeness with ALICE QCD physics workshop, Weihai, 17–25 July 2019

A Large Ion Collider Experiment

[Pb-Pb] Particle spectra

• Spectra in Pb-Pb: spectra become harder as the multiplicity increases (flattening visible at low pT)
− The change is most pronounced for heavier particles Æ Radial flow

EPS-HEP 2019 | 11.07.2019 | Ivan Ravasenga 11

• Spectra in Pb-Pb: spectra 
become harder as the 
multiplicity increases 
(flattening visible at low pT)


➡The change is most 
pronounced for heavier 
particles — Radial flow



pT-integrated ratio vs. multiplicity !23
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A Large Ion Collider Experiment

pT-integrated yield ratios vs multiplicity 
• Steep increase with multiplicity in pp and p-Pb
• Saturation at higher multiplicities 
• No significant evolution with the collision energy and 

collision system
• φ(S=0)/π increase in small systems is inconsistent with 

simple canonical suppression (φ behaves like a particle 
with S between 1 and 2)

• Slope of the increase depends on strangeness content

16EPS-HEP 2019 | 11.07.2019 | Ivan Ravasenga
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• Steep increase with multiplicity in pp and p–Pb


• Saturation at higher multiplicities


• No significant evolution with the collision 
energy and collision system


• Slope of the increase depends on strangeness 
content

A Large Ion Collider Experiment

pT-integrated yield ratios vs multiplicity 
• Steep increase with multiplicity in pp and p-Pb
• Saturation at higher multiplicities 
• No significant evolution with the collision energy and 

collision system
• φ(S=0)/π increase in small systems is inconsistent with 

simple canonical suppression (φ behaves like a particle 
with S between 1 and 2)

• Slope of the increase depends on strangeness content
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Mean transverse momenta !24
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A Large Ion Collider Experiment

Mean transverse momenta ( 𝒑𝐓 )

EPS-HEP 2019 | 11.07.2019 | Ivan Ravasenga 17
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• Similar hierarchy is observed in pp, p–Pb and peripheral A–A 

➡Saturation at higher multiplicities


• In central A–A collisions: particles with similar masses have similar pT


• The moderate increase is usually attributed to increasing collective radial flow



More on strangeness studies !25
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A Large Ion Collider Experiment

Mean transverse momenta ( 𝒑𝐓 )

EPS-HEP 2019 | 11.07.2019 | Ivan Ravasenga 17
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• Similar hierarchy is observed in pp, p–Pb and peripheral A–A 

➡Saturation at higher multiplicities


• In central A–A collisions: particles with similar masses have similar pT


• The moderate increase is usually attributed to increasing collective radial flow

Spin alignment

12

r00 vs. pT : Pb-Pb collisions (K*0)

✔ r00 = 1/3 at p
T 
> 2.0 GeV/c

✔ r00 < 1/3 in Pb-Pb collisions at 

p
T 
< 2.0 GeV/c for K*0

Production plane: 2.5s deviation 
from 1/3 for lowest p

T 
 bin 

Event plane: 1.8s deviation from 
1/3 for lowest p

T 
 bin 

✔ Measurements from production
and event plane are consistent 
with each other within errors

✔ Measurements from 2.76 and 
5.02 TeV are consistent with each 
other
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Femto-scopy correlations

13 June 2019 Jesse T. Buxton (OSU) | SQM 2019 8

Results: Fit Parameters

➢ ℜf0 is positive for �K− and �K0
S

 →attractive strong 

interaction

➢ ℜf0 is negative for �K+ → repulsive strong interaction



Conclusion !26
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Heavy-flavour production 

• Interplay of CNM (shadowing), collisional and radiative energy loss, coalescence, 
radial flow required to describe (rather) precise D-meson flow and RAA data


• Intriguing results from charm-chemistry (Λc/D, Ds/D) — ALICE upgrade crucial


• J/ψ flow and D-meson flow set together stringent constraints on cause of charm flow


• Beauty-electron v2 > 0… but bottomonia v2 ~ 0

Strangeness production 

• Hints of radial flow in small systems (high multiplicity pp)


• Hadron chemistry driven by multiplicity and not by collision energy


• Yields and <pT> show a hierarchy based on particle strangeness content

Thanks for your attention!


