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e [ntroduction

e Raa and vz of open heavy-flavour particles

e Collectivity in smaller systems

e Charmed baryon production

e Open heavy flavour jets



Introduction

Heavy quarks (charm and beauty): powerful probes of the P —————
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e Produced in initial hard scatterings (high Q2) at the early stage of heavy-ion
collisions: Te/b ~0.01 — 0.1 fm/c < Taap (~0.3 fm/c)

¢ Production cross section calculable with pQCD (mc¢, mb » Aacp)

e Experience the entire evolution of the QCD medium — probe transport

properties of the deconfined medium
HF in heavy-ion collisions ALICE HF results X. Zhang



Introduction

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

Nuclear modification factor (Raa): heavy quark in-medium energy loss

e [Elastic (radiative) vs. inelastic (collisional) processes
¢ Radiative energy loss: color charge (Casimir factor) and mass (dead cone

effect) dependence
dNaa /dpr PbPb measurement

Raa(pT
(pr) = < Tap > dopp/dpr
® Raa=1,ifnO medlum mod|f|cat|on

'AEg >AEq >AEC>AEb
- Raa(light hadron)< RAA(D) < RAA(B) ?

pp reference

Medlum modification of heavy flavour hadron formation

e Hadronization via quark coalescence which may modify ; 0
the Ds* /non-strange D and A / D ratio

HF in heavy-ion collisions ALICE HF results X. Zhang



Introduction

Heavy quarks (charm and beauty): powerful probes of the

Quark-Gluon Plasma (QGP) d3o d?o —
= 1 2V, — v
T 27TppoTdy[ —I—nz_:l v, cosn(p R)]

Azimuthal anisotropy: Fourier decompositioRn of particle azimuthal distribution

relative to the reaction plane (Wrp)

e Elliptic flow (v2): coefficient of second order harmonic

= | ow and intermediate pr: collective motion and possible heavy-quark
thermalization in the QCD medium

= High pr: path-length dependence of heavy-quark in-medium energy loss
HF in heavy-ion collisions ALICE HF results X. Zhang



Introduction

Open heavy-quark correlations and jets

e Complementary to open heavy-flavour measurements

® Possible modification of heavy-quark fragmentation /
H

F quark

¢ Flavour dependence of the jet quenching / redistribution of the lost energy

ALICE, Phys. Lett. B753 (2016) 126 , . 05 < bt (Gevic) <

Smaller systems: pp and p—Pb collisions 0-PD [5,,-502TeV  Assot. lracklels

VOS: (0-20%)-(60-100%
o I Trigger particle: muon at “
COntrOl experl ments forward rapidity 2.5<Inl<4

Associate particle: mid- p

= Important to test pQCD calculations Py EaEms & 7 ﬁﬁffff?iﬁ'fff’:"”

= Provide a necessary baseline for heavy-ion studies
= Understanding of Cold Nuclear Matter (CNM) effects DS

e New collectivity-like effects observed at high multiplicity in smaller systems
= Insight into Multiple-Parton-Interaction (MPIl) phenomena

= Understand the interplay of soft and hard processes
HF in heavy-ion collisions ALICE HF results X. Zhang



ALICE apparatus

EMCal TR Hadronic decays:
AR * DO=Km
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Semi-leptonic decays:
e D, B—e+X
e D, Bopu+X

Forward MUON (-4<n<-2.5)

Mid-rapidity (Jn|<0.9)

® Muon trigger, tracking, PID
® ITS, TPC, TOF: VerteXing, traCking, PID Smaller detectors: VO. TO. ZDC

® EMCal: high-pr electron trigger, PID ® Event trigger, characterization

HF in heavy-ion collisions ALICE HF results X. Zhang



Nuclear modification factor
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® |ncreasing suppression from peripheral to central collisions
e Raa of HFe at mid-rapidity is consistent with HFm at forward rapidity

= Heavy quarks undergone significant interactions in a wide rapidity window
in the most central Pb—Pb collisions

= Confirmed the RUN-I measurements

HF in heavy-ion collisions ALICE HF results X. Zhang



Nuclear modification factor
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® |ncreasing suppression from peripheral to central collisions

e Raa of HFe at mid-rapidity is consistent with HFm at forward rapidity
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D meson Raa vs. light-hadron Raa 9
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o Raa(D) > Raa(m=) for pt < 8 GeV/c in central and semi-central collisions

e Raa(D) = Raa(tt) = Raa(h#) in peripheral collisions and for pt > 8 GeV/c in

central and semi-central collisions
HF in heavy-ion collisions ALICE HF results X. Zhang



D meson Raa vs. light-hadron Raa "
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e Raa(D) = Raa(tt) = Raa(h#) in peripheral collisions and for pt > 8 GeV/c in

central and semi-central collisions
HF in heavy-ion collisions ALICE HF results X. Zhang
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Raa(e<Db) vs. Raa(e+c, b)

HF in heavy-ion collisions
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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

ALICE HF results X. Zhang
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Xe-Xe vs. Pb—-Pb collisions
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Elliptic flow of open heavy flavours
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e Positive v2 of D mesons for ptin 2 — 8 GeV/c in semi-central collisions

e v, of Ds compatible with non-strange D-mesons within uncertainties

HF in heavy-ion collisions ALICE HF results X. Zhang



Elliptic flow of open heavy flavours
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e Positive v2 of D mesons for ptin 2 — 8 GeV/c in semi-central collisions
e v, of Ds compatible with non-strange D-mesons within uncertainties

o Vvo(D) = vo(rt) for pt > 4 GeV/c, hint of vo(D) < vo(ri2) for pt < 4 GeV/c

HF in heavy-ion collisions ALICE HF results X. Zhang
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RAA and V2 of D mesons vs models
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e ALICE LHC RUN-II: improved data precision w. r. t. RUN-I and provided
important constraints on models

e Models in which charm quarks pick up collective flow via recombination or
subsequent elastic collisions in expanding medium better describe both Raa
and v2 at low pt (LBT, MC@sHQ, PHSD, POWLANG)

= Recombination and collisional energy loss: important for heavy quarks

= Charm quark diffusion coefficient at the LHC: (1.5 -7) / 2nT¢

HF in heavy-ion collisions

ALICE HF results

X. Zhang
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Event-shape engineering

e Event eccentricity quantified by ge:

= <(q)2> =1+ <M-1> <(w)2>

e Opportunity to study the charm-quark coupling to the
light-hadron bulk by measuring v» at different g- values
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HF in heavy-ion collisions

ALICE HF results
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e Significant separation of D-meson vz in
events with large and small g-

= Charm quarks sensitive to the light-
hadron bulk collectivity and event-by-
event initial condition fluctuations

1 Autocorrelation and non-flow effects between q-
1 determination and D-meson reconstruction are
present

X. Zhang



Event-shape engineering

e Event eccentricity quantified by ge:
= <(g)>=1 + <M-1> <(w)2>

e Opportunity to study the charm-quark coupling to the
light- hadron bulk by measurlng V2 at different Qe values
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1310°

10

1

e dN/dpr(ESE) / dN/dpr(unbiased) compatible with unity within errors

e Promising observable to study interplay between elliptic flow and radial flow
(at low/intermediate pr) and and in-medium energy (at high pr)

HF in heavy-ion collisions ALICE HF results

X. Zhang



Directed flow of open charm "

e Sensitive to the early time EM fields in the collisions oK —¢ - =
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Directed flow of open charm

e Sensitive to the early time EM fields in the collisions o
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HF- decax Iepton v2 In p—Pb collisions
ALICE arX|v 1805.04367

—8— (c,b) = e,Inl<0.8, 1Ay <1.2
—— Charg. part., Inl <0.8, 0.8 <IAnl < 1.6
(0-20%) - (60-1 00%) —4— u, p-going-4<n<-2515<IAn <5

o ALICE
" p-Pb, |5 = 5.02 TeV

0.15 __ —+— u, Pb-going -4 <n<-25,15<IAn <5
n m—
i —

0.1 _H_—H_ *

- =)
[ _ESE ~+~—fl

0.05— — 14— |
- ——

%

| | | | | | | | | | | | | | | | | | | | | |
1 2 3 4 5

P, (GeV/c)

m_I|IIII|IIII|IIII|IIII|I

e Positive HFe v2 in 1.5 < p1 < 4 GeV/c (>50) in high multiplicity events
= Possible lower than v2 of charged particles at intermediate-pr

= Similar to inclusive muons at large rapidity

HF in heavy-ion collisions ALICE HF results X. Zhang



HF- decax Iepton V2 In p—Pb collisions
ALICE arX|v 1805.04367

| T T T | | I LI I |_ :_H — 1 rr1rr 1|1 r 1 r [ 11 1 1 [ T 1 11 i
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e Positive HFe v2 in 1.5 < p1 < 4 GeV/c (>50) in high multiplicity events
= Possible lower than v2 of charged particles at intermediate-pr

= Similar to inclusive muons at large rapidity

e New: inclusive muon vz at 8.16 TeV, Q-cumulants with 2-particle correlations

= Positive v2 in 2 < pt < 6 GeV/c (>30) —HFmM components dominated

HF in heavy-ion collisions ALICE HF results X. Zhang
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=¢c production in pp collisions
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F 1 S - (a) ALICE ]
% & ALICE i |><D . - = m Data }
© 1E pp, \s =7 TeV - O 10 3 |pFT’ (S) ; 7 TeV "/ /] PYTHIA8 Monash [64] E
= - = u < 0. : 3
= s | |y0| <05 . GT) E Y N\ PYTHIAS (CR, Mode0) [28] -
> B He = eTE v, g N -
o [ | ] %5 1072 E * E
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B 107" E - = S
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Not corrected for £, decays B / XXX K XX

+q) 1 0_2 | b {1} | 1 0_4 » Z
']* = + 3.5% norm. uncertainty not shown 3 S E
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o —.(—e="ve)/ DO ratio higher than theoretical predictions

= PYTHIA8 with enhanced color reconnection mechanisms closer to data

= BR(=c—e="ve) unknown, high uncertainty bands in theoretical predictions

HF in heavy-ion collisions ALICE HF results X. Zhang
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\c / DO ratio in smaller systems

—

C_) I L | I I I LI | | | | T 1T 1T | | | | L I |
gl [
c  } pp, s =5 TeV pp, \s =7 TeV ALICE Preliminary i
2 | o | p-Pb, |5, = 5.02 TeV |
<0.5
€0.8]— Iyl <0.5 y . -096<y__<0.04 |
(@] 0
£t —e— AK, PRL 111 (2013) 222301 - AYD -
S | —@— AD 1 —e— A/KS, PLB 760 (2016) 720 ] T
> —e— pl/x, PLB 760 (2016) 720 & (2016)
s I —e— pln, PLB 728 (2014) 25-38 A .
m
0.6 —
i i : _
n n : i -
» - _§_ -
0.4 — - E —
— = L] + T
0.2 — — E * —
- - . ]
I I o -
| | 1 1 1 | | | | | 1 1 1 | |

10 p_ (GeVic)

e Decreasing trend from pt = 4 GeV/c observed in pp and p-Pb collisions

e Similar trend to baryon-to-meson ratio in the light-flavour sector
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\c / DO ratio in smaller systems

1 1 1
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served in pp and p-Pb collisions

e Similar trend to baryon-to-meson ratio in the light-flavour sector
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ALICE HF results

X. Zhang



/\¢ production in Pb—-Pb collisions ®
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¢ First measurement in Pb—Pb at the LHC
e A:/ DO ratio in Pb—Pb: higher than (>20) pp and p—Pb collisions

= Described by model calculations including only coalescence

HF in heavy-ion collisions ALICE HF results X. Zhang



/\¢ production in Pb—-Pb collisions *
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e First measurement in Pb—-Pb at the LHC

e Hint of Raa(/\c) > Raa(Ds) > Raa(non-strange D) > Raa(h3)

= A significant fraction of charm quarks hadronize via coalescence
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DO-tagged jets Raa In Pb-Pb collisions

Strong suppression of DO-tagged

< 2 I I I I T T I T T . .
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e —  Jets at higher pr
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DO-tagged jets Raa In Pb-Pb collisions

e Strong suppression of DO-tagged

< 2 [ [ [ T T 171 T T 171 . .
o« [ ALICE Preliminary | "1 jets in the most 10% central
1.8_— Pb-Pb, \ s, = 5.02 TeV _
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10 107
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® New constraint on understanding charm quark in-medium energy loss
HF in heavy-ion collisions ALICE HF results X. Zhang
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Conclusion

Raa and v2 of open heavy-flavour particles
e ALICE LHC RUN-II: improved data precision w. r. t. RUN-I

® Recombination and collisional energy loss: important for heavy quarks
Collectivity in smaller systems: positive v2 in high multiplicity events

Charmed baryon production

e PYTHIA8 with enhanced color reconnection closer to data in smaller syst.
¢ /\: production in Pb—Pb: first measurement at the LHC
= Described by model calculations including only coalescence

= Suggests a significant fraction of charm hadronize via coalescence

Open heavy flavor tagged jets: similar suppression of D%-jets and D mesons

HF in heavy-ion collisions ALICE HF results X. Zhang



