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Heavy quarks (HQ) in heavy-ion collisions

Heavy quarks (charm and beauty) carry information of:

Initial stage

QGP properties

Hadronization mechanisms
Rescattering in hadronic phase
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Initial stage Production: Energy loss in the QGP: Hadronization:
o  nPDFs o Hard scattering (< 0.1 fm/c) o Collisional and radiative o Coalescence +
o EMfield © Calculable with pQCD — o Low p_: Brownian motion — fragmentation
calibrated probe spatial diffusion coefficients

Mass hierarchy?
o Dead-cone effect
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Study of open heavy-flavours with ALICE detector &

Open heavy-flavour hadrons — Heavy Inner Tracking System (|| < 0.9)
quark (c/b) hadronize with light quarks (q) e Primary and decay vertices reconstruction
b e  Track reconstruction
- meson A, . . . .
@ @ baryon e Low momentum particle identification
Measured: "y ; :
«  Reconstructing HF hadrons from g SR TlTe'%fitfﬁg detector (|y| <0.9)
hadronic and semileptonic decays s ' . :
. SRR, & ) e  PID through time-of-flight
Leptons from HF hadron decays _ | “".“'\\w o

(c,b — e,p) vy, |
. ' \.'M - Eg
Time Projection Chamber (|| < 0.9) = ol

e  Tracking
e  PID via specific energy loss

VO detectors
° Triggering’ Calorimeter (EMCal & DCal) (ll]| < 0.7) Muon spectrometer
e  Multiplicity estimator o  Trigger e  Muon reconstruction

2.8<n<5.1(VOA) e  FElectron PID via energy 4.0<y<-25
-3.7<n<-1.7(V0OC) measurement and shower shape
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Nuclear modification factor (R, ,) dependence on system size .

JHEP 01 (2022) 174
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Pb-Pb 60-80%: JHEP 10 (2018) 174
p-Pb: JHEP 12 (2019) 092

1 dNaa/dpr
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- E
Z - F 2 2 o
E g = = " R, =1 — No modification
. v = ot =8
&/ N o = <

8 P R, , <1 — Nuclear effects
e <T,,>— average nuclear overlap function
° dapp/de — production cross section in proton-proton collisions
[

dN, /dp,.— p.-differential production yield in heavy-ion collisions

Nuclear modification factor in different centrality classes in
Pb-Pb collisions (0-10%, 30-50%, 60-80%) + p—Pb collisions

Suppression increasing with collision centrality
due to increasing density, size, and lifetime of the medium
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Open-charm hadrochemistry

R, (A"),0-10% . 0-100° + &0
AA(2 J)> ® Phys. Lett.B 839 (2023) 137796 , R A(A7), 0-10% R\A(A7),30-50%
< T T L e C T T T T T T T o g T T T T T T T T ]
o 1 sEALICE 0-10% Pb-Pb 3 ncg ’ 82\ ALICE JF Pb-Pb, s, = 5.02 TeV 3
- + Sy = 502 TeV ] “F O\ F 5 ]
16F = IirompI 30 NN = 16F \.\- SHMc _}%Prompt Ag Iyl <05 L
- — Prompt Df E E : F o ]
14 . Prompt average D°, D*, D** = 14\ - Catania N —— 0-10% :
12F = 12F ZATAMU 1 N —— 30-50% e
et T o i T
0.8F il 1 osf = 3
2 | RN E E 1 a
0.6 || ﬂ =ik 06 l E: ) £
Papiil 47 Ty ¥ T
0.2F BW&* mEA= - 0.2 = _::_Open markers: =
. o s wauld 7 C _— ¥, PP pT-extra.p. referlence. 1
1 10 1 10
! 10 b (Gevio) p. (GeV/c) p. (GeV/c)
.
TAMU: PLB 735 445 (2014)
+ + 0 + *+ : : Catania: EPJC 78 (2018) 4, 348
e R, (A)>R (D )>R, (D’ D’,D")for4<p. <10 GeV/c (recombination and - (2018)
) ¢: JHEP 07 (2021) 035
radial flow)
e TAMU — good description of the R, , over full p_ range charm baryon production — Poster
e Catania — describes the data for p_>2 GeV/c session(165, 177, 189, 491, 560)
. L. L. Talk — 16:50: Jianhui Zhu
e SHMc — underestimates the data — corona description could be further optimized? 06/09/2023
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https://indico.cern.ch/event/1139644/contributions/5456431/
https://indico.cern.ch/event/1139644/contributions/5456459/
https://indico.cern.ch/event/1139644/contributions/5456422/
https://indico.cern.ch/event/1139644/contributions/5456391/
https://indico.cern.ch/event/1139644/contributions/5456444/

Beauty hadron energy loss and hadronization

JHEP 12 (2022) 126

< [ . . §. FAuce ILGR E
o ALICE, Pb—Pb, s = 5.02 TeV ] T [ PbPb 5, =502TeV MC@sHQEPOS2 ]
- 0-10%, ly| < 0.5 - B G008 =
151 e non- prompt D° ] EQ:;‘( c ]
- e prompt D° . o e N = - * & et v il e i o 0 —
| Frst time down top =1 | Py shift — p,(non-prompt D)
5 GeV/e { <p,(parent B meson) o ol 7
ior----MAlts----------- - - - C - ; - 7
B i g N e data LGR central value 7
| ] . s 4= mmmmme iym settom, (E-loss) e ii) m_set to m, (coalescence) —
non-prompt D production t - 3 S ||| W/o shadowing — — iv) wlo coalescence ]
B J | — Poster session(138) g C ]
0.5 — | Renu Bala g o 7
i E‘H 1| 06/09/2023 BE ]
oL ]
:open NPT .. 1 LGR: EPIC 80 671 (2020), EPIC 80 1013 (2020)  [)
Y i A AT o] TAMU: PLB 735 445 (2014) C
MC@sHQ+EPOS2: PRC 89 01490 (2014) U
] 10 pT(GeV/c) CUJET3.1: CPC 43 044101 (2019) - .

ALI-PUB-534213
Hint of R, , (beauty hadron) > R, (charm hadron) for

P <12GeV/e
e  Mass dependence of in-medium energy loss —

LGR configuration — radiative+collisional energy loss, hadronization via
fragmentation+coalescence
e ifm — m_for E-loss calculation: Ratio = 1 — relevant role of

AE <AE
b ¢ ' o ‘ dead-cone effect
e  Different shadowing or hadronization via e  Prompt-D° formation via coalescence explains the minimum (2-3 GeV/c)
recombination observed on data
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Extending for D" meson

Fr W R o B RADR EERES BRESS RESES REE N EEREE ) 7y B RR? R e g P AR LT R AR REES RAL |
..D.. 3 5_AL|CE E e 3.5:— B ArXiv:2204.10386
=3 a of. Po-Pb. VS = 5.02 TeV ] 3 - ] TAMU: PLB 735 445 (2014)
o 3.0p . o 3.0r a
& [W<05 Data TAMU ; a f TAMU ]
o +0-10% 0-10% 1 c o 0-10% 1
o 25 ¢30-50%  [130-50% 2&r W 80-50% 3 TAMU:
= o0k o0k 1 e Transport: Langevin equation
R o 2.0 | ] o L
a : ~ o | e  Hadronisation: recombination
£ 1.5} n°15F | B P ] + fragmentation
g L I - ' | 1 e describes the data within the
= 1'07 § 1'0f~$»;; i = i uncertainties
o R = B
e F o -
< 0.5_- S 0.5F 1
o L open markers p,-extrap. reference = L open markers: p. extrap reference
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e (-10%: Ratio shows hint of enhancement at e 0-10%: Ratio suggests hint of enhancement with a significance
4 <p, <12 GeV/c with significance 1.66 — of 1.7¢ in the 4 < p_ <12 GeV/c — recombination +
Mass effect strangeness-rich environment

o 30-50%: Model predicting same observation as 0-10% — Experimental results require more precise measurement
e  Direct access to B meson down to low p_ will also help in investigating further these effects — Run 3 measurements
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Energy loss of beauty-decay electrons in the medium (R, , ) e

ArXiv:2211.13985

b (— ¢)— e — electrons from beauty-hadron decay

S——
- ALICE

1.6 10-10% Pb-Pb, s, = 5.02 TeV
14 F

PLB 829 (2022) 137077

b(—c)—e

of o 1y|<0.8 :
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« _ [ALICE :
1.6 F0-10% Pb-Pb, |5,y = 5.02 TeV ]
14F pboooe MC@sHQ+EPOS2
1208 - ly|<0.8  -eeeee PHSD

1F

0_8 :.".... .

0.6
0.4 |
0.2}

e  Significant suppression
of b(—c)—c¢ in

; Pb—Pb collisions at

: intermediate and high

ok
0

Pr
e No significant p._
dependence (p; > 8
GeV/c) within
uncertainties
=
GeV/c)

e ALICER,, (b(—c)—e)=ATLASR, ,(b(—c)— |) s no dependency on decay channels
e All models provide good description of data within uncertainty
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| Mass hierarchy of elliptic flow (v,)

I S anmma s e e S e Positive v, for open/hidden charm and b (< e)

0.3—_ ALICE h — participate in collective motion dN/dp ~ 1+ 2 Z . cos[n(e — ¥,)]
- 30-50% Pb-Pb, \/STJN =5.02 TeV 1 -
- ¢ 7, |yl < 0.5 -
- jg%ﬁ . mums?\tlf:])y | p ‘;—8 g o Lowp <3GeV/c: v,>0 — thermalisation of charm quarks
ol - . v,25<y<4 . ~
i% oo i ol o 'Mass hierarchy — v,(Y) < v,(b — ¢) = v,(JAp) < v,(D) < v,(m)
b gl * Non-prompt DY, ly|<0.8 A
: * b—ely<08 1
= T(1S)5-60%,25<y <4 e Intermediate 3 <p_<6 GeV/c: contribution from hadronization via
4 & o] coalescence with light quarks?
1 o V() <vy(D)=vy(m)
A o v(V)<v(b—e)

e High p > 8 GeV/c: path-length dependence of in- medium energy loss

—ll[|I|lllllIllllllllllllillllllllllllll_

2 4 6 8 10 12 14 16 18 o v,(Jy) =v,(D)=v,(m)
P, (GeV/c) ALICE Non-prompt D: arXiv:2307.14084
ALICE Prompt D: PLB 813 (2021) 136054
ALICE 7: THEP 1809 (2018) 006
0\ ~ 0
e vy,(non-prompt D) = v (b — e) <v (prompt D) — lower degree of ALICE Y(1S): PRL 123 (2019) 192301
thermalisation for beauty quarks ALICE J/y: JHEP 10 (2020) 141
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Beauty flow from light-quark recombination?
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LIDO describes the data

1 & ]
- ALICE 19 0'3_ ALICE ly] <0.8_] o Hadronization —
- 30-50% Pb-Pb, sy, = 5.02 TeV 1 5 | 30-50% Po-Pb, s, =5.02 TeV : coalescence +
o & it |yl <05 4 8_)" 0 2— e Non-prompt D’ . fragmentation
o PromptD, |y| < 0.8 4 902~ & ..
| % ; Infgu’“s'fi’ve J/%I,(z.s e e < 0L b (— ¢) — e (PRL 126 (2021) 162001) . o  Energy loss — collisional +
‘ @} 1 . Ir\r;clusnve Jhy, ([)yl <0.9 i radiative
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¥ z o ] beauty-hadron decay
| i % LIDO (Non-prompt D% . LIDO(B meson) kinematics
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P, (GeV/c) T ALICE Non-prompt D: arXiv:2307.14084
ALICE Prompt D: PLB 813 (2021) 136054
L ALICE 7: JHEP 1809 (2018) 006
v,(non-prompt D) > 0 with significance of 2.7¢ ALICE b—e: PRL 12(»( (202)1) 16200
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Collectivity in small systems—Inclusive muon v, in p—Pb

ArXiv: 2210.08980

- ALICE, p—Pb, \s, = 8.16 TeV
— p-going, 2.03 < . = 3.53

VOM: (0-20%)-(60-90%)
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0.16
F ALICE, p-Pb, |5, = 8.16 TeV
0.14f- p-going, 2.03<y__ <3.53 [0]vi{2PC})
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o - L < b, C
0.1F- Bl
E TN v 1 C
0.08 [
S /2> NN
006 # e S
E e TR SIS
0.04— i :F:\\
- g R . — A o
0.02 [ // -
. i
:l||||||||||||||||||]||1|1|||||||||I||||I|||||||||
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Positive v with a significance of up to ~126 (2 <p, <6 GeV/c) — collectivity in small systems

Small v, at high p_(6 <p. <10 GeV/c) — beauty-dominated region

v, in AMPT — flow explained by the anisotropic parton escape mechanism

CGC — qualitative agreement with data suggest possible contributions from initial-state effects

AMPT: PRC 72 (2005) 064901
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https://arxiv.org/abs/2210.08980

Jet fragmentation using HFe correlation at \/SNN =5.02 TeV @

A¢ = (q)HFe - (oh) HFe

HFe— electrons from heavy-flavour hadron decay

HF jet or HF correlation — direct access to the initial parton kinematics ‘X/\Nea”'de
~
N
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“GeWferrrrrrre ey 008 3
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2 1.or Near;side ;’l‘;:s Fs2Gevie o LoNeE S<pr* <7 CeVic fragmentation function in Pb—Pb collisions |
3 1 % oosfE . e Jet modification in medium? ‘A =m!
= [ Pb—Pb 0-10% 1 = ; Away-side assoc 4 !
S e Boosk o Wake effect — enhancement of low p. o ’
2 Away-side ] % . . C . .
2 1% 00 . associate particle in jet direction !
g + ] 2 F Nearside o Jet quenching — suppression of high p /,
0-5¢ + ] 0'02;' associate particle at away-side peak D/
1 0.01F ++ ++ /
OF - e (Agv‘ay-side
ook ¥ 'f |
] G.-Y. Qin et al, PRL 103, 152303 (2009)
05 _00211(;::;:;4
ALL A (raih t wake
Poster session(146)
Maximum and minimum sys. e  Observed hint of suppression of yield at (?61;:)391;;321: Flores
of baseline — contribution high pTass"c away-side peak — Jet quenching > % «fm)

Phys.Rev.Lett. 127 (2021) 8, 082301 x(tm°
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from elliptic flow
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https://indico.cern.ch/event/1139644/contributions/5456454/

I, , comparison with light-flavour correlation

Tos — Ypb—_Pb
AA — —Y
Eur. Phys. J. C 83 (2023) 497 NEW NEW BR
L 3_..,.1.,..]“,.,..”_‘..,.[,,,.,..‘e‘]...,l‘d A 4:IIL\LIIC;1E‘F;rIelrin;iﬁér;/]"”'I”bT[”B'JHQII;QI(;T\/I/: ° HFe correlation:
- - ® cboe-hd<p’<12GeV/ - ® cboe-h;4<p’<12GeVic »
g F ALICE Preliminary - ahe s % 350 Pb-Pb, 0-10% A ! Initiated by heavy
D 25 Pb-Pb,0-10% 4 K{-h;8<p *<16GeVic ] 2 E (s -502Tev A Ki-hi8<p "<16GeVic I K
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ol Eur. Phys. J. C 83 (2023) 497 | c @ Eur. Phys. J. C 83 (2023) 497 LF ati
B , n ] 2.5 - ® correlation:
B v re A - cb—e-h;|n <06, |An <1 4 .. .
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1.5 — 2F K2~ h,h-h; |7 <0.7, A5 < 0.7
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- 4 E 150 LS k=
T s B R - T i a
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e HFe-h I, consistent with LF I, , within uncertainty ® Jet quenching for AS observed at
o  Consistent with unity within uncertainties high-p "¢ (p ****> 4 GeV/c)
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Mass-dependent energy loss

o Observed hierarchy of charm hadron R ,: %ﬁ f
m R,(A)>R,(D")>R,, (D)— recombination and radial flow arn
0 0
o R, ,(non-prompt D”) > R,  (prompt D) — dead-cone effect Cy 0?'( é“

Collectivity in heavy-ion collisions
o Strong coupling of charm quark with QGP constituents at low p,. — charm thermalization in the medium
o Small v, for beauty — weaker thermalization
o v, >0 for inclusive muon in high multiplicity p—Pb collisions — presence of collective-like effects in small
systems also in the HF sector

Hint of suppression at high p..in away-side HFe-h correlation peak — hint of jet quenching
Models predictions:

o  Radiative and collisional energy-loss mechanism — describe the energy-loss in the medium
o  Hadronization with coalescence + fragmentation — describe the data
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Back-up slides .
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Collectivity in small systems—Inclusive muon v, in p—Pb e
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& 016; p-going, 2.03<y <353 [B]vi{2rPC}
£ 0.141 VOM: (0-20%)-(60-90%)  AMPT string-melting
0.12F == L < b, ¢, K%, *
oE u« K
F s peb
008? ‘:‘- ------- u «—C
0.06 g
0.04F afg" ¢‘~E': .............
C * _— ~ P,
0-02} o ge st RN RN a e, :-T.~
OF eseen" : ﬁ'
_0020: il I L | R T T
1 2 3 4 5 6 7 8 9 10
P, (GeV/c)
o 0.16
O " °F ALICE, p-Pb, {5y = 8.16 TeV
& 0.14; p-going, 2.03 <y _ <3.53 @vQ{ZPC}
AN .12 VOM: (0-20%)-(60-90%)  CGC (Zhang et al.)
o - b, C
01 e i
F ” —
0.08]- nec
E I ON
~
008 # SA SN
Y o T OSISS
0.04f~ =S N
ooz I P
of —=—” H]L
:\llllww | | | | | P EFETETIT S A AT I
70'020 1 2 3 5 6 7 8 9 10
P, (GeV/c)

& " "°F ALICE, p-Pb, {syy = 8.16 TeV
& 0-16? Pb-going, -4.46 <y_ <-2.96  [5]v42PC}
A 0141 VOM: (0-20%)-(60-90%)  AMPT string-melting
0.12— —— “(_blc’ K*,
g w e K e
0.1— : ol »
R ol T “c
0.08: 7 ?.‘B#\ ..................... }.L .........
006 O ~J
- - B o Smme—e—
0.04— R L
0.02F H
o ==
A P I B P I P S B

B N N A B

12 p-going, 203 <y <3.53

0.08f—

B //'\ AMPT string-melting
0.06]- TS

= 4} ?"&. .\\ i TR b.c
0.04f R ¢_' ~~.,,%h

- G ‘.ﬂm
0.02f- [ &° el

o H

P, (GeV/c)
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L VOM: (0-20%)-(60-90%)
A - < b,C

A hint for a higher elliptic flow signal
at backward rapidity (Pb-going) —

rapidity-dependent flow-vector
fluctuations

Positive v,with a significance of upto

~126 2<p.<6GeV/c)

Small v, at high p_(6 <p_ <10 GeV/c)

— beauty dominant region

v, in AMPT — the anisotropic parton
escape mechanism — partons have a
higher probability to escape along the
shorter axis of the interaction zone
CGC — qualitative agreement with
data suggest possible contributions

from initial-state effects
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T AT

SHMc + FastReso + corona 1
T [ Catania 7

il TAMU

A,'/D’ ratio in central Pb-Pb and in pp:

For 4 < p.<8 GeV/c, 3.7c significance for A~ enhancement in 0-10% collisions

Proper description by TAMU, qualitative agreement for Catania and SHMc Explained by different
effects of radial flow and coalescence on baryons and meson
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Transport properties

low momentum Heavy quarks (i.e. 3—4 GeV/c) mainly interact via elastic scatterings

The typical momentum exchange in the interactions of Heavy quarks with the medium is small
compared to the charm-quark mass. Therefore, Heavy quarks undergo Brownian motion in the
medium characterised by many small-momentum kicks.

the spatial diffusion coefficient Ds, which does not depend on the precise value of the Heavy quark
mass and, hence, is a medium property. The diffusion coefficient is connected to the momentum
transfer rate and the mean free path of the Heavy quarks.

In particular, the TAMU [76], POWLANG-HTL [117,118], PHSD [125], and Catania [122,123]
models describe the interactions of the charm quarks with the medium constituents solely via
collisional processes, while the MC@sHQ+EPOS2 [115], DABMOD [116], LBT [119, 120], LGR
[121], and LIDO [124] calculations include also radiative processes. All the models, except for
DAB-MOD, include initial-state effects by using nuclear PDFs (nPDFs) in the calculation of the
initial pT distributions of charm quarks. A contribution of hadronization via quark recombination,
in addition to charm-quark fragmentation, is included in all theoretical predictions.
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Nuclear modification factor (R

ALICE

Pb-Pb, |5, = 5.02 TeV
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Energy loss

e  Phys.Rev.C 106 (2022) 1, 014902
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FIG. 2. Comparison of 1 — Ry, bottom to charm ratios for rotal,
collisional, and radiative suppressions, generated with the DREENA-C
[35] framework. For clarity, 30-40% centrality is presented in the
inset. Full, dashed, and dot-dashed curves denotes total, collisional,
and radiative cases, respectively, as indicated in the legend. The
blue, red, green, and orange curves correspond to 10-20%, 20-30%,
30—40%, and 40-50% centrality bins, respectively.
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Nuclear modification factor (R

PLB.2020.135377
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R,, %s compatible with the hypothesis of a partonic energy loss dependence on medium
density — path-length dependence

low p,.— nuclear shadowing— | parton densities in nuclei at low x — less Heavy quark
production per binary collision in Pb—Pb with respect to the pp

hadrochemistry effects — less production of HFe

Radial flow — yield enhancement at intermediate pT ~ 1 in Pb—Pb

AA)

Models — mass dependence of energy loss processes, transport
dynamics, charm and beauty quark interactions with the QGP
constituents, hadronisation mechanisms of Heavy quarks in the plasma,
Heavy quark production cross section in nucleus—nucleus collisions

Most of the models provide a fair description of the data in the region p..
<5 GeV/c in both centrality classes, except for BAMPS

MC@sHQ+EPOS2, PHSD, TAMU, and POWLANG models include
nuclear modification of the parton distribution functions — necessary to
predict the observed suppression of the RAA at low pT

Well described by the TAMU prediction at p.. <3 GeV/c within the
uncertainties related to the shadowing effect on charm quarks
Overestimate the R, , for p..> 3 GeV/c, probably due to the missing
implementation of the radiative energy loss in the model

The CUJET3.0 and Djordjevic models provide a good description of the
R, , within the uncertainties in both centrality intervals for p,. > 5 GeV/e,
suggesting that the dependence of radiative energy loss on the path length
in the medium
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Introduction

iief®

©

o " arXiv:2101.04963

® Quark Gluon Plasma (QGP) produced in high energy heavy-ion collisions.

* Experimental evidence of QGP formation from light hadrons.

|Collective flow |

|Jet quenching |

[Enhanced strange quarks |
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How to study heavy-flavours (HF)

e Quarkonia — J/¥, ¥(2S), Y(1S),...(bound states of Charm and Beauty quarks)
e Open heavy-flavour — Heavy quark (c/b) hadronize with light quarks (q)

. 0 * 0
D mesons(D”, D", D, D",), B meson (B, B,..), A_baryon, A, baryon

D meson B meson
Experimentally heavy-flavour hadrons studied through their decay products: @ @
®c,b — l(e,n) + X (Semi-leptonic decay channels)
* DY — K"+ 7" (Hadronic decay channels) A baryon
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Heavy-flavour measurements in heavy-ion collisions &

e  Nuclear Modification Factor (R ,): energy loss in the QGP

e  Azimuthal anisotropy (v ) : information about the initial collision geometry and its fluctuations
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AA)

Nuclear Modification factor (R

Measuring energy loss: Nuclear Modification Factor (R, ,)
AA COH‘S‘OH - \ Energy loss shift
_g. spectrum to
> lower p_.
©
>

pp collision

.‘ N o
2

. []
—. . .—»
P o P
R, , =1 — No modification
R, <1 — Modification
R A= 1 Yxa
X <N coll> Ypp . .. . . .
* Low p_: Elastic collision with medium constituents (diffusion
<N, >Average number of binary nucleon-nucleon collisions Brownian motion, possible thermalisation in the medium)
* High p_: Radiative energy loss (gluon emission)
Quark Matter 2023

coll
e Y Yield of a particle in proton-proton collisions

pp
Y, , Yield of a particle in heavy-ion collisions

® XA i
Ravindra Singh
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Collective flow

e Volume of interacting matter initially anisotropic in coordinate space

e Anisotropic flow: Transfer of the initial anisotropy into
via the thermalized medium

b/

® PA
e Quantified via Fourier expansion \ /7
1 = b @
@) = 5-|1+2 ) vy cosln(p — ¥y e = 9 ",
# o Anisotropic flow I x
Elliptic flow (v,) (p2 — p2) [ |
Low p_: participation in collective motion and thermalisation of Heavy quarks Vo = ai 5 Y %)
High p_: path-length dependence of energy loss <p T>
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Possibility of simultaneous description of R, ,and v,? &

JHEP01(2022)174 TAMU: PRL 124, 042301 (2020)

PHSD: PRC 93, 034906 (2016)

< T rooT T T T T T T — T T 1] N 'I_ - ! ! T I rTT ! ' . POWLANG: EPJC 75, 121 (2015)
o 1.8 ALICE 0.35¢ TAMU MC@sHQ+EPOS2  °J  (Carania: PRC 96, 044905 (2017)
C Pb-Pb, {50 =5.02TeV E LIDO --=LBT 1 MC@sHQ+EPOS: PRC 91, 014904 (2015)
1.4F IO T - 0.30F - - PHSD - == POWLANG-HTL E LIDO: PRC 98 064901 (2018)
C Centrality 0-10% 0 25: —— DAB-MOD LGR ] LBT: PLB 777 (2018) 255-259
o ° D* D _' - =...Catania E
1-2.’.”-, Prompt D, D", D ;{‘Ter?z ] : 3 DAB-MOD M&T: PRC 96 064903 (2017)
C <P 0.20f- -]
10 — ; ;
1 oasf 3
0.8 - 2 ]
0.6} 1 oo0sf S>>\ N e Thelow pregion is sensitive not
0.4 I e s = R only to charm-quark interaction with
ook ¥ _oosb E the medium but also to
' | ""'I~~-. 1 b Conmeality Bo-50% | = 0.8 | 3 o Initial-state effects (nPDFs)
4107 1 2 34567 10 20 30 1 2 3 4 5678910 20 30 o  Bulk evolution of the medium
P, (GeV/c) P, (GeV/c)

Simultaneous description of R, , and v, challenging for charm-quark transport models

® Charm-quark hadronization via recombination crucial to describe low and intermediate p_: D mesons
acquire additional flow from charm-quark recombination with light quarks
e Radiative energy loss important to describe intermediate and high p._
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Study of open heavy-flavours with ALICE detector &

Inner Tracking System (|n| <0.9)
e Track reconstruction
e Primary and decay vertices reconstruction
e low momentum particle identification

Time Projection Chamber (|n| < 0.9)
e  Tracking
e  PID via specific energy loss

Pl o Muon spectrometer
e  Muon reconstruction
e  Triggering, 4.0<n<-25
e  Multiplicity estimator
—ayp—

2.8 <1 <5.1(VOA)

-3.7<n<-1.7 (VOC) Open heavy-flavour — Heavy quark (c/b)

hadronize with light quarks (q)

T A_baryon
D meson
Time-Of-Flight detector (|n| < 0.9) @ 0
e  Tracking Calorimeter (EMCal & DCal) (|n| <0.7)
e  PID through time-of-flight e  Trigger Measured through their decay products:

e  PID via Energy measurement and

R N . .
e c,b — I(e,n) + X (Semi-leptonic decay channels)

* DY — K"+ 7" (Hadronic decay channels)
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Nuclear modification factor (R, ,) dependence on system size .

JHEP 01 (2022) 174

IIII|IIII|IIII|IIIIIIIIIIIIIIII|II|I|IIII|IIII

1.8~ ALICE E
1.6_— Pb—Pb, \ISN =5.02TeV + 0-10% 30-50%

E Average D°, D*, D** * 60-80% * p—Pb
1.4 |y <05

III|IIIllllllllllll*llllllllllIIIIl

_lllllllllllllllllllIIIlllllllllllllllllllllllll
0 5 10 15 20 25 30 35 40 45 50
pT(GeV/c)
- -
< ] [-P] =)
E g E & o
o i k; 2

Pb-Pb 60-80%: JHEP 10 (.
p-Pb: JHEP 12 (2019) 092 1 dNaa/dpr

R .
Aa(pr) (Taa) doyp/dpr’

e <T,,>— average nuclear overlap function
dapp/de — production cross section in proton-proton collisions
e dN,,/dp,— p -differential production yield in heavy-ion collisions

R AL 1 — No modification

R, , <1 — Energy-loss

Nuclear modification factor in different centrality classes in
Pb-Pb collisions (0-10%, 30-50%, 60-80%) + p—Pb collisions

Suppression increasing with collision centrality
due to increasing density, size, and lifetime of the medium
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Energy loss of HFe in the medium (R .

AA)

Most of the models provide a fair
description of the data within
uncertainty in both centrality
classes, except for BAMPS

ly| <0.8, p;<3 GeV/c
| lyl<o0.6, p; > 3 GeV/c
»

0.8
0.6
0.4

i

T BT I M v o

PLB.2020.135377 HFe— electrons from heavy-flavour hadron decay Models — mass dependence of
Q:ZE o AL R G:ZE TR ';(’)'50/ Pt', Pbr\('_] '5'0'2"T v N energy loss, transport dynamics,

- -10% Pb- - . - -50% Pb-Pb, s\ = 5.02 Te . . .
18E LGRS0 RERINSR ST 1.8 el E charm and beauty quark interactions
165 ) ggggg o = 1.6F 1 BAMPS el.rad. 30-50% with the QGP constituents,
1ab 0-10% - Diordjevic 4 1.4E :';-: Djordjevic R hadronization mechanisms, Heavy

- L MOGSHQLEPOS? ] - .- MC@sHQ+EPOS2 : i i
N — e MGG @s 10 p 1ob L BOREANG RO Cansp. cosft 3 quark production cross section

u . ALICE data ] """, o ALICE data’ ]

: e [t ]

]
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0.2 Filled markers: pp measured reference ** 0.2 Filled markers: pp measured reference . . .
L Open markers: pp rescaled reference . Open markers: pp rescaled reference R AA 1S compatlble with the
| 1 1 | T T I 1 1 1 1 I T | ! 1 1 1 1 S P I 1 1 1 1 Lt I 1 1 . .
0 1 10 0 1 10 hypothesis of a partonic energy loss
p, (GeV/c) p, (GeVrc) dependence on medium density —

path-length dependence

e low p_— nuclear shadowing + collisional energy loss ~ BAMPS: JPhys.G 42 (2015) 11
T . . Djordjevic: Phys.Rev.C 92 (2015) 2, 024918
Hadrochemistry effects — less production of HFe TAMU: PRL 124, 042301 (2020)

e Radial flow — yield enhancement at intermediate p.. ~ Egg&:ﬁg 9};?34795061(2210(126815)

1 in Pb—Pb MC@sHQ+EPOS: PRC 91, 014904 (2015)
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Energy loss of beauty-decay electrons in the medium (R, , ) e

ArXiv:2211.13985

T T

b (— c¢)— e — electrons from beauty hadron decay

g e T ] 1.8 s —_ —_ ———  ® Nuclear shadowing
1.6 '-AUCE - 8 ‘Ié FALICE 1 — Suppression of
‘©F0-10% Pb-Pb, |5, = 5.02 TeV ] 1.6 £0-10% Pb-Pb, |5y, = 5.02 TeV - > Supp
$4 E E : LACHN yield at low p_.
o %(Igll%) 8 : 14F b(oooe MC@sHQ+EPOS2 i
2b asseoooume (BEE ] iof ohios e | o Hadrochemistry
L i o 1} effects — less
08} R 0.8 £ production of HFe
0.6 | g 0.6 : .
- F L e Radial flow — yield
i : 041 enhancement at
021 1 0.2 intermediate p. ~ 1 in
0 L ] 1 1 1 ! 1] 0 i ) ) ) ) % Pb_Pb
0 5 10 15 20 25 30 0 5 10 15 20 5
o (GeVlc) P, (GeVic)
e ALICER,, (b(—c)—e)=ATLASR, ,(b(—c)— |) s no dependency on decay channels
e All models provide good description of data within uncertainty
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