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Introduction: Heavy flavor quenching in heavy ion collision
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® Heavy lon Collision ® QGP ® Heavy flavor Quenching

O high temperature and O the strongly-coupled and anisotropic flow
density experimental nature of this fluid- [ the two most important
conditions like QGP sighatures
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® RHIC Au+Au

Phys. Rev. Lett. 121,229901(E)(2018)

2 |- STAR Au+hu — O° + X @ 200 GeV Central 0-10%

L 03F oD’ oA  STARAu+Au |5, =200 GeV 5
S sT DK, ~10-40% I E
2 -~ = [
: T $ s
0.2 |- = 2 2 b= :

g QH A o -
g ] A = B p
n'l‘E- F B L:], = - |__ 1__ ..... '..,'..*.'
s $ g ¥ 1 @ EE 7
g o el - ! 2 b
- ' > osf~ @
g g 'H'd?.f < A
< o |-S 2. \ (a) 5 Q

. Atlowpr ) . | oL

0 2 3 5 6
ic)
-

exhibit strong anisotropy

® dat ]
==== SUBATECH ey
_ = === Toring .
=i Dk w shad -
T — — Dwuke wio shad. 7
. ' LAML ]
i v AN 4
SR _
et [ |8 i “;.i = :
e At hlgh pT 'y

] ] ]

2 4
p. (GeV/c)

Li Shu-Qing

QPT 2023, Dec 15 — 19, Zhuhai




Phys. Rev. Lett. 120, 102301 (2018) Phys. Rev. Lett. 118, 212301 (2017) JHEP 10, 174 (2018)

SRR RARNREER RN ERAR A Ty ' R A R AR R AIRR B LR AR EREA N - S M- e —
04r 0.0’ 0" esge s ] 0350250 PP, {5 =502 TeV - i e I e R

= 4 NN A [ ] o 9

- ALICE 'ﬁii :.::::339};‘—3":;.;%;“ ] <08 ) ALICE 1 - 0-10% Ph-Ph, {5,y = 5.02 TeW 4 T 2F 0-10% Pb-Pb, &, = 5.02 TeV ":

03} PRL 111 (2013) 102301 ] L 2™ Y Tl e 1 1.8 Uelelia ] 1.8 i<t =

C b _. 0.2 [ 5yst. from data - I . F " D E

- 12, Y1<0.5, {5 = 276 TeV . T [ syt from B feed-down | 'I.B':— o DD E 1.5:— * Dl:'ersge L, E
0.2~ 0 v,{SP, |An|=0.9), JHEP 0 (2015) 190 4 1.4F « O E 1.4F + D 5
N & v{EP, |4n[>2), PLB 719 (2013) 18 = F = O R E E
5 . ] o 01 1.2 = 1.2
0.4F | 4 i} : ] d ;

:g f = 1: T Filled markens: pp - n-smhurmrn-ur l'_ 0 e e T Filed marke s’ pp rescalpd reloonos L

] 2 [ ® ik B el ] C i i RN e redaranca
Ll F - P ol R o L ¥ 0 0.8} e i 4 osHl w ki e =

R R B  PHSD - = E ol i

L R || oo DR, e - T Hj’+ gy
0.1k T I PR Y O A T L L A It 7 E [ U :
N S B R I T T TR T T 0BT TR 0 2 e e 20 2 a4 o2k :P | ook sm;i;:ﬁ:—ﬂ— B E

B, (et P, (GeVic) IGE....I....I A IS S LRI TS TR STR BT DE |....|.....|. FF ESPP et SRR S PRt =
5 10 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 4D 4,5|f 50

g T R e R T e P (GeVic) P, (GeV/c)
. - -i-PrI:lmptD hrlq-l_ﬂ -l-GhErgE:dI.‘.!ar‘liGlE.m-r_T.ﬂ § EE_,—_:_....p.. T II”..!;,|I_|EéI BRI mo |....E ﬁz'LEI”IIII”!I T Iﬁ'I_II‘I:_IEIIIIIIIIIIIIIII IE
0.2 3 .55“5| from nonpromgpt O E oc 2 30-50% Po-Pb, |5, = 5.02 TeV ] . 2 30-50% Pb-Pb, |5, =5.02 TeV =
Tk Ll:ilher Lyl g 1.8F =05 - 1.8 ¥l=0.5 =

- b b - 1

g 0 o 1.6F « Average DF, D', D'
Q:1SE 0-10% , 10-30% ; o 4 14 0 3
. e ] -0 { 12f g

s' 0IF .k " 7 1 g 1
- AT ] ] o 1
ool b v | ohdy
H ol e ;-E.---“ o o T R e i e ] U'.E': i il =

ok A, E =

ﬂ . P o e H- ................................................................ —— $ E 1 _E [J4':_-— EI _E

D 'DS | CMS Pb—Pb @5.02 TeV B 012:_ I I fq:-llmlmﬂnﬁ.'pflmlltw ml:uuncn I _: 02:,_ | Doty Flmlmrh':: :1. nll‘.ubdndulu'u:. _:
i i i i i i i i e PP PP P PRI PR PETT PTTT P L, 5 10 15 20 25 30 35 40 0 5 'l'I:J 15 Zﬁ 25 30‘ 35 40

]L‘.r_l_ (GeV/c) FIT 1GeVic)

At low p; : exhibit strong anisotropy At high pr : are significantly quenched

Li Shu-Qing QPT 2023, Dec 15 — 19, Zhuhai




® RHIC d-Au
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O large anisotropic flows have been
observed in small collision systems.

| o implying the possible formation of

mini-QGP in such small systems.

1 O R(pPb) of D mesons is consistent

with unity in p-Pb collisions.

The collectivity observed in
~ small systems originates

l from :

& final state QGP effects
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m Disentangle the initial state and final ; > Explore the nuclear modification
state contributions to jet : effects on high p; hadrons in systems
: smaller than Pb—Pb collisions at the
observables. : .
I LHC enegies.

B Scan the jet quenching effect across

various sizes of nuclear collision . How.parton energy loss depends on
systems. the size of collision systems.

I IChm Phys. C 43, 044101 (2019)
B This would bridge the gap between | Phys. Rev. C 102, 041901 (2020)
large and small systems. : ' Phys. Rev. C 101, 021901 (2020)
| | Phys. Rev. C 103, 054903 (2021)
| Phys. Rev. Lett. 126, 192301 (2021) |

B May hopefully help dentify the
boundary across which QGP
disappears. . Our work Using heavy quarks to probe

QGP with different sizes.
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(3 + 1)-dimensional
CLVisc hydrodynamic ¢
model

Dynamical evolution | | Heavy quarks are Initial momentum
of the QGP medium =f= mainly produced Via distribution given |
in AA collisions "1 initial hard scatterings by PQCD

Modified Langevin equation |
dp _ .77 !
— = (PP te ], :
|
! Hybrid coalescence-
£\ /E-AE {/ i Heavy flavor mesons ===/ {3 3mentation model
E .
i g j \Y
E U Low p partons High p partons
tmedium) - | Heavy flavor meson | ' combine with fragment into
collisional radiative : | suppression(Rua) I fchermal partons - 3rons
i I i_and flow(v,) ; into hadrons
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i |
Langevin-hydrodynamics framework ; D.(2nT) = 4
i |
L e e e e e ==
O Four collision systems O Two heavy mesons
v Pb—Pb @5.02 TeV
v D meson
v Xe—Xe @5.44 TeV
v
v Ar-Ar @5.85 TeV B meson
v 0-0 @6.5TeV O Two physical observabiles

O Three collision centralities

v Raa VS. P71, Vo VS. Pt

v 0-10% vV Raa V8. <N >, Vovs. <N 4>
v' 30-40% v" Raa vS. centrality, v, vs. centrality
v 60-80% v V5 /32 vs. <N vart >
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Numerical results : Heavy Flavor Meson R,,and v,

B A suppression of the D0 Ry, at low py, while
an enhancement (anti-shadowing) at high
pr. this shadowing effect has little impact
on the DO v,.

B The results are consistent with the
exerimental data . This helps confirm the
satisfactory path-length dependence of
parton energy loss embedded in our
transport model.

m A clear hierarchy in the heavy meson Rpa
Larger heavy quark energy loss in more
central collisions leads to a smaller nuclear
modification factor. A maximum for elliptic
flow v, in semi-central/peripheral collisions.

m DO have smaller Ry5 and larger v, than B
because charm quarks have much smaller

mass than bottom quarks.



Heavy Flavor Meson R,,and v

Numerical results :
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® Amount of energy loss effects are found for
both charm and bottom quarks in the most
central collisions with O-O collisions.

® From central to peripheral collisions, heavy
flavor meson Ru, increases and approaches
unity at high p; in peripheral collisions.

® The rise-and-fall structure of Ry, at low py
region is due to the coalescence mechanism
in heavy hadron formation in the presence of
QGP medium.

® The heavy flavor meson v, first increases and
then decreases as a function of centrality
class due to the competing effects between
parton energy loss and geometric anisotropy
of the collision zone.
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= A stronger nuclear modification of heavy
mesons with a larger Npart.

A clear nuclear modification of both D and B
mesons even in the small-size O-0O collisions
as long as Npart is not small.
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= Heavy flavor mesons produced from different
collision systems share a similar Ry as long as
Npart is fixed.

® The hierarchy of Pb—Pb > Xe-Xe > Ar-Ar > O-O

for the heavy meson v, Q
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® The heavy flavor meson R,y increases from central
to peripheral collisions due to smaller heavy quark
energy loss in more peripheral collisions.

@ v, first increases and then decreases due to the
competing effects between parton energy loss and
medium geometry.

Centrality (%) Centrality(%)

® A clearly observe the hierarchies of both R,
and v, of heavy flavor mesons.
Raa : Pb—Pb < Xe—Xe < Ar-Ar < O-O
Vy. : Pb—Pb > Xe—Xe >Ar-Ar > O-0

® D mesons have much smaller Ry and much
larger v, than B mesons due to the mass
dependence of charm and bottom quark
energy loss through the QGP.
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B Within the Langevin-hydrodynamics framework, we have performed a systematic study on
the system size dependence of heavy quark energy loss in heavy-ion collisions at the LHC
energies.

B A clear system size dependence of heavy meson Rua ,their v, simultaneously depends on
the size and anisotropy of the QGP.

m A clear mass dependence of parton energy loss that yields smaller Ry, and larger v, of D
mesons than B mesons for the same collision system and the same centrality class.

B The bulk-eccentricity-rescaled heavy meson elliptic flow (v,/€;) is found to scale with Npart.

B This work provides a crucial bridge between large and small systems of relativistic nuclear
collisions.

B Future system-size-scan experiments on jet quenching is expected to help resolve several
open questions in high-energy nuclear physics, such as the precise path-length dependence,
mass dependence of parton energy loss, and help dentify the boundary across which QGP
disappears ......

Thanks for your attention!
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(3 + 1)-dimensional CLVisc hydrodynamic model

O the equation of motion and the dissipative Phys. Rev. C 97, 064918 (2018)
equation Phys. Rev. C 98, 024913 (2018)

aﬂTﬂV -0 O the Woods—Saxon distribution

2
" =n,0" -1 [Nou*d,x° +jﬂ”vﬁ] (D p(r,0) = B [ 1 (5

1+ exp|[

r —R(H)] e R(0)*
d

O The full initial entropy density distribution

S(t0s % 3,1) = Ks e, VHMlE, () mmmnﬂﬂ

O The local entropy density s(x, y) b R R

1 129Xe 5.40 0.590 0 0.180 O
p p
s(x,y):(TA ;TB )p (3) 40Ar 353 0542 0 0 0
160 2.608 0.513 -0.051 0 0
O The envelope functions
H(p. ) :exp[_(m 7y)° n)] @ n/s=0.16 ,T=137MeV , t,=0.6fm/c

77s
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=

o classical Langevin equation

Elastic Process

~ The fluctuation-dissipation relation
np(p) = &/(2TE).
— The momentum diffusion coetticient of HQ .

— The spatial diffusion coefficient
D, = T/[Mnp(0)] = 2T%/x

) D(2aT)

The modified Langevin equation

—— =| - + & |+
m n,(p)p + ¢

Phys. Rev. C 88, 044907 (2013)
Phys. Rev. C 92, 024907 (2015)

o recoil due to gluon emissiom
f,=—dp,/dt

Inelastic Process

> P .is the momentum of the emitted gluon

dN q
g _ zasP(x)q Sinz(

t—t,

ki
dxdide Ak’ 27, kI +x°M?

X
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o’ % q-:”o {:.r:a . o
B - Q.;,E“ A3 0 A
Conlescencelrecombination) | . Fragmentation ;
i Low p partons combine with ngh p partons fragment into hadrons
'thermal partons into hadrons ' | | [Low p parPeterson FONNL, Pythia, etc] ;

LG = g [dre T, G+ Dy, 1)
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