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d Introduction

[0 Perturbative and non-perturbative interactions between heavy quarks
and QGP

O R,, and v, of heavy mesons and heavy flavor leptons

[0 Heavy quark potential and transport coefficients

0 Summary



Heavy flavor R 44 and v,
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[A. Andronic, et. al, EPJC (2016)

Different transport models vary in a few
aspects: radiative & collisional energy loss,
fragmentation & recombination, partonic
& hadronicinteractions, shadowing, ......

At low and intermediate pr, simultaneous
description of D mesons R,, and v,
challenges models.



Non-perturbative effects
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[Y. Burnier, et. al, PRL 114, 082001 (2015)].

* AtT < 2T, the residual of confining interaction exists.
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Perturbative and non-perturbative interaction between HQ and QGP

* The functional form of in-medium heavy quark potential is:  [shuaiYF. Ly, etal PRC 97, (2018) 3, 034918]

Ve T) = V(D) + Vs T) =|~2a, ot |- |7 emmo,
Yukawa confining (string)

inwhichm,; =a +b*Tandm, = \/as + b + T are the respective screening masses,
o and o are the respective interaction strength.

* By Fourier transformation,

4tagCr 8o

mi+G?  (m2+[G2)"

V(qT) =

* For Qq — Qq process, we express the scattering amplitude with effective potential
propagator, [F. Riek and R. Rapp, PRC (2010)]

iM = iMy + iMg = uy*uVyuyYu + uuVsuu 4



Perturbative and non-perturbative |M|?

 For — () g process: :
Qq : Perturbative Yukawa term IMyI2
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e The improved |M|? include both perturbative and non-perturbative interaction between heavy quarks and
QGP. 5



LBT model

[S. Cao, et. al, PLB(2018); S. Cao, et. al, PRC (2016);

Boltzmann equation:  p, .- 0f,(z,p) = E, C[f.] Y. He, et. al, PRC (2015)]
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The values of in-medium heavy quark potential parameters:
a;, =0.27,my=0.2+2+T,mg=+0.1T, 0 = 0.45 GeV?



D meson’ R, 4 & V5 in Pb-Pb@5.02TeV
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» Perturbative interactions dominate D meson R 44 and v, at high pr, non-perturbative
interactions dominate at low and intermediate p7.



D meson’ R 4 & V5 in Au-Au@200GeV
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» Non-perturbative interactions alone can describe D meson R 44 and v, at RHIC.

15



Band b - D° R, & v, in Pb-Pb@5.02TeV
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« B mesons are decayed to D through PYTHIA.

> Our model can give a reasonable description of b — D° R4 and v, at LHC.



c—>puandb - uRy, & vy in Pb-Pb@5.02TeV
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* chadronsand b hadrons
are decayed to u through
PYTHIA.

» Our model underestimates
v, data of ¢ — u atthe LHC.

» Next, we will investigate
the decay functions of
heavy flavor hadrons.
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c>eandb - e Ryq & vy in AUAU@200GeV
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* ¢ hadrons and b hadrons are decayed to e through PYTHIA.

» Our model can give a reasonable descriptionof c - eand b - e R44 and v,
at RHIC.



Heavy quark potential from D meson R, 4 & v

TE T | T | T | T | T —

O Lattice T=1642 MeV| [mm== T=1642 MeV
6l O Lattice T=2054 MeV — T=205.4 MeV _
x  Lattice T=242.5MeV| = ¥=§§§? Mex
. — = c -
¢  Lattice T=286.1 MeV -
> 4
<
> L f 1l
[3)
Y |
2= -
l - —
0 l l l l
0 02 04 0.6 0.8 1

r (fm)

» Through model-to-data comparison, the in-medium heavy quark potential is obtained from open
heavy flavor observables for the first time.

» The extracted potentialis in reasonable agreement with the lattice QCD calculation.
[Y. Burnier, et. al, PRL 114, 082001 (2015)].



Transport coefficients
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» Yukawa interactions dominate
g /T3 at high T and large p,
string interactions dominate at
low T and small p.
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Transport coefficients
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Summary

Wen-Jing Xing, Qin, Cao, Phys. Lett. B 838 (2023) 137733

» We improve the LBT model for simulating both perturbative (Yukawa) interaction and
non-perturbative (string) interactions between heavy quarks and QGP medium.

» We find that perturbative interactions dominate heavy flavor observables at high pr,
non-perturbative interactions dominate at low and intermediate p7.

» Through model-to-data comparison, we have obtained the in-medium heavy quark
potential from open heavy flavor observables for the first time.
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In-medium heavy quark potential from Lattice

Re[V] [GeV]

148 MeV b4 205 MeV 286 MeV &1 |
164 MeV =i 232 MeV
182 MeV e 243 MeV
\ \ \ \ \
0.2 0.4 0.6 0.8 1 r[fm]

In the limit m — oo, the leading part of the potential
V(t,r) can be obtained as,
0, W(t, r)

V(T') - Zt—)oo W(t T)
where W (¢, 1) is the real-time thermal Wilson loop.

Through a Fourier transformation,

W(t,r) = f_+ozo dwp(w,r)e
where p(w, 1) is the spectral function of the real-time
Wilson loop.

The above equation can be analytically continued to the
Euclidean time, giving

W, r) = f:: dwp(w,r)e”“".
W (t,r) is the usual Euclidean-time Wilson loop which can
be obtained from lattice QCD calculations.



D meson v, in Pb-Pb@5.02TeV

At low-p7, heavy quark’s elliptic flow (v5)
originates from the coupling to
asymmetrically expanding medium.

Asymmetric medium flow gets stronger at
the later stage (T — T,).

The strong string interactionsat low T help
low-pr heavy quarks obtain larger v, from
the later stage of QGP.
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