Phenomenology of exotic hadron and

heavy quarkonium in heavy-ion collisions
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1. Production of charmed hadrons: D, X(3872), B, J/y

D meson spectrum (c—g)

J/Y spectrum (c—20)

B, production (c—b) gg

X(3872) as a tetraquark: c+c+q+g— X(3872) in QGP

Tetraquark

as a meson molecule: c+ g — D, D% + D*° - X(3872) in hadronic gas

2. Heavy flavor spin dynamics

3. Summary



Heavy quark dynamical evolution
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Heavy quark dynamical evolution
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Heavy quark dynamical evolution

(1) initial distribution
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(2) Charmonium coalescence at the hadronization temperature
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charmed hadron production

Wigner function: encodes the information of formed states
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Hadron Spectrum in heavy-ion collisions
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charmed hadron production: D meson

® D meson coalescence
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charmed hadron production: J/¢
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charmed hadron production: X(3872)

> gX(3872) = 1/4‘32 with X(3872) Spin J=1
> Root-mean-square radius of tetraquark:< r? >,= 0.30 — 0.54 fm?
» diquark (cq) is formed firstly, then two diquarks form a tetraquark state.
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charmed hadron production: X(3872)

> gX(3872) = 1/4‘32 with X(3872) Spin J=1
> Root-mean-square radius of tetraquark:< r? >,= 0.30 — 0.54 fm?
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charmed hadron production: X(3872)

> gX(3872) = 1/4‘32 with X(3872) Spin J=1
> Root-mean-square radius of tetraquark:< r? >,= 0.30 — 0.54 fm?
» diquark (cq) is formed firstly, then two diquarks form a tetraquark state.
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charmed hadron production: B,

2.5 - /Sy =5.02TeV Pb-Pb
V<r2>|3* =0.5fm
2.0 775 Dy2nT) = 5.0

05] ZZZ
O ey e e 2= e s e

2'5:_ (7 Ds(2nT) = 4.0
Jof 5 Di2nT) =70

00 6~—26100 150 200 250 300 350 400
Np
dy m fig: B,(1s)+ B (25->1s)
dgbb doB¢
pp Py __
= 47.5 ub = (151.9 - 79.3) nb

B(Bf — J/Yu*tv) = (237 —4.54)%

35

3.0
25

<20
o

15

1.0¢

0.5

0.0L ...

Geometry size

T T T T T [ T T T T [ T T T T ]

JSun =5.02TeV Pb-Pb
V<r2>B€
=3 Dg(2nT)=5.0 ;

® (CMs,13<|y|<23 !
m CMS,|y[<23 .

=0.5 fm :

Centrality 0-90%

el oy g el gy gl oy gedle o gy fEeg ge g i

0

5 10 15 20 25 30 35
pt (GeV/c)

BC, Wen, Liu, Phys.Lett.B 834 (2022) 137448

1) Bc final production is evidently enhanced,
due to a large number of c and b quarks in QGP.

c+b->B.+g

2) RAA>1 at central collisions:

QGP signal

RAA<1 at peripheral collisions:

absence of initial production
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charmed hadron production: B,
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Can heavy quark be polarized in the rotating
QGP and strong B-field ?

Recent polarization data-points:
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Dynamical process:

simulating Heavy quark polarization in B-field
® Landau-Lifshitz-Gilbert (LLG) equation  PRB 83, 134418 (2011)

ds Y

dt ~ 1+ a?

ay
1+ a?

[Sx(H + Hy,)] — SX[SX(H + Hyp)]

S =5/|5|

stochastic dynamics of a spin in the Z H
Unit vector medium with magnetic field

Polarization of heavy quark is induced by:
spin-magnetic field interaction
+ particle-particle interaction

_ Electric charge

_ 5@ noise term
Y =851
(Hin,i(t)) = 0,
a=0.1 Gilbert damping factor , 20T /
(to be determined later) (Hun i()H;p (1)) = W‘Sij‘s(t — ).
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Heavy quark polarization in magnetic field

In-medium magnetic field Liu, Bai, Zheng, Huang, BC.
(two cases are considered ) PRC110, 034910 (2024)
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Heavy quark polarization in magnetic field

(S-H)/SH

> Larger Quark mass
| » smaller B field

Mass dependence :
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B dependence:

decreasing magnetic field
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Heavy quark polarization in magnetic field

Liu, Bai, Zheng, Huang, BC, PRC110, 034910 (2024)
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Summary

» X(3872) as a tightly bound tetraquark and a hadronic molecule,
is formed via different processes.
Their production depends on the wave function of X(3872).
Therefore, heavy-ion collisions provide a new opportunity to
study the nature of X(3872).

» B_. meson is firstly observed in AA collisions,
evident enhancement of R,,4: a very clear signal of QGP

» heavy quark spin dynamics

Thank you'very much for Your attention!
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