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1. Introduction

heavy ion collisions & charmed hadrons

2. Production of charmed hadrons: D, X(3872), B,, J/y

D meson spectrum (c — g)

J /Y spectrum (c—20) flows V12 3

B, production (c—Db)
X(3872) as a tetraquark: c+c+qg+ g — X(3872) in QGP @Q

Tetraquark

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

3. Summary



1. introduction
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®Different from pp collisions, AA collisions produce an extremely hot
de-confined medium:

significant color screening + parton inelastic scatterings

Light hadrons: produced at the boundaries of QGP phase transition T=Tc

Charmonium/bottomonium: primordial production + coalescence inside QGP (T>Tc)
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1. Properties of charmed mesons

(1) For D mesons, producedat T =T,
(2) For J /1 or bottomonium,
they can be produced inside QGP with T > T, due to larger binding energies
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(4) For X(3872)
tightly bound tetraquark/charmonium-like(2P) states ? Molecular states? 4



2. Heavy quark dynamical evolution

Temperature (GeV)
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2. Heavy quark dynamical evolution

(1) initial distribution
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(2) Charmonium coalescence at the hadronization temperature
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» gy = 1/12 Vector meson degeneracy factor from color and spin 6
> fol (X,q,): Wigner function. (X,,q,)in the center of mass frame of ¢ — ¢




3. charmed hadron production

Wigner function: encodes the information of formed states
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The width o in the Wigner function
is connected with the internal structure of the formed state

Hadron Spectrum in heavy-ion collisions
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3. charmed hadron production: D meson

® D meson coalescence
dp, dp, dNydN, W
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3. charmed hadron production: J/vy
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Experimental data: : ‘
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Dominate at low pT and total yield

Theoretical calculation: c — C coalescence




3. charmed hadron production: X(3872)

dN/dy

> 9x(3872) = 1/432

with X(3872) spin J=1
> Root-mean-square radius of tetraquark:< r? >, = 0.30 — 0.54 fm?

® diquark (cq ) is formed at first, then two diquarks form a tetraquark state.
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» Tetraquark yield is around
40 times smaller than J /Y

» Tetraquark yield is controlled by
both spatial and momentum part
of the Wigner function

Molecule state with potential model
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3. charmed hadron production: X(3872)

» Jxzs72) = 1/432 with X(3872) spin J=1
> Root-mean-square radius of tetraquark:< r? >, = 0.30 — 0.54 fm?

® diquark (cq ) is formed at first, then two diquarks form a tetraquark state.
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3. charmed hadron production: X(3872)

> Root-mean-square radius of tetraquark:< r? >y= 0.30 — 0.54 fm?

® diquark (cq ) is formed at first, then two diquarks form a tetraquark state.
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® Our tetraquark yield ~1072 is consistent with cho. Prog.Part.Nucl.Phys. 95,279-322 (2017);
our molecule production is a few times smaller than this.

® Relations between tetraquark and molecule production:

ours is consistent with rate equation model

Rapp EPJIA 57, 122 (2021) ;

different from AMPT model: Zzhang PRL 126, 012301 (2021) ;

5fm < relative distance < 7fm

—> maybe due to its different formation conditions. -[ 2M,, < pair mass < 2Mp-



3. charmed hadron production: B, / Geometry size
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3. charmed hadron production: B, / Geometry size
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of charm and bottom quarks on B, production,
By taking spatial diffusion coefficient D,(2nT) = 4 and 7



3. charmed hadron flows: J/Y v{; v, V3

Input:

Different initial energy density
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® Longitudinal tilted distribution:

® Elliptic shape of initial energy density:

® Triangular shape of initial energy density:
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4. Summary

® We study the formation of charmed hadrons in the QGP.

> 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: avery clear signal of QGP

» Charm quarks carry collective flows from QGP, inherited by the
charmed hadrons.
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4. Summary

® We study the formation of charmed hadrons in the QGP.

> 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).

Thank Youw'very much for your
attention!
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Viot(r) [GeV]

» Molecule state based on potential model
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arXiv: 2107.00969
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1. Properties of charmed mesons

B(BF — J/Yutv) = (2.37 — 4.54)%
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® D meson coalescence

dp, dp, dNydN, -
_ _ - X5(3) - 2=

(27_[)3 (27_[)3 dpl dpz fD (QT) (pM pl pZ)

d?Ny, f dp, ANAA

PCC_[—>DO (ﬁM) = Hc—>D0

< PCQ—)DO(ﬁM) > events X

dyudpr 2T Ayum
» H_._po =9.5%: Charm quarks turning into direct D? at the phase transition
dN .
> dﬁlz charm momentum distribution
1
dN, .. L
> dﬁZ: light quark momentum distribution. See below.
2
> Assume all c = D° via the coalescence process, neglect the fragmentation.
This simplification works well in low or moderate p; region.
Light qu.-...l. P Y H L,V . - 1 . e
(loca After coalescence at Tc, ’
- D meson continues diffusion in hadronic medium via Langevin, Jark
;-

(with D.(2nT) = 8)
Until kinetic freeze-out T=0.14 GeV



