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Heavy quarkonia in vacuum
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Quarkonium static deconfinement in QGP

Color screened Cornell potential

4 o
37
with mj (T) the Debye mass

Voo (r,T) =

e—mDT _|_ o (1 L e—mDr)

mp
Karsch, Mehr & Satz, Z. Phys. C (1988)

1.0 T T T T T T T T T T T T T T
- Screened HQ potential
~ 05T S q
> D e
s 0 g
g oo i VQ 0 In vacuum ’
2 o
Q‘ Y s < I )
% VQQ at 1.0Tc
VQQ at 1.1Tc
e R V. _at12T |
QQat .Z1C
0.0 0.6 0.8 1.0

r (fim)

u(f]lfl/z)

1.5

1.0

0.5

0.0

<r> (fm)

Wavefunctions
expand with T
increasing

JA in vacuum

I/ at 1.0Tc
I at 1.2Tc
I/ at 1.4Tc
I at 1.6Tc

| Méan fadii

Tdiss

blow up toward T ;s

~1.7 T, for Iy
I

JAQ 2026, CCNU, Wuhan



Part 1: Quarkonium dynamical reactions in QGP
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Interactions of quarkonium in QGP & Feynman rules
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 Effective Hamiltonian Ho = p_Q +v1(|r|)+Z——v2(|r|) QQ system
Heff = Ho + H { QQ coupling to external gluons
Hy=Vso +Voo + Vsg+Vyas  +light quark/gluon system
« Soft gluon wavelength A >> bound state size r Peskin, NPB(1979)
- multipole expansion - pNRQCD coupling Brambilla et al., RMP(2005)
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LO & NLO dissociation amplitudes

» Transition matrix elements (OFPT): LO + NLO

. . (I Hine|m)(m|Hine|?) Lo NLO

« Time-ordered Feynman diagrams
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J/p dissociation cross sections & rates
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& falling off thereafter

growing with E

N -
9 J/W e
I c - 11T _.LO ---11T_(a+b)

4L © 14T_LO 1.4 T_ (a+b)
[ . —— 1.1 T_(c+d)
: 14 T, (c+d)

3F — =11 T (e+f) -
[ 1.4 T, (e+f) ]

oL .

3.0

Diss. rate 1'(T) =d,

Pk

my rEp Threia (ky, T)

10—
so b Jw
- LO
70 B NLO (a+b)
f —— NLO (c+d)
60 F —— NLO (e+f)

[ — NLO total

and saturating eventually
< outgoing g/q carrying away the excess energy

dominating at lower T

increasing with T & taking over at higher T
< new phase space opening up.
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Part 2: Quarkonium transport & equilibration in QGP
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P. B. Munzinger et al., Nature, 561 (2018)

* Do the LO & NLO reactions lead to the (both

= Simulate dissociation & regeneration in a , with
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Equilibrium limit for heavy quarkonium

chemical equilibrium between open & hidden

—> statistical balance equation
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J/p transport in QGP: Boltzmann equation

» Time evolution of J/y phase space distributions:
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Simulation of J/yp dissociation and regeneration

rate equation for the loss
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Dissociation + regeneration = J/yp equilibration

Thermalized ¢ & ¢ Thermalized vs. diffusing ¢ & ¢
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- Faster equilibration for NLO than LO - Slower J/y equilibration with diffusing c-quarks
- N(0)=1 slower equilibration than N(0)=0 - JIy equilibration lagging behind ¢ thermalization
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J/p equilibration with total rates & diffusing c

LO + NLO reactions & diffusing c & c w/ y = 0.4 fm-?
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- Jly at 1.1-1.5T, = QGP lifetime in central Pb-Pb collisions

« Equilibration times insensitive to initial conditions (Initially harder J/y equilibrating a bit faster)
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Kinetic equilibration: p; & p, spectra
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« J/y pyand p, distributions reaching Boltzmann distri. =» both
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Summary & Outlook

Heavy quarkonium were computed, using the color-electric
dipole (E1) coupling of quarkonium to external gluons

- was found to at high incident gluon energy and

J/y was demonstrated via simulation of dissociation & regeneration
- of thermalizing cc was instrumental

- the equilibration =» final equilibration time ~ 10-15 fm/c

Our work provides a baseline for realistic phenomenological applications & a dynamical way of
understanding the rationale of SHM for charmonia production in HIC
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Description of quarkonia dynamics in QGP

J/y
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dipole apprx.

Subsystem: non-unitary,
time-irreversible evolution

] Markovian
(weak coupling)

Quantum optical
limit (low T)

1

dps(t) _

—i[Hger, ps(t)]

Tep U (1, 0)(ps  pe)UT(2,0)]

Quantum Brownian

motion (high T)

1

Lindblad equation

dt

+ Z nPS(lL LT - _{LT Ln PG’( )})
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Wigner transform (smearing for positivity)
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Langevin/Fokker-
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taken from X. Yao slides

o
@

wavefn. decoherence

JAQ 2026, CCNU, Wuhan

17



Static HQ potential at finite temperature

* Re Vyg =2 binding energy eg

*Im Vyg, = thermal width T'(T)~(Im V), arising from the self-energy
of exchanged space-like gluon

* Dissociation temperature definition: I'(T,;55) = €5,
rather than ez~0, or (r)~oo

* LO perturbation (Laine et al., 0611300) > screened
* Lattice computation (HotQCD Collaboration, 2308.16587)-> unscreened
* Beyond LO perturbation (Carrington et al., 2407.00310)-> unscreened

* T-matrix approach (Tang et al., 2411.09132)-> weak screening
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J/y dissociation in a static QGP box

» |teration scheme: differential rate equation for the loss/dissociation of J/y
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* NLO prevailing over LO at higher T & largerp  « Average momenta: (p)perturbative > (D)hermalized
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From Boltzmann eq. to rate equation

* Only if single heavy quarks are fully thermalized, for LO,
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Charm quark Langevin diffusion

dN/dp-

« Coupling the J/p Boltzmann transport to the single HQ diffusion
dp = —~pdt + vV 2Ddtp
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