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— Relativistic heavy ion collisions
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— Regeneration of charmonium states

1) The nuclear modification factor of charmonium states
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— Nuclear modification factors of the J/y

and W (295)

1) The nuclear modification factor
ratio between the J/p and y(2S)

V. Khachatryan et al, Phys. Rev. Lett. 113, 262301 (2014)
M. Aaboud et al, Eur. Phys. J. C 78, 762 (2018)
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0‘3' ( (S, = 2.76 TeV), centrality 20%:-40%, 2.5 <y < 4.0 |f NU m:
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3) Recent measurements of elliptic flow of charmonium states,
the J/p and @(2S) meson at LHC by CMS Collaboration

PbPb 1.6 nb™ (5.02 TeV)
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Transverse momentum distributiorsw
and yields of charmonium states

— Yields of hadrons in the coalescence model

V. Greco, C. M. Ko, and P. Levai, Phys. Rev. C 68, 034904 (2003)
R. J. Freis. B. Muller, C. Nonaka, and S. Bass, Phys. Rev. C 68, 044902 (2003)
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1) The Wigner function, the coalescence probability function
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2) A Lorentz-invariant phase space integration of a space-like
hyper-surface constraints the number of particles in the system
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— Production of charmonium states by
recombinafion

S. Cho, Phys. Rev. C 91, 054914 (2015)

1) Coalescence production of charmonium states
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The transverse momentum distribution of the charmonium yield
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2) Gaussian Wigner functions for different charmonium states
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3) Integration of the Wigner function over the spatial
coordinates
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4) Transverse momentum distributions of charm quarks
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5) Transverse momentum distributions and yields of charmoniu <, s’
states in midrapidities at RHIC and LHC E

J. Adam et al. [STAR Collaboration], Phys. Lett. B 797, 134917 (2019).
S. Acharya et al. [ALICE Collaboration], Phys. Lett. B 805, 135434 (2020).
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6) The dependence of transverse momentum distributions
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and yields of charmonium states on their internal structures, or
wave function distributions
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Elliptic and friangular flow
of charmonium states

— Flow harmonics of charmonium states
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1) Transverse momentum distribution of charm quarks with flow
harmonics
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2) Event plane averaged flow harmonics
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3) Charm quark flow harmonics from POWLANG

: Pade approximation on charm
quark flow harmonics
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4) Elliptic and triangular flow of charmonium states at LHC
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Vo (P7) (10° GeV?)

5) The dependence of the elliptic flow of charmonium states
on their internal structures, or their wave function distributioris
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6) The quark number scaling of elliptic and triangular flow
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Conclusion

— Flow harmonics of charmonium states in heavy
lon collisions

1) The production of charmonium states in heavy ion collisions can
be understood in the coalescence model

2) The transverse momentum distribution and yield of charmonium
states are dependent on their internal structures

3) The enhanced transverse momentum distribution of @(2S) mesons,
compared to that of J/y mesons, is originated from intrinsic wave
function distributions between @(2S) and J/p mesons

4) The elliptic and triangular flow of charmonium states are also
affected by wave function distributions of charmonium states
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