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− Relativistic heavy ion collisions

U. W. Heinz, J. Phys. Conf. Ser.  455, 012044 (2013)
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− Regeneration of charmonium states 

1) The nuclear modification factor of charmonium states

B. Abelev et al, (ALICE Collaboration),  Phys. Rev. Lett. 109, 072301

Jon-Are Saetre (Univ. of Bergen), Quark Matter 2022, Krakow, April 4-10
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Charmed hadrons

in heavy ion collisions



− Nuclear modification factors of the J/ψ

and ψ(2S)

1) The nuclear modification factor 

ratio between the J/ψ and ψ(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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− Regeneration of charmed hadrons : Λc/D0 r

2) Λc/D0 ratio 

J. Adams et al, (STAR Collaboration), Phys. Rev. Lett. 124, 172301 (2021)            

Y. Oh, C. M. Ko, S. H. Lee, and S. Yasui, Phys. Rev. C 79, 044905 (2009)

S. Cho, K-J. Sun, C. M. Ko, S. H. Lee, and Y. Oh, Phys. Rev. C 101, 024909 (2020)

6
October 1st, 2022                                                                 

APCTP, Pohang

Exotics and Exotic Phenomena                                                                   

in heavy ion collisions



− Charmed hadrons, SU(4)

1) Charmed mesons: 

D, D*, Ds, Ds*

2) Singly charmed                           

baryons: Λc(2286), 

Λc(2595), Λc(2625), 
Σc(2455), Σc(2520),

Ξc(2470), Ξc(2578), Ξc(2645),

Ωc(2695), Ωc(2770) 

3) Doubly and triply 

charmed hadrons,  

Ξcc, Ξ*cc, Ωcc, Ω*cc, Ωccc

4) Exotic hadrons: 

Tcc, X(3872)

R. A. Briceno, H.-W. Lin, and D. R. Bolton, 

Phys. Rev. D 86 094504 (2012)
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− X(3872) mesons

J. Beringer et al. (PDG), Phys. Rev. D86,  

010001 (2012)

S.K. Choi et al. [Belle Collaboration],  Phys. Rev. Lett. 90, 242001 (2003)

− Tcc (ccqq) mesons

S. Cho et al. (EXHIC Collaboration), Prog. Part. Nucl. Phys. 95, 279 (2017)

− Estimated yields of X(3872) and Tcc mesons

S. Cho et al. (EXHIC Collaboration), Phys. Rev. C 84, 064910 (2011)
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− Recent measurements of X(3872) in Pb+Pb
collisions and an exotic doubly charmed 
tetraquark, Tcc in p+p collisions

R. Aaji et al. (LHCb Collaboration), 

arXiv:2109.01038

Albert M. Sirunyan et al. [CMS Collaboration], 

arXiv: 2102.13048
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− Multicharmed hadrons

1) Doubly and triply charmed hadrons, Ξcc, Ξ*cc, Ωcc, Ω*cc, Ωccc

− Observation of the doubly charmed baryon in 

2017
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A. De Rujula, H. Georgi, 

and S. Glashaw

Phys. Rev. D 12, 147 (1975)



− Quark coalescence

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)

1) The coalescence probability 

function, the Wigner function 

2) Constraints on constituents 

in the system
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Hadron production 

in heavy ion collisions
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− Statistical hadronization

A. Andronic, P. Braun-Munzinger, K. Redlich and J. Stachel, Nucl. Phys. A 904-905, 535c (2013)

J. Stachel, A. Andronic, P. Braun-Munzinger, and K. Redlich, J. Phys. Conf. Ser. 509, 012019 (2014)
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− Transverse momentum distribution of multi-
charmed hadrons

S. Cho and S. H. Lee, Phys. Rev. C 101, 024902 (2020)

1) Charmed hadron yields in the coalescence model

2) Transverse momentum distributions
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Multicharmed and 

exotic hadron production



2) Transverse momentum distributions of charm and light 

quarks

S. Plumari, V. Minissale, S. K. Das, G. Coci and V. Greco, Eur. Phys. J. C 78:348 (2017)

Y. Oh, C. M. Ko, S.-H. Lee, and S. Yasui, Phys. Rev. C 79 044905 (2009)

S. Cho et al. (EXHIC Collaboration), Prog. Part. Nucl. Phys. 95, 279 (2017)

J. Adam et al. [STAR Collaboration], Phys. Rev. C 99, no. 3, 034908 (2019)
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3) Transverse momentum distributions of charmed hadrons
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− Transverse momentum distribution ratios
1) Baryon/baryon (ccc/ccq, or ccq/cqq)

2) Meson/baryon (ccqq/ccq, or cc/ccq)



− The 1st comparison with results from the 

statistical hadronization model

A. Andronic, P. Braun-Munzinger, M. K. Kohler, A. Mazeliauskas, K. Redlich, J. Stachel, and                    

V. Vislavicius, J. High Energy Phys. 2021, 35 (2021).
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− The 2nd comparison with results from the 

statistical hadronization model

A. Andronic, P. Braun-Munzinger, M. K. Kohler, K. Redlich and J. Stachel, Phys. Lett. B 797, 134836 (2019).
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Conclusions

− Heavy Quark Coalescence

1) Studying production of hadrons in heavy ion collisions can help us

to understand hadron production mechanism

2) Heavy ion collision experiments provide better chances to study

production of multicharm hadrons as well as exotic hadrons

3) Transverse momentum distributions are dependent on the

internal structure of the hadron

4) Transverse momentum distribution ratios between multi-charm 

hadrons and exotic hadrons, or other combinations between 

charmed hadrons reflect the internal structure of the exotic hadron
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Thank you for your attention!
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