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Charmed hadrons
IN heavy ion collisions

— 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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— Nuclear modification factors of

and y(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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— Regeneration of charmed hadrons : A./D,

(b) ---- Ko et.al: three quark (0-5%)
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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)
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o (NU
— Charmed hadrons, SU(4) Negaas”
1) Charmed mesons:

D, D*, D, D*

2) Singly charmed
baryons: A.(2286),
A(2595), A (2625),
1+ 2.(2455), 1.(2520),
2o =_(2470), =.(2578), =.(2645),
= Q.(2695), Q.(2770)

m= 12 3) Doubly and triply
charmed hadrons,
- —* QCC' Q*Ccl QCCC

—CC’ — cc!

yucsw 11* Charm = 41

4) Exofic hadrons:
Teer X(3872)

3+ .
2 Bayo"S A, Briceno, H.-W. Lin, ababinsRyBdEeriic Phenomena A
Phys. Rev. D 86 094504 (2012) in heavy ion collisions

+*
Charm=10
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— X(3872) mesons  [xee) ICUPE) <ot ) |\m/

Mass m = 3871.68 = 0.17 MeV
J. Beringer et al. (PDG), Phys. Rev. D86, Mx(3872) — My = 775 = 4 MeV

010001 (2012) Mx(3872) — My(25)
Full width ' < 1.2 MeV, CL = 90%

S.K. Choi et al. [Belle Collaboration], Phys. Rev. Lett. 90, 242001 (2003) B* — K*mw 7~ J/¢

- TCC (chg) mesons Particle m [MeV] (1.J")

Ty 3797 (0,1%)

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

— Estimated yields of X(3872) and T.. mesons

RHIC LHC
2q/3q/6q 4q/5q /8¢ Mol. Stat. 2q/3q /64 4q/5q/8q Mol. Stat.
T!® — 4.0 x 1073 24x107° 4.3 x 1074 — 6.6 x 107* 4.1 x 107 7.1 x 1073
X(3872) 1.0 x 10~* 4.0 x 1073 7.8 x 107* 2.9 x 107* 1.7 x 1073 6.6 x 107* 1.3 x 1072 4.7 x 1073

*Particles that are newly predicted by theoretical model.

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 exofic doubly charmed
tetraquark, T.. in p+p collisions

CERN-EP-2021-165

1.7 nb™" (PbPb 5.02 TeV) % LHCD-PAPER 2021031

1 8 September 2, 2021
- CMS
1.6 Prompt
E o B B PbPb (502 TeV) . .
S = 1.4 Iy < 1.6, 0-00% Observation of an exotic narrow
S 2 B
TR 1.2F doubly charmed tetraquark
5@ {5 o
a8 | o
= T o
B )
2” DS — [ | pp {? TEV} :: LHCb collaborationt
o - y| < 1.2 (CMS) o
£ 0.6 " 5
Il_ B u PP {8 Tev} é«- Abstract
&O. D 4 — |y| <0.75 (ATLAS} —'i Conventional hadronic matter consists of baryons and mesons made of three quarks
B and quark-antiquark pairs, respectively. The observation of a new type of hadronic
- ) state, a doubly charmed tetraquark containing two charm quarks, an anti-u and
02 I £ an anti-d quark, is reported using data collected by the LHCh experiment at
r.”— i o the Large Hadron Collider. This exotic state with a mass of ahout 3875 MéV/¢?
R DT I I N e o e ey
U 20 30 40 5D 60 ?D ; narrow width reveals the re.sou.anoe nature of the state. ¢ =
P (GeV/c)
PPP = 0.106 4 0.008 (stat) -£ 0.004 (syst) R. Aqgiji et al. (LHCb Collaboration),
pl)bl')b =1.084+0.49 (Stﬂlf) +0.52 (SySt) Orxlv,2-| 09 O-l 038
Albert M. Sirunyan et al. [CMS Collaboration],
October 1st, 2022 arXiv: 2102.13048 Exotics and Exotic Phenomena
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— Multicharmed hadrons

A. De Rujula, H. Georgi,
and S. Glashaw
Phys. Rev. D 12, 147 (1975)

1) Doubly and friply charmed hadrons, =.., =* .., Q.o Q%o Qe

— Observation of the doubly charmed baryon in

2017 rpre 19, 112001 2017) PHYSICAL REVIEW LETTERS 15 SEPTEMBER 2017
Observation of the Doubly Charmed Baryon Z}*
R. Aaij ef al.”
i (LHCDb Collaboration)
October 1st, 2 (Received 6 July 2017; revised manuscript received 2 August 2017; published 11 September 2017)
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Hadron production
IN heavy ion collisions

— 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)
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Multiplicity dN/dy

|\; ;(NU “‘:
— Staftistical hadronization Cosass”
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A. Andronic, P. Braun-Munzinger, K. Redlich and J. Stachel, Nucl. Phys. A 904-905, 535¢c (2013)
J. Stachel, A. Andronic, P. Braun-Munzinger, and K. Redlich, J. Phys. Conf. Ser. 509, 012019 (2014)
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Multicharmed and

exotic hadron production

— 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
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2) Transverse momentum distributions
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2) Transverse momentum distributions of charm and light NSsus
quarks
RHIC ap aj a as aj as

dN; _ao exp [—aq pf}f:] PT < o pr<po 069 122 157

pr ~ |aoexpl—a1p@)+as(1 + p™) ™™ pr = po pr=po 108 304 071 379 202 348

19 AT - LHC ag aj a» as as as

f.ﬂ 4\}: — g I’ .”-I_T(:'.-_THT/TEIJC ‘ PT < PO 1.97 0.35 2.47

d2pr 7 (2m)3 ' pr=po 795 349 359 87335 05 1431

S. Plumarri, 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 ef al. (EXHIC Collaboration), Prog. Part. Nucl. Phys. 95, 279 (2017)
J. Adam et al. [STAR Collaboration], Phys. Rev. C 99, no. 3, 034908 (2019)

I ' I b} 1 '
12_
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] R
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Vi (fm*) 2100 5380 O \\
[ty (MeV) 24 0 \T— 3 X
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N, =Ny 320 302 700 593 lg'_‘ ] “‘xxx
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3) Transverse momentum distributions of charmed hadrons
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— Transverse momentum distribution ratios
1) Baryon/baryon (ccc/cca, or ccqg/cqq)
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— The T1s'comparison with results from the

statistical hadronization model

10 0 Pb-Pb |[s,,=5.02 TeV 0-10% 3
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i D e ly|<0.5
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1072 E
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1
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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 2"9 comparison with results from the

statistical hadronization model

3 X(3872)
- [Fry=5TeV .
E_; T“x Centr. 0-20 % =
-/ \ PE-Pb .
|I.'I.

?- \ [ krr .-
i {}K BR{X(2872) — Jyr'r)=0.1 3
=~ EH =
: NS :
® Statistical hadronizaion model e
o7/ dy x shad. =0532£0.006mb —
0 5 10

p. (GeV)

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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