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Introduction \Wy
— Charmed hadrons, SU(4)
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: Recent measurements of a doubly charmed baryon in 2017

WAL LI

PRL 119, 112001 (2017) PHYSICAL REVIEW LETTERS 15 SEPTEMBER 2017
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Observation of the Doubly Charmed Baryon Z}*

R. Aaij et al.”

(LHCb Collaboration)
(Received 6 July 2017; revised manuscript received 2 August 2017; published 11 September 2017)

M. Mattson, et al. (SELEX Collaboration), Phys. Rev. Lett. 89, 112001 (2002)

- X(3872) mesons [x@er2) IS(PC) = 0+ 1+ )

Mass m = 3871.68 + 0.17 MeV
My 3872) — My = 775 = 4 MeV

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

J. Beringer et al. (PDG), Phys. Rev. D86,
010001 (2012)

: The first measurement in 2003

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

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

T 3797 0,11)

S. Cho et al. (EXHIC Collaboration), Phys. Rev. C 84, 064910 (2011)
S. Cho et al. (EXHIC Collaboration), Prog. Part. Nucl. Phys. 95, 279 (2017)
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— The QCD Phase diagram
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— Relativistic heavy ion collisions

Relativistic Heavy-Ion Collisions

Kinetic
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‘ collision evolution
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U. W. Heinz, J. Phys. Conf. Ser. 455, 012044 (2013)
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Charmed hadrons
IN heavy ion collisions

— Charmonium states

1) Bound states of a charm and an anti-charm quarks
the 1S scalar nc and vector J/y, three 1P states xc (scalar,
vector, and tensor), and the 2S vector state @’

2) The different charmonium states melt sequentially as a function
of their binding strength;
the most loosely bound state disappears first, the ground state last

‘ ‘ ‘ T<T, | | A T-1.1T,

W Xc ITAd W Le v

H. Satz, J. Phys. G.
32, R25 (2006)
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— Charmonium states in heavy ion collisions ‘e’

1) Charmonium production ratios versus statistical predictions

Ratio I xa /(I xa/ (I H.Satz, J. Phys. G. 32, R25 (2006)
Experimental 0.23 1.06 1.50
Statistical 0.045 0.113 0.148

2) The nuclear modification factor ratio between the J/p and the g’
V. Khachatryan et al, Phys. Rev. Lett. 113, 262301 (2014)
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— Regeneration of J/p mesons

1) The nuclear modification
factor of J/y mesons

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

0.3

r @ ALICE (Pb-Pb 5, = 2.76 TeV), centrality 20%-40%, 2.5 <y < 4.0
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2) Elliptic flow of the J/y

E. Abbas et al, Phys. Rev. Lett. 111, 162301 (2013)
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— Doubly charmed hadron production \/

1) Yields in statistical models
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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)

S. Cho et al. [ExHIC Collaboration], Prog. Part. Nucl. Phys. 95, 279 (2017)
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Hadron production

by quark coalescence

— 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)

"1 p-do d°p.
NcoaI: ! | If X., . fW X,OOO’X : ,...,
gj{lill T @ E p.)} (%, % = Py, Py)

1) The Wigner function, the coalescence probability function
fW(Xl"”’Xn P pn)
— d _epiyi * X _|_h,...’x _|_h X _h’...’x _ﬁ
“:Iy "”(1 2" 2)"”(1 2"

2) A Lorentz-invariant phase space integration of a space-like
hyper-surface constraints the number of particles in the system
3
jpi -do, i F(x, p)=N,

(27)° E. APCTP-BLTP JINR
Joint Workshop
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— Hadron production by recombination Negass/

: Transverse momentum distributions of hadron yields

1) The puzzle in antiproton/pion ratio

V. Greco, C. M. Ko, and P. Levai, Phys. Rev. Lett. 90, 202302 (2003)
R. J. Freis. B. Muller, C. Nonaka, and S. Bass, Phys. Rev. Lett. 90, 202303 (2003)

originated from a competition

between two particle

production mechanisms 12 |
. A fragmentation dominates g i
at large transverse momenta :_: 0.8 1
and a coalescence prevails &%
at lower fransverse momenta Z: :

— i
Lo 3]
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2) The fransverse momentum spectra
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Charmed hadron production
by recombination

— Charmonia production by recombination

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

1) Coalescence production of charmonium states
&I’p.
(27 )3E,. (2m)3E;

Ny = gy f Pe * docpe - doz felre,pe) fe(re, pe) Wep(Te, i Pe, De).

The transverse momentum distribution of the charmonium yield

dN. dNz

Per Pper ¢

di’\f s gw 3 2 2
llu — d I—‘rd —rc d —rE 6(2} —+ _ —fc _ —rc
By -V / rd”perd perd"” (Pr — Per — Per)

2) Gaussian Wigner functions for different charmonium states
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3) Transverse momentum distributions
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— Production of doubly charmed hadron by
recombination

S. Cho and S. —H. Lee, arXiv: 1809 .xxxx

1) Coalescence production of doubly charmed hadrons
Nz, = / dope, - dog, pe, - do &p_ AP, APy
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2) The fransverse momentum distributions
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— P distributions
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— Transverse momentum
distribution ratios

1) Meson/baryon or
qggcc/qgcc ratio
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Conclusion

— Doubly charmed hadron production in
relaftivistic heavy ion collisions

1) Heavy ion collision experiments can provide better chances to study
production of doubly charmed hadrons as well as exotfic hadrons

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

3) The investigation on the transverse momentum distributions ratio
between doubly charmed baryons and X(3872) mesons, or other
combinations between heavy quark hadrons can lead us to
understand in detail the production mechanism of hadrons produced
from the quark-gluon plasma in heavy ion collisions

4) We expect to identify further not only the internal structure but also

GQN: ’g;ryd%w]’rs of hadrons by measuring transverse momenfum. .
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