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Introduction

Search for hadronic molecule is effortful
experimental and theoretical task in the
physics of strong interaction where under
lying theory of quantum Chromodynamics
(QCD) has been dispute for decades by the
apparent absence of multi-quark states. In
the non-strange sector, the deuteron is the
only known experimentally candidate as a
hadronic molecule. Apart from deuteron,
we are still searching other strong hadronic
molecular candidate. There are large numbers
of the hadronic molecules have been predicted
in the various theoretical approaches in which
H-dibaryon (in strange sector) is the most
promising candidate with deep binding [1-8].

In the present study, we study the possi-
ble Q. — Q. di-baronic molecule in the open
charm sector. Here, we have approximated
the interaction potential of the di-baryon as
a s-wave One Boson Exchange Potential plus
screen Yukawa like potential. We predict the
binding energy, mass and root mean square ra-
dius of Q. — Q. molecule in its relative s-wave
state.

Theoretical Framework

We have determined the S-wave ground
state energy of the di-hadronic molecule in
the Ritz variational scheme. The two body
di-hadronic Hamiltonian can be expressed as
[9-14]

H = \/P2+m§+\/P2+m§+th(7“12) (1)

*Electronic  address:
raiajayk@gmail.com

dharmeshphy@gmail.com;

Here, m1 and mso are the masses of the two
constituent hadrons while P is the relative mo-
mentum of the two particle system. Whereas,
Vin(r12) is the interaction potential between
two hadrons, namely
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where ag is the residual running coupluing
constant and c is the screen fitting parameter.
The first term in the above equation is the at-
tractive screen type potential while Vopp is
usual S-wave One Boson Exchange Potential

[8]. In the variational scheme, we have used
the Hydrogenic trial wave function, namely
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where Liljll_l(m*u) is the Laguerre polyno-
mial and g is the variational parameter. In
the variational approach, the ground state en-
ergy of the low-lying system are calculated by
obtaining the expectation value of the Hamil-
tonian. The variational parameter (u) is de-
termined for each state by using the Virial the-
orem

Hy = Eu
and
- 1 7“12dV(’I“12)
(K.E) = 2<dr12 > (4)

Result and discussion

In the variational approach, we have cal-
culated the mass spectra of possible Q. — €2,
di-bariyonic molecular state. The interaction
potential has used as the screen Yukawa-like
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plus s-wave OBE potential. Pion can not cou-
ple with ., hence, in the case of Q. — Q.
pion exchange can not be applied. Thus, we
have used other meson exchange in the present
study. The possible quantum number of the
Q. — Q. are (I,S)=(0,0) and (I,S)=(0,1) where
I and S are isospin and spin quantum number
respectively. In our calculation, the binding
energy, mass and root mean square radius of
the molecular ., — Q. with quantum number
(I,S)=(0,0) and J¥ = 0% are found

8.51MeV
5.381GeV

1.1fm

BEQCQC =
Mg q, =

V2

while with quantum number (I,5)=(0,1) and

JP =17 are found

BEq_ q. & 8.6TMeV
Maq.o, = 5.381GeV
Viz = 11fm

In Ref. [3], Ning Lee et.al., has also pre-
dicted the bound state of the Q. — ., whereas
our predicted binding energy and mass are in
agreement with [3] and suggested the . — Q.
as a hadronic molecule.

The detail of this study will be presented in
the conference.

Acknowledgments

A. K. Rai acknowledge the financial sup-
port extended by D.S.T., Government of In-
dia under SERB fast track scheme SR/FTP
/PS-152/2012.

Proceedings of the DAE Symp. on Nucl. Phys. 62 (2017)

References

[1] Takashi Inoue et. al. (HALQCD Collab-
oration), Phys. Rev. Lett. 106, 162002
(2011).

S. R. Beane et. al. (NPLQCD Collab-

oration), Phys. Rev. Lett. 106, 162001

(2011).

Ning Lee, Zhi-Gang Luo, Xiao-Lin Chen,

and Shi-Lin Zhu, Phys. Rev. D 84, 014031

(2011).

S. Patel and P. C. Vinodkumar, Eur. Phys.

J C 76, 356 (2016).

S. Patel, Manan Shah and P. C. Vinodku-

mar, Eur. Phys. J A 50, 131 (2014).

Ajay Kumar Rai, J. N. Pandya and P. C.

Vinodkumar, Ind. J Phys. 80, 387 (2006).

A. K. Rai et. al., Nucl. Phys. A 782, 406

(2007).

R. Machleidt, Phys. Rev. C 63, 024001

(2001).

D. P. Rathaud and Ajay Kumar Rai, Eur.

Phys. J Plus 132, 370 (2017).

[10]D. P. Rathaud and Ajay Kumar Rai, In-
dian J. Phys. 90, 1299 (2016).

[11] Ajay Kumar Rai and D. P. Rathaud, Eur.
Phys. J C 75, 462 (2015).

[12]D. P. Rathaud and Ajay Kumar Rai, AIP
Conf. Proc. 1728, 020115 (2015).

[13]D. P. Rathaud and Ajay Kumar Rai, EPJ
Web Conf. 95 05013 (2015).

[14] D. P. Rathaud and Ajay Kumar Rai, Proc.
of DAE Symp. on Nucl. Phys., 61, 696
(2016); Proc. of DAE Symp. on Nucl.
Phys., 60, 680 (2015); Proc. of DAE
Symp. on Nucl. Phys., 59, 630 (2014).

2]

785

Awailable online at www.sympnp.org/proceedings



