
Mass spectroscopy of ΛΛ and ΛΛ systems in molecular
model

D.P. Rathaud 1∗ and Ajay Kumar Rai1
1Department of Physics, Sardar Vallabhbhai National

Institute of Technology, Surat-395007, Gujarat, INDIA.

Introduction

Search for hadronic molecule is effortful ex-
perimental and theoretical task in the physics
of strong interaction where under lying the-
ory of quantum Chromodynamics (QCD) has
been in dispute for decades by the appar-
ent 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
candidates. There are large numbers of the
hadronic molecules have been predicted in the
various theoretical approaches [1, 2, 3, 4] in
which H-dibaryon (in strange sector) is the
most promising candidate with deep binding.
Long ago, Jaffe was predicted H-dibaryon as
a bound state of ΛsΛs with deep binding
about 80 MeV [5], however, this deeply bound
H-dibaryon with binding energy more than
7 MeV from the ΛsΛs threshold were ruled
out by the discovery of the double Λ-nuclei
[6, 7]. Recent lattice QCD prediction reported
bound H-dibaryon with binding energy about
16 MeV at pion mass 389 MeV in Ref. [8],
whereas in Ref.[9] this state has reported with
binding energy about 30 - 40 MeV at pseu-
doscalar meson mass of 673 - 1015 MeV. In
the present work, we calculated the binding
energy of ΛΛ and ΛΛ systems and searches the
bound H-dibaryon witin the molecular model.

Theoretical Approach

We have determined the S-wave ground
state energy of the di-hadronic molecule in
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the Ritz variational scheme. The two body
di-hadronic Hamiltonian can be expressed as
[10, 11, 12, 13, 14]

H =
√
P 2 +m2

d +
√
P 2 +m2

b +Vhh(rdb) (1)

where md and mb are the masses of con-
stituents and P is the relative momentum of
two hadrons, while the Vhh(rdb) is the inter-
hadronic interaction potential. The interac-
tion potential is considered as the s-wave One
Boson Exchange (OBE) plus attractive screen
Yukawa-like potential, namely

Vhh(rdb) = VOBE(rdb) + VY (rdb) (2)

here, to include the dipole like interaction we
introduce the screen Yukawa-like potential as
[10, 11]

VY = −kmol

rdb
e

−c2r2db
2 (3)

here, kmol is the residual running coupling
constant [15] and c is a screen fitting parame-
ter. The OBE potential is the sum of the all
one meson exchange, namely

VOBE = Vps + Vs + Vv (4)

The explicit form of OBE potential and its
parameters are expressed in Ref. [16] and we
have taken the same. The color screening pa-
rameter ’c’ is the only free parameter of the
model and we fitted it to get the experimen-
tal binding energy of the deuteron. We fixed
c=0.0686 GeV for entire calculation.

Results and Discussion
For Λs,c,bΛs,c,b systems, the isospin-spin

(I,S)=(0,0) channel is forbidden [17]. Hence,
the allowed quantum number I(JP ) = 0(1+) is

Proceedings of the DAE Symp. on Nucl. Phys. 65 (2021) 553

Available online at www.sympnp.org/proceedings



TABLE I: Mass Spectra, root mean square radius of Λs,c,b − Λs,c,b and Λs,c,b − Λs,c,b systems. Here,
′×′ means this state is forbidden and ′−′ means solution not found.

System I(JP ) µ µ B.E. B.E. Mass Mass
√
r2

√
r2

[I(JP )]Q - [I(JP )]Q GeV GeV MeV MeV GeV GeV fm fm

Λs − Λs Λs − Λs Λs − Λs Λs − Λs Λs − Λs Λs − Λs Λs − Λs Λs − Λs

[0( 1
2

+
)]+ - [0( 1

2

+
)]+ 0 (0+) × 0.0049 × +0.0015 × 2.223 × 68.72

0 (1+) 0.0049 0.0049 +0.0015 +0.0015 2.223 2.223 68.74 68.74

Λc − Λc Λc − Λc Λc − Λc Λc − Λc Λc − Λc Λc − Λc Λc − Λc Λc − Λc

[0( 1
2

+
)]+ - [0( 1

2

+
)]+ 0 (0+) × 0.0012 × +0.0000 × 4.572 × 279

0 (1+) 0.0012 0.0012 +0.0000 +0.0000 4.572 4.572 279 279

Λb − Λb Λb − Λb Λb − Λb Λb − Λb Λb − Λb Λb − Λb Λb − Λb Λb − Λb

[0( 1
2

+
)]+ - [0( 1

2

+
)]+ 0 (0+) × 0.0002 × +1.4× 10−7 × 11.238 × 1448

0 (1+) 0.0002 0.0002 +1.4× 10−7 +1.4× 10−7 11.238 11.238 1448 1448

possible for di-baryonic ΛΛ systems, while for
ΛΛ systems, I(JP ) = 0(0+), 0(1+) are possi-
ble. For both Λs,c,bΛs,c,b and Λs,c,bΛs,c,b sys-
tems, the η, σ and ω exchanges contribute to
the net s-wave OBE potential, thus only these
meson exchange have been considered in the
calculations of ΛΛ and ΛΛ systems. With all
possible isospin-spin channels, the contribu-
tion of η exchange is almost negligible, more-
over, it is repulsive in (I,S)=(0,0) channel for
Λs,c,bΛs,c,b systems. On the other side, the σ
and ω exchanges are shown the opposite na-
ture to each other. Because of the cancella-
tion, the effective s-wave OBE potential is too
shallow to get bound state. We have not found
any bound states with the possible quantum
numbers for both the di-baryonic Λs,c,bΛs,c,b

and baryonium Λs,c,bΛs,c,b systems. In the
present work, we have not found ΛsΛs bound
state, even, we have not found bound state
of heavy analog of H-dibaryon i.e. ΛcΛc and
ΛbΛb. Notwithstanding these ΛΛ systems
which are obtained as unbound or almost on
threshold in our calculations, ΛΛ baryonium
systems are also obtained as unbound.
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