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Introduction

Experimentally, the ground state properties
(mass, decay width, life time etc.) of the Λ0

b
baryon are established very well in past few
years see Refs. [1–4]. The LHCb Collab-
oration [5] observed that the two new reso-
nance peaks with a mass differences, 292.60 ±
0.12(stat) ± 0.04(syst) MeV/c2 and 300.40 ±
0.08(stat) ± 0.04(syst) MeV/c2, with respect
to ground state Λ0

b baryon. They found to
be a first orbital excited state of Λ0

b baryon
of total spin 1/2 and 3/2 and the Parti-
cle Data Group’s (PDG) [6] naming them as
a Λb∗0(5912) and Λb∗0(5920) respectively. At
present, an experimental observations of the
Λ0
b baryon are rare. The running experiment

LHCb [7–9] will expecting to give more infor-
mations regarding to this baryon in the up-
coming years.

Capstick and Isgur have been first predict
the orbital excited states of Λ0

b baryon in the
relativistic quark model [10] and the predicted
masses of the first orbital excited were exactly
matched with the later experimental obser-
vations of Ref. [5]. Up to now, there are
many theoretical the phenomenological ap-
proaches have been studied the radial as well
as the orbital excited states of singly bot-
tom heavy flavor baryons. Relativistic quark-
diquark picture by D. Ebert et al. [11], lat-
tice QCD (Quantum Chromodynamics) study
[12], QCD sum rule [13], non-relativistic con-
stituent quark model [14], mass spectra from
the Regge like formula [15] and many more.

In this present study, we want to calcu-
late the radial and the orbital excited states
of Λ0

b baryon. For that we employ the non-
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relativistic approach of the constitute quark
model with a screened potential as used as
a scalar confinement potential. The spin-
dependent part of the potential is incorpo-
rated to see the splitting in mass spectra.

Theoretical Framework
It is complicated to study the dynamics of

a system containing three quarks. The Jacobi

coordinates (~ρ and ~λ) are introduced [16],

~ρ =
~r1 − ~r2√

2
and ~λ =

~r1 + ~r2 − 2~r3√
6

;

(1)
to see the relativistic motion three quarks in-
side the hadrons. The Hamiltonian for a three
body system is,

H =
P 2

2m
+ V (x); (2)

where P 2 is the conjugate moment and m is
the reduced mass of Jacobi coordinates [17].

Here, x = (~ρ, ~λ) is the hypercentral coordinate
written in a six-dimensional space. In this
work, the color coulomb plus screened poten-
tial is used as a long range spin-independent
interaction potential [18, 19]. And, the spin-
spin VSS(x), spin-orbit VγS(x) and the spin-
tensor VT (x) interactions are taking into the
consideration as a spin-dependent potential
VSD(x) for the calculations of orbital excita-
tions (for details see Refs. [20, 21]). Hence,

V (x) = −2

3

αs
x

+ a

(
1− e−µx

µ

)
+ VSD, (3)

where,

VSD(x) =VSS(x)( ~Sρ · ~Sλ) + VγS(x)(~L · ~S)

+ VT (x)

[
S2 − 3(~S · ~x)(~S · ~x)

x2

]
.

(4)
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Here, 2/3 is color factor. The αs(x) is the
strong running coupling constant given by,

αs =
αs(µ0)

1 +
(

33−2nf

12π

)
αs(µ0)ln

(
q2

µ2
0

) . (5)

nf = 4 gives the number of active quark fla-
vored contributing effectively in a quark-gloun
loops and the quantity (33 − 2nf ) is must
be greater than zero, so nf is never larger
than six. We used αs(µ0 = 1GeV ) = 0.6
and set the constituent quarks masses are:
mu = 0.338 GeV, md = 0.350 GeV and
mb = 4.670 GeV are consider for the Λ0

b(udb)
baryon. The screening factor µ = 0.07. The
six-dimensional hyperradial Schrödinger equa-
tion is solve numerically in the Mathematica
notebook [22].

Results

TABLE I: Radial and orbital excited states masses
of Λ0

b baryon (in GeV)

State This work PDG [6] Ref. [11]

12S 1
2

5.619 5.620 5.620

22S 1
2

6.011 6.089

32S 1
2

6.341 6.455

12P 1
2

5.960 5.912 5.930

12P 3
2

5.958 5.920 5.942

12D 3
2

6.192 6.190

12D 5
2

6.188 6.196

The ground state mass of the Λ0
b baryon

is fix from PDG-2018 [6] and generate their
masses of radial (2S and 3S) as well as orbital
(1P and 1D) excited states. Our results are
listed in Table I and compare with the predic-
tions of Ref. [11]. For the 2S, 3S and 1P -wave
our results are smaller to Ref. [11] and for the
1D-wave they are in well agreement. So we
will extending this scheme to calculate mass
spectra of isotriplet Σc baryons.
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T. Matsuki, Eur. Phys. J. C 78, 20 (2018).

[16]J.-M. Richard, Phys. Rep. 212, 1 (1992).
[17]M.M. Giannini and E. Santopinto, Chin.

J. Phys. 53, 020301 (2015).
[18]J.-Z. Wang, D.-Y. Chen, X. Liu and T.

Matsuki, Phys. Rev. D 99, 114003 (2019).
[19]B.-Q. Li and K.-T. Chao, Phys. Rev. D

79, 094004 (2009).
[20]M.B. Voloshin, Prog. Part. Nucl. Phys.

61, 455 (2008).
[21]S. Bethke, Eur. Phys. J. C 64, 689 (2009).
[22]W. Lucha and F. Schoberls, Int. J. Mod.

Phys. C 10, 607 (1999).

Proceedings of the DAE Symp. on Nucl. Phys. 64 (2019) 698

Available online at www.sympnp.org/proceedings


