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Introduction

In beginning of the twenty first century sig-
nificant progress has been achieved to study
the baryons containing heavy quarks (c, b) by
the world wide experimental facilities at Belle,
BaBar, CLEO, CDF, SELEX, ALICE, LHC
etc., as well as the various theoretical ap-
proaches. All these experimental measure-
ments and theoretical calculations make the
study of heavy baryons interesting.

Framework for Baryons

In this study, we have adopted Hypercentral
Constituent Quark Model (HCQM) to study
masses of heavy baryons (Λc and Λb). The rel-
evant degrees of freedom for the relative mo-
tion of the three constituent quarks are pro-
vided by the relative Jacobi coordinates ~ρ and
~λ which are given by [1] as

~ρ =
1√
2
(~r1 − ~r2 (1)

~λ =
m1 ~r1 +m2 ~r2 − (m1 +m2)~r3
√

m2
1 +m2

2 + (m1 +m2)2
(2)

The respective reduced masses are given by

mρ =
2m1m2

m1 +m2
(3)
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2m3(m

2
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Here, m1, m2 and m3 are the constituent
quark masses. The angles of the Hyperspheri-
cal coordinates are given by Ωρ = (θρ, φρ) and
Ωλ = (θλ, φλ). We define hyper radius x and
hyper angle ξ by,

x =
√

ρ2 + λ2 and ξ = arctan
(ρ

λ

)

(5)

In the center of mass frame (Rc.m. = 0), the
kinetic energy operator can be written as

P 2
x

2m
= − ~

2

2m
(△ρ +△λ)

= − ~
2

2m

(

∂2

∂x2
+

5

x

∂

∂x
+
L2(Ω)

x2

)

(6)

where m=
2mρmλ

mρ+mλ
is the reduced mass and

L2(Ω) =L2 (Ωρ,Ωλ,ξ) is the quadratic Casimir
operator of the six-dimensional rotational
group O(6) and its eigenfunctions are the
hyperspherical harmonics, Y[γ]lρlλ(Ωρ,Ωλ,ξ)

satisfying the eigenvalue relation, L2Y[γ]lρlλ
(Ωρ,Ωλ, ξ)=-γ(γ + 4)Y[γ]lρlλ(Ωρ,Ωλ, ξ). Here,
lρ and lλ are the angular momenta associated

with the ~ρ and ~λ variables respectively and
γ is the hyper angular momentum quantum
number.
The model Hamiltonian for baryons in the

HCQM is then expressed as

H =
P 2
x

2m
+ V (x) (7)

The six-dimensional hyperradial
Schrödinger equation which corresponds
to the above Hamiltonian can be written as

[

d2

dx2
+

5

x

d

dx
− γ(γ + 4)

x2

]

ψνγ(x) =

−2m [E − V (x)]ψνγ(x) (8)
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where ψνγ(x) is the hyper-radial wave func-
tion. For the present study, we consider
the hypercentral potential V (x) as the hyper
Coulomb plus linear potential which is given
as

V (x) =
τ

x
+ βx+ V0 (9)

Here, the hyper-Coulomb strength is τ =
− 2

3αs, where 2
3 is the color factor for the

baryon. The term β corresponds to the string
tension of the confinement. We fix the model
parameters β and V0 to get the experimental
ground state mass of Λb baryon. The parame-
ter αs corresponds to the strong running cou-
pling constant, which is written as

αs =
αs(µ0)

1 +
(

33−2nf

12π

)

αs(µ0)ln
(

m1+m2+m3

µ0

)

(10)
In the above equation, the value of αs at
µ0 = 1 GeV is considered 0.6 as shown in
Table I. The six-dimensional hyperradial
Schrdinger equation described by equation (8)
has been solved in the variational scheme with
the hyper-Coloumb trial radial wave function
which is given by

ψνγ =

[

(ν − γ)!(2g)6

(2ν + 5)(ν + γ + 4)!

]

1

2

(2gx)γ

× e−gxL
2γ+4
ν−γ (2gx) (11)

The wave function parameter g and hence the
energy eigenvalue are obtained by applying
virial theorem. The baryon masses are deter-
mined by the sum of the model quark masses,
kinetic energy and potential energy as

MB =
∑

i

mi + 〈H〉 (12)

Result and Discussions

We have chosen the quark mass parameters
as mu = 0.33 GeV, md = 0.35 GeV, mc =
1.55 GeV and mb = 4.95 GeV (See Table I)
to calculate the masses of Λc and Λb baryons
in the Hypercentral Constituent Quark Model
(HCQM).

TABLE I: Quark mass parameters (in GeV) and
constants used in the calculations.

mu md mc mb nf αs

(µ0=1 GeV)
0.330 0.350 1.55 4.95 4 0.6

The computed masses of Λc and Λb baryons
are mentioned in Table II. The calculated
mass of Λc baryon is 2.232 GeV and the mass
of Λb baryon is 5.619 which is in good agree-
ment with the experimental results and the
other model predictions. Here, we can say
that the HCQM gives plausible predictions for
the ground state mass of Λc and Λb baryon.

TABLE II: Masses of Λc and Λb Baryons in GeV.

MΛc Reference MΛb
Reference

2.232 This work 5.619 This work
2.272 [2] 5.619 [7]
2.268 [3] 5.612 [8]
2.285 [4] 5.618 [4]
2.286 [5] 5.619 [5]
2.286 [6] 5.620 [6]
2.286 PDG [9] 5.619 PDG [9]
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