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Introduction

Current nuclear physics is focussed on ex-
ploring fundamental interaction between nu-
cleon (N) and hyperon (Y ) and basic proper-
ties of the hadronic system. The worldwide
activity in doing many sophisticated exper-
iments [1, 2] in these interdisciplinary fields
shows the strong scientific interest in explor-
ing the hypernuclear properties. Hypernu-
clear physics is of great importance in many
branches of physics. Of particular interest
is the understanding of strange [3] particles
in baryonic matter, since many questions in
heavy-ion physics, particle physics and astro-
physics are related to the effect of strangeness
(S) in nuclear matter. Moreover, the contribu-
tion of hyperons strongly influences the masses
of neutron stars as well. In the past decade a
considerable amount of spectroscopic informa-
tion has been accumulated experimentally on
the Λ0 (S = −1) hypernuclei. The Λ0 sep-
aration energies (SY ) have been determined
for the ground states of about 40 Λ0 hyper-
nuclei including several double-Λ0 hypernu-
clei [4]. The strong Y N and Y Y interaction
are useful to explain the phase transition in
the interior of the compact stars like strange
quark stars, hybrid stars, hypercompact hy-
peron stars etc. composed of the strongly in-
teracting densest matter in the universe un-
dergoing the deconfinement phase transition.
Therefore it is interesting to study effect of the
addition of Λ hyperon(s) inside the core of nor-
mal nuclei which sheds some light on the inter-
actions among hadrons. In this work, we es-
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timate the binding of a Λ-hyperon to the nor-
mal nuclear core for several nuclei (e.g. 16,17

Λ O,
40,41
Λ Ca, 56

Λ Fe,
89
Λ Y , 139

Λ La, 208
Λ Pb etc.) within

a relativistic mean field (RMF) approach.

RMF Approach

The RMF theory has proved to be success-
ful as a framework for description of vari-
ous facets of nuclear properties. The Dirac-
Hartree equations for a finite spherical nucleus
can be derived from an interacting RMF the-
ory in which the nuclear force is produced by a
virtual exchange of various mesons. The start-
ing point of the RMF theory is the model due
to Walecka [5] which describes the nucleons
as Dirac spinors interacting by the exchange
of several mesons: scalar mesons (σ) couple
to the nucleons (ψ) through a Yukawa term
ψ̄σψ and produce strong interaction, isoscalar
vector meson (ω) couple to conserved nucleon
current ψ̄γµψ and cause a repulsion. In addi-
tion, there are isovector ρ mesons which cou-
ple to the isovector current and photons to
produce the well-known electromagnetic inter-
action. To study the Λ hyperonic effects on
finite nuclei we use the following Lagrangian
density:
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where,

Aµν = ∂µAν − ∂νAµ (2)

Ωµν = ∂µων − ∂νωµ (3)

~ρµν = ∂µ~ρν − ∂ν~ρµ − gρ (~ρµX~ρν) (4)

Lh = ψ̄h[iγµ∂
µ −Mh − ghσσ − ghσ?σ?

−ghωγ0ω − ghφγ0φ+
fhω

2Mh
σ0i∂iω]ψh (5)

We introduce a Λ hyperon in the sys-
tem through the Lagrangian density given by
Eq.(5) in which we treat Λ as a charge neu-
tral isoscalar without any coupling to ρ and
photon. The effects of Λ hyperon appears
through the coupling with σ (gσΛ) and ω
(gωΛ) mesons. We do not incorporate the
contributions from σ? and φ for single Λ.
The centre of mass energy correction is taken

as Ecm=
<F |P̂ 2

total|F>
Mtotal

≈ 0.75×41
A1/3 . We solve

the mean field equations by iterative method
starting from the initial guess for the fields
and then solve the Dirac equations using the
derived meson fields. The pairing interaction
for the nucleons are also considered here.

Results and discussion
We consider Λ hyperon only for the calcu-

lation of hyperon binding energy inside a hy-
pernucleus. The coupling for normal nucle-
ons and meson mass are taken from FSUG-
old force. Recently, P. Roy Chowdhury et
al. [4] have calculated the hyperon (Λ, ΛΛ,
Ξ−,0 etc.) separation energy for some hyper-
nuclei and thoroughly studied the effects of
hyperons on the nuclei near drip line on the
basis of phenomenological BWMH mass esti-
mate. In comparison to the BWMH estimates
(SBWMH
Y ) [4], the calculated values in this

work (SRMF
Y ) are in better agreement with the

measured values (SEXY ) [1, 2, 4] for most of the
hypernuclei given in Table-1.

Summary
We calculate the binding energy of Λ hy-

peron inside a hypernucleus within a RMF
approach using FSUGold parameter set. The
numerical code has been developed for the sin-
gle strange Λ hyperon. In this short report,

TABLE I: The calculated (SRMF
Y , SBWMH

Y ) and
measured (SEX

Y ) values of Λ separation energy
(SY in MeV) for some hypernuclei are given in
the table. The binding energy per nucleon (-B/A
in MeV), radius (fm) of neutron (rn) and pro-
ton (rp) distributions of the hypernuclei are given
from RMF calculation.

A
ΛZ -B/A SRMF

Y SEX
Y SBWMH

Y rn rp
16
Λ O 7.8 12.3 12.5 14.3 2.32 2.42
17
Λ O 8.2 12.5 13.6 14.6 2.40 2.42
28
Λ Si 8.2 17.0 16.0 17.7 2.75 2.83
32
Λ S 8.3 18.0 17.5 18.3 2.91 3.02
33
Λ S 8.4 18.4 18.0 18.4 2.98 3.02

40
Λ Ca 8.6 18.2 18.7 19.4 3.16 3.24
41
Λ Ca 8.8 18.3 19.2 19.4 3.20 3.25
51
Λ V 8.8 20.2 19.9 20.4 3.45 3.39
56
Λ Fe 8.8 20.7 21.0 20.7 3.54 3.51
89
Λ Y 8.8 22.4 22.1 22.4 4.42 4.32

139
Λ La 8.5 23.6 23.8 24.0 4.90 4.73
208
Λ Pb 8.0 25.5 26.5 25.3 5.62 5.42

we have shown our results only for twelve hy-
pernuclei which are in better agreement with
measured values than that using phenomeno-
logical BWMH formula. In future, a project
on multi-strange hyperons will be taken to ex-
plore the influence of strangeness in the nu-
clear medium.
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