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Introduction

The quest for searching the magic numbers
in strangeness nuclear physics is motivated
from their discovery in conventional nuclear
landscape.There are several signatures that
characterize the magic numbers in hypernu-
clear physics.The magic numbers in nuclei
are characterized by a large shell gap in
single-particle energy levels which implies
that the nucleon/hyperon in the lower level
has comparatively large value of energy
than that in higher level and hence imparts
more stability to the nucleon/hyperon in
the lower energy level.The extra stability
imparted to a nuclear many body system
by injection of hyperons can be estimated
from the sudden fall in separation energy.
The Λ- separation energy(one- and two-Λ)
are considered to be the key quantities
that reveals the nuclear response with the
injection of strangeness degree of freedom.In
order to make a clear prediction of magic
numbers in hypernuclear regime two-lambda
shell gap is a very useful quantity to cal-
culate. In this paper, we made an attempt
to look for the magic numbers in multi-lambda
hypernuclei16+nΛO,48+nΛCa,58+nΛNi,90+nΛZr,
124+nΛSn,132+nΛSn,208+nΛPb,292+nΛ120,
304+nΛ120,378+nΛ120 with doubly magic
nucleonic core within the ambit of self-
consistent relativistic mean-field framework
with effective ΛN and ΛΛ interactions.

Formalism

Relativistic mean field theory has estab-
lished itself as a promising framework to study
the structural properties of normal as well as
hypernuclei [1] and its extension to hypernu-
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clei is accomplished by incorporating the the
lambda-baryon interaction Lagrangian with
effective ΛN potential.The total Lagrangian
density for single lambda is reported in [2, 3].
In order to extend the study to multihyper-
nuclei additional strange scalar σ∗ and vector
mesons φ have to be included which simulate
the ΛΛ interaction [4]. Hence the total effec-
tive Lagrangian density can be written as

L = LN + LΛ + LΛΛ, (1)

where LN , LΛ, LΛΛ are given by
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where ψ and ψΛ denote the Dirac spinors for
nucleon and Λ-hyperon, whose masses are M
and mΛ, respectively.The quantities mσ, mω,
mρ, mσ∗ , mφ are the masses of σ, ω, ρ, σ∗,φ
mesons and gσ, gω, gρ, gσΛ, gωΛ, gσ∗Λ, gφΛ.
The non-linear self interaction coupling of σ
mesons is denoted by g2 and g3. In the present
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calculations, we employed NL3∗ parametriza-
tion for meson-baryon coupling. In case of
Λ-meson coupling, we adopt the nucleon cou-
pling to hyperon coupling ratios defined as;
Rσ = gσΛ

gσ
, Rω = gωΛ

gω
, Rσ∗ = gσ∗Λ

gσ
and

Rφ =
gφΛ

gω
. The values of the relative couplings

used are Rω = 2

3
, Rφ = −

√
2

3
, Rσ = 0.621,and

Rσ∗ = 0.69 [6].

Results and conclusion

The size of the gap in the lambda spectrum
is calculated by half of the difference in Fermi
energy when going from a closed shell nucleus
to a nucleus with two additional lambdas in
an analogues way of determining neutron and
proton shell gaps. This quantity is very well
taken into account by two-lambda separation
energy which is defined as the second differ-
ence of the binding energy.

δ2Λ(N,Z,A) = 2B.E.(N,Z,A) − B.E.(N,Z,Λ + 2) −B.E.(N,Z,Λ − 2)

(5)

δ2Λ(N,Z,A) = S2Λ(N,Z,A) − S2Λ(N,Z,Λ + 2)

(6)
A peak of the two-lambda separation en-
ergy signifies the drastic change in it and
thus serves as a potential signature of magic
shell closure. Two lambda shell gap for all
the multihypernuclei under study are shown
in fig1.The lambda magic number predicted
in various multihypernuclei under investiga-
tion are listed in table 1. A peak at cer-
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FIG. 1: Two lambda shell gap vs no. of injected

lambdas for the multi-lambda hypernuclei under

investigation.

tain Λ number indicates the existence of
lambda shell closure.Whether the magic num-
ber is pronounced or not is dictated by the

Hypernuclei Lambda magic number
16+nΛO 2 8 - - - - - - - - - - -
48+nΛCa 2 8 14 - 20 - - - - - - - -
58+nΛNi 2 8 14 - 20 28 34 - - - - - -
90+nΛZr 2 8 14 - 20 28 - 40 50 - - - -
124+nΛSn 2 8 14 - 20 28 34 40 50 - - - -
132+nΛSn 2 8 14 - 20 28 34 40 50 - - - -
208+nΛPb 2 8 - 18 20 28 34 40 50 58 - 70 82
292+nΛ120 2 8 - 18 - 28 34 40 50 58 68 - 82
304+nΛ120 2 8 - 18 20 28 34 40 50 58 68 70 82
378+nΛ120 2 8 14 18 20 - 34 40 50 58 68 - 82

TABLE I: Lambda magic number predicted in

various multihypernuclei under investigation.

sharpness as well as magnitude of the peak.
From the figure, it is clear that the magni-
tude of peak is found to be larger atΛ =
2, 8, 14, 18, 20, 28, 34, 40, 50, 58, 70, 82 indicat-
ing the lambda shell closure magic numbers.
Moreover, a small peak also appeared at Λ =
68 due to closureness of subshell(2d 3

2
) making

it a Λ semi-magic number. A peak with small
magnitude appears at Λ = 28 representing a
feeble magic number in contrast with the nu-
cleon magic number. Further, the peaks are
very pronounced at Λ = 34 and Λ = 58 in-
dicating strong shell closures.The experimen-
tal confirmation of nucleonic shell closure of
N = 34 [5] supports the prediction in hyper-
nuclei case.Thus, it can be concluded that the
Λ-magicity quite resembles with the nuclear
magicity and it is expected that the predic-
tions made in hypernuclear regime might serve
as a significant input to make things clear re-
garding new nucleonic shell closures.
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