
                                                                           

  

Government College Karsog  
District Mandi, Himachal Pradesh 

 
Cycle 3 of NAAC Accreditation 

Criterion: 3: Research, Innovations 
and Extension 

Key Indicator: 3.3: Research 
Publications and Awards 

Metric: 3.3.2: Books and chapters in 
edited volumes/books published and 
papers in national/ international 
conference proceedings 











A Study of Charge Radii in Si, S, Ar and Ca Nuclides
within Relativistic Hartree-Fock-Bogoliubov

Approximation

Smriti Thakur,∗ Virender Thakur,† and Shashi K Dhiman‡

Department of Physics, Himachal Pradesh University, Summer-Hill, Shimla-171005, INDIA

Introduction

The nuclear charge radius is one of the
most salient nuclear parameters that gives
information about the nuclear shell model
and the impact of effective interactions on
nuclear structure [1]. It can be measured
experimentally by methods based on the elec-
tromagnetic interaction between the nucleus
and electrons or muons. One of the recent
methods to determine the nuclear radius is
from fusion cross section measurements at
low energy [2]. The change in charge radii
and other nuclear ground state and excited
state parameters as a function of neutron or
proton number indicate the nuclear structure
effects such as, shell closures and changes in
deformation [3]. We present our theoretical
results for nuclear charge radius Rc as a
function of neutron number N in even-even
isotopes of Si, S, Ar and Ca nuclei by em-
ploying meson coupling model with DDME2
parameterizations and point coupling model
with DDPC1 parameterizations with a sep-
arable pairing interaction. The theoretical
computed results are reasonably reproducing
the available experimental data.

Theoretical Framework

We employed Covariant Relativistic self-
consistent mean field models analogous to
Kohn-Sham density functional theory to con-
struct the Nuclear Density Functionals from
Lagrangian densities based on mesons ex-
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change and point coupling models. The pair-
ing correlations of nucleons are considered by
the relativistic Hartree-Bogoliubov functional
based on quasi-particle operators of Bogoli-
ubov transformations. The nuclear energy
density functionals are constructed by using
meson coupling model with DDME2 parame-
terizations [4] and point coupling model with
DDPC1 parameterizations [5] with a separa-
ble pairing interaction [6].

Results and Discussions

We present the comparison of our theoret-
ical results with available experimental data
for charge radii Rc and our results are in
reasonable good agreement with experimen-
tal data [1, 8]. In Figs.(1 and 2), we present
theoretical results for the charge radii Rc in
fm as a function of neutron number N for the
even-even nuclides of Silicon, Sulphur, Argon
and Calcium. The theoretical charge radius of
a nucleus can be obtained by using a relation-
ship as [7],

Rc =

√

R2
p+ < r2p > +

N

Z
< r2n >(fm), (1)

where, < r2p >= 0.8750 fm denotes the mean-

square charge radius of a proton and < r2n >=
−0.1161 fm is the mean-square charge radius
of neutron [7]. In Fig.(1), we observed that the
value of Rc is decreasing in 22Si nucleus from
3.32 fm to 3.06 fm in 28Si, thereafter the mag-
nitude of Rc is increasing in chain of isotopes
of Si to maximum Rc = 3.28 fm in 44Si. Like-
wise, in case of Sulphur the theoretical value of
Rc in

26S is decreasing from 3.37 fm to 3.23 fm
in 30S, thereafter, it is increasing to the max-
imum Rc = 3.39 fm in 46S. It is found that
the minimum value of Rc at N/Z = 14, indi-
cates ν(π)d5/2 orbit of Shell Model spin-orbit
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Introduction

The production of more and more new iso-
topes has revived the interest in nuclear struc-
ture models in recent years. Understanding
the structure of the atomic nucleus is one of
the central challenges in nuclear physics. The
study of nuclei lying far from the line of β-
stability play an important role in our under-
standing of nuclear physics. Far away from
stability line, the limits of nuclear existence
are reached, where one or more nucleons are
no longer bound. Near nuclear driplines, the
physics is very interesting and has fascinated
the researchers to work on it. The purpose of
present work to investigate theoretically the
two neutron separation energy (S2n) which re-
flects the magicity of Shell Structure in the iso-
topic chains of Germanium, Selenium, Stron-
tium and Krypton. Our results are compli-
mented by the close agreement with the recent
available experimental data [4].

Theoretical Framework

We have employed relativistic self-
consistent mean field models to construct
the Nuclear Density Functionals from La-
grangian densities based on mesons exchange
and point coupling models. The pairing
correlations of nucleons are considered by
the relativistic Hartree-Bogoliubov functional
based on quasi-particle operators of Bogoli-
ubov transformations. The nuclear energy
density functionals are constructed by using
meson coupling model with DD-ME2 pa-
rameterizations [1] and point coupling model
with DD-PC1 parameterizations [2] with a
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separable pairing interaction parameter, G =
728 MeVfm3 and pairing width, a = 0.644 fm
in the p-p channel. The Lagrangian density
for mesons exchange approximation is given
as [1],

L =
∑

i

ψi(iγµ∂
µ
−m)ψi +

1

2
∂µσ∂

µσ −
1

2
m2

σσ
2

−
1

2
ΩµνΩ

µν +
1

2
m2

ωωµω
µ
−

1

4
R⃗µνR⃗

µν +
1

2
m2

ρρ⃗µ.ρ⃗
µ

−
1

4
FµνF

µν
− gσψψσ − gωψγ

µψωµ − gρψτ⃗γ
µψ.ρ⃗µ

−eψγµψAµ. (1)

And the total Lagrangian density for point-
coupling models is [2],

L = ψ(iγ.∂ −m)ψ −
1

2
αS(ρ)(ψψ)(ψψ)

−
1

2
αV (ρ)(ψγ

µψ)(ψγµψ)−
1

2
αTV (ρ)(ψτ⃗γ

µψ)(ψτ⃗γµψ)

−
1

2
δS(∂νψψ)(∂

νψψ)− eψγ.A
1− τ3

2
ψ. (2)

The Hamiltonian densities can be calculated
from Eqs.(1,2) and hence the nuclear energy
density functional for DD-ME2, DD-PC1 re-
spectively.

Results and Discussions

The two neutron separation energy is de-
fined as the energy required to remove two
neutrons from a nucleus. The two neutron
separation energy is calculated using the for-
mula,

S2n(Z,N) = [B(Z,N)−B(Z,N − 2)], (3)

where S2n(Z,N) defines the two neutron sepa-
ration energy for the nuclei with atomic num-
ber Z and neutron number N. We have theo-
retically calculated S2n(Z,N) results for even-
even isotopes of Ge, Se, Kr and Sr with the
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Introduction

Nevertheless, all pulsars have relatively
strong magnetic fields and due to this reason,
a complete analysis of pulsar should include
magnetic field effects. Compact stars gives
us the opportunity to study the strongly in-
teracting dense nuclear matter under the ex-
treme condition in their interior. Theoreti-
cally, it is discussed that the composition of
compact stars is ranging from the mixture of
hadrons, leptons to various phases of super-
conducting quark matter under beta equilib-
rium. Since rotation is a general property of
all stellar bodies. Many recent observations
of gravitational maximum masses and extrac-
tion radius of the pulsars have imposed restric-
tion on their composition, to as a plausible
set of equations of state (EOS) must support
the limits of observed maximum gravitational
masses of compact stars. In the present work,
we study the effect of strong magentic fields
on the structure properties of rotating neu-
tron star. We have constructed a set of equa-
tions of state with composition of neutron,
proton, hyperons and lepton in beta equilib-
rium under the strong magnetic field varying
upto eB = 1.2×10−2GeV 2. To study the in-
fluence of magnetic field in the steller inte-
rior, we consider altogether two decay modes
of a density-dependent magnetic field, a fast
decay(γ=3.00, β=0.02), a slow decay(γ=2.00,
β=0.05).

Theoretical Framework

The total energy density and total pres-
sure of dense nuclear matter in the framework
of Field Theoretial Based Relativisitic Mean
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Field (FTRMF) can be written as,

E
H = Em + El +

[B( ρ
ρ0

)]2

2
, (1)

PH = Pm + Pl +
[B( ρ

ρ0

)]2

2
, (2)

where Em and El corresponds to energy den-
sities of baryons and leptons, respectively.
The Pm and Pl, corresponds to pressures
of baryons and leptons, respectively. The
B(ρ/ρ0) is representing density-dependent
magnetic field [1].

The matter inside the star is approximated
by a perfect fluid and the energy-momentum
tensor is given by

Tµν = (E + P )uµuν
− Pgµν (3)

where E , P and uµ are the energy density, pres-
sure, and four-velocity, respectively. In order
to solve Einstein’s field equation for the poten-
tials γ, ρ, β and ω, we adopt the KEH method
[3] and use the public RNS code [4] for calcu-
lating the properties of a roating star.

Results and Discussions

In present theoretical calculatiom, we have
employed BSR10 parametrisation [2] for com-
puting the energy density and pressure of
EOSs in fast and slow decay modes.

The Interaction strength couplings of hy-
perons with the meson fields and hyper-
ons with strange meson field are employed
as suggested in [2]. For charged particles,
the effect of Landau quantization appears as
√

m∗2

b + 2νeB in the energy spectra from field
equation. Here, ν, representing the Landau
level, varying in integer as, ν = 0, 1, 2, ., ., ., ..
In Figure(1), we present the variation of en-
ergy density EH and pressure PH in units
of MeVfm−3 with increasing magnetic fields
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Introduction

The recently extracted limits of gravita-
tional maximum mass of compact star and
their radii and detection of gravitation waves
GW170817 [1] from rotating stars are the
motivating astrophysical observables to inves-
tigate a set of plausible equation of states
(EOSs) of dense nuclear matter. These in-
vestigations can guide us to unfold the parti-
cle composition of nuclear dense matter and
constrain the EOS from crust to the inner
core of compact star. The nuclear equa-
tion of state is computed within the frame-
work of energy density functionals based on
the relativistic mean field theory by employ-
ing BSR1 [6] and IOPB-I [5] models. The
color superconducting quarks matter phase
of equation of state is based upon a Quarks
Quasiparticle model(QQPM) derived from a
non-relativistic energy density-functional ap-
proach. The medium effects are included in
the cold quarks matter in terms of variation
in effective mass of quarks and effective bag
parameters as function of chemical potential
with the bag constant as, (B0)

1/4 = 135MeV,
155MeV. A plausible set of hybrid equations of
state for superdense hadron-quarks matter is
used to the construct hybrid stars, which rea-
sonably satisfy constraints provided the data
of compact stars of astrophysical interest. We
construct the mixed phase of EOS made up of
the hadron matter and quark matter by em-
ploying the Glendenning construction [2] for
hybrid compact star. In order to study the
properties of a rapidly rotating Hybrid Neu-
tron Star, we should first construct the Equa-
tion of State of the star.
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FIG. 1: Relationship between gravitational mass
and radius of non - rotating compact star for vari-
ous EOSs. The region excluded by causality light
green solid line and rotation constraints of neu-
tron star XTE J1739-285 solid maroon line are
given. The mass and radius limit estimated from
Vela pulsar glitches ∆I/I=0.014 is shown as blue
solid line. The mass limits of pulsars PSR J1614-
2230 and PSR J0348+0432 are plotted for com-
parison. The limits on compact star mass and
radius from Ozel’s analysis of EXO 0748-676 with
1σ (dark solid black line) and 2σ (extended black
line) error bars are also shown. The mass radius
relationship obtained in Ref.[7] from extracted
data of EOS by using QMC+Model A. The or-
ange region bounded by the dotted maroon lines
is representing the mass - radius relationship ex-
tracted for the proposed pulsar PSRJ0437-4715
for 3σ confidence level in the NICER program [8].

Relativistic Rotation of Stars

The matter inside the star is approximated
by a perfect fluid and the energy-momentum
tensor is given by

Tµν = (E + P )uµuν
− Pgµν (1)
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Introduction

The properties of exotic nuclei on the edge
of existence play a fundamental role in our un-
derstanding of various nuclear properties and
interactions. The physics of exotic nuclei is
one of the fastest developing subjects in nu-
clear physics. The exotic nuclei have shorter
life times and are characterized, in most cases
by unbalanced ratio between the proton num-
ber(Z) and neutron number(N). The ground
state binding energy, and thus the mass of nu-
cleus, is one of the characteristic properties,
revealing deep insight into the nuclear struc-
ture which has applications in medicine, en-
ergy generation, nuclear waste transmutation
and nuclear astrophysics [3]. We present our
theoretical results of ground state binding en-
ergies(B.E.) of even-even nuclides of 22−44Si,
26−48S, 30−52Ar and 36−58Ca isotopes. The
theoretically computed results with UNEDF0
parameterization of functional are reasonably
reproducing the latest experimental observa-
tions [4].

Method

We employed self-consistent mean field
models analogous to Kohn-Sham density func-
tional theory to construct the Skyrme En-
ergy Density Functionals [1, 2] from Hartree-
Fock-Bogoliubov Hamiltonian based on single-
particle wave functions of the transformed
harmonic oscillator with zero-range pairing in-
teractions. For the proton states, we have
added to the central potential, the direct
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Coulomb field

V C
d (r) = e2

∫

d3r
′ ρp(r

′

)

|r− r
′ |

(1)

as well as the exchange Coulomb field, which
in the present implementation is treated
within the Slater approximation given below
in equation:

V C
ex(r) = −e2

(

3

π

)1/3

ρp
1/3(r) (2)

Result and Discussion

Binding energy is the energy required to dis-
assemble a whole system into separate parts.
A bound system typically has a lower poten-
tial energy than the sum of its constituent
parts and this is what keeps the system to-
gether. Often this means that energy is re-
leased upon the creation of a bound state.
This definition corresponds to a positive bind-
ing energy. In general, binding energy rep-
resents the mechanical work that must be
done against the forces which hold an ob-
ject together. In the FIG.1, we have pre-
sented the results of fractional relative error
(∆Ef ) in binding energy per nucleon for the
even-even exotic isotopes of Silicon (green4
left triangles), Sulphur (blue right triangles),
Argon (maroon circles) and Calcium (red
squares). Fractional Relative error is com-
puted by the relation ∆Ef = [(BE/A)exp −
(BE/A)theo]/(BE/A)exp. A represents the
total number of nucleons. Theoretical data is
in good agreement with the experimental data
[4] as we can see clearly in FIG. 1. For Silicon
isotopes, The fractional relative error ranges
from 0.01 (for 18Si) to 0.08 (for 34Si). For Sul-
phur isotopes, it ranges from 0.012 (for 32S)
to 0.05 (for 26S). For Sulphur isotopes, ∆Ef
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 Comparative Analysis of Efficacious Metaheuristic 

Technique with Genetically Modified- Flower 

Pollination Algorithm (GM-FPA) for Test Case 

Prioritization in Regression Testing 
 

Priyanka Dhareula
1
, Anita Ganpati

2 

 

Abstract: Regression Testing is most imperative activity of software development life cycle. Test case prioritization being one of 

the most adopted branch for regression testing and with the invent of nature inspired metaheuristic techniques in optimization, 

this study makes an attempt to augments the features of test case prioritization with nature inspired metaheuristic techniques to 

determine the most efficacious metaheuristic techniques from Cuckoo Searh (CS) algorithm, Genetic Algorithm (GA) and 

Flower Pollination Algorithm (FPA) for three different case studies. APFD metrics is used to compare the algorithms. Further 

the study compares the most efficacious technique with Genetically Modified- Flower Pollination Algorithm (GM-FPA) to 

identify the most efficient technique for regression test case prioritization. 

Keywords: Regression Testing, Test Case Prioritization, Cuckoo Search Algorithm, Genetic Algorithm, Flower Pollination 

Algorithm, APFD. 

 

I. INTRODUCTION 

The present study compared metaheuristic techniques for test case prioritization [4] in regression testing [1, 15]. Efficacy of an 

algorithm is determined by the maximum number of faults it can identify for a given version of a case study. The most efficacious 

metaheuristic technique for test case prioritization has been identified by comparing Cuckoo Search (CS) algorithm[13,14 ], Genetic 

Algorithm (GA) [3,10], and Flower Pollination Algorithm (FPA) [2, 12] for test case prioritization by using the Average Percentage 

of Faults Detected (APFD) metrics.  

Further, the efficiency of the proposed Genetically Modified-Flower Pollination Algorithm (GM-FPA) [11] is measured in terms of 

APFD value by comparing it with the most efficacious metaheuristic technique identified in this study.  

Also, GM-FPA is compared with random order, and reverse random order of test case execution for test case prioritization in 

regression testing.  

This study uses three case studies to perform the comparative analysis of the metaheuristic techniques. The research culminates with 

the detailed discussion of the results produced during the course of this study. 

 

II. RESEARCH METHODOLORY 

Empirical study was performed to analyze the most efficacious metaheuristic technique for test case prioritization. To determine the 

efficiency of the proposed technique, it was compared with the previously identified most efficacious metaheuristic technique, and 

two non-metaheuristic techniques namely: random order and reverse random order of test case execution for test case prioritization. 

All the techniques were implemented in java.  

For the empirical evaluation three case studies namely: Puzzle Game Application (PGA), Triangle Classification Problem (TCP), 

and AreaandPerimeter Application (APA) designed in java were used. The case studies were picked from different online code 

repositories. Various open source software namely: Eclipse IDE, EclEmma code coverage tool, TestNG tool, MySql were 

considered to code the algorithms, to maintain the database, to analyze the code coverage, fault coverage, and time of execution of 

the test cases respectively.  

Three metrics were used for the empirical evaluation of this study namely: Average Percentage of Statement Coverage (APSC), 

Average Percentage of Fault Coverage (APFD), and time of execution. 
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Cuckoo Search Algorithm for Test Case 

Prioritization in Regression Testing 

Priyanka Dhareula, Anita Ganpati 

ABSTRACT: There are countless optimization problems that 

have been accelerated by Nature Inspired Metaheuristic 

Optimization Algorithms (NIMOA) in the earlier decades. 

NIMOA have gained huge popularity owing to their effective 

results. In this study NIMOA namely, Cuckoo Search Algorithm 

(CSA) is used to prioritize (order) the test cases for Regression 

Testing (RT). Prioritizations aids in the execution of higher 

priority test cases to give early fault detection. This research 

adopts the aggressive approach of reproduction made by Cuckoos 

to prioritize the test cases for RT. Average Percentage of Fault 

Detected (APFD) metrics is used in this paper for validations of 

results. APFD metrics is used to compare the performance of 

CSA with Flower Pollination Algorithm (FPA) and traditional 

approaches for Test Case Prioritization (TCP). Two java 

applications are used for the study. CSA is implemented in Java 

on eclipse platform. It is learnt from the study that APFD results 

of CSA outperformed the FPA for both the applications namely 

Puzzle Game and AreaandPerimeter. It is inferred from the 

results that prioritized set of test cases given by NIMOA 

outperformed the APFD results of traditional approaches and 

also CSA performed better than the FPA for TCP.   

 

Key Terms: Cuckoo Search; Flower Pollination; Regression 

Testing; Test Case Prioritization; APFD 

I. INTRODUCTION 

The lifespan of a software development considers 

Regression Testing (RT) as one of the most crucial phases. 

With the change in organizational requirements it becomes 

necessary to incorporate the changes in the software under 

consideration. Changes may result in unintended behavior of 

the software, which is further identified in RT. RT is 

performed to determine whether previous tested code has 

not altered its functionality due to new changes made in the 

software. RT is a time extensive and costly process. Since 

the test suite employed to perform RT is very large in size, it 

is rationally not possible to perform such exhaustive testing 

due to budget and time constraints as the software has to be 

delivered within given time limits. Therefore, it becomes 

imperative to constitute a mechanism to reduce the size of 

test suite to perform effective testing that can find maximum 

faults in minimum possible time.  
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Many traditional Regression Test Case Optimization 

(RTCO) techniques are known to exist in the past literature. 

Broadly they are categorized as Retest all, Minimization [1], 

Selection [12, 9] and Prioritization [12]. Alone these 

techniques have not resulted in effective optimization of the 

test suite and henceforth, there is a need to augment them 

with improvised version of optimization techniques known 

as the Nature Inspired Metaheuristic Optimization 

Algorithms (NIMOA). 

Numerous NIMOA are known to have produced optimized 

results in the field of RTCO. Many NIMOA have existed for 

past few decades namely; Genetic Algorithm (GA), 

Differential Evolution, Ant Colony Optimization (ACO), 

Bee Colony Algorithms, Particle Swarm Optimization, The 

Firefly Algorithm, Cuckoo Search Algorithm (CSA) [16], 

The Bat Algorithm, Harmony Search, The Flower 

Pollination Algorithms (FPA); are few to name. Therefore, 

when the traditional RTCO approaches [5, 6] are combined 

with NIMOA [11] it will result in much more effective 

results for RT.  In this paper Cuckoo Search Algorithm 

(CSA) [16] is used to prioritize the test cases to perform 

RTCO.  CSA was developed by Xin-She Yang and Suash 

Deb in 2009 [19]. Cuckoos have mesmerizingly beautiful 

sound and a very aggressive reproduction approach. This 

research adopts the aggressive approach of reproduction 

made by Cuckoos to prioritize the test cases for RT. 

Therefore, CSA is used in this study to perform TCP 

without any prior knowledge of faults covered by the test 

cases. Average Percentage of Fault Detected (APFD) 

metrics and time of execution is used to determine the 

effectiveness of CSA for TCP. For the validations of the 

results APFD values of CSA is compared with the APFD 

values of FPA [4] and traditional approaches for TCP in RT.  

II. RELATED WORK 

Yang [19] discussed about various applications of CSA in 

the dominion of engineering and science. Their study stated 

that tuning of parameters for metaheuristic algorithms 

demands more research. It is identified in their work that 

optimal results can be achieved by using CSA in various 

studies. Srivastava et al. [14] gave an algorithm to produce 

reduced test suite using CSA. Activity diagram is used to 

understand the connection between modules, thereafter the 

input is given to a graph whose output serves as the input to 

proposed strategy. Warning System for temperature is used 

as the case study. Proposed technique is compared with 

ACO and GA. As per their study CSA produced optimal 

results in lesser number of iterations. Ahmed et al. [2] in 

their study used CSA to perform combinatorial test case 

optimization.  Real world case study is used to analyze the 

effectiveness of the optimized 

set of test cases.  
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Abstract: 

Athletes differ from each other in their characteristics according to their events. This study 

aimed to identify performance predictors in 100m sprinters of All India inter-university taking into 

consideration their body composition, emotional intelligence and psychological characteristics. 

Twenty-three sprinters participated in this study. The measurements of body composition 

characteristics were done with the help of Body Composition Monitor having Scale HBF-361. In 

order to evaluate emotional intelligence, the scale developed by Hyde, Pethe, and Dhar was used. 

Dry spirometer was used to measure vital capacity, Harvard step test was used to measure the Vo2 

max, Manual methods was applied to measure the basal pulse rate and standardized digital 

sphygmomanometer was used to measure blood pressure. Multiple linear regression analysis was 

applied to identify the best model for performance prediction. Results indicated that the regression 

model explains the significant variance in competition performance of 100m sprinters and can be 

used for the predictions. Body composition, emotional intelligence and physiological characteristics 

accounted for 77% of the variance in performance for 100m sprinters. The most significant 

predictors of 100 m sprint performance in female sprinters were vital capacity and body mass index.

  

Key Words: Body composition, Emotional intelligence, Physiological characteristics, Competition 

performance and sprinters. 

Introduction:  

In the recent years, it has been found that issue which influence optimal performance in 

athletics events has received considerable attention in the scientific literature. Variables which have 

been associated with running performance include body composition, physical characteristics and 
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Abstract

Introduction

Gentiana kurroo Royale is a critically endangered plant of 

Western and North Western Himalaya. This drug plant is critical-

ly endangered and is at high risk category as far as its survival is 

concerned due to its over exploitation habitat destruction and un-

scrupulous collection [1]. To establish such plants in new environ-

The beneficial bacteria present in the area around the plant roots. These are termed as Plant Growth Promoting Rhizobacteria 
(PGPR). These bacteria are useful to enhance plant growth and curb plant diseases. The objectives of the present study were to iso-

late, identify and characterize PGPR traits in psychrotolerant bacteria native to rhizosphere of a threatened high valued medicinal 

plant Gentiana kurroo Royle. In total 10 bacterial isolates were isolated, out of which isolate AGII showed maximum antagonism 

against tested phytopathogens. Therefore, isolate AGII was selected further to study in vitro growth promoting attributes and for phylogenetic identification. Bacterial isolate AGII was identified as Bacillus weihenstephanensis by 16SrRNA gene sequence and has 

been registered in NCBI under the accession number MF593886. Plant growth promoting traits of this isolate were studied by per-

forming following assays viz., Phosphate solubilization, Ammonia Production, HCN production, Protease production. The isolated 

bacterial strain was studied for its inhibitory potential against deadly plant pathogens by using a dual culture in vitro assay. In the 

present investigation, Bacillus weihenstephanensis MF593886 was tested against deadly plant pathogens viz., Alternaria solani MTCC 

2101, Botrytis cinerea MTCC 2350, Fusarium oxysporum MTCC 7677, Rhizoctonia solani MTCC 4633, Colletotrichum gloeosporioides 

MTCC 9664 and Sclerotinia sclerotiorum MTCC 8785. It is capable to produce siderophore, HCN, ammonia, proteases and has a po-

tential to solubilize phosphates. The present study proposes the potential of Bacillus weihenstephanensis as a PGPR in the context of 

cold agro-ecosystems.

Keywords: Bacillus weihenstephanensis; Biofertilizers; Psychrotolerant; PGPR; Proteolysis; Siderophore

ment, the study of their microflora is a must. In the present inves-

tigation, soil associated with the roots of Gentianakurroo has been used for isolation of PGPR. These PGPR are the beneficial bacteria 
that assertively inhabit in vicinity or on plant roots and provides benefit to the plants by a variety of mechanisms viz. by fixing nitro-

gen, making plant growth regulators, inhibiting phytopathogenic 
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Introduction

In general, the density of most nuclei is sat-
urated (ρ0 ≈ 0.16fm−3) in the central re-
gion and is smoothly decreasing at the sur-
face. However, this trend of nucleon density
distribution shows a different behavior in some
cases. In some nuclei, the density at the cen-
ter is depressed with a hump nearby it, fol-
lowed by a smooth decrease towards the sur-
face region. This type of density distribution
is known as ”bubble” structure. The bubble
structure is characterized by the central de-
pression of nucleonic density and is currently
a hot topic in nuclear physics.

The concept of reduction of density in the
nuclear interior was first considered by Wilson
[1]. By now, there exists appreciable litera-
ture to understand the occurrence of bubble-
like structures in different mass regions. The
degree of central depletion in proton or neu-
tron densities can be quantified in terms of
depletion fraction (DF), defined as

DF =
ρmax − ρcen

ρmax

× 100%, (1)

where ρmax and ρcen = ρ(r = 0) represent
the values of maximum and central nucleon
density, respectively.

Theoretical Formalism

A. Meson exchange model

The Lagrangian density for meson exchange
model can be written as [2]:

∗
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L =
∑

i

ψi(iγµ∂
µ
−m)ψi +

1

2
∂µσ∂

µσ

−
1

2
m2

σσ
2
−

1

2
ΩµνΩ

µν +
1

2
m2

ωωµω
µ

−
1

4
R⃗µνR⃗

µν +
1

2
m2

ρρ⃗µ.ρ⃗
µ
−

1

4
FµνF

µν

−gσψψσ − gωψγ
µψωµ − gρψτ⃗γ

µψ.ρ⃗µ

−eψγµψAµ, (2)

where the first term represent the Lagrangian
of free nucleons. mσ, mω, mρ represents the
masses of σ, ω, and ρ mesons with corre-
sponding coupling constants gσ, gω, gρ for the
mesons to the nucleons, respectively. Ωµν ,

R⃗µν , Fµν are field tensor of the vector fields
ω, ρ, and the photon. The coupling of σ field
and ω field to the nucleon field reads

gi(ρ) = gi(ρsat)fi(x) for i = σ, ω (3)

with

fi(x) = ai
1 + bi(x+ di)

2

1 + ci(x+ di)2
, (4)

with x = ρ/ρsat. Here, ρsat (=0.152fm−3) is
the baryon density at saturation in symmetric
nuclear matter.
For density dependence of ρ-meson coupling is
given by

gρ(ρ) = gρ(ρsat)e
−aρ(x−1) (5)

This model is represented in the present inves-
tigations by the parameter set DD-ME2 [2].

The inclusion of pairing correlations is sig-
nificant for the description of open-shell nu-
clei quantitatively. A separable pairing inter-
action has been used in the present investi-
gation. The details about pairing interaction
can be found in Ref. [3]. The present calcu-
lations have been performed by using DIRHB
code developed by Niksic and others [4].
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Introduction

The nuclei in the vicinity of closed shells
are generally stable and spherical. The magic
number N = 28 originates from spin-orbit
(SO) coupling in the atomic nuclei. This SO
interaction lowers the f7/2 orbital into middle
of gap between sd and fp shells, resulting in
the magic number between f7/2 and p3/2 or-
bitals [1]. The existence or disappearance of
a shell closure is possibly linked to the evolu-
tion of SO force. The reduction of SO inter-
action and hence shell gaps would occur for
neutron-rich nuclei with increasing in surface
diffuseness. The erosion of N = 28 shell clo-
sure has been studied both theoretically and
experimentally and is an interesting topic in
nuclear physics.

Theoretical Framework

The Lagrangian density for point-coupling
model can be written as [2]

L = ψ(iγ.∂ −m)ψ −

1

2
αS(ρ)(ψψ)(ψψ)

−

1

2
αV (ρ)(ψγ

µψ)(ψγµψ)

−

1

2
αTV (ρ)(ψτ⃗γ

µψ)(ψτ⃗γµψ)

−

1

2
δS(∂νψψ)(∂

νψψ)− eψγ.A
1− τ3

2
ψ,

where m is the mass of nucleon, αS , αV

and αTV represent the coupling constants
for four-fermion contact terms. The micro-
scopic density-dependent scalar and vector
self-energies are computed by using following

∗
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functional form of the couplings.

αi(ρ) = ai+(bi+cix)e
−dix, (i = S, V, TV )

(1)
where x = ρ/ρsat denotes the nucleon den-
sity in symmetric nuclear matter at saturation
point ρsat. The parameters involved in point
coupling CDFT model are given in Ref. [2].

It is necessary to consider pairing correla-
tions for a quantitative description of open-
shell nuclei. A separable pairing interaction
has been used in the present investigation.
The details about pairing interaction can be
found in Ref. [3]. The calculations are per-
formed by imposing constraints on the axial
and triaxial mass quadrupole moments [4].

Results and Discussion

The evolution of proton and neutron single-
particle energies are necessary to understand
the role of nuclear forces involved around N

= 28 magic shell. The middle panel of Fig.
1 shows the binding energies of the neutron
states located just above and just below the N
= 28 shell closure. The difference of the bind-
ing energy of the two states, surrounding the
gaps at N = 28 shell closure, is shown in the
upper panel of Fig. 1. A reduction of N = 28
spherical shell gap has been observed clearly
towards the neutron-rich side. 48Ca exhibits a
large shell gap between occupied and valance
orbits around Fermi level that prevent any ex-
citation and lead to a spherical shape. The
mixing between f and p states may result in
the reduction of the spherical shell gap. Thus,
the nucleus may get deformed. This change
of structural behavior can partly be ascribed
to the evolution of proton single-particle en-
ergies. The lower panel of Fig. 1 shows the
shell structure of 1d5/2, 2s1/2, and 1d3/2 or-
bits as a function of proton number. The en-
ergy spacing between πd3/2 and πs1/2 orbitals
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Introduction

The experimental and theoretical studies of
exotic nuclei having a large number of neu-
tron or protons are the most operational areas
of research. The most prominent part in the
enhancement of our understanding of nuclear
physics away from the β-stability line goes to
the radioactive ion beam (RIB) facilities and
sensitive detection technologies. In the pur-
suit of a better understanding of the atomic
nuclear structure, physicists observed a vari-
ety of nuclear shapes and structural phenom-
ena. The study of nuclear shape evolution in
an atomic nucleus is one of the fundamental
quests in nuclear physics. As the number of
nucleons increases after the shell closure, the
additional nucleons create the polarizing ef-
fect that raises the deformation. These stud-
ies aim to address all these properties, which
are: potential energy curves, binding energy
per nucleon, charge radius, and neutron skin
thickness.

Theoretical Framework

Self-consistent mean-field (SCMF) mod-
els provide a very successful tool to study
and analyze a variety of nuclear structure
properties throughout the entire nuclear
chart. The Lagrangian of density-dependent
point-coupling models contains isoscalar-
scalar, isoscalar-vector, and isovector-vector
four-fermion contact interactions in the
isospace-space and is as follows.
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L = ψ(iγ.∂ −m)ψ −
1

2
αS(ρ)(ψψ)(ψψ)

−
1

2
αV (ρ)(ψγ

µψ)(ψγµψ)

−
1

2
αTV (ρ)(ψ~τγ

µψ)(ψ~τγµψ)

−
1

2
δS(∂νψψ)(∂

νψψ)− eψγ.A
1− τ3

2
ψ,(1)

The Energy Density Functional of the point-
coupling models is as follows.

ERMF [ψ,ψ,Aµ] =
∫

d3rH(r)
=

∑A
i=1

∫

d3rψ
†
i (αp+ βm)ψi −

1

2
(∇A)2

+ 1

2
e
∫

d3rjµpAµ + 1

2

∫

d3r
[

αSρ
2

s + αV jµj
µ

+αTV
−→
j µ

−→
j µ + δSρs�ρs

]

. (2)

Results and Discussions

In this section, we have provided the poten-
tial energy curves for even-even neutron-rich
Mercurry isotopes. The comparative analy-
sis between the experimental and theoretical
studies is also present in this section.
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Introduction

The physics of exotic nuclei is one of the
most interesting and developing subjects in
nuclear physics. The technical advancements
in the available experimental facilities have
made possible the study of the wide range of
the nculides of the periodic table. The prop-
erties of exotic nuclei on the edge of existence
play a fundamental role in our understanding
of various nuclear properties and interactions.
Exotic nuclei are characterized, in most cases
by unbalanced ratio between the proton num-
ber (Z) and neutron number (N). Till now,
we do not know much about most of the nu-
clei which exists and specially Odd-Mass nu-
clei as it is tedious task to study these nu-
clei due to breaking of the time reversal sym-
metry. We have made an attempt to investi-
gate the ground state binding energies of the
chain of Odd-Mass isotopes in Silicon and Sul-
phur. Ground state binding energy, and thus
the mass of nucleus, is one of the character-
istic properties, reflecting deep information of
the nuclear structure which has applications in
medicine, energy generation, and nuclear as-
trophysics. We present our theoretical results
of ground state binding energies(B.E.) of Odd-
A (A is mass number) nuclides of 23−43Si and
27−47S isotopes.

Method

The presented work has been done by using
the models based on Hartree-Fock-Bogoliubov
and Relativistic Hartee Bogoliubov (RHB)
Theories. A brief discussion of these models
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is given below.

A. HFB Theory

This theory is a combination of Hartree-
Fock (HF) and BCS theory. Details of the
theory can be extracted from ref. [1, 2] based
on the zero range Skyrme effective interactions
[3] used in the mean field part.

B. RHB Theory

The total Lagrangian density of mesons ex-
change approximation (DD-ME2 parameteri-
zation) involving the isoscalar scalar σ meson,
the isoscalar vector ω meson, and the isovector
vector ρ meson can be written as [4],

L =
∑

i

ψi(iγµ∂
µ
−m)ψi +

1

2
∂µσ∂

µσ

−
1

2
m2

σσ
2
−

1

2
ΩµνΩ

µν +
1

2
m2

ωωµω
µ

−
1

4
~Rµν

~Rµν +
1

2
m2

ρ~ρµ.~ρ
µ
−

1

4
FµνF

µν

−gσψψσ − gωψγ
µψωµ

−gρψ~τγ
µψ.~ρµ − eψγµψAµ (1)

Where, first term represents the Lagrangian of
free nucleons with bare mass m and, ψ defines
its Dirac spinors.

Result and Discussion

We present our results for Binding Energies
for the Odd-Mass isotopic chains of Si and S
nuclides. HFB Calculations are carried out for
different skyrme parameterizations by using
the HFB code [5] with harmonic oscillator ba-
sis and SLY5 parameterization [6]. RHB cal-
culations are computed with DIRHB code [7]
and DD-ME2 parameterization [4]. Binding
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Introduction

The study of nuclear structure properties
of the nuclides is always a challenging task
in nuclear physics as the nuclear chart is not
fully explored experimentally. Complexity
of many body problem makes the task even
more difficult. Theoretical models can serve
better this purpose. The models available to
study nuclei are best suited for the even-even
system of nuclei only [1, 2]. Here in this
work, we have made an attempt to study
the Odd-A (A is mass number of respective
nuclei) nuclides and we have selected Odd-A
Ar and Ca isotopes for our purpose as a
lot of crucial experimental information [5] is
availabe for these nuclides. We present our
theoretical results of single-neutron separa-
tion energies Sn and two-neutron separation
energies S2n for isotopes these nuclides. The
theoretically computed results with DD-PC1
[3] and DD-PCX [4] parameterization of
Relativistic-Hartree-Bogoliubov Nuclear Den-
sity Functional are reasonably reproducing
the recently available experimental [5] extrac-
tions.

Theoretical Framework

This work has been done by using
Relativistic-Hartee-Bogoliubov (RHB) The-
ory [6, 7] with DD-PC1 [3] and DD-PCX [4]
parameterizations. A brief discussion of this
models is given below.

∗
Electronic address: virenthakur2154@gmail.com

†
Electronic address: shashi.dhiman@gmail.com

1. DD-PC Model

In RMF phenemenology, Lagrangian
density of point coupling models includ-

ing the isoscalar-scalar (ψψ)
2

, isoscalar-
vector (ψγµψ)(ψγ

µψ), and isovector-vector

(ψ~τγµψ).(ψ~τγ
µψ) four-fermion contact inter-

actions in the isospace-space can be written
as [3],

L = ψ(iγ.∂ −m)ψ −
1

2
αS(ρ)(ψψ)(ψψ)

−
1

2
αV (ρ)(ψγ

µψ)(ψγµψ)

−
1

2
αTV (ρ)(ψ~τγ

µψ)(ψ~τγµψ)

−
1

2
δS(∂νψψ)(∂

νψψ)− eψγ.A
1− τ3

2
ψ. (1)

Result and Discussion

The quantity Sn(Z, N) known as single-
neutron separation energy is defined as

Sn(Z,A) = B(Z,N)−B(Z,N − 1) (2)

where B(Z,N) represents the binding energy
of the nuclei with atomic number Z and neu-
tron number N. Whereas the two-neutron sep-
aration energy is defined as the energy re-
quired to remove two neutrons from a nucleus.
It is calculated by using the formula,

S2n(Z,N) = B(Z,N)−B(Z,N − 2) (3)

We have calculated theoretically the results of
Sn(Z,N) and S2n(Z,N) for Odd-A isotopes of
Ar and Ca with the help of binding energies
B(Z,N) and B(Z,N-2). Comparison of theoret-
ical results with the experimental data [5] is
also done in our studies. These results along
with the experimental data are shown in Fig-
ures 1 and 2. Figure 1, presents results of
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A study of shape transition and bubbleness in Ne isotopes 
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___________________________________________________________________________ 

Abstract We have studied shape transition and development of quadrupole deformation in even-even 
18-36Ne isotopes by employing covariant density functional theory (CDFT) with density-dependent meson 

exchange (DD-ME2) and density-dependent point coupling (DD-PC1) parameter sets. A sudden shape 

transition is observed in the Ne isotopic chain and can be related to the evolution of shell structure of 

single-particle orbitals. The correlations between shape transition and discontinuities in other physical 

observables are also examined. Our results for ground-state properties are in good agreement with the 

available experimental data and the result of various theoretical models. The present calculations infer the 

neutron drip line at 34Ne. In addition to shape transition, the bubble structure is also studied for magic 

nuclei in this chain. 

Keywords Covariant density functional, Shape coexistence, Charge radii, Bubble structure 

___________________________________________________________________________ 

INTRODUCTION 

The development of accelerator techniques and sensitive detection technologies for Radioactive Ion 

Beams provide the possibility of studying the structural properties of nuclei away from the stability 

line. The nuclei in the light-mass region are of particular interest. These nuclei are at the center of the 

island of inversion. The evolution of nuclear shapes in various isotopic and isotonic chains has been 

investigated consistently by various theoretical and experimental techniques. The phenomena of shape 

coexistence and triaxial deformation were studied for some light nuclei [1,2]. However, the effect of 

triaxiality was found to be marginal on the mean-field part of binding energy. A halo structure of 31Ne 

was reported experimentally using one proton removal reaction [3]. A recent experimental 

investigation suggests 34Ne as the heaviest bound nucleus in Ne isotopic chain [4]. In a recent study, 

the N = 14 sub-shell closure was reported for charge radii measurement of neon isotopes. Their 

computations were based on nucleon-nucleon and three-nucleon potentials from chiral effective field 

theory [5].  

Nuclear density functional theories (DFT) have been used to understand nuclear many-body 

dynamics for an appreciable description of nuclei near the drip line. Covariant density functional 

theory (CDFT) is one of the most attractive nuclear density functional theories and has achieved great 

success in the description of ground- and excited-state properties of both spherical and deformed 

nuclei throughout the nuclear chart [6-9]. In this work, a systematic study of shape transition and 

ground state properties of neon isotopes has been done using CDFT with DD-ME2 [10] and DD-PC1 

[11] parameter sets with a separable pairing interaction [12,13]. The calculations were performed 

within an axially symmetric deformed configuration.  

 

THEORETICAL FRAMEWORK 

Self-consistent mean-field (SCMF) models provide a very successful tool to study a variety of 

nuclear structure phenomena throughout the segre chart. These models are based on nuclear energy 
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We have employed the relativistic Hartree-Bogoliubov (RHB) model with density-dependent meson-

exchange interaction and separable pairing to investigate neutron dripline mechanisms for heavy Mg 

isotopes. In the present study, 40Mg is predicted to be dripline nuclei. The calculations are carried 

out by taking axial deformation into account. An investigation of shape transition is also done for 

even-even 32-42Mg isotopes. Our prediction for neutron dripline for 40Mg is consistent with some recent 
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1. Introduction

�e study of nuclei far from β-stability line is a devoted part 
of modern nuclear-structure studies. �e limit of nuclear 
existence is reached while going away from the stability 
line. Nuclear drip lines form the edges of the nuclear 
chart and are de�ned as limits beyond which a single 
nucleon become unbound in the nuclear ground-state. �e 
advancement in Radioactive Ion Beam (RIB) facilities and 
sensitive detection technologies have made it accessible 
to reach neutron drip lines experimentally. Although the 
construction of RIBs brings the goal closer, the nuclear drip 
lines have not been fully mapped experimentally. Moreover, 
the theoretical location of the nuclear drip line is uncertain 
[1, 2]. According to a recent study done by Tsunoda et al. 
[3], the mechanism responsible for the drip line is related 
to deformation. However, the neutrons can’t be added 
continuously as the atomic nucleus is characterized by a 
speci�c number of protons and neutrons and is bounded by 
drip lines [4]. Earlier, it was assumed that the strong nuclear 
force for pn symmetry governed the neutron drip line. But 
protons and neutrons jump from shell to shell, as they do 
not stay in a single shell, and move collectively by forming 
di�erent con�gurations. �ese con�gurations produce 
deformed shapes. Motivating from this idea, we have done 
a drip line study of Mg isotopes using relativistic Hartree-
Bogoliubov (RHB) model with density-dependent meson 

exchange (DD-ME2) interaction. Our results for ground-
state properties and drip line prediction are consistent 
with recent theoretical studies. For Mg isotopes, di�erent 
predictions for neutron drip lines have been proposed. 
According to the study done in Refs. [5, 6], the heaviest 
magnesium isotope observed is 40Mg while, the dripline is 
predicted at 42Mg in some recent studies [3, 7].

Nuclear density functional theories have been using 
to understand nuclear many-body dynamics for an 
appreciable description of nuclei near the drip lines [8-11]. 
It is also found to provide appreciable results for the shape 
of the nuclei. For the calculations of the shape evolution 
and ground-state properties, we have used the DIRHBZ 
numerical code developed by Niksic and others [12]. �e 
present calculations infer the neutron drip line for 40Mg.

2. �eoretical Framework

Self-consistent mean-�eld (SCMF) models provide a 
very successful tool to study nuclear ground-state and 
excited-state properties from the valley of b -stability 
to the nuclear drip-lines throughout the Segre chart 
(nuclear chart). �ese models are based on the nuclear 
energy density functionals (EDF) in which the nucleons 
are treated as independent particles moving inside the 
nucleus under the in�uence of potentials that are derived 
from such functionals [13].
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I. INDRODUCTION 
 

Mary Parker Follet was the first modern managerial 
thinkers which stressed on the importance of Group 
functioning. She advocated the principle of „integration‟ and 
non-forceful power-sharing. This is based on “power with” 
paradigm rather than „power-over.‟ She exhorted participatory 
management, decentralized decision-making, integration role 
of groups and humanistic approach to management. We think 
that the modern Self-Help Groups are based on the same 
philosophy of harnessing the potential of the group. Self -Help 
Groups are based on the philosophy of collective management 
which is „power with‟ in its design rather than being on 
bureaucratic conception of „power over‟. 

Self- Help-Groups (SHGs) has been playing a very 
transformative role in financial empowerment of especially 
woman and rural sector. During colonial rule and in the 
initially decades after independence banking sector and other 
financial institutions could not reach at the grassroots. Despite 
Indira Gandhi‟s efforts of Bank Nationalization, Lead Bank 
Approach and subsequent Priority Sector Landing its impact 
could not be felt at the lives of deserving people. Creation of 
Regional Rural Banks and even the NABARD could not 
create a reach within rural folks. Self Help Groups has 
focussed on the group which is consist of women of the 
villages and helps them by providing credit and loan for the 
livelihood generation. This is also help in generating group 
capability among these women to perform diverse tasks.   

They can also be trained to work with Integrated Child 
Development Scheme, Primary Education Department, Forest 
department and Health department (creation of sanitary 
napkins, contraceptives and other hygiene related issues) for 
providing further outreach for their missions and schemes.  
Self-help groups can play a very essential role in organizing 
people into small productive groups. Self-help groups (SHGs) 
has now attained the status of basic unit for microfinancing in 
India. Usually women of similar socio-economic backgrounds 
are organized into (SHGs) self-help groups. This naturally 
helps in setting a collective target of saving small amount of 
money to create larger amount which help them in future in 
further landing and borrowings. Self-help groups can also help 
in skilling and transforming people. Traditionally person with 
low and unstable income background used to find it very 
difficult to get credit. Self-help Groups in their collective 
strengthen has more capacity to borrow from financial 
institutions. The collective ethos of the group also works as a 
force in keeping every member punctual & sincere in their 
financial responsibilities towards the group. 

 

 

II. BANK SUPPORT TO SHGS TO BOOST FINANCIAL 
INCLUSION 

 
In 1990s policy makers decided to promote SHGs for 

further increasing the access of the rural poor to institutional 
finance. This task was essential to fulfill the task of poverty 

Abstract: Self-Help-Groups has become the important institution for the rural transformation and gender 

empowerment. They have become one of the basic institutions at the grassroots to empower people especially women. Now 

government is looking to harness their collect strength to achieve tasks like financial inclusion and livelihood promotions 

with them.  Deen Dayal Upadhyaya Antyodaya Yojan has become the flagship programme to provide these Self-Help – 

Groups with new vision and strength to fulfil the task of empowerment of women. 

 



Temporal Changes in Tree Species Composition in Karsog Area
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ABSTRACT The forests of Karsog Forest Division in Himachal Pradesh were temporally analyzed for change in
tree species composition. These are based on the species composition in different communities and variations
along the different altitudinal gradients. The enumeration records were procured from the forest department. Total
143 forest compartments were analyzed to study the change in tree species in thirteen delineated communities, out
of which six were pure forest communities and seven were mixed forest communities. The change in density (Ind/
ha) in tree species was calculated between two enumeration years, that is 1986 and 2013. Results showed that out
of thirteen communities, only three pure communities viz., Pinus roxburghii, Abies pindrow and Quercus
leucotrichophora showed increased density while other pure communities showed decreased density in two
enumeration years. Altitudinal based study revealed that the lowest altitudinal gradient (1000-2000 m) showed
increase in tree density while in 2000-3000 m zone a gradual fall in tree density was observed temporally.
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INTRODUCTION

India is one of the biodiversity rich coun-
tries where the forests cover is about 7,08,273 sq
km, or 21.54 percent of the country (ISFR 2017).
The forest productivity in Indian forests is rough-
ly one tenth of its potential which is due to the
growing biotic pressure and inadequate resourc-
es for scientific forest management (FAO Report
1997). In the past few decades, a decline in the
forest area had sought attention because of the
environment impact observed at local, regional
and global scales (Cabrera and Vilatta 2013). Thus,
reduction in the size of the forests and signifi-
cant changes in the pattern of the natural land-
scapes have led to the global climate change
(Dale 1997; Watson et al. 2000; Leuzinger et al.
2011; Abdalla et al. 2013). The diversity of tree
species is fundamental to total forest biodiversi-
ty, because trees provide resources and habi-
tats for almost all other forest species (Huston
1994).

The forests of Himachal Pradesh known for
their grandeur and majesty are like a green pearl

in the Himalayan crown. Himachal�s most impor-
tant and most voluminous, biological resource is
its forest wealth. The forests of Himachal Pradesh
play a vital role in the unique Western Himalayan
ecosystem by conserving the integrity of the up-
per watersheds of five major Indian rivers (Chen-
ab, Ravi, Beas, Sutlej and Yamuna), sustaining
the agro-pastoral livelihoods of hill peoples and
balancing the economy of this small hill state.
Out of a total area of 55,673 sq. km. the forests are
legally classified into reserved forests (5.12%),
demarcated protected forests (30.75%), un-demar-
cated protected forests (58.48%), unclassed for-
ests (2.63 %), and other forests (3.02%) (H.P. For-
est Department).

The wide range of altitudes and climatic con-
ditions in the state sustain a variety of forest
types including moist tropical, dry tropical, mon-
tane subtropical, montane temperate, sub- al-
pine and alpine scrub. In general, these catego-
ries represent decreasing departmental control
and an increase of local rights within them. The
richness and diversity of our flora can be gauged
from the fact that, out of total 45,000 species
found in the country as many as 3,295 species
(7.32%) are reported in the State (Chowdhery
and Wadhawa 1984). The forests of Himachal
Pradesh are rich in vascular flora, which forms
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ABSTRACT 
Kullu region in western Himalayas has remained a place of curiosity, imagination and full of narratives due to 
several factors which are unique in its culture and religion. Its strange rituals, gods and goddesses, traditions 
remained a field of vast research since long time. Mohra that depicts the face of gods, goddesses, rishis and 
demons has equally generated curiosity amongst researchers where study done by AlkaHingorani presented a 
strong case of explorations we need to do on Mohras. Hence, this field survey was conducted in Banjar region 
to see the mohras lying in various temples of the region. The study tries to explore the depiction of gender and 
age in mohras along with indigenous elements present in its formative features. The study concludes with the 
observation that all these faces of gods, goddesses, rishis and demons are not only depiction of age and gender 
but also involves some level of creativity of workman who was assigned the job of make it. Their workshops 
where these mohras are being made form the basic center of this depiction. 
 
Keywords: Kullu, Banjar, Mohra, gender, western Himalayas. 
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INTRODUCTION 

Present research deals with the study of the mohrā which is a unique feature of religious identification of deity in 
Banjar area of Kullu. The mohrā is a facial impression of male and female deities, ṛīṣī and demigods. Though done at 
smaller level of covering the study of twenty faces of various devīs and devtās of region, but it tries to throw light on 
lesser worked issue of depiction of age, sex or even racial expressions of devīs and devtās, ṛīṣī and demigods.  
 

Metal mask are called mohrās in Himachal Pradesh, notwithstanding the fact that physically and technically they 
never were intended to serve as facial masks as imaged by some scholars. Most of them were small and, none were 
provided with apertures for the eyes and breathing. Moreover, since in the most cases, the upper part of the torso was 
depicted, the label mask has definitely to be discarded and replaced by a more accurate term such as ‘bust’ which better 
suits both their morphology and function. However, as the term ‘bust’ might also give rise to some confusion, mohrās, 
which in Hindī, and in the pahārī dialect means a mask but is applied specifically to these busts.  
 

Most of the mohrās of Kullu that adorn a palanquin and represent various regional deities are embossed on the sheets 
of gold or silver. Of all the mohrās on a pālakī(palanquin), one is placed in central position, and that mohrā is the most 
important representation of the deity i.e.,malimukha. A malimukha may be embossed, but, more often than not. It is 
casted from an alloy of eight main elements, called aṣtadhātumohrā. In these mohrās, include traces of precious metals 
such as gold and silver[1]. Large quantities of gold, silver, and aṣtadhātumohrā have been discovered in the Kullu 
region. It was a few decades ago that the art market started spreading on smaller levels. Bronze was mixed in brass and a 
long beaming face was formed, with much similarity of the face like the people living in this area[2]. These deities are 
present in chariots of gold and silver and bronze, I came across during my field visit in the Banjar region from June-
October, 2020.  
 

Process of casting the mohrās 
During the survey of the area, I interviewed the workman of mohrās Shri Labe Singh, Sohni village of Balichowki. 

He told that for gold, silver or bronze mohrā, casting process remains same. Casting structures are already there, it is just 
the molten metal that is poured inside cast. The economic reason affects the size of seals and mohrā. Shri Labe Singh 
told that when the main mohrā of devtā is made, several precautions are taken. Before starting of mohrā, the deity whose 
mohrā is to be casted, need to be asked for permission through his/her messenger called Gur. After permission, the work 
of its casting begins. Mohrā is generally made in the night. If time is not auspicious, then mohrā has to be made from 
3:00 am when the casting and molding of the mohrā starts. The person who is casting and making the mohrā has to 
follow fasting until it is finally furnished[3]. The first mohrā is made of clay, after which art is made with wax in it. Wax 
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Nuclear and Neutron star properties within the PREX-II
motivated parameterization of relativistic mean field

model
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Introduction
Neutron star is a highly dense and asym-

metric nuclear system having a central density
about 5-6 times the nuclear saturation density.
The study of neutron stars proclaims that its
internal structure is more complex as new de-
grees of freedo like hyperons and quark ap-
pear in the core. The Lead Radius Exper-
iment (PREX) has recently given a model-
independent extraction of neutron skin thick-
ness of 208Pb as ∆rnp = 0.283 ± 0.071 fm [1]
by combining the original PREX result with
the new PREX-II. ∆rnp has been identified as
an ideal probe on symmetry energy - a key
but poorly known quantity that describes the
isospin dependence of the equation of state
(EOS) of nuclear matter and plays a criti-
cal role in various issues in nuclear physics
and astrophysics. The large value of ∆rnp =
0.283±0.071 fm suggests a very stiff EOS and
large value of L around saturation density and
generally gives rise to a large value of neutron
star ra- dius and the tidal deformability [17].

Theoretical model
The Lagrangian density for the RMF model

used in the present study [2, 3], is given by

L =
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Result and Discussion

In the present work, new parameter set
HPU (Table(I)) are obtained for Relativistic
Mean Field (RMF) model by adjusting param-
eters of the model to fit exactly the available
experimental data of total binding energies,
charge rms radii for some closed shell nuclei
16,24O,40,48Ca,56,78Ni,88Sr,90Zr,100,116,132Sn
and 208Pb. We also include in our fit, the
value of neutron skin thickness of 208Pb

from PREX-II Experimental data [1]. In
table(II), we present results for properties of
symmetric nuclear matter and neutron star
and its tidal deformability at canonical mass
(Λ1.4) for HPU parameterization. The results
are also compared with NL3 and IOPB-1
parameter sets. [4, 5]. The nuclear matter
properties obtained by HPU parameterization
are consistent with the empirical and the
observed values. The value of neutron skin
thickness ∆rnp for 208Pb is found to be 0.242
fm for HPU parameterization. In Fig.(1),
we have plotted mass radius relationship
of the neutron star using parameterization
HPU,NL3 and IOPB-1 parameterization.It
is observed that the maximum gravitational
mass of the non rotating neutron star for
HPU parameter set is 2.02 M� which is in
good agreement with the mass constraints
from GW170817 event, pulsars PSRJ1614-
2230, PSRJ0348+0432, and PSRJ0740+6620
[7–11]. The radius (including BPS crust)
of canonical mass (R1.4) is 13.35 Km for
HPU parameterization which satisfies the
recent radius constraints from NICER. The
value of Λ1.4 for EOSs computed with HPU
parameterization is 629.09 which is consistent
with the constraints from the GW170817
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Covariant Density Functional Theory

Virender Thakur,∗ Raj Kumar,† Pankaj Kumar, and Shashi K Dhiman‡

Department of Physics, Himachal Pradesh University, Summer-Hill, Shimla-171005, INDIA

Introduction
Nuclear many body system is very com-

plex system and effective theoretical model is
needed for reliable predictions in the nuclear
structure systems. The production of the new
isotopes [1] in recent years has revived a great
interest in nuclear structure models. Neu-
tron rich nuclides are very important systems
[2] as the asymmetry between the proton and
the neutron number increases in these systems
and leads to the phenomena like neutron skin
and halos. We have chosen Lead(Pb) nuclei
from the periodic table as a representative of
the heavy mass range systems for our theoreti-
cal study. Lead nucleus is very important sys-
tem and it has important implications in the
nuclear structure systems due to the magicity
of proton number (Z) present in it and var-
ious experimental nuclear sturucture proper-
ties related to double magicity are available
in literature [3, 4]. The isotopic chain under
our theoretical investigation ranges from mass
number A=182 to mass number A=214 for
the Lead(Pb) nucleus. The theoretical model
is based on the CDFT. The nuclear ground
state observables like charge radii, root mean
square radius and neutron skin thickness re-
flecting the size of the nucleus are studied and
compared with available experimental data.

Theoretical model
This presented work is carried out with

the Covariant Relativistic Hartee Bogoliubov
(RHB) Theory [5] and the details of theoreti-
cal framework is also presented in our previous
work [6].
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FIG. 1: (color online) Theoretical results of Root
mean square charge radii (Rch) compared with the
availabe experimental data [7].

Result and Discussion
Nuclear charge radii (Rch) and Root mean

square radius (Rrms) are the key nuclear
structure ground state observables that deter-
mine the size of the nuclear system. In addi-
tion to this, Neutron skin thickness (∆rnp) is
also very important observable which reflects
the stability of the nucleus. The theoretical
results for Rch,Rrms and ∆rnp are shown in
the Fig. (1 ,2 and3) respectively.
The results for the nuclear charge radii Rch

in units of fermi meter (fm) are plotted against
the neutron number (N) for the isotopic chain
of Lead(Pb) nuclides ranging from mass num-
ber A=182 to A= 214 as shown in Fig. (1).
The theoretical charge radius is calculated us-
ing the formulae [8] :

Rch =
√

r2p + 0.64 fm (1)

Here, rp denotes the rms radius of the pro-

ton density distribution and term 0.64 fm2

accounts for the finite size of proton. Ex-
perimental results are also shown for com-
parison taken from ref. [7] and it can be

Proceedings of the DAE Symp. on Nucl. Phys. 66 (2022) 294
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INTRODUCTION 

Corporate Social Responsibility plays a vital role in the sustainable development of 

the country .The concept of CSR-SD brings an economy in such a platform where 

corporate sector considerate the welfare of society along with its economic growth. 

The benchmark companies use CSR as a SWOT strategy   to make their place in 

market. The concept of ‗Social Welfare‘ has been motivating the business 

CORPORATE SOCIAL RESPONSIBILITY: A STUDY OF 

PARBATI HYDRO ELECTRIC POWER PROJECT 

KULLU IN HIMACHAL PRADESH 

VIDYA DEVI 

ABSTRACT 
National Hydroelectric Power Corporation Ltd is a Mini Ratna Category -1Enterprise of the 

Government of India. The company is one of the largest organisations in the field of hydro power 

development in the country. Baira Siul hydroelectric project was the first project in Himachal Pradesh. 

NHPC is public sector undertaking operating many hydropower projects in Himachal Pradesh along 
with considering CSR is an integral part of NHPC. India is the first country in the world to mandate 

CSR legislation with the purpose to bring Sustainable Development .In Company Act 2013 it has made 

mandatory contribution of 2% of PBT on CSR activities specified in Schedule VII by the companies. 

NHPC has implemented a number of CSR initiatives for the community in field of education, health 

care, rural development, sports, livelihood generation, empowering women etc.  Corporate Social 

Responsibility is strategic   business social   approach to enhance the practices of welfare in the field of 

environment, society and economy   along with achieving the economic targets of business.  The study 

has focused on the CSR Practices in Parbati Hydro Power Project of NHPC in the state of Himachal 

Pradesh. Himachal Pradesh is one of the richest states in generation of hydroelectricity. The state has 

about 25% contribution of national potential in hydropower. The government has been giving 

continuous support for the development of hydro projects. It is also one of the major sources of income 

to the state. These hydro projects are running by the Govt. of India as a public sector undertaking 

named SJVN Ltd. NHPC Ltd. Etc. The present study is focused on affected areas of Parbati Hydro 

electric power project of kullu district. For the purpose of study affected areas of projects such as 

Manikaran Valley, Gadsa Valley. And Sainj valley is taken.  The study has been focused into the 

ground level realities of Corporate Social Responsibility in affected project area.  For the purpose of 

study, a sample size of 80 respondents has taken randomly from the affected areas of Parbati projects. 

The questionnaire, interview and observation method are used for data collection .Researcher classified 

its data collection into five heads. The analysis of data is done through percentage method. The 

findings of the study presented the effective implementation of CSR initiatives on education and rural 

development in majority of study areas. 

Keywords: NHPC, Corporate Social Responsibility, CSR Practices, Sustainable Development.  
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Abstract  

The large-scale construction of developmental projects such as hydropower projects, mines, national highways, 

industries, etc in the tribal area has put an ambiguous position in the terms of social inclusion and social exclusion 

of tribal communities across India. Although the development projects are meant to improve the infrastructure 

along with the standard of living of the people, it leads to massive displacement many times. The development 

projects are crucial in creating job opportunities, building new skills, increasing income and consumption levels, 

but sometimes they can have more adverse effects that need to be addressed(Gautam, 2017). The development may 

sometimes bring disparity between the people and places. If handled properly, development activities may be 

socially inclusive for the affected populations. These projects have also brought about many socio-economic 

changes related to family type, income, housing patterns, social ties, mores and culture in the lifestyle of the people 

affected by the project.  The present study is an attempt to study the demographic profile of the projects affected 

families viz -a viz positive impact of hydro power projects on the livelihoods of project affected people. 

Hydropower projects have marginally increased job opportunities for people affected by the project. 

Unemployment was not a major problem in the area affected by the project as agriculture and horticulture are the 

two main sources of income. Since the projects were installed and put into operation, the livelihoods and marketing 

opportunities for the agricultural products in the project area have increased. The results of the study shows that in 

order to get the maximum benefit from the hydropower projects, many joint families have broken into small 

families, which has weaken the social support systems. Even, after hydropower projects are built, access to 

educational facilities in project-affected areas is difficult due to heavy snowfall and road closures in winter. The 

living environment in the region is changing. From this it can be concluded that the installation and commissioning 

of hydroelectric power projects have improved the road infrastructure, which indirectly affected the housing 

conditions of the people affected by the projects. 

http://www.ijnrd.org/


TIJER || ISSN 2349-9249 || © June 2023 Volume 10, Issue 6 || www.tijer.org 

TIJER2306202 TIJER - INTERNATIONAL RESEARCH JOURNAL  www.tijer.org 690 
 

Public Administration and COVID-19 

Name: Malwinder Singh 

Designation: Senior Research Fellow 

Department of Public Administration 

Punjabi University, Patiala, India 

 

Abstract- COVID-19 is a worldwide public health crisis which has attracted the attention of policymakers and 

public administrators. Disaster management is an important part of the discipline of Public Administration which 

includes management of health crisis such as COVID-19. The paper aims to analyse the role of public 

administration during a major public health emergency by taking the example of COVID-19.  
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I. INTRODUCTION 

USA was facing crisis in 1960s due to social unrest, riots and losses in the Vietnam War. This crisis gave birth to 

NPA (New Public Administration) in the Minnowbrook Conference of 1968 wherein scholars discussed the role 

of Public Administration in providing solution to the problems of society. The scope and nature of public 

administration was altered in the process and Public Administration evolved as an independent subject in the 

following decades. NPA stressed that public administration should remain relevant and provide solutions to the 

problems of modern society. Minnowbrook Conference-II (1988) stressed on the rollback of the governments 

and involvement of private sector as well as civil society in governance. Diverse topics like information 

technology, comparative administration, globalization etc were discussed in the Minnowbrook Conference-III 

(2008). The overall intellectual reaction was that public administration should address the vital questions about 

governance in ‘dark times’. Fast forward to 2020 there is a worldwide crisis i.e. COVID-19. What is the role of 

Public administration in tackling COVID-19? What are interlinks between COVID-19 as a public health crisis 

and Public Administration as a subject? What is the relevance of public administration in the COVID-19 crisis? 

These are important questions both for policymakers and academicians. 

COVID-19 is a once in a century kind of crisis. It has impacted our civilization in multiple ways. World 

witnessed stringent government enforced lockdowns and social distancing norms. The isolation and death toll 

had an impact on mental health of people. So much so there was rise in cases of domestic violence and suicide. 

The world economy plummeted and we saw the greatest recession after the Second World War. The global value 

chains were disrupted. Also, people suffered from loss of employment as well as other financial losses. The 

health infrastructure was overwhelmed and governments didn’t have effective strategy for dealing with such a 
health emergency. 

COVID-19 is an infectious disease caused by severe acute respiratory syndrome coronavirus2 (SARS-CoV-

2).COVID-19 is a new illness but it is caused by a coronavirus of the type first identified by Dr Almeida in 1964 

at her laboratory in St Thomas's Hospital in London. We now know that the pandemic of COVID-19 began in 

December 2019 in or around the Huanan Seafood Wholesale Market in Wuhan. It results in mild to moderate 

respiratory illness in most cases but can be fatal for senior citizens and those with underlying medical conditions 

such as diabetes, cancer, cardiovascular diseases etc. It spreads through respiratory droplets exhaled by an 

infected person. 
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