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Plasma dynamic simulations for reducing the erosion of discharge channel walls
of Hall Effect Thruster (HET)

B Priyanka' ", M M Asif' and R K Umesh*’

Indian Institute of Space Science & Technology, Thiruvananthapuram, 695547, India

Synopsis  To assess and improve the design aspects during the design and development of HETs, it is essential
to perform plasma dynamic simulations on these thruster designs. A 2D-3V (two dimensional-three velocity)
Particle-in-cell Monte Carlo (PIC-MC) model has been used to simulate the standard SPT-100, and the design
was optimized. Later, a completely new HET geometry has been simulated with an aim to optimize the thruster

design with reduced plasma wall interaction.

Of the two primary means of propulsion
available today for spacecraft mobility, namely
chemical and electric, electric propulsion (EP)
is an area of high interest, as the key attraction
of EP systems has been the requirement of low-
er amount of fuel and highly efficient utilization
of propellant mass. HETs are electrostatic
thrusters which utilize a cross-field described by
the Hall Effect to generate the plasma discharge
with magnetized electrons and unmagnetized
ions in the axial electric and radial magnetic
fields applied in an annular ceramic channel.

The shape of the magnetic field which en-
traps the energetic electrons inside the channel,
and the erosion of the discharge channel walls
are the most crucial design elements that direct-
ly impacts the thruster lifetime and perfor-
mance. Hence theoretical modeling of the plas-
ma dynamics is of great importance, and with a
right emphasis on theoretical modeling, the iter-
ation cycles required in developing an EPS can
be reduced. The present work has been done
with an aim of developing an erosion less HET
using a theoretical design and microscopic pre-
dictions on the plasma discharge parameters and
magnetic parameters, and thus to enable an op-
timization and characterization of the modeled
design.

The discharge channel plasma and the ion
beam outside the discharge channel of both
SPTs have been mathematically modelled using
the full PIC method of simulation [1] incorpo-
rating the Monte-Carlo Collisions (MCC). The
geometry of the new HET along with the mag-
netic flux lines has been designed in such a way
to reduce the plume interaction with the walls,
and an electrostatic solver has been used for the
simulation.

* E-mail: priyankab@iist.ac.in
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The Xe neutrals are treated as background
gas and is predefined to give a steady state pro-
file, with maximum density of 10?!/cm?® just at
the exit of the AGD, with a linear density drop
from anode to exit of the channel.
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Figure 1. Plasma potential gradiant (at 0.5us) in the
discharge channel.

The electrons are assumed to have an initial
electron energy of 25eV, and the cathode is
modelled as electron emitter close to exit with
V=0. The particle collision is handled by MCC,
and both the electron-neutral collisions and ion-
neutral collisions have been incorporated.

The simulation was carried out for about
0.5ps, and it was observed that the plasma po-
tential acquires a steady state within this time.
The measurements on the exhaust velocities of
Xe* from the HET gives a value of above
20,000m/s. The simulation could also give in-
teresting results on the plasma potential, Xe ion
density and electron density.
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Glass materials with strong physical, structural, and optical properties are in high demand in today’s social and
industrial sectors. Researchers have recently established the extensive uses of these widely utilized glassy ma-
terials in optoelectronic devices, aerospace, nuclear industries, etc. Optimization usually plays a significant role
in the synthesis of material. Hence, this article uses the statistical optimization of multiple process parameters of
the melt quenching technique for rare earth doped barium borate glass 60B,03-(40-X)BaO-XMO (MO-Ery03/
CeO; and X = 0.5,1.0,1.5 mol percentage)by Taguchi’s Design of Experiment. The multiple performance char-
acteristics were studied using Grey relational analysis. An experimental format for preparing the Barium Borate
glass was utilized with a standard L9 orthogonal array designed by Taguchi. Grey relational analysis was used to
analyze the effects of processing parameters, including melting temperature, the composition of rare-earth oxide,
and melting time of glasses on density, refractive index, and indirect bandgap. Analysis of variance (ANOVA)
showed the influence of process parameters on the multiple response parameters as directed by the S/N ratio of
the response parameter. The prediction of optimal conditions for contributing process parameters to the multiple
response parameters was estimated efficiently. Additionally, as compared to the initial conditions, the optimal
confirmatory experiment exhibited a considerable improvement in the response parameters (refractive index,
density, and indirect bandgap). Grey relational grade and analysis of variance (ANOVA) revealed that melting
temperature to be sole factor significantly affecting multiple responses with a 95% confidence level. The
objective of the work is to optimize the melt quenching process parameters and their influence on the physical
and optical properties of glass for photonic applications. Using this optimization method, melt quenching was
found to be the most influential parameter contributing about 73-74% in tuning the desired response parame-
ters. The findings also revealed a very less deviation between the statistically predicted and experimental data of
response parameter, with deviation ranging from 0.37 to 2.14%. This good agreement between experimental and
predicted values of response parameters indicated the suitability of Taguchi method of optimization for melt
quenching technique.

1. Introduction robust glass materials using melt quenching technique finds increasing

interest due to the expansion of glass in various technologies. Borate

Glasses have wide applications due to their excellent optical, me-
chanical, high resistance, thermal and optical properties. Compared to
polymers and metals, the processing possibilities of glasses are highly
constrained. Extreme conditions like high temperatures or chemical
etching are used while shaping glass [1,2]. Hence the idea of designing

* Corresponding author.
E-mail address: avinash.197ph003@nitk.edu.in (A.I Ingle).
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glass is the most stable glass with alkaline earth oxides (viz., SrO, BaO,
Ca0, MgO), improving glass-forming ability. In Alkaline earth borate
glasses, these oxides serve as network formers when added in low
quantities, and when added in high concentrations, they act as glass
network modifiers [3]. Borate glass serves many scientific and industrial
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doped ZnO nanoparticles suitable for white LED
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Abstract: ZnO nanoparticles doped with Co at different con-
centration (Zn,_,Co,0) were synthesized by sol-gel autlo
combustion method and are characterized by using various
characterization tools. Structural study using X-ray diffrac-
tion technique (XRD) analysis showed the crystalline nature
with hexagonal wurtzite geometry and the composition
analysis using energy dispersive X-ray spectroscopy (EDX)
confirmed the incorporation of Co in the ZnO lattice in the
case of doped nanoparticles. Scanning electron-microscopy
(SEM) and transmission electron microscopy (TEM) analysis
showed the prepared nanoparticles as spherical, loosely
agglomerated and having dimension of nanoscale. UV-vis
DRS studies indicated a red shift in optical band gap with
Co doping. PL spectra exhibits emission in the UV and visi-
ble region and the analysis revealed information about the
presence of various types of defects in the ZnO lattice. An
increase in the excitation wavelength gives intense emis-
sion in the high wavelength region for doped nanoparticles
confirming the presence of divalent and monovalent oxygen
as main defects. The Zn, ¢;Co, ;;O nanoparticles records CIE
coordinates lying in the white region of CIE color space at
350 nm with CCT of 55614 K suggesting their suitability in
fabrication of white light emirting diodes.

Keywords: excitation wavelength; PL; WLED; ZnO

1 Introduction

In the field of solid-state lighting (SSL) technology the
demand for white light emitting diodes (LEDs) are very high

*Corresponding author: N. K. Deepak, Department of Physics, School
of Pure and Applied Physics, Kannur University, Payyanur Campus 670327,
Kannur, Kerala, India, E-mall: deepaknk@kannuruniv.ac.in;
dr.deepaknk@yahoo.com. hups://orcid.org/0000-0003-3439-0446
N.Lavanya, Department of Physics, School of Pure and Applied Physics,
Kannur University, Payyanur Campus 670327, Kannur, Kerala, India

which are used in the place of incandescent and fluores-
cent lamps [1]. To generate white light there are phosphor-
converted (pc) LEDs where light from a blue or ultraviolet
LEDs are converted to a long range of wavelength using
phosphors. Zinc oxide is one such phosphor. Among the
various semiconductors, Zn0O is a potential candidate due
to its wide energy gap, large free exciton binding energy
of 60 mev and good thermal and chemical stability. These
properlies makes its use in solar cells, light emitting diodes,
gas sensors, photocatalyst and many more applications
[2-8]. ZnO is explored as pc LEDs due to jts broad emis-
sion spectrum. But such generated white LED exhibits self-
absorption in the system which makes the color rendering
low and they have high cost of preparation [9]. Due to this
fact pure white light emission from ZnoO is in high demand.
For this the method of doping is used.

Zn0 can be used in optoelectronic devices by band gap
modulaton. By doping with various elements it is possible
1o tune the emission spectrum [10-14). There are native
defect states in ZnO due to presence of oxygen vacancies,
zinc vacancies, oxygen interstitial and zinc at interstitials
positions. The emission in ZnO mainly consists of UV emis-
sion resulting from the radiative recombination of excitons
and a visible band due to defects or impurities called deep
level emission (DLE) [15]. By introducing dopant, it can differ
the number and nature cof defects which impact the struc-
tural and optical properties. So this makes the variation
in emission colour. Many studies were found in literature
regarding emission characteristics of ZnO. Jayachandraiah
et al. [16] reported enhanced green emission by doping Dy in
Zn0, Ishan et al. [17] demonstrated red emission using Eu®+
ions doped in ZnO, El Mir et al. [18] studied PL spectra of
Ca doped Zn0 which consisted of UV, green and yellow-red
bands. Khushboo et al. [19] have showed orange-red emis-
sion in Gd substituted ZnO nanocrystals due to formation
of complex defects in the ZnO lattice. Shalendra et al. [20]
studied various properties of ZnO nanostructures with Cu as
dopant. The visible emission was in the blue-green regions
and it got enhanced with the increase in Cu. Jyod et al. [21]
studied the role of defects and oxygen vacancy which effects
the optical properties of Sm doped ZnO nanomaterials.
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the wetlands of Kannur district, Kerala
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Abstract

In this paper, Emvaronmental Impact on Simmlation of sail to plant cadaivem
(Cd) transfer is analyzed in Amarantins and Tomato Plants. The take-up of
cadmmm by vegetable nursery plants i sewage sludge inchided soil is
reproduced. Plants cultivated oa such fields collect heavy metals, which
prompts phyto-toxicity. This manuscript depends on the seformist perceptible
analytical model for substantial metal movement. The model &5 apphied for
reenacting  cadmium takeup by (Amaranthus tncolor) aod Tomato
(Lycopersicon  esculestum) utilizing estimated field mformation The
ome_a‘u W incomplete  differential equations are settled
analytically utilizing MATLAB.

Key words: Stmlation, Cadminm, Aaaranthus, Tomato, Phyto-taxicity,
MATLAB

1 Introduction

The discharge of huge amouat of sewage and other wastes from different
outlets influence concentration of the heavy metals in soils, The research
studies on heavy metals accumnlation have great sigmificance because of
thesr association with eaviropmental 1ssues and the health of both flora and
fauna. The deficiencies and excess of heavy metals cooceatration may resulf
in a vanety of disorders. On the other hand toxic metals are known to be very

Journal of Groen Engineertng, Vol 10_9, 48144825,
cmmzuwmw



Free Hand Highlight


Proceedings of the DAE Symp. on Nucl. Phys. 65 (2021)

Light Charge Particle and Intermediate Mass
Fragment Emission from Excited Compound Nuclei Formed in
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Introduction

MNuclear reactions induced by heavy ions
have now become a major tool in the field of

nuclear physics research. A deep understanding
of fusion-fission process of the compound nucleus
that are formed in heavy ion reaction is essential
for studying the formation of heavy nuclei. The
studies in the field of heavy 1on induced reactions
have been targeting toward this aim. There have
been extensive experimental studies on collision
involving deformed nuclei that can have many
onentations in the ground state. In low energy
heavy ion reactions, both the light (A ~ 60) and
medium mass (A ~ 110) compound systems emit
Intermediate mass fragments (IMFs) with mass
lighter than A ~ 20 and they arise as multiple
clusters and are accompanied by the production of
multiple light particles (Z < 2). Light compound
nuclei (CN) with mass number Acy < 44 that are
formed in low energy (E/A < [5MeVinuclei)
heavy 1on reactions are highly excited and carry
large angular momenta. It was found that the
decay process must depend on temperature and
angular momentum dependent potential barriers.
Theoretically the de-excitation of the compound
systems formed in low energy nuclear reactions
were studied using different models. The cluster
decay studies of ''*'Ba as a ground and excited
system was done within the model. In the present
study the decay of excited compound nuclei like
Cr, *Ni, “Ti, and Al with and without
incorporating the deformation effects has been
investigated. Also, the studies were extended to
the excited state decay of heavy elements. In all
cases, the study has been extended and the cross
sections for entrance channels and Egy values
other than the available experimental values have
been evaluated, which can help future
experimental studies in this field.

Within the Coulomb and proximity potential
model (CPPM) [1] and the Coulomb and
proximity potential model for deformed nuclei
(CPPMDN)[2], a wide range of studies have been
performed on the alpha decay of heavy and SHN,
cluster decay of heavy and SHN and also on the
decay of excited compound nuclei. The modified
version of CPPM for excited nucler with
temperature effects included [3] was used to study
the decay properties of wvarious even-even
isotopes of barium in the range 112 = A = 122
using recent mass tables for both the ground and
excited state decays.

The decay cross section

An extensive study on the decay of light
nuclei in excited state has been done within the
one-dimensional barrier penetration model by
taking the scattenng potential as the sum of the
Coulomb and nuclear proximity potential. The
total cross section, the intermediate mass
fragment (IMF) production cross section. and the
cross section for the formation of light charged
particle (LP) for both the spherical as well as
deformed nucler have been calculated using the
formulae of Wong for small values for E and for
large values of £, and the Glas and Mosel formula
and compared with the available experimental
data.

Results and discussion

The details on the results obtained through the
studies are given below.

(a) Cluster Decay of "*'"Ba Isotopes from
Ground State and an Excited Compound
System

Cluster  radioactivity is a  natural
radioactivity process which is accompanied by the

BGT
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Estimation of radiation hazard indices along the coastal environment of
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ARTICLE INFO ABSTRACT

This research evaluates the level of tadiosctiviry and the impact of radio!ogical slements in Kavvayn's
toastal areas, located within Kannur distret. Radinnuclide concentrations, including *%, 7" Ra,
and ?Th, were quantified in wand specimens using 3 highly efficient Nal [T1) detector Several radiolog-
Keywareh teal elements. such as abtorbed dosage, yearly effective dosage. radivm equivalent activity, liferime
Natural Radinacuivity excess cancer nisk, and yearly ponadal dose equivalent, were computed and juxtaposed wath figures
Radiologscal Parameters reported in global tegions. These radinlogical elements were found 10 be moderately 2bove the average
kavvayl values propased by the UNSCEAR 2000 repart for India and the world, Our mvestization demonstriges
that the gamma radiation in the reseancbed) region does not present siznificant carcimozenir ks or lile-
lihoods of cancer development for local residents, Nonetheless, compiehensive research 15 required 1o
conclusively determine the clevated levels of natural radioactivity in the area under study. The outcomes
of thete rigorous examinations are presented and discussed in depth.

© 2027 [vever nd. All nghts resenved,

Selection and peer-review under responsibility of the scientific committee of the 10th National Confer-
ence on Condensed Matter Physies and Applications
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1. Intreduction

Radiation stemming from cosmic sources and the radiation gen-
erated by the decay of radionuclides are both classified as types of
natural radiation. The major source of these naturally orcurming
radionuclides is the earth's crust. Primordial radionuclides on the
earth’s crust and the decay products they produce are major con-
tributors ta natural radiation. With the exceplion of cosmogenic
nuclides and the long-lived radioisotope *°K, natural radioactivity
is mostly obtained from the decay of radionuclides created during
the nucleosynthesis phase prior to the formation of our solar sy5-
tem. The activity concenirations of the pnmordial radionuclides
viz. 7™, 7Th, and **K are used to assess the terrestrial radioactiv-
ity in the soil. Natural radionuclides are part of the radioactive
decay chains, which encompass clements such as 2", *™U, and
"YTh. In the spontancous pracess of radioactive decay, alpha

* Comrespanding author
Eomail addeess josr ek an in ()P Ulatannan
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particles, gamma particles or beta particles are emitted According
to UNSCEAR (1998 ), there are about 70 radiaactive nuclides amang
340 nuclides that oecur naturally, Natural radionuclides are fre-
quently distnbuted into diverse environmental matrices, such as
soil. sand, sediment, water, and air, through the weathering of
rocks and othet materials. Moreover, the Earth contains a diverse
range of radioactive matenals, making it a source of 1onizing radi-
tion. This radiation has an impact on every ecosysiem, whether
it's an the surface, beneath the ground, or within the Earth's atmo-
sphere. Mamitoring the concentration of radionuclides acrass dif-
ferent ecosystems is crucial 1o evaluate potential nisks to biota
and establish effective emergency responses [ 1], The inhabitants
of these areas are particularly susceptible to exposure to natural
radiation, which underlines the sigmificance of this research.

The level of natural radiation in the environment can vary
greatly due to numerous geographical and geological condations.
Factors such as the season, atmospheric pressure, temperature,
wind patterns, the degree to which rocks have weathered, and
the properties of the soil can all contribute to these fluciuations
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Abstract

Extensive and systematic investigations have been carried 1n almast all parts of the world m order 10 abtam g clear
underslanding of basic dynamics of radionuchides in the environment In this context, s review 1s an altempl o probe
the environment of coastal Kerala by consolidaung the major studies carried out on environmental radioacinaty manstly
employing well-established nuclear techniques and radiochemical methods The review indicated the need for more
depth and focused studies in this seclor o vonfinm the sources ol monazite bearing black sunds and the geological factors
mfluencing their formations. The consolidation will be serentific assessment for the future, the impact of assessment ol

major and minor ndusirial activitics and other human interventions in the environment ul coastal Kerala

Keywords Radionuchde Coastal Kerala  Monaziie  Black sand

Introduction

The Major contribution of mdiation exposure 1o human
being 15 from natural sources of mdioactivity [1] The prin-
cipal sources of natural radistion in the environment und the
associated exposure vary from place to place. dependimg
on the geographical localions, geologicul Tormutions, and
human activilics [2]. The weathering and natural disine-
gration of rocks are the major processes responsible for the
radioactivity level especially in soil [3] Depending on the
geographical distribution and geological formations, there
are few regions where the radiation levels are substantially
high, such regrons are termed igh Backpround Radiation
Arcas (HBRAs) [4]. The <outhern coastal arcus of Kerala,
especially Chavara, Neendakara and Karunagappally n
Kollam districts, are reported as well-known HBRAs in the
world [5]. Several extensive and in-depth studies specific to
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the comstal environs ofkerala have been carmed oul on thy
ennichment of naturid radionve hdes and s assodiated healil
hiazards Most of the studies indicated that the coriclimen
of radionuchides s manly due to monazite-heanng hlack
sands formed Trom the weatheemg ol rocks, especially e
charmockite group of tucks i the Western Ghats (6] 11s
abso noted that, g number researchers are actively mvolved
i montonng the level ol radiwactvony worklwide as puart ol
the soctal health and havardous awarcness concern [ 7] The
Kerala coastal environs expeniencing a Thgh Background
Radiation especially in the southern parts of the state, has
been studied extensively hy several inveshigators Inview ol
the above areview on the dynamies of nutural radionuelids
along the coastal cnvirons ol Kerala has been carmied out
and results are discussed i detanl

Study area

Keralu the sonthernmost state o Tndin s inbetween 8° 1

Noand 12°R° N lnade and 745 $2° 1 and 777 22° | Jong-
tude The state is ocated i the tropical region of the Indian
pentnsuli, and it has a geograplucal arca of 38,863 hin’|K)
which comprises ol | 18%, of the total arca ol country Ity

tographically. the land consists ol three natural reitons, low
lands, midlands. and highlands Kerala's common praund
or coastal plain s sandwiched between the Arabian Sea and
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Abstract  heheaw metal accumulation study on bed sediments ol Kodangars stream atuated i Fnmakaje panchayath

- T of Kasaragod district, Kerala has been carned out A total of 20 sediment samples along the stieam
were collected and analyzed for the concentration of heavy metals, namely manganese (Mn), zinc (Zn).
coppet (Cul, and 1ron (Fe), using a Mame atomic absorption spectrometer The observed concentration of
Muvaries i the range of 0 14-32.80 ppm, the concentration of Zn varies in the range of 0.15-10.80 ppm
the concentration of Cu varies in the range of 180-12 20 ppm_ and the concentration of Fe vanes i the
range of 19 12-378 ppm The phystcachemical parameters pamely pH. moisture content organc matter
content. and electnical conductity. assoctated with the samples were also measured and correlated with
the concentration of heavy metals There exists a good correlation between the concentration of heavy
metals and vanions physicochemical parameters. The results obtained are presented and discussed in detl
in the manuscript
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INTRODUCTION

Phe sty on heny mrcral content of selocred samples
from an it renment assumes greal steoshicance because
of thetr assocnnon wath environmental issues and the
healsh of plas, ammals, and humans These are tound
manh i orresinal rocks, sand, warer, iz Iving matrer,
hmicstones, seaw arer, efc , n vanvang concentratons! The
wourees ot these metals in the ammosphere can be narural
and o anthropogenic The natural sources include cromion,
weathermg of rocks and soils, voleanism, seaspray, thermual
spongs, lake and nver cediments, vegetaton, forest fires,
brological methy linon, and plant growth. Anthropogenic
cwurces include miniag operanuns, smcdnay and other
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Dynamics of heavy metal accumulation in an endosulfan
affected area of Kasaragod district, southwest coast of India
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The heavy metal accumulation study on bed sedinents of Kadangan strean situated in Enmakaje panchayath

of Kasaraged distnict, Kerala, has been carmed out A total of 20 sediment samples along the stream
were collected and analyzed for the concentration of heavy metals, namely manganese (Mn). zinc {£n),
copper (Cu). and sron (Fe). using a flame atomic absorption spectrometer The observed concencration of
Mnvaries i the range of 0 14-32.80 ppm. the concentration of Zn vanes in the range ol 0 15-10.80 ppm
the concentration of Cu varies in the range of 1 80-12 20 ppm_and the concentration of Fe vares i the
range af 1912378 ppm The physicochemical parametets, namely pH moisture content. organic matrer
content and electrical conductivity, associated with the samples were also measured and correlated with
the concentiation of heavy metals There exists a good carrclation between the concentration ol heavy
metals and vanous physicochemical parameters. The results obtained are presented and discussed in detail

m the manuscrip
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INTRODUCTION

i study on boavy mctal content ol selegtad samples
from an covimenment assumes gredr syaibicainoe because
of therr assocation with environmental issues and the
acalth ot plants, ammals, and hunns. These are found
mamh in rerrestral rocks, sand, warer, wr, bving marter,
10 < taies, SEd T, €10, 10 VIArVINE concenintons. The
cortirees ot these metalsin the atmosphere can he natuaral
and o anthropogenic I prarurdd suurees includde erosion,
weathermg of ruchs and <oils, volcanism, sea spray, thermal
springs lake and nver sediments, vegetaton, furest fires,
Inalogical methvlanon, and plant growth. Anthropogente
conrens mclude munmg operatons, smelong and other
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An anal.ysis on geographical ascendancy and the effects
_°f physico-chemical parameters on radionuclides concentration
In the central and northern coastal regions of Kerala, India

1
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Abstract

Ihe present study investipates the correlation between physico-chemical parameters and natural radionuchdes, and relates
s distribution with geographical factors of the study area For the same, the activ ity concentration of natural radionuchdes
wich as K, Ra, and 2 Th in sand samples collected from the central and northern parts of coastal Kerala, India has been
measured using high eMlciency Nal (1) detector and compared the concentration with “fvoring factors for distiibution” that
' Iithology and drunage patiern. The activity concentration was also correlated with multiple phyisco-chemical parameters
of the sand samples. The details of which are discussed in the manuscript

Keywords Lithology Dranage  Physico-chencal parameters *'K - 7*Ra

Introduction

The concentranon of any mincral in a particular region is
mostly controlled by the charactenistics of the parent rock
existing there [1] The parent rock, which disintegrates
throughout the weathening process, eventually becomes
sonl This sonl has diverse textures due 1o vanous contrib-
uting vanables, and contains almost the same minerals as
the parent rock has [2] In the presemt study also the same
technique is employed to determing the source of monazite
mineral. Here, when explaiming the source of the parent rock
of monazite mincral, it 1s usually seen in hagh and inter-
mediate ranked metamorphic rocks which i< formed from
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“UTh - Central and northern Kerala

argillaccous sediments It s also formed due to morpho-
metnie differentiation, thorium-rich monazite which can be
Tound in abundance in plutonic terranes | 3] The presence of
plutonic metamorpluc rocks contumng charnockite, biotite
and hornblende gneiss and schist, pegmatite etc |, can be seen
in Western Ghats regions of Kerala [4] Hence hthology of
the region plays an important part in the present study

The thology of central and northern Kerala s mamly
tistrabuted with charnockite group of rocks and Grerssic
rocks. Mostly they are found in crystalline form The
Gnerssie rocks include both biotite and hoenblende. Remain-
ing arcas are capped with laterite rock and the coastal arcas
with uncensolidated sediments of Alluvium and coastal
sands. This spatial distribution of lithological and geologi-
cal charactenistics in central and nonthern Kerala resembles
that of southern Kerala: However, several studies reported
that, the radioactvity level i the central and northern parts
of Kerala shows lower values when compared with the
southern parts of Kerala [5-7] This creates contradictions
in above mentioned stalements

In order 1o understand the concept of dispersion and
transportation of radionuchdes from dilferent environmen.-
tal matrices to the biota, knowledge about the distribution
between different physico-chemical parameters and spatio-
temporal distribution of geographical factors is essential
The natural and anthropogenic activities occur will influ-
ences the physico-chemical parameters of the different
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Radon and thuron are natural radivactive gases that tend to accumulate In th
health Implicatlons Is the ability to cause lung cancer PPresent study comprises the quant
concentrations and mensurement of gamma exposure rates In different types
Panathady, Knsaragod district, Kerala, 1t Is observed that, residents of this arca w
probilems Including cancer, The LR-11S type 1l sollil state nuclear track detectors with single entry p

have heen used for the measurement of 222 Radon and 37 Rn netivity concentrat
wich us annual effecthve doses and excess Wetime cancer thk has alo been d )
the associated risk. The extimated values have been compared with the limit recommended by the United

Edat, Kunnur, Kernla 670 327, Indin

2009 accepted 21 August 2019

¢ Indoor emironment and pne of thelr major
Ificatlon of radon and thoron activity
af dwellings from the endosulfan-affected arca,
cre mure prone to varlous diseases and health
in-hole based dosemefers

lons. The nssessment of radlologicnl paramelers
ane In order 1o understand the dose level nml
Natlons Sclentifie

Committee on the Effects of Atomic Radiation (UNSCEAR) and International Commisslon on Radiological Protection (1CRE).

Ihe average Indoor radon and thoron activity concentrationy observed In these dwellings were 134 4 30
respeetively. The estimated activity concentrations, elfective dones, ¢

UNSCEAR or ICRT,

INTRODUCTION

Humun bemgs are cxposed to varymg amounts
of natural radiation emitted from radon, tharon
and their progentes from general environment and
dwellings The **Rn and *Rn are the gascous
rachoactive products by the decay of the radum
isotopes “*Raand ¥*Ra Further **Raand MRaare
the decay products of naturally occurring radioactive
materials such as 2¥U and ***Th cver since their
existence on earth!!’ Some of the atoms of these
radon sotopes are released from the solid matnx of
the material by recoil when the radm decays'®’ The
22, 2R and their decay products are sources of
dose to lung and stomach through inhalation and
ingestion 1However, inhalation mode gives the major
contribution to dose than ingestion” A certam
fraction of the radon releases into the air where, in
confined spaces such as homes and office buildings,
radon can build up 1o harmful levels. Measurement
of radon 1s mteresting because of its alpha-emitting
nature and is penetration power depends on the
energy of the alpha particle emitted  Moreover, it
decays with a half-hfe of 3.8 d mto a short-lived
series of daughter products When these progenies
attach 1o acrosol particles, it will be deposited i the
lungs through mhalation and hombard sensitive lung
tssyie and cause damage due to alpha irradiiton'!

and 111 4+ 28 Bqm 7,
te. are found to be within the recommended level by the

Over a period of time, irradiation of ussues leads to
malignant transformation and the formation of lung
cancer Indoor radon has been considered 1o be the
wecond leading cavse of lung cancer after tobaceo
smoking'* !

The main objective of this study 15 to assess radon,
thoron and their progeny activity concentration
i some dwellings and corresponding  outdoor
environment of Panathady Panchayath, Kasaragod
district, Kerala. The study region is a well-reported
endosulfan-affected aren with varous types of
diseases and health issues including lung cancer. The
study also wimed 1o estimate dose parameters, which
are ilso one of the sigmificant factors to establish
the lung cancer among various other reasons behind
the health issues reported in the study area and
to ensure the contribution of these radionuchde
activity concentrations behind the health problems.
In view of the above, the radiolopical protection
of the population residing i these areas attains
great concern The newly developed pin-hole based
radon-thoron discrimiating dosemeters are used for
the estmation of radon and thoron in the present
study Figure | shows the location map of the study
arei The corresponding location co-ordinates are
mentioned i Table | The detarled deserniption of the
systematic mvestigation and the results obtinned are
presented and discussed i the manuseript
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Abstract

In this paper, Environmental Impact on simulation of soil to plant Cadmium
(Cd) transfer is analyzed in Amaranthus and Tomato Plants. The take-up of
cadmium by vegetable nursery plants in sewage sludge included soil is
reproduced. Plants cultivated on such fields collect heavy metals, which
prompts phyto-toxicity. This manuscript depends on the reformist perceptible
analytical model for substantial metal movement. The model is applied for
reenacting cadmium take-up by Amaranthus tricolor and Tomato
(Lycopersicon esculentum) utlizing estimated field information. The
overseeing  non-straight incomplete  differential equations are  settled
analytically utilizing MATLAB.

Key words: Simulation, Cadmium, Amaranthus, Tomato, Phyto-toxicity,
MATLAB

1 Introduction
The discharge of huge amount of sewage and other wastes from

outlets influence concentration of the heavy metals in soils,
studics on heavy metals accumulation have

different
The rescarcly
ereat significance because of
their association with environmental issues and the health of both flora and
fauna. The deficiencies and excess of heavy metals concentration may result
ina variety of disorders On the other hand toxic metals are known 1o be very
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Abstract
Ihe activaty concentration of natural radionucides suchas *

of the sorl were assessed and the relaled radiometnie parameters
heaches of cosstal Kerala including some high backyround

“Raand ' Th were estmated using Nal (11 ganima ray spe
¢ with T R-11S solid state nuclear trak detecton

heen estimated using the Can technigu
the radionu e concentrations in the stikdy area

pared with world average values Radon exhalation rate found e van
have been evaliated imorder toveniy the radiesloereal protec ol the st

anusanipl

iestication are presented and discussed in detalin the m

Keywords [tulionuchde Soil gram siee Exhal

Introduction

Human being 1s continuously exposed to 1omzing rada
tions from nataral sources and s an inescapable fearure of
life on earth The two mam contributors to natural radia:
tion sources are high-gnergy Cosmic 13y partcles incrdent

onphere and radioactine nuchdes that are

on the earth' s atm
venywhere

onginated i the carth scrust which are present ¢
nent with hall-lives comparable 1o the age ol

i the enviton:
ure to human

earth and thewr decay products External expos
i manly due to the presence of terrestnal radionucides
wuch as U and 27 Th series and singly occurning “Kan
rocks and sonds 111 Radon 1 one of the sigmibioant soarees
A rdation whidhosa naturally occurnng tadios

R
LV AL R

ol natur
otope of draimn sories witle halt It b #

e o
i LT ) Yy and

The decas prisducts of gadon g lude
gy which can be aitached 10 gerosol, may fead to greater
hioloaical etfects thmugh mhalaton and lead 1o lung cancer
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radiation areas (HBRAS
ctrometry and the radon mass and

were within the re

auon rate Nal (Thdetector Can technigue

radon exhalation rate of soil

the coastal regions
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S and radon surlac amd Mmuss evhalanon ratos

rom the acnvaties ol the »
The activity concentrat
curfece exhalanon rate has

“Raand

sles Trom
have been ostrmated f amples It

s of = K.

e estimated values indrcate th

1 peer Kollam distoet when com
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Iheretore studn

1h radwma

e 1
on actinaty concentrations of © R Huund
chdes, radon exhalapon rate and estimation of 330013t

on continuous cypesure o

Jdose parameters in sl assumes great sigmificance [2]
Radon 15 present in indoor and outdoor air since 11y parent
nucide TP Ra ovcurs in trsee amount throughout the cart!
When “Ru degays, the tragbon of the herated  Rvn s
ol ram ¢scapes w10 the g water illed pore space Jd
migrates through the pore space by the process known s
emanation Enunation frachon of ematatien voethaient o
the ratio of fraction of radon emanated to the total amaount
of radon generated in the soil gram | 1] The emanabion hap

pered pranls By e prse o b and e

Coonmtrabute e b s iAo e e sl

dillpston oo n

o sttem ot defbuse ol 1w il
wnthe send [4) Sothe cmanation ras ot anantily canities e
the revorl process, lor which e range of reconl distance
of radon i the common minerals 18 20=70 nm, o water s
100 am and m ars 63 nm The cmananon of radon contin
ges unti] it decavs or releases m to the e and this progce s

hoown as exhalation [ 3] The radon exhalation rate s the rale
ot radon escapes Trom the sonl sartace o the atmosphori
ar and is measured enher per umt ared of per umit mass of
the sonl The two mechamisms are involved in the exhalation

Scanned with CamScanner



Free Hand Highlight


R R

Distribution and enrichment of 2'°Po and *'°Pb in tdh.e
environment of Mangalore, Southwest Coast of India

V Prakash, V. Vineethkumar, K. M. Ra;ashckhara', Y. Narayana®

. llapur, ‘Department
Department of Physics, Payyanur College, Kannur, Kerala, 'Department of Physics, SIC institute of Technology, Chickballap pl: ndls
of Physics, Mangalore University, Mangalore, Karnataka,

Abstract The articde deals with the distribution and enrichment of *Po and ¥°Pb in soil samples ?nf Mangalgf“-

o Southwest Coast of India The soil samples collected from the region were analyzed f9r ""Po and "Pb
activity using radiochemical analytical technique to understand the distribution and enrichment ofthe_sc
radionuclides. The *°Po activity in soil in the environment of Mangalore varies from 1.5 to 26.9 Bg’kg with
amean value of 12.6 Bgkg and that of *Pb varies in the range 7.6-67.5 Bg/kg with a mean value of 38.9
Bykg The mean *“Po/*'*Pb rauio observed was 0.3, and 1t shows that the radionuclides **Po and *""Pb
are not in equilibrium and the accumulation of #“Ph in soil is more compared to #°Po. A good correlation
exists between the acuvities of “Po and *Pb with correlation coefficient r = 0.7 The absorbed gamma
dose in the environment of the region varies from 39.4 to 78.8 nGyh~', with a mean value of 48.2 nGyh~',
The activity of bath **Po and ¥'"Pb in soil almost certainly depends on the physicochemical parameters of
the soil. The results of the systematic studies on the distribution and enrichment of ¥°Po and **Pb and the
absorbed gamma dose rate in air are presented and discussed in this article.

Keywords: *'°Pb, *'"Po, enrichment, radionuclide, soil
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INTRODUCTION have been carned ourin Mangalore remon ! As partof de

study, sot samples collected f1om the regnon were analyzed
for *“Po and “"Ph ACEIY concentranon to understand

the distnbunion and ennchment of these radionuchdes in
the renon

Mangalore, an important regron of Southwest Coast of
[ndia, 1s porsed to become a center of major industnal
acuvity wath the operauon o1l refinenes and petrochemcal
complexes, chermcal and fernlizer facrones, and vanous
other industrics. Most of these industmal actvines are [he radionuclides *Po and
concentrated tn a strerch of abour 10 kme Hence, detaded
studies on radiation level and distrtbution and ennchment

"Pb are among the most
imporant natural eadionuchdes of Uranium series

from a radioccolopical point of view Bath Py andd
“"Pb are of great concern for reasons mamly because
of theit large contnbution 1o the natural radiation dose
recewved by many species. The radionuclide ap

of radionuchides in the environment of the region have
relevance in understanding the radauon cffccts on the
environment and human health. In view of thes, detaded

0 1s one
studies on radianon level and radionuclide distabunon
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Investigation on the enrichment of radionuclides in an |
endosulfan-affected area, Enmakaje Panchayath, Kasargo

Sreerag Ramesh, V Vineethkumar, V. V. Sayooj, V. Prakash

rala, India
Department of Studies and Research in Physics, Payyanur College, Kannur, Ke

i s
ADSIract In the present study. systematic analysis of radionuchides concentration and radiological parameter
Y \

of sediment samples collected from the banks of Kodankan stream situated in Enmakaje Panchayath.
Kasargod. has been carried out. A total of twenty sediment samples were collected and analyzed for
actmaty concentration of radionuclides, namely, ¥K, #Ra, and °Th using high-purity germanium dcte_ctf)r.
The activity concentration of 2*Ra ranges from 30.5 to 56 Beykg with a mean value of 41 6 Bakg. activity
concentration of **Th ranges from 100.5 to 220 Bgkg with 2 mean value of 144.4 Bgkg, and activity
concentration of *K ranges from 19.1 10 98.6 Baykg with a mean value of 64.7 Bgkg. The radiological
parameters such as absorbed dose. annual effective dose (indoor and outdoor), radium equivalent activity,
and internal and external exposure indices were calculated and compared with the recommended safety

limits prescribed by various agencies The results of the systematic analysis are presented and discussed
in detail in the manuscript,

Keywords: **Ra, #Th, “K, enrichment, radiological parameters, radionuclides
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INTRODUCTION of air, soil, butlding matenals, rocks, vegetaton, and food

contamn varying amounts of radioacuvaty ¥ Tence, the
assessment of pamma radiation dose from natural sources
has greater mportance Eavitonmental radioacuvity
ad extermal exposure due 10 gamma radiaton oceur at
different levels 1 nature, and w vanes geographically due
to geologacal changes 1 each region.”

Radionuchdes are the part of every environmental matnx
and ate found in varving concentration Naturally occurnng
radioacnve 1sotopesin the environment come from \mgl}
occurnng 'K and radionuchdes of uranum and thonum
senes. [hese ndioactve sotopes are present in rocks, sands,
sals, sediments, and all other environmental matnces The

decay of naturally occurnng racdionuchidesin sod/sedument  Between 1976 and 2000, the plantation corporation of

produces the gamma radianon field and the sources of
terrestnial pamma radiation are the decay products of
thonum and uranum serres and radionuchdes Tike © R
\atural radiauon is the largest contrbutor to external dose
to the world populanon and the radionuchdes that are part
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Kerala acnally spraved endosulfan on cashew plantavon
covenng 11 grama panchavaths of Kasargod distact,
Rerla ' Vanous npes of brological disorders such as
neurobehavional disorders, congental disorders, cancers,
and gynecological abnormaliues can be seen at the nearby
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Preparation and Characterization of Polysulfone Basefl Hollow
Fibre Composite Membranes for Water Purification

A. M. Vijesh® P. C. Shyma", V. Prakash® & B. Garudachari®
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670327 Kerala, India )
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ABSTRACT

Nanofiltration membranes are gaining more importance in the ficld of water treatment
especially in desalination plants. Hollow fibre membranes have been preferred over other
membrane configurations due to their high membrane surface area to module volume,
mechanical property and easy handling. In the present work, we prepared new type of
polysulfone  (PSf) composite hollow fibre membranes by blending PSf with
polyvinylpyrrolidinone-nitrobenzene (PVPD) in different compositions. New membranes werc
fabricated using wet-jet phase inversion technique. The resultant composite membranes were
characterized by various analytical techniques such as water contact angle, SEM, DSC, TG.
Pure water flux of the membranes was measured using cross-flow filtration techniques. The
study revealed that increased composition of PVPD in casting solution resulted in a highly
porous membrane structure and the pure water flux of the membranes increases in the same
order.

Keywords: PVP, PSf, hollow fibre membrane, composite, desalination, nanofiltration

1.0 INTRODUCTION 8]. It can resist extreme pll conditions
of the medium and also having good
Membrane  filtration  has  gained film forming capacity [6]. However, the
enormous applications in the field of highly hydrophobic nature of the PSf
separation technology [1]. It is useful in membranes limits its application as a
various industrial fields such as membrane material.
pharmaccutical, biomedical, food, purc The membrane fouling duce to the
water production, desalination and hydrophobicity of the polymeric
purification of gases [2-5]. The pore membrane is also a major challenge for
size, surlace roughness, mechanical the researchers. There are scveral
strength and hydrophilicity of the studies reported in the literature to make
membrane are the various factors the PSf membranes more hydrophilic
influences the membrane scparation such as coating, grafting and blendiné
process [6]. Polysulfone (PSI) is a [9]. But blending with a hydrophilic
commonlyl used membranc matcerial polymer is the best method due to its
due 1o its excellent mechanical, simplicity [6]. Blending of PS[ with

chemical and thermal properties (4, 7, hydrophilic polymers can change the

*Corresponding to: A. M. Vijesh (email: vijeshnambisan@gmail.com)
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Accumulation of 2'°Po in Medicinal Plants in the .
Environment of Mangalore, Southwest Coast of India

Department of Studies and Research in Physics, Payyanur Callege, Kannur University, Kannur, Kerala,

1aravanal
V' Prakash, K. M. Rajashekara', Y. Narayana
o iDepartment of Physics, SIC Inshiute

re, Karnataka, India
of Technology, Chickballapur, ‘Depariment of PG Studies in Physics, Mangalore University, Mangalo

Abstract

. ) . . iand odated
Systematic studies on the accumulation of *Po in 12 medicnal plants and activity concentration in ss

soils have been carried out. The activity of **Po was measured using a ZnS (Ag) afpi‘lﬂ_ cnunllﬂ$ sx;sl%m.
The mean 2'%Po activity concentration was found 1o be 27.8 and 8.3 Bg/kg for plant and soil, respectively. h":
plant-to-soil mean activity ratio of **Po was found to be 3.8.A good correlation was observed between the
2EUNITy coneentration of #'"Po in plant and soil The absorbed gamma dose rates in the study area were also
measured using a portable scintllomerer and found to vary in the range of 34.8-52.2 n{;y.-h,wl!h amean
value of 43.5 nGy/h. The results of these systematic investigations are presented and discussed in detail.

Keywords: *'°Po activity, alpha counting system, dose rate, medicinal plants, sail
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INTRODUCTION

Mangaloee, an important regron of the southwest coast of
India, 1s heading to become a majorindustnal acoviry cenfer
with o1l refineries, perrochemical complexes, chemical
and ferulizer lactones, thermal power stattons, and a host
of other industnies Although the informanon on the
radiavon level and mdionuclide distnbution 1n different
eavironmental matnces of the regon 1s avalable in the
literature, systemate studies on uptake of radionuchides by
plants from soll are sparse The uptake of adionuchdes
within the soil to plantis a partof the brochemieal eyeling
The mobabty and avalabiiry of radionuchides depend on
several factors such as geochemical, biological, and ehimauc
conditons. The predicuon of mdionuchdes uptake by
plants from a gven growth medium should be hased an
several bionc and abioue parameters that control therr
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behavior in soul. The nsk to both the environment and
human health of a gven radionuclide 1s a funcuon of 1t
mobility and phytoavailability. Therefore, the studies on
behavioral propernes of radionuclides in souls have pained
importance in environmental studies,

In view of this, about 12 Ayurvedic medicsnal plants and
assocuated sous collected from Moodabidn, near Manpalore,
were analyzed for the concentranon of g The

radionuchide *"Po is one of the most toxic alpha-emittng
natural radionuchides of U scries and an impaortant
contobutor 1o the internal exposure ol human populaton

The mam soutces of the *°Po entenng the environment
are nawral decay of *“U senes and the exhalagon of
radon gas from the surface layers of the carth's crust into
the atmosphere as 2 tesult of the turbulen diffusion and
convecnon processes. Plants may pet radioacuve nuchdes
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Fully Interpenctrating Polymer Network from Natural
Rubber and Guar Gum for the preparation of Nano-
composites
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ABSTRACT

Fully interpenctrating polymer network (IPN) based on natural rubber (NR) and Guar
Gum (GG) was prepared by using Glutaraldchyde as a common crosslinking agent. As both
the polymers are naturally occurring and the resulting IPN material can be termed as a green
polymeric material. The resulting material can be used as the matrix material for the
preparation of nano composites. The mechanical performance of this system has been studied
in detail using Universal Testing Machine. Tensile strength, elongation at break and modulus
were determined. Effects of weight fraction on the physical properties of NR/GG IPN's were
also studied. A remarkable improvement was observed in the mechanical strength and
hardness of the blend by the formation of IPN. The effect of Glutaraldehyde concentration in
the IPN was also examined.

Key words: Interpenctrating Polymer Network, Tensile Strength, Natural Rubber, Guar Gum.

Corresponding Author: Vijayakumar PC: E-mail: pevijay19@gmail.com
INTRODUCTION

Natural rubber and Guar gum are two well-known polymers and their biomedical
mechanical and other related properties made them an attractive choice for cnginccriné
applications [1]. Both the polymers are naturally occurring polymers, Therefore these materials
can be termed as green polymers. Natural rubber has long been considered as an excellent
general purpose polymer with wide ranging industrial applications [2-5]. Guar gum is a water
soluble and non-toxic polymer with good film forming property. The possibility of blending the
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Assessment of natural radionuclide enrichment and radiation hazard
from building materials in Kannur District, Kerala

K.Nadira Mahamood' C.S.Kaliprasad® Y. Narayana’ - V. Prakash'

Becewed 30 January 2019
€ Alademay Kado, Budapest Hungary 2019

Abstract

The acuvity concentrations of natural radionuchides from the =

dionuchde 'K
iy o g™ v
WU and SE T series and singly occurning radic

have been assessed in most commonly used bunlding matenials in Kannur district Kerala using well '-"[*"f:"'ll""i: t:l:::‘::':
ray spectrometry employing S cmx S cm santillaton Nal (T detector The results of the present work m.T ude ‘l. e
of radionuehdes vz *'K. 2*Ra and 21 and assoctated radiological parameters The smpartant and expected \:Ll“ lk_[dh :
parameters estimated from the activities were radium equivalent activity (Rag,). hazard indexes and dose p:ftamtlc’n . 5:
study indicates that all the estimated parameters are within the recommended safety |l!’:\1l except for average value 0 c'\'uf _
Iife time cancer nisk, which is slightly higher than the world average value (0 29 % 107") The present INVEsUgation SUEests
that, the contribution 1o the radistion dose due 10 the use of these muteriuls for the building construchion 15 isiznificant and
do not contribute substantial radiation hazards to the occupants: The resulis of these systemanc nvestigations are presented

and discussed in the manuseript

Keywords Radionuchide Bulding matenial  Index parameter  Dose to organs

Introduction

Natural radioactivity as present in the environment since
evolution of the earth and individuals on the earth are con-
unuously exposed to the low levels of radiation onigiating
from naturally occurning radionuchides The radionuclides
from the radioactive senes such as uramum series ongie
nates from *"*U. thorium series onginates from "*Th and
actinium serses onginates from * U are the major contribu-
tors of natural radiation i the environment [1=3] In the
“"U series, the radionuchides in the decay chain segment
which starts from ***Ra are considered 1o be most important
from the radiological point of view, since 98 5% of radio-
logical etfects of the uramum serics are caused by **Ra and
its daughter products. The contribution from U and the

K Nadira Mahamood
radirasulad @ gmail com

Department of Stdies and Researchin Physics, Payyanur
Colleze Kannur Kerala 670 327, India

Depaniment ol Phiysics. BMS College of Enpincening,
Hangaluee SU001Y India

Department of Phiyucs Mangatore inverany
Mangalazanginn Mangatore 474 199, Inlig

iblshed online 17 April 2019

other **Ra ancestors are normally insigniheant and can be
neglected [ 1, 4=6] There are many singly occurring radionu-
chides and the most important one 1s *"K. since it contributes
signihicantly to the gamma radiation exposure and i turn 1o
the natural radiation in the environment [1]. Building maten-

als derived from natural sources such as rock, soil etc , waste
products such as Phospho-gypsum, alum shale. eoal, iy

ash, onl shale ash, some rare nunerals, certam slugs et and

industry products such as power plants, phosphate fertilizer,
the oil indusiry ete often contain varying amounts of natu-
ral radionuchdes (7]. Building matenals exhibit long term
exposure situations since individuals spend more than 807

of their ime indoors [8] Hence, it is important 1o assess the
radioactivity level of bmilding matenials in order to estimate
the radiation exposure and dose recerved by the population

The radionuchide concentration measurements in buillding
matertaly also find relevance in setting the standards and
Natonal guidelines: Such palicy making can be effectively
followed while using these matenals for the construction
purpose The evaluation of associated radiation hazards 1o
human health has alsa 1o be carried out following the puide-
hnes [1] Bulding materials contribute 1o the environmen-
1al l.tdm.n‘_t:uty nwo ways prmanly by gamma radiation
from KL Racand Y 1 and their progenies as whale budy
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Distribution of natural radionuclides and assessm
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ent of excess lifetime

cancer risk along coastal areas of Varkala in Kerala
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Abstract

Some of the coastal parts af Kerala are well reporied ngh background radiation

protection of the population in this region s of great concern In vie
atration in sand samples from Varkala region, &

the distnibution and ennchment of radionuchdes conce

The NaltTh detector was used for the measurement of radionuchides concentratt
from the present study indhcate that, the actvines in sand samples were hgh compare
radiological parameters vz absorbed dose. annual effecive dise and annual gonadal dose equiv
Further. the excess hifetime cancer risk (ELCR) due 1o the exposure of radianon prev
the activities of radionuclides. The ELCR value obtained from the prese
value for 2!l the samples. The results from the present investigation clearly
region 1s adversely alfectng the mhabatants of the region The results of these sy

discussed in the manusenipt

Keywords Sand  Varkala  Nal(Th detector CLCR

Introduction

The natural radionuchdes viz 2, *“Th and “'K are gen-
erally called as primordial radionuchdes because they are
present on the Earth since the creation of the carth The
non-umform distribution of natural radionuchides have been
ohserved 1n varous environmental matrices such as soil
«and. sediment, water, air, etc The natural radionuchdes
often reaches these matrices by the weathering process of
the rocks and other matenals.

Vanous regions in the world have peographical ditter-
ences depending on the presence of the type of matrices
such as rocks. soil. sand. sediment et¢ The non-umform
distribution and ennichment of radionuclides concentration

PV Divya
dis yasuresh062014E gmal com

Department of Studie« and Researchim Phiyscs Payyanm
Collepe Tadan 6700327 India

S Depaniment of Fhysios, BMS College of Enpineening
Bangalote SGO01Y Trnhia
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Moangalazanpotn Mangatore 474 199 India
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areas (HHHRA)Y Hence. the rachological
undertaken 1o understand
known HBRA
on in sand samples The values obtained
4 with the world average values The
alent were also caleutated

w of this, study has been

athing in the region was estimated from
nt study was much higher than the world average
indicate that, the radioactivity prevasling in the
stematic investigations are presented and

in the environment may be altributed to these geographical
difterences As a result of non-uniform distribution, some
of the regrons are showing elevated levels of background
raciation and are termed as high background radiation areas

Major inconsistency i the enrichment of radionuchides in
sonl and sand are found in India and Brazil One of the prime
saurees for high radiation background iy radivactive nuin-
erals viz. monazite, apatite etc , and the presence of these
mineral deposits in certain beaches of these two countries
has been reported by several investigators [ 1-3]

The monazite deposit 1s more extensive in the coastal
Kerala and it may conmtain 0 1-0.3% uramum and 5-77 tho-
rium. Kulkarni et al [3] have reported ligher concentration
of some important radionuchides of > Th and 2*U senies in
the high background areas of Kerala The authors have also
reported the concentration ol trace clements and difterent
types of munerals present in soil and sand Gopal Ayengar
ctal [4] luwe done studies on the eflects of gl level radia-
hon on the tesudents ol Kerala Nar et al 5] have stud-
ted bachground radiation and cancer imcidence in Kerala,
especially ar Karunagapally But the stanstical power of the
study might not be suthcrent to make a conclusion by them

~
'&'_f Springer

Scanned with CamScanner



Free Hand Highlight


Journal of Radioanalytical and Nuclear Chemistry
h‘nps'.'fdol.mqnD.1007!s!0967-019—06638—y
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Abstract

Chach for

updates

. 10
ctribution coefficient of '°Po and 210pp
rons of major rivers of coastal Karnataka

major rivers of Coastal Kar-

i i i of the
The activity of *'°Po and 210pp was measured in different matrices of aquatic ccosysiem nended aticulate matter

nataka viz, Kali, Sharavathi and Netravathi. The environmental samples suc

h as surface waler, . ]
were determined by radiochemica

and sediment have been subjected to analyses. The activity of these two rad:onucl;dcs“y T 05 and 210pp and cor-

separation of 2'°Po and counting the activity using a ZnS(A
relation between the activity of these radionuclides were stu
internal Committed Effective Dose to the population for the st
water, suspended particulate matter and sediments have been ca

g) alpha counter. The activ
died. From the measured conce
dy area was calculated. The dis

atration of 2!°Po and 219}, the

iribution coeflicient Ky between

Iculated 1o understand the distribution and accumulation of

these radionuclides in different matrices of the aquatic environment.

Keywords '°Po and ?'°Pb activity - Aquatic cnvirons - Committed cffective dose  Distribution cocfiicicnt

Introduction

The radionuclides 2'°Po and '°Pb in surface waters origi-
nate mainly from the radioactive decay of **U present in
the carth crust [1] and atmospheric fall out due to the decay
of *Rn present in the atmosphere. The chemical form and
speciation of radionuchides will affect their movements and
uptake by biota in the riverine environment. The way in
which these radionuclide are bound to solids determinc the
amount of radionuclide in solution, which also influences the
fraction of radionuclide thal may be incorporated into organ-
isms [2]. The radioactive materials could be transporied with
the Mlow of the river water from catchment areas consisting
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of different textured soil, sand and rocks. The dissolved
radionuclides are adsorbed by suspended particulatc matter
and sediment. The distribution coeflicient, K. is widely used
{0 understand the eventual fate of metals and radionuclides
released into aqualic cnvironments [3]. The K, is onc of the
significant parameters in predicting the fate of a radionu-
clide and their impacts on the environment. Partitioning of
radionuclides between water and suspended matter is often
described in terms of K, expressed as the concentration
ratio between the particulate phase and the dissolved phase
under equilibrium conditions [4). Published data on natural

radionuclide scrics for the riverine environs are sparse and

there is no reference citing data for coastal Karnataka. In

view of this, systematic studies were carried out to under-

stand the distribution and accumulation of '°Po and '“Pb

in the aquatic environs of Kali, Sharavathi and Netravathi

rivers of coastal Karnatka,

Materials and method

The rivers Kali, Sharavathi and Netravathi originate from the
from the western ghats. The rivers from western ghat region
generally originate at an elevation ranging from 400 meters
to 1600 meters above the mean sea level. The rivers gener-
ally Mow westward and meet the Arabian sea after a short
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Abstract

Some of the coastal parts of Keralaare well reported as high b
ol this, study has been unde

of the population i this regon is of greatconcern In view

and enrichment of radon concentration 1n open well water from the region Furthe
sure were estumaled from the radon concentration. The excess lifetime cancer 1
whole bady dose The Emanometry method was used for the quantfican
wells and the obtaned concentration was tound to vary i the range 012
present sty were below the recommended nutol 0. mSy year " supgested by
obtamed from the present study was well below the w orld average value for most of the s

ackground radianon areas IHenee, the

Chech luf
uisdaten

n in drinking water to assess
ime cancer risk along coastal

radiological protection
rtaken to understand the distribution
r. the whole body doses due 1o radon expo-
isk (ELCR) was assessed from the obtained
on of dissalvedt radon im water fram vanous open
435 B L™ The ettectuve dose values from the
the WHO and EU council. The ELCR value
ampling stations except Varkala,

where the value was comparable with the world average The resulls from the present investigation indicate that, the dose

due to radon by the consumption of water ts not signihicint

Keywords Radon m water  Emanometry - Coastal Kerula - ELCR

Introduction

All human beings are exposed (o radiations originaling from
naturally occurring radioacuve materials vizomir, water,
sorl and food Radieacuve gas radon cantributes the largest
fraction of rachation exposure 1o human heings [1 Radon
(R 15w noble gas having 3.8 days halt-hie, onigutes
from radium (*-"Ra) which s the daughter product of ura-
mum (**U). It originates from soils and rocks and which has
the property to concentrate n houses and enclosed spaces.
Radon decays to *'*Po and *"*Po are also « emitters, These
radionuchdes contribute 90% of the dose due to radon expo-
sure. They contribute more than 90% of the total radiation
dose recerved due 1o radon exposure [2]. The enhanced risk
of cancer in human beings may be due to the exposure 10
radon and its progeny. In worldwide, the second leading
cause of lung cancer 1s considered as radon ihalation
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Radon 1 water can enter nto the human body by two
different paths. Firstly, radon dissolved in water can dircctly
enter the gastrointestinal part through the direct intake of
water and dehiver doses to the body. Secondly, dissolved
radon can flee from household water und it concentrates
i enclosed spaces afer that which can enter the respira-
tory tract through inhalation, That is ingestion and inha-
lation pose potential health hazards o the inhabitants [3]
89% of the expected cancer risk accounts through the
inhalation pathway of radon and 11% accounts for inpes-
tion pathway 1000 By L™" of radon concentration in tap
water will increase average indoor air radon concentration
by 0.1 Bq L™" is suggested by UNSCEAR [4] and Natonal
Research Council,

L1 1 Bg L™" is the maximum contamination level for
radon in drinking water suggested by the EPA [S]. How-
ever, an alternative maximum contamination level of radon
15 148 [lu:| L™" was proposed by the EPA because household
usage of water contributes 10 indoor air radon concentra-
tion. The WHO sugpested that repeated measurements are
required il the radon concentration in public drninking water
supphies exceeds 100 By L™ (1]
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Abstracy
— D‘::)lttl:lcct:::(::!"::! F“rlsof};,‘-m!a are well-reported high background radiation areas. Hence, the radiological
collected dyrin :I pop:l""“’“ In this region may have some concern. In the present work, samples were
activities Oblal’:m:jm[e Il'Tefcm seasons, namely premonsoon, monsoon, and postmonsoon. The r."ldtonudldc
radionuclides Burta ora\.anous seasons ha\-c_b_cgn compared in order to understand the enrichment _ol'
sand samples collccgt:dri:ou, ot e activties of natural radionuclides, namely “K. **Ra. and ™'Th in
spectrometer, Sand sarnmln-l scmlth’:m (om'a] parts of Kerala were determined using Nal M {;nmm:f-ray
concentration, The rad‘a‘ﬂ’:sd“’[ ected during postmonsoon showed enhanced level of radionudlides
in order (o assess the radmuomle l::]the population was also cstirqaied from the activities of radionuclides
the safe limits, which, e n levels, Th'r calculated values of risk assessment parameters were within
Y € the radiation exposure to the population due to these radionuclides is

insignifican ey ' i
iy : Ilm_sc_\cr. scasopal variation of radionuclides concentration is significant. The results of the
ystematic investigation are presented and discussed here in detail,

Keywords: Kerala, radionuchdes, seasonal vanation, Southern coastal areq
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INTRODUCTION tadionuchdes The objective 15

Thete are a few regrons 1 the world known as high seasonal varation of tadong
background radiation areas (HBRAs) due 1o the local Southern parts of coastal Kerals
geology and geochemical effects that cause enhanced

levels of terrestnal radiation. The Southern coastal areas  MATERIALS AND METHODS
of Kerala, espeaally Chavara-Neendakara at Kollam distnct

in Kerala, are commonly referred to HBRAs 1n the world ' Sample collection

The regions, namely Kovalam (), v
: » Varkala (s
Neendakara (S), and Panmanam $) I';om the Sn:m(:cii;

Kerala coasthine has a significant resident population, ;
- coastal arcas of Kerala, known HBRA, were selecred
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Study on effects of physicochemical parameters on natlfral
radionuclides concentration and assessment of radl?loglcal
Parameters in the goi samples of Mangalore, Dakshina Kannad;
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_AQSH_{!‘C_I_ The paper deals with the distribution and enrichment of natural radionuclides Th, *Ra, and “K in the soil

samples of Mangalore. The soiy samples collected from the region were analyzed for the acuvity of natural
radionuclides using Nal () Eamma-ray spectrometer. The aauvity of ““Thvaries in the range‘40.5—95.2 Bokg
With a mean valye of 64.9 Bgkg: the activity of ™Ra varies in the range 54.9-77.8 Bo/kg with a mean value
of 65.] Bakg: and that of #K varies in the range J08.7-486.5 Bgkg with a mean value of 368.9 Bg/kg
The calculateq valy

es of radiological parameters were found to be below the world recommended level,
The results of these Systematic studies are presented and discussed in this paper,

Keywords: g, and ¥ Th, “g narural radioactiwiry, radiological parameters
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INTRODUCTION

The radionuclide content of v
the ecosystem depends on he
Mangalore, an ‘mportant region of the southwest coast of

1fous components of

. Interactions of 5 large
; number of different factors These include the nature
India, 1s heading to become a major industaal acuwvity center of the radionyclide 1self, the site-specific ch:uctcmun,
with a1l refinenes, petrochemieal complexes, chemieal

Physicochemica) Propetties of the sonl
e fertlizer factones, therml powes stations, and 1 host Plant cover, and climane conditions Ip, .;.
of othet industrics. In view of this, detaded studies on the dependence of the ACUVIYY With some of th
fadiation level and radionuclide distribution have been physicochemical Parameters hay 44, Leen :!5011
carned out in the enviconment of the region. As part of Radiologica) Parameters, namely, radiypm o 15:1:‘ IlCd
the program, the absorbed gamma dose rate 10 air 1n the activity (Ra, ), externa] exposure o) quivaleny
environment of the repion was measured using portable exposure index E), wert il
santllometer. The soil samples collected ﬁfim the ug:::r.l of ®Th, *Ry 30d “K 10 evalyage
were analyzed for the acuvines of Th, **Ra, and “K

vamation yn
iew of this,

radionuclides 1o the human beings in the regiog The
to understand the distnbution and ennchment of these
dionuciides. THA 84 O Beeess jormg] AT wp gy o
ra - — Commeny Amrtorion Hor *ShrvAing 45 2 M'N.::'VNWM
. Accoss this article online | e g o g e Vo e

B atlerg,y Iw.
mmmm—;nlﬂmﬂmmmmrp—.' . e v
Ouick Response Code

- ————{ Viebsite

For reprints (amtsc lbie Lo T
WNWIpe Og N
f v Rajashenarg pay Nar
(2] focts of physcochemcal oy Sty on |

and misessment of isdiologeal

Farames, m.....‘.h any
10 4103vpe RPL_E5_18 Dakshna Kannsda Radist Prot Envren 018411504 M0gakcry |
—_—

€ 2019 Radiation Protection and Environment | Publistiest pry Wolters Kyey , Meding,,

Scanned with CamScanner


Free Hand Highlight


Enrichment pattern and depth profile of natural
radionuclides in monazite areas of coastal Karnataka

V. Prakash, K. Nadira Mahamood, Y Narayana'

Kannur University, Kannur, Kerala, 'Department of Physics,

R h in Physics, Payyanur College,
Deportresh of Sugles aac Seseiee ! o Mangalore University, Mangaluru, Karnataka, India

The activities of radionuclides M*Th, *Ra, and “K have been measured in sand samples of Ullal I:-cach area,
where presence of low-level monazite has been reported The sand samples collecteq fmm_lhc region, at
different distances from sca waterline and at different depths, were analyzed for radionuclide .:lr:tlwl?' by
gamma spectrometry to study the distribution, enrichment pattern, and vertical profile ’ul'the rndlonu.chdcs
in the region. The study on the enrichment of radionuclides in diflerent size I'raclmfls shows highest
activity confined in <125 um and lowest activity confined in 1000-500 pum particle size fractions. 1_1":
minimum **Th activity was 1.1 Bg/kg, found in Ombattu Kere beach at a depth o 10-20 cm, at waterline
in 1000-500 pm particle size fraction and maximum activity of 6690.7 Bg/kg was found in Ombattu Kere
beach at a depth of 10-20 ¢cm, at 50 m away from waterline in grains of size 250-125 pm. The lowest **Ra
activity was 25.1 Bg/kg, found in Ombattu Kere beach at a depth of 10-20 cm, at waterline in grains of
size 1000-500 pm and highest *Ra activity was 1286.0 Bg/kg, found in Ombattu Kere beach in grains of
size <125 pum for sample callected at a distance of 50 m away from waterline and at a depth of 10-20 cm.
The minimum “K activity was 130.5 Bg/kg. found in Ombattu Kere beach at a depth of 20-30 cm, at 50 m
away from waterline in grains of size 500250 pm and maximum activity of “K was 5686.2 Bq/kg, found
in Ombattu Kere beach for sample collected at waterline at a depth of 20-30 ¢m in <125 pum particle
size fraction, The dose rate measured using plastic scintillometer at 1 m above the ground level at Ullal is
having the range 39.4-459.9 nGy/M with a mean value of 193.2 nGy/h. The results of these investigations
are presented and discussed in this article.

Keywords: *'Th, enrichment, gamma spectrometry. natural radionuclides, vertical profile
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INTRODUCTION

Radiation 1s omnipresent in the environment of carth’s
surface. The greatest contribution to humankind's exposure
comes from narural background radiation. However,
much higher levels of exposure are usual for inhabicants

of natural high background radianon areas. The major
sources responsible for exposure are naturally occurnng
radionuclides in the earth's crust such as P Th, *Ra, and
“K, which occur associated in minerals such as monazile
and zircon. There are few regions in the world known
as high-background-radiation areas due to local geology
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Studies on ambient gamma dose rate and eprichrpent of
radon, thoron, and progeny concentration in various types
of dwellings and outdoor environments of Kalliasseri,
Kannur district, Kerala

K. Nadira Mahamood, V. Prakash

Department of Studies and Research in Physics, Payyanur College, Kannur University, Kannur, Kerala, India

Abstract

The major contribution of natural background radiation exposure comes from' radon, thoron, and
their progeny. The activity concentration of these radionuclides depends on various factors, apd the
concentration level varies from place to place. The indoor concentration in dwellings depends mainly on
the materials used for building construction and ventilation patterns. In the present stud-y. an ?nempt is
made to estimate the indoor and outdoor radon, thoron, and their progeny concentration in various types
of dwellings and outdoor environments of Kalliasseri Panchayat, Kannur district, Kerala. 22Rn and 2°Rn
measurements were carried out using LR-115 type Il-based pinhole cup dosimeters. Indoor and outdoor
£§3mma exposure rate measurements were also carried out in all the dwellings using scintillation-based
microradiation survey meter. The average concentrations of radon and thoron were estimated in about
40 dwellings categorized according to the construction type The seasonal variation in the enrichment of

radionuclides concentration has also been studied. The respective radon and thoron progeny levels were
also estimated. The average radon concentration from the present study was well within the action level
(200 Bg/m’) recommended by the International Commission of Radiological Protection (ICRP). The annual
effective doses due to indoor radon and thoron were within the action level 3-10 mSvly as suggested by

the ICRP.

Keywords: Annual effective doses, gamma dose rate, pinhole cup dosimeter,
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INTRODUCTION

Indoor air quality 1s the most important 1ssuc nowadays
because most individuals spend 90% of their ume indoors.
There are many pollutants that can deteriorate indoor
air quality; bowever, radon and s progeny are a major
pollutant for this and are an important global problem
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Seasonal variation of natural radioactivity in the environs of

Kali River
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Abstract

R H t ne nr 40
The paper discusses the results of systematic studies of activity concentrations of the **Ra, ™Th, and “K

in sl and sediment samples of Kali River, one of the major rivers of coastal Karnataka. The samples are
collected in premonsoon, postmonsoon, and monsoon seasons; the activity concentrations of ***Ra, m‘_rh.
and “Kiin soil and sediment were measured by a Nal(Tl) gamma-ray spectrometer. The activity concentration
of ™Ra is high in soil and sediment samples, The activity of **Ra is almost constant, except one or two
sampling stations of the rivers, and the activity of *Th and “K shows nonuniform distribution in soil
and sediment samples of premonsoon and postmonsoon seasons. The results of these investigations are

presented and discussed in this study.

Keywords: Coastal Karnataka, gamma-ray spectrometer, natural radioactivity, river, sediment
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INTRODUCTION

Nawral environmental radioacuvity anses mainly from
the radionuclides, such as YK, **Th, and U secries and
their decay products. Gamma-radiation emitted from those
naturally occurring radionuclides and from the mdionuclide
deposited on the ground is the main external source of
irradiavon of the human body. Natural environmental
radioactivity and the associated external exposure due to
gamma-radiavon depend primanly on the geological and
geographical condinons and appear at different levels of
radionuchides!" " For all pracucal field applicauons, only
gamma radiation 1s of importance because alpha and beta
radiauon 15 not very penetraung and will generally not
escape the matnx. In the present work, the first ever study
on the distnbution of natural radionuchdes 1n the rivenne
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environs of coastal Karnataka have been presented and
discussed.

MATERIALS AND METHODS

Sample station and sample collection

At present, the sampling stations were idenufied along the
nver Kali [Figure 1]#9 The soil samples from the banks
of the river and sediment samples from the river are
collected dunng premonsoon, postmonsoon, and monsoon
following the standard procedure ¥ The soil and sediment
samples collected were brought to the laboratory, dried,
grounded, and sieved to get <250 p and flled in arroght
plastic containers and stored to ensure equilibnum between
radwm and s short-lived daughters.
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Abstract

been carried out using Nal(Tl)
activity of naturally occurring
d andl found to
+0.211q

Systematic studies on radiation level and distribution of radionuclides have
detector in different locations of Akalad region, Thrissur District, Kerala, The
radionuclides viz. “K, 2*Ra and 2'Th in the samples collected from the reglon were measure aad
vary in the range 9.99+0.69 Bq kg* to 32 11+0.77 iiq kg ' with a mean value 19.64 By kg";‘z.l_,
kg ' to 11.2820.39 Bq kg with a mean value 7.73 Bq kg:1 and 20.80+0.67 Bq kg-l.m 122.40+ 1.16 g
kg-1 with o mean value 79.91 Bq kg-1 respectively. The radium equivalent activity varies within lllu' range
39.26 Bq kg to 178.85 Bq kg' with a mean value 123.51 fig kg '. The absorbed dose rate varif‘s wllhm the
range 16.49 nGyh' to 79.14 nGyh" with a mean value 51.91 nGyh'. The present systematic investigation
indicates that the data are comparable with the reported values elsewhere and in most of the cases abserved

values were well within the permissible limit,

Keywords: #*Ra, *'Th, “K, natural radioactivity, radiological parameters
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INTRODUCTION

Natural radionuclides are widely distributed in soil, rocks,
and air. Assessment of natural radioacuvity level 1n the
environmental matrices has great importance because
natural radianon 1s the largest contributor to the external
dosc to the world population 'l The distribution and
ennchmene of radionuchides 1n varous environmental
matrices will also be different. There are few regions in the
world, the radiauon levels were found to be high and termed
as hugh background radiauon areas. Coastal Keralais one of
the important parts of the south-west coast of India anda
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known high background radiation area. In Kerala, especially
the places in Kollam district, such as Chavara, Neendakara,
Karunagapally, are reported as hiph background radiation
areas.”l Akalad is siwated in Thrissur district, past of the
coastal environment of Kerala. In view of this, an attempt
was made to assess the radionuclide concentrauon of the
sotl samples collected from the environment of Akalad, and
the results are discussed in the paper. Radium equivalent
activity and radiological parameters due to natural radiation
exposure were also idenufied and discussed in the hghr of
reported literature values,
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Studies on two neutrino double beta decay
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Abstract: The study aimed to develop an empirical formula for phase space factor and nuclear matrix element to analyse
two neutrino double beta decay. The present work also extended to compute phase space factor using Primakoff-Rosen
approximation. Using these two formulae for phase space factors we have computed two neutrino double beta decay half
lives. Comparisons of the calculated half lives with the corresponding experimental values are also done. The empirical
formula predictions are found to be in good agreement with the experimental data. The empirical formula is applied to
various isotopes exhibiting single beta decay and our prediction on the possibility of two neutrino double beta decay will be

very useful for the future experiments.

Keywords: Two neutrino double beta decay; Phase space factor; Nuclear matrix element

PACS Nos.: 23.40.-s; 21.10.Tg; 14.60.Pq

1. Introduction

Pauli’s hypothesis to the existence of neutrino leads to the
development of the theory of beta decay. The weak theory
of nuclear beta decay by Fermi gave hint to the idea of
double beta decay. The double-beta decay is the rarest
nuclear weak process in which two neutrons in the nucleus
are converted into two protons, and two electrons and two
electron antineutrinos are emitted. The process can be
thought as a sum of two beta decays. For the double beta
decay to be possible, the final nucleus must have a larger
binding energy than the original nucleus. It can be classi-
fied into two modes, namely two neutrino double beta
decay (2vBP) and neutrino-less double beta decay (OvBp).
The 2vBp conserves the lepton number and is an allowed
process within the standard model of electroweak unifica-
tion. More than eleven isotopes namely 48Ca, 76Ge, 8256,
967y, 100\ o, 116Cq, 128130 ¢ 1366 150Nd. 2331 have been
experimentally observed undergoing two-neutrino double
beta decay [1].

The transitions in double beta decay modes may be from
0" - 0" or 07 — J* state. 07 — 07 transition is most

*Corresponding author, E-mail: preethinambiarmk @ gmail.com

Published online: 14 February 2018

preferable as the other decay rates are suppressed due to
kinematic reasons. The study of other decay modes will be
of importance in distinguishing the role of different
mechanisms involved in Ovpf. Thus the experimental and
theoretical study of nuclear double beta decay is quite wide
in scope and has been excellently reviewed over the past
years [2-22].

The double beta decay probability strongly depends on
the transition energy, Q-value (~ Q'! for 2vBp and Q’ for
OvBpB). The study of 2vBP decay is quite interesting from
the nuclear structure point of view. There are different
models for calculating nuclear matrix elements (NMEs),
among which two important models are shell model
[23-25] and Quasi Particle Random Phase Approximation
(QRPA) [26-28]. The detection of 2vp decay provides the
experimental determination of NME involved in double
beta decay process. This leads to the development of the-
oretical scheme for NME calculations both in 2vBp and
OvBp decays [29-32]. The study can yield a careful
investigation of the time dependence of the coupling con-
stant for weak interactions [33-37] which acts as a bridge
for the running of weak interaction coupling from a high
scale era to the present.

The idea of double beta decay was first proposed by
Maria Goeppert-Mayer in 1935 [36]. In 1937 Ettore
Majorana [38] theoretically demonstrated that all results of

© 2018 TACS
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The decay characteristics of various clusters and neutron halo nuclei from heavy elements
Z = 92—102 are studied within the framework of the Coulomb and Proximity Potential
Model for Deformed Nuclei (CPPMDN) and using a new empirical formula proposed by
us. The predictive power of our formula is verified by comparing the predictions with the
available experimental data and with the predictions of other models such as CPPM,
Universal Decay Law of Qi et al. (UDL), Unified Description formula (UD) of Ni et al.
Using the present formula and CPPMDN, decay half-lives of various light clusters from
heavy elements are calculated, and the results are compared with the predictions of UDL,
UD, and predictions made by Santhosh et al. based on the Modified Generalized Liquid
Drop Model (MGLDM). The decay half-lives of halo nuclei from heavy elements are also
calculated using the new formula and CPPMDN and compared with the predictions
of UDL, UD, and the predictions made by Santhosh et al. based on the Coulomb and
Proximity Potential Model (CPPM).

Keywords: Nuclear deformation; halo nuclei; cluster decay.
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Cluster preformation probability in heavy nuclei is studied using the empirical formula
of Ni et al., Dong et al., and four new formulae of Santhosh et al. The predictions of
these formulae are then compared with the preformation probabilities extracted from
the experimental decay half-lives using the Generalized Liquid Drop Model (GLDM),
Density Dependent Cluster Model (DDCM), and Unified Fission Model (UFM). It has
been found that except for the isospin-dependent formula of Santhosh et al., all other
formulae predict much larger preformation probability than the experimentally extracted
values. Further, we propose four new empirical formulae for the cluster preformation
probability in heavy nuclei, and the predictions are compared with the experimentally
extracted values using different theoretical models. It is found that the predictions of
all the four proposed formulae are in good agreement with the predictions of various
theoretical models.

Keywords: Cluster Radioactivity, Preformation

PACS Numbers: 23.60.4-e; 23.70.+j; 27.90.+b

1. Introduction

The spontaneous emission of particles heavier than the alpha particle but lighter
than the fission fragments from unstable nuclei is referred to as cluster radioactiv-
ity. The possibility of cluster emission was predicted by Sandulescu, Poenaru, and
Greiner! in 1980, and the first experimental observation of the emission of '*C from
223Ra was made by Rose and Jones in 19842. Followed by this emissions of various
cluster families like *C, 200, 23F, 2426Ne, 28:30Mg, and 34Si were experimentally
observed and the corresponding decay half-lives were measured. The majority of
these spontaneous decays produced the daughter element 2°8Pb, which is doubly
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An empirical formula for the two-proton decay half-lives in the ground and excited
states
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ARTICLE INFO ABSTRACT

Keywords: We proposed an empirical formula for the half-life of two proton emissions in the ground and excited states.
Two proton decay The proposed empirical formula has a half-life dependence on the Q-value and the atomic number of the parent,
Half life

similar to the Geiger-Nuttall law and the Viola and Seaborg formula. The half-lives of °Be, >0, '°Ne, "Mg,
4Fe, ¥Ni, **Zn, and ®’Kr nuclei are calculated using the present empirical formula. The empirical formula has
the lowest standard deviation with experimental data (¢ = 1.39) compared to previously predicted formulas,
indicating that the formula can reproduce the experimental half-lives well. The predictions of the half-lives are
made for another 56 nuclei whose two-proton emission is energetically feasible (Q,, > 0). These half-life values
are compared with five theoretical models and two empirical formulas. The predicted half-lives are in good
agreement with other theoretical predictions. The predicted half-lives of two-proton emission in the excited
states of '40*, 1718Ne*, 2?Mg*, »S*, and **Ag* nuclei are compared with the experimental half-lives and also
with different models’ and formulas’ predictions. The experimentally observed half-lives of the excited states are
better reproduced using the proposed formula compared with previous theoretical predictions. Only the proposed

formula can reproduce the experimental half-lives of **Ag* in excited states.

1. Introduction

The nucleus spontaneously emits a pair of protons beyond the pro-
ton drip line, and this exotic two-proton radioactivity was predicted by
Zel’dovich six decades ago [1]. One proton emission is the most com-
mon decay mode for odd-proton-number nuclei. However, in the case of
even proton-number nuclei lying near the proton drip line, two-proton
emission may occur due to proton pairing. Two protons tunnel through
the potential barrier of the parent nucleus, just like in the alpha cluster
or exotic cluster decay processes. Several theoretical and experimental
studies are still progressing on two-proton decay. These investigations
help us understand the interaction among the nucleons and provide de-
tails about the nuclear structure.

The experimental confirmation of two-proton radioactivity was de-
layed due to limitations in detection technology and radioactive beam
facilities. After a few decades, the probability of the two proton de-
cay widths of '20 and '®Ne was reported by KeKelis et al. [2]. Kryger
et al. identified the two-proton emission of 'O by using a >0 projec-
tile via single neutron stripping [3]. Later, true two-proton decay in the
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ground state was confirmed experimentally in the “’Fe isotope at GSI
[4] and GANIL [5] in 2002. At GANIL, two-proton emission of *Zn
was discovered in 2005 [6], and then two proton decay of **Ni was
identified [7]. Mukha et al. discovered the two-proton radioactivity of
19Mg in 2007 by analysing the decay products [8]. An experiment with
the BigRIPS separator reported the two-proton emission of ®’Kr [9].
The extremely short-lived two-proton emission is experimentally ob-
served in ®Be [10] and '®Ne [11]. Goldanskii [12] and J. Anecke [13]
first began the theoretical studies to identify the two proton-emitter
nuclei. Two-proton emission was first theoretically described by Gal-
itsky and Cheltsov [14]. There are many theoretical models to explain
two-proton radioactivity, such as the screened electrostatic barrier [15],
the Gamow-like model [16], the direct decay model [17], the diproton
model [18], the three-body model [19], the simultaneous and sequen-
tial decay model [20], the unified fission model (UFM) [21], and the
coulomb and proximity potential model (CPPM) [22]. Fengzhu Xing et
al. studied the two-proton decay half-lives using the Skyrme-Hartree-
Fock method [23]. B. A. Brown et al. calculated the two proton decay
half-lives of *Fe using the R-matrix approach [24]. J. Rotureau et al.

Physics Proceedings, https://doi.org/10.1016/j.nuclphysbps.2023.07.013
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ARTICLE INFO ABSTRACT

Keywords:

Alpha decay

Heavy cluster decay
Spontaneous fission

Possible decay modes of 2$2-3100g are studied within the framework of the Coulomb and Proximity Potential
Model (CPPM), Universal Decay Law (UDL) and the Hatsukawa formula. A new diffusion parameter and a new
preformation factor are included in the CPPM Model calculations. We have refitted the Hatsukawa formula to
calculate the alpha and cluster decay half-lives in the superheavy region. The spontaneous fission (SF) half-

lives are calculated using the shell correction energy-dependent formula of Santhosh et al. The predicted alpha
decay half-lives are compared with the predictions of the UDL formula; and the predictions of Soumya et al.
and Koyuncu et al. Possible heavy cluster decays from 2%4-27Qg are also studied within the UDL formula and by
using the empirical formula of Hatsukawa et al. with new fitting parameters, and a comparison is made with the

predictions of Santhosh et al.

1. Introduction

Theoretical and experimental studies [1-6] revealed that the dom-
inant decay modes in stable heavy and superheavy nuclei are alpha
decay and spontaneous fission. The alpha decay process is considered
a quantum mechanical tunneling of the alpha particle through the po-
tential barrier imposed by the parent nucleus. The first successful ex-
planation of alpha decay from a nucleus was provided by Gamow [7]
and by Gurney and Condon [8]. The alpha decay studies are so im-
portant as they could predict the nuclear structural properties of the
emitter as well as helps to identify the unknown elements through the
alpha decay chains. The stability of nuclei can be predicted from the
alpha decay and spontaneous fission half-lives. The stability of super-
heavy nuclei is strongly influenced by the shell effects and the alpha
decay studies will help to identify possible new magic numbers in the
superheavy region at which the shell closure occurs. Apart from sponta-
neous fission and alpha decay, heavy and superheavy nuclei can decay
through the emission of heavier particles and the process is known as
cluster radioactivity [9-12].

Many theoretical and empirical models were introduced to study
the cluster and alpha emissions from heavy and superheavy elements.
Theoretical models such as the Liquid Drop Model [13], Generalized
Liquid Drop Model (GLDM) [14], Density Dependent Cluster Model
[15], Relativistic Mean Field (RMF) Theory [16], Coulomb and Prox-

* Corresponding author.
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imity Potential Model (CPPM) and the Double Folding Model [17], etc.
are widely used for accurate prediction of alpha and cluster decay prop-
erties of heavy elements. The application of these theoretical models is
also extended to the superheavy region in recent decades [18-20]. Em-
pirical formulae of Poenaru et al. (UNIV) [21], Analytical formula of
Royer [22], Universal Decay Law (UDL) [23], Unified Description Law
(UD) [24], Viola-Seaborg semi-empirical formula (VSS) [25], the for-
mula of Santhosh et al. [26], etc. are extensively used for describing the
alpha and cluster decay half-lives of heavy and superheavy elements.
The empirical formula of Xu et al. [27], the formula of A Soylu [28], and
the modified formula of Santhosh et al. [29] including shell correction
energies are widely used for predicting spontaneous fission half-lives.

In the past two decades, with the improvement in the experimen-
tal facilities, the synthesis of superheavy elements with Z = 107-112
was accomplished through cold fusion reactions at GSI, Darmstadt
in Germany. Hot fusion processes were used to create elements with
Z =113-118 at the Joint Institute for Nuclear Research-Flerov Labora-
tory of Nuclear Reactions (JINR-FLNR), Dubna [4,30,31]. The alpha
decay chains of the last synthesized superheavy element 2*Og were ex-
perimentally studied and found that 2**Og has an alpha decay half-life
of 0.89 milliseconds [32]. Many experiments were conducted to synthe-
size elements with Z > 118 and have not succeeded to date. Theoretical
predictions on the existence of superheavy elements with Z =122, 124,
126, and 128 were also made by many research groups [33-37].

Received 11 May 2023; Received in revised form 28 July 2023; Accepted 16 August 2023

2405-6014/© 2023 Elsevier B.V. All rights reserved.

https://doi.org/10.1016/j.nuclphysbps.2023.08.001

Please cite this article as: K. Prathapan, P. Deneshan, M.K. Preethi Rajan et al., Theoretical predictions on the decay modes of 2231°0g, Nuclear and Particle Physics Proceedings,



https://doi.org/10.1016/j.nuclphysbps.2023.08.001
https://www.sciencedirect.com/
http://www.elsevier.com/locate/nppp
mailto:bijurkn@gmail.com
https://doi.org/10.1016/j.nuclphysbps.2023.08.001
IDZ
Highlight

IDZ
Highlight


Proceedings of the DAE International Symp. on Nucl. Phys. 63 (2018)

Theoretical Study on Two Neutrino and Neutrinoless
Double Beta Decay

M. K. Preethi Rajan* and K. P. Santhosh

School of Pure and Applied Physics, Kannur University, Payyanur Campus, Payyanur-670327, INDIA
-* email: preethinambiarmk@gmail.com

Introduction

Double beta decay is a radioactive decay
process where a nucleus releases two beta rays as
a single process. Here two neutrons in the
nucleus are converted to two protons, and two
electrons and two electron antineutrinos are
emitted. In order for beta decay to be possible
the final nucleus must have larger binding energy
than the original nucleus. Double beta decay is
difficult to study in most practically interesting
cases, because both beta decay and double beta
decay are possible, with probability favouring
beta decay, the rarer double beta decay process is
masked by these events. Thus double beta decay
is usually studied only for beta stable nuclei.
Like single beta decay, double beta decay does
not change the mass number A. It is a second-
order weak process in which two neutrons inside
a nucleus spontaneously transform into two
protons. More than 60 naturally occurring
isotopes are capable of undergoing double beta
decay. Only ten of them were observed to decay
via two neutrino mode. The BB decay can be
broadly classified into four experimentally
distinguishable modes. The present work is an
attempt to study the Two Neutrino and
Neutrinoless Double Beta Decay processes.

Studies on single beta decay process

We have made an attempt to study[1] the
possibility of B~ decay from various isotopes in
the heavy region with Z ranging from 80-99
using the empirical formula of Fiset and Nix. It
is clear from the computed values that, beta
decay half lives decreases with increase in
neutron number. That is, beta decay occurs in
isotopes which are neutron rich. Atoms which
undergo beta decay are located below the line of
stable elements on the chart of the nuclides, and
are typically produced in nuclear reactors. The Q
value for a reaction is the amount of energy

released by that reaction. The value relates to the
enthalpy of a chemical reaction or the energy of
radioactive decay products. It is obvious that
neutron number of the parent and the decay
energy have a good role in the beta decay half
lives. Hence we modified the empirical formula
of Fiset and Nix and is given as,

B ()
7 pWS —mg

540mg NQ*? —1.21404sec

From experimental beta decay half-life values of
101 nuclei, the estimated standard deviation for
the present formula prediction and the formula
predictions of Fiset and Nix are 1.991417 and
2.333264 respectively. It is clear that the present
formula prediction is better than the formula
prediction of Fiset and Nix.

One of the main applications of Bethe-
Weizsacker semi empirical mass formula is the
prediction of the most stable isobar of a given A
against beta decay. The Z value of such isobar
(Zp) is given by minimizing the atomic mass
including the mass of electron from the semi
empirical mass formula. We have computed the
Za value for different isobars in the heavy region
with mass number varies from 200 to 250. It is
found from the plot that Za values show a linear
relationship with the mass number. From the
linear dependence of mass number and Za value,
we have developed an empirical formula [2] for
the most stable isobar of a given A against beta
decay. We have also compared the present
formula predictions with those obtained from
Bethe-Weizsacker formula. It is found that our
present formula predictions are in close
agreement with the formula predictions of Bethe-
Weizsacker formula. We would like to point out
that the present formula is much simpler as
compared to other empirical formulae. Hence the
present equation is better to identify the stability
of the isotopes against beta decay in the heavy
region. We have also studied the mass parabolas
for different nuclides with mass number ranging

x10° + 0.03992
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Introduction

Studies on exotic fragments lying on the
edges of nuclear stability is one of the active
current areas in nuclear Physics and many
hundreds of studies have carried out since its
discovery in the mid-1980s [1]. Exotic nuclei are
characterized by large N/Z asymmetry and they
differ remarkably from other stable and near
stability elements through their short lifetime,
large rms radii, low binding energy, small
separation energies etc. Among different types of
exotic nuclei in the nuclear landscape, our area
of interest is limited to the proton rich nuclei
beyond the proton drip line. The last few decades
brought considerable progress in synthesizing
and studying the properties of exotic nuclei [2].
The main experimental difficulty for most of the
exotic nuclei is their very low production yield.

In the present work, we have studied the
structure of the exotic nuclei 1°C, **%4O from the
separation energy and driving potential
calculations. Further, we have studied their
decay possibilities from the superheavy parent
nuclei within the range Z=103-114.

Exotic nuclei S(1p) S(2p)
c 4.007 3.821
180 1.512 2.112
e 4.627 6.570

Table 1. 1p and 2p separation energies of
various exotic nuclei.

The model

1p and 2p separation energy for any nuclei
in terms of mass excess can be calculated as
S(p) =-AM (A, Z) + AM (A-1, Z-1) + AMy
S(2p) =- AM (A, Z) + AM (A-2, Z-2) + 2AMy
AM (A, Z), AMy, AM (A-1, Z-1), AM (A-2, Z-2)
are the mass excess of the parent nuclei, mass
excess of proton, mass excess of daughter nuclei

produced in the 1p and 2p
respectively.

The interacting potential barrier for a parent
nucleus exhibiting exotic decay is given by
721(1 +1)

24r*
for Z2>0 @
Here Z; and Z, are the atomic numbers of
daughter and emitted cluster; ‘r’ is the distance
between fragment centers,| the angular
momentum,  the reduced mass and Vp is the

proximity potential. The barrier penetrably P is
given as:

P —exp{-2 [ J2u(V ~Q)dz}

[P}

The turning points ‘a’ and ‘b’ are given
byV(a) =V (b) =Q, where Q is the energy
released. The half life time is given by

T1/2 = IHZ/VP. (3)
Where, v = 2Ev/h, represent the number of
assaults on the barrier per second and E,, the
empirical zero point vibration energy.

radioactivity

V =2Z,Z,e*/r+V (z2)+

()

Results and Discussions

In this section we present the numerical
results obtained from the separation energy,
potential energy and half-life calculations.
Separation energies of the selected nuclei are
included in the table 1. It is clear from the table
that *140 show low S (1p) than S (2p), whereas
10C show S(1p)>S(2p).

Further, we have calculated the driving
potential using CPPM [3], to identify the most
probable cluster- core configurations. Driving
potential is the difference between the interaction
potential and the decay energy of the reaction
(for touching configuration, z=0), for each nuclei
with its all possible cluster core configurations.
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