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CHAPTER |

INTRODUCTION

1.1 Introduction

Henri Becquerel discovered radioactivity in 1896, after he got interested in the
discovery of X-rays by Roentgen in 1895. So he began the investigation of fluorescent
materials. He took potassium uranyl sulfate and placed it on black paper wrapped with a
photographic plate. Then he exposed it to sunlight and developed the photographic plate. He
saw the darkened in a photographic plate and found that the Uranium salt emitted radiations
that could penetrate the black paper. He thought that the sunlight was the reason for uranium
radiation to conform to this, he repeated the experiment on 26 Feb 1896. Due to the climate
(cloudy), he put the covered uranium sulfate placed on the photographic plate in his drawer. A
few days after, he developed the photographic plate and saw the dark in the photographic plate.
Initially, Becquerel thought radiations from Uranium (Becquerel rays) were similar to x-rays,
and after further experiments, he concluded that the invisible rays are emitted spontaneously

and are different from x-rays that are produced by x-ray tubes under special conditions [1,2]
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Fig. 1.1 The image obtained while Becquerel using Uranium salt



In Becquerel Laboratory, based on experiments, Marie Curie found thorium salts emit
the Becquerel rays, and she also discovered that pitchblende, the ore from which uranium is
extracted, emits Becquerel rays with a much stronger intensity than Uranium. In 1898 Marie
Curie and her husband, Pierre Curie, discovered two new elements, polonium and radium; from
the laborious process of chemical separation Radium is million times more radioactive than
uranium. Marie Curie got the Nobel Prize for the discovery of Radium. Radioactive elements
are unstable nuclei. They become more stable when the nuclei undergo radioactive decay. In
this process, the nuclei give off energy and may emit charged particles of matter.

In 1899, Rutherford discovered two types of radiation such as o rays and f rays, from
radioactive material, which are different in their penetrating powers. Villard discovered a third
type of radiation which is called gamma-ray. The gamma rays could not be deflected in a
magnetic field and affect the photographic plate. The radiations emitted from radioactive

sources are known as Becquerel rays [3].
1.2 Nuclear stability

“Nuclear stability denotes that the nucleus of an element is stable and thus it does not decay
spontaneously emitting any kind of radioactivity.” The nucleus of an atom is extremely small.
The radius of the nucleus is around 10*°> m. Protons and neutrons are trapped together in such
a short space. Because protons are positively charged, they should be repelled; however, the
majority of nuclei are stable, indicating that there must be some factors that affect nuclear

stability. Some of the factors affecting nuclear stability are as follows: [4]

e Binding energy.
e The neutron-to-protonn ratio (N/Z ratio).
e Odd and even number of nucleons.

e Magic Numbers

1.2.1 Binding energy

Mass defect refers to the difference between the calculated mass due to nucleons and
the actual observed isotopic mass of the nucleus. " Am " stands for "mass defect." Consider an
Isotope zX”. Let A be the mass number, and Z be the atomic number of the element. If the
masses of a proton, electron, and neutron are mp, me, and my, respectively. Miis the observed

mass of the Isotope, and Mcal (= Zmp + Nmn) is the calculated mass of the Isotope, thus
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Mass defect (Am) = Calculated mass — observed mass
Am= [Zmp+ Nmn] - Mi

mass of an electron is negligible. Hence it is not considered for the calculation of mass defect.
The mass equivalent of mass defect is converted into energy which is given by Einstein’s

energy equation, E = Am x C2. This energy is called nuclear binding energy.
BE = {(Zmp + Nmn) — Mi}c?

Nuclear binding energy is the amount of energy required for dividing the nucleus into
its individual nucleons, which is equivalent to mass defect. It is represented by E and is
measured in joules or million electron volts (MeV). If Binding Energy is greater than Zero, the
nucleus is stable. If Binding Energy is less than zero, the nucleus is unstable [5].

The nucleons are held in the nucleus by binding energy. Nuclear stability is proportional
to the nuclear binding energy. The more binding energy, the greater the nuclear stability. A
curve can be drawn by plotting the binding energy per nucleon in MeV versus the mass
numbers (A) for various nuclei. The curve is called the binding energy curve. This curve

represents the relative stability of the nuclei of the elements [4,5].

1.2.2 Neutron to proton ratio

The neutron-to-proton ratio is the most important factor in deciding when a nucleus
is stable. The nuclei of elements with (Z<20) are smaller, and their nuclei have a ratio of 1:1
preferring to have an equal number of protons and neutrons. Heavy atoms have a different ratio
than light elements with atomic numbers ranging from 20 to 83. The difference between the
ratios is the repulsive force between protons: the more significant the repulsive force is, the

greater the neutrons needed to stabilize the nuclei.
1.2.3 Number of nucleons

The number of nucleons in a nuclear atom determines its stability There is no stable
nucleus greater than lead-208. This is because, despite being 100 times stronger proton

repulsions, the strong nuclear force only works over relatively small distances [6].



1.2.4 Magic numbers

A Magic number is a number of nucleons either protons or neutrons, separately such
that they are arranged into complete shells within the atomic nucleus. As a result, atomic nuclei
with a 'magic’ number of protons or neutrons are much more stable than other nuclei. The seven
most widely recognized magic numbers are 2, 8, 20, 28, 50, 82, and 126. All the stable
elements at the end of the decay series have a magic number of protons and neutrons. For
example, the nuclei of O-16, He-4, and the Pb-208, having 126 neutrons and 82 protons,

contain a magic number of protons and neutrons, equally stable [7].

1.3 Radioactivity

Radioactivity is the spontaneous emission of radiation of particles or high
energy photons resulting from a nuclear reaction. The process by which the nucleus of an
unstable atom loses energy by emitting radiation such as alpha particles, beta particles, and
gamma rays is known as radioactivity. It is also known as radioactive decay, nuclear decay,
nuclear disintegration, or radioactive disintegration. There are many forms of electromagnetic
radiation, but they are not always produced by radioactivity. For example, a light bulb may
emit radiation in the forms of heat and light, yet it is not radioactive. A substance that contains

unstable atomic nuclei is considered to be radioactive [8].
1.3.1 Natural radioactivity

The elements with a mass number greater than 200 are generally called unstable nuclei.
Among the elements in the periodic table, there are three naturally occurring radioactive series.
These are known as the uranium, actinium, and thorium series. Each series decays through

several unstable nuclei by alpha and beta emission until it reaches a stable lead isotope.
1.3.2 Artificial or Induced radioactivity

Irene Curie and F. Joliot discovered artificial radioactivity or induced radioactivity in
1934. This is also referred to as man-made radioactivity. Artificial radioactivity is the process
by which even light elements turn radioactive by artificial or induced methods. Curie and Joliot
showed that when lighter elements like boron and aluminum were bombarded with -particles,
they continued to emit radioactive radiations even after the alpha source was removed. They
showed that the radiation was caused by the emission of a particle with one unit of positive

charge and the mass of an electron. This particle is known as a positron and the reaction is
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5B10 + sHe* — 7N + ont

The nitrogen atom is radioactive and decays with a half-life of about 10.1 minutes into

a stable isotope of carbon with the emission of a positron [9]
7N — 6C13 + 10

1.4 Units of radioactivity

SI Unit of Radioactivity is Becquerel. The definition of Becquerel is one disintegration
per second. In the laboratory, to measure the convenient size of Radioactive sources, kilo
becquerels, and mega becquerels are used. Radioactivity is also measured by Curie. The
definition of curie is 3.7x10% disintegration per second. Curie is represented by Ci. For
laboratory scale, radioisotope sources are also measured in millicurie and microcurie. One
Becquerel is equal to 2.703 x 10! Curie (1Bq = 2.703 x 10" Ci). Another unit of radioactivity
is Rutherford and Roentgen.

1.5 Law of radioactive disintegration

In 1902, Rutherford and Soddy established this law experimentally in Great Britain.
According to them, when a radioactive material decays, it is independent of chemical and
physical properties and dependent on the number of atoms present at that time. The number of
atoms present changes while disintegration takes place continuously. Hence the rate of

disintegration will change with time.

The law states that "The rate of radioactive decay of an atom at a given time is directly
proportional to the number of nuclei of the elements present at that time." Let N be the number
of atoms present in a particular radio element at a given instant time t. The number of dN that
will decay during the interval dt (from t to t+dt) must be proportional to N and also proportional
to dt.

dN o Ndt
dN = -ANdt

where A is a decay constant or disintegration constant of a radioactive element, and the negative
sign represents the number of atoms of the radioactive element decreases with respect to time
[10,11].



1.5.1 Half-life

The time in which half of the original nuclei decay into daughter nuclei is called the
half-life period. T1/> denotes the half-life period. After two half-lives, there will be one-fourth

of the originals left. After three half-lives, one-eighth of the original sample is left, and so on.
1.6 Types of radioactive decay

Radioactive decay is classified on its properties. There are three basic types of radioactive

decay.
1. Alpha decay
2. Beta decay

3. Gamma decay
1.6.1 Alpha decay

In alpha decay, an atom spontaneously releases a fast-moving particle, and that particle
is composed of two protons and two neutrons. An alpha particle is a helium atom with two
protons and two neutrons in its nucleus. After an alpha decays, the parent atom loses two
protons, so the product that is the daughter atom has to drop back two places in the periodic
table. Alpha particles carry a lot of energy, which is converted to heat as the particles collide
with their surroundings [12].

Pu — oHet + 9UZ®

alpha decay

- particle =2He

Fig. 1.2 Schematic representation of alpha decay



1.6.1.1 Properties of alpha ray

e Alpha particle carries twice the positive charge of a proton, which is equivalent to the
charge on the helium nucleus.

e The mass of an alpha, - particle is approximately four times that of a hydrogen atom,
i.e, it is equal to the mass of the helium nucleus.

e FElectric and magnetic fields deflect alpha (o) particles.

e The velocity of most of the emitted Alpha particles is within the range ~1.5 x 10’m/s
and ~2.2 x 10’m/s.

e Alpha o particles produce fluorescence in certain substances, like barium —
plantinocyanide and zinc-sulfide.

e Alpha rays have less penetrating power compared to other rays.

e Alpha rays affect the photographic plates slightly.

e The range of alpha a particles in air depends upon the radioactive source producing it.
At normal pressure in air, the range of a particles varies from 3 to 8 cm.

e Alpha a particles are scattered while passing through thin metal foils. Most of the a
particles are scattered at small angles, but a few of them are scattered at an angle of
more than 90° also.

e Because of large mass and large velocity, a particles have large ionizing power. Each

a particle produces thousands of ions before being absorbed [12].

1.6.2 Beta decay

Beta radiation produces high-energy electrons, which are called beta rays which are a
much lighter kind of radioactive particle. In this process, a neutron spontaneously changes to a
proton, plus this fast-moving electron that speeds away from the atom. Beta rays are identical
to an electron, but they can also be a positron. The mass of the beta particle is 1/1836 of the
mass of the proton. If the reaction involves electrons, the nucleus sheds out neutrons one by

one.
For example,

90Th®* —» g Pa23 + .0



beta minus decay

neutrino~

B~ particle=1e

Fig. 1.3 Schematic representation of Beta decay

During beta decay, mass number and charge are conserved, and the occurring daughter
product moves one place up in the periodic table and gains of positive charge to the daughter
product due to the loss of negative charge by the nucleus. Beta rays are approximately 100
times more penetrating than alpha rays, and they can penetrate a few mm thick through
aluminum. These rays have less ionization power in the air. Beta particles are emitted with
energies between zero to a certain maximum from a particular beta active element, and this

maximum energy is known as endpoint energy.
1.6.3 Gamma decay

When a nucleus is in an excited state and has too much energy, then gamma decay
occurs to become stable nuclei. Most of the time, after the alpha or beta decay, the gamma
decay has occurred. In gamma decay, only energy is emitted in the form of gamma rays so
that number of protons remains the same and the atom does not become a different element

during this type of decay.

Gamma rays are one of the rays in the electromagnetic spectrum. They have the lowest
wavelength in the electromagnetic spectrum and range between ~1.7 x 108cm and ~4 x 10°®
cm. Gamma-ray photons are more energetic than X-ray photons and also have more penetrating

power than X-rays. Gamma rays are ~100 times more penetrating power than beta rays [13].



camma decay

¥-radiation: high-energy
electromagnetic waves

Fig. 1.4 Schematic representation of Gamma decay

1.7 Application of alpha radiation

Alpha particles are large, powerful subatomic particles that are extremely damaging to

human cells. However, they lose their energy fast, limiting their ability to penetrate materials.

There are numerous methods in which science successfully utilizes alpha radiation to its

advantage.

Cancer Treatment: Alpha radiation is used to treat a variety of cancers. This
procedure, known as unsealed source radiotherapy, involves injecting tiny amounts of
radium-226 into cancerous tumors. The alpha particles destroy cancer cells but lack the
penetrating ability to damage the surrounding healthy cells. Radium-226 has generally
been replaced by safer, more effective radiation sources like cobalt-60. Radium-223 is
still used to treat bone cancer under the brand name Xofigo [13].

Heating Devices: Unlike radioisotope thermoelectric generators, which convert heat to
electricity, radioisotope thermal generators make direct use of the heat produced by
alpha decay [13].

Static Eliminator: Alpha radiation from polonium-210 is often used in industrial
applications to eliminate static electricity. The alpha particles positive charge attracts
free electrons, thus lowering the potential for local static electricity. This is a frequent
technique in paper mills [14].



e Smoke Detector: Alpha radiation can be used as a smoke detector in specific cases.
alpha particles from Americium-241 bombard in air molecules which release electrons.
These electrons have the ability to generate an electrical current. This current is
successfully disrupted by smoke particles [15].

e Spacecraft Power and Pacemaker Battery: Radioisotope thermoelectric generators
have been used to power a variety of satellites and spacecraft, including Pioneer 10 and
11, as well as Voyager 1 and 2. These devices function similarly to a long-lasting
batteries. Plutonium-238 is an incredible fuel source, producing alpha radiation and
generating heat, which is then transformed into electricity. Plutonium-238 has an 88-
year half-life, which could provide a long lifespan for pacemakers. However, they are
no longer utilized due to their toxicity, difficulty with patients traveling, and disposal
issues [15].

e Remote Sensing Stations: The United States Air Force powers remote sensing stations
in Alaska with alpha radiation. The most common fuel source is strontium-90. These
alpha-powered systems allow for long periods of unmanned operation without the need
for repair, but local opposition to the use of radiation is forcing the air force to replace
many of these devices with alternate power sources, such as diesel-solar hybrid
generators. The United States Coast Guard powers some of its oceanic buoys with alpha
radiation. Alpha radiation is also used to power some offshore equipment in the oil
industry [16].

1.8 Objective

The present work has the following objectives:

1. To calculate the alpha decay half-lives (T,,) of the heavy nuclei and
superheavy nuclei using Yukawa-plus- exponential Model.
2. To compare the calculated alpha decay half-lives of heavy and superheavy

nuclei with other works.
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CHAPTER II

REVIEW OF LITERATURE
2.1 Introduction

In 1896, Alpha () decay was first observed as an unknown radioactive phenomenon
by Becquerel. More than a decade later, it is further described as a process that the parent
nucleus emits a *He particle by Rutherford. Subsequently, this process is successfully explained
by Gamow and Condon, and Gurney using the quantum tunnelling effect in 1928. Alpha decay
is one of the dominant decay modes for heavy and superheavy nuclei and can provide rich and
important nuclear structure information, such as ground-state energies, half-lives, nuclear
spins, shell effects, nuclear deformation, and so on. More importantly, observing alpha decay
chains is the only effective approach to identify new elements and /or isotopes at present. So

far the study of a decay is still a popular field in nuclear physics.

The synthesis of superheavy nuclei (SHN) has become a very attractive subject in recent
years. Experimentally, elements with Z = 107-112 have been synthesized in cold-fusion
reactions. While, elements with Z = 113-118 have been successfully synthesized in hot-fusion
reactions. Currently, the synthesis of new elements Z =119 and 120 are also in progress. A
series of synthetic experiments undoubtedly required more accurate theoretical support.
Theoretically, numerous models have been proposed to study a-decay process, such as two-
potential approach, generalized liquid drop model, effective liquid drop model, unified fission
model , the density dependent M3Y effective interaction , etc. There are also lots of empirical
formulae developed to study this process, such as Royer formula, Viola-Seaborg-Sobiczewski
(VSS) formula, Sobiczewski-Parkhomenko (SP) formula, Horoi formula, Santhosh formula

,Ni-Ren-DongXu formula, Deng-Zhang-Royer formula. These works are in good agreement

with the experimental data [17].

Superheavy elements refer to synthesized nuclei with Z > 104. Alpha decay is the
favoured decay mode of such synthesized superheavy nuclei and the decay chain ended with
spontaneous fission. Majority of superheavy nuclei are synthesized in laboratories using heavy-
ion fusion reactions. Nuclei beyond Z = 118 and many isotopes of the synthesized nuclei need
further predictions from theoretical perceptions Half-lives of alpha decay of superheavy nuclei
are calculated within Unified Fission Model (UFM) and analytical formula due to Royer’s
formula [18 ].
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2.2 Theoretical studies of alpha decay of heavy and superheavy nuclei

Akhilesh Yadav et al (2023) [19] have studied the nuclear structure systematics of the
superheavy nuclei lying at the extreme of mass for Z = 120 and their a-decay half-lives using
the relativistic mean-field (RMF) model. The results are obtained using four different point-
coupling parameters after analyzing the reliability of these parameter sets for the binding
energy of experimentally observed nuclei (Z = 100-118) by comparing them with the available
experimental and WS-4 microscopic calculations. The optimal parameter set thus obtained is

further used for predicting the Z =120 a-decay chain and decay half-lives.

D.N. Poenaru et al (2023) [20] have investigated Superheavy nuclei of interest for the
forthcoming synthesis of the isotopes with Z = 119,120. One of the very interesting
experiments is performed at the velocity filter SHIP (GSI Darmstadt), trying to produce 29120
in a fusion reaction 2°2Cm(54Cr,3n)?*°120. They have reported the calculations of o decay half-
lives using four models: AKRA (Akrawy), ASAF (Analytical Super-Asymmetric Fission),
UNIV (Universal Formula), and semFIS (Semi-empirical formula based on Fission Theory).
The released energy, Q, is calculated using the theoretical model of atomic masses WS4. For
92945y cluster radioactivity of 200392120 they have predicted a branching ratio relative to a decay

of —0.10 and 0.49, respectively, which is expected to be measured in a forthcoming experiment.

V. Zanganeh et al (2023) [21] have considered the a-decay half-lives of neptunium (ZNp =
93) nuclei in the case of deformed nuclei in the range 219 < A < 239 using the generalized
liquid-drop model (GLDM) with 1977 nuclear proximity potential suggested by Blocki et al.
(1977). Also, They have analyzed the a-decay half-lives of Np isotopes within the WKB
method and the Deformed Proximity Potential Model (DPPM) and considered the quadrupole
and hexadecapole deformations at 6 = 0, 8 = 30, 6 = 45, and 6 = 90 degrees. The calculated
half-lives and the alpha decay branching ratios are compared with experimental data and are in
good agreement. Comparing the results obtained with the corresponding experimental data and
with the models UNIV, UDL, SemFIS, the Coulomb and Proximity Potential Model (CPPM),
SLB, and Royer and it is found that they match well over a wide range. The calculated results
are in reasonable agreement with the experimental data. DPPM gives reliable and accurate

results for favored a-decays in the neptunium mass region.
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Chen-Qi L et al (2022) [22] have calculated nuclear masses, binding energy, and a-decay half-
lives are intractable for heavy nuclei. They took advantage of the powerful nonlinear
transformation and feature representation ability of deep neural networks (DNN) to predict the
nuclear masses and a-decay half-lives. For the nuclear binding energy prediction problem, they
have achieved standard deviation o = 0.263 MeV on 10-fold cross-validation on 2149 nuclei.
Word vectors which are the high-dimensional representation of nuclei from the hidden layers
of mass-regression DNN, help us to calculate a-decay half-lives. They got 6 = 0.797 on 100
times 10-fold cross-validation on 350 nuclei on log10T12 and 6 = 0.731 on 486 nuclei. DNN is
also used to reduce the residual of the three-parameter Gamow formula on 159 even-even
nuclei, from 0.3627 to 0.2297 on logioT1/2, using 100 times 10-fold cross-validation. They have
found physical a priori such as a shell structure, magic numbers, and augmented inputs inspired
by the finite-range droplet model is important for this small data regression task.

Mayan Ibraheem Khalil and Firas Mohamed Ali (2022) [23] have studied the most
important factors in -decay are the Alpha particle preformation factors P, and the Q. -value,
which provides more information about the nuclear structure. The value, which is retrieved
from the cluster formation model (CFM), is carefully explored, whereas the Q, -value is
identified as (firas ),(F.H1), (F.H2), and (Buck and Merchant), respectively. Hence it turned
out that the alpha decay energy has a significant effect on the accuracy of determining the half-
lives of heavy nuclei. Any change in the alpha decay energy, no matter how small, will have a
very clear effect on the half-life of any nucleus. The Royer and Brown formulas are used to
compute the theoretical alpha decay half-lives. The findings suggest that the and Q. -decay
energies are crucial observable values for conveying information about nuclear shell structure.
In addition, Q. has a good friendship. This has suggested that they could support the Gieger—

Nuttal relationship, particularly in the discovery of new non-existent nuclei.

Song Luo et al (2022) [24] have considered the blocking effect of unpaired nucleons and the
orbital angular momentum taken away by the emitted o particle. They put forward an improved
Geiger-Nuttall law to calculate a-decay half-lives of heavy and superheavy nuclei. There are
three adjustable parameters in this formula, whose values were obtained by fitting experimental
a decay half-lives of 216 nuclei ranging from Z =90 to Z = 118 with N > 130 from the ground
state and/or isomeric state. The calculated results are in good agreement with the experimental
data. The corresponding root-mean-square (rms) were 0.301, 0.587, and 0.541 for 65 even—

even, 116 odd-A, and 35 odd-odd nuclei, respectively. Sobiczewski- Parkhomenko formula
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(SP) proposed by A. Parkhomenko et al are also used. This improved formula is extended to
predict a-decay half-lives for nuclei with Z = 117, 118, 119, and 120.

N. S. Rajeswari and Vasanthi (2021) [25] have used generalizing liquid drop model in order
to describe scattering, fusion, fission, and ground state masses. Krappe and collaborators have
developed a unified nuclear potential. They have incorporated phenomenological parameters
accounting for the attractive force between two separated fragments. One of the
phenomenological parameters involved in this model was the range of folded Yukawa function,
which accounts for t surface diffuseness of the potential and short-range attractive interaction.
A significant effect of this function was noted in preformation probability which improves the
accuracy of half-lives of alpha decay. Half-lives for alpha decay are better obtained for two
values of the range of folding function 0.54 and 0.8 fm for heavy and superheavy mass regions,
respectively. The study has concluded the associated shell structure N = 126 in heavy nuclei

and N = 152, 162, and 184 in superheavy nuclei.

F. Koyuncu (2021) [26] has systematically investigated the experimental a-decay half-lives of
the 263 parent nuclei in the range of 52 < Z < 107 for the ground state to ground state a-
transitions in terms of a molecular potential called the Morse potential by utilizing the Wentzel-
Kramers-Brillouin (WKB) approximation and Bohr-Sommerfeld quantization condition. They
have found the optimum parameters of the Morse potential to explain the a-decay half-lives of
the parent nuclei and compared our results with the unified model for a-decay and a capture
(UMADAC) and the Universal Decay Law (UDL). They have achieved better results than the
UMADAC and UDL models in terms of a few degrees of freedom in calculations of the a-

decay half-lives of the parent nuclei

Jun-Gang Deng and Hong-Fei Zhang (2021) [27] have systematically investigated a-particle
preformation factors, one of the most significant quantities in a decay, which are extracted
from the ratios between theoretical a-decay half-lives calculated by the generalized liquid drop
model and experimental data. The results have indicated both a-particle preformation factors
P, and o decay energy Q. are important observed quantities for revealing the nuclear shell
structure information, and the results show that Z = 82 and N = 126 closed shells play more
important roles than Z = 50 and N = 82 shell closures in which the shell effect of N = 126 is
stronger than that of Z = 82 in the a decay process. Besides, the unpaired nucleons inhibits the
preformation of a-particle. The outstanding precision of this formula in describing the a-

particle preformation factors indicates that it can be used to perform accurate calculations for
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a decay half-lives as well as provide some general guidance for microscopic study on a-particle

preformation factors and nuclear structure.

W. A. Surdoval and D. A. Berry (2021) [28] have presented a new general method for
calculating the alpha decay half-life. The method predicted an a priori exact value for the
beryllium-8 half-life. Beryllium-8 is an exception to the current alpha decay theory captured in
the Geiger-Nuttal law. The new method has predicted the beryllium-8 alpha half-life using only
constants and measured isotopic mass. The method also reliably predicted all the heavier
isotope alpha decay half-lives consistent with the Geiger-Nuttal law. One result is that given
the consistency of the new method presented here for all isotopes, including an exact a priori
result for beryllium-8, the evidence strongly has suggested that the beryllium-8 decay is, in
fact, an alpha decay; a second result has that the method definitively demonstrates that the
entire rest mass of the two helium-4 electrons was converted to energy in the decay process

and this energy becomes part of the emitted alpha particle kinetic energy.

Omar Nagib (2020) [29] has calculated the half-life using the Coulomb and proximity
potential models with a new semiempirical formula for the diffuseness parameter. The half-life
calculations of the present model universal decay law (UDL), generalized liquid-drop model
(GLDM) and experimental half-lives in the region Z = 104 - 118 has been compared. Various
statistical parameters have shown that the present model was the most accurate in reproducing
experimental half-lives, followed by UDL then GLDM. The predicted half-lives of 51 SHN
(Superheavy Nuclei) in the Z =122 - 125 region by the present model has been compared with
those of UDL and GLDM. SHN 2%-307122 and 314320125 are identified as candidates to be
detected.

Jun-Gang Deng et al (2020) [30] have obtained the original Royer formulas and satisfactory
calculations of -decay half-lives for the preferred alpha decay, but when it is expanded to the
unfavorable -decay, significant discrepancies between the calculations and experimental results
may have arisen. The a-decay half-lives of even-even nuclei and odd-A nuclei with Z =117,
118, 119, and 120 have been predicted using our improved formula and universal decay law.
For 2%Ts and 2*Og, predicted a-decay half-lives by our improved formula have shown better
accordance with experimental data, indicating that predictions by our improved formula is
more reliable. The features of predicted a-decay energy and half-lives implied that N = 184 is

the next neutron magic number after N =126.
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O. N. Ghodsi and M. Hassanzad (2020) [31] have calculated a-decay half-lives of a great
number of superheavy isotopes with 106 < Z < 126 within proximity potentials and Coulomb
spherical-deformed potentials. In formalism, they have used Q, from the WS4 formalism to
compute the penetration probability within the WKB approximation and also included the
preformation factor within the CFM. Furthermore, they have compared the obtained half-lives
with the ones computed from semiempirical relationships, such as Royer, VSS, UDL, and

SemFIS2, which has shown a good agreement.

Hong-Ming Liu et al (2020) [32] have investigated the decay preformation factors, P, and the
Alpha decay half-lives of 152 nuclei around Z=82, N=126 closed shells based on the
generalized liquid drop model (GLDM) with P being extracted from the ratio of calculated
decay half-life to the experimental one. The results have shown that there is a remarkable linear
relationship between P, and the N, product of valance protons (holes) and valance
neutrons(holes). At the same time, they extracted the alpha decay preformation factor values
of the even-even nuclei around the Z=82, N=126 closed shells. Finally, using the formula
obtained by fitting the alpha decay preformation factor data calculated by the GLDM, they
have calculated the alpha decay half-lives of these nuclei. The calculated results agree with the

experimental data well.

Aladdin Abdul-latif and Omar Nagib (2019) [33] have calculated a-decay half-lives of super
heavy nuclei (SHN), revealing that the diffuseness parameter is a great bottleneck for achieving
accurate results and predictions. In particular, when the universal proximity function is adopted
for nuclear potential, the half-life was found to vary significantly and nonlinearly as a function
of the diffuseness parameter. To overcome this limiting hurdle, a new semiempirical formula
for diffuseness that is dependent on charge and neutron numbers is proposed in this work.
calculations of half-lives for 68 SHN are compared against experimental data, and the
calculated data is obtained by using a deformed Woods-Saxon, deformed Coulomb potentials
model, and six semiempirical formulas. The predictions of 150 SHN are compared against the
predictions of seven of the current best semiempirical formulas. They have concluded that more
attention should be directed toward obtaining accurate diffuseness parameter values for using

it in nuclear calculations.

D. T. Akrawy et al (2019) [34] have performed a systematic calculation on the alpha decay
half-lives of heavy mass nuclei with 106 <Z < 118, within the universal decay law (UDL) and

modified universal decay law (MUDL). The calculated half-life values are founded to be in
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agreement with the experimental data. The standard deviations of the logarithm of half-lives is
found to be the least for MUDL in all cases of even-even, even-odd, odd-even and odd-odd, so
the MUDL formula is better than UDL formula for a-decay studies. They have predicted half-
lives of some SHN in the region Z = 110 - 118 that are not yet experimentally detected. The

decay energies has been computed using three different mass models.

B. R. Sivasankaran et al (2019) [35] have used Gamow’s theory to systematically compute
the alpha decay half-lives of even-even isotopes between the atomic numbers Z =62 and Z =
118. The decay energy (Q.) values has been extracted from experimental data and the
frequency with which the alpha particle attempts to penetrates the potential barrier of the parent
nuclei is calculated using the classical relations. The calculated half-life is compared with
available experimental data. The computed values using Gamow’s theory are founded to be in

close agreement with the experimental data.

D. N. Poenaru and R. A. Gherghescu (2018) [36] have investigated the superheavy nuclei of
interest for the forth coming synthesis of the isotopes with Z =119, 120. One of the very
interesting latest experiments has been performed at the velocity filter SHIP (GSI Darmstadt)
which is trying to produce 2°°120 in a fusion reaction 2*Cm ( °*Cr,3n) 2°9120. Where port
calculations of a-decay half-lives using four models: AKRA (Akrawy), ASAF (analytical super
asymmetric fission), UNIV (universal formula), and semFIS (semi-empirical formula based on
fission theory). They have predicted a branching ratio relative to a-decay of -0.10 and 0.49
respectively, meaning that it is worth trying to detect such kinds of decay modes in competition

with a-decay.

K.P. Santhosh and C. Nithya (2017) [37] have studied the decay modes of 1051 odd Z
superheavy nuclei within therangel05 < Z <135, and their daughter nuclei by comparing the
alpha decay half-lives with the spontaneous fission half-lives. For a theoretical comparison, the
alpha decay half-lives are also computed with the Coulomb and proximity potential model
(CPPM), Viola-Seaborg-Sobiczewski semi-empirical relation (VSS), Universal curve of
(UNIV), the analytical formula of Royer, and the Universal decay law (UDL). The predicted
decay modes and half-lives are compared with the available experimental results.

S. S. Hosseini and H. Hassanabadi (2017) [38] have calculated the half-lives using the
experimental Q, values. The computed half-life is compared with the experimental data and
with existing empirical estimates and it is founded to be in good agreement. They also have

obtained a-preformation factors from the ratio between theoretical and experimental results for
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some superheavy nuclei and has evaluated the standard deviation. Alpha decay half-lives for
some superheavy nuclei, such as Rf, Sg, Hs, Ds, Cn, Fl, Lv and Og has been analysed using
the Viola-Seaborg, Royer formulae and a new analysis in the Brown formula. The computed
half-life values was compared with the experimental data, and it is indicated acceptable

agreement with some of the systematic empirical correlations.

S. S. Hosseini et al (2017) [39] have studied a- decay half-lives under the Yukawa proximity
potential model. A comparison with the existing experimental data has revealed that Yukawa
proximity potential showed an acceptable agreement, and they have made an analysis of some
isotopes of SHN using the VS and Royer formulae and a new analysis in the Brown formula.
They have been calculating the HLs for some SH isotopes of even-even, even-odd, odd-even,
and odd-odd nuclei as Po, U, Th, Ra, FI, Lv, and Og. The computed half-life values are
compared with the experimental data, and it is indicated acceptable agreement with some of
the 15 systematic empirical correlations. They have depicted some results using empirical and

theoretical ways by comparison with experimental data for SHN.

D.T. Akrawy and D.N. Poenaru (2017) [40] have presented a new semi-empirical formula
for calculations of a-decay half-lives. It is derived from the Royer relationship by introducing
new parameters that have been fixed, to fit a set of experimental data. They have been using
three sets: set A with 130 e-e (even-even), 119 e-o (even-odd), 109 o-¢, and 96 o- 0, set B with
188 e-e, 147 e-0, 131 0-e and 114 o0-o, and set C with 136 e-e, 84 e-0, 76 0-e and 48 00 alpha
emitters. A comparison of results has been obtained with the new formula (newF) and the
following well known relationships: semi-empirical relation based on fission theory (semFIS),
analytical super asymmetric fission (ASAF) model and universal formula (UNIV) made in

terms of rms standard deviation.

C. Nithya and K. P. Santhosh (2017) [41] have studied the alpha decay chains of isotopes of
superheavy nuclei 2’8-2%2Rg and were using CPPMDN. They have predicted 3a chains from the
isotopes 278-280282Rq The isotope 2'Rg decays through spontaneous fission. The obtained
predictions are in good agreement with the experimental results. The alpha decay half-lives has
been calculated using CPPMDN is compared with five other theoretical models. It is seen that
for predicting the decay modes of superheavy nuclei, CPPMDN suits better than the other
models. As they are successful in reproducing the experimental results of 278-282Rg, they
have been planning to extend our work to predict the decay modes of all the isotopes of Rg
within the range 259 < A <339.
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Shan Zhang et al (2017) [42] have improved semi-empirical relation for a-decay half-lives
was proposed by introducing a precise radius formula and an analytic expression for
preformation probability. By using the improved relationship, the a-decay half-lives of 421
nuclei has been calculated. It is shown that the accuracy of this semi-empirical relation was
improved significantly compared to its predecessor. Further research has shown that it also has
reproduced the experimental half-lives of the superheavy nuclei well. Last, with the improved
a formula the a-decay half-lives of the Z =118-121 isotopes have been predicted, which are
helpful for the future experiments. In addition, there is a prediction of a magic number effect
at N =184.

M. Ismail et al (2017) [43] have preformed cluster model, a simple method for calculating T2
of heavy and superheavy nuclei has been derived using the WKB approximation for the
penetration of the Coulomb barrier with the Woods-Saxon potential for the nuclear part and
the Langer modified centrifugal potential for the centrifugal part. Then, the variation of
log10 T2 with neutron numbers of the daughter nuclei was studied. Consequently, it is founded
by simple calculations, for the alpha decay half-lives that N = 126, 152, 162, 178 and 184 are
neutron magic numbers and Z = 108, 114, 118 and 120 are proton magic numbers. In fact, these

magic numbers are in a good agreement with those which have been predicted in other studies.

H.C. Manjunatha and K.N. Sridhar (2017) [44] have formulated the semiempirical formula
for a-decay half-lives of heavy and superheavy nuclei for different isotopes of the wide atomic-
number range 94 < Z < 136. They have considered 2627 isotopes of heavy and superheavy
nuclei for the fitting. The value produced by the present formula is compared with that of
experiments and other eleven models, i.e. ImSahu, Sahu, Royer10, VS2, UNIV2, SemFIS2,
WKB. Sahul6, Densov, VSS and Royer formula. This formula is exclusively for heavy and
superheavy nuclei. a-decay is one of the dominant decay modes of superheavy nucleus. By
identifying the o-decay mode superheavy nuclei could be detected. This formula helps in

predicting the a-decay chains of superheavy nuclei.

B. Gillis Carlssona et al (2016) [45] have presented the a-decay of superheavy nuclei. The
microscopic modelling of a-decay was a challenging theory. The approach discussed gave an
improved description of hindrance factors that are important for predicting decay and half-lives
of superheavy elements. Future experiments might have utilized the reactions such as titanium
on berkelium that could have led to the creation of element 119. For the ®8Cf, 1Fm, 1%No and

104Rf chains, it is possible to measure a-decay to several different final states.
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K. P. Santhosh and C. Nithya (2016) [46] have investigated superheavy nuclei by comparing
the a-decay half-lives with the spontaneous fission half-lives. a-decay half-lives has been
calculated using the Coulomb and proximity potential model for deformed nuclei (CPPMDN).
The agreement between theoretical and experimental o-decay half-lives have shown the
predictability of the CPPMDN in the superheavy region. A modified formula is proposed for
calculating the spontaneous fission half-lives including the shell correction. The agreement
between theoretical predictions and experimental results of spontaneous fission half-lives is
satisfactory for heavy and superheavy nuclei ranging from Th to FI. A comparison between the
spontaneous fission half-lives has been done using eight different formalisms was performed

for even-even superheavy nuclei in the range of 108 < Z < 120.

Xiao-Dong Sun et al (2016) [47] have studied a decay half-lives for even-even nuclei from
Z =62 to Z =118 are systematically based on the two-potential approach with a quasistationary
state approximation. As for the nuclear potential, the isospin effect is considered, which slightly
improves the results by 6.8%. To reduce the deviations between experimental half-lives and
calculated results due to the nuclear shell structure, the analytic expression of hindrance factors
is employed. The results can reproduce the experimental half-lives as good as using the density-

dependent cluster model and the generalized liquid drop model.

X J Bao et al (2015) [48] have investigated a-decay half-lives of recently synthesized
superheavy nuclei (SHN) by employing a unified fission model (UFM) and Royer’s analytical
formula. The good agreement with the experimental data has indicated the UFM and the
analytical formula are useful tools to investigate these a-decays. A modified formula is
proposed for determining the spontaneous fission half-lives based on Swiatecki’s formula,
including the microscopic shell correction and isospin effect. They have calculated
spontaneous fission half-lives for heavy and SHN in regions from Th to Fl systematically.
Experimental data are well reproduced by the modified Swiatecki formula. They have predicted
decay modes for the unknown cases and competition between a-decay and spontaneous fission

is analyzed detailly.

Y. Z. Wang et al (2015) [49] have calculated Q. values and a-decay half-lives of the SHN
with Z > 100 by using 20 models and 18 empirical formulas, respectively. By comparisons
between the calculated results and experimental data, it was shown that (i) the WS4 mass model
was the most accurate one to reproduce the experimental Q. values of the SHN. (ii) although

some nuclear mass models, such as FRDM and SNMF, has higher accuracy in reproducing the
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measured nuclear masses, they might have noted to scribe the Qa values of the SHN precisely.
(iii) because the parameters in the SemFIS2 formula were from the experimental a emitter data
of trans uranium nuclei, including SHN (Z = 92 - 118), it is the best one to predict the a-decay
half-lives of the SHN. (iv) The UNIV2 formula with the fewest parameters and the VSS, SP,
and NRDX formulas with fewer parameters worked well in predicting the SHN a-decay half-
lives. Finally, the a-decay half-lives of Z =110 - 120 were predicted within the SemFIS2, VSS,
SP, NRDX, and UNIV2 formulas by inputting the Qa values extracted from the WS4 mass
model.

Yibin Qian and Zhongzhou Ren (2014) [50] have studied the a-decay half-lives of
superheavy odd-Z nuclei within the density-dependent cluster model, including the nuclear
deformation effect. The decay energy Q has been obtained as the difference between the parent
and the two decay products plus the electron screen correction, based on two calculated masses,
namely the FRDM and KTUYO0S5. The competition between a-decay and spontaneous fission
was being performed via an improved phenomenological description of spontaneous fission
half-lives. In addition, the heavier cluster decay is supposed to be not competitive with the two
decay modes from the empirical estimations. It has been founded that the calculated result was

in good agreement with the available experimental data.

N. S. Rajeswari and M. Balasubramaniam (2013) [51] have studied the alpha decay half-
lives of 108 even-even isotopes of heavy nuclei within a modified unified fission model for the
use of different nuclear surface energy coefficients (y — MN76, y — MNO95, y — MS67 and y —
MSO00) entering in the calculation of proximity potential, for the use of two different forms of
overlapping potentials, linear and second-order polynomial forms. The exact fitting of the half-
lives for the isotopes of Ra, Th, and U is obtained by introducing a parameter R, which extends
the touching point radius. A linear relation connecting this parameter AR and the Q-value of
the decay is obtained with a constraint to have a continuity of the potential in the overlapping
and non-overlapping regions. For the use of this linear relation, half-life values are calculated
for all 108 even-even isotopes of heavy nuclei. Calculated half-lives for the use of different
versions of nuclear surface energy coefficients, using both linear and polynomial overlapping

potentials, compared well with the experimental values.

Ren Yuejiao and Ren Zhongzhou (2013) [52] have calculated the half-lives of Z=85- 91
nuclei with new Geiger-Nuttall law and has tested the validity of new Geiger-Nuttall law for

odd - Z isotopic chains. It is discovered that the new law could have been applied to odd-Z
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nuclei without the additional introduction of new parameters. A new island with abnormally
long half-lives manifested itself for Z = 85 - 92 isotopes with N < 126 due to the spherical shell
closure. This is the first island with abnormally long half-lives beyond the stable line. The
mechanism of the appearance of this island could have been used to explore other long-lifetime
islands beyond the stable line. It is also used for investigating the variation of magic numbers

for nuclei which is far from stable.

Hiroyuki Koura (2012) [53] have derived a phenomenological formula for alpha decay half-
lives with a global parameter set. It has been constructed in a conventional way by considering
the penetrability of a charged particle in a spherical Coulomb potential. Parameters 19 in the
formula had been fixed because they had been determined by physical constants except for the
following three adjustable parameters. The distance between the charge radius and the radius
of an inner point of the Coulomb barrier, ro, and the odd-mass hindrance, ho. Parameter values
are reasonably consistent with physical considerations. The root-mean-square deviations from
experimental partial half-lives for even-even, odd-A, and odd-odd nuclei are 0.344, 0.740, and
0.940 (in log10), respectively. The obtained formula has given half-lives that were two or three
times longer than those obtained using the Viola-Seaborg formulae in the superheavy nuclear

mass region.

H.F. Zhang et al (2012) [54] have introduced the term “island of stability” of superheavy
nuclei due to shell effects, and the a-decay half-lives of these nuclei are predicted by him. The
calculations of the binding energies within a new Macroscopic-Microscopic Model (MMM)
are performed, and it is compared with the experimental data for heavy nuclei from Md to the
Z = 118 elements. It is an excellent agreement. The data have confirmed that the ?/°Hs is a
deformed double sub-magic nucleus beyond 2°Pb. The features of a-decay energies and one-
proton-separation energies from the MMM has revealed that the next double magic nucleus
after 2’°Hs should be 2°®114. The a-decay half-lives are determined using a generalized liquid
drop model (GLDM) with the Q. from the MMM for Hs and Z = 114 isotopes, respectively.

Yuejiao Ren and Zhongzhou Ren (2012) [55] have proposed the new Geiger-Nuttall law for
the calculations of a-decay half-lives where the effects of quantum numbers had been naturally
taken into account. This approach included the change of the node number of the wave function
of the a-core relative motion in the Geiger-Nuttall law. By including the change of quantum
numbers, the available data of a-decay half-lives of ground-state transitions in even-even

nuclei, both N > 126 and N > 128, are well reproduced. The new Geiger-Nuttall law is an
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important development to the original Geiger-Nuttall law or the Viola-Seaborg formula based
on quantum theory, and it is an extension of the original Geiger-Nuttall law to a-decay of a
broader range of nuclei and transitions. It has been expected that the extension was useful for
similar decay processes, such as cluster radioactivity and proton emissions.

Jianmin Dong et al (2010) [56] have investigated the half-lives of a-decay for SHN in the
framework of the Unified Fission Model (UFM) with a new method for assault frequency. No
adjustable parameter is involved in the calculations. The results of the present calculations
using the UFM were in excellent agreement with the experimental data. For some nuclei in
282113, 280111, and 2°111 a-decay chains, the half-lives from the UFM, together with other
models, are underestimated by a few times, possibly from the nonzero angular momentum
transfers. They have also found that Q. value dependence of the a-decay half-life becomes
increasingly a new element 117 and the experimental measurements to a certain extent. Finally,
they have mentioned that Q. value and half-life are insufficient to obtain more information
about the nuclear structure and other properties of SHN (such as rotational bands, isomeric
states, and various deformations) that deserve intensive study.

Ni and Zhongzhou Ren (2010) [57] have presented a new theoretical approach to evaluate the
a-decay study of well-deformed even-even nuclei by the multichannel cluster model (MCCM).
Based on the axially deformed Woods-Saxon potential, the coupling potential is taken into full
account in terms of the general quantum theories, and the decay width is computed by utilizing
the quasibound solution of the coupled-channel Schrodinger Equation. This is the first four-
channel calculation of a-decay within the framework of the coupled-channel approach. The
results that have been shown were very satisfactory. Some predictions of the branching ratios

to high-spin daughter states are made for superheavy nuclei.

V. Yu. Denisov and A. A. Khudenko (2010) [58] have estimated the a-decay half-lives of
even-even SHEs within the range of proton numbers 104 < Z < 126, which might be formed
by possible cold and hot fusion reactions, in the framework of various approaches 21 for a-
decay half-life evaluation and by using the Q values of o transitions are obtained within
different approximations for atomic masses. Spectacular differences between the Q values and
half-lives are calculated in the framework of various approaches in the range Z > 118 and 180
< N < 192 could have been used for the discrimination of a correct theoretical approach for
atomic masses. Because of this, experimental studies of SHEs with Z =126 and N = 184 are

very desirable.
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H. F. Zhang et al (2009) [59] have investigated Experimental o decay energies and half-lives
systematically to extract a particle preformation in heavy nuclei. Formulas for the preformation
factors are proposed that can be used to guide microscopic studies on preformation factors and
perform accurate calculations of the o decay half-lives. There is little evidence for the existence

of an island of long stability of superheavy nuclei.

H. F. Zhang and G. Royer (2008) [60] have presented the even-even nuclei from Z =52 to Z
= 118. The decay constants have been obtained from the experimental half-lives. The
penetration probabilities have been calculated from the WKB approximation, and the
penetration barriers are constructed with the GLDM. The preformation factors are not constant
for these nuclei and have shown regular law for the studied isotopes. The penetrability is
determined mainly by the behavior of the decay constant. The study has been extended to the
even-even superheavy nuclei. The penetration probabilities were relatively very large, and its
range is narrow for the heaviest nuclei. So, it was easy for the a-particle to escape from these

nuclei as soon as they were formed, confirming that the superheavy nuclei are weakly bound.

G. Royer and H.F. Zhang (2008) [61] have compared the a-decay half-lives with the results
obtained from previously proposed formulas, which depended only on the mass, charge
numbers of the o emitter, and the Q. value. For the heaviest nuclei, they have compared with
calculations using the density-dependent M3Y (DDM3Y) effective interaction and the
ViolaSeaborg-Sobiczewski (VSS) formulas. The correct agreement have allowed them to make
predictions for the a-decay half-lives of other still unknown superheavy nuclei from those
analytic formulas using the extrapolated Q. of G. A. Audi et al. mass table.

Zhongzhou Ren and Chang Xu (2008) [62] have investigated the a-decay half-lives of
superheavy nuclei (Z=115—113—111) by the density-dependent cluster model. The
theoretical a-decay half-lives have been calculated by using the renewed experimental a-decay
energies. The agreement between theory and experiment is generally reasonable for those odd-
Z superheavy nuclei. The deviations between experimental and calculated half-lives are within
a factor of 5 for most nuclei by taking into account, and influence of the non-zero angular

momentum.

D. N. Poenaru et al (2007) [63] have produced the potential barrier for the 2°0 radioactivity
of 228Th for the first time by adding the shell and pairing corrections to the phenomenological
deformation energy. The analytical super-asymmetric fission (ASAF) model predictions have

been confirmed. The fine structure of the emitted cluster is not detected till now. The strong
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shell effects of the daughter 2°®Pb are not fully exploited. New experimental searches could be
performed. The expected half-lives could have been estimated by using the universal curves.
The ASAF model and the universal curves might be used to calculate the half-lives against the

a-decay of superheavy nuclei.

Chang Xul and Zhongzhou Ren (2007) [64] have systematically analyzed the a-transitions
to ground and first excited O+ states in neutron-deficient Pb and Po isotopes by the density-
dependent cluster model. The magnitude of nuclear deformation of the coexisting 0" 1 and 0%,
states is extracted directly from the experimental a-decay energies and half-lives. They clearly
demonstrated the phenomenon of shape coexistence around the Z = 82 shell closure in this
analysis. The obtained deformation values from Rn — Po — Pb decay chains are generally

consistent with both the available experimental and theoretical studies.

Chang Xu and Zhongzhou Ren (2007) [65] have systematically studied the a-decay half-
lives of the exotic N = 125, 126, and 127 isotones (Po, Rn, Ra, Th, and U) by the density-
dependent cluster model (DDCM). The influence of the neutron shell closure N = 126 on the
a-cluster formation and penetration probabilities are analyzed and discussed in detail. By
combining the DDCM and a two-level microscopic model together, the experimental half-lives
of a transitions to both the ground state and the excited state in the daughter nuclei are

reproduced very well.

Chang Xu and Zhongzhou Ren (2008) [66] have investigated the a-decay half-lives of
ground and isomeric states of exotic nuclei around the shell closures Z = 82 and N = 82 by the
density-dependent cluster model (DDCM). The calculations have concentrated on four kinds
of favored a transitions: (1) ground state to ground state, (2) ground state to isomeric state, (3)
isomeric state to ground state, and (4) isomeric state to isomeric state. The calculated a-decay
half-lives of both ground and isomeric states are found to be in good agreement with the
experimental data. Useful predictions on the partial half-lives of several o emitters are made

for future experiments.

Chang Xu and Zhongzhou Ren (2006) [67] have calculated the a-decay half-lives of ground-
state transitions of even-even nuclei with Z = 52 - 104. The double-folding potentials between
the spherical a-particle and the deformed daughter nucleus have been evaluated by the
multipole expansion method. The nuclear and Coulomb potentials are fully microscopic and
well-grounded in physics because the popular M3Y nucleon-nucleon interaction is used for

calculations. It is found that the nuclear deformations significantly affect the barrier penetration
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probabilities, and the reason has been explained. The theoretical a-decay half-lives are found

to be in excellent agreement with the experimental data.

Xu and Zhongzhou Ren (2006) [68] have carried out a global calculation of favored a-decay
half-lives of both even-A and odd-A deformed nuclei in the framework of a deformed version
of the density-dependent cluster model (DDCM). The influence of nuclear deformation on a-
decay half-lives is taken into account in the deformed DDCM. The microscopic potential
between the spherical o particle and the deformed daughter nucleus is evaluated numerically
from the double-folding model by the multipole expansion method. The deformation and
orientation dependence of the a-core potential was analyzed and discussed. The 485 total
number of a emitters is calculated in this article, and this covers the nuclei with Z = 52-110.
This study showed a-decay half-lives on both even-A and odd-A nuclei with deformed
microscopic potentials. The numerical results obtained by the deformed DDCM were in good

agreement with the experimental data.

Chang Xul and Zhongzhou Ren (2006) [69] have investigated the half-lives of newly
observed a-emitters 1%Te and %°Xe by the density-dependent cluster model. The half-lives of
a-emitters close to the N = Z line are also studied in a unified framework where the influence
of the nuclear deformation was properly taken into account. Good agreement between the
model and data was obtained, and some possible a-emitters are suggested for future

experiments.

M. M. Sharma and A. R. Farhan (2005) [70] have investigated the properties of a-decay
chains of recently produced superheavy elements Z = 115 and Z = 113 using the new
Lagrangian model NL-SV1 with the inclusion of the vector self-coupling of the ® meson in the
framework of relativistic mean-field theory. It has been shown experimentally that the observed
a-decay energies and half-lives are reproduced well by this Lagrangian model. Further
calculations for the heavier elements with Z =117 - 125 have shown that these nuclei are super
deformed with a prolate shape in the ground state. A super-deformed shell closure at Z = 118
lends additional binding and extra stability to nuclei in this region. Consequently, it is predicted
that the corresponding Q. values provide a-decay half-lives for heavier superheavy nuclei
within experimentally feasible conditions. The results are compared with those of macroscopic-

microscopic approaches.

V. Yu. Denisov and H. Ikezoe (2005) [71] have derived the set of parameters for a-nucleus

potential by using the data for both the a-decay half-lives and the fusion cross sections around
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the barrier for reactions a + *°Ca, o + *°Co, and a + 2®Pb. The a-decay half-lives are obtained
in the framework of a cluster model using the WKB approximation. The evaluated a-decay
half-lives and the fusion cross sections agrees well with the data. Fusion reactions between o
particles and heavy nuclei can be used for both the formation of very heavy nuclei and

spectroscopic studies of the formed compound nuclei.

Chang Xu and Zhongzhou Ren (2005) [72] have done a systematic calculation on a-decay
half-lives of medium mass nuclei by the improved version of the density-dependent cluster
model, in which the nuclear potential between a-particle and daughter nucleus is obtained from
the double-folding integral of the renormalized M3Y nucleon—nucleon interaction with the
matter density distributions of a-particle and daughter nucleus, and the Coulomb potential is
obtained from the double-folding integral of the proton—proton Coulomb interaction with the
charge density distributions of a-particle and daughter nucleus. For the favored transitions from
nuclear ground states, the theoretical partial half-lives of a-decay are in good agreement with
experimental ones. On average, the density-dependent cluster model can reproduce the
experimental a-decay half-lives of nuclei with Z = 52-80 to within a factor of 3 or better.
Therefore, DDCM gives reliable and accurate results for favored a-decays in the medium mass

region.

Y. K. Gambhir et al (2005) [73] have studied systematic and comprehensive study of the
decay half-lives of nuclei appearing in the observed a-decay chains of superheavy elements
(Z =108 - 118). The ground-state properties of the relevant nuclei have been calculated within
the framework of the Relativistic Mean-field (RMF) theory. The calculation proceeded in three
steps. First, the relativistic mean-field equations have been solved in the axially symmetric
deformed oscillator basis to obtain ground-state properties such as binding energies, radii,
deformations, and densities. The results are in good agreement with the available experimental

systematics, as expected.

D. S. Delion et al (2004) [74] have analyzed the alpha decay between ground states along N—Z
chains in deformed heavy and superheavy nuclei by using the pairing approach. They have
shown that the derivative of the preformation amplitude is practically a constant along any
chain, while that of the outgoing wave function changes exponentially upon the Coulomb
parameter. This lead to the breakdown of the continuity equation and, therefore, to wrong decay
widths. The behavior cannot be explained within the standard shell model, and significantly

correct this deficiency by considering an a-cluster factor in the preformation amplitude,
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depending exponentially upon the Coulomb parameter. Thus, four-body correlations,
connected with the radial shape of the preformation factor, are directly evidenced by the a-
decay systematics. Moreover, this procedure, in principle, fully determines the Q value and is
an important development in the a-decay theory. It also has allowed analyzing the relative a-

clustering structure of the emitter.

Zhongzhou Ren (2002) [75] has investigated the structure of even-even superheavy nuclei
with proton number Z=100 - 116 in the RMF model. This is the first systematic comparison
between the theoretical binding energies of the RMF model and available data. The calculated
binding energy have agreed well with the data. The calculations also set an upper limit and a
lower limit for the binding energy based on the comparison with the present data. This is useful
for guiding future experiments on superheavy nuclei. The RMF results have shown that there
is shape coexistence in superheavy nuclei, and deformations could have appeared for many
superheavy nuclei. In some cases, the superdeformed configuration is the ground state of
superheavy nuclei, especially for nuclei around Z = 114 and N = 174. The RMF result is in
good agreement with the experimental alpha decay energies and lifetimes.

G Royer (2000) [76] has determined the potential energy governing o emission within a liquid
drop model, including proximity effects between the o particle and the daughter nucleus, and
adjusted to reproduce the experimental Q.. The a emission half-lives have been deduced from
the WKB barrier penetration probability for spontaneous asymmetric fission. The RMS
deviation between the theoretical and experimental values of 10g10[T12(s)] is only 0.63 for a
recent data set of 373 o emitters and 0.35 for the subset of even—even nuclides. Predictions for
the heaviest and superheavy elements are presented, as well as simple analytical formulae for
log1o[T12(S)].

D. N. Poenaru and M. lvascu (1983) [77] have improved up-to-date versions of the known
alpha decay half-lives formulae are obtained by changing the additive parameters in order to
have a vanishing mean value of the absolute errors. A new semiempirical relationship is derived
on the grounds of the fission theory of alpha decay. It has taken into consideration explicitly
the dependence on the difference from magicity both of the neutron and proton numbers and

to obtain better agreement with experimental data.

D N Poenaru et al (1979) [78] have computed Q values and half-lives in the two-center
parametrization by using the liquid-drop-model generalization, replacing the surface energy

with a folded Yukawa plus exponential potential. Alpha decay is considered to be a very
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asymmetric fission process with fragments of different charge densities. An empirical shell
correction is introduced to obtain the experimental Q values exactly. The experimental half-
lives for the alpha decay of Ra, Th, U, Pu, Cm, Cf, Fm, and No even-even isotopes are well

reproduced.

D. N. Poenaru and M. lvascu (1983) [79] have estimated that alpha decay partial half-life
could be made by using semiempirical relationship. After changing the additive parameters of
the examined formulae in such a way that the mean n value of the errors (1/n) (Ti/Tiexp)
vanishes in each group of the nuclei (e-e, 0-e, e-0, and 0-0), the standard deviation, 0’ of log T
values is usually reduced. In this way, an up-to-date version of the known formulae has been
obtained. The Keller-Miinzel relationship was the best of all formulae, but even this has an
increased error in the vicinity of the magic number of neutrons N = 126. This is practically

smoothed by the present formula for e-e nuclei.
2.3 Experimental studies of alpha decay of heavy and superheavy nuclei

Wouenschel et al (2018) [80] have explored the production of alpha particle decaying heavy
nuclei in reactions 23U + 232Th of 7.5 - 6.1 MeV/nucleon using an in-beam detection array
composed of YAP scintillators and gas ionization chamber-Si telescopes. They have compared
the alpha energies and half-lives for the observed products with those of the previously known
isotopes, and that comparison indicates the observation of a number of previously unreported
alpha emitters. They have even observed decay energies of alpha particles reaching as high as
12 MeV. Many of these are expected to be from the decay of previously unseen relatively

neutron-rich products.

Vladimir Utyonkov et al (2016) [81] have studied the discovery and investigation of the
“Island of stability” of superheavy nuclei at the separator DGFRS in the 28U - 2°Cf + “8Ca
reactions. The results are compared with the data obtained in chemistry experiments and at the
separators SHIP, BGS, TASCA, and GARIS. The synthesis of the heaviest nuclei, their decay
properties, and methods of identification is discussed. The role of shell effects in the stability
of superheavy nuclei is demonstrated by a comparison of the experimental results and

theoretical data.

J. Khuyagbaatar et al (2014) [82] have produced the superheavy element with atomic number
Z =117 as an evaporation residue in the “8Ca + 2*°*Bk fusion reaction at the gas-filled recoil

separator TASCA at GSI Darmstadt. The radioactive decay of evaporation residues and their

29



a-decay products is studied using a detection setup that allowed measuring decays of single
atomic nuclei with half-lives between sub-us. Two decay chains comprising seven o decays
and spontaneous fission each was identified and assigned to the isotope 2°4117 and its decay
products. A hitherto unknown a-decay branch in 2°Db (Z = 105) is observed, which populated
the new isotope 2%°Lr (Z = 103). The identification of the long-lived (T12=1.0-0.9 +1.9 h) a-
emitter 2’ Db marks an important step towards the observation of even more long-lived nuclei

of superheavy elements located on an “island of stability.”

Yu. Ts. Oganessian et al (2013) [83] have studied the superheavy nuclei produced in the 4Bk
+ %8Ca reaction performed using the Dubna Gas Filled Recoil Separator. It has been
corroborated through the observation in a total of 11 additional decay chains originating from
the 4n evaporation product, 2117, and three decay chains of the 3n channel, 24117, of the
reaction 2Bk + “8Ca. The radioactive decay properties of the twelve 293294 117, 289290115
285286113, 281282Rq, 277218 Mt, 274Bh, and 2"°Db isotopes measured in this work are in full
agreement with the results of the first experiment as well as with the decay data determined for
289115, 28°113, and 28'Rg measured in the cross-bombardment 22Am(*8Ca,2n) 289115 reaction.
The decay properties of odd-Z nuclei produced in the 249Bk + 48Ca reaction are in good

agreement.

Yu. Ts. Oganessian (2012) [84] has reported the discovery of a new chemical element with
atomic number 117, corroborated through the observation of five additional decay chains
originating from the 4n evaporation product, 23117, and two decay chains of the 3n channel,
294117, of the reaction 2*°Bk + “8Ca. The radioactive decay properties of the 11 isotopes
293294117 289290115 285286113 281282 Ry 278\ft, 274Bh, and 2’°Db measured in this work are in
full agreement with the results of the first experiment as well as with the decay data determined
for 289115, 285113, and 'Rg measured in the cross-bombardment reaction 2*Am(*Ca,
2n)?89115. The decay properties of the heaviest nuclei are determined more 25 accurately and
demonstrated once more the decisive role of nuclear shell effects in the stability of superheavy

nuclei.

Yu. Ts. Oganessian et al (2011) [85] have identified the heaviest isotopes of elements Z =117
to Z = 105, 2% 117, 2117, 20115, %9115, 28113, 285113, %2Rg, 2'Rg, 2/8Mt, 2"Bh and Db,
by means of the Dubna gas-filled recoil separator among the products of the 4Bk + “3Ca
reaction. In the fusion reaction of the radioactive target nuclei 2*°Bk and the doubly magic *®Ca

ions, a new chemical element with the atomic number Z = 117 was synthesized. In the
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experiments at E* = 35 and 39 MeV that correspond to the expected maximum cross sections
of the channels associated with the evaporation of three and four neutrons, the production of
two isotopes of element 117 with similar properties is observed. These correspond to 2%4117
and 2%117. Decay characteristics of the eleven new isotopes produced in the reaction 24°Bk +
“8Ca are in good agreement with those expected based on the properties of the neighboring

even-Z and odd-Z nuclei.

J. M. Gates et al (2011) [86] have performed experiments with the new recoil separator,
Transactinide Separator, and Chemistry Apparatus (TASCA) at the GSI by using beams of
“8Ca to irradiate targets of 2°2%8 Pp, which led to the production of 2272%*No isotopes. The
isotopes of element 114 (*%°2°! 114) are produced in irradiations of 2**Pu targets with “8Ca
beams at compound nucleus excitation energies around 41.7 and 37.5 MeV, demonstrating
TASCA'’s ability to perform experiments with picobarn-level cross sections. A total of 15
decay chains are observed and are assigned to the decay of 2#%2°1114. A new a-decay branch

in 281 Ds is observed, leading to the new nucleus 2’"Hs.

P.A. Ellison et al (2010) [87] have produced the new, neutron-deficient, superheavy element
isotope 28114 in “®Ca irradiations of 2*2Pu, which targets at a beam energy of 256 MeV (E* =
50 MeV). The a-decay of 2114 was followed by the sequential a-decay of four daughter
nuclides, 21Cn, 2"'Ds, ?"*Hs, and 25°Sg. 255Rf is observed to decay by spontaneous fission. The
measured a-decay Q values are compared with those from a macroscopic-microscopic nuclear

mass model to give insight into superheavy element shell effects.

Yu. Ts. Oganessian et al (2010) [88] have reported the discovery of a new chemical element
with atomic number Z = 117. The isotopes 2117 and %4117 are produced in fusion reactions
between “8Ca and 2*°Bk. Decay chains involving 11 new nuclei are identified by means of the
Dubna gas-filled recoil separator. The measured decay properties have shown a strong rise of
stability for heavier isotopes with Z > 111, validating the concept of the long-sought island of

enhanced stability for superheavy nuclei.

H. F. Zhang et al (2009) [89] have investigated the experimental a-decay energies and half-
lives systematically. The neutron magic number N = 126 is crucial for long a-decay half-lives.
There is little evidence for the existence of an island of stability of superheavy nuclei with half-
lives as long as the half-lives of elements observed in nature. The half-lives should be several

or several tens of seconds or minutes in the case in which this island of stability had existed. A
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formula for the preformation factors is proposed, which could be used to provide general

guidance for microscopic study on preformation factors and nuclear structure.

L. Stavsetra et al (2009) [90] have presented the independent verification of the production of
element Z=114 in the reaction of 244-MeV “8Ca with 2*?Pu. Two chains of time and position-
correlated decays have been assigned to 266114 and 267114. The observed decay modes, half-
lives, and decay energies agree with the published results. The measured cross sections at a
center-of-target energy of 244 MeV for the 2*? Pu (*®Ca, 3-4n) 8728 114 reactions are

1.4132 pb each, which are lower than the reported values.

Yu. Ts. Oganessian et al (2007) [91] have measured the decay properties of the new isotope
282113 and its daughter nuclei in the 2*’Np (*Ca, 3n) 282113 reaction. During irradiation with a
beam dose of 1.1 x 10%° 244-MeV “¢Ca projectiles, two decay chains originating from the odd-
odd isotope 262 113 (E, = 10.63 + 0.08 MeV, T, =73-29 *** ms) are produced in the complete

fusion reaction with a cross-section of 0.973-¢ pb, these properties are all in agreement.

Yu. Ts. Oganessian et al (2006) [92] have synthesized the new element with atomic number
118 for the first time in the 2*°Cf + *8Ca reaction. The isotope of the element Z = 116 daughters
was studied in the 2*°Cm (*¥Ca, 3n) ?°°116 reaction, and the isotope of the element Z=114
granddaughters was studied in the 2*2 Pu (*®Ca, 4n) 86114 reaction. The even-even 294118
nuclide undergoes consecutive decays, al — a2 —SF/a3 —SF. The decay chains are
terminated by the spontaneous fission of the granddaughter or great-granddaughter nuclei,
286114 or 282112, respectively. The a-decay energy of 2*4118 is Q, = 11.81 + 0.06 MeV, and the
half-life is T, = 0.89-0.31 "% ms. These decay properties are in agreement with that one can
expect for the ground-to-ground state a transition of an element Z=118 isotope from the
systematic behavior of Ta vs Qa. for even-even isotopes. The measured Q, Tq, and TSF values
of the 2°4118, 20 116, 26114, and %2112 nuclei agree well with the properties of other
previously synthesized isotopes and with the theoretically predicted properties of the

superheavy nuclei in the region of Z =110 - 118 and N =169 - 177.

P. Roy Chowdhury et al (2006) [93] have analyzed the half-lives for alpha radioactivity with
microscopic nuclear potentials. They have obtained it by the double folding procedure by using
the DDM3Y effective interaction. The results of the present calculations have been made with
DDMB3Y and are in good agreement with the published experimental data for the half-lives of
the o decays from the isotopes of elements Z = 112, 114, 116, and 2*118 and from some decay
products. The released energies Q, to which the calculations were quite sensitive when
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calculated from the microscopic-macroscopic model, masses do not provide excellent
agreement with those observed for super heavies. Nevertheless, the positive decay Q values

have supported these a-decay modes.

Yu. Ts. Oganessian et al (2004) [94] have presented the synthesized element Z=115 isotopes
in the 23Am + “8Ca reaction. With a beam dose of 4.33x10%8 248-MeV “8Ca projectiles, they
have observed three similar decay chains consisting of five consecutive o decays, all have been
detected in time intervals of about 20 s and is terminated at a later time by spontaneous fission
with a high-energy release (total kinetic energy, 220 MeV). The decay properties of these
synthesized nuclei are consistent with consecutive a decays originating from the parent
isotopes of the new element Z=115, 28115, and 267115, produced in the 3n- and 4n-evaporation

channels with cross sections of about 3 pb and 1 pb, respectively.

V. Bareci et al (2003) [95] have produced the level structure of 22°Th by alpha particle decay of
233U, which is studied with y- ray spectroscopy measurements. The sources continuously
separated the daughters from ion-exchange chromatography methods. Energies and intensities
of about 220 y rays were accurately determined. About 70 transitions are reported for the first
time, especially in the 300-700 keV energy range. A 2°Th level scheme is proposed, accounting
for 220 transitions among 47 excited states. The agreement with experimental data that has

been shown was to be satisfactory.

Yu. Ts. Oganessian et al (2001) [96] have produced the first decay event of the new nuclide
292116 in an experiment devoted to synthesizing Z = 116 nuclei in the *8Cm + “8Ca reaction.
The implantation of a heavy recoil in the focal-plane detector was followed at 46.9 ms by an o
particle with E, = 10.56 MeV. The energies and decay times of the descendant nuclei are in
agreement with those observed in the decay chains of the even-even isotope 23114, previously
produced in the 2**Pu + “8Ca reaction. Thus, the first alpha decay should be attributed to the
parent nuclide 22116 produced via the evaporation of four neutrons in the complete fusion of

248Cm and “8Ca.

S. Hofmann and G. Munzenberg (2000) [97] have predicted the nuclear shell model that the
next doubly magic shell closure beyond ?®Pb was at a proton number between Z = 114 and
126 and at a neutron number N = 184. The outstanding aim of experimental investigations is
the exploration of this region of spherical superheavy elements (SHE’s). This work has
described the experimental methods that led to the identification of elements Z = 107 to 112 at

GSI, Darmstadt. In a study of the reaction 8Kr + 2°8pb, 294118, three decay chains are measured
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and is assigned to the superheavy nucleus 2°3118. The decay data revealed that, for the heaviest
elements, the dominant decay mode is alpha emission, not fission. At a higher sensitivity, the
exploration of the region of spherical SHE’s seemed to be feasible more than 30 years after it

is predicted.

Yu. Ts. Oganessian et al (1999) [98] have observed the decay sequence consisting of an
implanted heavy atom in the bombardment of 2**Pu with “8Ca with three subsequent alpha
decay and spontaneous fission (SF) all correlated in time and position. The measured alpha
energies and corresponding time intervals were E, = 9.71 MeV (At =30.4 s), 8.67 MeV (At =
15.4 min), and 8.83 MeV (At = 1.6 min) for the SF (At =16.5 min), the total deposited energy
was approximately 190 MeV. The a-particle energies, together with the decay times and SF
terminating the chain, offer evidence of the decay of nuclei with high atomic numbers. This
decay chain is a good candidate for originating from the o-decay of the parent nucleus 289114,
produced with a cross-section of about 1 pb.

Yu. A. Lazarev et al (1995) [99] have discovered the n-decaying nuclide 267108 with a half-
life of 19%23ms, E = 9.74 to 9.87 MeV, and the production cross-section of about 2.5 pb in
bombardments of 23U targets with 186-MeV **S projectiles. The new nuclide have been
identified by measuring correlations in energy, time, and position to establish genetic links
between its implantation in a position-sensitive silicon detector and subsequent a-decay

followed by a decays of known descendant nuclides.
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CHAPTER III
METHODOLOGY

3.1 Introduction

Alpha decay is energetically preferred and is a spontaneous decay mode of naturally
occurring heavy and artificially produced superheavy nuclei, when the disintegration energy is
positive. Initially, quantum tunnelling theory was applied to explain alpha emission [100].
Later alpha emission was interpreted as a very asymmetric fission and it was suggested that
models used to explain fission could be applied to alpha decay [101]. Nuclear spectroscopic
studies on alpha decay of heavy and superheavy nuclei act as a probe to obtain spin and parity
of nuclear energy levels. Numerous studies have been carried out to obtain half-lives of alpha
decay. These studies, generally, are classified under fission model and cluster model. These

models differ in expression for decay constant through preformation probability

The present study aims to find half-lives of alpha decay. Further, the influence of the
preformation probability is studied in deciding the accuracy of half-lives of alpha decay.
Shanmugam and Kamalaharan [101] have calculated the life-time of alpha emission and their
branching ratio relative to cluster decay, by using Yukawa-plus-exponential potential in post-
scission region. Yukawa-plus-exponential potential for the post-touching region and a third-
order polynomial potential for the over-lapping region is explained in this chapter [102].

In order to describe large-scale collective nuclear motion and obtain the satisfactory
experimental data, Krappe et al [103] developed a unified nuclear potential by generalizing
liquid drop model and incorporating phenomenological parameters which account for attractive
nuclear interaction energy between two separated fragments. The parameter a which is the
range of folded Yukawa function accounts for both short range nuclear force and diffuseness
of the surface. Yukawa interaction is supposed to contain the combined effect of two interacting

diffuse matter distributions and some short range interaction.
3.2 Yukawa- plus-exponential Model

If the Q value of the reaction is taken as the origin, then the potential as a function of r

(which is the distance of mass centers of the fragments) for the post-scission region is given by

lez 2

V(r)= e+ V,(r)—Q, r>r (3.1)

35



where
V() = =D [F + | Fexpl(re — 1) /a] (32)

Vi (r) is the nuclear potential, V¢ :erzz e? is the Coulomb potential and r:= R1+R2 is the sum

of their equivalent sharp surface radii.

The depth constant D is given by

Do 4a3g,g, e™/* [Cs(1)Cs(2)]/?

27 (3.3)

The constant F is given by
F=4+%—£—%, (3.4)

where

gj = (R;j/a)cosh(R;/a) — sinh(R;/a), (3.5)
f = (Ri/a)’sinh (R;/a), (3.6)
Cs() = as(1 = Kql?), (3.7)
I = ¥ G =12) (3.8)

]

lj is the neutron excess. Here, ro =1. 16 fm; a=0.68 fm; as =21.13 MeV, and K;,=2.3.

The interaction barrier of the two fragments can be easily computed in this one-
dimensional parametrization as the maximum of the interaction potential energy. For spherical
fragments, this maximum V(R, ) occurs at a distance of R, from the origin in the LDM. But, in
the Yukawa-plus-exponential model (YEM), the maximum V(r), occurs at a distance of r that
can be calculated by using the relation

dv(r)
[ ar | =0 (3.9)
Q values are computed as
Q=[MAZ)—M(A,Z1) — M(A,,Z,)] X 931.501MeV, (3.10)
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A= Al + Az, Z = Zl + Zz (311)

For the overlapping region, we approximate the barrier by a third-order polynomial in r having
the form with Q value being taken as origin. Cubic barrier is given as

r—

V() = —E, + [V(r) + E,] [51 =] — s, [r‘j’ir ],ri <r<r, (3.12)

Ti
re—=Tr; Te—

where ri is the distance between the centers of mass of two portions of a sphere (cut by a plane)
in two pieces with volume asymmetry of the decay. For ri, the expression is given by
3[ h% h3

_3 1
"= 3| Ro+ e Ry + Ry (3.13)

where hy and hy are the heights of the spherical segments. For symmetric case, it reduces to
r = % Ro, since h1 = h2 = Ro.

When one wants to include E, in the calculation of the lifetimes, one has to be careful
to see that the conservation of energy is preserved. In order to accomplish this, the cubic part
of the barrier is not set to zero at r =ri, but to —Ey. For calculating the half-life of the system,

we use the formula

T 1.4333 x 10721
1/2 E,PyProy

(3.14)

Pov (Or Po) indicates pre-formation probability which is the penetrability for pre-touching region

and Pnov is the penetrability for post-touching region; both are calculated using WKB method.

T;
2 t
Py = Poy = exp 5 f{ZHV(T)}l/ZdT (3.15)
Ta
Tt
2
P =Py = €xp|—= f{Z,uV(r)}l/zdr (3.16)
Ta

ra and ry are turning points such that V (ra) =V (r,) = 0.
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Zero-point vibration energy is incorporated in the potential and at r = r;, potential is equated

to —Ey, in spite of 0. Zero-point vibration energy is given by

_ mh2Q/wm'"? 17
V2 (6 4Gy (3.17)
with the Stismann central radii, given by
bZ
i

with i =0, 1, 2 are the central radii, respectively, for the parent, daughter nuclei and particle
emitted and b is the nuclear surface width given by b = 1 fm. The sharp radii are given by the

expression
R; = 1, A3 fm, (3.19)

withro=1.16 fmand i =0, 1, 2, respectively, represents parent, daughter and particle emitted.

In order to compare the calculated half-lives with the experimental values, the standard
deviation (SD) is calculated as

n cal 2
o= \/EZ log <—i1/2)
- 10 expt

n i=1 Ti1/2

Here, Tii’jg and Tff}lz represent the experimental and calculated half-lives, respectively, and n

(3.20)

is the number of nuclei under consideration [102].
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CHAPTER 1V

RESULTS AND DISCUSSION

4.1 Introduction

The alpha decay is an important point in both theoretical and experimental nuclear
physics research. This mechanism of nuclear decay is important in describing the structure of
nuclei. Furthermore, alpha decay is the most significant component in obtaining information
regarding identification of new superheavy elements. As a result, alpha decay is significant in

theoretical and experimental nuclear physics studies.

The alpha decay mechanism is described quantum mechanically by quantum
mechanical tunnelling through the potential barrier generated by the Coulomb interaction
between the alpha particle and daughter nucleus. This potential is essential in calculating the
penetration probability, which is needed to determine the theoretical half-life of alpha decay.

Therefore, various theoretical models were used to analyse alpha decay, including
density dependent M3Y effective interaction, unified fission model, generalised liquid drop
model, cluster model, Coulomb potential, and proximity potential model. The proximity
potential is widely used for determining alpha decay half-life. Since heavy and superheavy
nuclei are deformed the role of nuclear deformation, for both parent and daughter nuclei, is
very important in the potential barrier between alpha particle and daughter nucleus [104].

However for the present study, only spherical nuclei are considered.

In this present work, we are calculating the preformation probability and alpha decay
half-life of heavy and superheavy nuclei using the Yukawa-plus-exponential Model. Further
we have plotted the graphs between logarithmic preformation probability value against
daughter neutron number for heavy nuclei with Z= 82 to 102 and super heavy nuclei with Z=
104 to 125.The half-lives of 1140 nuclei for alpha decay are predicted in super heavy with
104 < Z < 125.
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4.2 Preformation probability of alpha in heavy nuclei

Fig.4.1 to Fig.4.11 represents the logarithmic preformation probability values against
daughter neutron number, N1 for Pb, Po, Rn, Ra, Th, U, Pu, Cm, Cf, Fm and No isotopes. In
Fig.4.1 the logarithmic preformation probability value reduces monotonously as Ny increases,
for Pb isotopes.

In case of Po isotopes, Fig.4.2 the logarithmic preformation probability value decreases
and reaches minimum at N1 =122 and then increases. It is maximum at N1=126. Probability for
formation of alpha particle is maximum when daughter neutron number, N1=126. Shell closure
happens for daughter neutron number at 126, and preformation probability is high for two

neutrons outside the closed shell to form an a-particle by combining with two protons

In Fig.4.3, the logarithmic preformation probability values of Rn isotopes slowly
decreases and reaches minimum at N:=122. Sudden rise in logioPo value for the daughter
neutron number is 126, confirms the role of shell structure since the shell closure occurs at
N1 = 126.

In Fig. 4.4 the logarithmic preformation probability values decreases as N1 increases
for Ra isotopes, reaches minimum at N1= 123. Then increases and reaches maximum at N; =

126, which is a magic number.

In case of Th isotopes, Fig 4.5 the logarithmic preformation probability values
decreases as Ni increases and reaches minimum at N1 =122. Then it increases and reaches
maximum at N1 = 126. Shell closure happens for daughter neutron number 126, and
preformation probability is high for two neutrons outside the closed shell to form an a-particle

by combining with two protons.

Fig.4.6 represents the logarithmic preformation probability values against daughter
neutron number, Ny for U isotopes, Sudden rise in 1og10Po value the daughter neutron number
is 126 confirms the role of shell structure since the shell closure occurs at N1 = 126.Then it

slowly decreases and reaches minimum at N1 =144,

For Pu, Cm, Cf, Fm and No isotopes, the logarithmic preformation probability is
depicted in Fig. 4.7 to Fig.4.11 respectively. Here also the preformation probability is found to
be maximum at N1=152 for Cf isotopes and Fm isotopes. In other cases the preformation
probability decreases and reaches minimum and an increase is noted N1=152 which confirms

the predicted neutron magic number 152.
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Fig. 4.1 Logarithmic preformation probability values against daughter neutron number, Ny, for

Pb isotopes (9 isotopes).
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Fig. 4.2 Logarithmic preformation probability values against daughter neutron number, Ny, for

Po isotopes (16 isotopes).
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Fig. 4.3 Logarithmic preformation probability values against daughter neutron number, Ny, for

Rn isotopes (13 isotopes).
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Fig. 4.4 Logarithmic preformation probability values against daughter neutron number, N1, for

Ra isotopes (13 isotopes).
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Fig. 4.7 Logarithmic preformation probability values against daughter neutron number, Ny, for

Pu isotopes (9 isotopes).
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4.3 Half-lives of alpha decay for even-even heavy nuclei with Z=82 to 102

Table 4.1 represents the characteristics half-lives of alpha decay of heavy nuclei with
Z=82 to 102. First column represents the parent nuclei with 108 even-even isotopes of heavy
elements such as Pb, Po, Rn, Ra, Th, U, Pu, Cm, Cf, Fm and No. The second column represents
the daughter nuclei. The third and fourth column represents the Q-values and experimental
logarithmic half-lives. The logarithmic half-lives calculated using Cubic-plus- Coulomb- plus-
Yukawa-plus exponential model are listed in fifth column. P, is the penetrability for pre-
touching region and Pnov is the penetrability for post-touching region are listed in sixth and

seventh column respectively.

In this table, the penetrability of the overlapping region varies from 9.50 x 107 to
19.72 x 10%. The penetration probability of the non-overlapping region ranges from
3.27 x 10 to 1.14 x10°%°. The calculated half-lives ranges from -7.04 T12 in s to 19.34 T12
in s. The calculated logarithmic half-lives matches well with the experimental half-lives but a

very slight difference is noted and calculated logarithmic half-lives are compared with other

works log1oTY 75
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Table 4.1 Calculated logarithmic half -lives of 106 cases of alpha decay of heavy nuclei are

compared with the experimental half-lives. Experimental Q-values and logioT12 values of

heavy nuclei are taken from Ref [102].

Parent | Daughter Q |logiTy), | logsoT5%h 5 5 log 0TV
Nuclei Nuclei MeV Twzins T ins ’ i Tw2ins
Z=82
178pp 17Hg 7.79 -3.64 -3.41 8.89x10°% | 1.56x10Y -3.88
180pp 176Hg 7.42 -2.30 -2.26 8.01x10%? | 1.27x101® -2.80
182pp 178Hg 7.08 -1.26 -1.14 7.36x107% | 1.07x10% -1.82
184pp 180Hg 6.77 -0.21 -0.07 7.34x10% | 9.35x102! -0.82
186pp 182Hg 6.47 1.08 1.07 6.75x10% | 7.52x10%? 0.29
188pp 184Hg 6.11 2.43 2.58 6.13x10%? | 2.69x102® 1.66
190pp 186Hg 5.70 4.26 451 4.96x10% | 4.04x102° 3.44
192pp 188Hg 5.22 6.56 7.02 4.29x10%? | 1.50x10%7 5.73
1%pp 190Hg 4.74 9.99 9.87 4.09x10% | 2.33x10°° -
Z=84
18pg 184pp 8.09 -3.40 -3.71 9.20x10%? | 2.98x1077 -4.17
1%0pg 186pp 7.69 -2.60 -2.50 8.12x10%? | 2.14x1018 -3.06
192pg 188pp 7.32 -1.54 -1.30 7.36x107% | 1.55x10% -1.88
1%pg 190pp 6.99 -0.41 -0.18 7.26x10°% | 1.23x10%° -0.87
1%pg 192pp 6.66 0.76 1.06 6.60x107% | 7.98x10%? 0.29
19%pg 194pp 6.31 2.18 2.48 6.01x107% | 3.40x10% 1.58
200pg 196pp 5.98 3.79 3.99 4.98x10%? | 1.32x10% 2.98
202pg 198pp 5.70 5.13 5.33 4.58x10%? | 6.77x102° 4.22
204pg 200pp 5.48 6.28 6.44 4.32x10%? | 5.65x10%7 5.26
206pg 202ppy 5.33 7.15 7.23 4.17x10%? | 9.67x1028 5.94
208pg 204pp 5.22 7.97 7.82 4.08x10%? | 2.59x1028 6.46
210pg 206ppy 5.41 7.08 6.70 4.37x10%? | 3.10x10?7 5.44
212pg 208ppy 8.95 -6.52 -6.61 1.54x10° | 1.42x1014 -6.87
214pg 210pp 7.83 -3.87 -3.48 1.12x10°% | 1.55x10°Y -4.00
218pg 212pp 6.90 -0.82 -0.26 7.56x10%% | 1.46x102° -1.09
218pg 214pp 6.11 2.27 2.98 6.29x107%% | 1.07x10% 1.90
Z=86
1%Rn 194pg 7.35 -1.19 -0.66 7.08x10%% | 3.72x10% -1.22
20Rn 1%pg 7.04 0.00 0.43 6.50x10%? | 3.34x102! -0.25
202Rn 19%pg 6.77 1.06 1.45 6.07x10%? | 3.54x102? 0.69
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Table 4.1 continued

Parent | Daughter Q logioTy)5 | log1oTi%% Po Priov log T3
Nuclei Nuclei MeV Ti21ins Ti2ins Ti21ins
204Rn 20pg 6.55 2.00 2.31 5.76x10°% | 5.18x1023 1.52
205Rn 202pg 6.38 2.71 3.05 5.05x10% | 1.12x1023 2.18
208Rn 204pg 6.26 3.34 3.54 4.89x10%% | 3.72x10%* 2.57
210Rn 206pq 6.16 3.96 3.96 4,78x10? | 1.46x10% 2.97
212Rn 208pg 6.38 3.17 2.92 5.29x10%% | 1.43x1023 2.02
2YRn 210pg 9.21 -6.57 -6.54 1.42x10%" | 1.28x10* -6.69
216Rn 212pg 8.20 -4.35 -3.82 1.09x10°%% | 3.40x10Y -4.30
218Rn 214 pg 7.26 -1.45 -0.76 8.05x10%% | 4.21x10%0 -1.39
220Rn 216 pg 6.40 1.75 2.64 6.01x10% | 2.43x102%3 1.74
222Rn 218pg 5.59 5.52 6.59 4.21x10% | 4.22x10%7 5.35
Z=88

202Ra 19%Rn 8.02 -2.58 -2.09 7.09x10°% | 9.54x101° -2.60
2%Ra 2%0Rn 7.64 -1.23 -0.91 6.88x10°% | 6.70x10%° -1.45
2%Ra 202Rn 7.42 -0.62 -0.17 6.50x10°% | 1.33x10%° -0.75
2%Ra 204 Rn 7.27 0.15 0.33 6.30x10°% | 4.41x10% -0.27
210Ra 208 Rn 7.16 0.56 0.70 6.18x10°? | 1.93x10?! -0.01
?12Ra 208 Rn 7.03 1.15 1.16 6.02x10%? | 6.95x10?? 0.43
14Ra 210 Rn 7.27 0.40 0.21 6.57x10% | 5.61x10% -0.41
215Ra 212 Rn 9.53 -6.74 -6.61 1.35x10°! | 1.56x10% -6.78
218Ra 214 Rn 8.55 -4.59 -4.07 1.05x10%" | 6.19x10Y7 -4.43
220Ra 216 Rn 7.60 -1.74 -1.10 7.68x10% | 9.62x10%° -1.70
222Ra 218 Rn 6.68 1.59 2.41 5.27x10% | 4.60x1023 1.54
22Ra 220 Rn 5.79 5.53 6.55 3.92x10%% | 4.80x10% 5.43
226Ra 222Rn 4.87 10.73 11.95 3.22x10%% | 2.54x102 10.59
Z=90

210Th 26Ra 8.05 -1.77 -1.53 6.97x10°% | 2.74x101° -2.05
212Th 2% Ra 7.95 -1.44 -1.25 6.85x10°% | 1.45x101° -1.77
214Th 20Ra 7.83 -1.00 -0.88 6.68x10°% | 6.50x10%° -1.41
216Th 212 Ra 8.07 -1.55 -1.72 7.41x10°% | 4.02x101° -2.24
218Th 214 Ra 9.85 -7.00 -6.68 1.28x10° | 1.92x10%4 -6.82
220Th 216 Ra 8.95 -5.01 -4.44 1.03x10%" | 1.43x1071° -4.75
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Table 4.1 continued

Parent | Daughter Q |logiTy), | logsoT5%h PO Phoy log T3
Nuclei Nuclei (MeV) | Tweins Ti2ins Tizins
222Th 218 Ra 8.13 -2.55 -2.00 7.22x10%? | 7.85x1071° -2.56
224Th 220 Rg 7.30 0.11 0.81 6.01x10%? | 1.55x10% 0.17
226Th 222 Ra 6.45 3.39 4.33 4.20x10°% | 7.17x10% 3.42
228Th 224 Ra 5.52 7.92 9.00 3.46x10°% | 2.01x10?° 7.90
230Th 226 Ra 477 12.51 13.77 2.79x10%? | 4.54x10% 12.45
232Th 228Ra 4.08 17.76 19.34 2.03x10° | 1.81x10°% -~
Z=92
218 214 Th 8.77 -3.29 -3.05 7.30x10°% | 8.26x108 -3.31
220 216 Th 10.30 -7.22 -7.04 1.26x10°" | 4.36x10 -6.81
224 220 Ty 8.62 -3.15 -2.72 7.27x10%? | 3.97x107'8 -3.30
226 222 T 7.70 -0.30 0.20 5.91x10°% | 6.27x102 -0.32
228 224 T 6.80 2.76 3.72 4.08x10°% | 2.94x102* -0.32
230y 226 Ty 5.99 6.43 7.46 3.51x10% | 6.63x10%8 2.88
232 228 Ty 5.41 9.52 10.67 2.97x10%? | 5.04x10°%! 6.51
234 230 Th 4.86 13.02 14.29 2.29x10%2 | 1.66x10°3 9.58
236 232 T 457 14.99 16.43 2.10x109? | 1.37x107% 13.09
238 234Th 4.27 17.27 18.86 1.93x10%? | 5.69x10°%° 15.14
Z=94
228py 224 7.95 -0.70 0.16 5.56x10%? | 7.19x10% 17.52
230py 226 7.17 2.30 3.08 3.98x10%? | 1.27x10% -0.31
232py 228 6.72 4.20 4.95 3.52x10%? | 2.01x10"% 2.42
234py 230y 6.31 5.72 6.79 3.43x10% | 3.08x10°% 4.12
236py 232 5.87 8.11 9.03 3.02x10°? | 2.09x10°%° 5.95
238py 234 5.59 9.59 10.59 2.81x10%2 | 6.41x103! 8.10
240py 236 5.26 11.50 12.63 2.34x109? | 7.30x10°% 9.61
242py 238 4.98 13.20 14.48 2.14x10°2 | 1.15x10°3 11.48
244py 240y 4.66 15.50 16.81 1.95x10°%% | 6.08x10% 13.30
Z=96
240Cm 236py 6.40 6.52 7.24 3.14x10°? | 1.20x10°% 15.55
242Cm 238py 6.22 7.28 8.10 3.01x10% | 1.74x10%8 6.42
242Cm 240py 5.90 8.88 9.77 2.77x10%% | 4.16x10°%° 7.26
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Parent | Daughter Q log1oTy)5 | log1oT5%s Po Prioy log1oT} /5
Nuclei Nuclei (MeV) | Tweins | Tieins Twzins
246Cm 242py 5.47 11.26 12.31 2.23x10°% | 1.57x10°% 8.84
248Cm 244 py 5.16 13.15 14.29 2.03x10°% | 1.86x10°3% 11.28
250Cm 246 p 5.17 12.45 14.19 2.05x10°% | 2.33x10°3% 13.14
Z=98

240Cf 236Cm 7.73 1.81 2.51 3.72x10%? | 4.93x1023 13.03
242 Cf 238 Cm 7.53 2.41 3.24 3.55x10% | 9.82x10% 1.99
24t 240 Cm 7.33 3.18 4.00 3.39x10%? | 1.81x10% 2.62
246Cf 242 Cm 6.86 5.20 5.94 3.24x1092 | 2.24x1072° 3.36
248Cf 24 Cm 6.36 7.54 8.29 2.82x10%2 | 1.21x107%® 5.29
250Cf 246 Cm 6.13 8.69 9.45 2.67x10%2 | 9.07x107%° 7.47
252Cf 248 Cm 6.22 8.00 8.94 2.75x10°% | 2.81x10%° 8.55
24Cf 250 Cm 5.93 9.30 10.47 2.56x10°% | 9.08x10°3! 8.08
Z=100

246Fm 242Cf 8.37 0.08 0.97 4.03x10%? | 1.53x102* 9.53
248Em 24 Cf 8.00 1.65 2.23 3.64x10%? | 9.52x10%® 1.72
20Fm 246 Cf 7.56 3.25 3.87 3.25x10%? | 2.53x10% 3.31
252Fm 248 Cf 7.15 5.04 5.49 3.16x10% | 6.39x102¢ 4.87
254Em 250 Cf 7.31 4.15 4.78 3.36x10? | 3.11x10% 4.15
26FEm 252 Cf 7.03 5.15 5.94 3.10x10% | 2.33x10%¢ 5.29
Z=102

5)No 246FEm 8.96 -0.30 -0.21 4.27x10%? | 2.13x102° -0.41
52No 248 Fm 8.55 0.62 1.08 3.80x107% | 1.26x10% 0.77
%No 20 Fm 8.23 1.86 2.15 3.49x10°% | 1.18x10% 1.81
2%6No 252 Fm 8.58 0.56 0.90 3.91x10°% | 1.84x10% 0.58
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4.4 Preformation probability of alpha in superheavy nuclei with Z= 104 to
125

Fig.4.12 to Fig. 4.33 represents the logarithmic preformation probability values

against the daughter neutron number, N1 for superheavy nuclei with Z=104 to 125 respectively.

In Fig. 4.12 log, P, values od Rf isotopes are presented, against daughter neutron
number, N1. Generally log,oP, decreases as N1 increases. However small peaks are observed
at N1=140, 152, 164, 176. In case of Db isotopes, presented in Fig.4.13, a sharp rise is noted at

N1=184, apart from decreases in log,, P, value as N1 increases.

Similar behaviour as that of Rf isotopes is observed in log,,P, values of isotopes
of Sg, Bh, Mt, Rg, CN, Fl isotopes in Figures 4.14, 4.15, 4.17, 4.19, 4.20 and 4.22 respectively.

In case of Hs isotopes, an odd-even structure is noted in log,, P, values, as seen in
Fig. 4.16. A similar behaviour noted in Ds isotopes in Fig. 4.18. Consistently, high value of
log,,P, is noted for isotopes of Ts, Og, Z=119, 120, 121, 122, 123, 124, 125, at N1=184, which

is a predicted magic number, in Figures 4.25 to 4.33 respectively.
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Fig. 4.12 Logarithmic preformation probability values against daughter neutron number, Ny,

for Rf isotopes (48 isotopes).
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Fig. 4.13 Logarithmic preformation probability values against daughter neutron number, Ny,

for Db isotopes (50 isotopes).
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Fig. 4.14 Logarithmic preformation probability values against daughter neutron number, N,

for Sg isotopes (52 isotopes).
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Fig. 4.15 Logarithmic preformation probability values against daughter neutron number, Ny,
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Fig. 4.16 Logarithmic preformation probability values against daughter neutron number, N,

for Hs isotopes (58 isotopes).
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Fig. 4.18 Logarithmic preformation probability values against daughter neutron number, Ny,

for Ds isotopes (51 isotopes).
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Fig. 4.19 Logarithmic preformation probability values against daughter neutron number, Ny,

for Rg isotopes (57 isotopes).
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Fig. 4.20 Logarithmic preformation probability values against daughter neutron number, Ny,
for Cn isotopes (58 isotopes).

55



-1.0 4
Nh isotopes
o I —e—7=113
O w2
o
o ]
=
= ol
O
(03]
_Q -
o
o o5
j
o |
@©
E 184
L
) |
o
2.0 4

T T T T T
170 180 190 200 210

Daughter Neutron Number, N1

T T
150 160

Fig. 4.21 Logarithmic preformation probability values against daughter neutron number, N,

for Nh isotopes (58 isotopes).
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Fig. 4.22 Logarithmic preformation probability values against daughter neutron number, N,

for Fl isotopes (58 isotopes).
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Fig. 4.23 Logarithmic preformation probability values against daughter neutron number, Ny,

for Mc isotopes (56 isotopes).
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Fig. 4.24 Logarithmic preformation probability values against daughter neutron number, Ny,

for Lv isotopes (57 isotopes).
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Fig. 4.25 Logarithmic preformation probability values against daughter neutron number, Ny,

for Ts isotopes (55 isotopes).

-1.0
i Og isotopes
o -1.24 —e—7=118
o
e
& -
o
2': -1.4
5 |
©
°Q
e 164
o
| ol
2 i
©
g .8~
L
9 .
o
-2.0 -
I ) | ! ) L I L 1 > I Y |
160 170 180 190 200 210 220

Daughter Neutron Number, N1

Fig. 4.26 Logarithmic preformation probability values against daughter neutron number, Ny,
for Og isotopes (54 isotopes).
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Fig. 4.27 Logarithmic preformation probability values against daughter neutron number, Nj,

for 284339 119 jsotopes (56 isotopes).
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Fig. 4.28 Logarithmic preformation probability values against daughter neutron number, N,

for 287-33% 120 isotopes(53 isotopes).
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Fig. 4.29 Logarithmic preformation probability values against daughter neutron number, Nj,

for 290-33%121 isotopes (50).
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Fig. 4.30 Logarithmic preformation probability values against daughter neutron number, Ny,

for 294339122 isotopes (46 isotopes).
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Fig. 4.31 Logarithmic preformation probability values against daughter neutron number, Nj,

for 297-33%123 isotopes (43 isotopes).
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Fig. 4.32 Logarithmic preformation probability values against daughter neutron number, Ny,

for 300339124 isotopes (40 isotopes).
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Fig. 4.33 Logarithmic preformation probability values against daughter neutron number, N,

for 303-339125 jsotopes (37 isotopes).
4.4 Half-lives of alpha decay of superheavy nuclei with Z= 104 to 125

Table 4.2 represents the half-lives of alpha decay of 1140 cases of superheavy nuclei
with Z=104 to 125. First and sixth column represents the parent nuclus, the second and seventh
column represent the daughter nuclei. The third and eighth column represents the Q value.
Fourth and ninth column represent the calculate half-lives of superheavy nuclei. The calculated
half-lives of superheavy nuclei are compared with other work [104,105]. The calculated

logarithmic half-lives match well with the experimental half-lives.

Fig.4.34 is a contour map of half-lives of nearly 1140 cases of superheavy nuclei. Half-
life is calculated for the experimentally synthesized superheavy nuclei with the atomic number
ranges from 104 < Z <125 with the mass number ranges from 238 <A <331 and is represented
as a contour plot in Fig. 4.34. This plot shows that the nuclei which are having half-life values
below 10*s are prone to one-proton emission. And the nuclei having half-life greater than 10*
s are said to have a larger half-life and it will take longer time for its decay. This plot is

represented as log,T; /, Values. Hence nuclei with half-life greater than 7 are highly stable.

62



Table 4.2 Calculated logarithmic half- lives of super heavy nuclei with Z=104 to 125.

Calculated logarithmic half -lives of 1140 cases of alpha decay of heavy nuclei are compared
with other work [105, 106].

om

Parent | Daughter | Q | 10010T1w2 | 10gy,T9% | Parent | Daughter | Q | 10g10T12 ?i;oi?/;
nuclei Nuclei MeV | Tains Tizins | nuclei nuclei MeV | Timins

Z=104

238 Rf 234 No 11.46 -5.77 — 268 Rf %64 No 7.25 6.62 -
29Rf 235 No 11.37 -5.59 — 269 Rf 265 No 1.47 5.66 -
20 Rf 236 No 11.32 -5.51 — 210 Rf 266 No 7.41 5.90 -
2L Rf 23" No 11.24 -5.35 — 211 Rf %67 No 7.13 7.10 -
23 Rf 2% No 11.03 -4.91 — 212 Rf 268 No 6.81 8.58 -
24 Rf 240No 10.8 -4.43 — 213 Rf 269 No 6.65 9.40 -
25 Rf 241 No 10.59 -3.93 - 214 Rf 210 No 6.48 10.25 -
246 Rf 242 No 10.39 -3.44 - 215 Rf 21 No 5.96 13.13 -
21 Rf 243 No 10.35 -3.36 - 216 Rf 22No 5.65 15.03 -
248 Rf 244 No 10.33 -3.33 - 217 Rf 23 No 5.43 16.47 -
29 Rf 245 No 10.19 -2.99 - 218 Rf 24 No 5.24 17.78 -
250 Rf 246 No 10.02 -2.55 - 2P0 Rf 25 No 5.21 17.98 -
BIRf 247 No 9.83 -2.06 - 280 Rf 276 No 53 17.32 -
B2 Rf 248 No 9.61 -1.46 - 281 Rf 2" No 5.32 17.17 -
B3 Rf 299 No 9.4 -0.82 - 282 Rf 28 No 4,95 19.86 -
24 Rf 250 No 9.13 -0.02 - 283 Rf 29 No 5.09 18.76 -
255 Rf 251 No 8.98 0.43 - 284 Rf 280 No 5.22 17.83 -
256 Rf 252 No 8.97 0.44 1.09 289 Rf 285 No 497 19.59 -
ST Rf 253 No 9.21 -0.32 - 20 Rf 286 No 5.02 19.18 -
258 Rf 254 No 9.28 -0.55 -0.39 Z=105

2IRf 2% No 9.07 0.07 - 241 Db 27y 11.69 -6.00 -
260 Rf 256 No 8.88 0.66 - 242 pp 238 r 11.63 -5.89 -
ML Rf 25T No 8.49 1.95 — 243 Db 29 r 11.6 -5.84 -
262 Rf 258 No 8.1 3.29 — 244 Db 240y 11.44 -5.51 -
263 Rf 29 No 7.71 4,78 3.30 245 Db 241y 11.09 -4.74 -
264 Rf 260 No 7.35 6.26 — 246 Dp 242y 10.82 -4.15 -
265 Rf 261 No 7.07 7.48 - 241 Db 243y 10.68 -3.83 -
266 Rf 262 No 6.9 8.26 - 248 Dp 244y 10.61 -3.68 -
67 Rf 263 No 6.95 8.00 - 29 Dp 245 r 10.68 -3.87 -
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Table 4.2 continued

Parent | Daughter Q | 10g10Tu2 | togy7?s | Parent | Daughter | Q | 10gi0Tw2 | togoTg
nuclei | nuclei MeV | Tizins | Tizins | nuclei nuclei MeV | Tizins | Tiwzins
250 D 246y 1051 | -3.46 - 282D 218y 5.96 13.54 -
21 Dp 247y 10.3 -2.95 - 283 Dp 29y 5.49 16.52 -
252D 288y 10.07 | -2.36 - 284Dp 280y 5.45 16.77 -
2% Dp 289y 9.9 -1.91 - 285Dp 2Ly 5.56 16.01 -
2% D 20y 9.7 -1.33 - 286 Dp 282 r 5.21 18.39 -
2% Dp By 9.41 -0.50 - 287Dh 283y 5.02 19.82 -
2% D 22y 9.29 -0.15 - 288 Dp 284y 5.33 17.51 -
257 Db 23 Lr 9.26 -0.08 1.04 289Dp 25 Lr 5.41 16.93 -
28 Dp 24 Lr 9.52 -0.88 0.78 290 Dp 286 r 13.07 -9.62 -
29 Db 25y 9.59 -1.11 -0.101 | Z=106

260 Dy 26y 9.34 | -0.38 - 2439 240Rf 11.9 -6.17 -
261 Dp TLr 9.21 0.00 - 245 3¢ 241Rf 11.84 -6.06 -
262D 28y 8.85 1.13 - 246 3¢ 22 Rf 11.47 -5.28 -
263 Dp 29y 8.41 2.61 1.62 247 3g 2BRf 11.3 -4.91 -
264 Db 260 r 8.06 3.83 1.10 248 3¢ 24 Rf 11.05 | -4.39 -
265Dp 261y 1.7 5.23 - 249 3¢ 25 Rf 10.95 -4.17 -
266 Dp 262y 7.45 6.25 - 20 5g 246 Rf 11.01 -4.34 -
267 Db 263y 7.28 6.97 - 215g 24T Rf 10.82 -3.90 -
268 D 264y 7.32 6.78 - 252 3¢ 248 Rf 10.61 -3.39 -
269 Dy 265y 7.67 5.28 - 23 3g 29 Rf 10.39 -2.85 -
219Dp 266 r 7.92 4.26 - 2% 3q 20Rf 10.16 -2.27 -
211D 267y 7.88 4.40 - 2% 3g ZIRf 9.98 -1.80 -
212Dy 268 r 7.65 5.31 - 2% 5q 22 Rf 9.69 -0.95 -
213D 269y 7.33 6.64 - 2573g 28 Rf 9.54 -0.53 -
214 D 20y 7.15 7.43 - 2%83q 24 Rf 9.57 -0.64 -
215D 2Ly 6.97 8.24 - 2%95q 25 Rf 9.8 -1.33 -0.04
216 Dy 212y 6.43 | 10.98 - 260 5q 26 Rf 9.89 -1.64 -1.00
217Dy 28y 6.06 | 13.03 - 2615g 2TRf 9.72 -1.14 -0.27
218 D 24 Lr 581 | 1452 - 2623q 28 Rf 9.55 -0.66 -0.86
219D 2B Lr 561 | 15.78 - 2633g 29 Rf 9.19 0.42 -
280 D 216y 558 | 15.96 - 26439 260 Rf 8.84 1.53 -
281 Db 207 Ly 5.66 15.43 - 265 3¢ 61 Rf 8.45 2.80 -
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Table 4.2 continued

Parent | Daughter | Q | 10g10Tv2 | togy,r973 | Parent | Daughter | Q | 10g10T12 | togyeT{ps
nuclei | nuclei | (MeV) | Tizins | Twzins | nuclei | nuclei | (MeV) | Tizins | Twzins
266 5g 262 Rf 8.12 4.00 — 248Bh | Db 11.71 | -551 -
267 S5g 263 Rf 7.93 4.71 079 | ¥Bh | Db 11.6 -5.29 -
268 5q 264 Rf 7.75 5.41 — 20Bh | %6Dp 11.46 | -5.00 -
269 5g 265 Rf 7.86 4.96 1.785 | ®'Bh | Db 11.34 | -4.78 -
2105g 266 Rf 8.23 3.52 1.775 | ®2Bh | 2%Db 11.17 | -4.40 -
211 g 26T Rf 8.48 2.64 - 28Bh | Db 10.95 | -3.90 -
212 3g 268 Rf 8.48 2.62 - 2%4Bh | 0Dp 10.76 | -3.45 -
213 3g 269 Rf 8.23 3.47 349 | 2Bh | Db 10.54 | -2.92 -
214 3q 210 Rf 7.94 4.55 - 2%6Bh | 2%2Dp 10.38 | -2.52 -
2153g 211 Rf 7.74 5.33 - 27Bh | 2%Dp 10.08 | -1.70 -
2716 3q 212 Rf 7.48 6.40 - 28Bh | %4DDb 9.96 -1.39 -
217 Sg 213 Rf 6.89 9.11 - 29Bh | 2®Db 10 -1.51 -
2183q 214 Rf 6.52 10.97 - 260Bh | 2%6Dp 10.25 | -2.26 -0.97
2193g 215 Rf 6.25 12.42 - 261Bh | 25Dp 10.33 | -2.48 -1.46
280 5g 216 Rf 6.08 13.38 - 262Bh | 2%8Db 10.11 | -1.92 -
2815q 21T Rf 6.01 13.78 - 263Bh | 29DDb 10.00 | -1.59 -
2823q 218 Rf 6.22 12.54 - 264gh | 260pp 9.61 -0.48 -0.39
283 3¢ 219 Rf 6.35 11.80 - 265Bh | 21Dpb 9.24 0.62 -
2843q 280 Rf 5.92 14.27 - 266gh | 262Dp 8.86 1.83 0.29
285 5g 281 Rf 5.8 15.00 - 267Bh | %3Dp 8.55 2.83 1.02
286 5g 282 Rf 5.87 14.55 - 268 | 4pDp 8.35 3.54 -
287 3g 283 Rf 5.53 16.73 - 269Bh | 25Dp 8.24 3.93 -
28 5g 2B4Rf 5.28 18.42 - 20Bh | %6Dp 8.33 3.58 1.36
289 5q 285 Rf 5.11 19.67 - 21 Bh | %7Dp 8.72 2.21 -
290 5g 286 Rf 5.09 19.81 - 212Bh | 28pp 8.98 1.33 0.47
291 5g 28T Rf 5.87 14.47 - 23Bh | %9Dp 8.99 1.28 -
292 5q 288 Rf 5.92 14.14 - 214Bh | 2°Dp 8.75 2.06 1.22
293 3g 289 Rf 5.67 15.70 - 25Bh | 2'Db 8.63 2.45 -
2% 5q 20 Rf 5.61 16.08 - 216 Bh | 272DDb 8.25 3.76 -
2% 5q 21 Rf 5.17 19.12 - 27Bh | 27Db 7.91 5.05 -
Z=107 28Bh | 24Db 7.28 7.69 -
247Bh | 22Db 11.92 | -5.94 — 29Bh | 2Db 6.89 9.56 -
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Table 4.2 continued

Om
Parent | Daughter | Q [ 10910T12 | 10g,T¢% | Parent | Daughter | Q | logi0Tu2 I-FillzoiTnl/sz
nuclei nuclei MeV | Tunins T12in's | nuclei nuclei MeV | Tumins
220Bh | 26Dp 6.64 10.80 - 262 Hs 2%8.3q 11.41 | -4.82 -
281Bh | 27"Db 6.48 11.63 - 263 Hs 295g 9.56 0.06 -
2%2Bh | 218pp 6.41 11.99 - 264 Hs 260 5q 10.76 | -3.29 -2.22
283Bh | 21°Db 6.54 11.28 - 265 Hs 2615g 8.89 2.10 -2.12
2%4Bh | 28Dpp 6.76 10.12 - 266 Hs 2623q 9.9 -0.99 -2.09
2%5Bh | 281Db 6.45 11.73 - 267 Hs 2633g 8.04 5.15 -0.96
2%6Bh | 2822pp 6.01 14.22 - 268 Hs 264 5q 9.07 1.50 -
287Bh | 28Db 6.16 13.32 - 269 Hs 2655g 7.28 8.36 -
288Bh | 2%Db 5.88 14.98 - 210 Hs 266 5 8.47 3.48 0.81
2898h | %5Db 5.6 16.77 - 211 Hs 2675q 6.78 | 10.73 -
20Bh | %6pp 5.43 17.88 - 212 Hs 268 5 8.14 4.67 -
21Bh | %7Db 5.38 18.22 - 213 Hs 269 3¢ 6.65 11.36 -0.49
292Bh | 2%8Dp 6.14 13.35 - 214 Hs 210 gg 8.00 5.19 -
2%Bh | Db 6.19 13.04 - 215 Hs 21 gg 6.35 12.95 -
2%Bh | 20Dp 6.00 14.15 - 276 Hs 2123q 7.48 7.30 -
2%Bh | Db 5.97 14.32 - 21T Hs 23 gg 5.89 15.64 -
2%Bh | 292Db 5.52 17.20 - 218 Hs 214 gg 6.99 9.56 -
27Bh | 22Dp 5.49 17.34 - 219 Hs 2153q 7.62 6.65 -
2% Bh | 4Db 5.32 18.54 - 280 Hs 216 5q 7.29 8.11 -
Z=108 281 Hs 217 3q 7.06 9.18 -
250 Hs 246 5q 12.11 | -6.07 - 282 Hs 2183q 6.94 9.74 -
21 Hs 247 3g 11.98 | -5.82 - 283 Hs 2193g 6.92 9.82 -
252 Hs 248 3g 11.91 | -5.69 - 284 Hs 2805g 6.96 9.61 -
253 Hs 249 3q 11.67 | -5.18 - 285 Hs 281gq 7.07 9.06 -
2% Hs 250 5g 11.47 | -4.80 - 286 Hs 2823q 6.71 | 10.83 -
255 Hs 251 5g 11.29 | -4.40 - 287 Hs 2833q 6.43 | 12.30 -
2% Hs 252 3q 11.06 | -3.87 - 288 Hs 2845q 6.48 | 12.01 -
5T Hs 253 5g 1091 | -3.52 - 289 Hs 2855g 6.17 | 13.74 -
258 Hs 254 3q 10.68 | -2.98 - 290 Hs 286 5q 6.01 | 14.68 -
259 Hs 255 5g 1058 | -2.74 - 291 Hs 2873g 586 | 15.59 -
260 Hs 2% 3q 10.65 | -2.93 - 292 Hs 288.3q 588 | 15.45 -
261 Hs 257 3g 10.85 | -3.45 240 | *8Hs 2895q 6.83 | 10.10 -
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Table 4.2 continued

Parent | Daughter | Q | 1091012 | 1og,cT¢% | Parent | Daughter | Q | 10g10T12 | 1ogoT
nuclei nuclei MeV | Tirzins | Twzins | nuclei nuclei MeV | Tipzins | Twzins
2% Hs 290 3g 6.89 9.78 - 210 Mt %6Bh | 957 | 0.29 -
2% Hs 2915g 6.67 10.89 - 2 Mt 267Bh 9.39 0.83 -
2% Hs 2923¢ 6.64 11.03 - 212 Mit 28Bh | 946 | 0.59 -
297 Hs 293 3¢ 14.14 -10.68 - 23 Mt 269Bh 9.78 -0.39 -
2% Hg 2% 3g 13.73 -10.01 - 2l Mt 20Bh 10.01| -1.07 -0.97
29 Hs 2% 3g 5.96 14.84 - 215 Mit 2iigh (1011 | -1.37 -2.09
30 Hs 2% 3g 5.67 16.67 - 216 Mt 22Bh | 993 | -0.87 -0.85
07 Hs 3335g 7.92 4.97 - 21T Mt 213Bh 9.76 | -0.39 -
308 Hs 30459 9.2 0.44 - 218 Mt 214Bh 9.24 1.17 0.11
39 Hs 3535g 7.85 5.22 - 219 Mt 215Bh 8.52 3.56 -
310 Hs 365q 9.43 -0.31 - 280 Mt 215Bh 7.98 5.59 -
$11Hs 3073g 8.31 3.41 - 281 Mt 217Bh 7.68 6.81 -
812Hs 383g 9.79 -1.40 - 282 Mt 218Bh 7.52 7.47 -
$13Hs 395g 8.74 1.88 - 283 Mt 219Bh 7.38 8.12 -
Z=109 284 Mt 280Bh 7.35 8.24 -
253 Mt 2499B8h | 12.38 -6.37 - 285 Mt 281Bh 7.42 7.90 -
254 Mt 20Bh | 12.29 -6.20 - 286 Mt 282Bh 7.59 7.10 -
255 Mt 2°1Bh 12 -5.61 - 287 Mt 283Bh 7.23 8.74 -
256 Mt 2%2Bh | 11.83 -5.26 - 288 Mt 284Bh 6.85 | 10.57 -
25T Mt 23 Bh 11.62 -4.85 - 289 Mt 285Bh 6.78 10.90 -
258 Mt 254 Bh 11.5 -4.59 - 290 Mt 286 Bh 6.49 12.42 -
29 Mt 2%5Bh 11.28 -4.10 - 291 Mt 287Bh 6.3 13.47 -
260 Mt 2% Bh 11.18 -3.89 - 292 Mt 288 Bh 6.13 14.44 -
261 Mt 257 Bh 11.28 -4.14 - 293 Mt 289Bh 6.22 13.89 -
262 Mt 2% Bh 11.44 -4.53 - 2% Mt 290Bh 7.19 8.81 -
263 Mt 29 Bh 11.52 -4.74 - 295 Mt 21 Bh 7.24 8.56 -
264 Mt 2600Bh | 11.28 -4.20 - 2% Mt 292Bh 7.08 9.30 -
265 Mt 261 Bh 11.12 -3.84 - 297 Mt 293Bh 7.09 9.24 -
266 M1t 262Bh | 10.76 -2.97 - 298 Mt 2% Bh 6.88 | 10.25 -
267 Mt 263Bh 10.36 -1.91 - 29 Mt 2%5Bh 6.67 11.31 -
268 Mt 264Bh 10.03 -1.01 -1.68 301 Mt 297 Bh 6.31 13.25 -
269 Mt 265Bh 9.72 -0.13 - 302 Mt 2% Bh 5.86 | 15.94 -
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Table 4.2 continued

Parent | Daughter | Q | 10910T12 | 10g4,T¢% | Parent | Daughter | Q | 10g10T12 | 10gy,T
nuclei nuclei MeV | Tizins | Twzins | nuclei nuclei MeV | Tizins | Twzins
Mt | 2%9Bh 561 | 17.53 - 285 Ds 281 Hs 7.73 6.97 —
4Mt | %0 Bh 5.38 | 19.13 - 286 Dg 282 Hs 7.75 6.87 -
Z=110 287 Ds 283 Hs 7.81 6.60 -
26ps | ®2Hs | 1255 | -6.44 - 28 Ds 284 Hs 7.54 7.78 -
7Ds | ®3Hs | 12.46 | -6.29 - 289 Ds 285 Hs 7.21 9.27 -
28pDs | P4Hs | 1215 | -5.65 - 20 pDs 286 Hs 7.05 | 10.02 -
29Ds | ®5Hs | 12.02 | -5.40 - 291 Ds 28T Hs 6.79 | 11.30 -
260pg | ®6Hs | 11.89 | -5.18 - 292 Ds 288 Hs 6.69 | 11.80 -
%lps | ®THs | 11.77 | -4.93 - 2% Ds 289 Hs 6.6 12.27 -
%2ps | ®8Hs | 11.87 | -5.14 - 2% Ds 290 Hg 6.64 | 12.04 -
63ps | ®Hs | 12.02 | -5.48 - 2% Ds 291 Hs 7.61 7.31 -
64ps | %0Hs | 12.08 | -5.62 - 2% Ds 292 Hs 7.69 6.96 -
265pDg | %lHs 11.9 | -5.26 - 297 Ds 293 Hs 7.6 7.32 -
266pDg | %2Hs 11.2 | -3.70 - 2% Ds 2% Hs 7.6 7.31 -
%7Ds | %3Hs | 1257 | -6.70 -4.63 | ®Ds 2% Hs 7.43 8.09 -
268pg | ®4Hs | 10.78 | -2.71 - 30 ps 2% Hg 7.22 9.04 -
29Ds | M5Hs | 11.95 | -5.44 -348 | %ps 29 Hs 651 | 12.59 -
20ps | %6Hs | 10.29 | -1.40 -346 | 3™Ds 300 Hg 6.03 | 15.37 -
21ps | %7Hs | 1156 | -4.64 247 | Ds 01 Hs 5.86 | 16.37 -
212 Ds 28Hs | 10.03 | -0.72 - 306 Ds 302 Hs 569 | 17.48 -
2R3 Ds 9Hs | 11.74 | -5.05 -3.89 | ¥ps 383 Hs 549 | 18.86 -
24ps | 20Hs 10.7 | -2.61 - 308 Dg 304 Hs 531 | 20.15 -
25 Ds 2iMHs | 12.85 | -7.43 -1.63 | Z=111
26ps | 2?Hs | 11.87 | -5.38 -1.31 | ®°Rg | ®Mt | 12.72 | -6.53 -
2"Ds | 2P Hs 13.4 | -8.50 252 | ®0Rg | Mt | 1257 | -6.25 -
28Ds | 2MHs | 11.85 | -5.38 -0.65 | ®'Rg | ®'Mt | 1252 | -6.16 -
219 Ds 2PHs | 12.58 | -6.93 - 2Rg | Mt | 12.35 | -5.84 -
20ps | 2%Hs | 1054 | -2.29 - 28Rg | ®°Mt | 1257 | -6.30 -
2lps | 2"Hs | 11.22 | -4.01 1.40 4Rg | Mt | 12.74 | -6.67 -
2pDs | 2®Hs 9.44 0.86 - 5Rg | ®'Mt | 12.73 | -6.66 -
28Ds | 2PHs 8.01 5.86 - 26Rg | %2Mt | 1252 | -6.25 -
24pg | BOHs 7.84 6.53 - %'Rg | Mt | 12.35 | -5.93 -
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Table 4.2 continued

Parent | Daughter | Q | 10910T12 | 10g4,T¢% | Parent | Daughter | Q | 10g10T12 logioT§/3
nuclei nuclei MeV | Tizins | Twzins | nuclei nuclei MeV | Tipins | Tweins
268 Rg 264 Mt 12.03 | -5.26 - 300 Rg 29 Mt 7.82 6.78 -
269 Rg 265 Mt 11.68 | -4.54 - 301 Rg 297 Mt 7.66 7.49 -
270 Rg 266 Mt 11.38 | -3.86 - 302 Rg 298 Mt 7.46 8.36 -
27t Rg 267 Mt 11.11 | -3.23 - 303 Rg 29 Mt 7.26 9.27 -
272 Rg 268 Mt 11.00 | -2.97 -2.34 304 Rg 300 Mt 6.93 10.86 -
273 Rg 269 Mt 10.84 | -2.59 - 305 Rg 301 Mt 6.55 12.84 -
274 Rg 270 Mt 10.83 | -2.59 -2.70 306 Rg 302 Mt 6.26 14.47 -
275 Rg 271 Mt 11.3 -3.76 - 307 Rg 303 Mt 6.13 15.23 -
276 Rg 212 Mt 1156 | -4.40 -1.43 308 Rg 304 Mt 6.01 15.89 -
2 Rg 213 Mt 11.49 | -4.25 - 309 Rg 305 Mt 5.82 17.11 -
278 Rg 274 Mt 11.26 | -3.72 -2.56 310 Rg 306 Mt 5.56 18.87 -
279 Rg 275 Mt 10.79 | -2.57 -1.47 311 Rg 307 Mt 54 20.00 -
280 Rg 276 Mt 9.97 -0.31 0.15 314 Rg 310 Mt 5.48 19.37 -
281 Rg 21T Mt 9.22 1.93 - 315 Rg 31 Mt 5.57 18.72 -
282 Rg 278 Mt 8.79 3.37 - 316 Rg 312 Mt 5.45 19.56 -
283 Rg 219 Mt 8.58 4.10 - 817 Rg 313 Mt 54 19.91 -
284 Rg 280 Mt 8.41 4,71 - Z=112

285 Rg 281 Mt 8.22 5.42 - 262Cn 258 Dg 12.93 | -6.69 -
286 Rg 282 Mt 8.09 5.91 - 263Cn 29 pg 12.81 | -6.47 -
287 Rg 283 Mt 8.15 5.66 - 264Cn 260 g 12.98 | -6.82 -
288 Rg 284 Mt 8.1 5.84 - 265Cn 261 pg 13.15| -7.17 -
289 Rg 285 Mt 7.8 7.05 - 266 C 262 Dg 13.13 | -7.15 -
290 Rg 286 Mt 7.33 9.15 - 267 Cn 263 Dg 1291 | -6.74 -
P1Rg 287 Mt 1.27 9.42 - 268 C 264 Dg 12.74 | -6.43 -
292 Rg 288 Mt 7.02 10.61 - 269Cn 265 Dg 12.45| -5.85 -
293 Rg 289 Mt 6.94 10.99 - 20Cn 266 Dg 12.15| -5.28 -
2%4Rg 290 Mt 6.94 10.97 - 21 Cn 267 Dg 1191 | -4.76 -
2% Rg 291 Mt 7.01 10.60 - 22Cn 268 Dg 11.67 | -4.23 -2.40
296 Rg 292 Mt 7.94 6.35 - 23Cn 269 Dg 1157 | -4.02 -2.20
27Rg 293 Mt 8.02 6.01 - 274Cn 270 pg 11.42 | -3.68 -1.98
298 Rg 294 Mt 7.95 6.28 - 25Cn 21 pg 1156 | -4.03 -1.77
299 Rg 295 Mt 7.95 6.26 - 276 Cn 212 pg 1191 | -4.85 -1.53
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Table 4.2 continued

Parent | Daughter | Q | 10010T12 | 10gsoT¢% | Parent | Daughter | Q | logwoTie log10T73
nuclei nuclei MeV | Tizins | Twzins | nuclei nuclei MeV | Tizins | Tizins
2"cn | 2®Ds | 1213 | -5.32 — 310¢Cn %ps | 6.12 | 1571 -
28Cn | 2“Ds | 1217 | -5.42 -0.99 | 3*Cn ps | 588 | 17.22 -
2%Cn | ?®Ds | 11.65 | -4.31 -0.69 | 3*2Cn 8ps | 576 | 18.00 -
20cn | ?%Ds | 11.09 | -3.00 — 313¢Cn ¥ps | 568 | 1853 -
2lcn | ?7"Ds | 1025 | -0.75 -1.29 | 3*Cn 0ps | 571 | 18.30 -
282Cn 218 Dg 9.43 1.62 - 315Cn SlDs | 5.87 | 17.22 -
28¢Cn | 2®Ds 9.13 2.59 - 316Cn 2ps | 597 | 16.56 -
24cn | ®pDs 8.96 3.15 - $17Cn ps | 595 | 16.67 -
285Cn 281 Ds 8.79 3.73 1.18 318 Cn $4pDs | 585 | 17.31 -
286 Cn 282 Ds 8.62 4.32 - 319Cn 5Ds | 5.68 | 18.44 -
27Cn | ®Ds 8.53 4.63 - $20Cn $6Ds | 543 | 20.20 -
28 Cn 284 Ds 8.59 4.40 - Z=113

289Cn | ®Ds 8.49 4.75 - 266 N 2Rg | 13.62 | -7.80 -
20Cn | %¢pDs 8.07 6.35 - ®'Nh | #%Rg | 135 | -7.57 -
21cn | #Ds 7.65 8.15 - 28Nh | %4Rg | 133 | -7.21 -
2%2¢cn | %8Ds 7.57 8.49 - 269 Nh 25Rg | 13.12| -6.88 -
2%8¢Cn | ®Ds 7.38 9.33 - 210 Nh 26Rg | 12.86 | -6.39 -
2%¢cn | *Ds 7.37 9.36 - 2L Nh %"Rg | 126 | -5.88 -
2%¢cn | ®'Ds 7.35 9.44 - 212Nh 28Rg | 12.36 | -5.44 -
2%Ccn | 22Ds 7.43 9.05 - 213 Nh 9Rg | 12.15| -5.00 -
27Cn | *%Ds 8.36 5.10 - 214 Nh 20Rg |12.07| -4.84 -
2%8Cn | *Ds 8.41 4.90 - 215 Nh 1Rg |11.95| -4.59 -
29¢Cn | **Ds 8.48 4.61 - 216 Nh 22Rg | 11.96 | -4.63 -
0cn | Ds 8.36 5.06 - 21" Nh 28Ry | 12.24 | -5.27 -
Olcn | *Ds 8.23 5.54 - 218 Nh 2Rg | 1252 | -5.84 -3.59
2¢cn | *8Ds 8.02 6.36 - 219 Nh 2SRg | 11.86 | -4.46 -
8cn | Ds 7.89 6.88 - 280 Nh 26Rg | 11.45| -3.53 -1.55
4cn | 300ps 7.68 7.81 - 8L Nh 2"Rg |10.76 | -1.78 -
5cn | 0ps 7.66 7.87 - 282Nh 28Rg |10.02 | 0.25 -1.53
6cp | 302pg 7.47 8.70 - 283 Nh 2PRg | 9.46 | 1.90 -0.81
8cn | 3™pDs 6.52 13.45 - 284 Nh 20Rg | 9.27 | 251 -0.38
9¢cn | 3%ps 6.32 14.58 - 285 Nh 2lRg | 9.13 | 295 0.14
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Table 4.2 continued

Parent | Daughter | Q | l0g10T12 | 10g,oT¢% | Parent | Daughter | Q | l0og10T12 log1oT73
nuclei nuclei MeV | Tizins | Tizins | nuclei nuclei MeV | Tipins | Twzins
286 Nh 282 Rg 8.97 3.48 0.48 319 Nh 315 Rg 6.31 14.99 -
287 Nh 283 Rg 8.89 3.75 - 320N 316 Rg 6.18 15.70 -
288 Nh 284 Rg 8.84 3.90 - 321 Nh 817 Rg 5.93 17.27 -
289 Nh 285 Rg 8.81 4.00 - 322 Nh 318 Rg 5.74 18.52 -
290 Nh 286 Rg 8.6 4,74 - 323 Nh 319 Rg 5.68 18.92 -
WINh | ®7Rg | 822 | 6.16 — | ®Nh | ®Rg | 55 | 2018 s
292 Nh 268 Rg 7.96 7.25 - Z=114

233 Nh 289 Rg 7.94 7.32 - 269 | 265 Cn 13.55 -7.39 -
294 Nh 290 Rg 7.92 7.38 - 210 266 Cn 134 -7.13 -
295 Nh 291 Rg 7.92 7.37 - 2ILE| %67 Cn 13.19 -6.74 -
296 Nh 292 Rg 7.94 1.27 - 22| 268 Cn 12.96 -6.31 -
297 Nh 293 Rg 8.02 6.87 - 213 269 Cn 12.76 -5.93 -
29%8 Nh 294 Rg 8.9 3.52 - 274 F| 210 Cn 12.61 -5.63 -
29 Nh 295 Rg 8.95 3.33 - 25| 21t Cn 12.43 -5.31 -
300 N 296 Rg 9.04 3.00 - 276 F| 272Cn 12.43 -5.34 -
301 N 291 Rg 8.91 3.44 - 21T 213 Cn 12.38 -5.24 -
302N 298 Rg 8.75 3.99 - 278 F 274 Cn 11.76 -3.88 -2.99
303 Nh 299 Rg 8.52 4.82 - 29| 275 Cn 11.6 -3.52 -2.78
304 Nh 300 Rg 8.42 5.18 - 20| 276 Cn 11.05 -2.16 -2.58
305 Nh 301 Rg 8.16 6.17 - BLE) 2717 Cn 10.58 -0.94 -2.34
306 Nh 302 Rg 7.95 7.06 - 82| 278 Cn 9.96 0.80 -2.09
307 Nh 303 Rg 7.6 8.56 - B3| 219 Cn 9.83 1.12 -1.85
308 Nh 304 Rg 7.63 8.41 - BAE) 280 Cn 9.52 2.09 -1.56
309 Nh 305 Rg 7.46 9.16 - 85| 8lcn 9.44 2.32 -1.27
811 Nh 307 Rg 6.56 13.68 - 286 ) 282 Cn 9.47 2.21 -0.99
812 Nh 308 Rg 6.32 15.04 - BT 283 Cn 9.4 2.42 -0.61
313 Nh 309 Rg 6.18 15.81 - 88 284Cn 9.17 3.17 -0.44
314 Nh 810 Rg 6.13 16.10 - BIF) 285Cn 9.06 3.52 -0.67
315 Nh 811 Rg 6.15 15.96 - 20 286 Cn 8.84 4.28 -
316 Nh 312 Rg 6.34 14.86 - 2LE 87 Cn 8.77 451 -
317 Nh 313 Rg 6.42 14.37 - 22| 288 Cn 8.32 6.18 -
318 Nh 314 Rg 6.37 14.65 - 2B 29 Cn 8.27 6.36 -
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Table 4.2 continued

Parent | Daughter | Q | 10910T12 | 10g,,7¢% | Parent | Daughter | Q | logioTu2 logioT5/3

nuclei nuclei MeV | Tipins | Tw2ins | nuclei nuclei MeV | Tizins | Tuzins
294 F| 20 8.44 5.68 - 32T F) 323¢Cn 5.57 20.18 -
295 F| 291 Cn 8.44 5.67 - Z=115

296 | 292Cn 8.47 5.54 - 22 Mc 268 NI 13.34 -6.74 -
297 | 2% Cn 8.58 511 - 213 Mc 269 NI 13.23 -6.55 -
298 | 2% Cn 8.66 4,79 - 274 Mc 270 Nh 13.11 -6.33 -
29 F| 2% Cn 9.55 1.73 - 275 Mc 2711 Nh 12.94 -6.01 -
300 | 2% Cn 9.57 1.65 - 276 Mc 212 Nh 12.84 -5.83 -
0L E| 297Cn 9.71 1.19 - 21T Mc 273 Nh 12.75 -5.66 -
302 | 2% Cn 9.54 1.72 - 278 Mc 274 Nh 12.45 -5.09 -
303 | 29Cn 9.3 2.48 - 29 Mc 275 Nh 11.91 -3.91 -
304 | 300 cn 9.1 3.14 - 280 Mc 276 Nh 11.86 -3.81 -
305 | 301 cn 8.89 3.85 - 281 Mc 2711 Nh 11.48 -2.94 -
306 | 302 cn 8.62 481 - 282 Mc 278 Nh 10.95 -1.58 -
307 F| 303 cn 8.51 5.21 - 283 Mc 279 Nh 10.83 -1.28 -
308 | 304¢Cn 8.01 71.22 - 284 Mc 280 NIy 10.38 -0.08 -
309 | 305cn 7.73 8.40 - 285 Mc 281 Nh 10.3 0.13 -
310 | 306 Cn 7.37 10.02 - 286 Mc 282 Nh 10.21 0.38 -2.09
S1LE| 307 Cn 6.9 12.33 - 287 Mc 283 Nh 10.22 0.32 -1.69
S13F| 309 cn 6.79 12.88 - 288 Mc 284 Nh 10.14 0.54 -1.39
S14F| 310¢cn 6.66 13.57 - 289 Mc 285 Nh 10.09 0.67 -1.01
315F| 811 cn 6.57 14.05 - 290 Mc 286 Ny 10.04 0.80 -0.61
316 | 312 Cn 6.58 13.98 - 291 Mc 287 Nh 9.74 1.65 -0.55
817 F| 313Cn 6.76 12.97 - 292 Mc 288 NI 9.6 2.07 -
S18 | 814 Cn 6.9 12.22 - 298 Mc 289 N 9.44 2.57 -
S19F| 315Cn 6.81 12.68 - 294 Mc 290 NI 9.45 2.53 -
320 | 316 Cn 6.76 12.93 - 295 Mc 291 Nh 9.58 2.09 -
2LE 817 ¢Cn 6.57 13.96 - 29 Mc 292 Nh 9.59 2.04 -
322 | 318 Cn 6.41 14.85 - 297 Mc 293 Nh 9.59 2.02 -
323 F| $19Cn 6.22 15.93 - 298 Mc 294 Nh 9.6 1.97 -
324 )| 320 Cn 6.11 16.60 - 29 Mc 295 Nh 9.69 1.68 -
325F) %1cn 5.95 17.60 - 300 Ve 29 Nh 10.54 -0.79 -
326 | 822 cn 571 19.20 - 301 Mc 297 Nh 10.56 -0.86 -
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Table 4.2 continued

Parent | Daughter | Q | 10910T12 | 10g,,T¢% | Parent | Daughter | Q [ 10910T12 | 10g,,T¢%
nuclei nuclei | MeV | Tipins | Tuzins | nuclei nuclei MeV | Tizins | Tizins
302 Mc 298 Nh 10.65 -1.13 - 280 v 216 F| 12.06 -3.94 -
303 Mc 299 Nh 10.53 -0.81 - 281 v 21T E| 12.09 -4.03 -
304 Mc 300 Ny 10.32 -0.24 - 282 v 218 | 12.62 -5.19 -
305 Mc 301 Nh 10.06 0.49 - 283 v 29 F| 12.29 -4.51 -
306 \Mc 302 Nh 9.68 1.59 - 2841 v 280 | 12.22 -4.37 -
07 Mc 303 Nh 9.37 2.57 - 285 v 28LE| 11.85 -3.55 -
308 Mc 304 Nh 8.83 4.42 - 286 v 282 | 11.68 -3.17 -
309 Mc 305 Nh 8.48 5.70 - 287 Ly 283 | 11.2 -1.96 -2.89
310 Mc 306 Nh 8.2 6.83 - 288 v 24| 11.2 -1.98 -2.63
S Mce 307 Nh 7.97 1.77 - 289 vy 285 | 11.1 -1.74 -2.36
314 Mc 310 Nh 9.59 1.75 - 290y 286 | 11.07 -1.69 -2.05
315 Mc 311 Nh 7.01 12.17 - L RY, 281 | 11.02 -1.57 -1.98
316 Mc 312 Nh 6.99 12.26 - 292y 288 | 10.82 -1.06 -1.93
31 Mc 313 Nh 6.98 12.30 - 293 |y 28| 10.78 -0.97 -1.49
318 Mc 314 Nh 7.18 11.27 - 294 Ly 290 F| 10.91 -1.34 -
39 Mc 315 Nh 7.33 10.53 - 295 |y 2L F) 10.87 -1.25 -
320 Mc 316 Nh 7.26 10.85 - 296 |y 292 | 11.18 -2.07 -
21 Mc 317 Nh 7.23 10.98 - 297 Ly 293 | 11.12 -1.94 -
322 Mc 318 Nh 7.00 12.12 - 298| v 294 F| 11.14 -2.00 -
323 Mc 319 Nh 6.86 12.83 - 29 v 295 | 11.18 -2.12 -
324 Mc 320 Nh 6.73 13.51 - 300 v 296 | 11.26 -2.34 -
325 Mc 321 Nh 6.56 14.45 - 301y 297 | 12.06 -4,30 -
326 Mc 322 Nh 6.4 15.31 - 302 v 298 | 12.08 -4.36 -
32T Mc 323 Nh 6.00 17.77 - 303 v 29 F| 12.18 -4.60 -
328 Mc 324 Nh 5.88 18.55 - 304y 300 | 12.03 -4.28 -
329 Mc 325 Nh 5.62 20.34 - 305 v 0L Ey 11.71 -3.55 -
Z=116 306 v 302 | 11.56 -3.22 -
25 Ly 2ILE) 13.55 -6.89 - 307 Ly 303 | 11.09 -2.02 -
276 y 212 | 13.37 -6.57 - 308 v 304 | 10.53 -0.54 -
CURY; 213 ) 13.24 -6.33 - 309 vy 305 | 9.76 1.67 -
278y 274 F| 12.74 -5.38 - 310 v 306 F| 9.44 2.68 -
219y 215 | 12.64 -5.19 - Sy 07 F| 8.96 4.30 -
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Table 4.2 continued

Parent | Daughter | Q | 10g10T12 | 10g:oT¢% | Parent | Daughter | Q | 10g10T12 | tog,T¢%
nuclei nuclei MeV | Tizins | Twzins | nuclei nuclei MeV | Tipins | Tizins
312 Ly S8 8.83 4.76 - 289 Ts 25Mc | 11.98 | -3.59 -
S8 Ly 39 8.48 6.05 - 290 Tg 26Mc | 11.85 | -3.31 -
$14 Ly S10F 8.23 7.08 - 291 Ts 28'Mc | 11.75 | -3.06 -
315 v $LLE| 7.59 9.82 - 292 Tg 288 Mc 11.71 -2.98 -2.61
316 v 312 Fy 9.91 1.10 - 293 Ts 289 Mc 114 -2.23 -2.16
7Ly 33F| 7.38 10.77 - 29 Ts 290 Mc 11.3 -2.00 -1.58
318 v 314 F| 7.35 10.90 - 2% Tg 291 Mc 11.54 -2.61 -
39y 315F) 7.54 9.99 - 2% Tg 292 Mc 11.64 -2.87 -
320) vy 316 | 7.73 9.11 - 297 Ts 293 Mc 11.77 -3.24 -
21y SITF 7.71 9.19 - 2% Tg 2%Mc | 11.86 | -3.47 -
822 Ly S18F 7.62 9.58 - 29 Ts 2%Mc | 11.86 | -3.48 -
33 Ly S19F 7.42 | 10.49 - 30 Ts 2%Mc | 11.88 | -3.54 -
324 Ly S0 7.26 | 11.25 - 301 Ts 2"Mc | 11.94 | -3.70 -
35 Ly 2LE| 7.1 12.03 - 302 Ts 28Mc | 12.75 | -5.50 -
326 |y 32| 6.94 | 12.84 - 303 Ts 29Mc | 12.73 | -5.47 -
327 Ly 323 F| 6.71 14.06 - 304 Ts 300 Mc 12.82 -5.68 -
328y 324 F| 6.47 15.37 - 305 T3 301 Mc 12.69 -5.42 -
329y 325 F) 6.34 16.12 - 306 Tg 302 Mc 12.41 -4.83 -
0Ly S ) 598 | 18.38 - 07 Ts | 3BMc | 12.24 | -4.47 -
By 327 F| 5.79 19.65 - 308 Tg 304 Mc 11.41 -2.51 -
Z=117 309 Tg 305 Mc 10.79 -0.91 -
218 Tg 24Mc | 13.34 | -6.24 - 310 Tg B Mc | 1037 | 0.24 -
219 Tg 2Mc | 1297 | -5.56 - 311 Ts "Mc | 10.15 | 0.82 -
280 Tg 26Mc | 12.78 | -5.18 - 312 Ts 308 Mc 9.78 1.94 -
281 Tg 2TMc | 12.31| -4.19 - 33 75 39 Mc 9.54 2.69 -
282 Tg 28Mc | 1259 | -4.82 - 316 T 2 Mce 8.06 8.18 -
28 Tg 29Mc | 12.97 | -5.63 - 31715 S3Mc | 10.36 | 0.16 -
284 Ts 20Mc | 12.65| -4.98 - 318 Tg 4 Mc 7.86 9.01 -
285 Tg 281 Mc 1245 | -4.57 - 319 Tg 315 Mc 7.8 9.26 -
26 Ts | %2Mc |12.18| -3.99 - 0Ts | 36Mc | 7.95 8.59 -
287 Ts 283 Mc 1211 | -3.85 - 32l Tg 31" Mc 8.12 7.85 -
2 Ts | 2®Mc |1201| -3.64 - 2Ts | 38Mc | 8.09 7.96 -
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Table 4.2 continued

Parent | Daughter | Q | 10910T12 | 10g4,7¢% | Parent | Daughter | Q | 1091012 | 10g,,T93
nuclei nuclei MeV | Tizins | Twzins | nuclei nuclei | MeV | Tipins | Tieins
8Ts | Mc | 932 | 3.27 - 00g | Lv |1251| -4.64 -3.85
$20Ts | 3Mc | 7.85 | 8.96 - 0log | ®Lv |1256| -4.76 -3.99
5 Ts | 32Mc | 7.67 | 9.75 - 020g | Lv | 12.62| -4.91 -4.03
$6Ts | 3%2Mc | 752 | 10.43 - 80og | *Lv |1338| -6.45 -5.21
21T | 32Mc | 7.31 | 11.42 - 40g | %0Lv | 134 | -6.50 -6.23
8Tg | 32Mc | 7.05 | 1271 - 50g | 3OlLv |1345| -6.61 -5.79
9Ts | 3Mc | 6.67 | 14.70 - %0g | 302Lv |13.34| -6.41 -4.89
$0Ts | %Mc | 657 | 15.25 - %70g | SLv | 1253 | -4.79 -3.63
$¥lTs | %'Mc | 6.02 | 18.63 - 8Og | ™Lv | 121 | -3.86 -4.20
$¥2Ts | 32Mc | 6.08 | 1822 - 0g | 3%Lv |11.07| -1.31 -
$Ts | 32Mc | 592 | 19.26 - $00g | 3%6Lv |10.75| -0.46 -
$¥4Ts | 30Mc | 5.89 | 19.45 - $1og | ¥Lv | 997 | 174 -
Z=118 $20g | %%8Lv |10.04| 151 -
2109 | %7Lv |13.16| -5.67 595 | 3B0g | ¥Lv | 973 | 246 -
22209 | 2®Lv |13.12| -5.60 561 | %%0g | S%°Lv | 954 | 3.06 -
09 | ?®°Lv | 132 | -578 545 | 380g | MLv | 746 | 11.29 -
28409 | %®°Lv |1357| -6.49 -539 | 3®0g | ®Lv |10.85| -0.88 -
22509 | ®lLv |13.23| -5.88 521 | %200g | Lv | 822 | 787 -
22609 | ®2Lv |13.05| -553 -5.03 | '0g | Lv | 841 | 7.09 -
270g | Lv | 12.96| -5.36 -490 | %20g | 8Lv | 856 | 6.48 -
2809 | 4Lv | 12586 | -5.17 -464 | ¥B0g | OLv 9.9 1.77 -
2909 | BLv | 1276 | -4.98 -467 | %0g | *Lv | 962 | 264 -
2009 | WLy |12.67| -4.81 -478 | 3%0g | 'Lv | 927 | 380 -
210g | ®"Lv | 1255| -4.57 -478 | 3%0g | 2Lv | 9.03 | 4.62 -
2209 | 8Lv | 1239 | -4.24 -417 | %¥0g | BLv 7.9 9.13 -
2809 | ®Lv |12.34| -4.15 -337 | %20g | *Lv | 779 | 960 -
2409 | M0Lv |12.37| -4.23 -337 | %%0g | Lv | 747 | 11.07 -
2%0g | 2Lv |[11.93| -3.25 -285 | 3%Qg | %%Lv | 717 | 1253 -
2%0g | 2Lv | 12.28 | -4.06 329 | 3¥'Qg | Lv | 597 | 19.49 -
2709 | 8Lv | 12.39| -4.32 -411 | %20g | ®Lv | 588 | 20.08 -
2%0g | P4Lv | 1249 | -4.56 -431 | %0g | °Lv | 594 | 19.66 -
2909 | ®SLv | 1251| -4.62 -4.04 | 340g | *Lv | 616 | 18.19 -
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Table 4.2 continued

Parent | Daughter | Q | 10910T12 | 10g4,7¢% | Parent | Daughter | Q | 10910T12 | 1og,oT¢%
nuclei nuclei MeV | Tipins | Tiwzins | nuclei nuclei MeV | Tipzins | Twzins
3%50g | BLv 6.35 16.99 - 812119 | 308Ts 9.9 2.32 -
360g | 3Ly 6.2 17.91 - 813119 | 3®Ts | 10.06 | 1.81 -
¥70g | 3Lv 5.88 20.01 - 84119 | 310Ts 9.55 3.41 -
Z=119 85119 | 3UTs 9.36 4.03 -
284119 | 20Ts 13.67 | -6.37 -5.57 | 6119 | 32Ts 9.2 457 -
285119 | TS 14.06 | -7.12 578 | 317119 | 33Ts 9.07 5.02 -
286119 | 2T 13.75 | -6.56 -558 | 38119 | 3Ts | 12,69 | -4.99 -
287119 |  283Ts 13.37 | -5.89 542 | 19119 | 3Ts | 1274 | -5.11 -
288119 |  2Ts 1357 | -6.26 544 | %0119 | 3®Ts | 1258 | -4.79 -
289119 |  %5Ts 13.47 | -6.08 541 | %119 | 'Ts | 1017 | 1.34 -
20119 | %6Ts 1331 | -5.82 -5.33 | %2119 | 38Ts |10.17| 1.33 -
21119 |  27Ts 13.24 | -5.70 -5.39 | 32119 | 3°Ts | 10.24| 1.10 -
292119 | %88Ts 13.08 | -5.39 -5.18 | %119 | 3°Ts | 10.05| 1.66 -
293119 |  2Ts 12.92 | -5.08 489 | %119 | 3T 9.79 2.46 -
294119 |  20Ts 12.85 | -4.94 -4.89 | %6119 | 322Ts 9.43 3.62 -
295119 |  ITs 12.94 | -5.15 - 827119 | 32Ts 7.87 9.70 -
2%6119 |  22Ts 12.98 | -5.25 - 88119 | 3#Ts 9.12 | 4.67 -
297119 | 2%Ts 12.9 -5.10 - 89119 | 35Ts 8.12 8.58 -
298119 |  2*Ts 13.09 | -5.52 - 30119 | 36Ts 7.93 9.39 -
29119 | 2%Ts 13.08 | -5.51 - 81119 | 327Ts 6.16 | 18.76 -
30119 | 2%Tg 13.03 | -5.42 - 32119 | 328Ts 6.11 | 19.07 -
01119 | 27Ts 13.08 | -5.55 - 33119 | 3Ts 6.21 | 18.41 -
802119 | 2%8Ts 13.05 | -5.49 - 834119 | 30Ts 6.2 18.45 -
38119 | 22Ts 13.11 | -5.64 - 85119 | BT 6.65 | 15.71 -
804119 | 300Tg 13.86 | -7.08 -5.68 | 36119 | 3%2Ts 6.5 16.57 -
305119 | 30iTs 13.86 | -7.10 -6.61 | 37119 | 38Ts 6.6 15.96 -
36119 | 302Tg 13.93 | -7.25 -6.17 | 38119 | 3*Ts 6.29 | 17.82 -
07119 | 303Tg 13.39 | -6.23 -5.32 | 39119 | 3%Ts 6.15 | 18.70 -
38119 | 3%Ts 12.16 | -3.67 -3.75 | Z=120

39119 | 305Ts 11.7 -2.56 210 | %7120 | 20g | 13.96 | -6.68 -6.03
310119 | 306Tg 10.67 0.11 - 288120 | Qg | 13.85| -6.49 -5.94
$11119 | 307Tg 10.32 1.05 - 289120 | %°0g | 13.75| -6.32 -6.03
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Table 4.2 continued

Parent | Daughter | Q | 10910T12 | 10g4,7¢% | Parent | Daughter | Q | logioTue logioT{3
nuclei nuclei MeV | Tizins | Twzins | nuclei nuclei MeV | Tizins | Twzins
20120 | 60g | 13.75 | -6.34 -6.12 | %2120 | 3®Qg |10.48| 0.78 -
21120 | 2"0g | 13.87 | -6.58 -5.88 | 38120 | 3°0g |10.54| 0.59 -
292120 | 280g | 13.78 | -6.43 -5.91 | 34120 | Qg |[10.78| -0.07 -
298120 | 90g | 13.65 | -6.20 -5.87 | %5120 | 32'Og | 104 | 0.96 -
294120 | 2°0Q0g | 13.49 | -5.94 -5.64 |3%120 | 320g [10.28| 1.30 -
2%5120 | Qg | 13.46 | -5.90 -5.78 | %7120 | 32°0g | 8.48 | 755 -
2%120 | 20g | 1359 | -6.14 -5.98 | %8120 | 32*Qg 8.4 7.86 -
27120 | 2®0g | 1365 | -6.27 -5.66 | 39120 | 30g | 826 | 8.42 -
2%120 | Qg | 13.24 | -551 -5.46 | %0120 | 3%0g | 7.99 | 9.56 -
29120 | 2®0g | 13.73 | -6.46 -5.99 | 1120 | **'0g | 6.87 | 15.01 -
80120 | 2%Qg 13.7 | -6.41 -6.15 | 32120 | 3%8Qg 65 | 17.13 -
01120 | %"0g | 13.62 | -6.28 -5.68 | 38120 | 32°Qg 65 | 17.12 -
82120 | 2®Qg | 1355 | -6.16 -5.36 | %4120 | *¥°0g | 6.47 | 17.28 -
83120 | °0g | 1351 | -6.10 522 | 35120 | 'Og | 7.56 | 11.45 -
804120 | %0Qg | 1355 | -6.19 -5.12 | %6120 | 3%20g | 7.45 | 11.97 -
85120 | Qg | 14.26 | -7.54 -6.16 | %7120 | 3*®Og | 7.25 | 12.95 -
86120 | %020g | 14.28 | -7.60 -710 | 38120 | 3%%0g | 7.03 | 14.03 -
07120 | 3®OQg | 13.62 | -6.37 -6.59 | 30120 | 3°0g | 6.77 | 15.45 -
88120 | 3%“Qg | 1296 | -5.10 -5.51 | Z=121

89120 | 3%0Qg | 11.77 | -2.39 -3.78 | 20121 | 6119 |14.17| -6.82 -6.98
80120 | Qg | 11.29 | -1.20 221 | 2121 | %7119 |1435| -7.18 -7.06
811120 | %070g | 10.76 | 0.20 - 292121 | 288119 |14.01| -6.57 -7.02
812120 | %%8Qg | 1071 | 0.27 - 293121 | 2119 |14.06| -6.68 -6.77
83120 | ¥9Qg 10.5 0.86 - 294121 | 20119 | 1442 | -7.35 -6.87
814120 | %°0g | 1033 | 1.35 - 295121 | 21119 | 143 | -7.15 -6.74
85120 | Qg | 10.16 | 1.84 - 2%121 | %2119 | 143 | -7.17 -6.88
86120 | 312Qg 9.94 2.50 - 297121 | 22119 |14.47| -7.49 -7.15
817120 | B Qg 9.82 2.87 - 298121 | 2%119 |14.52| -7.60 -6.81
818120 | 3%OQg 9.66 3.37 - 29121 | %119 |14.16| -6.96 -6.44
89120 | %50g | 13.15 | -5.66 - 80121 | 2%119 |13.95| -6.60 -6.78
80120 | %60g | 13.15 | -5.68 - 01121 | 27119 |14.25| -7.17 -6.85
%1120 | 3YQg | 13.08 | -5.55 - 02121 | 8119 |14.06 | -6.84 -6.28
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Table 4.2 continued

Q logioT12 0 Q loguoT om
Parent | Daughter logyoT3; | Parent | Daughter 12 log1oTi/z
nuclei nuclei MeV | Tueins Twzins | nuclei | nuclei MeV Tl/é in| Twzins
303121 29119 14.11 -6.94 -5.96 35121 31119 8.22 8.93 -
304121 300119 14.1 -6.94 -5.93 336121 332119 8.11 9.38 -
305121 301119 14.11 -6.98 -5.93 337121 333119 794 | 10.11 -
306121 302119 14.78 -8.23 -6.95 338121 334119 7.81 | 10.68 -
307121 303119 14.81 -8.30 -7.88 39121 35119 7.6 11.65 -
308121 304119 13.74 -6.32 -7.41 Z=122
39121 305119 13.06 -5.02 -5.90 294122 290120 1452 | -7.24 -
310121 36119 11.87 -2.31 -4.24 295122 291120 14.49 | -7.20 -6.38
811121 307119 11.82 -2.21 -2.75 29%6122 292120 14.94 | -8.02 -5.98
812121 38119 11.74 -2.03 - 297122 293120 14.93 | -8.01 -6.01
313121 39119 11.65 -1.83 - 298122 294120 15.16 | -8.46 -6.05
814121 310119 11.46 -1.36 - 29122 295120 14.63 | -7.52 -5.74
315121 811119 11.27 -0.89 - 30122 2% 120 14.72 | -7.70 -5.16
316121 312119 11.08 -0.40 - 301122 297120 14.47 | -7.27 -5.28
817121 313119 10.87 0.15 - 302122 298120 14.77 | -7.82 -5.51
818121 314119 10.74 0.45 - 33122 299120 1457 | -7.49 -5.02
319121 315119 10.49 1.16 - 304122 30120 1458 | -7.52 4.60
820121 316119 10.34 1.59 - 35122 301120 1455 | -7.48 -5.03
821121 817119 10.16 2.11 - 36122 302120 14.62 | -7.62 -5.32
322121 318119 9.98 2.65 - 307122 303120 15.27 | -8.80 -6.78
323121 319119 9.76 3.34 - 308 122 304120 15.29 | -8.85 -8.24
324121 320119 9.87 2.97 - 309122 305120 13.8 | -6.21 -7.30
325121 %1119 9.64 3.70 - 310122 306120 13.11 | -4.82 -5.95
326121 322119 9.47 4.26 - 311122 307120 12.68 | -3.93 -
327121 323119 9.24 5.04 - 312122 308120 12.74 | -4.07 -
328121 324119 9.09 5.61 - 313122 309120 12.67 | -3.94 -
329121 325119 8.8 6.68 - 314122 310120 1257 | -3.72 -
330121 326119 8.66 7.21 - 315122 311120 12.43 | -3.39 -
31121 327119 6.69 16.52 - 316122 312120 12.19 | -2.85 -
332121 328119 6.37 18.43 - 317122 313120 12.05 | -2.54 -
333121 329119 6.91 15.24 - 318122 314120 11.78 | -1.89 -
334121 330119 6.8 15.84 - 319122 315120 11.67 | -1.64 -
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Table 4.2 continued

Parent | Daughter | Q | 10910T12 | 10g,,7%% | Parent | Daughter | Q | 10g10T12 | 10gy,T¢
nuclei nuclei | (MeV) | Tizins | Twzins | nuclei nuclei | (MeV) | Tizins | Twzins
320122 316120 11.47 -1.15 - 308123 304121 15.8 -9.39 -8.43
21122 | 317120 11.27 -0.64 - 89123 | 3121 15.82 | -9.45 -9.23
82122 | 318120 10.88 0.35 - 810123 | 306121 14.07 | -6.40 -8.00
83122 | 319120 10.47 1.52 - 811123 | 307121 13.36 | -5.05 -6.44
824122 | 30120 10.35 1.86 - 812123 | 308121 13.34 | -5.02 -
825122 | 3120 8.9 6.77 - 83123 | 39121 13.41 | -5.18 -
86122 | 32120 10.12 2.52 - 84123 | 310121 13.32 | -5.02 -
827122 | 32120 9.96 3.01 - 815123 | 31121 1321 | -4.81 -
88122 | 324120 9.77 3.61 - 816123 | %2121 13.03 | -4.44 -
89122 | %2120 9.58 4.23 - 817123 | 33121 12.81 | -3.99 -
30122 | 326120 9.33 5.07 - 818123 | 34121 12.61 | -3.52 -
81122 | 327120 8.82 6.98 - 819123 | 35121 12.38 | -3.01 -
82122 | 32120 7.25 13.91 - 80123 | 316121 12.27 | -2.77 -
83122 | 32120 7.18 14.26 - 821123 | %7121 12.06 | -2.29 -
84122 | 30120 7.07 14.83 - 82123 | %8121 11.86 | -1.82 -
85122 | 31120 8.85 6.80 - 823123 | %9121 11.47 | -0.85 -
86122 | 332120 8.73 7.26 - 84123 | 30121 10.99 0.37 -
87122 | 33120 8.62 7.67 - 85123 | %1121 10.75 1.03 -
38122 | 34120 8.44 8.38 - 86123 | %2121 10.46 1.86 -
39122 | 35120 8.31 8.91 - 827123 | 33121 10.39 2.05 -
Z=123 88123 | 3121 10.26 2.43 -
297123 | 29121 15.16 -8.12 - 89123 | 3121 10.12 2.85 -
298123 | 2%121 14.9 -7.69 - 30123 | 36121 9.87 3.63 -
299123 295121 14.99 -7.87 - 31123 27121 9.44 5.10 -
300123 296121 14.98 -7.87 -7.74 332123 328121 9.32 5.51 -
301123 297121 15 -7.92 -7.35 333123 329121 9.61 4.45 -
302123 298121 14.85 -7.68 -71.57 334123 330121 7.84 11.49 -
303123 29121 15.05 -8.04 -7.75 35123 B1121 941 5.15 -
304123 | 300121 15.11 -8.16 746 | 3%123 | 332121 9.28 5.60 -
305123 | 301121 15.13 -8.21 -7.31 | %7123 | 33121 9.11 6.20 -
306123 302121 15.17 -8.34 -7.41 338123 34121 9 6.60 -
807123 | 303121 15.18 -8.37 -7.47 839123 | 35121 8.84 7.19 -
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Table 4.2 continued

Parent | Daughter | Q | 10910T12 | 10g4,T%% | Parent | Daughter | Q | 10g10T12 | 10gyoT3
nuclei nuclei MeV | Tizins | Twzins | nuclei nuclei MeV | Tipzins | Twzins
Z=124

300124 296122 14.99 -7.60 — 31124 321122 9.73 4.45 -
301124 | 27122 11487 | -7.41 -8.00 332124 328122 9.58 4.99 -
302124 298122 14.48 -6.73 -7.75 333124 329122 9.64 4.72 -
303124 29122 15.00 -7.67 -7.95 334124 330122 9.56 5.03 -
304124 | 300122 | 1556 | -8.68 -8.23 335124 31122 8.61 8.57 -
305124 | 301122 | 1561 | -8.77 -8.10 336124 3832122 9.81 4.11 -
306124 | 302122 | 1561 | -8.79 -8.04 337124 333122 11.19 | -0.03 -
307124 | 303122 | 1567 | -8.91 -8.04 338124 334122 9.51 5.14 -
308124 | 304122 |15.72| -8.99 -8.05 339124 335122 9.4 5.52 -
309124 | 305122 |1521| -8.13 -8.95 Z=125

810124 | 306122 |15.15| -8.05 -9.30 303 125 299123 14.74 | -6.93 -
811124 | 307122 14.1 -6.21 -8.08 304 125 300123 1477 | -7.01 -
812194 | 308122 |13.38| -4.81 -6.54 305 125 301123 1467 | -6.84 -
813124 | 309122 | 10.23 3.14 - 306 125 302123 15.05 | -7.53 -
814124 | 3810122 |10.25 3.05 - 307 125 303123 15.12 | -7.67 -
815124 | 811122 |10.25 3.04 - 308 125 304123 16.31 | -9.66 -
816124 | 812122 13.7 -5.52 - 309 125 305123 16.35 | -9.73 -
317124 813122 13.52 -5.17 - 310 125 306 123 11.35 0.31 -9.69
818124 | 314122 11334 | -4.82 - 311 125 307123 10.91 1.52 -9.62
819124 | 815122 113.09| -4.31 - 312 125 308123 9.86 4.76 -8.45
820124 | 8167122 12.9 -3.92 - 313 125 309123 9.24 6.92 -7.12
821124 | 8177122 7.29 14.82 - 314 125 310123 9.8 493 -6.59
822124 | 818122 12.4 -2.79 - 815 125 311123 9.82 4.84 -6.20
823124 | 819122 111.89| -1.59 - 316 125 312123 9.79 4.93 -6.10
324124 820122 11.55 -0.74 - 817 125 313123 9.8 4.88 -6.00
825124 | 21122 |11.09 0.42 - 318 125 314123 9.89 451 -5.30
826124 | 322122 9.5 5.36 - 319 125 315123 13.7 -5.26 -4.34
327124 823122 9.58 5.07 - 320 125 316 123 13.54 -4.95 -3.48
828124 | 324122 9.56 5.12 - 321 125 317123 7.45 14.45 -
829124 | 325122 | 11.05 0.47 - 322 125 318123 7.14 16.07 -
330124 | 326122 0.74 4.44 - 323 125 319123 12.67 | -3.10 -
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Table 4.2 continued

Q logioTi2 |, om Q logioTare
Parent | Daughter ';)":],lzoiTr:/z Parent | Daughter log10T?)3
nuclei nuclei MeV | Tizins s nuclei | nuclei MeV | Tipzins | Tizins
324125 320123 12.1 -1.78 - 3832125 328123 10.08 3.67 -
325125 821123 11.73 -0.88 - 3833125 329123 10.11 3.55 -
326 125 822123 11.3 0.18 - 3834125 30123 10.11 3.54 -
821125 823123 11.3 0.17 - 85125 %1123 10.38 2.68 -
328 125 824123 9.8 4.65 - 336125 32123 10.22 3.16 -
329125 85123 9.94 4.17 - 87125 33123 9.84 4.37 -
330125 326123 10.08 3.70 - 338125 334123 10.05 3.67 -
831125 827123 10.17 3.39 - 339125 35123 12.2 -2.25 -
125

o

0

£

2

o 115-

E

O

®

c

o

o 110 5

o

105 -

: =
140 150 160 170 180 190 200
parent neutron number

—
210 220

Fig.4.34 Contour representation of log,,T; ,experimentally synthesized superheavy nuclei

with the atomic number ranges from 104 < Z < 125 with the mass number ranges from 238 <

A <331
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CHAPTER V

SUMMARY AND CONCLUSION

Alpha particles have a significant role in the development of atomic structure as well
as the development of the field nuclear physics. Present study aimed at finding the half-lives
of alpha decay of heavy and superheavy nuclei. Preformation probability (Po) means the
probability of formation of an alpha particle inside the mother nucleus. While doing so, it’s
value reveals the structure of the mother/daughter nucleus through magic number, which is
confirmed through the present study. Po values are high at neutron number N=152, 162 and
184. Half-lives calculated matches with experimental half-lives in heavy nuclei. The half-lives
of heavy nuclei of 106 cases ranges from 9.13 x 10® s to 2.20 x 10%%s. In case of superheavy
nuclei, the predicted half-lives for isotopes of Z = 104 to 125, they are compared with other
works. For nearly 1140 cases of superheavy nuclei, contour representation of half-lives is
given. The half-lives of superheavy nuclei with 104 < Z < 125 varies from 2.08 x 10** s t0 2.18
x 10%s.
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