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Abstract 
Stellar weak interaction processes play a significant role during the supernova 
explosion condition after collapse leading to the formation of neutron star. In 
dynamic events like core-collapse supernovae the high entropy wind scenario 
arises from considerations of the newly born proto-neutron star. Here, the 
late neutrinos interact with matter of the outermost neutron star layers lead-
ing to moderately neutron rich ejecta. We study the electron capture and beta 
decay rates of Co and Cd isotopes at various temperature and density condi-
tions in an astrophysical environment and found that the beta decay rates are 
much higher than the corresponding electron capture rates at all the condi-
tions.  
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1. Introduction 

The r-process (rapid neutron capture process) nucleosynthesis is traditionally con-
sidered to be responsible for synthesis of most of the heavy elements beyond iron 
[1] and is the only process to produce the naturally occurring radioactive acti-
nide elements like Th and U [2] [3]. Though the site of the r-process is still not 
clearly known, it has been proposed that explosive and dynamic astrophysical 
environment of core collapse type II supernova is a viable site [4] [5]. 

Various weak interaction processes, chiefly electron capture and beta decay 
play a crucial role during the late stage of stellar burning and subsequent gravi-
tational collapse for a type II supernova. The late stages stellar evolution of mas-
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sive stars is strongly influenced by the weak interactions which act to determine 
the core entropy and electron-to-baryon ratio, Ye, of the presupernova star [6]. 
When electron capture reduces the number of electrons available for pressure 
support, the beta decay acts in the opposite direction. But both the processes gen-
erate neutrinos. After collapse the bounce pushes the material outward in form of 
shock wave where the energy of neutrinos eventually causes the explosion. The 
outward propagation of the shock depends on the rates of these processes. For 
most of the heavy and superheavy elements produced here, the experimental in-
formation is largely scarce and hence collecting information about the elements 
gets prohibited [7]. Also it has been identified that the difficulty to pinpoint the 
r-process site is the lack of experimental data for the relevant nuclei [3]. So a 
theoretical approach is considered a first step for gathering information on the 
nuclei produced in such environments. 

We organize our work as follows. In Section 2 we make a brief literature re-
view of the nucleosynthesis process in supernova. In Section 3 we discuss these 
weak interaction processes. Section 4 deals with the calculation of electron cap-
ture rates. In Section 5 we present and discuss the comparison of electron cap-
ture and beta decay rates of some isotopes of Co and Cd at dynamic explosive 
scenario of type II supernova. The electron capture rate on 59Co arguably plays a 
pivotal role in the presupernova evolution of massive stars [8]. 130Cd is a typical 
r-process element [4] and also 48Cd is presumably the most important waiting 
point isotope for the main r-process. Hence these two isotopes are considered 
for analysis of weak interaction processes of particular isotopes. For simulation 
of core collapse of a massive star, the stellar weak interaction rates are consi-
dered as one of the most important nuclear physics input parameters [8]. So a 
calculation of these rates based on a detailed temperature and density scale ap-
propriate to the presupernova and supernova evolution may be an important 
tool for the simulators of core collapse supernova. 

2. Nucleosynthesis in Supernova Type II 
2.1. Supernova Core Collapse Mechanism 

In the chemical evolution of the Universe, light elements formed after the Big 
Bang is converted to heavier elements by nuclear fusion in stellar interiors [9]. 
Due to successive thermonuclear fusion starting from hydrogen, the inner core 
of a massive star (M > 10M0) exhausts its nuclear fusion fuels at stages and ends 
up in an iron core which can fuse no further due to large coulomb barrier asso-
ciated with iron nuclei. The most strongly bound Fe peak nuclei grows larger in 
mass until a point is reached where the electron degeneracy pressure is no longer 
able to sustain the core against gravitational collapse [10]. When the core matter 
exceeds the nuclear matter density (1014 gm∙cm−3), it collapses catastrophically to 
form a neutron star or a black hole depending upon the initial contracting mass. 
In the resulting explosion, the outer layers of the star are blown out where the 
r-process nucleosynthesis takes place. This is referred to as the supernova explo-
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sion which is one of the most probable site of r-process nucleosynthesis. 
During the beginning of collapse at high temperature and pressure, the core 

matter consisting mostly of iron, disintegrates using energy which cools the mat-
ter. This is the late stage of stellar burning where in the compact matter the elec-
tron capture on protons and nuclei takes place. The reactions are as follows: 

p e n eν
−+ → +  

or on nuclei, 

( ) ( ), e 1, 1 eN Z N Z ν−+ → + − +  

As evident from above, these are the reactions which also reduce the electron 
pressure and enhance neutralization of matter. The neutrinos produced leave the 
core matter and carry away energy. As the core attains the nuclear matter densi-
ty and stiffens beyond that, it cannot get compressed further. The still in falling 
matter is bounced back with the formation of an outward shock, which disinte-
grates the stellar matter and there is no explosion due to this prompt shock. This 
neutrino cooling (photodissociation of Fe) competes with neutrino heating (pro-
duced by e− capture) in the stellar matter. The heating causes convective overturn 
of matter and increases pressure behind the shock which is termed as hot bub-
ble. The persistent neutrino heating drives the shock outward in the form of su-
pernova explosion. The most promising mechanism for SN explosion after iron 
core collapse of a massive star is the neutrino heating beyond the hot protoneu-
tron star by processes 

n p eeν
−+ ↔ +  

p n eeν
++ ↔ +  

Here at high neutron densities and temperatures, neutron captures and re-
verse photodisintegrations take place with τn,γ & τγ,n < τβ [11]. It produces the 
isotopic chain by successive neutron captures before beta decay allows it to move 
onto the next nucleus so that another isotopic chain can form. Thus β−-decay 
lifetimes of these nuclei are critical inputs for the r-process because they not only 
set the timescale for heavy element production but also help to shape the final 
abundance pattern as the path moves back to stability [5]. In this r-process, fi-
nally highly unstable heavy and superheavy nuclei with short half lives are pro-
duced. We start with 26Fe as seed nucleus to produce these heavy elements by 
r-process nucleosynthesis. We calculate the beta decay rates 

β
λ −  which is re-

lated to the half lives of these very neutron rich nuclei via ln 2 T
β
λ − = . 

We can see that the electron capture precedes beta decay which is evident 
from the above discussion. But just after explosion as temperature and density 
decrease exponentially [12] and r-process nucleosynthesis starts, the beta decay 
of the nuclei produced increases Ye, the electron fraction and compete with elec-
tron capture. 

2.2. R-Process Nucleosynthesis 

In the classical r-process under conditions of high temperature (T9 > 1, T9 = 109 
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K) and high neutron number density (nn > 1020 cm−3), a nucleus can capture 
neutrons successively and as permitted by the neutron binding energy of that 
nucleus. This we calculate from Saha equilibrium on nuclei in a certain isotopic 
chain [13] given as 

( )10 934 log 5 MeVn nS n T ≈ − ×   

Here after each neutron capture, the binding energy falls until ultimately the 
binding becomes zero and a nucleus can further capture no more neutrons. The 
nucleus then waits until β−-decay allows it to proceed onto the next nucleus and 
a new chain of isotopes forms. 

When the temperature T significantly exceeds T9 initially, a hot r-process oc-
curs [14]. For T9 ~2 and nn > 1020 cm−3, photo-disintegration is sufficiently fast to 
establish an equilibrium with neutron capture. In this (n, γ) ↔ (γ, n) equili-
brium, the total abundance of nuclei with a specific Z is concentrated in a wait-
ing point nucleus assigned by relevant nn and T which provides their neutron 
separation (binding) energies Sn(Z, A) based mainly on the nuclear masses. From 
mass considerations the neutron separation energy is given as 

( ) ( ) ( )2 2 2, , 1 ,n nS Z A M Z A c M c M Z A c= − + −  

Nuclear masses here play an important role by also providing the excess neu-
tron binding energy from one neutron to the next. This is calculated from nuc-
lear mass data of [15]. Thus the r-process path formed by the waiting point nuc-
lei is specified by nn, T and Sn(Z, A). The β−-decay of the waiting point nuclei 
regulates the relative abundances for different Z and controls the progress of the 
r-process flow. This is discussed in detail in an earlier paper by these authors 
[16]. 

During expansion as the temperature drops below some critical value and free 
neutrons are depleted at some point, the (n, γ) ↔ (γ, n) equilibrium breaks 
down. If T is far below T9 then the r-process takes place in relatively cold envi-
ronments where the r-process flow is controlled by the individual neutron cap-
ture followed by β−-decays both of which play an important role in the final ab-
undances of nuclei. When the neutron source is exhausted, the r-process freezes 
out and the unstable nuclei decay back to stability. In different isotopic chains, 
the relative abundances are set by β−-decay lifetimes of the heaviest nuclei along 
each chain. The chains are connected via β−-decays and thus an r-process path is 
formed at different temperature and densities of the explosive environment. 
Along the path the successive β−-decays set the time required to produce the 
heaviest element possible [17]. 

Only a small fraction of nuclei involved in r-process are accessible to experi-
ments. So majority of nuclear inputs like temperature, density and mass of nuc-
lei involved are calculated from theory and used in a network of equations to 
provide the abundances, β−-decay rates and electron capture rates theoretically. 
Here we adopt a theoretical approach to calculate the weak interaction rates and 
make a comparison of them in the explosive environment of type II supernova. 
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3. Stellar Weak Interaction Processes 

Stellar weak-interaction processes and their rates exhibit considerable variations 
because they are extremely sensitive to the dynamic range of density and tem-
perature that occur in the stars; the rates observed also vary a lot than those ob-
served in the terrestrial laboratory. Atoms are generally completely ionized, while 
electrons form a continuum gas in the stellar plasma [18]. The electron gas has a 
degree of degeneracy that strongly depends on both the temperature and density 
of the matter inside a star. During the evolutionary process of a massive star, in 
the final stage when the central density of the star exceeds the nuclear matter 
density, electrons exhibit high degeneracy which strongly affects the rates of weak 
interactions. 

3.1. Rates of Weak Interaction in the Stellar Interior 

In massive stars during the presupernova evolution, allowed GamowTeller tran-
sitions dominate weak interaction processes. The two main weak interaction 
processes are the electron capture and the β−-decay:  

( ) ( ), , 1 ee A Z A Z ν− + → − +  

( ) ( ) 2, , 1ecQ M A Z M A Z c≈ − −    

( ) ( ), , 1 eA Z A Z e ν−→ + + + ; 

( ) ( ) 2, , 1Q M A Z M A Z cβ ≈ − +    

where (A, Z) characterizes a nucleus with mass number A and atomic number Z 
and has a nuclear mass M(A, Z); Q’s are the energy values. As a consequence, 
the rates of the two major weak-interaction processes during the presupernova 
evolution in massive stars indicate that β−-decays can compete with e−-captures 
on nuclei because of the following reasons. That: 1) the e−-capture rates generally 
decrease as observed in the calculations and 2) the increase in the β−-decay rates 
owing to thermal excitation of the back resonances and evolution of nuclear 
matter towards neutron-rich nuclei attained by the r-process. This increase fa-
vors the β−-decay processes more than the e− capture processes because the 
energy Q

β −
 decreases while the energy Qec increases. 

3.2. Competition between the Rates of Electron Capture and Beta  
Decay in a Supernova Collapse 

Weak-interaction processes are pivotal to the initial stage of the core collapse of 
a massive star. When the core mass of the star surpasses the appropriate Chan-
drasekhar mass limit, the electron capture that is taking place on the nuclei in 
iron-mass region augments a reduction in the electron pressure. Thus the elec-
tron degeneracy pressure which opposes the collapse is dropped down. This ac-
celerates the collapse while simultaneously reducing the electron fraction Ye 
[19]. In addition, this alters the distribution of the nuclei existent in the star core 
increasing the neutron richness of the material. In this stage, many of the nuclei 
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formed can also undergo β−-decay. Although this process is relatively less crucial 
than the electron capture for the initial values of Ye near 0.5, it becomes progres-
sively more competitive for neutron-rich nuclei. The rates of the electron cap-
ture and beta decay processes have been found to balance each other within a 
particular range of Ye values. 

These processes, chiefly electron capture and beta decays, create neutrinos which 
escape the star continuously for all densities until the collapse becomes truly hy-
drodynamic (i.e. ρ~1011 gm∙cm−3). Thus, they carr energy away from the star and 
reduce entropy. During simulations that follow stellar evolution till the iron core 
attains the central densities of order of a few 109 gm∙cm−3, the knowledge of av-
erage neutrino energies of the various weak processes involved is sufficient for 
determining the rate of energy loss along the stellar trajectory. These simula-
tions are referred as the pre supernova model, which are then used as an input 
to carry out the detailed studies on the collapse and explosion mechanisms of 
stars. [20] suggested that under conditions of the pre-supernova models and in 
subsequent stellar evolution, the β−-decay is strongly inhibited by the apprecia-
ble electron chemical potential. Moreover, the total electron capture rates are 
some orders of magnitude higher than the beta decay rates. Knowledge of neu-
trino energy spectra at each point and time during core collapse of a massive 
star is fairly relevant to simulations of the final collapse and explosion phase of 
the massive star. 

The electron capture and beta decay processes become much significant when 
nuclei with masses A~55 - 60 are most abundant in the core. As weak interaction 
changes the value of Ye and electron capture process becomes dominant; the Ye 
value is reduced successively from its initial value of 0.5. Consequently, the ab-
undant nuclei become increasingly neutron rich and heavier because nuclei with 
a low Z/A ratio are more bound in heavier matter than are those with a high Z/A 
ratio. 

4. Calculation of the Electron Capture Rates 

Beta interaction rates include electron-antineutrino and positron-neutrino emis-
sion, electron capture with neutrino emission and positron capture with anti-
neutrino emission. According to [21], stellar electron capture rates are very sen-
sitive to temperature and density and can differ considerably from terrestrial 
values for a given transition. Reference [22] pointed out that the excited states of 
a nucleus may have quite different β−-decay rates than the ground state of the 
nucleus. Electron capture occurs in stars from bound and continuum orbits and 
for the nuclei the continuum capture is important under the conditions dis-
cussed here. 

The allowed differential rate for e−-capture from the energy interval dω in the 
continuum (subscript c) is given by 

( ) ( )
3

222 2 d
d d

dn
e

c
nЋe C M F q

m c
λ ω ω

ω
−

−
−  
=  

 
π +∑           (1) 
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Here the effective matrix element squared is given [21] as 
2 222 22

FV A GTC M C M C M= +∑ ∑                (2) 

where MF and MGT are Fermi and Gammow Teller nuclear matrix elements and 
2
VC  and 2

AC  are constants in units of sec−1. In the non-relativistic limit 

( )
( )

2,
exp 2 1

F z ηω
η− =

π
− π −

                    (3) 

where 
2Ze cZ Z

Ћv v p
ωη α α= = =                      (4) 

is the electron or positron momentum in units of mec, a positive quantity for 
both electron and positron emission with v the electron or positron velocity, α = 
1/137 the fine structure constant, and Z the charge number of the final nucleus. 
Also ( ) ( )2 22 1nq qαω ω ω= + = + +  is the energy proportional to the phase space 
factor for the emitted neutrino or antineutrino. The differential electron density 
is given by 

( )
3

2
2

d
e p1 x

d
e v

c
m cn z
Ћ

ω ω φ
ω
−    =     

−


+
π 

              (5) 

Here, the Fermi-Dirac number density of electrons in equilibrium with the 
radiation field and with nuclei are 

( )
( )2

0

1 2231 1 d

exp 1
em c

n N
Ћ z

ω ω ω
ρ

ω φ

∞

− −
 = =

−

− + 
π 

∫              (6) 

where 2
95.930ez m c kT T= = , ω is the total energy in units of mec2, ϕ = φ/kT is 

the chemical potential for electrons in units of kT. With this now, 

( )1 expn N nρ φ− −= = +                     (7) 

where 

( )
3

2
0

2 
1 1

1 exp de vz
c

m c
n N

Ћ
ρ ω ω ω

∞   = = −  π     
∫             (8) 

Here in the extreme relativistic (ER) non-degenerate case, one has 
28 3

1
3

91.688 10 cmn T −≈ ×                     (9) 

When this is done, one has, with z = mec2/kT and n−/n1 = exp(+ϕ) 

( ) ( ) ( )222 2

1

d 2 exp d
2 nc
F ne Z C M z q

n
λ α ω ω ω ω

η
− −−  

=  


− +


π
π∑    (10) 

To obtain ( )ceλ − , two cases have been distinguished. In the first case qn = 
Qn/mec2, is the nuclear energy difference in units of mec2 between the capturing 
state and the final nuclear state which lie in the range qn > −1, so that the range 
of integration is 1 < ω < ∞. In the second case qn < −1, so that the range is |qn| < 
ω < ∞. Thus we get  
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( ) ( )2 2d ?  c ce C M efλ − −= ∑                     (11) 

with 

( )
1

2
2c
F nf e Z I

n
α

η
− −

−
− = π

π
                   (12) 

where Z is the charge number of the initial nucleus and n1 being given by equa-
tion (8). In terms of atomic mass difference qn = q − 1 in the electron capture 
case and for qα > 0, we have 

( ) 2
2

2 2 2

exp 2 2 4 6 6 121 2 1 2 1kT kTI q
Q

z
z z z zz z zQα

α α
−

 −          = + + + + + + + +        
          

 (13) 

while for qα < 0 

( ) 2
2

3 2

2exp 2 3 1 6 121 1 1
z

I
z zz z

Q kT
q

q q
α

α
α α

−

 − +     = + + + + +   
     

   (14) 

In order to express the continuum capture rates numerically, taking Qα = Qn + 
0.511 MeV > 0 and <F−/2πη ≥ 1.6 we finally have 

( ) ( )25 22.76 10 1.26 0.665ce Z M Q Qα αλ − − + += ×             (15) 

For allowed transitions near Z = 26, we have according to [21], |M|2 = 0.5 to 
0.01. 

5. Results and Discussion 

It has been proved that the dynamical timescale of the final collapse is dominat-
ed by electron capture on nuclei and not, as has been the standard picture for 
many years, by capture on free protons. This has a significant consequence for 
the collapse and changes the Ye and density profiles throughout the core. 

The treatment of [21] has been followed and the electron capture rates for 
55Co iso tope at various arbitrary values of |M|2 are calculated. These rates (hen-
ceforth referred as FH rate) are compared with that of [19] at the same temper-
ature and density conditions and are tabulated in Table 1. The rates indicated 
are shell-model (SM), Fuller, Fowler and Newman (FFN) and Aufder-heide et al. 
(Aufd), all the values being taken from [19]. 

It is noted that the value of |M|2 = 0.03 gives the e−-capture rates of FH much 
in agreement with that of others, as shown in Table 1. So, we now propose that 
this |M|2 = 0.03 value be taken in calculating the e−-capture rates at different 
temperature and density conditions considered in the present analysis by using 
equation (15) and then compare them with the β−-decay rates of our calculation 
[16]. These are shown in Figure 1 for 27Co isotopes and in Figure 2 for 48Cd 
isotopes. 48Cd is presumably the most important “waiting-point” isotope for the 
main r-process and hence it is taken for the analysis. It is found that the β−-decay 
rates are much higher than the corresponding e−-capture rates at all the condi-
tions. As the temperature increases which also indicates an increased density, we  
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Table 1. Electron capture rates for 55Co isotope at different values of |M|2. 

SM FFN Aufd FH |M|2 

2.2 (−3) 
1.5 (−4) 
8.7 (−6) 
1.7 (−3) 
3.3 (−4) 
1.8 (−4) 

8.4 (−2) 
1.9 (−3) 
2.1 (−4) 
6.9 (−2) 
9.1 (−3) 
1.1 (−1) 

5.1 (−2) 
3.4 (−3) 
2.1 (−4) 
5.1 (−2) 
2.1 (−2) 
6.1 (−2) 

1.0 (−4) 
1.2 (−4) 
7.9 (−5) 
7.9 (−5) 
7.9 (−5) 
8.0 (−5) 

0.01 

2.2 (−3) 
1.5 (−4) 
8.7 (−6) 
1.7 (−3) 
3.3 (−4) 
1.8 (−4) 

8.4 (−2) 
1.9 (−3) 
2.1 (−4) 
6.9 (−2) 
9.1 (−3) 
1.1 (−1) 

5.1 (−2) 
3.4 (−3) 
2.1 (−4) 
5.1 (−2) 
2.1 (−2) 
6.1 (−2) 

2.1 (−4) 
2.4 (−4) 
1.6 (−4) 
1.6 (−4) 
1.6 (−4) 
1.6 (−4) 

0.02 

2.2 (−3) 
1.5 (−4) 
8.7 (−6) 
1.7 (−3) 
3.3 (−4) 
1.8 (−4) 

8.4 (−2) 
1.9 (−3) 
2.1 (−4) 
6.9 (−2) 
9.1 (−3) 
1.1 (−1) 

5.1 (−2) 
3.4 (−3) 
2.1 (−4) 
5.1 (−2) 
2.1 (−2) 
6.1 (−2) 

3.1 (−4) 
3.5 (−4) 
2.4 (−4) 
2.4 (−4) 
2.4 (−4) 
2.4 (−4) 

0.03 

2.2 (−3) 
1.5 (−4) 
8.7 (−6) 
1.7 (−3) 
3.3 (−4) 
1.8 (−4) 

8.4 (−2) 
1.9 (−3) 
2.1 (−4) 
6.9 (−2) 
9.1 (−3) 
1.1 (−1) 

5.1 (−2) 
3.4 (−3) 
2.1 (−4) 
5.1 (−2) 
2.1 (−2) 
6.1 (−2) 

4.2 (−4) 
4.8 (−4) 
3.2 (−4) 
3.2 (−4) 
3.2 (−4) 
3.2 (−4) 

0.04 

2.2 (−3) 
1.5 (−4) 
8.7 (−6) 
1.7 (−3) 
3.3 (−4) 
1.8 (−4) 

8.4 (−2) 
1.9 (−3) 
2.1 (−4) 
6.9 (−2) 
9.1 (−3) 
1.1 (−1) 

5.1 (−2) 
3.4 (−3) 
2.1 (−4) 
5.1 (−2) 
2.1 (−2) 
6.1 (−2) 

6.2 (−4) 
7.1 (−4) 
4.8 (−4) 
4.8 (−4) 
4.8 (−4) 
4.8 (−4) 

0.06 

2.2 (−3) 
1.5 (−4) 
8.7 (−6) 
1.7 (−3) 
3.3 (−4) 
1.8 (−4) 

8.4 (−2) 
1.9 (−3) 
2.1 (−4) 
6.9 (−2) 
9.1 (−3) 
1.1 (−1) 

5.1 (−2) 
3.4 (−3) 
2.1 (−4) 
5.1 (−2) 
2.1 (−2) 
6.1 (−2) 

8.3 (−4) 
9.4 (−4) 
6.4 (−4) 
6.4 (−4) 
6.4 (−4) 
6.4 (−4) 

0.08 

2.2 (−3) 
1.5 (−4) 
8.7 (−6) 

8.4 (−2) 
1.9 (−3) 
2.1 (−4) 

5.1 (−2) 
3.4 (−3) 
2.1 (−4) 

10.3 (−4) 
11.7 (−4) 
8.0 (−4) 

0.10 

1.7 (−3) 
3.3 (−4) 
1.8 (−4) 

6.9 (−2) 
9.1 (−3) 
1.1 (−1) 

5.1 (−2) 
2.1 (−2) 
6.1 (−2) 

8.0 (−4) 
8.0 (−4) 
8.0 (−4) 
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Figure 1. Comparison of the e−-capture and β−-decay rates for 27Co isotopes at Temperature and Density Conditions as Specified: 
rates are in sec−1. 
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Figure 2. Comparison of the e−-capture and β−-decay rates for 48Cd isotopes at Temperature and Density Conditions as Specified: 
rates are in sec−1. 
 

     

Figure 3. Beta decay rates of Co and Cd isotopes at different temperatures: rates are in sec−1. It is noted that at the same density 
with the increase in temperature the beta decay rates go on decreasing. Also at the same temperature with the increase in density 
the beta decay rates go on increasing. 
 

    

Figure 4. Electron capture rates of Co isotopes at different densities: rates are in sec−1. It is noted that at the same temperature 
with the increase in density the electron capture rates go on decreasing. Also at the same density with the increase in temperature 
the electron capture rates go on increasing. 
 

     

Figure 5. Electron capture rates of Cd isotopes at different densities: rates are in sec−1. It is noted that at the same temperature 
with the increase in density the electron capture rates go on decreasing. Also at the same density with the increase in temperature 
the electron capture rates go on increasing. 

https://doi.org/10.4236/wjnst.2022.122008


R. Baruah et al. 
 

 

DOI: 10.4236/wjnst.2022.122008 99 World Journal of Nuclear Science and Technology 
 

can see that the electron capture rates go on increasing. This is due to the fact 
that in the more compact matter the mean free path of the electrons decreases 
and there is an enhancement of electron capture. 

Figure 3 shows the beta decay rates at various density and temperature condi-
tions. It is seen that at the same density with the increase in temperature the beta 
decay rates go on decreasing. Also at the same temperature with the increase in 
density the beta decay rates go on increasing. These implications of entropy val-
ues will be discussed in detail in our next paper. The figure shows that at high 
temperature and low density (high entropy, S(4/3)a(kT)3/ρNA) conditions, the 
β−-decay rate is considerably lower (Figure 4 and Figure 5). 
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