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Unified Description of the Competition Between o Decay,
Cluster Radioactivity and Cold Fission

LI Guangjin, BAO XiaojunT

(School of Physics and Electronics, Hunan Normal University, Changsha 410081, China)

Abstract: Half-lives of spontaneous nuclear decay processes are calculated by a generalized liquid drop model
(GLDM). The potential barrier is constructed by a GLDM, taking into account the nuclear proximity, the mass asym-
metry, the accurate nuclear radius, the phenomenological shell and pairing correction. The GLDM model is to con-
tinue reproducing the experimental data for o decay and cluster radioactivity, as well as to reach a reasonable calcu-
lation for the half-lives for cold fission processes. These comparisons show that the GLDM is useful tools to invest-
igate these different decay processes in an unified theoretical framework. The influence of macroscopic energy coef-
ficient on the potential barrier and half-lives are strongly dependent on the charge asymmetry (7,=
(Z,-2,)/(Z, +Z,)) for the same parent nucleus during the rearrangement process. The influence of inertia coeffi-

cient on half lives also depend on the mass asymmetry 7, .
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0 Introduction

The cold rearrangement of heavy nuclei at very low or
even zero excitation energy proved to be a very extended
phenomenon, ranging from a deacay[l_z], cluster radio-
activity[g’_(’:| to the cold fission of many actinide nucleil” 1.
Experimentally, many works reveal nuclear structure ef-
fects in the cold rearrangement processes[m*“]. It is well
known that a particle is double magic nucleus. In the cold
fission shows the occurrence of a few spherical nuclei
around the doubly magic nucleus '**Sn, which is similar to
the case of cluster radioactivity, where the daughter nuclei
are around *®Pb. Theoretically, the existence of a valley in
the potential energy surface for heavy cluster emission in
which one of the emitted fragments is close to the double
magic shell has been pointed outl127131,

The process of o decay is fundamentally a quantum-
tunneling effect, in which the penetration probability has
been calculated using WKB approximation assuming o
particle tunneling through the potential barrier between o
particle and the daughter nucleus! !¢ 17]. In the unified fis-
sion approach the decay constant A is simply the product
of the barrier penetrability p and of a constant assault fre-
quency vo 187221 Then, the height, position and width of
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the potential barriers are the main ingredients determining
the half-lives. In the cluster model, the cluster is assumed to
form before it penetrates the barrier and a preformation
factor is included in the calculation. The decay constant A
is defined as the product of the preformation factor, the as-
sault frequency and the penetration probabilitym*m]. Usu-
ally, computing the o formation amplitude is a difficult
task because the actual wave functions involved cannot be
well defined. The a preformation factor is very important
from the viewpoint of the nuclear structure. Numerous
studies of the a decay have been concentrated on this prob-
lem.

The spontaneous emission of a charged particle heav-
ier than an o particle but lighter than a fission fragment
was first theoretically predicted at the beginning of 1980s
by Sandulescu et all®]. In 1984, the emission of “C nucle-
us by 2Ral¥l was observed. Since then, other cluster ra-
dioactivities have been observed leading to '*C, *0O, »F,
224-26Ne, B39Mg, and ****Si emission, and their partial
half-lives have been measured®®]. The superasymmetric
fission model® ¢ 29_34], which is based on Gamow's idea
of barrier penetration; among them the preformed cluster
model (PCM)[35738], in which the cluster is assumed to be
preformed in the parent nucleus and the preformation factor
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for all possible clusters is calculated by solving the
Schrédinger equation for the dynamical flow of mass and
charge; in the generalized density-dependent cluster model
(GDDCM)*?1 assumed the cluster preformation factor has
an exponential form; and a cluster model with a mean-field
cluster potential can also provide a good description of
cluster emission®]. Recently, microscopic calculations of
cluster formation probability and of barrier penetrability
have been performed[‘“_“:| by using the R-matrix descrip-
tion of the process. A universal decay law(UDL) for o -de-
cay and cluster radioactivity was recently developed[42_43]
based on this theory.

The cold fission are characterized by large total kinet-
ic energies of the final nuclei approaching the Q value of
the decay. The occurrence of cold fission processes for
which no neutron emission takes place and the scission
configurations are very compact, leading to a very high
total kinetic energy of the final fragments. Cold fission is
considered to be identical to spontaneous decay with emis-
sion of fragments such as “C, 3%Q, g, 22#4Ne,
830Mg, and *>*Si emission. The analytical superasymmet-
ric fission modell**! and the effective liquid drop model(*]
are applied to study cold fission, a decay and cluster radio-
activity in a unified way. In the cluster model, the emitted
nucleus and the daughter are supposed to be preborn indi-
vidually inside the parent nucleus with a definite preforma-
tion probability. In many calculations it has been assumed
that the preformation factors are taken to be constant*¢™#7],
The decay width is well described as a product of three
model dependent quantities, namely, the preformation
probability of the emitted clusters inside the decaying nuc-
leus, the assault frequency, and the barrier penetration
probability[48_50].

The conventional liquid drop model was developed to
include the nuclear proximity energy and a quasi-molecu-
lar shapes by G.Royer in 1984, which allows us to describe
the fusion, the fission, cluster radioactivity, o decay and
proton emission processes[5 17541 In the present work we
extend GLDM model to include also cold fission processes.
The unified treatment of o decay, cluster radioactivity and
cold fission is adopted the GLDM for 226226230232 = 21pg |
230’232’233’234’235'236U, 237Np , 236.238Pu . The inﬂuence Of the
macroscopic energy coefficient on the spontaneous decay
process is considered. It is well know that the macroscopic
energy coefficient is a very important character for nuclear
structure, as well as for decay process. So it is very interest-
ing to check how much the influence of uncertainty macro-
scopic energy on the potential barrier as well as the half-life
for spontaneous decay process. In addition, we also discuss
the uncertainty of inertia coefficients in relation to half-
lives.

1 Theoretical framework

The total energy of a deformed nucleus is the sum of

the GLDM energy and the shell and pairing energies. With-
in this GLDM the macroscopic energy of a deformed nucle-
us is defined ast'”]

E(r) = EV + ES + EC + Eprox + Eshell + Epairing, (1)

where the different terms are respectively the volume, sur-
face, Coulomb, nuclear proximity and rotational energies.
For one-body shapes, the volume Ey, surface Es and Cou-
lomb E. energies are given by

Ey = —a,(1 -k J*)A MeV, ©)
Es = a,(1 - k,I*)AY*(S /AnR2) MeV, 3)
Ec = 0.6¢*(Z%/Ry)Bc MeV. 4)

The set of parameters a,=15494, k,=1.8,
a; =17.9439 (or 18.18), and k,=1.8 (or 3.1) has been
used. It is well known that the parameters (a, and k;) in the
liquid drop and macroscopic microscopic model were de-
termined from a least-squares fit to the experimental data.
There are some differences in the fitting results of different
research groups. To study the influence of different para-
meter on the potential barrier, different parameter values
were adopted in our calculations.

The B is the Coulomb shape dependent function, S
is the surface and [ is the relative neutron excess.

Bc = 0.5 [(V(6)/Vo)(R(6)/R, )’ sin6do, (5)

where V(0) is the electrostatic potential at the surface and
Vo the surface potential of the sphere. The effective sharp
radius R, has been chosen as

Ry =1.284'%-0.76+0.8A4°"/* fm. (6)

This formula proposed is derived from the droplet
model and the proximity energy and simulates rather a
central radius for which Ry/A'”? increases slightly with the
mass. When the fragment are separated[5 1

Ey = —a,[(1 -k I)A, + (1 —k,I})A,] MeV, @)
Es = af(1-kIDAT + (1 -kIDHA’ I MeV,  (8)

Ec =0.6¢’Z /R, +0.6¢*(Z2|R,) + €*Z,\Z,/r MeV.  (9)
To ensure volume conservation, R, and R, read

Ri=Ry(1+ 477, (10)

R, = RoB(L+ )7, an

where
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12847 -0.76+0.84;""
128417 -0.76+0.84;'""

(12)

The discontinuity of a few MeV appearing at the con-
tact point due to the difference between A,/Z, and A,/Z,
has been linearized from the contact point to the sphere
since it originates form discarding the charge rearrange-
ment in the nuclear matter which occurs progressively.

The surface energy comes from the effects of the sur-
face tension forces in a half space. When a neck or a gap
appears between separated fragments an additional term
called proximity energy must be added to take into account
the effects of the nuclear forces between the close surface.
It moves the barrier top to an external position and strongly
decreases the pure Coulomb barrier:

Nimax
Epon(r) = 27L @[D(r,h)/b]2nhdh, (13)

where

¥ =0.9517 /A -k IP)(1 - kI2) MeVfm™. (14)

r 18 the distance between the mass centres, & is the trans-
verse distance varying from the neck radius or zero to the
height of the neck border, D is the distance between the
opposite surfaces in consideration and b is the surface
width fixed at 0.99 fm. ¢ is the proximity function. The
surface parameter y is the geometric mean between the
surface parameters of the two fragments.
The shape dependent shell corrections have been de-
termined within the Droplet Model expressions>>:
Egen = EP**(1-2.60%)e™ , (15)

shell

where, the range a has been chosen to be 0.32r,.
a* = (6R)*/a*, the factor o is the Myers-Swiatecki meas-
ure for the deformation of the nucleus. The attenuating
factor (e™*) makes the whole shell correction energy de-
crease from maximum to zero with increasing distortion of
the nucleus. The distortion is the root-mean-square value of
the deviation of the radius vector R(6.¢), specifying the
nuclear surface,
2
(6R)2 = M (16)

[[de

The calculation method of ET'™
Ref.[56]. The shape dependent pairing energy has been cal-
culated with the following expressions of the finite-range
droplet model7].

In the unified fission model, the decay constant of the

parent nucleus is simply defined as,

A=y,P, (17)

is taken from

The assault frequency v, has been taken as,

vo = 10X 102571, (18)

In principle, the assault frequency is very complicated,
it is intimately linked to nuclear structure information. In
the present work, for the sake of simplicity, the assault fre-
quency parameters of fixed values are adopted in our calcu-
lations. For all the above results, our calculations for three
decay processes were performed with one set of paramet-
ers. In fact, the assault frequency of three cluster processes
is very different.

The barrier penetrability P is calculated within the ac-
tion integral

P=exp| - [ IBOED - O], (19

W]th E(Rm) = E(Rout) = Qexp .
The inertia B(r) has been chosen as>’]

17 128
B(r) = ,u{l +hx f(z exp (- H[(r—Rm)/RO]}}, (20)
where

3
Rc()nt =-r
r< Rconu

f(r) = (Rcom _Rin

O r > RCOI’II’

where R, 1s the sum of R, and R,.

Accurate knowledge of the B(r), E(r) and Q values
is crucial for the calculation, since the WKB penetrabilities
are very sensitive to them. The partial half-life is related to
the decay constant A by

In2
T1/2: 7. (21)

2 Numerical results and discussions

The effect of the coefficient of surface asymmetry
term (k) on a decay half-lives of heavy nuclei are invest-
igated within GLDM. The numerical results are given in
Table 1, in which the second column denotes experimental
Q values. The results calculated by the GLDM are given in
the third, fourth, and fifth columns when the coefficients of
surface asymmetry are different. The experimental o de-
cay half-lives are given in the sixth column. As can be seen
from the Table 1, the calculated half-lives agree precisely
with the experimental data and the ratio between them is
approximately within a factor of 4, except for the case of a
decay from odd A nuclei **U, *'Pa and *’Np. In addi-
tion, from the Table 1 we can see that the half-life of o de-
cay is not a sensitive dependency on the coefficient of sur-
face asymmetry term (k).

From the decay dynamics studies it is known that
spontaneous decay half-lives are very sensitive to the de-
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Table 1 Comparison between experimental and theoretical 50 (a)
o decay half-lives of heavy nuclei. 40+ 24— 20Tt
AZ  Qq (Exp.) T12(Cal)/s Ty;p(Cal)/s Tyj2(Cal)/s Ty (Exp.)/s 30l
/MeV -0  (1-181%)  (1-3.117)
26TH  6.450 1.0x103°  12x10%  1.5x103 1.2x103 20r
28T 5519 42x107  59x107  84x107  6.0x107 10
20Th 4769  23x1012 3.6x102  6.0x10?  2.4x10"? 0 . . . :
22TH 4,081 73x10'7  13x10'  22x10'"  4.4x10"7 500 10 20 30 40 50
Blpa 5149 22x10°  33x10"  50x10"°  9.9x10" B = Mg Mg (b)
B0Y 5990 LIx106  14x106  19x10°  1.7x10° _ a0r
22U 5413 1.8x10°  24x10°  35x10°  22x10° g" 30+
23U 4908  3.1x102  4.6x102  75x102  50x10'? ? 20l
¥y 4857 69x107 11x108®  17x108  7.7x108 § ol
BU 4678 13x10" 20x10™  34x10™  22x10'0
BOY 44577  7Ix10%  13x108 22x108  74x10 00 25
ZINp 4958  40x102  65x10'2  1.1x108  68x10"3 50
26Pu 5866 37x107  51x10"7  7.1x10"  9.0x10’ a0l B e 134T 1007y ©
8Py 5593 12x10°  1.8x10°  27x10°  2.8x10°
30t
tails of the potential barrier. In order to illustrate the influ- 2l
ence of k; on the barriers, the potential barrier governing
the Mg emission from **U is displayed in Fig.1(b). The 10
potential barrier is constructed by a GLDM, taking into ac- 0 . . .
0 5 10 15 20 25

count the nuclear proximity, the mass asymmetry, the ac-
curate nuclear radius, the phenomenological shell and pair-
ing correction. The dashed and solid curve show the poten-
tial barrier with the different k, value. From Fig.1 that the
potential barrier changes when &, changed from 1.8 to 3.1.
This will directly affect the half-lives of cluster radioactiv-
ity. One can see clearly from Fig.1 that the influence of the
coefficient of surface asymmetry is strongly dependent on
the charge asymmetry n,=(Z, —2,)/(Z, +Z,) for the same
parent nucleus during the rearrangement process. With the
decrease of the chagre asymmetry 7,, the influence of the
change of the macroscopic energy coefficient on the poten-
tial is more obvious.

We have systematically calculated the cluster radio-
activity half-lives from 226Th to ***Cm by using GLDM
taking into account the influence of &, and inertia coeffi-
cient on half-lives. The detailed results are listed in Table 2,
in which the first column denotes the parent nuclei and the
second column denotes Q values. The results calculated by
the GLDM considering the coefficient of surface asym-
metry k, of different are listed in the third and fourth
columns. One can see that the cluster emission half-lives is
increased along with the increasing of k; from 1.8 to 3.1,
while the other parameters is fixed. In this sense, the calcu-
lated cluster radioactivity half-lives depend on the coeffi-
cient of surface asymmetry k. In order to consider the in-
fluence of inertia coefficient on half-lives, in the sixth

r/fm

The change of the potential barrier caused by the
asymmetry of surface k from 1.8 to 3.1, ks values are
1.8 (solid line) and 3.1(dashed line) descriptions for a
decay (a), cluster radioactivity (b), and spontaneous
cold fission process (c) of the **U parent nucleus. , is
the distances between the mass centers.

Fig. 1

column of Table 2 are shown the corresponding results of
half-lives of the cluster radioactivity in which were calcu-
lated by different values of inertia coefficient. Because sur-
face energy depends on deformation, the change of surface
energy coefficient also has influence on potential barrier. If
we choose the surface energy coefficient as the latest fit-
ting result a, = 18.18 [90] we can find that the change of the
surface energy coefficient makes the half-lives of the radio-
activity of the cluster have certain influence by comparing
the results of fifth and sixth columns. It can be found from
the third to the sixth columns in Table 2 that the deviations
between the experimental data and the calculated values are
less than 107 for the most nuclei. Through the analysis, it is
found that, although the surface energy coefficient (a; ), the
surface asymmetry coefficient (k) and the inertia coeffi-
cient (B(r)) have influence on the half lives of the cluster
radioactivity, but the change of these values will not make
the uncertainty of half-lives more than two order of mag-
nitude.

It is well known that the symmetry energy coefficient
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Table 2 The Q values and the half-lives of cluster radioactivity. The second column denotes Q values extracted from AM E2012081,

The third and fourth columns indicate, respectively, the theoretical half-lives taking into account different macroscopic energy

coefficient. The fifth and sixth columns indicate the influence of surface energy and inertia coefficient on half-lives of cluster

radioactivity. The experimental datal®®] are shown in the last column.

Emitter and cluster 0 (Exp.) T2 (cal.)/s T2 (cal.)/s T2 (cal.)/s Ty2 (cal.)/s T12 (Exp.)/s
/MeV (1-1.81%) k=4.0 (1-3.11%) k=4.0 (1-1.81%) k=8.0 (1-1.81%) k=8.0
as=17.9439 as=17.9439 as=18.180 0 as=17.9439

26 -4 C+212po 30.546 2.0x10"7 1.4x10'8 2.3x10"7 4.1x10Y7 >2.0x10
226, —18 0 +208pp 45728 23%10"7 2.0x10'8 3.5%10"7 7.3%10Y7 >2.0x 10
228Th —20 0 +208pp 44.724 7.4% 101 1.9% 104 8.6x 10" 1.9% 102 7.5%10%
230Th —24 Ne +206Hg 57.761 3.8x10% 8.7x 102 9.1x10% 2.1x10%# 4.4x10%
232 —20 Ne +2%Hg 55914 6.1x10%7 2.9%10% 1.5%x10%8 3.7x10%8 > 1.6x10%
Blpy 23 p+208py 51.860 2.4%10% 8.3x10% 3.0x 10% 8.3x 10%? 1.0x 10%
20y —22 Ne +2%8pp 61.387 6.3x 101 6.5x10%0 1.7x 1020 3.5x10%° >1.6x10'8
20y —24 Ne +200ph 61351 2.1x10%0 4.0x 107! 33x10% 9.7x 1020 >1.6x10'8
22y 28 Mg+204Hg 74319 1.2x10% 27%x10% 43x10% 1.1x10% >4.5% 102
232 —24 Ne +298pp 62.310 1.8x10'8 6.2x10" 2.1x10'8 6.4x10'8 2.5%10%
23U -2 Ne +2%Pb 60.485 4.3x10%! 1.0x 103 7.5%10% 2.1x10% 6.8x10%*
23U —25 Ne +208pb 60.728 23x10% 9.0x 10?2 3.3x10%! 9.3x 10%! 2.0x 103
2BU 28 Mg+205Hg 74.226 1.1x10% 2.9%10% 3.7%x10% 9.5x10%* >3.9x10%
24U —2* Ne +219Pb 58.826 5.7x10% 1.1x 1020 1.7x10% 3.7x10% 1.6x10%
24y 526 Ne +208pp 59.415 1.3x10% 5.7%10% 1.9% 10% 6.3x10% 7.9%10%
24U -2 Mg+20%Hg 74.110 L1x10% 3.0x10% 4.1x10% 9.8x10%* 3.5%10%
25U -2 Ne +2'"pb 57.363 3.1x10%7 5.5%10%8 1.2x10% 2.4x10%8 2.8x10%
85U -2 Ne +210pp 57.708 1.4%10%7 3.5%10%8 42x10%7 9.7x10%7 2.8%10%7
257 -2 Mg+27Hg 72.426 7.0x10% 1.7x10% 3.3%x 10?7 7.6x10%7 >2.8x10%8
236y —30 Mg +2%Hg 72275 5.1x 107 2.6x10% 1.9x10%8 53x10%8 3.8x10%
BTNp —30 Mg +207T] 74.790 9.5x10% 4.6%10% 2.7%10% 7.7%10% >3.7x107
236py —28 Mg+208pp 79.669 2.5% 108 9.1x 10" 3.7x10'8 1.3x 10" 4.7x10%!
238py —28 Mg +210Pp 75911 3.6x 10% 8.6x10% 1.5%x10% 3.5x10% 5.0x10%
238py —30 Mg +208ph 76.796 2.6x108 1.2x10% 6.1x10% 1.9x 10% 4.7x10%
238py 32 Si+200Hg 91.187 1.2x10% 47x10% 6.0x 10** 1.7x10% 1.9%10%

of finite nuclei is usually extracted by directly fitting the
measured nuclear masses with different versions of the li-
quid drop mass formula. Some different forms for describ-
ing the mass dependence of symmetry energy coefficients
of finite nuclei, which divide the symmetry energy of a
nucleus into the volume and surface contributions, were
proposed in Refs. [60—61]. The mass dependence of sym-
metry energy of the nucleus has been adopted in the GLDM
model,

Eym = ak,’A +ak P A*
= (a/k, +ak A" )PA . (22)

The symmetry energy coefficient ay, is expressed,

=) (23)

Agym = Csym(l - m

where  cym = ajk, =27.889, k= (a.k,)/(ak,)=0.643 k.
Because of the volume conservation, the contribution of the
symmetry energy coefficient from the volume energy (cyym )
is always zero when the shape evolution from one body to
two separated fragments is adopted unified way. Therefore,
the contribution of the surface part of the symmetry energy
coefficient is crucial for the reasonable description of the
potential barrier and half-lives. In the framework of the
GLDM model, if the coefficient of surface asymmetry k; is
1.8, the symmetry energy coefficient is about 22.89. This
value is very close to the latest results of the symmetric en-
ergy coefficient of finite heavy nucleil60-611, Although the
difference of the symmetry energy coefficients of finite
nuclei given by different theoretical work is very small, the
proportion of surface terms (the symmetry energy coeffi-
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cient of a nucleus into the volume and surface contribu-
tions) in the symmetry energy coefficient is not completely
determined. For example, in the work of Danielewicz et
al1%%, the contribution of the surface term to the symmetry
energy coefficient is approximately 17% for the present
study region. However, in the work of Wang et alll the
contribution of the surface in the symmetry energy coeffi-
cient is approximately 25%. In the present work, the contri-
bution of the surface terms to the symmetry energy coeffi-
cient is changed from 18% to 26% when the surface asym-
metry coefficient &, is changed from 1.8 to 3.1. It can be
seen from the present results that the difference of surface
terms has an certain influence on the cluster radioactivity
process.

In order to unify the view of a decay, cluster radio-
activity and cold fission, it is quite natural to interpret cold
fission as a cold rearrangement process with fragments in
their ground states, in an analogous way with the cluster ra-
dioactivity. Thus the cold fission process reduces to the

penetration of a potential barrier. The numerical results are
given in Table 3, one can see that in the cold fission pro-
cess correspond to one of the fragments close to the double
magic nucleus '*Sn, in which the second column denotes
Q values. The results calculated by the GLDM considering
different surface asymmetry coefficient k, are listed in the
third and fourth columns. The experimental cold fission
half-lives are given in the last columnl®?]. From the fission
dynamics studies it is known that fission half-lives are very
sensitive to the details of the potential barrier and the iner-
tia coefficient!>”]. From the Table 3 of the results show that
the uncertainty of surface asymmetry and inertia coeffi-
cients have a significant effect on the theoretical calcula-
tion of the cold fission half-lives. The GLDM model is to
reach a reasonable calculation for the half-lives for cold fis-
sion processes. By demonstrating the detailed results, we
would like to point out the sensitivity of the calculated cold
fission half-lives to the macroscopic energy coefficient and
the inertia coefficient.

Table 3 Same as Table 2, but for cold fission process.

Emitter and cluster 0 (Exp.) T2 (cal.)/s T12 (cal.)/s T12 (cal.)/s T12 (cal.)/s T2 (Exp.)/s
/MeV (1-1.81%) k=4.0 (1-3.11%) k=4.0 (1-1.81%) k=8.0 (1-1.81%) k=8.0
as=17.9439 as=17.9439 as=18.180 0 as=17.943 9
26T —92 Sr +13Te 188.600 6.0x 103 7.2%x10% 2.1x10%2 1.6x10%
28T —% Sr+134Te 188.153 6.1x10%0 1.5x 103 1.9x 103 1.5x10%
230Th —% Sr+134Te 186.330 7.9%10% 8.1x10%7 32x10% 2.6x10%
222 5100 7p + 13280 188.374 23x10% 1.8x10%7 9.5%x10% 8.0x10%
Blpy 97 y +134Te 192.089 7.7x 1032 2.1x10% 3.7x10% 2.9x%10%
20y % sr+136Xe 196.889 23x10% 2.7x10% 9.3x 103! 7.6x 1032
B2y 98 7+ 134T 198.439 1.6x10% 3.0x10% 8.4x 1033 6.7x10%*
23U 59 7+ 13T 197.080 6.9x 1033 1.5%10%7 42x10% 3.3%x10%
BAU 100 7y + 134T 197.064 3.8x10% 1.3x10%7 23x10% 1.9x 1036 ~1.0x10%
By 101 7y 4 1347 196.627 6.5x10% 3.1x10%7 3.9%10% 3.3x10%
26y 104 Mo+ 1328n 199.346 5.1x10% 33x10% 2.5% 103 2.0x10%
BTNp -1 Nb + 134Te 202.434 1.7x10% 6.7x10% 9.8x10% 8.0x 103
B6py 102 Mo+ 134Te 207.540 7.1x10%2 9.9x 10% 5.3x10%* 4.1x10%
B8py 104 Mo+ 134Te 209.056 1.2x10% 3.8x10% 7.5%10% 6.3x10%*

3  Summary

The o decay, cluster radioactivity and cold fission can
be unified description in as a spontaneous tunneling pro-
cess via quasi-molecular shapes. The potential barrier has
been studied within a generalized liquid-drop model taking
into account the phenomenological shell and pairing correc-
tion. The spontaneous nuclear decay (a decay, cluster ra-
dioactivity and cold fission) half-lives have been calculated
within the WKB barrier penetration probability. The
present model is to continue reproducing the experimental

data for a decay and cluster radioactivity, as well as to
reach a reasonable calculation for the half-lives for cold fis-
sion processes. From calculations, it is found that the influ-
ence of uncertainty of macroscopic energy coefficient on
the potential barrier and half-lives are strongly dependent
on the charge asymmetry [1n,=(Z,—2,)/(Z,+Z,)] for the
same parent nucleus during the rearrangement process. The
influence of uncertainty of inertia coefficient on half-lives
obviously depend on the mass asymmetry 7, .
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