EPJ Nuclear Sci. Technol. 4, 5 (2018)
© D.T. Akrawy, published by EDP Sciences, 2018
https://doi.org/10.1051 /epjn/2018001

Nuclear
Sciences
& Technologies

Available online at:
https://www.epj-n.org

REGULAR ARTICLE

OPEN g ACCESS

a-decay half-lives of some nuclei from ground state to ground
state using different nuclear potential

Dashty T. Akrawy">"

I Akre Computer Institute Ministry of Education, Kurdistan, Iraq
% Becquereal Institute for Radiation Research and Measurements, Erbil, Kurdistan, Iraq

Received: 12 July 2017 / Received in final form: 19 November 2017 / Accepted: 16 January 2018

Abstract. Theoretical a-decay half-lives of some nuclei from ground state to ground state are calculated using
different nuclear potential model including Coulomb proximity potential (CPPM), Royer proximity potential
and Broglia and Winther 1991. The calculated values comparing with experimental data, it is observed that the
CPPM model is in good agreement with the experimental data.

1 Introduction

George Gamow interpreted the theory of alpha decay in
terms of the quantum tunneling from the potential well of
the nucleus [1]. There are many theoretical schemes that
used to define « cluster radioactivity and alpha-like models
using various ideas such as the ground-state energy,
nuclear spin and parity, nuclear deformation and shell
effects [2-14]. Frequently used models include the fission-
like [15], generalized liquid drop [16], generalized density
dependent cluster [17], unified model for & decay and «
capture [18], Coulomb and proximity potential [19] and
unified fission [20]. These models, with their own merits
and failures, have been in acceptable agreement with the
experimental data [21,22]. Spontaneous fission and cluster
radioactivity were studied in 1980 by Sandulescu, Poenaru,
and Greiner [23] based on the quantum mechanical
fragmentation theory. Rose and Jones experimentally
observed the radioactive decay of **Ra by emitting *C in
mid 1980s [24,25]. Recently, the concept of heavy-particle
radioactivity is further explored by Poenaru et al. [26].
Hassanabadi et al. considered the alpha-decay half-lives for
the even-even nuclei from '"Po to ***U and derived the
decay constant [27]. Also the half-life for the emission of
various clusters from even—even isotopes of barium in the
ground and excited states were studied using the Coulomb
and proximity potential model by Santhosh et al. [28]. Also,
there are many efficient and useful empirical formulas to
calculate alpha decay half-lives which are given in reference
[20-32]. In this study we used three different nuclear
potential including Coulomb proximity potential (CPPM),
Royer proximity potential (RPP) and Broglia and Winther
1991 model (BW91). From those models we calculated
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alpha decay half-lives for 57 nuclei that have Z=67-91,
from ground state to ground state, the root mean square
(RMS) deviation was evaluated, and the results are
compared with experimental data.

2 Formalism of a-decay

According to one dimensional WKB approximation, the
barrier penetration P is given by [33],

b
j exp{%f\/QM(V Q)dz},

where a, b are tunneling point of integral which are given as

V(a) = V(b) = Q. The interaction potential for two spheri-

cal nuclei is given by [34],

212262 hf(f + 1)
r
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+ V() + (2)
where the first term represents the Coulomb potential with
7y and Z, are the atomic numbers of parent and daughter
nuclei, the second term is nuclear potential and the final
term is centrifugal potential which dependent on the
angular momentum ¢ and reduced mass of nuclei w. The
half-life of alpha decay can be calculated as [35]

In2
1/2 = P’ (3)
2

where vy = (,—?), is frequency of collision with barrier per

second, F is the empirical vibration energy, is given as [36]

E= Q{0.056 +0.039 exp [(4;7?2)] }Mev, (4)
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where @ is the energy released [37], and A, the mass
number of a-particle. By substitution value of F and P in
equation (3) determines the half-lives.

In this section, we present the details of three nuclear
potential models used for the calculation of a-decay half-
lives. When two surfaces approach each other within a
distance of 2—3 fm, additional force due to the proximity of
the surface is labeled as proximity potential [38]. In this
section we discuss each model in details.

2.1 Coulomb and proximity potential model (CPPM)

The proximity potential is considered as [39],

o 0102 z
Vp(2) = 4myb [m] ¢(g> ;

where Z; and Z, are the atomic numbers of parent and
daughter nuclei, zis the distance between the near surfaces
of the fragments, and the nuclear surface tension coefficient
is given as,

(5)

N — 2)?
y = 0.9517 [1 - 1.7826% MeV/fm?,  (6)

where A, Z and N represent mass, proton and neutron
numbers of parent nuclei, respectively, and ris the distance
between fragment centers and is given as r=z+ C; + C5,
and C}, Cy are the Susmann central radii of fragments are

given as:
b2
¢ is the universal proximity potential which is given by [40]

(8)

(7)

¢(e) = —4.41e /"M for ¢ > 1.947,

#(e) = —1.7817 4 0.927¢ + 0.0169¢” — 0.05148¢3,
for 0 < & < 1.9475, (9)
where ¢ = z/b, is the overlap distance in unit of b where the
width of the nuclear surface b~ 1fm.
The semi-empirical formula for R; in term of mass
number is given as [41],

R; = 1.284)° — 0.76 + 0.84, /%, (10)

2.2 Royer proximity potential model (RPPM)

For the « emission where the proximity energy between the
two separated « particle and daughter nucleus plays the
central role a very accurate formula has been obtained as [42]

V,(r) = dwyexp(—1.38(r — R1 — Ry))
0.172

X {0.6584A2/3 - (W + 0.4692A1/3) r

—0.02548 A2 & 0.017627"3} : (11)

where A is the mass of the parent nucleus and r the mass-
center distance.

2.3 Broglia and Winther 1991 model (BW91)

Broglia and Winther derived a refined version of the BW91
potential by taking Wood-saxon potential with dependent
condition of being appropriate with the value of the
maximum nuclear force which is predicted by proximity
potential model. This model reduced in [38,43]

Vi(r) = — (MeV), (12)
1+ exp (ro‘égo)
with V = 1671)/(1%7 (13)
here a=0.63 fm and
Ry = Ry + Ry +0.29. (14)
Here the radius R; has the form
R; =1.233A1% —0.984; " fm(i = 1,2).  (15)

The surface energy coefficient y has the form

s ()] o

where A, Z, and N are the total number for (p, d) parent
and daughter, respectively, yo = 0.95 Mev/fm* and k, = 1.8.

3 Results and discussion

The a-decay half-lives provided by the above nuclear
potential models are presented in Table 1 which included
CPPM, Royer proximity potential and BW91. The angular
momentum [ loaded by a-decay from ground state to
ground state transition and obeys by the spin-parity
selection rule [44]

A foreven A; and m, =mq

/_ Aj+1 forodd A; and 7, =7y (17)
Aj forodd A; and m,#mg’
Aj+1 foreven A; and m,#my

where A;= |5, — jal, jp, 7, and jg, w4 are the spin and parity
value of parent and daughter, respectively. The relative
superiority of the present choice of the potential can be as well
seen in the in Table 1 where our results are reported for
different potential models. The outcome of our study is
presented in Figures 1-3. In Figure 1 to provide best view of
the results, we have plotted logarithm a-decay half-lives
including CPPM, RPP, BW91 and experimental data vs.
neutron number of parent nuclei, the figures shows the
increasing disposal of logarithm half-live for decreasing
neutron number of parent nuclei, also this figure refer the
three models are more close to experimental data, which
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Table 1. Comparative study of a-decay half-lives using three nuclear potential models included CPPM, RPPM and
BWO1.

Decay Q(MeV) l Logio( Texp) Log1o(CPPM) Log1o(RPP) Log;o(BW91)
152 _, 1487, 4.494 0 3.130 3.048 2.863 2.556
154 — 1507, 4.024 0 6.569 5.927 5.747 5.430
153y 49 5.235 0 0.212 0.304 0.116 —0.184
156 — 12T 5.582 0 —0.306 —0.304 —0.490 —0.792
156f _, 152y 6.022 0 —1.631 —1.632 —1.820 —2.116
159 — 1550 5.668 0 0.387 0.249 0.068 —0.236
160y 156 14y 5.432 0 0.230 1.292 1.113 0.806
158y 154 ¢ 6.592 0 —2.863 —2.867 —3.055 —3.351
163Re — 199 6.003 0 0.086 —0.286 —0.465 —0.771
165Re — 161 5.635 0 1.718 1.258 1.083 0.773
1667, _, 162Re 6.702 0 —1.947 —2.104 —2.285 —2.590
1677 163Re 6.49 0 —1.143 —1.353 —1.532 —1.839
1697, 165Re 6.138 0 —0.076 —0.022 —0.197 —0.508
1741 1T0Re 5.611 2 3.199 2.430 2.264 1.951
172pt 1680 6.452 0 —0.987 —0.866 —1.040 —1.354
1707y — 166y 7.162 0 —2.699 —2.902 —3.081 —3.389
1A — 19y 6.823 0 —1.684 —1.809 —1.984 —2.297
A — 15y 6.284 2 0.563 0.394 0.227 —0.087
176y — 172p¢ 6.884 0 —1.678 —1.654 —1.827 —2.143
77 1A 7.054 0 —1.607 —1.839 —2.012 —2.325
1O 1A 6.702 0 —0.638 —0.613 —0.782 —1.098
8l 177 Ay 6.311 0 1.505 0.882 0.717 0.402
180pp  176Hg 7.402 0 —2.398 —2.650 —2.823 —3.140
183pp - 1"9Hg 6.915 2 —0.091 —0.805 —0.970 —1.285
oig; 187 6.766 5 1.312 0.913 0.762 0.484
193g; ., 1891 6.291 5 3.281 2.793 2.646 2.371
188p, _, 184pp, 8.069 0 —3.569 —4.069 —4.241 —4.567
192p, _, 188pp, 7.306 0 —1.491 —1.750 —1.914 —2.248
193pg, _, 189p 7.082 0 —0.377 —0.988 —1.151 —1.485
197pg _, 193pp 6.392 0 2.104 1.605 1.449 1.113
199pq, _, 195p, 6.061 0 3.438 3.014 2.861 2.527
Wlpy _, 197p, 5.786 0 4.759 4.276 4.126 3.792
198 A ¢, 194134 6.882 0 0.669 0.080 —0.077 —0.415
20074, 19614 6.583 0 1.918 1.213 1.059 0.720
20204, 1984 6.34 0 2.696 2.190 2.038 1.698
95Rn — 91Po 7.686 0 —2.222 —2.246 —2.410 —2.741
YTRn — %po 7.402 0 —1.187 —1.344 —1.505 —1.838
99Rn — 99Po 7.112 0 —0.180 —0.360 —0.518 —0.853
2Ry - Y97pg 6.852 0 1.137 0.575 0.420 0.084
203Rn — 199Pg 6.617 0 1.824 1.468 1.315 0.978
Wlpe L 197A¢ 7.502 0 —1.208 —1.351 —1.509 —1.846
202, 198A ¢ 7.372 0 —0.523 —0.924 —1.081 —1.419
203 197 7.243 0 —0.237 —0.488 —0.644 —0.983
204pr 2004 7.158 0 0.248 —0.200 —0.355 —0.696
2W06py 2020 6.91 0 1.279 0.691 0.539 0.197
205Ra — 99Rn 7.722 0 —1.509 —1.716 —1.874 —2.211
20°Ra — 2"'Rn 7.472 0 —0.678 —0.914 —1.070 —1.409
W"Ra — 2%Rn 7.262 0 0.158 —0.212 —0.365 —0.706
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Decay QMeV) l Logio( Texp) Log1o(CPPM) Log1o(RPP) Log1o(BW91)
206 ¢ —202py 7.932 0 —1.658 —2.053 —2.210 —2.550
208\ ¢ — 2Mpy 7.714 0 —-1.018 —1.384 —1.538 —1.880
HTpy 5 2BAc 8.482 0 —2.458 —3.170 —3.324 —3.684
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Fig. 1. Logarithm a-decay half-live for CPPM, RPP, BW91 and experimental data vs. neutron number.

' D
4 g * BWOI1 | 4
) 9

2] ) ]
S
~ 0+
= $ e, 0 f _
2 2
21 : ¥ e

22 Qggg ' I
4 2
T : i ' : o

6 0 (MeV) !

cal

Fig. 2. Logarithm a-decay half-live for CPPM, RPP, and BW91 vs. neutron number.

indicates to the agreeable of the results. The A T'parameter is
determined, which is representing the different between
experimental half-live to theoretical, and reported in
Figure 2; which indicated the AT of more isotopes is less
than one; it seems that the results are more close to
experimental data. We predict that the nuclei with higher
neutron number a larger half-life and thence more stable.
Figure 3 describes the relation between logarithm a-decay
half-lives vs. @-value, it shown that the logarithm «-decay
decreases when @-value increases; it is in agreement with a
larger ()-value increases the instability. We calculated the
RMS deviation which is defined as [45]

Vs

for present models which reported in Table 2; which
indicate the CPPM model is best model to calculate
a-decay half-life comparative with RPP and BW91 models.

RS = 5 [losn (%) ~ lowi (735"

4 Conclusion

Three different nuclear potential are used to calculate the
a-decay half-lives for some nuclei from ground state to



D.T. Akrawy: EPJ Nuclear Sci. Technol. 4, 5 (2018) 5

1'5 L] L] L] L]
* <>
< *
* * <> DS
1.0 4 - $*4°
. - <* o ° * ' * PS S T
e o *o 0* 30 0’ -y *
Zs ox o8% L T e o xo0® €378
= 0.5+ $ * %, » ° °
5 * -8 4 se 2 3o b
g 0 ¥ s, * 9 % *
g'a oo« *** 33 O x KX
= 0.0+ *k * ° *x * *
= * *
& i
h .
<J-05+ . * CPPM
@ RPP |4
) ¢ BWI1
-1.0 - *
L] L] L] L]
80 90 100 110 120 130

Neutron Number

Fig. 3. AT vs. neutron number.

Table 2. RMS deviation for CPPM, RPP and BW91
nuclear potential model.

Model RMS
CPPM 0.4171
RPP 0.5414
BW91 0.8320

ground state including CPPM, RPP and BW91. The
angular momentums are taken into account. RMS
deviations are calculated, it shows that the best nuclear
potential is CPPM. The results are compared with
experimental data; this comparison provides a reference
how to select nuclear potential to calculate a-decay half-
lives.
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