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I. INTRODUCTION 

By using semiempirical relationships/1-6/, the alpha decay 
partial half-lives,T, can be estimated if the kinetic energy 
of the emitted particle, Ea• is known. An up-to-date version of 
these formulae has been obtained/7,8/ by changing their additi
ve parameters ICk l in such a way that the absolute error 

n 

(1/n) ~iog(TJTiexp) -vanishes in each group of even-even (e-e),, 
i=1 

odd-even (o-e), even-odd (e-o), and odd-odd (o-o) nuclides. 
In order to improve the description of data in the neigh

bourhood of the magic numbers, a new formula with six parameters 
IBkl has been derived /7-9/. The computer programme described 
in ref. /8/ allows us to improve automatically the parameters 
ICkl and IBkl,every time a better set of experimental data is 
available. 

The purpose of this paper is to compare our calculations and 
diff~::~t other estimations with the measured half-lives (see 
ret.t•vt ana the literature quoted there). 

2. SEMIEHPIRICAL RELATIONSHIPS 

As the range of life-times of different nuclides extends 
over many orders of magnitude, it is more practical to use 
the decimal logarithm log T. The experimental values of T will 
be denoted by Texp· The formula given by Froman 11/: 

logT: [139.8+1.83(Z- 90)+0.012(Z- 90)2)/ y'Q- (I) 

- 0.3 ( Z - 90) - 0. 001 ( Z - 90) 2 + C F 

is limited to the region of even-even nuclei with Z>84. Q-va
lues are expressed in HeV; and T, in seconds throughout this work. 

Almost all parameters !Ckl are negative. Hence the values -
Ck are given in Table I. These are the "new" parameters obtai
ned from the condition that the mean value of the absolute 
error vanishes. All diagrams presented in this paper (except 
Fig. 6a) are computed by using these new values. 

In Fig.la the half-lives of the e-e nuclei calculated with 
eq. (I) are compared with the-~perimenta-l ones. To aid the 
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Table I 
Improved values of the parameters (- c~.) 

"k" e-e o-e e-o o-o 

F 51.699 51.317 51.299 50.705 

w 52.400 52.026 51.940 51.377 

T 20.789 20.470 20.346 19.758 

K 20.226 20.643 20.383 20.571 

v 0.043 - 0.196 - 0.399 - o. 962 

H 20.347 20.051 19.922 19.355 

eye the consecutive isotopes of a given element are connected 
with a segment of line; a dashed line is used if one or more 
isotopes of a sequence are missing. From N = 60 to 82 there is 
a gap of stable nuclides toward alpha decay or emitters undis
covered yet. Up to now only a few components Df the new island 
of alpha activity close to the double magic 100sn have been 
found. 

One can see a very good agreement at N ~ 128, but for the 
new region of nuclei produced in heavy ion reactions, the 
errors as high as 5 orders of magnitude are obtained because 

I' 1 ' .. • - -

"'i• ,., wa" uuL ui:'::;J.gneu Ior .11gnrer nuc1e1. 
A better overall result (Fig.Jb), though the dispersion for 

heavy nuclei is larger,is given by a very simple relationship 
of Wapstra et al. /2/: 

logT= (1.2Z +34.9)/v'Q+ Cw (2) 

also valid for e-e nuclei with Z;?: 85. This time the maximum er
ror affects Z = 60 nucleus, not Z =52 as in Fig. Ia. 

In the range of N from 88 to 126 and Z from 74 to 90, the 
mean value of these errors tends to have, in Fig. Ia, a negative 
slope, and in Fig. lb it is almost constant. After a steep rise 
from N = 126 to N = 128 this trend is changed: for N:;: 128 it 
is constant (Fig. Ia) and rises slowly (Fig. Ib). 

As it can be seen from Figs. 4-6, the formula presented by 
Taagepera and Nurmia /3/ 

logT = 1.61 (Z d/v'Ea - z]/3)+ CT, (3) 

where Zd= Z-2 is the atomic number of the daughter nucleus, 
and CT was allowed to vary in different groups of nuclei, remains 
one of the best; it is practically exceeded only by a new vari
ant (Keller and Milnzel/4/ see figs. Zb, 3b, 4b): 

2 

5 F 
,•51. 

-1 

50 

e-e 
(a) 

z =50· 

80 100 120 11.0 N 

Fig. I. The error of life-time predictions with Froman's 
(a) and Wapstra's et al. (b) formula for even-even 
nuclei. 

- 2/3 
logT = Hk(Zd/v'Q- zd )+ c~., (4) 

where Hk = 1.61 for e-e, 1.65 for e-o, 1.66 for o-e,and 1.77 
for o-o nuclei. 
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Fig.2. The errors of life-time predictions with Taagepe
ra-Nurmis's (a), Keller-Mi.inzel's (b),Viola-Seaborg's (c) 
and Hornsh~j's et al. (d) formula for even-even nuclei. 

The equation presented by Viola and Seaborg/5/ (Figs. 2c, 3c, 
4c) is of the form 

logT = (a1-z- a 2 ) I y'Q - b 1Z- b 2 + Cv, (5) 

where a1- = 2._42151; a 2 = 62.3848; b 1- =0._59015; b 2 =4.2109 for 
N < 126 and al = 2. 11329; a2 = 48.9879; b1 = 0.39004; b 2 = 16.9543 
f-or N > 126, Z > 82. It gives excellent agreement in the region 
of actinides with N> 128, but as it can be seen from Fig.2c 
for e-e nuclei,it underestimates the lifetime ef lighter nuclei 
in contrast with the overestimation of Eq. (I). 

Hornsh1j et al./6 / have proposed (Figs. 2d, 3d, 4d) the for
mula 

4/3 
Ad Zd I/2 arc cosy'x 

log T = 0.80307 ( ----- ) ( ------- - y' 1 - X ) + C H 
A y'x 

(6) 

in which x = 0.538243 QA~3/Zd and CH is not changed in various 
groups of nuclei, likeCF of eq. (I) and Cw of eq. (2). 

In spite of the strong influence of the neutron shell effects 
in eqs. (1)-(6), mainly the Z dependence was stressed. From 
Figs. I and 2 (except the region of low Z up to 72 in Figs Ia, 
Ib, 2c), one can see that for e-e nuclei in all equations a 
good enough dependence on Z was chosen, because at a given N 
t-ho cnro~rt nf t-ho roc111 t-e ..=,., ..... n'lr~ nHr 7 ~ C" rH"\t- Hn't""H 1 ..,.,...,...o T'h.; co 

~- - - - - . - - J - -- - 0 

fact allows us to see, as it was discussed above in connection 
with Fig. I, the trend of variation with N of the mean value 
or errors. It is similar with that of Fig. Ia for N~126. The 
jump of almost one order of magnitude at N = 128 is followed 
again by a constant value in Fig. 2c. 

The dispersion of results for o-e (Fig.3), e-o (Fig. I in 
ref. / 7/)and o-o (Fig. 4) nuclei is larger than that for e-e 
nuclei. In Fig.4 there are very pronounced negative errors 
(-5.6, -5.2, -6.4, and -5.8 orders of magnitude) for Z = 83, 
N = 127. The fact that the neighbourhood of the magic number of 

nucleons is very badly described by all these formulae is at
tested by the presence of the negative peaks in Figs. 1-4. 

Our formula 17 -·9 1 is \vritten as 

log T = x K ,./ln 10- 20.446, 

where 

K,. = 2.52956 Zd( Ad/ AQ) l/2 (arc cosy'X- \/X(i-=-i), 

1/3 x = 0.4253 Q ( 1.5874 + Ad ) I Z d . 

(7) 

(8) 
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Fig.4. The same as in Fig.2 for odd-odd nuclei. 

has the reduced variables y and z, expressing the distance from 
the closest magic-plus-one number Ni (or Zi ): 
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y ,., (N - Ni )/(Ni+l- - Ni ); Ni < N ~ N i+I-· 

N = ..... , 51, 83, 127, 185, ....•• 

Z= (Z- Zj)/(Zi+I-- Zi); ~< Z~Zi+ 1-, 

z = ••••• , 29, 51, 83, 115, •.••.. 

(I 0) 

(II) 

The parameter~l8i I given in Table 2 are obtained from the fit 
with our set/IO/ of experimental data. 

Group of nuclei 

e-e 

o-e 

e-o 

o-o 

e-e 

o-e 

e-o 

o-o 

Parameters 8k 

81 

0.987 722 

1.003 660 

I. 014 620 

I .008 070 

84 

0.023 342 

0.000 870 

0. 156 507 

0.231 988 

82 

0.021 227 

0.021 626 

-0.119 094 

-0.184 468 

8s 

0.001 546 

0.039 190 

0.228 848 

0.326 171 

Table 2 

8a 

0.017 407 

0.034 805 

0.030 606 

0.259 041 

86 

-0.016 509 

-0.066 147 

-0. I 09 130 

-0.406 200 

We have tried also/7
/ a first order polynomial or a constant 

approximation for X· 

The capacity of our formula to describe the experimental data 
can be appreciated from Fig.5a, b, c, d (see also ref. /11/), 
The increased error in the vicinity of the magic number of 
neutrons N = 126 which is present for all known formulae (see 
Fig.l-4) is practically smoothed out (Fig.5a). This performance 
is only partly achieved for o-e (Fig.5b), e-o (Fig.5c) and 
o-o (Fig.5d) nuclei. In any case a comparison with Figs. 1-4 
demonstrates the advantage of using our formula. Even the very 
large errors of 5-6 orders of magnitude obtained for Z= 83, 
N = 127 in Fig.4 are greatly reduced below 0.4 order. 

An overall estimation of how well various formulae can des
cribe experimental data could be quantitatively obtained by 
introducing the standard rms deviation of log T values: 

n 

a=ll-log(T./T. )2/(n-1)11/2 
i=l 1 1 exp • (12) 
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Fig.5. The errors of life-time prediction with our formula 
when X is approximated with a second order polynomial of 
two varialbles for even-even (a), odd-even (b), even-odd 
(c), and odd-odd nuclei (d). 

This quantity was displayed in Fig.6a for the original and 
in Fig.6b for the improved additive coefficients in each of the 
four groups of nuclei. Only for some particular cases (hatched 
area at the top of the column): the Viola-Seaborg and Hornsh~j 
et al. formulae for e-e nuclei, Viola-Seaborg formula for o-o 
nuclei, and Keller-Milnzel equation for all group of nuclei, 
the reduction of a is not larger than 0.02. This is a property 
of the experimental data used by various authors in comparison 
with our set of data. 

Even the constant x approximation of our formula has a some
what lower than the best of the known relationships/4/,0f course 
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Fig.6. The standard deviation of various formulae in 
each group of nuclei for both old (a) and new (b) values 
of the additive parameters. 

the second order polynomial approximation leads to smaller 
standard deviations. 
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CONCLUSIONS 

A relatively reliable estimate of alpha decay partial half
lives can be made by using the semiempirical relationships. 
After changing the additive parameters of the examined formulae 

n 

in such a way that the mean value of the errors (1/n) l-log(TJTi exp) 
i=l 

vanishes in each group of the nuclei, the standard deviation,a. 
of log T values is usually reduced. The reduction is not signi
ficant in the following cases: the Viola-Seaborg formula for 
e-e and o-o nuclei, Hornsh~j et al: for e-e nuclei and Keller
Mlinzel for all groups of nuclei, showing that our data have 
similar properties with those of the cited authors. 

For three of these equations (Hornsh~j et al., Taagepera
Nurrnia and Keller-Mlinzel)the lowest ·errors are obtained in case 
of e-e nuclei; then follow o-e, e-o and o-o nuclei. Deviations 
from this rule are encountered with Froman's and Wapstra's 
et al. formulae giving a lower a for o-o nuclei. Our second 
order polynomial approximation for X leads also to a reduced a 
for o-o nuclei in comparison with that of e-o nuclei. 

Keller-Mlinzel's relationship is the best of all formulae, 
but even this has an increased error in the vicinity of the 
magic number of neutrons N = 126. 

Thi~ i~ !"r~~tir::1lly c:mnnt-hoPrl h~r nn-r f'nrm11ln f'r'lr a-o 1"!11':"~o~ 
due to the explicit consideration of the dependence on the re
duced variables expressing the relative distance of neutron and 
proton from the closest magic-plus-one numbers. In this way, 
one can obtain the smallest errors in all groups of nuclei. 

In the future when a better set of experimental data (more 
accurate or more complete) will be available, the parameters 
!Bk! and !Ck! could be automatically improved by a computer 
program/8/. 
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