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A long-time (@ 16 y) exposure experiment was carried out for re-
~determining the spontaneous-fission decay constant of 238U, Aﬁ. The method
consisted of detecting fission fragments on glass plates covered with very
adherent, thin (v 0.3 um) UO3 films. From the measured density of etched

fission~tracks, the value Aé = (9.3 + 1.0) X 10—17 y—l

was obtained. Aiming
to resolve the apparent disagreement among v 40 Xé—values published up to
now, a systematic study covering 30 spontaneously fissioning even-even nuclei
was made, and ied to the following formula for the half-life: 71/2 =

= 10" y, with T = (249.2 * 0.5) -~ (6.55 % 0.01)22/A + [K1.35 * 0.01)22/A -
(45.1 + 0.3) [SM, where 6M is the difference (expressed in MeV) between the
calculated and experimental masses according” to the Droplet Model of atomic
‘nuclei by Myers and Swiatecki. This formula predicts (8.8 * 2.0) x 10—17 y—l
for Xé, which is, within the quoted errors, in good agreement with our
experimental result. A discussion regarding the measured Xé—values reported
in literature is also presented, from which the value lﬂ = (8.49 * 0.14) x
10—17 y—1 emmerges as the recommended one for the spontaneous-fission decay

constant of 238U.

+Based on part of the M.Sc. Thesis presented by E.L. Medeiros at the Centro
Brasileiro de Pesquisas Fisicas, Rio de Janeiro, December 1978. This work has
been supported in part by the Brazilian Comissao Nacional de Energia Nuclear.

*
Fg]]ow, Brazilian Conselho Nacional de Desenvolvimento Cientifico e Tecnolo-
gico-CNPq, Contract Nr. 13574/72.



1. Introduction

The present work reports the results of an experiment
which was carried out in order to re-determine the decay cons-

238U. Due to the appa-

tant, Aé, for the spontaneous fission of
rent disagreement which is observed among the experimentally
determined_xﬁ-va1ues by several research groups, an attempt to
resolve such a disagreement, based on an estimated value for Aé
which results from a systematic study bf all known even-even
spontaneously fissioning nuclei, is also presented.

The statistical nature of the spontaneous-fission
process makes necesSary to collect a sufficiently large number
of fission evehts in order to obtain a satisfactory accurate.

result when measuring the decay constant Aé. In the case under

consideration, this requirement is satisfied when long-time
238

1

exposure experiments, with a large number of
1,2

U atoms, are
conducted, since previous measurements

for 16 as small as 10710 y_1. )

) have indicated values
We were successful-in obtaining a new result for Aé

from a long-exposure experiment by using thin films of urany]l

oxide (U03) which were early in 1962 deposited by chemical

methods on plane-glass supports. These films had been prepared

with the aim of studying low-energy photofission of uranium by

detecting the fission fragments with nuclear-track emulsion plates

which would be kept close together with the uranium films. Such

a study was not proceeded, however, and the uranium films

remained stored up to 1978. Since it is well known that the

passage of fission fragments through glasses (and other dielec-

tric solids such as mica, makrofol, etc) produces trails of
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radiation damage which can be observed with an optical microscopé
-after chemical etching3), we decided, therefore, to make use of
those glass plates covered wifh the uranium films for a new det-
ermination of Aé. One o? the main advantages in using glass for
registration of fission fragments over other techniques (ioniza-
tion chamber, nuclear-track emulsion, etc) 15 its natural ability
to discriminate completely fission events against the high-
-intensity alpha-particle background.

A pfeliminary estimate of the uranium content of these
films gave ~ 0.2 mg-U/cm2 which corresponds to a total expoéure
.of about 103 mg-d of uranium per square centimetre of detector
surface. In recent determinations of Aé using glass as nuclear-
-track detector for fission fragments, equivalent total exposures
of 1.3 x 102 mg-d/cm2 (Emm; and Lo Nigro4)) and 9.5 x 102 mg—d/cm2
(Thiel and Herrl)) of uranium were available. Thus, the good
statistics which would result 1n'counting fission tracks from our
glass plates has encouraged us to carry out a new determination
of Aﬁ. .

An additional motivation for conducting such an expe-
riment was the observation of a remarkable disagreement among

238U

the results of the spontaneous-fission decay constant of
reported up td now, as illustrated in Fig. ]T As we can see,
three groups of results for kd are predominant, corresponding to
the approximate values of 7.0, 8.7 and 11.8 units of JO_]7 y-1.
Although most of the results are distributed around the values
7.0 x 107 V7 vy and 8.7 x 10-]? y_], even in this case an un-
cerfainty of 20 or 24% results for Aé, depending on what value is

chosen as the correct one. This uncertainty is of utmost impor-



tance, since {t affects directly the results of dating of mate-
_rials whenever the method of counting of fission tracks (due to
fission events from uranium impurities) is used in many appli-
cations to several branches of nuclear science and techno]ogyB).
From the phenomenological point of view, a better knowledge of

238U by spontaneous fission is also

the disintegration rate of
important, since it makes feasible to test the validity of the

current models for this not yet completely understood process.

2. Experimental

The.films of uranyl oxide were prepared on hard melting,
ordinary glass plates of 8 cm x 15 cm by means of the parlodion
ignition method as described by Yagodag). This method gives very
stable, stréng]y adherent fi]ms,vwith the additional advantage
of non-tendency to reticulate whenever thicknesses as small as
0.2 mg-U/cm2 are to be obtained. A quite good overall thickness
uniformity of the uranium fildms was ensured by floating the
glass plates on a mercury bath. The samples prepared by the
above procedure were stored up during 16 = (15.75 £ 0.08) y
under normal environmental conditions of temperature, pressure
and air relative humidity. The annealing characteristics of
fission fragment tracks in ordinary glass as reported by
Fleischeret a£.3) enabled us to neglect any thermal track-fading
effects in our samples. Some test-samples were analysed in order
to search for the percent abundances of the uranium isotopes.
The alpha-particle energy-spectrum obtained by using a convent-

ional alpha-spectrometry line (a surface-barrier detector
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connected with a multi-channel pulse-height analyser) is shown

in Fig. 2, from which the isotopic abundances have been deduced

238 235

as (99.78 + 0.03)% of U, (0.22 *+ 0.03)% of U and

234 235

U. The indicated low

(0.0025 £ 0.0001)% of U-isotopic

<abundance as compared wifh that of natural uranium led us to
rule out the 235U thermal-neutron induced-fission method for the
determination of the uranium content in the samples. In the
present experiment, the number of uranium atoms could be deter-
mined with sufficient accuracy from the measured mass-difference
of the samples prior and after the removal of the uranium layer.
The UO3 film was dissolved off by immersing the glass
plate (v 6.2 cm x 2.5 cm x 0.2 cm) into a 10% nitric acid solu-
tion at (60.0 £ 0.5)06. Preliminary tests showed that a 30-min
immersion time was adequate to dissolve off completely the

238

uranyl oxide layer (see Fig. 3). The number of U atoms per

unit area, N, is related to the measured mass of UO3 removed,
AM, by
N »
_ o AM
N =¢C TS

MO

= (2.7009 + 0.0006) x 1021 & (1)

238

where C is the isotopic abundance of U, N the Avogadro's num-

o
ber, Mo the molecular weight of UO3, and S the area over which
the uranium film was distributed. A precise measurement of S gave
(15.55 * 0.08) cmz. We were able to determine AM accurately by
using a microbalance and careful manipulation of the sample. From

a set of measurements we obtained AM = (3.439 % 0.020) x 10_3 g.

In this way, eq. (1) gives N = (4.646 + 0.052) x 10'7 em™2, which
corresponds to a uranium thickness of (0.1840 = 0.0021) mg/cm2

In order to determine the spontaneous-fission decay



constant of 238U by the fission-track method it is necessary to

. relate the number of fission tracks observed per unit area, Py

238U

with the number of spontaneoué-fission-like events from the
atoms in the film, which took place during the exposure time té.
Such a relation gives, for 16 << 109 y, the following expression

for the decay constant

Py - P |
'16 l Nlé {‘68 sOL ) <Nn * Nn{l i (2)

where Pi is the number of tracks observed per unit area due to

fission events from uranium and thorium impurities of the glass
itself, e is the detection efficiency for fission fragments
coming from a thin extended source 1ying on the glass surface

(2m-geometry), is the counting efficiency, and Nn and Nn are

€o
the numbers 'of fission events per unit area induced in the ura-
nium isotopes by cosmic-ray neutrons and laboratory neutrons

252
(

it can be deduced that the contributions of

Cf-source), respectively. From data available in literature,

234U and 235

U isotopes
to the total number of spontaneous-fission events could be taken
negligible at all (= 0.001% and = 0.005%, respectively).

Optimum conditions for observation of etched tracks at
the optical microscope (measurable track-diameter and, at the
same time, good distinguishableness from spurious defects of the
g]ass itself) were achieved by etching the glass in a 4.9% HF
solution at (26.0 = O.S)OC during 15 min. After stopping in a
20% ammonia solution for a few minutes the glass plate was rinsed

in distilled water and put to dry. Measurements of etched-track

densities (p6 and pi) and track-diameter were carried out by
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using total obtica] magnifications of 270 x and 560 x, respec-
tively. Calibrated eyepieces enébled us to obtain accurately the
scanning areas for p6 and Py The scanning over(3.i75 + O.OZ])cm2
~uniformly distributed on the surface which was covered with the
uranium film yielded a total number of (853 % 51) fission tracks,

"2 on the other hand,

m 2.

thius corresponding to Py = (269 + 18) cm
the scanning over the opposite side gave P; = (38 + 3) ¢
Supplementary experiments were conducted in order to
determine the'ang]e ¢c (measured from-the glass surface) be]ow.
which fission fragment tracks fail to register, from which the
~detection efficiency ¢ to be used in eq. (2) could be deduced.
Small samples of the glass plate were irradiated with fission
fragments from an external 252Cf-po1’nt—source. By using identical
etching and scanning conditions as before we inferred the critical
angle of etching for fission fragment tracks in ordinary glass as
being ¢c = (33.5O + 0.90). This result agrees reasonably well,
wﬁphin that indicated uncertainty, with the obtained by Khan and

.10

Durrani ~). This value of ¢q’ together with the measured UO

3
thickness, is also indicative of no absorption effects of fission
fragments (even in the extreme case of the shortest-range fission
fragment travelling through the maximum distance possible)

within the uranium film itself, as can be deduced from energy-

-loss processes of heavy-charged particles in matter]1

). In

this way, the quantity e will depend only upon the registration
efficiency of the glass for fission fragments. But, in this case,
€ is given by 1-sen¢c and, therefore, the dgtection efficiency
resilts to be ¢ = (44.8 + 1.3)%.

Knowledge of the counting efficiency €, Was necessary

to infer the "true" track-densities 06/80 and pi/go due to tracks



occurring in a certain area on each side of the glass. By using

the double-scan-coincidence technique12) the value e = (74 + 4)%

0
could be estimated from the analysis over a given area by two

observers under the same criteria of identification of tracks.

Finally, for the sample we have worked with, an

estimate of the total number of fissions induced in 238U by the

235

fast component of cosmic-ray neutrons and in U by both the

sltow and fast components gave = 2 fissions per mg of uranium.
On the other Eand, the contributions to fission events origin-
ating from laboratory-neutron induced-fission in the uranium
isotopes amounted to ~ 98 fissions per mg of ‘uranium. These fi-

2

gures will correspond, in our case, to Nn ~ 0.3 cm and

N, =18 cm 2.

3. Results and Discussion

Using eq. (2) along with the values of N, Tﬁ’ pé, Pis €

e,» N, and N from last section, one has A oF (9.3 + 1.0)X1O_17y-].
The quoted uncertainty was estimated taking into account only sta-
tistical errors, since the possibility of occurrence of systematic
errors at each stage of the experiment was kept as small as
possible. Under the conditions of the present experiment the main
source of error comes from the uncertainty on the pé-determination,
although the uncertainties on ﬁhe quantities €, and € be also
significant sources of errors.

Our result for the spontaneous-fission decay constant

U, (9.3 £ 1.0) x 10717 y_], agrees within the experimental

1

of 238

errors with those obtained by Thiel and Herr ), (8.57 + 0.42) X10"]7y-],
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1 8

), (8.7 + 0.6) x 1077y Galliker et at.

)s
(8.46 + 0.06) x 10777 y°1, and also with the recent measurement

carried out by de Castro Rizios), (10.24 + 0.22) x 1077 y-].

Wagner et a£;]3

Within the referred error, the result obtained in the present
experiment belongs certainly to that gréup of measurements which
defines the central peak in Fig. 1 (see also Table 1). But in
this case there still remains a 25-30% difference between the
present result and those centred on the extreme peaks of Fig. 1,
.as it can be seen by comparing, for instance, with the result

reported by Fleischer and Price]4) ((6.6 =+ 0.8) x 10-]7 y—]) and

e

a previous measurement carried odt in our 1aboratory2) by using

the nuclear-track emulsion technique ((11.6 +* 0.8) x 10—]7 y']).
The result obtained in the present experiment does not

decide on what value (or values) of Aé, among the reported va]ﬁes

in 11terature, can be taken as the most representative one for

the deqay constant. We were led, therefore, to conduct a syste-

. matic study of even-even spontaneously fissioning nuclei in

-

order to obtain an estimatedhva]ue for Aé. The quantity

T = ]og]O T]/Z’ where T]/2 ndenotes the spontaneous fission
half-Tife expressed in years, has been plotted against ZZ/A

(Z and A standing for the atomic number and the mass number, res-
pectively) for all known even-even isotopes of Z > 90 (filled

15

circles in Fig. 4). Early in 1955, Swiatecki ~) has shown that

the irregularities from a smooth trend of Texp versus 22/A
could be interpreted as irregularities in the ground-state
masses associated with shell structures in the ground-state con-

figurations. We followed this result and the Swiatecki's ana-

lysis as a guide to.perform a similar systematics of spontaneous
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fission half-lives for the even-even isotopes of the elements

beyond thorium. The present analysis, however, differs basic-

ally from that of Swiatecki]s) in that the deviations &M =

= M - M are here taken as the differences between the
calc exp

calculated masses of the nuclei according to the mass-formula

by Myers and Swiatecki16), including the contribution to the

nuclear mass due to the shell effects, and the experimental

masses. These later are referred to as the 1971 Atomic Mass

17

Table by Wapstra and Gove '). A plot of 1 against &M defines  a

exp
series of straight lines, one for each pair of nuclei having

| approximately the same 22/A value, according to the equation

Iéxp =T, + kéM . (3)

where both the parameters Ty and k are to be known as functions

of 22/A. In doing so, experimental half-lives were taken from

18 19
)

the compilations by Vandenbosh and Huizenga
20

» Randrup et al. 7)

and from data quoted in Ref. ) whereas the values of &M are

2]).'The'straight lines obtained in this

those reported by Myers
way indicate that, for the isotopes of a given ZZ/A, small &M
is invariably associated with shorter half-life. In addition, a

plot of T, versus 22/A has shown 1 _ decreasing quite linearly

4
with increasing ZZ/A. By means of a 1east-sqﬁares method, a
preliminary function T, = 5(ZZ/A) was obtained and then inserted
into eq. (3), from which the value of the parameter « for each
nucleus could be obtained. The results showed a quite linear in-
crease of « with increasing ZZ/A. The above conclusions have

suggested us to look for a four-parameter empirical formula of

the type
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T =a - bo + co8M , o = ZZ/A - d (4)

in order to reproduce the experimentally determined spontaneous
fission half-lives forAthe heaviést even-even nuclei. The set of
the best values of the parameters a, b, ¢ and d with which eq.
(4) would fit the observed half-lives was determined by means of
a 1east-sqgares treatment over a total of nearly 80 data on Texp

and &M, extending from uranium up to element-104 isotopes. The

238U

wide spectrum of the observed half-life = for » as reported

exp
in Fig. 1, was not included in the analysis, for it might affect
“to some extent the final result for the calculated half-1ife of
this isotope. Our fitting procedure was carried out by using
the method of‘successive iterations with data rejection, i.e. after
each iteration all those Texp values whose deviations from the
calculated values T, were Targer than twice the standard deviation
were rejectéd. Four iterations were needed, resulting in 12% of

the experimental data being rejected. The final values of the

parameters, when SM was expressed in _MeV, were obtained as

follows: »
a = 30.48 + 0.07 ¢ = 1.35 : 0.0
(5)
b = 6.55 x 0.01 d = 33.39 + 0.0]
from which we have
T, = (249.2  0.5) - (6.55 + 0.01)2%/A (6)
k = (1.35 + 0.01)Z%/A - (45.1 + 0.3) . (7)

The results of the present systematic study are summar-

ized in Fig. 4. The straight line (eq. (6)) represents the smooth
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trend of the half-lives T, versus 22/A which are obtained after

.Subtracting the quantity «xéM from the observed 1 The "correc-

exp’

ted" values T, = - k6M of the half-lives themselves are re-

5 = Texp
presented by open circles which are seen to be fairly well dis-
tributed around the straight line, thus indicating that the ob-
served half-lives are well reproduced by formula (4) with the
values of the parameters given by (5). The goodness of this ad-
justment of data can be inferred from the distribution of the
ratio R = Tg/é/T$/2 between calculated and experimental half-
lives (see inserted diagram in Fig. 4). It was deduced that
almost 90% of the observed half-lives are reproduced within a
factor of five, and 70% within a factor of three. When several
Texp values were available for a given nucleus, we considered that
measured half-life that better agrees with the calculated T, from
formula (4): These, together with the measured single-value of
the half-Tife for.the other nuclei, were chosen to be shown in
Fig. 4. For the above mentioned set of data, it is verified that
almost 80% of the experiméntg] ha]f—{ives are reproduced within
a factor of four. This 1eve{ of reproducibility might be consi-
dered very satisfactory if one looks at the large interval (28
orders of magnitude !) covered by the observed half-lives, the
errors involved iﬁ individual measurements, fluctuations of the
measured half-lives for the same nucleus under consideration and,
perhaps to a less extent, the uncertainties associated with the
experimental masses. Thus, if one takes 22/A as an appropriate
parameter for representing the spontaneous-fission half-lives
of the even-even nuclei, then the variations in the observed

half-lives can adequately be described in terms of the deviations

oM between calculated and experimental nuclear masses. For instance,
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an excess of 1—MeV extra on &M causes, in the region of the U-Pu
isotopes, the half-1ife to be increased by about four orders of
magnitude, whereas it results in-a variation of about ten orders
ofAmagnitude for the Fm-No region. As a concluding remark, we
point out that although the quantity &M defined in the present
systématics includes semi-empirical shell corrections to the

nuclear massesZ]

), its remaining f1uctQations are still strongly
correlated to the fission half-lives when they are analysed in

2,4 (%)
terms of Z%/A .

Formula (4) can now be applied to estimate (within an

“average uncertainty of about 25%) the spontaneous-fission half-

-1ife of any even-even nucleus. In the case of 238U, for which
M = - 0.12 MeV, it immediately gives T”2 = (7.9 £ 1.8) x 1015 Y,
from which one gets Ag o= (8.8 + 2.0) x 10717 y-]. This result

compares quite favourably with that obtained in our present exp-
eriment in which ordinary glass has been used for detecting
fission fragments from an external, thin layer of uranyl oxide.
Table 1 shows a comparison between répresentative values of Aé
corresponding to the peaks gf the Aé—distfibution showed in

Fig. 1 and the estimated value as described above. As can be seen
there is strong indications for accepting the values of ké belong-

ing to the second group of measurements, for they are the expe-

rimental determinations of Aé which are in bést agreement with

(*) 0f course, this result must be stbict]y related to the mechanism of
fission (nuclear deformations, fission barriers, etc), and how the mass
deviations &M can influence the probability of spontaneous fission through
22/A is a matter not easy to understand for the time being. An insight on
this subject will be left to a future communication.
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the estimated value of the decay constant. Among these, the re-

31

sults reported by Segr§28), Spadavecchia and Hahn™ "), von Gun-

en32), Galliker et a£.8) and Thiel and Herr]) can, with a high

t

degree of confidence, be taken as the most recommended values,
from which the weighted mean Ay = (8.49 £ 0.14) 10777 y71 has
been derived for the spontaneous-fission decay constant of 238U.

A much more refined treatment, based on theoretical
considerations about the mechanism of spontaneous fission, will
clearly be neéded in order to decide in a more phenomenological
basis on the discrepancies met when measuring the decay constant
of long-Tived spontaneously fissioning nuclei, of which 238U is
just an illustrative, but fruitful and important example of such

a situation.
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TABLE 1

Some results concerning the spontaneous-fission decay constant of 238U(*).
Author Year Method decay E?;sf?nt Ref.
Aé(lo y )
Kuroda et af. 1956 1/238U-equilibrium ratio 6.7 + 0.7 23
Fleischer and Price 1964 Mica~-uranium sandwich 6.6 + 0.8 14
Roberts et al. 1968 Mica-uranium-sandwich 7.03 = 0.1 24
Group I(**) Kleeman and Lovering 1971 Lexan-uranium-sandwich 6.8 + 0.6 25
Khan and Durrani 1973 Mica-uranium-sandwich 6.82 + 0.55 26
Ivanov and Petrzhak 1975 Mica-uranium-sandwich 7.12 £ 0.32 27
Emma and Lo Nigro 1975 Glass-uranium-sandwich 7.2 £ 0.2 4
Segre 1952 Ionization chamber 8.60 + 0.29 28
Parker and Kuroda 1958 27Mo/?38u-equitlibrium ratio 8.7 + 0.5 29
de Barros et al. 1963 Fission tracks in nuclear-track emulsion 8.2 + 0.5 30
Spadavecchia and Hahn 1967 Rotating bubble chamber 8.42 +.0.10 3]
éroup 11 von Gunten 1969 Fission products from 239y 8.66 + 0.22 32
Galliker et al. 1970 Rotating bubble chamber 8.46 + 0.06 8
Storzer 1970 Fission tracks in dated U-glass 8.49 + 0.76 33
Wagner et ak. 1975 Fission tracks in dated U-glass 8.7 + 0.6 13
Thiel and Herr 1976 Fission tracks in dated U-glass 8.57 + 0.42 1
de Carvalho et al. 1980 Fission tracks in ordinary glass 9.3 £ 1.0 this work
Kuroda and Edwards 1957 1408,/238 equitibrium ratio 11.7 + 0.8 34
Group II1 Kuz'Minov et af. 1959 BF3-U-paraffin counter 10.7 + 0.5 35
Gerling et at. 1959 Xe-content of dated U-containing minerals 11.9 £ 1.0 36
de Carvalho et al. 1975 Fission tracks in nuclear-track emulsion 11.6 + 0.8 2
Estimated Systematics of spontaneous-fission ;
value de Carvalho et af. 1980 half-Tives covering 30 even-even nuclei 8.8 + 2.0 this work
(%)

For a complete list of experimentally determined Aé-values see Refs. (1-3,5,6).

(k*)

The Aé—values grouped in this tahle are in correspondence with the distribution depicted in

o

ig. 1.

_8 L_
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Figure Captions

Fig. 1. Frequency distribution of experimentally determined

238

spontaneous-fission decay constant of u, Aé, up to

now. The histogram was constructed from data taken
from the compilations by Fleischer et a£.3), de Carva-
Tho et a£.2) and Thiel and Herr]), and the most recent
publications by de Castro RizzoS) and SpaggiariG).
Data published before 1947, as well as the Aé-va1ue

by Hoff Lu and Hsuan-Ling Tsao7) have not been con-
sidered since they are far from most of the results

by a factor greater than two. In addition to the wide
ﬁnterva1 covered by the Aé-va1ues, three groups of

measurements are predominant: = 34% around 7.OX1O—]7y—],

-17 -1 17, -1

= 36% around 8.7x10 y and = 14% around 11.8x10 "'y

The corresponding half-Tives T]/2 are also indicated. At
present, the most accurate -value Aé = (8.46i0.06)X1O_]7y_]
reported by Galliker et a£.8) is the recommended one for

1).

fission track dating work

Fig. 2. The energy spectrum of alpha particles resulting from
the decay of the uranium isotopes contained in our sam-
ples. Separation between the lines belonging to the
uranium isotopes is clearly seen. The corresponding peak

energies are also indicated.

Fig. 3. Fraction (expressed in percent) of the UO3 film removed
as a function of the immersion time of the glass plate

into a 10% nitric acid solution at 60°C. Points were



Fig.
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obtéined from the measured mass-differences of the

glass plate prior and after the immersion by using a
microbalance. The curve is an eye-fit through experi-
mental points. It is clearly seen that a 30-min immersion
time was adequate to remove completely the uranyl oxide

layer from the glass surface.

Spontaneous fission half-lives of even-even nuclei
plotted against ZZ/A. The straight line, whose equation
is given by (6) in the text, represents the smooth

trend of the "corrected" half-lives Texp,- kSM (open

circles) which are obtained by subtracting the quantity

kSM from the observed Texp (filled circles). The para-

meter k was fdund to vary with 22/A according to

ca]c_Mexp are

) (last column of his Table

eq. (7). The mass-differences &M = M
those reported by MyersZ]
of Masses). In the case of nuclei for which experimental

masses were not available in Ref.Z]

) (points enclosed
in parentheses), they were taken from the 1977 Atomic
Mass Tab]é by Wapstra and 80522). Experimental half-

-lives, joined by straight lines for the isotopes of a

18-20

given element, were taken from Refs. ). When

several Texp values were available for the same nucleus,

we chose that value corresponding to the lowest deviation
from the calculated half-1ife T (eq. (4)). The inserted

figure shows the frequency distribution of the ratio

R = T$/2 /Ti"/2 between the calculated and experimental

half-lives for the whole set of input data used in the

present analysis.
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