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Abstr.act 
We have calculated nuclear masses and the 'Corresponding a-decay energies Qa 

and a half-livesT by use of the folded-Yukawa macroscopic-microscopic model, a . 
for nuclei at the end of the peninsula of known elements. We have also calculated, 
by use of the modified oscillator model, fission half-lives for even-even nuclei 
with Z between 100 and 110. The results agree well with data in this region, but 
an interpretation of,the experimental data requires further and extensive theore
tical studies of odd particle effects. 

1. Introduction 
Since the early forties there has been.a steady effort to extend the chart of 

the nuclides beyond the heaviest elements that occur in nature, namely uranium and 
to a small extent plutonium, towards higher and higher Z-values. Most recently el
ements with Z = 1091) and Z = 1082) have been identified. The region extendinq 
from Z = 100 and beyond is a fascinating one, with many nuclear 
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properties changing rapidly with proton and neutron number, for instance the 

fission half-life, the mass-asymmetry in fission and the fission kinetic ener
gies3'4). Additional nuclei at the tip of the peninsula of known elements may 
become acces- sible to study in the future throuqht the LEAPS} (Large Einsteinium 
Accelerator Program). 

Since some earlier theoretical studies of the heavy elements have not included 
nuclei, that have now been produced experimentally or may be produced in the near 

future we present here results of a calculation that extends from Z = 100 to Z = 
110 and from N about 140 to N about 180. We limit most of our discussion here to 
even-even nuclei and to a discussion of ground state masses, a-decay energies Oa, 

a half-lives and fission half-lives. 

2. Calculation 
In our study here we have calculated nuclear ground state masses by use of the 

model presented in refs. 6' 7>, but extended the calculations to additional nuclei. 
Thus, we use the macroscopic-microscopic method to calculate shell and pairing cor
rections and a macroscopic energy term as functions of energy. The calculation 
proceeds as described in ref6), with the slight technical difference that the n~w 
macroscopic model described there, with the parameter set 8 for the macroscopic 
energy, has now been incorporated directly into the computer program, whereas in 
the calculation in ref. 6) we subtracted out ~n older version ~f the macroscopic 
model and added the final version at a fairly late stage in the calculations. 

We also calculate s and y zero-point vibrational energies exactly as described 
in ref. 6), from the curvatures of the calculated potential energy surfaces and a 
simple model for the nuclear inertia. 

A table where we list calculated ground state masses, shapes, 0 , 0
8 

and 

QEC will be published elsewhere. For 264108 and 265108 this table lists the mass 
excesses 120.90 and 121.95 MeV respectively. For the isotopes 264- 268109 the results 
are 128.26, 127.77, 128.52, 128.19 and 129.05 MeV respectively. The cases we have 
listed here represent elements that are "missing" i~ the tabulation of ref. 7). 

We have used our calculated masses to determine_the a-decay energies Oa 
shown in figure 1. Corresponding a half-lives are show~ in fig. 2. The a half
lives have been calculated according to the systematics of a-decay as given by 
Viola and Seaborg8>. In their model the expression forT is 

a 

where 

1 

A
2 

and 8
2 

are determined to be 

A
2 

= 2.11329 Z - 48.9879, 
8

2 
= -0.390040 Z - 16.9543 

from a least-squares adjustment to nuclei in the region 84 < Z < 0 8 and 128 <N. 
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Fig. 2. Calculated alpha 
half-lives. 

CALCULATED SPONTANEOUS-FISSION 
HALF-LIVES 

Fm 

140 150 160 170 

Neutron Number N 

XBL 848-3494 

Fig. 3. Calculated fission 
half-1 ives. 

. 
·' 



-4-

In fig. 3 we present calculated fission half-lives. Recause the Folded-Yukawa 

single-particle code6) does not allow the study of axially asymmetric y-distor
tions, which lower the first peak in the fission barrier by more than 2 MeV in 

some cases9), we have calculated the fission barriers by use of the modified oscil
lator (Nilsson) model. The calculation of the fission barrier is identical to the 
calculatio~ presented in ref.lO) except that we have included additional nuclei in 
the calculation. Thus the energy has been calculated as a function of £ 2 and £ 4 
shape coordinates. In addition, we have considered the y degree of freedom at the 
first peak and mass-asymmetric £ 3 and £ 5 shape degrees of freedom at the second 
peak in the fission barrier. The fission half-lives have then been calculated by 

use of the model described in ref. 9). This means that the barriers have been· 
defined by their extrema; the barrier between these points has been calculated hy 

the interpolation method described in ref. 9). An £ 6P6 correction taken from ref.lO) 

has also been added at the ground state. Moreover, we have used the macroscopic 
model for the inertia discussed in ref. 9). Thus, our results in fia. 3 should, 
in printiple, be identical to the results presented in fiq. 5 of ref. 9). There 

. ' 
are some differences however. They arise for two reasons. First, for Z = 104 or 
larger the fission barriers used in the half-life calculation of ref. 9) were calcu

lated in a very approximate way. The results presented here are based on a much 
more accurate calculation of fission barriers. The differences that occur for Fm 
and No depend on minor differences between the two calculations. We have, for in
stance, used all extremum points found in the calculation in the definition of the 

fission barrier. We sometimes find, for example, two saddle points with a shallow 
f 

minimum in between, in the y-plane. Such structures are not present in the 
calculation of ref. 9). 

3. Discussion 
The calculated Q energies and the associated a half-lives vary fairly 

a 
smoothly as functions of proton and neutron number, except for discontinuities 

around N = 152 and N = 162. The discontinuity at N = 162 is related to a change to 
smaller deformations as the N = 184 shell is approached. The smaller discontinuity 
at N = 152 is associated with the deformed gap in the single particle level spec
trum at this neutron number. 

We will not make an extensive comparision of our results with experimental 
data here. Instead we will do a comparison for a few nuclei to give us a feelinq 
for the degree of agreement between experimental data and the calculations. For 
246 Fm the experimental results11 ) are Qexp = 8.373 MeV and Texp = 1.1s to be 
compared to Qcalc= 8.51 MeV and Teale =

1
1.5s. For the sliqh~ly heavier nucleus 

a a · 252 Fm experiments11 give Oexp = 7.154 MeV and Texp = 25.39h. Here we find in our 
· a .a 

calculations Qcalc = 7.26 MeV and Teale = 5.7h. For the heaviest Z values one 
a a 

finds experimentally for Z = 108, N = 157 that Q 10.5 MeV and Texp 2.7 ms, to 
be compared to our results of Qcalc = 10.05 MeV ~nd Teale = 32.7 m~. We observe 

a a 
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that the discontinuity at N = 162 occurs at a higher neutron number than is experi

mentally accessible at present, but it represents an interestinq feature to inves
tigate in future experiments. 

The fission half-life calculations are, as explained above similar to the cal
culations of ref. 9) and they do therefore, like the calculations of ref. 9). aaree 
well with experiment. One area of disagreement occurs around N = 152 for Fm and No 
where the calculated half-lives are considerably (~bout 3 orders of maonitttde) 

smaller than the calculated half-lives. However, had the £ 0P6 correction been cal

culated with a finite-range macroscopic model its magnitude at l = ino and N = 1~? 
would have been about -1.2 Mev6) instead of -0.55 MeV found with the Droplet macro

scopic model. This difference is sufficient to increase calculated fission half
lives by three orders of magnitude and would probably remove much of the discrep
ancy around N = 152. 

Finally we note that our calculated fission half-lives for even-even nuclei 

with Z = 106 and Z = 108 are considerably lower than the half-lives that have been 
observed experimentally2). However most of the experimental data in this reqion 
hav~ been obtained for odd or doubly odd nuclei for which one expects considerable 

enhancement of the fission half-lives over the half-lives of neighboring even-even 

nuclei. In the case of N = 157 the calculated and experimental enhancement is al
most 10 orders of magnitude12 ). This large enhancement is believed to be due to 
the large specialization energy associated with the high ~. ~ = ~/2 of the N = 157 

neutron orbital. 12 ) Therefore not surprising that the only decay-mode observed 
for some of these heavy elements is a-decay. A theoretical study of the enhancement 
of half-lives (in particular the specialization energies associated with odd 7 and 

odd N or~itals) for odd nuclei is clearly necessary for a more·detailed 

interpretation of the experimental results. 
For the one case where an experimental value of the fission half-life is 

available for an even-even nucleus in this region, namely 260106, the experimental 

result is of the order of a few millise~onds13 ). This is surprisingly large, 

since it is of about the same mgnitude as the fission half life of 258104. Thus, 
it seems to break the systematic trend of a decrease of 2 or 3 orders of magnitude 
in the fission half-life for each increase by 2 in the proton number, which is seen 
in the calculations at this neutron number. However the experimental value differs 
from the calculated one only by about the average error in the calculation. The 
error is about a factor of 5o12 l, the calculated fission half-life about 0.04 ms and 
the experimental value about 4 ms13 ). Clearly experimental data for additional 

even-even nuclei in this region would be valuable for improving our models for and 
our understanding of the properties of the nucle.i in the transfermium reaion. 
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