LUND UNIVERSITY

Stability of superheavy nuclei and their possible occurence in nature

Nilsson, Sven Gdésta; Thompson, S G; Tsang, CF

Published in:
Physics Letters. Section B: Nuclear, Elementary Particle and High-Energy Physics

1969

Link to publication

Citation for published version (APA):

Nilsson, S. G., Thompson, S. G., & Tsang, C. F. (1969). Stability of superheavy nuclei and their possible
occurence in nature. Physics Letters. Section B: Nuclear, Elementary Particle and High-Energy Physics, 28(7),
458-461.

Total number of authors:

General rights

Unless other specific re-use rights are stated the following general rights apply:

Copyright and moral rights for the publications made accessible in the public portal are retained by the authors
and/or other copyright owners and it is a condition of accessing publications that users recognise and abide by the
legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study
or research.

* You may not further distribute the material or use it for any profit-making activity or commercial gain

* You may freely distribute the URL identifying the publication in the public portal

Read more about Creative commons licenses: https://creativecommons.org/licenses/

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove
access to the work immediately and investigate your claim.

LUND UNIVERSITY

PO Box 117
221 00 Lund

+46 46-222 00 00


https://portal.research.lu.se/en/publications/2e06bfcf-a20d-4e08-8605-543c42a5adf7

Volume 28B, number 7

PHYSICS LETTERS

20 January 1969

STABILITY OF SUPERHEAVY NUCLEI AND THEIR POSSIBLE
OCCURRENCE IN NATURE *

S. G. NILSSON **, S, G, THOMPSON and C. F. TSANG
Lawrence Radiation Laboratory, University of California, Berkeley, California

Received 10 November 1968

Alpha and spontaneous fission half-lives were estimated theoretically in the region of beta-stable nuclei
with Z ~ 114, N =~ 184. The possible existence of an island of stability is strongly supported. A preli-
minary search for surviving superheavy elements in nature gave negative results.

The hope for the possibility of the existence of
an island of stability connected with nuclear mag-
ic numbers somewhat beyond the presently ac-
cessible regions of stable nuclei was recently dis-
cussed by Myers and Swiatecki [1]. Shell model
calculations [2] indicated that such an island may
be associated with the doubly closed shell nucleus
298114, Ground state masses and potential ener-
gies of nuclei as a function of deformation have
recently been calculated [3,4] for the region in the
vicinity of the nucleus 298114, These calculations
are based on a simple deformable shell model
potential and are normalized to reproduce the
average trends of the liquid drop model. From
this we have been able to estimate the alpha and
spontaneous fission half-lives and to test for beta
stability of these superheavy nuclei. Within the
uncertainty of the calculations as discussed be-
low we can make certain statements about the
possibility of finding such superheavy nuclei in
earthly matter and in cosmic radiation.

The calculation makes use of a generalized
harmonic oscillator potential with quadrupole
(P9) and hexadeca_»ole (P4) deformations. In ad-
dition to a spin-orbit force one also includes a
coupling proportional to /2 - {I2)y, where the
last term represents the average over a given
N-shell. There are two adjustable parameters,
which are fitted to reproduce optimally the ob-
served level order in the actinide (4 ~242) and
the rare earth (4 ~165) regions., We have assum-
ed these parameters to have a linear A-depen-
dence, and extrapolated them to the superheavy

* This work was done under the auspices of the U. S,
Atomic Energy Commission.

** Present address: Department of Mathematical Phys-
ics, Lund Institute of Technology, Lund, Sweden.
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region (A ~300), Pairing energy contributions
are calculated on the basis of the single particle
levels from the shell model calculations. The
pairing strength is assumed to be isospin depen-
dent and proportional to the surface area of the
nucleus.

The usually employed volume conservation
condition is complemented by a generalized Strut-
inski method [3,5] of normalization. The latter
ensures that on the average the behavior of de-
formation energies at large distortions is that of
a charged liquid drop. This is effected by sub-
tracting from the total single particle energy the
corresponding value for the case of smeared en-
ergy levels according to a well-defined pres-
cription [3,5]. What remains is a fluctuating shell
structure contribution, which to a high degree of
accuracy is independent of the prescription for
smearing the levels. The subtracted term is then
replaced by the corresponding liquid drop energy
terms (volume + symmetry + surface + surface
symmetry + Coulomb). The liquid drop param-
eters are taken, without readjustment, from
Myers and Swiatecki [1], who determine their
parameters using a simulated shell structure
correction term in their mass formula.

In this way, the potential energy surface in
the space of P9 and P4 deformations can be studi-
ed for each nucleus. The ground state mass cor-
responds to the lowest minimum in this surface.
Empirical masses in the region 150 <A < 250
are reproduced within approximately 1 MeV
(fig. 1). Based on these masses, alpha decay
half-lives and beta stabilities are determined.

The spontaneous fission half-lives may also
be found from the potential energy surface if one
knows B, the inertial parameter associated with
the barrler penetratiom '];‘h;s parameter has been

[ ST

TR

Aﬂégnmg:i;a Co

147199




E2

Volume 28B, number 7

PHYSICS LETTERS

20 January 1969

E L I T T i 1 i T T T T T T T T T T T T T
8 _
s 2 s ’
o B s}z\\:: \9: SR N
=35~0 o NN S
'u=7 g % 2 i e .;;A(‘\ 78 ]
- 2 = 7\1\\\ ]
=% 'Q. ~ N ]
u’j X 66 N
= r N 0 i
= 0 >
- 74, 70 =
-2+ 76
—al ]
2 -gt i
€N~ -
_ »-8Ff
5= i
= -10F
2 -
s -2t .
ﬁ - -
_|4 - -
5 [ g T )
§ - O i 62. &S - 74 ¢ 84/ 20 4 s % ]
g3 ” S— A 1
é = ..2 - 80
5 ! 1 1 1 1 | ] 1 1 i 1 1 i 1 1 I 1 1 1
140 160 180 200 220 240 260 280 300 320 340
Mass Number A

Fig. 1. Experimental and theoretical mass values for 150 < A < 310 plotted relative to the spherical liquid drop val-
ues as of ref. 1. .

estimated [6] in two alternate ways. First, from
an analysis of experimental fission half-lives of
actinides (Z =90 - 100) with the ground state fitted
to the empirical mass, Moretto and Swiatecki [7]
have determined that the values BA~%3 lie within
a small range independent of A. In view of the dif-
ference in saddle point shapes between actinides
and superheavy elements it may be a somewhat
unsatisfactory assumption to use the same BA-53
for the superheavy nuclei. Alternatively B has
been determined at the saddle point from "mi-
croscopic" theory by Sobiczewski, Szymanski
and Wycech [6,8]. The B values so obtained for
the superheavy nuclei are constant within 30%
and lie within 30% of the first estimate. We have
used an average of the B values determined in
these two alternative ways in order to estimate
the fission half-lives.

The results are summarized in the half-life
contour diagram of fig. 2. The great uncertainty
associated with the numbers obtained must be
emphasized. First of all there is the uncertainty

of the extrapolation of the shell model potential
and the liquid drop parameters to an unknown
mass region. Furthermore, a deviation of 30% in
the estimate of the inertia parameter B corre-
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Fig. 2. Contours of theoretical half-lives in the vicinity

of Z = 114 and N = 184. The thick dark lines are con-

tours of spontaneous fission half-lives. The broken

lines are contours of alpha half-lives, Beta stable nu-
clei are shaded.
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sponds roughly to a factor of 106 in the spontane-
ous fission half-lives, while a 1 MeV deviation in
alpha energy corresponds to a factor 106 diffe-
rence in alpha half-lives. An underestimate of a
given nuclear mass due to a local shell effect
leads normally to an overestimate of the fission
half-life. On the other hand the alpha half-life
depends on the relative masses of two nuclei two
units of N and Z from each other. Hence so long
as an under- or over-estimation of masses af-
fects these two nuclei to a similar degree, the
error in alpha energy is comparatively small.
For the actinide region (where we do not have the
uncertainty due to extrapolation of parameters)
our alpha energies are within 5% of the experi-
mental values corresponding to half-lives agree-
ing within a factor of ten, but our fission half-
lives for some isotopes can be wrong by a factor
as large as 106 either way.

All these uncertainties may move the contours
of half-lives in fig. 2, but the general pattern
should remain the same so long as Z =114, N =
= 184 is a well-developed magic nucleus. Thus,
the main use of the figure is as a guide in the
search for relatively long-lived nuclei in this re-
gion.

Some general features of fig. 2 may be pointed
out. The longest fission half-lives center rather
symmetrically around (Z = 114, N = 184). It must
be emphasized here that any stability against
spontaneous fission in this region is due to the
extra binding resulting from the shell effect so
that as one goes away from 298114, the fission
half-lives decrease rapidly. Without the shell
effect, the alpha half-lives depend on the inclina-
tion of the AN = AZ line (which is the direction
of alpha decay) with respect to the direction of
the beta stability valley. The shell effect essen-
tially increases the alpha half-lives for nuclei
with Z < 114 and N < 184 and decreases those for
nuclei Z > 114 and N > 184. It also causes the
kink shown in fig, 2.

Applying a "survival-of-the-fittest" test with
respect to fission, alpha decay, and beta decay
in the above region and taking the calculated num-
bers at their face value, one ends up with one
possible candidate for survival in earthly matter,
namely 294110, which should be chemically close-
ly related to platinum. However, the uncertainty
of our numbers as discussed above may indicate
that, instead, a nucleus close-by may have a bet-
ter chance of survival, However, if the total
half-life falls below ~ 2 x 108 years, its detec-
tion in earthly matter is beyond the capabilities
of our present techniques *,

A question may be asked whether such a long-
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lived superheavy element may be produced in na-
ture in the first place, The indication ** is that
such a superheavy element could well be formed
by the »-process [9] in which a nucleus absorbs
a large number of neutrons very rapidly and then
undergoes successive beta decays to much heavier
relatively stable nuclei ***, Most very neutron
rich isotopes seem to be sufficiently fission sta-
ble for this process, which also requires a con-
dition of huge neutron flux and very high temper-
atures. This condition may have prevailed at
some point in the history of the universe and may
also exist in some massive stars and quasi-stel-
lar radio objects at this present time. This at
one raises the possibility of detecting superheavy
nuclei in the primary cosmic radiation. Accord-
ing to the most optimistic estimates, the nuclei
of interest in the primary cosmic radiation may
have been produced 105 years ago, while ele-
ments in the solar system have an age of ~5 X

x 109 years. If we take fig. 2 at its face value,
we see that in the study of the primary cosmic
rays, one might be able to find a few more nuclei
which live longer than 105 years.

So far, the experimental search for an indica-
tion of an element with Z near to 114 has followed
three essentially independent approaches.

A. The first [10,11] involved the attempt to ob-
serve the spontaneous fission of short-lived nu-
clei produced by the reaction:

2480 4 40Ar - 284914 4 4n |

Negative results were obtained corresponding to
an upper limit of ~10-32 cm2 for the cross sec-
tion. This is not surprising because the experi-
mental techniques used can detect half-lives only
down to ~10-9 sec and the predicted half-life is
less than 10-15 sec. The obvious difficulty with
the heavy ion approach at present is that nuclei
so produced are much too neutron deficient. How-
ever, the availability in the future of projectiles
of larger neutron excess such as 48Ca, 64Ni and
50Ti might improve the picture.

* We would like to thank Dr, Luciano Movretto for
drawing our attention to this point,
** We are grateful to Dr, P. A, Seeger for a helpful
discussion of the »-process.

**% OQur estimate of masses along the prospective »-
process path is, however, sensitive to the value
assumed for the coefficient of the surface symme-
try energy. Conceivably the value of this coeffi~
cient, after readjustment of all the liquid drop
parameters, might be such as to make the genera-
tion of superheavy elements impossible, The iso-
topic trends of actinide fission half-lives, which
we fail to reproduce adequately [3], may be indica-
tive of this.
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B. The second approach [12] took the view that
294110 might have been produced and still be
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also wish to thank Dr. L. G, Moretto for helpful

present in nature. This element is expected to be discussions.

chemically similar to platinum. Therefore natural

platinum ores were used in the following experi-

ments, The search followed two lines. First, on

the assumption that the half-life was very long 1. W.D. Myers and W.J. Swiatecki, Nucl. Phys. 81

(>1014 years), analyses were made using X-ray
fluorescence, mass spectrometry, and finally
activation with heavy ions as well as protons at
various energies. The results indicated that the
upper limit on the presence of 294110 in platinum
is <1 part in 109. The second mode of investiga-
tion assumed the half-life to be less than 1014
years. Low background counting of natural plati-
num ore for neutrons, gamma rays and spontane-
ous fissions detected no activity above background.
This suggests on the basis of the present sensiti-
vity that the longest half-lives are less than 2 X

x 108 years, or that the element is present in un-
detectable amounts.

Even if the longest half-life in this region of
elements is less than 2 x 108 years, it may be
possible to obtain information concerning super-
heavy nuclei existing at some time in the past by
searching for neutron rich products of spontane-
ous fission in meteorites or in natural ores of
platinum and its neighboring elements.

C. Extensive nuclear emulsion studies of very
heavy particles in the cosmic rays at high alti-
tudes have been made by P. H. Fowler and colla-
borators. They have reported evidence for ura-
nium and its neighbors [13]. Continuation of their
work indicates [14] one event with Z = 103 + 4.
They have accumulated much more data recently
which are under analysis.
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We have profited very much from discussions
with Dr. W.J.Swiatecki, who provided the origi-
nal stimulus for the undertaking of these investi-
gations. Most useful advice by Drs. A.Bohr and
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