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The « particle emission process through the multidimensional barrier
potential has been considered. The deformed nucleus-a particle interac-
tion energy including proximity approximation in the nuclear potential
and Coulomb terms have been proposed. The alpha decay of very heavy
arbitrarily deformed nuclear systems have been studied within the above
potential. The curvature effects have been also investigated.

PACS numbers: 23.60.+e, 23.70.+j

1. Introduction

Theoretical predictions of existence of deformed superheavy nuclei (SHE)
[1-3] promote the studies of alpha decay process, which is predominant in
this area. The form of interaction potential required for description of light
fragments emission from the deformed nuclear shapes is proposed in our pa-
per. The method of spherical potential expansion [4] provides in the descrip-
tion additional degrees of freedom associated with higher orders deformation
of parent nucleus as well as with different positions of alpha particles. As
commonly known even a small difference in the barrier height can change life
time of a few orders of magnitude. Exact calculations of barrier heights and
widths are essential in estimation of life times considering this decay. How-
ever, the existence of deformed SHE has not been experimentally confirmed
yet and precise theoretical studies in this area are necessary.
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2. Shape parametrization

The paper presents parametrization of the shape of the parent nucleus
(M) and the « particle which proceeds in the following way:
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r) = 3 Bara) (Orr(a) sin(Onr(a)) sin(dar(a)) » (1)
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The standard form of nucleus surface Rjs expansion into a series of spherical
harmonics in the §; deformation parameters is used. The vector connecting
the mass centers of alpha particle and parent nucleus is recorded in the
spherical reference system associated with this nucleus (R, @, ®).

. Rsin(O) cos( ),
R =< Rsin(O)sin(?), (2)
Rcos(O).
As only the emission of alpha particle from the axially symmetric deforma-
tion of nuclei is considered @ = 0 and ¢ = 0. It is additionally assumed

that the « particle does not affect deformation of the nucleus from which it
was emitted.

3. Coulomb energy

Expansion of spherical formula of the Coulomb potential for the de-
formed parent nucleus with the atomic and mass numbers Z;(Ays) and the
« particle is of the form:
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Vo= U S G (O, Q
l =2

Here e is the charge unit and C 0 are the Wigner coefficients. For the
application presented here, it is sufﬁ(nent to consider only the outer region
where the barriers are located and the Coulomb expansion is absolutely
convergent. We adopt here the following definition of the multipole moments
in the spherical harmonics Ylgl (Orr):

Q= /mmmwmwmmm (4)

Vm

where pas(7ar) is a charge distribution with uniform density, with the “equiv-
alent sharp radius” [5]. Integration over parent nucleus volume (vys) in the
coordinates defined by Eq. (1) is carried out. Let us note that the first term
in the presented multipole expansion corresponds to the case of interaction
when both fragments are spherical.
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4. Nuclear energy

To calculate the nuclear part of a particle-deformed parent nucleus in-
teraction we used the suitable form of “proximity” approximation [6],

with the surface tension coefficient v = 0.9517(1 — 1.782612) MeV /fm?,
where I = (N — Z)/A. This hypothesis is based on the assumption, that the
nuclear interaction takes place between two infinitesimal volume elements
located closest for a given configuration. It allows to separate nucleus inter-
action formula into two independent factors, geometrical one (K) connected
with the surface curvature and the universal function 1 (s) independent of
the system geometry. In this paper the version of this function given in [7]
is used. Extension of “proximity” interaction for the case of deformed nuclei
consists in redefining of the geometrical factor K only because, as already
pointed out, the universal function does not depend on the system geometry.

Geometrical prefactor K is given by “reduced main radii of the curvature”

klM(a) and kQM(a)i
K =27\ [kinr(aykon(a) (6)

which are calculated in the point of the nucleus surface for which the distance
between the parent nucleus and the emitted particle surfaces (for a given R

and @) is the smallest s = min | + 7 — 7]

RlMRla . RQMR2a

— UMFe g = RMI2a 7
Riy + Ria 2M(@) ™ Rort + Raa (7)

k1n(a)

From the minimization procedure we find the parameters (angles) g%in, gmin
for which we are able to calculate the first Ryys(,) and second Rypz(q) main
radius curvatures, with earlier calculation of the fundamental forms of the
first and the second order of the nucleus surface for parametrization pre-
sented in Section 2.

5. Results

The model presented above is used for calculation of interaction en-
ergy between the alpha particle and the parent nucleus as a function of the
particle position (@) and the distance between mass centers (R) of both
fragments. The calculations were made for exemplary deformed (82 = 0.2,
B4 = —0.08) superheavy nucleus 2°#114. The equilibrium deformations were
found by minimizing energies in the multi-dimensional deformation space.
Fig. 1(a) presents exemplary interactions of energy for the distance between
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the mass centers R = 11 fm. The maximal difference of energy is about 10
MeV in the case 54 = —0.08 and two times more (~ 20 MeV) when (4 has
the opposite sign.
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Fig. 1. (a) Interaction energy between the « particle and the parent nucleus for the
distance between the mass centers R = 11 fm. (b) Full barriers for the emission of
particle « as the distance function for ©® = 90° (dotted lines), and @ = 0° (dashed
line).

Full shapes of barriers ( V,, + V. ) are presented in Fig. 1(b) only for two
extremal orientations. The difference between the barrier heights in these
extremal cases where ©® = 0° (“tips” position) or & = 90° (“equatorial”
position) is AViax = 1.54 MeV. The corresponding difference in the barrier
radius for the superheavy element under discussion is Ryax—1.34 fm. There
can be observed the influence of emitting nucleus curvature on the obtained
shapes of the barriers. Distinct differences are visible particularly at small
distances of the emitted particle alpha where dominant contribution comes
from the nuclear part. Large energy difference for various directions (©) of
the emitted particle has a significant effect on the obtained life times for this
process.
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