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Self-consistent Skyrme-Hartree-Fock (SHF) calculations of static fission barriers are
presented for even-even Fermium isotopes as well as for superheavy even-even N=184
isotones. In the particle-hole channel, we use the SLy4 Skyrme parametrization, while
in the particle-particle channel we take a T'=1 seniority pairing force treated in the BCS
approximation. The influence of reflection-asymmetric and triaxial degrees of freedom
on the static fission paths are investigated.

1. Introduction

Nuclear fission is one of the best examples of the nuclear large-amplitude collective
motion. Microscopically, fission can be viewed as a many-body tunneling through
a potential barrier, which is difficult to treat if one wants to go beyond the stan-
dard semiclassical approximation.!?3 Various nuclear structure models (including
a microscopic-macroscopic approach and self-consistent approaches both nonrela-
tivistic and relativistic) have been applied to the fission barriers, lifetimes, and
mass/charge distributions, and a large sensitivity to model details and parametriza-
tions has been found.* (For a recent review of self-consistent mean-field models and
parametrizations, see Bender et al.)
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Recently, a number of theoretical calculations of the static fission barriers of
nuclei in the actinide and trans-actinide regions have been carried out. These include
calculations based on the microscopic-macroscopic treatment,® the self-consistent
approach with the Gogny” and Skyrme®? forces, and also within the relativistic
mean field model.”

The aim of this contribution is to calculate static fission barriers for the even-
even Fermium isotopes and the even-even superheavy nuclei with N=184 using
the energy density functional with the Skyrme interaction SLy4!0 and a seniority
pairing force treated in the BCS approximation. The calculations were carried out
using the Hartree-Fock+BCS code HFODD (v.2.8i) that solves the self-consistent
HF equations by using a Cartesian (3D) harmonic oscillator (HO) finite basis.!!
This code makes it possible to break all self-consistent symmetries of the nuclear
mean field, including axial symmetry, reflection symmetry, and time reversal. Par-
ticular attention has been paid to symmetry-breaking effects along the fission path.
The pairing strengths have been adjusted to reproduce the proton and neutron
experimental pairing gaps in 2°2Fm.

2. Results

First, we have studied the stability of our results with respect to the number of
the deformed HO states (Njmit) used in this basis. Figure 1 shows the calculated
self-consistent potential energy curve of 24°Pu as a function of the axial quadrupole
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Fig. 1. Stability of the calculated SHF+BCS energy curve for 24°Pu as a function of the
harmonic-oscillator basis size, see text.



Skyrme—Hartree—Fock Calculations of Fission Barriers 397

constraint Qg9 = (QQ()}. The solid line corresponds to Njimit=1000 deformed HO
states included in the basis. At each value of @2, the HO basis deformation is deter-
mined as that corresponding to Q29 through the standard first-order expression.'!
Therefore, the set of HO states included in the basis changes with the changing
nuclear shape. The results with different values of Njimit=680 (14 spherical oscilla-
tor shells included at Q20=0), 816 (15), 969 (16), 1140 (17), 1330 (18), 1540 (19),
and 1771 (20) are also shown at the extreme points (minima and maxima) of the
potential energy curve. It is seen that the rate of convergence weakly depends on
the quadrupole deformation, and for larger elongations is slightly slower than at
sphericity. As shown in Fig. 1, reliable calculations can be carried out with Ny =
1140 (17), and the errors related to the finite basis sizes that impact energies of the
first (F4) and second (Ep) barrier are less than 1 MeV.

Having determined the basis size, we performed the set of calculations for the se-
ries of even-even Fermium isotopes which are experimentally known to exhibit rapid
variations of the spontaneous fission half-lives. Two fission paths corresponding to
bimodal fission have been investigated. The usual reflection-asymmetric path cor-
responds to two fission fragments with different masses. The reflection-symmetric
path can be associated with division into symmetric, nearly spherical fragments
with high kinetic energies. In our calculations, the quadrupole and octupole mass
moments were used as constraints. The non-zero octupole mass moment (3o indi-
cates the breaking of intrinsic parity, while the presence of the quadrupole moment
(22 signals the appearance of triaxial distortions.

Deformation energy curves (E*°*) and the mass octupole moments (Q30) calcu-
lated along static fission paths for the even-even Fermium isotopes with the neu-
tron numbers N=142-164 are plotted in Figs. 2 and 3 as functions of the mass
quadrupole moment Q9. All calculated static barriers have similar, two-humped
shapes. The sizes of the static fission barriers are correlated with the experimentally
known increase in the spontaneous fission half-lives for the lighter Fermium isotopes
with N=142-152. The influence of triaxial asymmetry on the height of the first fis-
sion barrier is shown as a difference between the open and solid symbols. The effect
of triaxiality increases with neutron number and reaches about 3 MeV for N>150.
For Q29 < 130b, the fission paths of nuclei displayed in Fig. 2 exhibit reflection-
symmetric shapes (@39 = 0), while the reflection-asymmetric paths (Qs9 # 0) takes
over at larger elongations with Qo9 > 130b. For the heavier Fm isotopes displayed
in Fig. 3, the transition to the reflection-asymmetric path occurs at greater values of
Q20 and the transition point increases with V. In the extreme case of 264Fm (which
is expected to fission into two doubly magic 132Sn nuclei), the fission path becomes
reflection-symmetric. The disappearance of the reflection-asymmetric path at large
neutron numbers gives rise to the reduction, or even disappearance, of the second
fission barrier. This reduction plays a crucial role in the standard interpretation of
the experimentally known rapid decrease of the spontaneous fission half-lives in the
heavy Fm isotopes.
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Total binding energy E*°t(e) and the mass octupole moments Q30 (A) calculated along the

lowest static fission paths for the even-even Fermium isotopes with N=142-152. The differences
between the open and solid symbols in the region of the first barrier represent the energy gain due
to triaxiality. Nyjjmijt=1140 was used.

In order to better understand the competition between reflection-symmetric

and reflection-asymmetric fission valleys, we show in Fig. 4 the total energy curves
for 254=264Fm calculated with a smaller basis Nimit=680. For each nucleus the
two different fission paths are displayed: reflection-asymmetric (open symbols) and

reflection-symmetric (solid symbols). It is seen that at large values of Q29, the bar-
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Fig. 3. Similar as in Fig. 2 except for the even-even Fermium isotopes with N=154-164.

riers along the reflection-asymmetric paths are more narrow, whereas the distinctly
higher second humps appear.

Figure 5 shows the deformation energy curves and the mass hexadecapole mo-
ments calculated along the static fission paths of the superheavy even-even nu-
clei with N=184 (which is the neutron magic gap in this region.'?) These results
markedly differ from those obtained for the Fm isotopes. As expected,!? all N=184
isotones have spherical ground states. The corresponding static two-humped fission
barriers are narrow and reflection-symmetric. The triaxial deformation lowers the
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Fig. 4. Total binding energy E'°! calculated along the static fission path for the even-even
Fermium isotopes 2°47264Fm. Open (closed) symbols represent the reflection-asymmetric (sym-
metric) path. As compared to Figs. 2 and 3, the size of the oscillator basis is slightly reduced,

N]imit:680'

first barrier, with the maximum reduction (2 MeV) predicted for 3°8124. As illus-
trated in Fig. 5, with increasing Z, the height of the first barrier increases while
the second barrier gets reduced. The increase in the hexadecapole moment along

the fission path reflects the development of the neck.
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Fig. 5. Total binding energy E*'(e) and the mass hexadecapole moment Q40(V) as a function

of Q20 for the even-even superheavy nuclei with N = 184. The differences between the open and
solid symbols represent the effect of triaxiality on the first barrier.

3. Conclusion

We have applied the SHF+BCS method with the Skyrme parametrization SLy4
to study static fission barriers of the even-even Fm isotopes and the superheavy
isotones of N=184. The overall qualitative agreement with existing experimental
data for Fm isotopes is satisfactory. In particular, our SHF calculations explain the
spectacular non-linear behavior of the observed spontaneous fission half-lives of the
Fm isotopes. Further dynamical calculations are planned to pin down the compe-
tition between alpha decay and spontaneous fission in the heaviest and superheavy
nuclei.
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