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Spontaneous fission and « decay from K-isomeric states within a cluster approach

I. S. Rogov®,2 G. G. Adamian®,! and N. V. Antonenko'-?
LJoint Institute for Nuclear Research, 141980 Dubna, Russia
2Tomsk Polytechnic University, 634050 Tomsk, Russia

® (Received 28 May 2024; accepted 20 June 2024; published 8 July 2024)

Spontaneous fission and « decay from K-isomeric states are studied within the dinuclear system model.
All these processes are considered as evolution of a nucleus in the charge (mass) asymmetry coordinate. For
even-even and even-odd actinides and superheavy nuclei, the spontaneous fission and «-decay half-lives of

K-isomeric states are calculated and compared with the available experimental data. The origin of the hindrance
of spontaneous fission from the high-K isomeric states is explained.
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I. INTRODUCTION

The nuclear K-isomers are the long-living excited states,
which are of fundamental as well as application interest, par-
ticularly in the creation of nuclear lasers and new source of
energy [1-21]. Much experimental information has already
been accumulated on the partial widths of y and o decays
from isomeric states of heaviest nuclei [22-76]. Nucleus
20No becomes, thus, one of the very few examples of heavy
nuclei with the isomeric state living considerably longer than
the ground state [26,29,43,51]. This “inversion” of stability
indicates the significant role of high-K isomerism in the study
of heavy and superheavy nuclei (SHN) [10,77-80] and opens
up new possibilities for the production of SHN in the isomeric
states [81].

The electromagnetic decay of isomeric states involves a
large change in K value, leading to a significant lifetime,
as a consequence the « decay and spontaneous fission (SF)
branches become observable. For instance, K isomer in 2’°Ds
decays via o emission with notably long lifetime [79]. An
analysis of experimental data [48,49] has established the exis-
tence of fissioning isomeric states in 2**Cm, 23Fm, 23!:2No,
233.236.261R¢£ and 2>°Sg. For »No, the SF activity of 36 us
was first reported in Ref. [26]. In Ref. [29], the decay of
the K™ = 67 isomer in 2°No was associated with a fission
activity having a half-life of 43%33 us, which is longer than
that of the ground state, 3.7“:(1):2'; us. From these data we can-
not distinguish whether the isomer decays via SF directly or
proceeds through a K-forbidden electromagnetic decay to the
ground state, which goes to fission. In Ref. [43], a new internal
transition branch was measured stemming from the isomeric
state in 2°No which decays towards the ground state with a
half-life of 34.9739 us followed by the ground-state fission
with a half-life of 3.8f8§ us. The experimental arguments
against SF from the lower-lying isomer of 2°No were given in
Ref. [51]. The average multiplicities of prompt neutron emis-
sion in the SF corresponding to each SF activity in 2’No were
measured for the first time in Refs. [42,54] to clarify if there is
any evidence of K-isomer fission due to difference in prompt
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neutron multiplicity distributions. However, the proper anal-
ysis does not allow us to answer confidently the question
whether the long-lived activity of ’No is caused by the SF
from K-isomer or from the ground state after electromagnetic
transitions [42,54]. Note that the excitation-energy-dependent
population probability of the low-lying isomer in *°No was
also studied in Ref. [53].

The longer half-life of the isomeric state compared to the
ground state suggests that there is substantial fission hin-
drance (FH) because of the large value of K. Experimental
and theoretical studies of this issue continue to be of interest
for assessing the survival of superheavy nuclei. The existing
experimental data suggest a FH mechanism for high-K iso-
mers similar to that for odd-A or odd-odd nuclei in the whole
actinide and SHN regions. Within the cluster model [82-84],
the increased hindrance in fission of isomeric states can be
attributed to the increased action through the fission barrier
due to the large K. The spin dependence of total potential
energy mainly modifies both the shape and height of the
isomer fission barrier in comparison to the ground state fission
barrier. Note that the main assumption of the cluster model is
that charge asymmetry is a relevant collective coordinate for
the SF process. This approach allows us to describe simulta-
neously the « decay, cluster radioactivity, and SF. The cluster
model reproduces pretty well the global isotopic trends of
SF, cluster radioactivity, and «-decay half-lives for even-even
and even-odd nuclei Th, U, Pu, Cm, Cf, Fm, No, Rf, Sg, and
Hs [82-84]. The half-lives of spontaneously fissioning nuclei
with Z > 110 produced in the **Ca-induced complete fusion
reactions with actinide targets are also well described and
predicted within the cluster model [85-87].

The goals of the present work are to describe the SF and
a-decay half-lives for the isomeric states and to understand
the origin of the FH for these isomeric states within the cluster
approach. An intriguing question is whether the proposed
cluster approach is good for the isomeric states as well as
for the ground state of even-even and even-odd nuclei. Cal-
culations are performed for even-even and even-odd nuclei in
the region of 96 < Z < 110. Section II involves the method
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of calculations of SF and a-decay half-lives. In Sec. III, we
present the results of calculations in the comparison with the
available experimental data. Finally, we summarize our results
in Sec. IV.

II. MODEL

Fission process is considered here within the dinuclear
system (DNS) model [82—84] in which the formation of clus-
ter with charge number Z; > 2 is described as the evolution
of the system in charge asymmetry coordinate n; = (Zy —
Z1)/(Zy + Z1). Here, Z; (A;), where i = L, H is the charge
(mass) number of the ith clusterand Z = Z; +Zy (A = Ap +
Ap) is the total charge (mass) number of the DNS. The ; = 1
corresponds to the state of mononucleus (clusterless nucleus),
and 1z = 0 is for the symmetric DNS configuration. The mass
asymmetry coordinate n = (Ay — Ar)/A is assumed to be
strongly related to 1 by the condition of the potential energy
minimum. Indeed, at given n; the DNS potential energy as a
function of 1 has a well-defined minimum. So, the spreading
in 7 is small at each 1. The decay of the formed DNS is
considered as a motion of the DNS in the relative distance
R. Thus, the probability of finding two clusters L and H at
given 1z is proportional to the leakage of the ground-state
wave function in R at this 1z. To simplify the description of
cluster decay [88—100], the process is usually divided into two
independent stages: forming the cluster state or DNS, and its
decay in R coordinate [100].

The probability of DNS formation (spectroscopic factor)
Sy, is determined by solving the stationary Schrodinger equa-
tion [82—84]

HWY,(nz) = E,¥,(nz), (H
where the collective Hamiltonian
H= —h—ziw*) L UR @
2 9nz " ong e

contains the inverse inertia coefficient (B! ), and the poten-
tial energy U calculated at the touching distance R = R, at
given 71z. The model presented here belongs to the cluster
type, because the ground state of the nucleus is assumed
to have a small admixture of cluster-state components. Here
the cluster state means two touching nuclei or a DNS. The
total wave function W,(nz) of the nucleus is expressed by
a superposition of cluster and clusterless components. Since
we assume that the spin and parity of the fissioning nu-
cleus are preserved during SF, all cluster and clusterless
components have the same spin and parity as in the parent
nucleus. These effects are effectively described through the
inclusion of the centrifugal potential in the DNS potential
energy [101]

URpn,1z,2) =V (R, 1z,2)+ (0L + 01 —Ou), (3

which, as a function of charge asymmetry, is referred to a
driving potential. Here, Q) and Q. y are the experimental
mass excesses [102] of the parent nucleus and the nuclei
forming the DNS, respectively. If the experimental mass ex-
cesses are not available, we take the theoretical values from
Refs. [12,103,104]. The energy of isomeric state is taken
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FIG. 1. Driving potential for >®No. The fission barrier in  is
characterized by the height U, and the width w,,. The depth of the
global potential minimum in the SF region is denoted by U,,. The
tip-tip orientation of nuclei is taken in the DNS.

into account in Q. The peculiarities of structure of the
DNS nuclei are taken into account through Q; . The tip-tip
orientation of axial symmetric deformed nuclei is taken in
the calculations of driving potentials because it provides the
minimum of the potential energy of the DNS considered. The
nucleus-nucleus interaction potential

V(R, 1z, Q) =Vc(R, nz) + Vw(R, nz) + V,(R, 1z, R2) (4

in Eq. (3) consists of the Coulomb V¢, nuclear Vy, and
centrifugal V, parts. The nuclear part Vy of the interaction
potential is calculated in the double folding form, where
the density-dependent nucleon-nucleon forces are folded with
the nucleon densities of heavy and light nuclei of the DNS
[82—84]. The centrifugal potential is calculated as

V, = BPQQ+1)/(23), ®)

where 2 is the spin of fissioning nucleus and J = ¢; (3, +
Sy + uR,i) is the moment of inertia of the DNS (3, gy are
rigid body moments of inertia for the clusters of the DNS,
c; = 0.85 for all considered fissioning nuclei [99,100,105],
and u = mpA Ay /A is the reduced mass parameter (myg is
the nucleon mass)). Note that the nucleus-nucleus poten-
tial depends on the ground-state quadrupole deformations
[69,104,106] of the DNS nuclei and has a minimum at R =
Ry(nz, §2) [82-84].

The driving potential for the fissioning nucleus *®*No is
shown in Fig. 1. The values of U and (B~ )n, are extended to
the segments of the width 2A = 2/Z so that the points n; are
placed in the middle of the corresponding segments. The only
exception is the mononucleus, for which we set n; € (1 —
4A, 1] and the «o-particle DNS with nz € (1 — 5A, 1 —4A].
The SF mainly occurs from the DNS configurations corre-
sponding to the minima of the driving potential with energies
smaller than the ground-state energy [82-84], i.e., at about
1 —nz > 0.6. To undergo SF through the energy-resolved
region with the global potential minimum of the depth U, at
nz ~ 0.2, the fissioning nucleus should penetrate the barrier
of height U, and width w,, (Fig. 1). The values 1 — 1z, and
1 — ny, are the entrance and exit turning points, respectively.
Note that SF events occurs also from the sub-barrier region
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FIG. 2. Calculated driving potential U and inverse mass parameter (B*I)nz as the step functions of 1 — 5, for the ground (7/2%) and
isomeric (1/27%) states of 2'No. The light nuclei of the DNS are indicated on the upper horizontal axes.

but their contributions are negligible compared to the contri-
butions from the energy-resolved region.

The preformation probability S; of the DNS with certain
charge number Z;, of light cluster is defined as

nz(Zp)+A 5
S = f Wo(n) 2.
nz(Z)—A

(6)

For the o decay and cluster radioactivity in the potential
barrier region at about 1 — 1z < 0.6 (Fig. 1), the half-life is
calculated as

hiln2 _ 7ln2

TOl,Cl —
Ip

172

- woSLP @
where 'y is the decay width and P, is the penetration proba-
bility of the «-particle or cluster through the Coulomb barrier
calculated in the WKB approach [82—-84]. The value of fre-
quency wy of zero-point vibration in 1z coordinate near the
mononucleus state (nz = 1) is equal to the distance between
the ground and the first excited state of DNS vibrating in 7.
In the case of SF, all DNS configurations in the SF region
contribute because their decay probabilities Py, in R coordinate
are equal to 1. Therefore, the SF half-life is calculated as

¢ 7min2
T]/z—m, (8)

He C Ne S1 Ar T Fe Zn Se Sr Mo Pd Sn
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isomeric state (K =1/2) ||

U (MeV)
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where

NZe
Se= [ o) Pz ©
0
and 7z is the exit turning point (see Fig. 1). Note that
the ground state wave function ¥, of Eq. (1) is used in Eqgs. (6)
and (9).

II1. SF AND « DECAY FROM K-ISOMERIC
AND GROUND STATES

The K-isomeric states are characterized by two parameters:
spin projection K and energy E. The value of spin @ =K
is taken directly into consideration in the rotational part (5)
of the driving potential. The energy E of isomeric state is
introduced as an addition to the mass excess Oy, of the parent
nucleus in Eq. (3).

In even-odd nuclei, the energies E of K-isomeric states
are small (< 200 keV for nuclei considered), therefore, the
hindrance factors of SF from the K-isomeric and ground states
have the same origin. With growing value of K, there is an
increase in the half-life and vice versa. Figures 2 and 3 show
a comparison of the driving potentials for the ground and
isomeric states of 2'No and 2°>Rf. For both No and Rf, the
spin of the ground state is higher than that for the isomeric

He C Ne Si Ar T Fe Zn Se Sr Mo Pd Sn
. .

— ground state (K =7/2)
isomeric state (K = 1/2) | [

(1076 my! fm™2)

nz

B

L=z

FIG. 3. The same as described in the caption of Fig. 2, but for 2*Rf.
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FIG. 4. Calculated driving potential U and inverse mass parameter (B~!),, as the step functions of 1 — 5, for the ground 0" and isomeric
(87), (16™) states of 24No. The light nuclei of the DNS are indicated on the upper horizontal axes.

state. As a result, in the region of the potential barrier the
values of U for the ground state are higher than those for the
K-isomeric state. As a result, the half-life of the ground state
is expected to be larger than one of K-isomer.

In the case of even-even nuclei, the energies of K-isomeric
states are much more “weighty” and are on the order of MeV
or several MeV. In this case, the actions of the spin and
energy on the isomer half-life are opposite. Nonzero value
of K increases the driving potential, mainly in the area of
the most asymmetric configurations. With growing 1 — 5,
the influence of K # 0 on the driving potential becomes less
noticeable. The energy E of isomeric state affects the full
driving potential, lowering it over the entire region of 1.
Thus, the energy of isomeric state weakens the effect of the
growth of the driving potential with spin and reduces the
potential barrier in 7z, as well as lowers the potential pocket
in the region of SF. As a result, the effect of spin can be
overcompensated by the effect of energy, which eventually
leads to the fact that the SF from the K-isomeric state proceeds
easier than from the ground state. Figures 4 and 5 show the
driving potentials for the ground and isomeric states of >*No
and 2*Rf. As seen, the driving potential for >>*No at K = 8 is
lower than the one at K = 0 almost in the entire region of 7z,
which leads to a decrease in the half-life of the isomeric state.

He C Ne Si Ar Ti Fe Zn Se Sr Mo Pd Sn
L

ground state (K = 0)

isomeric state (K =8) |
isomeric state (K = 16) | [

0.0 0.2 0.4 0.6 0.8 1.0
L=nz

The driving potential at K = 16 turns out to be higher than the
one at K = 0 only in a small region of 0.04 < 1 — 5z < 0.12
that is not enough to overcompensate the effect of energy. As
a result, the wave function penetrates easier into the region
of SF (1 — nz > 0.6) than in the case of K = 0. For »*Rf
(Fig. 5), the driving potentials at K = 8 and 16 are also lower
than that at K=0 almost in the entire region of 1. However,
the energies of the mononucleus at K = 8 and 16 turn out to
be significantly lower than the one at K = 0 (which differs
from >>*No). A deeper minimum in this area “pulls-back” the
density of the wave function into the region of mononucleus
and does not allow the reduction of the driving potential to be
fully realized. A smaller density of the wave function in the
region of SF leads to an increase in the half-life compared to
the ground state.

Since the mass parameters for ground and isomeric states
are close in magnitude, the role of mass parameter in the FH
is weaker than the role of potential energy. As an example,
for 212%No and >*?*Rf, we show in Figs. 2-5 the mass
parameters of the ground and isomeric states.

The rate of 77, growth with increasing (decreasing) K
(E) at a fixed E (K) is shown in Figs. 6 and 7. As seen, an
increase of energy of the K-isomeric state leads to a decrease
in its half-life, both for « decay and SF. On the contrary, the

He C Ne Si Ar Ti Fe Zn Se Sr Mo Pd Sn
. | . . \ . ! | | | \ , |
2.6
rﬁ\
& 24+
e
g i
© 99
s j
N
TN — ground state (K = 0)
Q2.0 . . ~
isomeric state (K = 8)
isomeric state (K = 16) | |
T T T T T

1=z

FIG. 5. The same as described in the caption of Fig. 4, but for 2*Rf.
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FIG. 6. Calculated half-lives for « decay and SF depending on the energy E of the isomeric state of >*No (closed circles connected by
lines) and »*Rf (closed diamonds connected by lines) at K = 8. The dashed lines show the experimental «-decay and SF half-lives of the

ground state for the indicated nuclei.

growth of K leads to an increase in the half-lives for both
processes considered. Note that for o decay, the dependencies
turn out to be somewhat closer to exponential than for SF
because a change in the driving potential has a small effect
on the probability of formation (S,) of a system containing an
a-particle, and the value of 7y}, is mainly affected by K and
E through the penetrability in R.

As seen in Tables I-II1, the calculated half-lives of even-
even and even-odd nuclei are consistent with the available
experimental data for SF and o decay from the ground and
isomeric states. Note that our model also describes well the
SF half-lives of even-even and even-odd actinides and SHN
from the ground state [82-86]. It seems that theory is able
to estimate unknown values of SF half-lives. The calculated
results strongly depend on a nucleus considered. For exam-
ple, for the isomeric states of even isotopes of No, there
is an increase of SF half-life with number of neutrons and
T, > Tf/fz. For the isomeric states of even-odd nuclei, we

have T}%, < Ty}, with only the one exception for **Rf, where

Tlojz and Tffz are comparable. In 24No, there are isomers
with K = 8, E = 1.297 MeV and K =16, E =2.917 MeV
and the ratio T]S/fz(K =16)/ TIS}Z(K = 8) =~ 6 (Table I). In the

—e— ¥INo
Y BARf

12 (s)
Il

case of 2*Rf, where E = 1.1 and 2.25 MeV at K = 8 and
16, respectively, the ratio T}/,(K = 16)/T/,(K = 8) ~ 10°
(Table T). The large difference between these ratios in 2*No
and 2*Rf is due to the energy AE = E(K = 16) — E(K =
8) difference in both nuclei: AE ~ 1.60 and 1.15 MeV in
234No and 2*Rf, respectively. We find that the SF half-life
of the K™ = 67 isomer in *’No is comparable with that of
the ground state (within a factor of 2) and the half-life of the
internal y-transition to the ground state [43,51,53]. Because
of this fact we are not able to distinguish whether the isomer
decays via SF directly or proceeds through a K-forbidden
electromagnetic decay to the ground state, which then goes
to fission. The SF half-life of the second K™ = 16" isomer in
20No is predicted about 1.5 pus. The isomeric states of >>*Rf
are more stable against the SF than the ground state (Table I).
As seen in Table 11, for the SHN 2°Hs and ?°Ds, the half-lives
of the isomeric and ground states are almost comparable. Note
that the isomer K = 6 in 27°Ds [61] is a possible isomeric state
observe in the experiment [10,13,21].

In even-odd nuclei, the energies of the ground and isomeric
states are close and the difference in Tf/fz of these states
mainly arises from the difference in K. Accordingly, if K

1094 st (254 ' " e * L
T3ty (*No) = 6.55 x 10* s -
_________________ — =
101 // L
e .
10° e _— -
= L -
— 10°4 r
o
=
SRR F
10-1 T3,(PRE) = 345 x 1077 5 |
= e T T T T T T T T T T —
106 —— o “No |
L * 2BARf
1078 T T T T T T T T T T T
0 2 4 6 8 10 12 14 16
K

FIG. 7. Calculated half-lives for o decay and SF depending on the value of K of the isomeric state for *No at E = 1.297 MeV (closed
circles connected by lines) and for **Rf at E = 1.1 MeV (closed diamonds connected by lines). The dashed lines show the experimental

a-decay and SF half-lives of the ground state for the indicated nuclei.
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TABLE I. The calculated (th.) and experimental (exp.) SF (Tls/fz) and «-decay (Tﬁz) half-lives for the ground states (£ = 0) and K-isomers
with the excitation energies E in even-even nuclei. The calculated spectroscopic factors S, for the a-particle are also presented. The
experimental data are either from Ref. [12] or indicated references.

E Tf, (th.) T, (exp.) Ty, (th.) T, (exp.)

Nucleus K" (MeV) Se (s) (s) (s) (s)
2#Cm ot 0 5.15 x 102 3.06 x 108 7.50 x 108 3.13 x 10 417 x 10"
24Cm 6t 1.042 4.28 x 102 1.05 x 10° 1.50 x 10°
20Fm ot 0 5.99 x 102 1.06 x 10° 2.00 x 10° 2.86 x 107 2.52 x 107

(8) 1.199 3.89 x 102 3.39 x 10° 2.63 x 10*
26Fm ot 0 6.56 x 102 3.23 x 10° 1.20 x 10° 2.10 x 10* 1.04 x 10*

7 1.425 3.95 x 107 6.23 x 10° 3.6x 107! 8488 % 10 [24]
20No ot 0 7.60 x 102 1.85%x 1073 >2.1x10% 120x 107 3.7+ % 100 [29]

3.8703 x 10 [43]

4.0M% x 10 [51]

4.7 x 107 [53]

(6%) 1.050 6.14 x 1073 12.0 22.0 x 107° 43722 % 10° [29]
>34.9739 x 10 [43]

>40 x 10°° [51]

16™) 2.3 1.13 x 1072 6.4 1.3x107° >0.7704 x 10 [51]
22No ot 0 7.07 x 1072 15.8 56.7 29.4 9
(87) 1.255 5.30 x 1072 2.18 x 10° 2.05x 107!
(16™) 2.7 7.72 x 1072 2.89 x 102 1.71 x 1074
2%No ot 0 6.50 x 1072 7.39 x 107! 2.93 6.55 x 10* 2.88 x 10*
87) 1.297 3.10 x 1073 7.84 x 10° 2.80 x 10° 1.41 x 10° 1.40 x 10°
>4.70 x 10% [55]
(16™) 2.917 1.99 x 1072 1.47 x 10° 8.36 x 10° > 1.65
24RE ot 0 8.07 x 102 3.22 x 102 >1.55x 107 3.45 % 107 2.30 x 107
(8) 1.10 5.77 x 102 2.19 x 102 1.14 x 10* >4.70 x 107
(16™) 2.25 2.63 x 102 5.38 x 104 1.36 x 10! >6.02 x 10*
20Rf ot 0 7.76 x 102 2.11 2.08 4.98 x 1073 6.40 x 1073
(7) 1.40 9.20 x 102 8.46 x 10! 1.78 x 10° 1.479¢ % 1075 [47]
(137) 2.42 8.74 x 102 3.13 1.29 x 10°¢

of the isomer is larger than K of the ground state, then T}/,  and ***Sg, K (isomer)< Ky and T}, (isomer)< 7}, (ground
(isomer) > Tls/f2 (ground state), that is, the isomeric state is state) (Tab1§ 1I). '

more stable with respect to SF. The prominent examples of For the isomeric states (K < 10) of even-even and even-
this behavior are found in 27-?®'Rf (Table III). If in this case ~ 0dd nuclei, the SF half-lives can be parameterized as

T, > Ty, (isomer), then the isomer becomes the most stable

nuclear state with respect to all decay modes and lives longer ) g clE 4+ c;AK(AK + 1)
than the ground state. In nuclei **Cm, 2*?>!No, 2°325°Rf Tls/f;K = ls/f2gs exp : /—2 ’ (10)
. ) s s (B—l )Vlza
TABLE II. The same as in Table I, but for heavier nuclei.
E T{, (th.) Ty, (exp.) Ty, (th.) T, (exp.)
Nucleus K™ (MeV) Se (s) (s) (s) (s)
2R (0%) 0 9.00 x 102 1.10 6.61 >2.30
8) 1.20 8.52 x 1072 1.91 6.55 x 107! 2.50 x 10!
26 Hs (0%) 0 5.24 x 107 5.44 x 107 3.95 x 107 6.11 x 107 1.25 x 10?2
87) 1.20 8.75 x 1072 1.08 74134 x 107 5.25 x 102
(18%) 2.40 9.40 x 1073 9.17x10° 1.11 x 10
0pg (k) 0 9.25 x 102 8.10 x 107 101} x 10° 1.59 x 102 >1073 [107]
(8 1.39 9.01 x 102 4.90 x 102 7.067%17 x 1073 8.15x 1073 7.067%17 x 1073
(61) 1.13 9.15 x 102 1.51 x 102 1.37 x 1072
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TABLE III. The calculated (th.) and experimental (exp.) SF (TIsz) and a-decay (Tl";z) half-lives for the ground states (E = 0) and K -isomers

/

with the excitation energies E in even-odd nuclei. The calculated spectroscopic factors S, for the o particle are also presented. The experimental
data are either from Ref. [12] or indicated references. The values of Tls/f2 (exp.) for 23RS are different in Refs. [48,49] because of different

assignments of K to the ground and isomeric states.

E Ty}, (th.) Ty}, (exp.) Tls/f2 (th.) Tls/f2 (exp.)
Nucleus K" (MeV) Se (s) (s) (s) (s)
*Cm § 0 5.26 x 10 3.81 x 10° 9.21 x 10° 2.57 x 10" 1.73 x 10"
= 0.087 7.42 x 102 1.30 x 10° 2.27 x 1012
**No an 0 8.60 x 107 3.14 x 107 1.50 x 10 57 >19 [48]
(€3 0.100 4.96 x 10> 3.41 % 107 0.4
*'No ah 0 7.14 x 1072 7.59 346 571 [48]
ah 0.106 8.81 x 10 1.31 x 10" 6.6
*No 45 0 3.33x 107 3.17 x 107 7.04 x 107 1.48 x 10*
(4% 0.270 4.29 x 10 6.24 x 10° 3.27 x 10°
(C3) 1.50 2.21 x 10 3.12 x 10* 8.77 x 10°
23RS an 0 4.41 %107 0.84 x 10 2.20 x 10?2 8.6 x 10 14.6179 x 107 [48]
(y) 0 52.8744 x 100 [49]
a4 0.200 5.23 x 107 4.1x 103 6.00 x 1073 29.0 x 10 44417 % 10°° [48]
an 0.200 9.9+12 % 107 [49]
B5Rf ah 0 6.91 x 102 4 2 2.9
(%*) 0.140 4.07 x 102 2.94 x 102 2.44 x 102 >5117 % 107 [44]
STRf €30 0 8.67 x 10 1.24 5.55 382 338
an 0.073 1.59 x 10 21.90 5.40 1.07 x 10° 1.09 x 10°
Ca! 1.0832 2.13 x 107 8.90 x 10° 270
WIRE (3*) 0 9.17 x 102 9.84 x 102 3.2 %1072
) 0.100 8.91 x 107 3.44 6.10 3.17
Sg (Ah 0 8.63 x 107 2.51 x 10" 1.95 >1.4 %107
éH ~0 6.83 x 10 2.28 x 107! 9.72 8
%8¢ éh 0 8.71 x 107 1.39 872 > 17 [107]
G 0.070 8.33 x 102 4.85 ~17.6 42 ~17.6

where (B’l)% is the mass parameter of the DNS with

o particle, Tls/fz‘gs is the SF half-life of the ground state
with the Ky, and AK = K — K. The parameters (c; =
—0.65, ¢; =2.72x 10?), (c; = —0.88, ¢, = 1.96 x 107?),
and (¢; = —0.88, ¢c; = —1.97 x 1073) are suitable in the case
of even-even nuclei, odd-A nuclei with K > K, and odd-A
nuclei with K < Kg, respectively. As seen in Table IV, the
expression (10) with corresponding values of c¢; and c, de-
scribes the half-lives quite satisfactorily. Based on Eq. (10),
the HF for SF from the isomeric state can be estimated.
Note that the value of (B~! )iz, Weakly depends on nucleus in
Table IV.

IV. SUMMARY

Within the cluster model, o decay and SF from the K-
isomeric and ground states of both even-even and even-odd
nuclei were simultaneously described with the same set of
parameters. The calculated results are consistent with the
available experimental data. The main assumption of the

model is that the charge asymmetry, as the corresponding
collective coordinate, is responsible for these decay processes.
The spin €2 = K and energy E of K-isomer modify both the
shape and height of fission barrier in 7 in comparison to
the ground-state fission barrier and change SF and «-decay
half-lives. Since our model describes well the lifetimes of
isomeric states with respect to « decay and SF, then with this
model we can try to extract the spins of isomer and ground
state from the experimental values of Tf’;’;f.

Since the value of Tls/f2 of isomeric state decreases with
increasing E, but increases with K, then for some £ and K
this 7%/, can be smaller than the half-life of o decay and closer
to the value of half-life of the electromagnetic decay of the
isomeric state. As seen from our calculations, Tls/f2 < T}, for
the isomeric states of even-even nuclei and, correspondingly,
the SF and y-transitions may be the main competing pro-
cesses. For many isomeric states of odd-A nuclei considered,
Tls/f2 2 T}, and a reason for FH is similar to that for odd-A
nuclei in the ground state. The centrifugal potential strongly
affects the shape of the driving potential in the region of
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. alf-lives 77%;" of the isomeric states (K, E) calculated witl . in comparison with the theoretical 7’, calculated wit]
TABLE IV. SF half-li Tl“/fszh' i (K, E) calculated with Eq. (10) i pari ith the th i lTl‘/f2 Iculated with

Eq. (8). SF half-lives T# and values of K, in the ground state of fissioning nuclei are also indicated.

172

E B, T i T
Nucleus K K (MeV) (MeV s72) (s) (s) (s)
20No 0 6 1.050 1.79 x 1073 7.02 x 107 7.84 x 107¢ 22.0 x 107°
»2No 0 8 1.255 1.76 x 1073 29.40 0.86 0.20
2No 0 8 1.297 1.74 x 1073 6.55 x 10* 8.98 x 107 14.10 x 10?
BIRE 0 8 1.100 1.74 x 1073 3.45x 107 1.03 x 107 11.40 x 107
BORf 0 7 1.400 1.71 x 1073 4.98 x 107 422 x 107 17.80 x 107°
BTRS : 1 0.073 1.70 x 1073 3.82 x 107 1.46 x 10° 1.07 x 10°
2IRf 2 4 0.100 1.66 x 107 3.22 x 1072 3.41 6.10
*No 1 : 0.100 1.80 x 1073 57.00 0.39 0.40
»No 1 : 0.106 1.77 x 1073 3.46 x 107 2.39 6.60
23Rf 1 : 0.200 175 x 1073 8.60 x 107 5.90 x 107 2.90 x 1073
PORf 1 i 0.140 1.72 x 107 2.00 1.37 x 1072 2.44 x 1072
58g 2 2 0.070 1.62 x 107 8.72 x 107 5.94 42.00

asymmetric DNS, especially for the DNS with «-particle,
and, correspondingly, affects the values of SF and «-decay
half-lives. Because K < K in the K-isomers of *****'No
and 232%Rf, the SF half-lives for isomeric states are smaller
than those for the corresponding ground states. As shown, the
SF half-life of the K™ = 67 isomer in »°No is comparable
with that of the ground state and perhaps with the half-life of
internal electromagnetic transition to the ground state. The SF
half-lives of the second K-isomers in the nuclei 2>*2%%24No
and »*2°Rf are also predicted. For example, we obtain
Tff, = 1.5 us for K = 16" isomeric state in *’No which is

smaller by about one order of magnitude than the half-life
of the ground state. As shown, in 4RS the isomeric state is
more stable against SF than the corresponding ground state.
For the SHN 2°Hs and 2"°Ds, the half-lives of the isomeric
and ground states are almost comparable.
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