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The probabilities of a, 8, and 7y transitions accompanied by changes of the nuclear shape are analyzed.
Three regions in which such transitions can occur are considered: transitional nuclei, rotational bands in
spherical nuclei, and spontaneously fissile isomers. In the first two regions, the change in the deformation
of the nucleus has a weak influence on the transition probability, whereas these transitions are strongly
forbidden in the decay and population of spontaneouly fissile isomers.

PACS numbers:

" INTRODUCTION

A nucleus has a complicated shape of the distribution
of charge and nuclear matter. The majority of nuclei
have nonzero quadrupole moments; elastic and inelastic
scattering of particles on nuclei can be described cor-
rectly only with a complicated nuclear potential. The
shape of such nuclei can be described by means of the
expression

R =1(1 , BYo (M 4-BaYV (D) +...), (1)

where R, is the radius of the spherical nucleus; ¥,(3)
are spherical harmonics; g, is the deformation para-
meter of n-th order.

For the majority of nuclei, the quadrupole deforma-
tion parameter is decisive, reaching values of 0.2-0.3,
However, the deformation parameters of higher orders
have nonzero values. For example, for the isotope
2381J experiments on the inelastic scattering of o parti-
cles have yielded 8,=0.23, B;=0.055, and 3,=- 0.018
(Ref. 1). In some cases, to describe the spectra of
excited states it is necessary to assume a departure
of the nuclear shape from axial symmetry.

The shape of a nucleus may change when the num-
bers of protons and neutrons change, and also as a
result of excitation. Transitions between states with
different nuclear shapes will have a number of parti-
cular features. Because the wave functions of the ini-
tial and final states overlap less strongly, the transi-
tions will be hindered. One will expect this effect to
be the greater, the greater is the difference in shape of
the two states. However, the actual situation in a
nucleus may be much more complicated. As a rule,
states with different shapes also have different struec-
tures. These changes of the structure accompanying
the transitions lead to various selection rules. The
best known are those associated with a change of the
orbital angular momentum, the number and position
of unpaired quasiparticles, the quantum number K (the
projection of the spin onto the symmetry axis of the
nucleus), and other asymptotic quantum numbers.
Virtually all transitions associated with a change in the
nuclear shape are subject to corresponding hindrance
factors. For a definite transition, it is usually impos-
sible to separate clearly the hindrances associated
with the change in the shape of the nucleus from other
factors. It is necessary to analyze a large body of
experimental material in order to distinguish the effects.
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Hitherto, quadrupole deformation of nuclei has been
the best studied. There is much experimental material
on the quadrupole moments of the ground and excited
states of nuclei.' %] From inelastic scattering experi-
ments one can also obtain fairly definite information
about the sign and value of the quadrupole deformation
of a nucleus.'® There are entire regions of nuclei whose
shape can be represented as an ellipsoid with semi-
axis ratio 2:3. The lowest excited states correspond to
rotation of such a nucleus, and the probabilities of
transitions between the rotational states are determined
by the intrinsic quadrupole moment of the nucleus.

At the same time, information on the deformation
parameters of higher order is much sparser. Only a
comparatively small number of nuclei have had their
hexadecapole deformation parameters determined
(through the inelastic scattering of charged particles,!’=%
and also by measurement of the transition energies in
p-mesic atoms!'%?). Therefore, inthe present review
we give experimental data on @, B and y transitions
associated with a change in the quadrupole deformation
of the nucleus. We consider three regions of nuclei
in which there are such transitions:

1) the transitional nuclei between those that are
definitely deformed and the spherical nuclei;

2) rotational bands in spherical nuclei;
3) spontaneously fissile isomers.

We analyze the dependence of the reduced transition
probability (or the reduced width), which does not de-
pend on the transition energy, on the change in the
quadrupole deformation parameter 8, of the nucleus.
This last can be determined from the intrinsic quad-
rupole moment @, under the assumption that the nu-
cleus is an ellipsoid of revolution:

Qn=%zaspz(1+o.1ﬁp2+ - (2)
where Z and R, are the charge and radius of the nu-
cleus. This assumption means that in the expression
(1) that describes the shape of the nucleus all the 8,
except 3, are zero.

1. TRANSITIONAL NUCLEI

There are well known regions (for example, A= 220
or 150 <A <190) in which the nuclei have a static equil-
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FIG. 1. Quadrupole deformation parameter as function of the
mass number for nuclei with A =220-248.

ibrium deformation. The transition from the deformed
shape to spherical shape occurs in some cases rather
abruptly (for example, at the neutron number 90), but
in other cases more smoothly. In Figs. 1-3, we have
plotted the quadrupole deformation parameter 8, as a
function of the mass number for nuclei on the bounda-
ries of the above regions. The values of 3, were
obtained by means of the expression (2). For the
majority of nuclei, the intrinsic quadrupole moments
were determined by the experimentally measured re-
duced probabilities of transitions between levels of the
rotational band:

5

B(E2U~Ij)=1-

202 (1, K20 I,K), (3)

where I; and I, are the spins of the initial and the final
state; K is the spin projection onto the symmetry axis
of the nucleus. In some odd nuclei, in which it is
impossible to distinguish the levels of the rotational
band, the spectroscopic quadrupole moment, which is
determined by the interaction of the nucleus with the
gradient of an external electric field, was used. The
spectroscopic moment is related to the intrinsic mo-
ment by

Qs =Qof (21— 1)/[(I + 1) (2 +3)). (4)

For a number of the nuclei in Figs. 1-3 the hexade-
capole deformation parameter 8, is known. Allowance
for it slightly changes the value of 8, (up to 10%). How-
ever, to be specific, we determined all of the g, values
under the assumption g,=0.

Nuclei in the region of A=220 and 190 can undergo
« decay; those in the region of 4A=150, 8 decay. It
can be seen from Figs. 1-3 that there is a whole
series of o and g transitions for which the change in
B, reaches ~0.1, i.e., 30-50% of its total value. It
should be noted that the change in the static deforma-
tion may be even greater since the intrinsic quadrupole
moment determined by the expression (3) may also reflect
dynamical deformation of the nucleus. In Fig. 4 we

Ky
= o
§£J Sy
3
8 Oé T e z
= PR
2 ° °o8
= 05 o o8 .
© v °9% o
E 4it—r Mt
T 0 ks o
£ R -
@
a
7 R IR C T | WU WIS (N OPPL |
180 180 200
Mass number

FIG. 2. Quadrupole deformation parameter as function of the
mass number for nuclei with A =174-200.
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FIG, 3. Quadrupole deformation parameter as function of the
mass number for nuclei with A =146-162.

represent the values of 8, obtained from measurements
of the lifetime of the first levels of even-even nucleit!!
and the spectroscopic moments (from an investigation
of the reorientation effect in Coulomb excitationt®}).
Whereas the two values of g, are equal for deformed
nuclei (the deformation of the nucleus is static), on the
transition to spherical nuclei the difference between
the parameters is increased. This means that in tran-
sitional nuclei the static deformation is only part of the
total.

a Decay. The probability of a decay is characterized
by the reduced width 6%, which does not depend on the
energy of the @ transition.!'® The dependence of the o
width on the mass number for Rn, Ra, Th, Pu, U, and
Cm isotopes (both even and odd) is shown in Fig. 5.
The values of 5% were taken from Ref. 12 or calculated
in accordance with the method described in this paper.
It can be seen from Fig. 5 that for transitions without
change of spin and parity the reduced a width is vir-
tually the same for the Pu and Cm isotopes, in which
there is no change in the deformation, as well as for
the Th and Ra isotopes, for which the deformation
parameter is reduced by 0.04-0.06 as a result of o
decay. The situation is the same for odd-Z nuclei,
which are not represented in Fig. 5. We conclude
that these changes in the deformation of the nucleus
do not significantly lower the reduced a width.

In the case of @ transitions with a change in the spin
and parity, the reduced o widths are naturally smaller.
In Fig. 5, we show the o widths for transitions with
AI=2 (without change of parity) and AI=1 (with change
of parity). It can be seen that in this case, as one
would expect, the o width is 100-1000 times smaller
than for a transitions in even-even nuclei, and this
ratio remains virtually the same for the whole of the
considered region (irrespective of the change in the
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FIG. 4, Deformation parameters determined from level life-
times (open points) and the effect of reorientation accompanying
Coulomb excitation (solid points) for Nd, Sm, Pt, and Os iso-
topes.
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FIG, 5. Reduced o width as function of the mass number for
nuclei with A =220-248. The notation is the same as in Fig. 1.

deformation). However, for some nuclei, « transi-
tions with A7=1 or 2 have anomalously low (by 104-10°
times) values of 6%. All these transitions (attention
was drawn to some of them by Geilikmant!?}) are shown
in Table I. Although the deformation parameters of
some of the initial and all of the final states are un-
known, it may be assumed that they correspond to the
systematics of 3, in Fig. 1. In this case, the change in
Bs, as we have noted above, is 0.04-0.06, and it does
not lead to an appreciable reduction in 6%. The anoma-
lously large suppression for the transitions in Table I
is either due to the unusual shape of the final states or
to the fact that the change in the deformation leads to
an appreciable change in the structure of the final
states. The latter is the more probable since an unus-
ual shape of the states would also hinder transitions
from these states, which is not observed (such states
are not isomeric states).

The a width is shown as a function of the mass num-
ber for Pb, Hg, and Pt isotopes in Fig. 6. For this
region of nuclei, there are fewer experimental re-
sults, !4 151 and therefore we consider only even-even
nuclei. In contrast to the nuclei considered above with
Z =86-96, in this region there is a much larger change
in 62 (from 0.004 MeV for *Pb to 0.27 MeV for ™Ppt).
At the same time, the behavior of the reduced a width
is different for these elements: With decreasing A,
the values of 5% decrease for the Pb isotopes, remain
constant for the Hg isotopes, and increase for the Pt
isotopes. This behavior of 6% can be explained by a
change in the quadrupole deformation in this region
of nuclei:

1) In the whole of the region of A, the Pb isotopes
evidently have spherical shape. At the same time, the
deformation increases in the Hg isotopes with de-
creasing A, and so therefore so does the difference in
the deformations accompaning o transitions. For the
a decay of !*pb, the difference between the g, values

TABLE I. Strongly forbidden o transitions in odd nucleif!?l

a transition !f 1}‘ Ep keV I. % a;f(a:_)r_,_
mopa . m8Ac | 52+ [642] | 3/2- [582) 0 |<os <5.10-4
52+ [642] | 3/2+[654] | 40 0.2 3.10-4

223Th — 225Ra 5/2+[633; | 3/2* 0 0.01 6-10-¢
5/2+[633] | 3/2¢ 42.8 0.2 2.10-4

227Th — 233Ra 3/2+[0631] | 3/2- 50.2 |2.5.1073 10-4
223Ra — 219Rn 712+ 5/2t—9/2% 0 8.10-3 5-10-¢
7/2* 5/2+—9/2* 14.4 3.2.103 1.5-10-¢
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FIG. 6. Reduced a width as function of mass number for nu-
clei with A=174-200, The notation is the same as in Fig. 2.

already reaches 0.20-0.25, and this may explain the
reduced values of 6;

2) in the Pt isotopes, the deformation increases with
decreasing A, as in the Hg isotopes. The difference
of the deformations between the Pt and Hg isotopes
changes little, and this leads to similar values of &%
for different A;

3) the Pt isotopes with A =188 and 190 have a smaller
deformation than the Os isotopes, which are deformed
nuclei. At A=186, there is a transition in the Pt iso-
topes to spheroidal shape, and therefore for A <186
the difference of the deformations between the Pt and
Os isotopes becomes small and this leads to an increase
in the 6% values.

According to the theoretical calculations of Ref. 16,
the Pt and Hg isotopes for A >186 have oblate shape; for
A <186, prolate. At the same time, in the Pb and Os
isotopes the sign of the deformation in this range of A
does not change. If this is really the case, then the «
decay of the Pb isotopes (A4 = 190) and Pt isotopes (A4
= 188) is accompanied by not only a change in the value
of the deformation but also of its sign. However, it
can be seen from Fig. 6 that at these values of A there
is no appreciable change of the reduced o width.

Thus, despite the appreciable change in the quadru-
pole deformation parameter in this region of nuclei
(by up to 0.20-0.25), the changes in 6% do not exceed
10-20.

B Decay. In nuclei with A=145-155, g decay may be
accompanied by a change in the deformation. It can
be seen from Fig. 3 that in some cases the quadrupole
deformation parameters of neighboring nuclei between
which the g transitions take place differ by 0.05-0.1.
Berlovicht!®] has already noted that such changes in 3,
may hinder 8 and y transitions in this region of nuclei,

4
&
L -
12 # g
&
E ol—t—i = =
g % a v é o
E 3 v ™
2 v o v a ° v
£ ¥ . . 7
8 Flie s 4l=0no ¥
v vAI=0 yes a a
a adl=1 no § 2
% o sAl=] yes

1“E 48 150 152 154 156 158
Mass number

FIG. 7. Comparative half-life against g decay as a function of
the mass number for nuclei with A =146—162. The solid points
correspond to AB,>0.05; the open, to AB,<0.05,
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TABLE II. Comparative half-lives for B transitions to levels of the rotational band

of even—even nuclei.

4 Igit
B transitions n Bh rh
0+ 2+ i+
y 1505m 0.180+0.005 7.5 8.5 —
150Eu (-, 1) (0.15)
150Gd 0.10+0.01 6.5 9.2 -_
A 52Nd (0.30) 4.8 - -
152Pm 1+ (0.30)
1523m 0.285+0.005 6.5 - -
1325 m 0.28540.005 - 11.9 11.5
152Ey 3 0.2940.02
152Gd 0.174+0.01 — 12.1 12.3
_n t5t5m 0.28540.005 8.6 8.5 -
1526y o 0.20)
152Gd 0.17+0.01 7.5 8.4 —
A 1545m 0.315+0.005 - 12.4 13.7
154Ey ¥ 1.3340.04
154Gd (.290+0.005 — >12.9 12.5
158Gq 0.325+0.005 - 12.4 12.1
158Th 3- 0.26+0.04
158Dy 01.2954+0.006 — 12.0 12.7

Note. The values of B, estimated from the systematics (see Fig. 2) are given in parentheses.

as can be judged on the basis of Fig. 7. In it, we have
systematized the values of the comparative half lives
fTinthe range 146— 160 of mass numbers‘!®-**} The com-
plete set of fr values is divided into two groups: In one,
the change in the deformation parameter accompanying
the B transition is greater than 0.05; in the other, it is
less. In the cases when the deformation parameter is
unknown, it was found by interpolating the known data
(see Fig. 3) under the assumption of a smooth depen-
dence of 3, on A. This assumption may not be satisfied
(especially for excited states), which lowers the relia-
bility of the assignment of the f7 values to the one
group or the other. However, there are few such cases
and they cannot distort the general picture. It can be
seen from Fig. 7 that g transitions accompanied by
large changes in the deformation (solid points) have
large values of f7. On the average, this excess for
transitions with the same change in the spin and parity
is about 10. At the same time, the fT spread for
transitions of one type exceeds this value. This may
mean that the various selection rules associated with
the change in the structure of the states influence the
probability of g8 transitions more strongly than a
change in the deformation of the nucleus.

The values of logf7 for g decay of odd-odd nuclei to
levels of the ground-state rotational band of two neigh-
boring even-even nuclei having different deformations
are given in Table II. In this case, the initial state is
the same and the final states have nearly the same
structure. Therefore, the influence of deformation on
the probability of the 8 transition must be here more
clearly manifested. It can be seen that for the g decay
of the !*?Eu ground state to the 2* and 4* states of 1°2Gd,
when AB,=0.12, the values of logf7T are higher respec-
tively by 0.2 and 0.8 than for 3 transitions to the same
levels of 2Sm (in this case, f, is hardly changed). The
opposite situation occurs for the 3 decay of the isomeric
state of »2Eu, which has a much smaller deformation.
The values of log f7 for transitions to the 0* and 2*
levels of the strongly deformed nucleus *?Sm are
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higher, respectively, by 1.1 and 0.1 than for transi-
tions to the levels of the weakly deformed nucleus
152Gd. However, it can be seen from Table II that
similar differences of logf7 are also observed in the
cases when the 3 transitions to both nuclei are accom-
panied by a small (~0.03) change in the deformation
parameter. This means that the change in the defor-
mation of the nucleus has a small influence on the
probability of 3 decay in the transitional nuclei.

v Decay. In transitional nuclei, one observes a
whole series of excited states whose deformation dif-
fers significantly from that of the ground state. In
some cases, this deformation is measured, for exam-
ple, in '**Sm, by the spectroscopic quadrupole mo-
ment,'®) while in *'Euitis measured from the isomeric
shift in a y-mesic atom.™™) Inthe remaining cases, the
change in the deformation can be deduced from indirect
data: the cross sections of the (¢, p) or (p, #) reactions,
the moment of inertia of the nucleus in an excited
state (these data were obtained for the '"Sm and 1528m
isotopest®?1 and the *'Euisotopes®)). The quadrupole
deformationparameters for the ground and excited states
of such nuclei and the reduced probabilities of transi-
tions between these states (in Weisskopf single-particle
units) are given in Table III. It can be seen from Table
III that although the changes in 3, accompanying the y
transitions are in all cases about the same (~0.1) the
values of B(}) exhibit alarge spread: from the enhanced

TABLE III. Radiative transitions between states with different
deformation of the nucleus!20]

Nucleus | IF | By K keV| IF | Typpesec 8 | Enean [BO), W
19sm | 7/2- | 0.01 22 | 52| 74100 04 |E2a11] 27
1508m 0+ 0019 | 1255 ot | <108 | (0.25) | £2 = 103
1525 0+ | 0,28 | 1083 ot | <t-s | .an|£2 > 1078
51y | 52+ | 0.16 | 196 | 3,2+ | 24-10-10| 0.2 |Eaant|” 2.3

261 | 52¢ 10-5 | (0.25) | E24-2r1] o2
152y 3+ [0.20 49 U- | > 1.5-1010 | (0.20)| 373 < 108
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E2 transition in 14%Sm (27 Weisskopf units) to the
strongly suppressed M3 transition in %2Eu (<10~ Weiss-
kopf units). This spread of the B(\) values is ob-
viously due to the different nature of the vy transitions
and the different changes in the structure of the states.
These factors evidently have a greater influence on the
transition probability than the change in the deforma-
tion of the nucleus.

More complete data are available for y transitions
from the 11/2" isomeric state. In deformed nuclei,
this is the well known single-particle state [505]. How-
ever, it is also present in transitional nuclei. The
rotational band based on it indicates that the nucleus is
strongly deformed in this state. The deformation para-
meter can be estimated from the well known relation

Ba = (1255/(6 (k2/2J) A3))1/2, (5)

where J is the moment of inertia of the nucleus for the
given rotational band. From the 11/2" level there is an
E2 transition to one of the lower excited states (with
spin 7/27). The quantum numbers of the 11/2" levels
in Sm, Gd, Dy, and Er isotopes with neutron number
between 87 and 93, the deformation parameters of the
ground state and the excited state, and also the reduced
probabilities of the E2 transitions from the isomeric
level are given in Table IV. It can be seen that the E2
transitions are suppressed and with increasing A, when
the deformation of the nucleus in the ground state in-
creases and the difference between the deformation of
the ground and the excited states decreases, the sup-
pression increases. This hindrance for the transitions
is explained by the known selection rule with respect

to the quantum number K. Indeed, the nuclei in Table
IV with N =89 have large quadrupole deformation, and
their lowest levels form a rotational band with K =3/2".
For E2 transition from the isomeric level (K=11/27)

to the 7/2" level of this rotational band, AK =4, and

AK — A =2 (X is the multipolarity of the transition). It
is known from the systematics of E2 transitions that
such a change of AK — X\ leads to a suppression by 10*
times. The values of B(E2) given in the table can be
explained in this way. With decreasing deformation of
the nucleus, the importance of the quantum number K
decreases and with it the selection rule is relaxed. It
can be seen from the dependence given in Table IV that
the selection rule with respect to K is stronger than the
suppression associated with the change in the deforma-
tion of the nucleus.

The nucleus %1Gd evidently already belongs to the
spherical nuclei (in it a rotational band based on the
ground state is not observed). The quantum number K
must play a small role. However, in this nucleus only

TABLE IV. Values of B(E2) for transitions from 11/2" [505]
isomeric levels

wews | w0 | mkev | e | o | RS
131Gd 72 0.12) 1210 <5-108 | 0.29 = 10-4
¥lsm | 5,2-[523] 0.21 261 1.4-10-5 | 0.33 8.10-2
133Gd | 3/2-[821] | (v.20) 171 T.7-10-5 | 0.32 8-10-4
13Dy | 3/a-(521] | 0.19 233 6-10-6 | 0.31 3.10-3
WDy | 82-(321] | 0.27 199 2.1.102 | 0.33 | 1.2.10°%
B0y | 3/2-[521] | (0.30) 354 1.1.40-¢ | 0.34 1075
1MEr 3,2-[321] | (0.30) 307 7.5.10-6 | 0.33 10~
162 Sov. J. Part. Nucl. 9(2), March-April 1978
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FIG. 8. Scheme of lowest ¥/Ca levels. The thick lines are lev-
els of the rotational band and transitions between them; the
numbers next to the arrows are the B(EM) values in single-
particle units.

an upper limit on the lifetime of the 11/2" level is
known, so that a conclusion cannot be drawn about a
selection rule for E2 transition from this level.

2. ROTATIONAL BANDS IN SPHERICAL NUCLEI

It was noted long ago'*"? that innumerous spherical
nuclei there are systems of levels in which the se-
quence of spins and the energy intervals correspond to
rotational bands. Measurements of the lifetime of the
levels in these bands showed that in these states the
nucleus has a large quadrupole moment, corresponding
to a deformation parameter g,=0.3-0.5.

Examples of rotational bands in the nuclei *°Ca, *sc,
151n are given in Figs. 8-10. In the doubly magic
nucleus ’Ca, which is spherical in the ground state, one
candistinguish three rotational bands (two of them are
based on 0* levels and one on a 2* level). Measure-
ments of the lifetimes of the levels of the rotational
bands showed that the nucleus %°Ca in these states has
an intrinsic quadrupole moment of 1.2—-1.7 e +b and
deformation parameter §,~0.4-0.5.

Similar rotational bands are observed in other even-
even Ca isotopes, - and also in Ar, Ti, Ge, Se, Zr, Mo, Hg
isotopes. All these bands are based on an excited state
with spin 0* and energy 0.5—-1.0 MeV. Measurements
of the level lifetimes indicate a high deformation of the
nucleus in these states, although in some cases the de-
formation parameter varies with the excitation energy.

Recent investigations of the effect of reorientation
accompanying Coulomb excitation have shown that the
spectroscopic quadrupole moment of the first 2* levels
is small (the deformation parameter does not exceed

0.15). The deformation parameter of these nuclei in
£30HeV 4

£1 |ez(7)

10°%)
424 T
350 = 2] 4 FIG. 9. Scheme of lowest
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the ground state is evidently the same, which is ap-
preciably less than for the levels of a rotational band.
At the same time, a number of irregularities in the
energies and level lifetimes indicates that these bands
have a more complicated structure. It is possible that
the deformation of the nucleus deduced from the mea-
sured lifetimes is dynamical (associated with a large
amplitude of vibrations) and not static, as in the well
known regions of deformed nuclei.

In recent years, rotational bands have also been in-
vestigated in odd nuclei. In some of them (4Sc, *°In,
1171n), the method of perturbed angular correlations was
used to measure the spectroscopic quadrupole moments
of one of the levels of the rotational band.!*®? It was
found that these quadrupole moments agree well with
the ones obtained from measurements of the level life-
times of the rotational band (Table V). This agreement
between the values of the quadrupole moments and,
therefore, between the deformation parameters deter-
mined in different ways, indicates a static nature of
the nuclear deformation in the states of the rotational
band.

Thus, in the above nuclei there are two systems of
levels with very different quadrupole deformation
parameters. At least in some of these nuclei (see
Table V) there is the same difference for the static
deformations. Radiative transitions between the levels
of different systems will be accompanied by an appre-
ciable change in the deformation of the nucleus. From
Fig. 8 one can see the values of the reduced probabili-
ties of E2 transitions between different levels in the
nucleus °Ca. The B(E2) values for transitions within
a band are a few tens of single-particle units. At the
same time, for transitions between different bands (the
deformation parameter changing little) and for transi-
tions between levels with spin 2* of the rotational bands
and the ground state (in this case, AB,~0.3-0.4) the
values of B(E2) are of the order of single-particle units
Such a ratio of the B(E2) values indicates that the change

TABLE V. Quadrupole moments of excited states measured in
different ways

Q3" e-b
Nucleus Qog'. e.b Eyy keV "=
T I o
agc | 0.34+0.03[2] 68 1- 0.840.1(52]| 1.05+0.10 [28]
t15]n 1.3%0.1 [2] 829 32+ |26%0.3[53]| 3.0%0.4 [28]
7]y = 659 32+ |3.2%0.2(54]| 2.9%04 [28]
Note. T is from measurement of the lifetimes of the levels of

the rotational band; ¢ is from measurement of the perturbed
angular correlations.
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TABLE VI. Values of B(E2) for transitions from levels of the
rotational band to the first 2*level in even—even nuclei of the
f-.v /2 shell :

Nucleus

B2(24)

E@"), Mev

Ba (rot)

Ip=If
def=s=gph

B(E2), W. u

Literature

3BAT

0.16

3.38

0.36

0t — 2+
2+ - 2%
4+ 5. 2+

=0 e
Saran

Ref, 55

2Ca

0.22

1.84

0.40

0% 2+
2+ 2+
&2t

12
2.3

Ref. 56

“Tj

0.20

1,90

0.32

Ot — 2+
2+ 2%

Lo

o~

Ref. 57

in the deformation of the nucleus has slight influence
on the probability of the radiative transition.

It can be seen from Fig. 10 that in the odd nucleus
1151 too the reduced probability of E2 transition is
close to a single-particle unit. In this nucleus, the
spectroscopic quadrupole moments of the ground state
and the 3/2* (829 keV) level, on which the rotational
band is based, have been measured and the change in
B, accompanying the transition between these states
is 0.10.

In the nucleus *!Sc (see Fig. 9) there are E1 transi-
tions between levels of a rotational band and the ground
state. For these transitions, the values of B(E1) are
10"% of the single-particle estimate, and the change in
the deformation parameter is 0.15. Such changes in
B(E1) are typical of transitions in this region of nuclei.

The rotational bands in nuclei (both even and odd) of
the f7,, shell are the ones that have been best studied.
In even-even nuclei, spectroscopic quadrupole moments
of the first 2* levels are known (from measurements of
the reorientation effect accompanying Coulomb excita-
tion'®). The reduced probabilities of E2 transitions to
these levels from levels with spins 0%, 2*, and 4* of the
rotational band for a number of nuclei are shown in
Table VI. The values of 8, for the 2* levels, and also
for states of the rotational band, averaged over all
states for which the lifetimes have been measured,
make it possible to estimate the change in the deforma-
tion of the nucleus accompanying such transitions. It
can be seen that the B(E2) values lie in the range 1-10
single-particle units.

In odd nuclei of the f;,, shell, the levels of the rota-
tional band are coupled to the ground state by E1 tran-
sitions. The B(E1) values for these transitions are
given in Table VII. It can be seen that when the defor-
mation parameter changes by 0.1-0.3 the values of

TABLE VII. Values of B(E1) for v transitions from levels of
the rotational band to the ground state in odd nuclei of the fy,,
shel1 58]

Nucleus psr E(3/2), keV Batrot) iy B(E1), W.u
= def-s-sph
435¢ 0.16 151 0.25 5/2t—7/2-1 1.1-10-¢
435¢ 0.14 12 0.26 5/2t —7/2-| 0.9.10-4
#15¢ 0.14 767 0120 | 5/2¢>7/2-| 15104
4Tj ~0.01 329 0.33 7/2* = 7/2-| 0.8.10°5
1y - 260 0.34 3/2t —3/2-| 3.6-10-4
5/2t—3/27| 2.6.10~4
oy = 748 0.28 |52+ 7/2-| 1.0.10-¢
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FIG. 11. Abundances of spontaneously fissile isomers and
their lifetimes.

B(E1) are 10~%-10"% single-particle units.

For heavier nuclei, the data are not so complete.
However, in all cases the known values of B(E2) for
transitions from levels of a rotational band to the
ground state or first excited (2*) state are a few
single-particle units. All these examples show that
there is virtually no suppression for radiative transi-
tions from levels of rotational bands to states with
appreciably smaller deformation.

3. SPONTANEOUSLY FISSILE ISOMERS

In heavy nuclei (Z = 92) one observes isomeric states
whose main decay mode is spontaneous fission (spon-
taneously fissile isomers, discovered at Dubna by
Flerov, Polikanov, and their collaborators!®)), Figure
11 shows the abundances of these isomers and their
hali-lives. Investigation of the production reactions
for spontaneously fissile isomers indicated that they
have unusual properties—comparatively high energy
(2.5-3.0 MeV), low spin (<4), high excitation energy
needed to populate the isomeric state (=5.5 MeV). Such
properties may characterize a new type of isomeric
state.

Calculations of the potential surface made by means
of the shell-correction method proposed by Strutinskii 131
showed that it has a complicated shape. At a deforma-
tion twice the equilibrium deformation there may be a
second minimum. In numerous nuclei this minimum is
fairly deep, containing an entire system of levels, the
lowest of which is the isomeric level (Fig. 12). The
reason for the isomerism is the large difference be-
tween the deformations and the high potential barrier
separating the ground state and the isomeric state
(this leads to a very weak overlapping of the wave func-
tions). Recent measurements of the quadrupole mo-
ments of spontaneously fissile isomers in the nuclei
236py (Qi*=37:11b) (Ref. 31) and 23*Pu (Q}*=34-39b)
(Ref. 32) showed that these values are 3 times larger
than for the ground states (for example, for #°Pu,
@§"=11.0b; Ref. 21). This corresponds to a deforma-
tion parameter of the nucleus in the isomeric state of

T
sy

10 8
FIG. 12. Shape of the fission barrier of heavy nuclei and decay
modes of the spontaneously fissile isomers.

0204 {aﬁ' 0.8
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TABLE VIII. Reduced widths for a decay of spontaneously
fissile isomers :

: 2

Isomer | Typosec |E,Mev| — e |71 o g Y

1/2+ . «), sec

n o wawy | T N —
#Am | 41,4102 | 85 [<4,5.10% | =1 < 21073 < 2.10-8
u0Am 9.104 | 88 | <2402 | T5.40- | =10 =-10-5
WPy | 2740 | 7.8 | Za0e | S7408 | 03| =1
26y 14407 | 700 | <3404 | S3.40% | <3404 | < 3.40t

~0.7 (the semi-axis ratio of the ellipsoid is 1:2) com-
pared with 8,=0.27 for the ground state.

The spontaneously fissile isomers can undergo the
same decays as heavy nuclei («, g, and y decay, spon-
taneous fission) and be populated by transitions asso-
ciated with the emission of these forms of radiation.
Measurement of the probabilities of these transitions
makes it possible to obtain information about selection
rules for transitions associated with a change in the
deformation that is appreciably larger (~0.5) than in
the cases already considered (transitional nuclei and
rotational bands in spherical nuclei).

@ Decay. Searches for o emission accompanying the
decay of spontaneously fissile isomers were made in
Refs. 33 and 34. The appreciably higher (by 2.5-3.0
MeV) energy of the @ particles compared with transi-
tions from the ground state permitted a high sensi-
tivity of the measurements. However, in all cases the
results of the searches were negative. Upper limits
for the intensities of o emission from isomeric levels
and limits corresponding to them for the reduced «
widths are given in Table VIII, from which one can see
that for the even-even nucleus 23U the limit found on
8:2 is too high to draw a conclusion about the hindrance
factor. For the odd nuclei **°Am and *?Am, the 6%
limits are much lower, but in such nuclei, as a rule,
there is a selection rule associated with a change of the
spin or parity of the nucleus accompanying an « tran-
sition. As can be seen from Table V, the typical
values of 62 for odd nuclei are of the same order as the
bounds obtained for @ transitions from the isomeric
states of *’Am and *’Am. This prevents our drawing
a conclusion about the suppression factor associated
with a change in the deformation of the nucleus in odd
nuclei.

However, there is a feature of the a decay of spon-
taneously fissile isomers that facilitates the emission
of o particles. The appreciably greater deformation of
the nucleus in the isomeric state has the consequence
that for the emission of @ particles from the poles of
the nucleus the Coulomb barrier is appreciably lower.
According to Ref. 35, the increase in the probability
of @-particle emission with increasing deformation
parameter (under the assumption that the wave func-
tion is constant on the surface of the nucleus) is given
by

1

Aiho =] j exp {8.50,P, (cos &) da}]”.
(1]

(6)

According to (6), the mean penetrability of the Cou-
lomb barrier increases by 1000 when the deformation
parameter increases from 0.25 (ground state) to 0.7
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FIG. 13. Population of spontaneously fissile isomers in the
case of g decay.

(the isomeric state). With allowance for this, the
bound for the o width for the isomeric states of ?'Am
and 22Am reaches 10™° MeV, as can be seen from
Table VIII, and this will already mean that a transi-
tions from the isomeric level are strongly forbidden.

B Decay. If the energy of a g transition is greater
than the energy of the isomeric state, then it is ener-
getically possible for a nucleus to be formed in the
isomeric state after g decay. The isomeric level can
be populated in different ways (Fig. 13):

1) B transition directly to the isomeric state;

2) B transitions to levels of the second minimum with
subsequent y transitions to the isomeric state;

3) B transitions to the levels of the first minimum
with subsequent y transitions to the levels (including
the isomeric level) of the second minimum.

The first and second ways involve a change in nuclear
deformation accompanying the g decay; the third, ac-
companying the y transitions. This mode of populating
the isomeric level does not differ from all the others
when the excitation of the levels of the first minimum
occurs as a result of nuclear reactions. Since each of
the ways of populating the isomeric state is associated
with a change in the deformation of the nucleus, the
ratio of the probabilities for the different routes will
be determined by the energy of the g decay and the
spins of the initial state and the isomeric state. If the
energy of the B decay slightly exceeds that of the
isomeric level, and the spins of the initial and final
states are nearly equal, then the first mode is the
most probable. With inereasing energy of the g decay,
population through the excited states of the first and
second minima becomes more probable.

Fission after g decay can be deduced from a yield of
fission fragments whose intensity varies with the time
in accordance with the half-life of the initial nucleus.
This phenomenon (delayed fission) was observed for the
first time in the isotopes ?32Am, %¥Am, and **éNp in
Refs. 36 and 37. However, in all these cases the iso-
meric shifts in the daughter nuclei are unknown. The
situation is different for the delayed fission of the neu-
tron-rich Pa isotopes. In these cases, spontaneously
fissile isomers are known (see Fig. 11) in the daughter
nuclei (2%¥y, 26U). It should be noted that, besides
fission from the isomeric state, there may also be
prompt fission from levels of the first minimum pop-
ulated during 8 decay. However, it was shown in
Refs. 38 and 39 that at excitation energies below 4.5
MeV fission through the isomeric state is predominant.
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TABLE IX. Comparative half-lives for g transitions to levels
of the first and the second minimum

B transitionand Ty jp, min | I; =~ 1y Bz Eg MeV 1 gt
138Pg — 238 =2t | 03 2,9 5.0 | 17,3

2.3 0.7 0.5 108 | 10.3

236Pg . 236 1-»0+ | 03 3.4 104 7.5

9.1 0.7 0.6 100 | 12,0

The properties of the investigated Pa isotopes (spin
and parity, half-life, total g-decay energy, and the
fraction of g transitions accompanied by fission'")), and
also the values of logf7 for transitions to levels of the
first and the second minimum, are given in Table IX.
It was assumed that the structure of the excited states
is similar in the two minima, and therefore levels with
the same quantum numbers as in the first minimum
are populated in the second (see Fig. 13). It can be
seen from Table IX that the values of f7 for transitions
to the levels of the second minimum are 5-10* (2¥Pa)
and 6-10% (238Pa) times smaller than for transitions to
the same levels of the first minimum. These values
determine the hindrance factor for the g transitions
associated with the change in the deformation of the
nucleus. Since, as we have already noted above, the
isomeric state can be populated in other ways as well,
these values must be regarded as lower limits for the
factor.

¥ Decay. The high energy of the isomeric states
opens up considerable possibilities for investigating
various kinds of y transitions associated with a change
in the nuclear deformation. However, the investigation
of y rays emittéd during the spontaneous fission of
isomers presents considerable difficulties. The cross
section for the production of spontaneously fissile iso-
mers is much smaller than the cross sections of other
reactions (in particular, the fission reaction), and
therefore the y lines associated with decay of the iso-
meric state are hard to distinguish on the background
of the intense 3’s of the fission fragments. In fission
of nuclei, isotopes and isomers are produced with all
possible half-lives, including some close to those of
the investigated spontaneously fissile isomers, and this
complicates the identification of the y lines even more.
Because of these difficulties, mostsearchesfor abranch
of y radiation accompanying the decay of spontaneously
fissile isomers have been unsuccessful. It was only in
Ref. 41 that two lines with energies 2514 and 1879 keV
and intensities 15 and 7 gammas per fission event, res-
pectively, were observed and ascribed to the decay of
the spontaneously fissile isomer of 28U, This result
was confirmed in Ref. 42, in which measurements were
made of the spectra of conversion electrons emitted
during the decay of spontaneously fissile isomers of U,
Pu, and Am. This method makes it possible to achieve
a high sensitivity since the yield of conversion elec-
trons from the fission fragments (the main source of the
background) is several times smaller than the yield of
+'s. In addition, the distances between conversion
lines from different shells or subshells (K, Ly, Ly, Ly
M) are a function of the atomic number of the emitter
and permit a more reliable identification of radiative
transitions from an isomeric level. Therefore,
fairly low bounds were obtained on the intensities of
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TABLE X. Intensities of ¥
transitions accompanying the
decay of spontaneously fissile

isomers.
Isomers Tllz' sec | Ey, MeV Woiw,
18Y 21077 2,5 0

40% [41]
239Py 8.5.40-6 2.4 <3
24Py 2.7-10-5 2.5 <1
240Am 9.10—¢ 2.7 <1
HiAm 1.5.10-8 2.2 <3
242Am 1.4-10-2 2.4 <5
H3Am 6.5-10-6 2.2 <10

radiative transitions and these make it possible to
estimate which de-excitation method (y emission or
spontaneous fission) is the main one for a series of
isomeric states. The results of these measurements
are given in Table X. It can be seen that for the 238y
isomer the main method is y emission, while for the
2#1py and *Am isomers it is spontaneous fission.

Another (indirect) source of information about the
intensity of the branch of y emission from the isomeric
level is obtained by comparing the measured and cal-
culated reaction cross sections for the production of
spontaneously fissile isomers. If the shape of the
fission barrier is known (it can be determined from an
investigation of the reactions of fission and production
of spontaneously fissile isomers!¥ %)), then one can cal-
culate the cross section for the production of the nu-
cleus in the isomeric state. Since the yield associated
with only one de-excitation channel—spontaneous fis-
sion—is determined experimentally, a difference be-
tween the measured and calculated cross sections may
be due to the fact that the main decay mode of the iso-
mer is y emission that was not detected in the mea-
surements. The applicability of such a method was
tested on the above isomers, for which the relationship
between the y emission and spontaneous fission for the
de-excitation of the isomeric state was obtained directly
from the experiment. It was shown that in two further
spontaneously fissile isomers (**°U and **'Np) y emis-
sion is the main decay mode (for all the remaining iso-
mers, spontaneous fission is predominant).

To estimate the hindrance for the y transitions from
the isomeric level, it is necessary to know the multipo-
larities of these transitions. Since they are unknown
[except for the y transitions mentioned above in 238y,
i.e., 2514 keV (E2) and 1879 keV (E1) (Fig. 14)], it
was assumed that y transitions with multipolarities
E1, M1, and E2 from the isomeric level are possible.

200 nsec ot 40nsec
5.f 5.1,
Ef
E2 £1 2
580 ke =
o5 2 ke 52
o o 0 0 52t
ZJ#U ZJ?Hp

FIG. 14. Schemes of v transitions from 2®U and #*'Np iso-
meric levels.
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TABLE XI. Reduced prob-
abilities of ¥ transitions ac-
companying decay of spon-
taneously fissile isomers.

E.
ie | B(ED, | BE
Isomer | Ty pp,sec| (oot | BFLL | BLE

280 | 1,1.10-7| 2.5 | 5.10-10 | 5.10-5
38y 2:107| 2,5 10-t1 [ 10-6
2INp |  4-10-8| 2.4 10-10 | 10-3
Mipy [ 2.7-10-5| 2.5 | < 10-18 [<10-8
240Am|  9.10~4] 2.7 | < 10715 |< 10-10

Indeed, in odd nuclei near the ground state there are
levels with both signs of the parity, on which rotational
bands are based. The energy of these levels does not
exceed 0.5 MeV, and therefore transitions of the above
multipolarities are possible from the isomeric state
(see Fig. 14). In Table XI we give the reduced prob-
abilities of the transitions (or their upper bounds) ob-
tained from the known lifetimes of the spontaneously
fissile isomers and the intensities of the y-emission
branches. It can be seen from Table XI that the
values of B(E2) and B(E1) are much less than single-
particle units, which indicates that y transitions from
the isomeric levels are strongly forbidden.

It is of considerable interest to follow the influence
on the value of the hindrance factor of the nature of
the levels, the excitation energy, and the height and
width of the potential barrier separating the first
and second minima. However, data on the intensities
of y transitions from the isomeric state to different
levels of the first minima are almost nonexistent be-
cause of the experimental difficulties mentioned above.
A different way is more promising—to investigate rad-
iative transitions from different excited states to the
isomer or another level of the second potential well,
This opens up great possibilities since here the initial
state is given (by the energy of the bombarding particle
or the particle emitted in the reaction), and one can de-
duce the existence of radiative transitions to the iso-
meric level from its decay, i.e., from the spontaneous
fission. The detection of fission fragments appreciably
raises the sensitivity of the measurements. Such an
approach enables one, without observing the radiative
transitions themselves, to estimate the extent to which
they are forbidden. However, one can only speak of an
average hindrance for all the y transitions between the
initial state and the isomeric state.

In this case, the process of population of the isomeric
state is treated statistically, and the probability for the
production of the isomer is determined by the expres-

sion

Ep Eg
Pi={ (Ev—Eyp(E—Ew)dE[ | (Bo— £y o (E) dE, (7)

Eje

where E;; and E; are the energies of the isomeric state
and the initial state; p(E) and p(E - E,,) are the densi-
ties of levels at the excitation energy E, measured
respectively from the ground state and the isomeric
state. The expression (7) is based on the fact that only
dipole y transitions take place from the initial state and
population of any of the levels of the second minimum
leads to formation of the isomer.
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In such a treatment, the hindrance factor is defined
as the ratio of the probabilities of isomer production
measured experimentally and calculated by means of
the expression (7), since no other selection rules were
taken into account in the calculation. For the actual
calculations of P, the experimentally known values of
the level density at the neutron binding energy™®! and the
energy dependence p(E) from the constant-temperature
model were used. Of course, the hindrance factors
obtained in this way will depend on the chosen model
and the parameters adopted in the calculation. There-
fore, in this case we should speak, not of the value of
the hindrance factor, but of its dependence on these
nuclear properties. The nature of this dependence is
not significantly changed if one goes over to a different
dependence of the level density on the excitation energy
(for example, that from the Fermi-gas model), to
other parameters, or to the assumption that there are
quadrupole rather than dipole transitions from the ini-
tial state.

A fairly large volume of experimental data has now
been accumulated on the probabilities of population of
spontaneously fissile isomers from excited states in
the energy range 3-7 MeV. These excited states were
obtained in different nuclear reactions: (n,7) (Refs.
46 and 47), (y,v') (Refs. 38 and 48), (d, p) (Ref. 49),
Coulomb excitation,t™? and 8 decay.l

It must be noted that the production of spontaneously
fissile isomers in the above reactions occurs not only
through levels of the first minimum, but also through
direct population of levels of the second minimum.

In this case, there will be a selection rule for popula-
tion of these levels in the investigated reaction, but
then transitions from such levels to the isomeric state
will no longer be associated with the selection rule.
The relationship between these routes was considered
in Ref. 51 for the example of the (y, ') reaction leading
to formation of a spontaneously fissile isomer. It was
shown that the first routes (through the levels of the
first minimum) is more probable at high excitation
energies (as in the case of 3 decay), when the total
width of the levels in the second minimum becomes
larger (because of the greater fission width) than in the
first minimum.

Figures 15 and 16 show the probabilities of isomer
production and the hindrance factors for transitions be-
tween the levels of the different minima in the case of
the nuclei 3¢y, 2%y, and **°Am as functions of the ex-
citation energy. The hindrance factors were deter-
mined in the manner described above. It can be seen
that the rapid change of the hindrance factors at low

Fry Z”Ufa’,p)
0t g o
'y
» A,
241
1075k o = P Am(m, 7)
" ZJSWIJ')
I . L L L !
3 4 7 6 E"Mev

FIG. 15. Probability for production of spontaneously fissile
isomers as a function of the excitation energy in the reactions.
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FIG. 16, Hindrance factor F for the production of spontaneous-
ly fissile isomers as a function of the excitation energy (the
reactions and their designations are the same as in Fig, 15).

excitation energies slows down appreciably when the
energy 5.5 MeV is reached for the nucleus %3y and

6.5 MeV for 2Am. These energies correspondt3 41 to
the heights of the potential barriers separating the
first and the second minima in the nuclei ***U and
?.42Arn.

The energy of the g8 decay of **¥Pa appreciably ex-
ceeds the energy of the isomeric state in the daughter
nucleus 2**U (by 1.5 MeV). Therefore, in this case the
population of the isomeric state, and also of the other
levels of the second minimum, may take place by
means of y transitions from levels of the first mini-
mum excited during g decay (see Fig. 13). This can
apparently explain the higher probability of delayed
fission of 23%pa (10-%) compared with 23¢Pa (10-°). On
the basis of the well known ideas about the population
of excited states during 8 decay,'®® one can calculate
the probability of delayed fission. It will correspond
to the measured value (10-%) at the same values of the
hindrance factors for transitions between levels of the
first and second minima in the range of energies 3-4
MeV, which are obtained in the reaction 238y(y, /)%38my
(see Fig. 16), although in the two cases different levels
are excited (with spin 1° and 2* for the (y,y’) reaction
and spins 27, 37, 4~ for 3 decay).

The method of population of the spontaneously fissile
isomers during Coulomb excitation depends on the
charge of the bombarding ion. For comparatively
light ions (Z <10) levels with spins 1~ and 2* (dipole
and quadrupole excitation) are excited in the energy
range 5—-6 MeV with subsequent y transitions to levels
of the second minimum. When heavier ions (Kr, Xe)
are used, the mechanism of multiple Coulomb excita-
tion, in which vibrational or rotational levels of the
second minimum are excited as a result of a cascade
of E2 transitions, becomes predominant. In this
case, there may be a selection rule for only the last
stage of the excitation, and for the de-excitation of the
levels and population of the isomeric state there will
no longer be a selection rule.

Experiments on the Coulomb excitation of the spon-
taneously fissile isomers of *¥U and #%Pu made it
possible to obtain only upper limits on the cross sec-
tions (10733 cm? for 2C ions® and **Ne ions3? and 10-3!
cm? for 1*¢Xe ions®). These bounds for the ions 12C
and *’Ne agree with the hindrance factors for y transi-
tions to the levels of the second minimum that were
obtained in the reactions mentioned above. For 3%Xe
ions, the absence of the effect indicates that the hin-
drance factor for E2 transitions between collective
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levels of the first and second minima in the range of
excitation energies 3—4 MeV is more than 103, i.e.,
virtually the same as for the levels populated in nuclear
reactions and g decay.

CONCLUSIONS

The large number of experimental data considered
above enable us to establish the main features for
transitions associated with a change of the nuclear
shape. The data as a whole can be divided into two
groups: In the first, we have transitional nuclei and
rotational bands in spherical nuclei in which the tran-
sitions are not associated with a large hindrance fac-
tor; in the second, we have spontaneously fissile iso-
mers, for whose decay there is a large hindrance fac-
tor.

The reduced probabilities of the transitions (or the
reduced widths, or comparative half-lives) depend,
as we have already said, on numerous factors that are
determined by the structure of the initial and final
states. It is of interest to separate the actual value of
the hindrance factor associated with the change in the
nuclear shape. However, this is not a simple problem.
Comparison of the probabilities of transitions for differ-
ent changes of the deformation parameter is not always
justified since it refers to different nuclei and, there-
fore, may be due to the different structure of the initial
or the final states. One can identify only a number of
cases when the structure of the initial and final states
is preserved under different changes of the deforma-
tion parameter:

1) o transitions between the ground states of even-
even nuclei. It can be seen from Figs. 5 and 6 that
the values of 6% change by not more than 20 times for
a change in 8, right up to 0.2-0.25. Further, a possi-
ble change in the sign of the deformation (for the iso-
topes "Pb and !®¥Pt) accompanying an « transition has
virtually no influence on the reduced a width;

2) B decay of odd-odd nuclei to levels of the ground-
state rotational band of two neighboring even-even nu-
clei. It can be seen from Table II that in this case too
for transitions in which g, changes by up to 0.12 the
values of fr change by not more than ten times.

In none of the other cases is it possible to separate
clearly the change in the deformation from other fac-
tors. However, the values of the transition probabili-
ties (or hindrance factors) can be explained (at least
qualitatively) by known causes associated with changes
in the orbital angular momentum, the spin projection
onto the symmetry axis of the nucleus, the number and
position of unpaired quasiparticles, etc. This may
mean that a change in the deformation of the nucleus
has less influence on the probabilities of @, 8, and y
transitions than the mentioned factors. This weak
influence is apparently due to the fact that, despite the
different deformation of the initial and final states,
there is still a strong overlapping of the wave functions
of the two states because of the zero-point vibrations of
the nucleus.

A completely different situation is observed for de-
cay or population of spontaneously fissile isomers. The
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reduced probabilities of E2 and E1 transitions from an
isomeric state to the ground state are many orders of
magnitude (up to 10!° and more) lower than single-par-
ticle units, and the comparative half-lives for g8 transi-
tions to the isomeric state are at least 10* times longer
than for transitions to the ground state. Such a large
hindrance factor cannot be explained by the known
causes listed above (change in the orbital angular mo-
mentum, the number of unpaired quasiparticles, etc).
These causes are operative for only certain transitions,
and the hindrance factor associated with them usually
does not exceed 102. For spontaneously fissile isomers
similar (and appreciably larger) values of the hindrance
factors are observed for transitions between completely
different states in even and odd nuclei. Obviously, this
has a common origin—the large difference between the
deformations of the initial and final states, and also the
presence of the high potential barrier separating these
states. The barrier leads to a strong damping of the
wave functions of the states of the first and the second
minima, and therefore to a very weak overlapping of
the wave functions.
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