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Tntroductlion :

The role of the second minimim of the dofo;mntion onor}y
Vig) in hoavy nncleai {a known rather well - it is conmidered to
be reaponntihle far delayed fission, 1. e, the apontaneously
fimaioning lacmara 71,2/, Earlier /3/ it wan shown that  the
minimum in Vig) does not dismppear in the lighter nuclei lup to
Pt) though in thoss nuclei it s diaplaced 1n daformation from
o 0.6 to r@ 0.4 and the height of the outwnard potential
barrier veapldly increases with decreasing Z-valus. Thia
circumntance sets the lower limit for the region where
apontanscusly fi=ssaioning isomers (U-Cm) are obperved.
Obamrvation of.trnnnitiona from the mecond well to the first
one is alno very difficult. So, it would be of interest to
search for othér manifestationa of apontanecusly fimsicning
isomers in preactinidea, which may not be associated with decay
from the second well.

In thia context our attention has been attracted +to the
island of apherical nuclei lying in the vicinity of the doubly

ZOBPh whose atatistical propsrtiea look rather

magic nucleun
poculiar against the background of deformnd nuclei becauss , in
particular, of a considsrable difference betwsen the

coafficients of the level density rotational enhancement 74,5/,

i.e.,

vi for deformed nuclei (11
K a
rot 1 for spherical nuclei,



where ai = F,=T1s the spin cut-off facter, whis’ is larger
than 10"2 for T=1 MeV¥; F, is the perpendicular moment of inertia
and T is nuclear temperature. The "jump” of K__, in eg.t1) in
passing from one nuec leus to another considerably affects the
 energy dependence of nuclear fissility, PftE} ii.e. the ratio
between the fission cross section and that fer compound nucleus
formation! in the preactinide region /3.%/.

The present paper deals with a study of the influence of
the second well in V(§) on P (E}. The effect is expected to be
the most pronounced in spherical nuclel and manifests itself as
follows. With 1ncreasiné compound-nuc leus excltation energy E
the level density in the second well , as a result of the
difference between £, 0.4 and e, ¢ leading to Kiot)P Kiot'

can become equal to or even greater than that of the first
well,.despite thel lower excitation energy E - E2 . Here
subscripts 1 and 2 refer toc the first and the second well,
respectively. This fact should lead to an increase in the
probability of neutron emission and to a decrease 1in nuclear
fissility. The smaller the energy difference between the two
minima , E2 = Vlszi - Vlsli, the earlier the excitation energy
effect manifests itself. The expected influence of the second
well will be sharply decreased 1in the case of the nuclef

deformed in the ground state because of a amaller difference

1 2
between Krotand Krot'
2. Attenuation of Krot(T.s) and nuclear fissility

Qur analysis of experimental information is based on

the description of nuclear fissility /5,67
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where prU,J} and gn(U,J) are ,respectively, the level

densities of the fissioning nucleus at the saddle psint and of
the residual nucleus A-1 after emission of a neutron. as
function of the excitation energy U and the angular momentum J;
y(EJ is the factor which takes into account the J dependence
of o U ti=f .ni E; 1s the barrier height and B is the
neutron binding energy. In calculating pitU.J) use was made of
the superfluid model of the nucleus with the phenomenological
inclusion of shell and collective effects. The model parameters
were in  agreement with the observed density of neutron
resonances pexp:Bn'J] 78,7/, In what follows we will turn  to
the cnly but wvery essential specification which we are
introducing in the conventional description of piiu.JJ and
Pf(E} FB=Ti
The adiabatic estimate K:it= oi for defermed nuclei made
in egq.11) is valid when +the single-particle mcdez of metion
are assumed to be independent of rotaticn of the nucleus as a

whole. This assumpt.ion iz wvalid if +the eompound nucleus

temperature T is belcow than

_ ~ -1/3
TO- hwos = 41 A I3 (3)
according to rer. 74/, where £ is quadrupcle deformation, as
before and wy = 4]A*]/3h_1 MeV is the average freguency of the

anisotropic esciliater potential. The results of level density

calculaticne /8/,in which the interactions between the



retational and internal degrees of freedom were taken into
accourt, have confirmed the gualitative estimate {33 . In
particular, they have shown that the attenuation factor
which,as the nucleus gets heated, leads to a decrease in Krotas
compared to Kiit, can be approximately described using the
critical value TG of eq.{3).

The factor Hr (T,z} can be presented in the following

et
form

K - [Kad

rot rot” ligi{=e} + 1 x = T/T

where gix) + 1 for small x values {Krot+ K:gt) and ql»} -+ 0
for large » (Krot* 1). A number of medifications of the
analytical description of qix} is offered /8-10/. We have
chosen the simplest one
qlal = exp(—ple B (5]

which coincides with q(#) in ref. /G/ at 2 = 1 . In what follows
we employ the value g = 1.37 obtained by fitting the level
density to pexpiBn,J). .

Thus, the attenuation of Krot with energy depends
substantially on nuclear deformation. This dependence is of
major importance for nuclear fissility since for E < 100 MeV in
guestion the deviation of Krot from Kigt in the neutron
emission channel is considerable whereas it is negligibly small
in the fission channel. These results contradict the previous

assumptions /%,6/ concerning Kiotand K:ot‘

3. Neutron emission by the nucleus in the second well

The top part of the figure shows the potential energies Vig)

calculated using the shell correction methed as in ref./3/. In



the lower part of the figure the results of calculating the
fiszility parameter using the present mcdel of ptU,J) {  the

left hand scale ) are compared with experimental data for the

212;,0

three typical preactinide nuclei - the spherieal , the

Vi) {MeV)
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Figure. Top: the potential deformation energies Vice} of the
]BDOs,lgaHg and 212Po nuclel. Bottem : the energy dependences

of flssility PftEJ for the same nuclei (the upper curves) and
the numbers of the residual nucleus final states accessible to

neutron emission Nn for Hg and Po (the lower curves). The
1

experimental data (open points) are taken from /5/. the

caiculations of PfiEJ are carried out: (i) without taking intc

account the attenuation factor Krot {dashed curve) 111}
taking into account the attenuatien factor Krot and neutron
emission in the second well (full curvel.



186 198

deformed 0z, and the Hg nucleus considered to be an
intermediate case in refs./5,6/. The PflE) calculation was
carried out using the barrier parameters from the

phenomenological model /117 and with equal asymptotic level
density parameters in the fission and neutron emission
channels, af/an = 1, in contrast +to the conventicnal usage

/5,6/, when E_, and af/an valueg were considered to be free

f
parameters 1in fitting the calculated results to the

experimental data. Those parameters not specified are taken
from refs. /5-7/. It should te noted that in the figure all the
curves were calculated taking into account also fissicn
processes preceded by the emission of several neutrons.

The dashed curves shown in the figure were calculated using
eq.(1) and K:it based on the traditional classification of
nuclei according to the nature of the spectra of low - lying

212 198 186,

levels t Po and Hg are spherical nuclel, and is a

deformed one!.The inclusion of the Krctattenuation according to

eqs.(41 - (5} eliminates the disagreement with the experimental
!

data in the case of ‘8003. but does not change the situation

for the other two nuclei since Krot: 1 for spherizal nuclel.

The latter are characterized by a growing deviation of the
dashed curves from the experimental points with increasing E,
this deviation occurring somewhat earlier in 1gaHg than in
212?0. In previous studies /5,6/ the discrepancles of results
for 212?0 and adjacent nuclel were considered being due to the
deviations of Krotin the fission channel from the adliabatic
estimate.These deviations define the attenuation factor as
q(E—Eff = PexpiE?/PffE), which was suppwsed to be wvalid alsec

f
for describing the neutron emission channel.



The results of the calculations of fission probabilities

ZIZPD and 198

for Hg taking into account neutron emission by the
nucleus in the second well ,which are shown by the full curves,
to a2 considerable extent remove the disagreement. In these
calculations the dencminator of exp.(2),that is the number of
the residual nucleus final states accessible +to neutron

emission for J = 0, which has the form
i
2A2/3 U

4yr0 max i
N = —— e x j p (U, 011U -Uy au (6)
ny 2 n, max
Lo} g
is replaced by the sum N, .where 1 = 1 or 2 refers to the
1=1,2 i
first or second well , T E - B_ and U2 =E-B- E,.This
max n max n 2
generalization of exp.(Z) is a direct consequence of the

statistical description of the decay precbability for excited
nuclei in terms of the two-humped barrier s2/.The nuclear

deformation &

; was fixed in our calculaticn of Nn . It would be

1

more logical to consider the effective deformation aefftTJ

which corresponds to the free energy minimum or to the entropy
maximum. However, as refs. /9,10,13/ and c¢ur estimates show,
this would not qualitatively change the results obtained.

The energy dependence of Nn i 4=1,2 ) for spherical nuclei
i

is given below the fissility parameter curves in the figure, the

curve for Nn growling more rapidly. One can see that at some
2

excitation energy there exists the intersection point,where Nn=
1

N, i as a result the nucleil in question happen to fissicn like
i
spherical ones at low energiles and like very deformed ones at

high energies because <f the predominanre over fiszsicn of

neutron emission by the nucleus in the second well. For the



lbes nucleus this is net important because it b. no

deformed
second well and, morecver, even if it had existed, its role
would have been strongly suppressed since the difference
bl
between Kl and K~ is much smaller in the deformed nuclel in
rot rot
the ground state than in the spherical ones.
Conclusion

The inclusicn of the dependence of K on .auclear

rot
deformation and of neutron emission by the nucleus in the
second well removes the difficulties and disadvantages of the
previous analysis of the fissility of the preactinide nuclei
/5,6/.We did not try +to vary the parameters in order to better
describe the experimental data. It may be werth doing so  after
including the dynamical effects /12/.

The authors are grateful to A. V. Ignatyuk,G. A. Kudyaev

and U. B. Ostapenke for useful discussions.
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