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ABSTRACT

Within the one level R - matrix approach the relative intensities in the double Lne
structure of several radioactive decays of *2Cf — "6Ba + %Mo fission channel are
calculated and compared with the experimental data. The internal wave functions are
supposed to be given by the Wigner D - functions. The relative motion wave functions
are calculated from a nucleus - nucleus double - folding model potential obtained with
the M3Y interaction.
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1 Introduction

Cluster radioactivity [1], as a rare spontaneous decay mode of 1eavy nuclei has been in-
tensively studied in recent years (2], (3], [4]. In this new type of radioactivity any emitted
nuclear species with masses between A = 4 (a - particles) and /4 =~ 60 (fission fragments)
are called “clusters”. All nuclei with Z > 40 are unstable with respect to radioactive decay
into two nuclear fragments (A;, Z; and Ay, Z; with A = A, + A, and Z = Z, + Z,), i.e. the
energy release Q) = M(A, Z)— M,(A,, Z)) - M;(A,, Z,) is positive, however, only for certain
combinations - (A1, Zy) plus (Aq, Z»). the high value of the potential barrier (proportional
to Z1Zy) is almos t compensated by a high value of @, and these decay modes may be
detectable.

Moreover, Hourani and his co - workers [5] experimentally discovered the fine structure
in the C radioactivity, opening in this way a new area of research [6 - 8], Spontaneous
cluster emission being well established {1 - 13] it is tempting to search for induced cluster
emission [14 - 20] and implicitely to study the “fine structure” in the induced or spontaneous
fission.

During the last period of tiine many new experimental data concerning the sponta-
neous cold fragmentation (neutronless fission} of nuclei have been put into evidence, ranging
from exotic decays with emissions of heavy clusters having masses from 12 to 34 atomic mass
units and up to the cold fission of many actinide nuclei generating fragments with masses
from around 70 and going to 166 atomic mass units. Consequently. tens of cases of heavy
clusters emitted with nearly zero internal excitation energy are now experimentally known.
They all confirmed the theoretical predictions based on the idew that cold rearrangements
of large groups of nucleons from the ground state of the initial nucleus to the two ground
states of the final fragments, can frequently be observed (see the review [2]).

Recently a first direct experiment of extremely cold (neutrouless) fragmentation in
the spontaneous fission of P2Cf was done [18] using the multiple Ge - detector Compact

Ball facility installed at Oak Ridge National Laboratory. Initially three definite neutronless



channels (Mo + 145By, 106)f, 4 146, and '™Zr + 48Ce) were put into evidence and
later a forth one ('%Mo + '**Ba) has been observed. For these channels the ground state
band gamma cascades were accurately counted using a triple gamina coincidence technique
In this way it was experimentally proved that the spontaneous decay with emission of lhghe
fragments. such as o -, B¢ 20, PR AN, #Mg and 3234g; (cluster radivactivityy and the
nheutronless spontaneous fission defined as a process where all the available eHergy goes into
the total kinetic energy of the fragments (cold fission) have an analogous decay mechansn
Also, for the tirst tune, a double fine structure, e, decay to the excited states of both
fragments of the final channel were experimentally observed i atalogy with the usual tine
structure. Le. decavs only to the excited states of the dauther nuclet already known 1, alplhiat
decay [21]. [22], aud (' - decay (5. [6]. [8]. [7]

In the last decade extensive experimental data have been obtayed o Low-fving ~tates
of negative paritv. For the Ra-Th {(Z~ 88 N~ 134) and Ba-Sw iZ- 56, N\ e el
(the so called “ectupole” or Treflection asymmetrie” nuclel) tow 3 <rates, panny doublets.
alternating parity bands with enhanced dipole transitions have been tonnd Fhe properties
of these states differ from predictions made within the adiabatic wodel and nowadays they
are explained as o consequence of octupole deformation. Based on a concept of synunetry
breaking, the mean field calculations predict a reflection instability for nucles aronnd “4Th
and M9Bu (see for review [25]). The main argument used in the analysis 15 the caicnlations
of potential cuergy surface for 4 quadrupole-octupole deform ed mear. feld potentiai For
normally-deformed systems the condition for strong octupole coupling veeurs tor particle
numbers associated with the maximum AN = 1 interaction between the mtruder subshell
(1, 7) and the normal parity subshell (! — 3.7 — 3). The caleulated octupole minnma are U
sually very shallow with octupole barriers varying between 0.5 and 2.0MeV, depending on the
model. And. as a fact, the approach based on the shell correction method 1s striked against
the problem of correct definition of a macroscopic part of the intrinsic dipole moment [26,

)','l

to order to describe the B(El)-transitions. The discovery of superdeformed nu le; OPCLS Dew

possibility to understand how the extreme deformations causes c} atges in the properties of
nuclear structure, in particular, the interplay between single-particle und collectjve (octupole)
aspects of nuclear dynamics (28. 29]. Recently attempts to analyze the energies as well as the
B(EI) and B(E3) transitions probabilities from low lying collecitv negative parity states to
the ground state using the realistic Gogny forces [30] have been 1 1de. Due to the realistic
character of the force, numerical calculations are Very time consuining and to cut them some
assumption are usually made. It is 101 easy to extend both appri aches for a description of
collective excitations of quadrupole as wel | of octupole deformed ucle

One of the promising wethod for the description of the properties of the yrast and
collective excitations near the vrast line is the cranked Hartree - “o k- Bogoliubov model
together with the random phase approximation (CHFB + RPA approach) suggested in
i1 32) and developed in [33]. Starting from a generalized for oct1 pole case CHFB 4+ RPA
approach [34] we could investigate the connection between the pro serties of the quadrupole
t octupole deformed mean feld and Jow - and high - lving exc:tations of one - phonon
nature. The analysis of the energetic and the electromagnetic preperties of the rotational
states {vrast as well excited ) could clarify the role of strong rotation for the octupole soft
svstem.  Another intriguing problen, is the connection between c.assically chaotic system
and corresponding quantum system: (35, 36, 37). Inclusion of an octupole term in addition to
quadrupole term in the potential 1. nders the classical single-partic ¢ motion nonintegrable.
Depending on the strength of the octupole terms in case of superd ‘formed system the well
bronounced new shell structure is found for nuclei as well as for metallic clusters [38, 39]. It
Is an exciting problem to study the occurrence of chaotic motion in the classical system and
corresponding response of the quantum system under extreme cond tions .

An alternative method to the above discussed method for describing the so called
“octupole” or "reflection asymmetric” nuclei may be an approach tased on the isomorphic
shell model of atomic nuclei [40], which assumes a separate and differ=nt central potential for

the nucleons of each shell, instead of a tommon central potential for :ll nucleons in a nucleus



as is usually asasumed by the conventional shell model. An extension of the isomorphic
shell model of atomic nuclei could in principle describe a phase transition from one center
isomorphic shell model to many center (at least two center) one. Thus e.g. a two center
isomorphic shell model could describe the "octupole” or "reflection asymmetric” nuclei.

There is very close relation between reflection asymmetric shapes and clustering in the
system. From this point of view it is interesting to understand the mechanism of formation
and decay of clusters from octupole-deformed system.

The theoretical models of heavy cluster decay are based. essentially, on Gamov's
theory [41] which was the first success of quantum mechanics when applied to the « -
decay phenomenon. The differences in approaches are related to the way of calculating the
potential barrier defined by the (nuclear plus Coulomb) interaction potential acting between
the emitted cluster and the residual nucleus. The decay energy always is taken to be equal
to the experimental energy release of the decay [42].

All these theoretical treatments fit to a law for favored cluster transitions, analogous to
the Geiger - Nuttal [44] law for favored « - decay, which emerges directly from the simplest
JWEKB [43] expression of the penetrability determined by the square well plus Coulomb
interaction potential.

The unfavored transitions do not follow the Geiger - Nuttal law. because of the
large variations of the reduced widths [21], [22], [45], [23]. [46] which have a key role in
the understanding of the decay process and require a precise knowledge of the structures of
the initial and final quantum states. From such transitions we can learn much about the
structure of atomic nuclei.

The theoretical study of o decay has provided a basic test for our understanding of
several fundamental quantum phenomena, such as tunneling through the potential barrier,
the clusterization process {47], {48}, [21], {22], [23], [45], [64], [65]. [66], and weak interaction
models {49], [50], [52]. However, in spite of the effort invested, a detailed description of the

a particle emission is not yet available.

By contrast to the case >f the v - or 4 - decay, where the changes in the nuclear
structure are small and may be treated within perturbation theor y, « - decay represents the
simplest case of a series including phenomene like the heavy clister decays [1], [3], [4] or
fission [18], [19], when the transition has dramatic effects, generating in fact two new nuclei.
While the fine structure of a - decay has been more or less understood (21], [22}, few studies
(6], [7], [8], [13], [10], [9], [11}, {12], of the fine structure of heavy -luster decay are available.
The clusterization mechanism proposed in Refs. [6], [7], [8] is analogous to that used in the
alpha decay fine structure calculations [21], [22] i.e. the emitted cluster is formed from two
fermion condesates, when working within the enlarged superflu:d model [64], [65], {66] or
more correlated groups of nucleons. when working within the OXBASH shell model code (7).

Unfortunately, no models have been proposed for treatins the double fine structure
in spontaneous (cold) fission.

It is the aim of this paper to calculate the relative intensities {Z,.) for Mo + 46Ba
channel and compare with the experimental intensities (70}, [18] obtained as side feedings.
The calculations are performed within the one level R - matrix approximation analogously
to the calculations done in Refs.[6], {7], [8], [20] for the @, '*C. 20O and *Si decays. In
the present calculations all the initial and final nuclei are supposed to be deformed nuclel
with axial symmetry described by the Wigner D - functions. No other degrees of freedom
will be included. The cluster residual nucleus scattering wave functions are generated by the
Coulomb plus nuclear potential obtained within a double folding procedure from the realistic
M3Y NN - potential (53], {80], {51], [52]. In this procedure one uses an effective interaction
derived from the G - matrix elen :nts based on the Reid soft - core NN potential [54] in the

form assuming only OPEP force between the states with odd relative angular momentum

(55).



2 Hindrance Factors

The experimental hindrance factor (HF) of any cluster decay is defined as a ratio between

the Geiger - Nuttal [44] width {Fen(Q)) divided by the width of the radioactive transition

we are interested in [21]:

Con(@)
Q)

where @ stands for the energy release of the studied decay and [44]

HF =

B
lon@) = 4+ =

V@

The theoretical hindrance factor is defined by eq. (1) in which the widths are replaced

o

by their theoretical expressions. In the case of heavy deformed nuclei with axial Sylmerry

the HF has the following expression [22] [45):
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The factor 4/ is the reduced width [46], [22]. [21].
When dealing with the rotational bands of the A™ = 0% - states only, the HF corre-
sponding to the decay from a double even nucleus to the channel consisting of two double

even nuclei becomes
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I the above equation {7). the sumnmation runs over nonzero values v the mentioned quantiim

numbers. The ratio £} stands for the ratio of the following penetrasilities (FP(Q)):

Q)
Po(Q) (#)

Within the JWKB approximation P has the following expression:

F =

2 o
A= R ey (=5 [P airiar) )

e which “rg™ and " R," stand for the outer and inner turning point, respectively and

————
q[(r// — \ ZHIUAT?d(V;caanucl _ Q) (10)

Here mug is the nucleon mass, Area 5 mds for the reduced mass numt er a nd Veertnud ig he
sum of the Coulomb and nuclear one body potential acting between the q - cluster and the

daughter nucleus when studying the radial part of the Schroedinger equation.

Thus

2 ro
Fi=exp 5 /Rc (@i=o(r) — q(r))dr (11)



Usually [2], [21]. [22] the Coulomb part of this potential is replaced by point like Coulomb
potential while the nuclear part by a Saxon - Woods one. Within these simple prescriptions
in the case of a - decay theF; - function has the following approximate expression [24]

Fp=exp (—2.027U(1 + 1)Z72 474 (12)

For deformed nuclei there is a matrix part of the po wetrability {60]. [61]. [22]. [23]. {21! -
(K, ), responsible for the channel coupling, the so - called Froman matrix. For double - even
nuclei ground state bands the ¢ - quantum numbers restricts to LI [, (K - = K, , /)

N INPNIN I

Froman matrix is generated by the anisotropic part of the double folded interaction potential

between the emitted in the cluster radioactivity fragients.

3 Relative Intensities

The relative intensity (Z,.) for a transition from the initial nucleus ground state ; K, 7, > to
the channel state in which the first final fragment is in the state | [, K7, . while the second
final fragment in the state | [,K,m, > s defined as a ratio between the partial width of a
given transition and the sum of partial widths over the channel quantum nuinbers defining

all possible channels of a given fragmentation

,' U Kem el Kl Koma) )
JLKm, L K TR r Qe

rel - 3. [Km—h Kiomelze Kaemd) ()

i13)

where ¢, = (1, K 7; [, K,m,). Within the R - matrix approach [46] the partial width is a sum
of all possible products between the penetrability {P(Q)),the Froman matrix (K} and the

amplitude of the reduced width (v ([ K;m, — L K\ 75 I Ko 72, ). Thus

UK =D KimilKam) Y R (LK, — LK ms L Kam) R(Qg, Qo)
ret el Flcb,?c(I,K,ﬂ" — I Ky my 5 Iy Ko ma ) R(Qe. Qo)

(HF(I.K,W,—J\KI‘IH;lzK;Wz)vl R(QC()) QO)
ZC (HF(I-K-"-—‘IL Kyemigila Ko mag )_1 R(Q(v QO)
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where by (I;Kimi — I, K\ m_; [, Ky 7y ) and F) ratios are defined in the eq. (4) and (8). re-
spectively, R(Q., Qo) is the ratio P(Q.)/Pi(Qo), where P(Qq) is the penetrability calculated
for the transition between the ground state of the initial nucleus a1d the channel state where
the fragment nuclei are in their ground states (Q¢ = M(A, Z) - M (A, Z)) — M3(Ay, Z3)
and Q. =Q0 - EI.ICK,CMC - Eﬂ,xnm( ).

In the case the transition betwoen the ground states is the most intese one the sum
in the denominator can be approximated to one term only, namely to the favored width

DO nbQ)  RIQ.Qu)

Lo = [0 =0+ 305 () T HEO0F=T05. 0. (15)

where

1(Q.Q) = F2E (16)

4 The Froman Matrix

The R - matrix decay width in the case of the one level approsximation is defined by (see

Ref. [46] Ch. 9, eq. 1.18a):

[y = 2(a}, Pay) (17)

where

ay = (1 - RL% "y, (18)

Here R is the one - level part of the R - matrix (i.e. R® = (7, ® W2 /(Ex— E)), L = L - B,
L = S + 4P and v, is the vector defined by the whole set of the amplitudes of the reduced
widths corresponding to the level A. If the channel radius defines a sphere that includes
every anisotropic structure of the interaction field acting between the channel fragments the

matrices L, S and P are diagonal matrices (see Ref. [46] Ch. 3, eq 4.4). If the channel radius

10



defines a sphere that includes the initial nucleus volume, but outside this sphere there exist
some anisotropic muteraction potential acting between the channel fragments the matrices L.
S and P become nondiagonal i.e. they should be replaced by KTLK, K!SK and KTPK
respectively. The matrix K, introduced first by Froman [60] and Nosov [611. is responsible
for the above anisotropy.

The matrix (1 — R"LY) ™! may contribute essentially in the hight nuclet regron 20],

while the matrix K gives its important contribution in the heavy deformed nucler region

4.1 Interaction Potential in the Case of Axially Symmetric De-
formed Initial and Final Nuclei

We shall start writing down the double folded potential for the case when all the bt sl

the two final nuclei are axiallv symmetric deformed nuelei (see Refs L P TV

. 1,02 " . :
Virsy (R 6] ].Hl "y = / dridrap(ry)p(roivir gy = 149
N TN AL AT AZ A s A Ay U A (1A, {2)yyr . ‘ .
Z L ('}A:Ll;}l_:( l; 0 (\)‘(‘“,;— :U UDu:(J(ez )D“l(J<01 ))/\,,,“’(R]‘A y, ,\“H\ =
AL A2 Ay ML g

Vool B1 + ViR 0

Here the nuclear part of the effective M3Y - N - N jnteraction is of the form (55

vy = voolr) + Jood{ry + co (rym -y 1200
with
Xp (—4r) xp (—2.57)
vt} = | 7999 XRL gy OXPLZE0TT o
4r 2.5
and

4 —25, ,
(1) = Pwss.sw ¥ 1175.5M} et
-

11

The é - force term approximate the single nucleon exchange through the zero range pseu-
dopotential (Joo = -262 MeV fm* ). The spin - spin and $pin - is7spin terms are neglected
here. The nuclear densities are given by the following formula
1 R N :
p(r) = pqg {1 + exp . (r — 70(1 + 33 Va0 (cost) H (23)
[
with the constant py fixed by normalizing the proton and neutron densities to the 7 proton

and N neutron numbers respectively, the diffusivity ¢ = 0.63 fm a1 Ry =10AYS with ry =
A

L1Y fm. Here 3, is the quadrupole deformation and ¢ is the usiuil constant which ensures

the volumne conservation condition |, d%r = ‘T”RS from which it rosults
3 I .
v = | gt 33 (24)
4t 14n

The Coulomb component of the nacleus - nucleus potential is calculated by folding the
Coulomb NN interaction with the deformed proton densities.

The Vi(R) = (471) "1 Vil 77) while

., 4 CAptagen N x < .
Vi (R) = ;("1) z fxl/\'z/n dIlPA,/O drapr, BN, L L, 1) (25)
_— 3
F;‘lhm(!l--1'.)-1‘:5) = /0 dqq%(q) HJA,(QJH (26)
i=1

Here gy is the Fourier transform of the effective NN potential v{r). y,, are the multipoles

of the nuclear densities. jj (qz,) are the spherical Bessel functions. ’D/A (6;) are the Wigner
e

rotation matrices describing the orientation of the involved nuclei while Y)‘M(R) is the A** -

order spherical harmonics.

4.2 The Approximate Expression for the Fréman Matrix

Now we are able to write down. within the above approximations, the channel wave function

for the case of the decay of a spin zero axially symmetric deformed nucleus into two axially

symimetric deformed nuclei:

12



1
| ¥ >= Z—R | & >< @, |uV(R) | D, >= (27)

’
&

1 i 1
ZE | @, >< &, {exp(ESé”(R)) | &, == ZKCE 5 | o >

where the upper index (1) stands for the noncentral parts of the redial solution {1} and
action (S!"), respectively. The K quantities are the elements of the Froman - Nosov

matrix, which within the three above approximations have the following expression

K¢ = (28)

St entt / AARY ] Q)Y (Qa)e OB QY ity
MM

The operator G( B, §,{1;) contains the multipole terms from the nucleus - nucleus potential:

G(B.f. () = {29)

)
dR (\/QWIOAred ["’:wsy(R» 9}1)79@) - Qo})
R
h

5 Relative Intensities in a Hybrid model for **Cf

12)
i

(1)
1 pHAtEE

R Jrael 6

/m d R\/‘zmoAmd [Vaoo (R) — Qo])

f,

To calculate the relative intensities for the case we are interested in 1s a very difficult task.
however, within some rough approximations we can give estimatinns of these quantities.

We shall use in the following the formula (6) for the HF’s entering the relative inten-

sities expression:

I(110+) _ Z I(’-K.m—'hKMl;lzKﬂfz) —

rel -

{30)
I2Kqm2

S, (HFOO=145) " RQy, 1, Q)
C T (HF@+—1++) " RQ 1 Quo)
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HF! 1 204) _ F 1f2 &) , — — (31)
; s K (004 —170+:1,0+)
U o0 1 o ‘
21 -1
TR Kirn000(1 + Fippy)
[ Kooo000(1 + Fooo)
where
K 00+ =04 10
_ L Yy
P, = Z (00+—00+ DOF (32)

0,1 #0.1,#0 Kinini000 Yoo
and we shall neglect the F;;, - quantities. This approximatio1 could be a good approxi-
mation if taking into account the analogous quantities occuring in the alpha decay or some
heavy cluster decay fine structure HF’s, where for 1>2 the reducad wave amplitudes are less
than 1%.

The results are reported in the Table 1. The experimental relative intensities are
deduced from the side feeding values incorporating gamma - rays from other rotational
bands built upon vibrational - or quasiparticle - states (inclucing the statistical ones) or
directly the cluster channels [70], [71]. The experimental relat ve intensities for « - decay
fine structure of doubly even nuclei decrease with the increase of the relative motion angular
momentum ([). The experimental relative intensities for %2Cf — '“Ba plus Mo cluster
decay presented in this paper seem to show a "gaussian” behaviour with a maximum for I
= 4. This fact roughly can be explained by the number of contr buting terms to the relative
intensities. For instance, for the spins of Ba nucleus: 0,2,4,6,8... the number of more or less
equally contributing terms is: 4,10,13,9,2,..

.. . _ K 000 i
The reduced Froman matrix elements (Kulh;”;l; = _KBLQEZDTJ) (see Table 2) are oscil-

lating around the value ~ 1.0.

The penetrability ratios Ri;,;, = Fi - R(Qn1,, Qoo) are given in Table 3 for several
dominant contributions. They restrict the number of contributing terms in the relative

intensities expressions, as suggested above.

14



Of course. this is a crude approximation, however, due to the fact that for our kind
of fragmentations, the accurate calculation of the reduced widths 1s 1ot possible. 4 hybrid
model should be constructed.

Within our model, the relative intensities are determined by the tinal state interaction
only. This interaction is assuined to be described by the M3Y double folding approact. which
generates hoth the one body penetrabilities and the Froman matrix part of these quantities
In such a model we do not have informations concerning the rearangement mechamsm
However, the first approach to the alpha decay fine structure of the double even nuclei has
been analogous to vurs [60).

In our calculations we used the accurate evaluation of the Q- values froms the recent
experimental mass tables [42], and for some of the fragmentations the masses were tuken
from the extended tables of Méller and Nix [67] generated within a niacroscopie - er WCOPIC
model.

The deformation parameters which we used were also taken from the tables ot Moller
and Nix [67]. The calculated values of the penetrabilities and Froman matrix elemens are
very sensitive to the % - and ry - values entering the expressions of the nuclear densities
however, the quantities entering the relative intensities are always ratios of the penetratnlities
or ratios of the Froman matrix elements. Such ratios do not drastically depend on the above
By - and ry - values. In the caleulations we did not include the octiupole paratietors g0
Of course, rhe higher multipoles like the octupole can play an important role bringitg, abont
additional incertitudes. We used the previeous experience when we calculated the ot Ople
yields for the cold fission of the *2Cf nucleus [68].

Our theoretical results for the relative intensities (see Table 1) do uot exactly fit these
experimental ones, but there are ways for imiproving the situation for both the experimental
and the theoretical values. The experimental numbers could be adjusted by excluding the
part coming from rhe gamma cascades, while the theoretical ones by incorporating in the

theory: a) the clusterization process in the analogous way as it has been done i the alpha -

15

(6], [7], [8]. (22], [23], [21] or heavy cluster - decay [6], [7]. [8] fine structure; b) the octupole
component of the double folding potential; c) the spin - spin anc spin - isospin components
of the M3Y nucleon - nucleon interaction, d) coherent rotational state assumption for the
channel states [77], (78], (79], [80]. [81], [82], [83] which could iriprove the agreement with

the experiment.

6 Conclusions

In this paper within a final state interaction hybrid model we calculated the relative inten-
sities describing the double fine structure in the neutronless fissicn: “2Cf — %Mo 4+ 14685,
The interaction in the final state is given by the double folding M3Y potential between the
""\o and 6Ba nuctei.

Experimentally the half - life of ®%Cf is 2.54 years and rhe branchingratios for its
alpha decay and spontaneous fission are 97% and 3%, respectively 64| taking an energy of
zero - point vibration [2] of about 1 MeV, we obtain a collision f equency v with the fission
barrier of 2.5 - 10% 5™ and a penetrability through this barrier 5f about 1.1 - 10-%. Thus
the partial half - life for the channel we are interested in is 5.04 10 sec. [68]. This '®Mo
+ Y®Ba channel belongs to the most probable fragmentation ¢anuels having the cluster
masses 98 < Aygpe < 110 and 142 < Aneavy < 154 and cluster charges 38 < Zighe < 44 and
5 <X Zpeary < 60, Tespectively 1sve also [68]). In these regions of nuclei both he light and
heavy fragments have relatively large quadrupole and sometimes octupole deformations and
therefore the potential barriers between the two final nuclei are significantly lowered. This
fact leads to the increased penetra.ilities and yields, respectively

Our theoretical results do not fit the experimental ones, >ut there are ways for im-
proving the situation for both the experimental and the theoretical values. The experimental
numbers could be adjusted by excluding the part coming from -he statistical gamma cas-
cades. while the theoretical ones by incorporating in the theory: a) the clusterization pro-

vess. b) the octupole component of the double folding potential; :) the spin - spin and spin

16



- isospin components of the M3Y nucleon - nucleon interaction, d) coherent rotational state

assumption for the channel states which could improve the agreement with the experiment.

17
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Table Captions:

Table 1: The experimental relative intensities calculated as side feedings for the
neutronless spontaneous fission 2*?Cf — °Ba + 1%Mo (see Ref. [18]) and the theoretical
ones calculated in the present work.

The input parameters are: the decay energy Qo = 217.33 MeV; The quadrupole deformations:
Bpa = 0.178; a0 = 0.326.

. . > K
Table 2: The reduced Fréman matrix elements (K c = -éﬁt;%’)“) caleulated

Rl

for several dominant cases. E(n) means 10"

I ) .
= LQ'L’L)) calculated for several dominant

Table 3: The penetrability ratios (R, , o0

cases.

Table 1
| 2027 (%) | ZE062 50 (%)
0 0 24
2 10+20 67
4 66138 8
6 .25
8 0.12
10 <0.1
12 <0.1
14 <0.1

25

Table 2

BRI R Ku,l,,ooo I{hL | Iz Ku,l,,ooo I1lhil Kll,lj,oo() Ll Kul:z;ooo
0 0 0 1.000 | 2 2 ¢} 2996 | 4 4 ¢} 1.478 6 6 0 0.693
2 0 2 3.535 | O 2 2 2044 | 2 4 2 1 516 4 6 2 0.495
4 0 4 2.408 | 2 2 2 -2.921 4 4 2 -1.378 6 6 2 -0.400
6 0 6 1.025 | 4 2 2 5.256 | 6 4 2 Y412 8 6 2 0.678
8 0 8 0.015 | 2 2 4 2095 | O 4 4 (.458 2 6 4 .186
10 0 10 1.391 4 2 4 -1.904 | 2 4 4 -(.595 4 6 4 -0.148
12 0 12 1479 | 6 2 4 3333 | 4 4 4 €.668 6 6 4 0.159
14 01 14 0.039 | 4 2 6 0950 | 6 4 4 -(.834 8 6 4 -0.197
16 0 16 0.819 | 6 2 6 -0.769 | 8 4 4 1.572 10 6 4 0.372
181 018 4621 | 8| 2| ¢ 1301 |2{ 4] 6 (254 | 0] 6] 6 0.342

Table 3
L] Ry | V| LlL R | 1L ]n R | 1] L] Riyi,
0 4] 0 1 0E(+0) 2 2 0| 0.7TE(+0) 4 4 0 | LAE(+0) 6 [} 0 1.3E(-1)
2 0 2 0.7E(+0) 0 2 2 | 0.SE(+0) 2 4 2 2TE(C L) 3 6 2 1.0E(-1})
4 0 4 | 04E(+0) 2 2 2 | 03E(+0Q) 4 4 2 25k (-1) 6 6 2 0.9E(-1)
6 0 6 11E(-1) 4 2 2 | 0.5E(40) 6 4 2 2.3k (-1) 3 6 2 0.8E(-1)
8 0 8 2.2E(-2) 2 2 4 2.5E(-1) 0 4 4 13E(-1) 2 6 4 0.5E(-1)

10 )] 10 0.4E(-2) 4 2 4 2.5E(-1) 2 4 4 1.3E(-1) 4 6 4 0.5E(-1)

12 0 12 0.5E(-4) 6 2 4 2.3E(-1) 4 4 4 1.2E(-1) 6 6 4 0.5E(-1)

14 0 14 1.1E(-6) 4 2 6 0.9E(-1) 6 4 4 IR R 6 4 0.4E(-1)

16 0 16 2.0E(-8) 6 2 6 0.8E(-1}) 8 4 4 1.OE(-1) 10 6 4 0.4E(-1)

18| 018 | 04E(16) | 8] 2| 6| 07EC1) | 2) 4| 6] ose¢yy| 0| 6] 6| 15E(-2)

HEE R Ry, BRI RS! Rir i, L |12 Rty R LT
81 8] O G4E(-1) [10 [ 10| 0| OQE(-2) | 12 [ 12 ] 0] 226(3) 14114 0 17E(CH)
6 8 2 0.4E(-1) 8 10 2 0.TE(-2) 10 12 2 2.1L(-3) 12 14 2 1 4E(- 5)
8 8 2 24E(-2) 10 10 2 6.1E(-3) 12 12 2 2.0E(-3) 14 14 2 1.2E(-5)

10 8 2 2.0E(-2) 12 10 2 5.4E(-3) 14 12 2 1.5E(-3) 16 14 2 0.9E(-6)

4 8 4 1.2E(-2) 6 10 4 3.8E(-3) 8 12 4 LIE(-3} 10 14 4 | O.8E(- 6)
6 8 4 1.2E(-2) 8 10 4 3.4E(-3) 10 12 4 1.0E(-3) 12 i4 4 | 0.6E(- 6)
8 8 4 1.1E(-2) 10 10 4 3.3E(-3) 12 12 4 0.9E(-3) 14 14 4 0.6E(-6)

10 8 4 1.0E(-2) 12 10 4 1.0E(-3) 14 12 4 G.7E(-3) 16 14 4 0.5E(-6)

121 8| 4 08E(-2) {14 | 10| 4| 08E(-3) | 16 | 12| 4| 05E(-3) | 18] 14| 4| 0.2E(-6)

L 2] 8] 6| 04E(-2) | 4 10| 6| 04E(-3) | 6|12 ] 6| 04E(3) | 8] 14| 6| 0.4E(-86)
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