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Abstract
A crucial test for discriminating between the Bohrquttelson model and
the Davydov-Filippov model is proposed; The analysis of the beta transition
186 188 ' '

rates from Re and Re to the K = 2 bands in l86Osland 18805 unfavours the

ésymmetric rotor model. The beta transition rate to the K = 2 state is evaluated

' on basis of the microscopic description of the gamma vibration, which accounts

for the experimental retardation factor'fairly well.

1) - ' ' ' : L
- In a previous paper ) we discussed the equilibrium shape of deformed
' 3)
The essential difference_between the two models is; in particular, concerned
with the so called gamma-vibrational band of K = 2. 'In the BM model.the K = 2

band is regarded as a gamma—vibrational state of an axially. symmetric rotor,

‘whereas in the DF model it is interpreted as a kind of rotational state of an

- asymmetric rotor‘gené}ated by a rotation with'respect to‘theineéresymmetfic
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axis. The DF model explained many expériméntal résults more quantitatively‘thén

the perturbation calculation in the BM model.. However%_recently Faesgsler,

)y

Greiner, and Sheline “; using the method of direct diagonalization of the Namil-

tonian,_haﬁe refined the BM model. This yields more realistic results where the

perturbation approach is not wvalid. For instance,'the ground state rotaticnal

>5)‘

-

bands of deformed nuclei, which were observed in‘(a,xn or (HI,xn) reactions

have been explained quantitatively by this theory as well as by the D modes

It isvimportént,to note that, as far a§ ﬁhe'ground band, the bet?—
vibrational band and the K'; 2 béndvare.cénéernéd; thé matrix elements féle_
“vant to;the bahd mixing; E2 transition rates and energy levél spacings are
almost.the‘same for the.both models despite the essential differgnce ln‘thé
'Hami}ténién, the E2 tranéition opérator.and thé wévelfunctions. In other
wards, the métrix elements and éubsequent quantitieé in the M model‘can be
trénsformedbihto those in the'DF model simply by féplaciﬁé the parameter YOO}
the Zefo—point amplitude of gamma_Vibration,_by the asymmetry parameter v,.

This means that tﬁe'dynamical Variable v can be:fixed at a constant Qélue ¢qual
"to the zefo;point amplitude Y00 és far as such Quaﬁtities gs E2 trénsiﬁidn rates
 and energy level spacings are concerhed. Since any difference between their
predictions is‘ﬁot inherent in the assumption éoncerhing the equilibrium shape,
‘it is eséentially impossible ﬁo distinguish betweén these models ontthe'basis

1)

of such quantities. However, it was emphasized in the paper that the both

models exhibit quite different features for higher band schemes as a consequence

of the essential difference. The comparison of experimental‘information about

the K = L band favored the BM model over the DF model. A similar discussion

was also made by Faessler, Greiner, and Sheline in a more gquantitative way+).v

™

-
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The present note 1is concerned with.an additionél Qay 1o diétinguish
between thése_models frqm beta decays. This is more crucial and straight-
forwafd than any other test, because it is based on the diScriminatiqn of . the
wavefunction of the K = 2 band itself.

We represent in general the wavefunctions of the ground, the first and

'thé'second 2+ states of even nuclei as follows:

‘ 1 0
[04) = |75 Do ¥
) 8
s e 1 o 3
2+> —— (D" ¥ ) £ — {D |W Yo D [~\}] 5
j87r \/l+€2 mO' -0 \/_ 27

' 1 1 2 2 2 .
o0y = [ 25 =D, 1¥,) + 0 L¥s)) - e DY)
N J2 ’ _

- where IYO> and |Y2> are intrinsic wavefunctions associated with the K = O
and K = 2 bands, respectlvely, £ is the band mixing amplitude, approximatoly
given by

Wz 2 1
£ = — » P = E( 2+)/E( 2+) 3

2p Jp

and |W§)» stands for the time reversed state of \W2>; ‘In the BM model, fWO}
and |W2> refer to the nv =0 and 1 wvibrational modes,irespectiwely. In
th;s case, it is expected that the beta transition trom the K = L.parent slute
to the K = 2 gﬁhd may be fairly retarded compared with the beta transition o
the ground band; because the former transition involves a change in nY (Any
Similar phenomena are well known for spherical nuc]eiY), where the beta transi-

tion from a parent nucleus of 1+ spin to thc first 2+ state ig retarded. On the
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other hand, in the framework of the DF model the K = 2 band is of the same

intrinsic state as the ground state band, that is [W2> = [¥5), 50 that the

. %

relétive decay rates depend simpiy on the geometrical factors (the Clebschf

8)
9)

Gordan coefficients) Previouély analyses of betsa transitions were attempted ' v

10)

in this way by Davydov and by Sakai .

Now we deal with the beta transitions from 1- states of odd—bdd:nuclej,
in_which case the beta-deééy operator G, with A = 1, &K = 1, yes, is involved.

p
l86Re and 188Re, which lie in the region

There are two such examples, namely,
Where'the Dayvdov-Filippov model is known to be successful. ‘The experimental
datall) are summarized invfable l,'and the relevant decay scheme is illustrated

in fig,‘l.

The general form of the parent state is

-
1
J2

v - _ N D) A [P
3 1 1 1 Y (I
1-) = [=5 (D 1@ - D lE5)) + D —————]

m N Jirm2

f
Is
2 H

where I@l) and |®,) are intrinsic wavefunctions associated with K = 1 and
K = O,‘respectiVely, and 1 ,ié the mixing amplitude of the K = O‘component.
It will be shown below that N 1is very small, as expected for the deformed
.region. |

The ratio of the ft values for decays to the gfound and the first 2+

states becomes '

fl_.v,' )2 . . . .

£t(1- s Te+)  [q'(1100]00) + (111-1]00)l2 . |
= 1< = 2.0 X(l+2n' ,

TE(1- = 0+) 17{110020) + (111-120))]

where
(Yo llGglley)
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is the effective mixing rétio’contributing to these transitions. In the above
expression the effect of the admixture of the K = 2 state is negleéted.
Since the experimental values are close to'E.O, we obtain 1' = 0. (See

column 5'of’tabie 2.) There is another solution, n' =~ -2, which infers the pre-

- sence of a very‘large admixture of a K = O- state. The'Nilsson conflguration of

{5/2+[402Jp, 5/2—[512]h}K:l_ is given to both.186Re and l88Re from the consid-
eration of neighboring odd nuclei. A possible configuration with K = O0- may be
{3/2+[402]p,’5/2—[512]n}K:o_, which has a Coriolis matrix element connecting

this with the pfimary state. However, n' =~ -2 is larger than expected from

“theoretical consideration, unless the energy difference between these two config-

leR‘

urations is extremely small. As a matter of fact; the first three levels of €,

1- at O keV, 2- at 63.6 keV, and 3- at 156.0 keV, which were observed by Burson

13)

, clearly constitute a guite regular rotational

186

et al.lg) and by Takahashi et al.
band of K = 1-. The magnetic moments of Re and 188Re which were recently de-

termined by Armstrong and Marruslu), also support the {5/2+[402]p,.3/2—[512?n1K_l_

‘configuration.‘ Therefore we will prefér n' = 0 in the fbllowing discussion.

The ratio of the ft values for the first and second 2+ states is

I*

t(1- —922+)’"rfé<111-1[26>w+ E r<1111122>
T =

£t (1- e4) =W2 g (111-1]20) + T(111122) |
:’(0.577 rerT|?
\-o5TTEAT
where  (¥,llegliey)

I = .
v ZTO G5 ®15 

The quantity T° means the intrinsic retardation amplitude of the K =2 band

compared with that of the ground-state band.



-prediction. The values of T' that fit the experimental data are presentedﬂjn

phase approximation.

[P
Y

In fig. 2 is shown the relation between the £t value ratio and thé‘

~energy ratio p with parameter T'.. As mentioned before, the DF model réduirés

' = 1. Apparently, the expérimentél values reveal great deviation from the DF ‘V.

columy 4 of table 2.
In the following we will attempt a rough estimate of ' on the basis of
the microscopic description of the gamma-vibrational state. We express the

intrinsic wavefunctions using the Bogoliubov-Valatin transformation as follows:

@) =o' £

¥

) = &7 [75(£)) = 5 e atat [#o(£))

o) ; X
1,371371 79

’wherevfjj, partial amplitude of a two-quasi particle component (i,J) in the gamma~'

vibrational state, is calculated by solving the dispersion equations in the random

Then T" is approximately given by

PXOCNES >f* . U. (f)U (£) + (F la, |3 0F. . V. (£)V. (£)
[~ 2 1% fodp 9p Ty ) p'BlJn. fodn Tp _ ’n
(fp',GB]fn)Vf (£)u, (£)

Thereiare threé*beta‘decayaoperators'responsible for these transitions:

[@x ¥, [F, and [@ . If we use the relation : c

[ = vy [T |
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according to Bogdanl5), we obtain

fgr the.186Ref~5186Os decéy.' Although this value is still.tbo large and dén
’ bendent on manybassumptions involved in the calculation, this estimate shows
that the retardafion factor is accounted for qualitatively by the microscopic
.description ofvthe éamma vibfafion. |

As a conclusion, we.can say that the asymmetric-rotor ﬁddel fails in
explaining the beta'decays to thé K=2 stafe. In otﬁer wOrds,Ithé experiments
 éhow‘thatVthe K =2 state shoqld bé intrinsically'different from the gr§und‘
staté, which contrédicts with the basic idea of7thé'asymmetric~rotor model. On
the other hahd; our tentative calculation baged on'the:miCroséopic description

of thefgamma—vibrational Staﬁé accounted for. the retardation factorff fairly well.

The authorS'woﬁld like to express their gratitude to Drs. T. Udagawa,

G. L. Struble and Prof. J. O. Rasmussen for the helpful discussions.'
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Table 1
. Experimental data on the beta.tranéitions from odd-odd 1- nuclei
‘ in the deformed region taken from ref. 11)

Parentvnﬁcieus Daughter nucleus Level energy (keV) '10g 1"t
lg+ ‘f22+ v o+ 12+ Eu+
186 186 ' : ) -
. S : 76 7o 8. O
YDRelll .760 110 137 768 (¢ 8.0 0
1.863 - 1-88 T W QO s Bl
75Rell3 76OsllE 155 633 S B P 1oh

[

b
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Table 2 _
Results of the analyses

UCRL-166%6

Parent nucleus Daughter nucleus _ ' I
1¢ "— ‘ ) ’: . . . -
leRe lb()Os ) _ -0.03 0.21 or -0..LG
188 188 | 8 . v
Re “0s -0.08 0.%1 or -0.1h
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Figure: Captions

l86Re and 188Re.

Fig. 1. The partial decay schemé of
Fig. 2. The ratio fFt(l m>22)/ft(l —>12) is illustrated versus the ratio
1 . .
E(?2+)/E( 24) for various values of I'. The experimental values are also

presented. The " = 1 curve corresponds to the prediction of the asymmetric

rotor model.
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186,188,

12+

O+

186,18805

- MUB-10439
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