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Abstract

The calculations of the even-even nuclei energies and the probabilifies of the
dg -~transitions in even and odd nuclei carried out on the basis of the superfluid
nuclear model in the regions 154¢ A <188 and 225< A £255 have been summed up., The
properties of the ground- and excited states of strongly deformed nuclei have been
investigated which follow from the superfluid model of the nucleus, Experiments have
been suggested with the indication of the most favourable cases of finding three -~
or four-quasi-particle states being populated for appropriate dﬁ-— decays. An atten—
tion has been paid to the neoessity of the experimental finding of all levels of the
even-even nuclei given by the model, It is shown that the experimental determination of
the degree of the F-forbiddenness of the A - decays will poipnt out how the residual
forces which are not taken into account in the superfluid model affect the properties of
the ground—- and excited states, All the even strongly deformed nuclei have been analysed
and the cases have been pointed out which are the most favourable from the poilnt of view

of the determination of the degree of the F-forbiddenmess for the Jﬁ -~ transitions.

AHHOTamHKU 4

[Monpenensl HTOrE pacueToB 9HEpPrHA HETHO-HETHLIX sdep M BepoaTHocTelh B -nepexo-
OB B YETHBIX U HEYeTHHIX dapax B obmacTax 154 € A < 188 w 225 < A £ 255, np'oBeueH-
HbIX Ha OCHOBe CBepxTeky4deH Moaenw aapa. PaccMoTpeHb cBoHcTBa OCHOBHBIX H BOABYXaeH—
HBIX COCTOSIHHA CUIbHOAE(OPMUPOBAHHLIX fi/1€p, KOTOpHIE CNeAYWT H3 CBepXTeKydeH MO gemu.
[Mpennoxensl onbiTH C yKasaHWeM Haubonee GNaronpHATHLIX CIy4deB O HAXOK ACHUIO Tpex u
YeThlpeXKkBa3HYaCTHYHBLIX COCTOSHHN, 3ACeNfIIHX NPH COOTBETCTBYOLLHX B ~pacnanax, O6-
pailleso BHHMAaHHEe H& HeOBXOOHMOCTb ONBITHON NpPBEPXH BCeH COBOKYNHOCTH ypOBHEH 4eTHO—
HeTHBIX faep, AaBaeMbiX Moaennio. [lokazaHo, ¥ToO skCnepHMeHTanNpbHOE OMpeelleHHE CTemeHH

F  sanpeuwennocTd B -pacnamoB yka’keT Ha TO BIHSHHe, KOTOpOEe OKa3blBalT HeyuYTeH-
Hble B CBEpXTeKy4ed MO enn OCTATOYHBI2 CH/bl H& CBONCTBA OCHOBHLIX M BO3GY X [EHHBIX COGCTO~

anuit. [1poaHaiHanpoBanbl Bce weTHble CHALHOAEdOPM UPOBAaHH bIE fliapa H yKka3aHbl ClHy4a8d Hau—

Gonee GnaronprATHBIE C TOYKH 3PEeHA onpenenckus cTenenr F  sanpera aas B  -nepexo-

OOB.



I. Introduction

The investigations 2 of the properties of the ground - aﬁd some excilted states of
strongly deformed nuolei carries out on the basis of the superfluid nuclear model 1
are rather fruitful., This model based on the model of independent particles takes into
account the short range part of the residual nucleon-nucleon forces in a2 nucleus, In the
framework of the model we have calculated the energies of the two—quaéi—particle levels
of even-even nuclel and the values of 4@? (fé)z for the beta-transitions in the even

34,5 6 . All the parameters

and odd nuclei in the region 154< 4 <4188 and 225<£ A 4255
used in the oaloulations are determined from the experimental data on the single-particle
levels of the odd nuclei and the pairing energies whioh are found from the differences
of the nuclear masses. We note that in calculating the characteristics of the even-even
nuolei no use is made of any new parameter since all parameters have been determined in
investigating odd nuclei. Therefore, an investigation of the even-even nuclei is espeolal-
ly valuable from the point of view of the check of the correctness of the basis founda-
tions of the superfluid nuclear model.

We count the number of parameters used in calculating nuclear properties in the region
1544 A 4188 and 225 <A £255. As single~particle levels of the average field we take the

7 . For determination‘of those single-—particle

correoted levels of the Nilsson'é soheme
levels twenty parameters have been used which characterize both the Nilsson’s scheme and
the alterations in this scheme. From the comparison of the calculated values of the

vairing energies with thé experimentad data it has been found 6,8

that the pairing
int G G ¢/
nteraotion constants of the neutron » and the proton 'z Systems change as A

and thelr values are in both reglons of strongly deformed nuolei

26

G,= A Mev
. 29

Gy =x Mev.
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The twenty-two parameters are used in all calculations which have been found on the ba-
sis of 58 wvalues of the pairing energies and of 205 data on the ground - and excited
states of the odd nuolei. Thus, the twenty-two free parameters are fixed so as to discri-
be roughly 263 experimental data on the single-particle levels of odd nuolei and on the

palring energies.



The values of the pairing interaction constants (1) are got in summing cver 36
levels of the average fileld in the basic equations of the model. The investigations 6,8
have shown that the superfluid properties of the system are independent of a cutoff if
it is made‘at energies h%her than (3-5) MeV both higher and lower than the K-state. In
restricting the summation there is no necessity at all to introduce a cutoff constant
into basic equations of the model since the pairing interaction constant C; seems as
though it would be renormalized with account of this cutoff.

The difference of the energies of the two-yuasi-particle excited- and ground states
is calculated with an error of the order of 10%., In most unfavourable cases the error
does not exceed 20%., The error is first due to the uncertainties in the details of the
average fleld and to the fluctuation in these single-particle levels in passing from one
nucleus to another, and, secondly, it 15 due to an inaccuracy of the mathematical method
used. The use of the experimental data on the single-particle levels of the odd - A nuc-
lei has led one to smaller error related to the behaviour of the average field levels,
However, purposely, ( in order to clear up the correctmess of the basic foundations of
the superfluid model of the nucleus without introducing a large number of parameters)
the fluctuations of the single-particle levels of the average field were not taken into
account in passing from one nucleus to another. The accuracy of the calculations can
therefore be somewhat improved if to each even-even nucleus there will correspond an
approximate set of the single-particle levels, The single~particle levels of the neigh-
bouring odd nuclei calculated according to these sets will describe well corresponding
experimental data., The comparison of the results of calculation with experiment shows
that their accuracy 1s to a greater extent restricted by the fluctuation of the avera-
ge field.

It 1s very difficult to appreciate strictly the accuracy of the approximate method.
Rough estimations show that the errors should not exceed 10%. An accuracy of the method

has been investigated in S

on the basis of the model in which the superconductive-
type interaction of six particles situated on five single-~partiole levels has been
considered. The comparison of the exact solution of the model with the approximate ones
shows that in accordance with the superfluid nuclear model the calculations yield just
the same sequence of the energy levels as the exact solution. These calculations, on
the whole, agree better with the exact solution than the oalculations based on a

10,11 « Since the calculations made

original formulation of the pairing correlations
yield a correct sequence of the energy levels and are based on the experimental data

on the pairing energies then the accuracy of the method 1s believed to be effectively
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Z is the statistical factor) instead of {bj)eﬁe , as in . This systematiza-

tion is of the form:

4,0 < bog[fteky] < 4,7 aw

5,5<toglrleR)T< 6,5 ah
(2
55< g [fteRry] <65  Fu .
The distributlon of the values qf Zg[ﬂe /?Z] for the whole experimental data
on ﬁ ~ decays of odd nuclei given in Figs. 1la) and 2b), shows that the systema-
tization (2) is executable. From Fig. la) it is seen that there are two groups of
allowed transitions au and ah . The clear separation between them testifies
the fact that the selection rules dbased on the asymptotic quantum numbers are exeou-
table Figs, 2a) and 2b) give histograms for the first forbidden unhindered JS -
transitions. From these hystograms it can be seen that in passing form the &j,ﬁée
to the faj[f& 'fz_] classification the regions of the values of the latter become
narrower compared to the first ones and move on the side of smaller values, Comparing
these hystograms we see what an important role play the superfluid corrections to the
/3 - transition probabilities., Note all the three values of foj[ﬂe R9pJ=~72
(Fig.2b) are referred to the transitions between states ®™ 402 f and 512* 8 and a
number of B - transitions in the transuranic region with @[}fﬁe fz] £ 56
is badly determined experimentally., The dispersion of values of @[/{e £2]
are due both to the fluctuation in the average field levels and the inacouracy of
experimental data. The probabilities of the hindered 3 - transitions ( ah and 1lh)

are more sensitive to the fluctuations in the average field compared to unhindered ones.

»
To determine the average field states we have used notations based on the

asymptotic quantum numbers: /V’ the total number of no-

des in the wave function /Zz the number of nodal planes perpendicular to the
symmetry axis, N the oomponent of the particles orbital angular momentum

along the symmetry axis and Z 18 the projeotion of the nuoleon spin on this
axis, /(.-: /\_"_‘ z ’ V/a 18 the parity; the state is characterized as

kﬁ'[/v/zz/\] or  NnyzA 4 provided K=A+X and N, A}
provided K=A _Z' .

ﬁ'a‘)o =4"/,4‘4/2Mev,






corresponding J3 — transition and in tke eighth column is given the energy C?
Tor ¢3 ~ transitions to the ground states,

161

The B - decay Eri®l —e— Ho1®1 where the @u treonsition with by (L), - i,

1s possible according to our calculations is very favourible for finding levels of the

type (2n,p). I¢ is quite possible that the states in Hol61 with the energies 1,700 MeV

13

and 1,830 MeV discovered in should be three-quasi-particle states with Afﬁ'ig-) 25_

The analysis of the data given in Table 1 shows that the three-quasi-particle
states lead in a number of cases to other interpretatior of the levels 7/2 - and

9/2- in the region (1 = 1.5) MeV which have been detected in several nuclei 14 o« In

Wlsl, Hfl77 and Hf175 the assignment of the levels 7/Z- and 9/2- as the single-
-quasi- particle states 7/2- [ 503] and 9/2- [505] does not give rise to doubt

169 p 169

while in Yb such a treatment seems to be unlikely. In Y must be observed the

three—quasi-particle states 9/2- and 7/2- with the energy of the order of (1,5-1.6) MeV

169 o« Therefore, i1t 1s more correctly to treat

and with the 1lu Je - transitioms from Lu
the states 7/2 with the energy 1.465 MeV and 9/2— with the energy 1.452 im Yb1®7  as
three-quasi-particle ones, since for the treatment them as 7/2-[:503] ana 9/2-[F502]
the energy values found experimentally are very low.

From Table 1 it i1s seen that there is a number of favourable possibilities for the
experimental detection of the three-quasi-particle states of the type (2n,p) and (2p,n)
One of the most suitable criteria of finding these levels may be allowed unhindered
(au) ‘13 - transitions to these levels in those cases when there are no such tran-
sitions to single-—quasi-particle levels, In Table I we give, as an example, a number of

/3 -~ decays to the levels (2p,n) and (2n,p) 1in order to draw the experimenter's
attention to these decays. The existence of the levels (2p,n) 2nd (2n,p) follows imme-
diatly from the superfluid nuclear model and their absance would at least be strangs.

An investigation of very high excited states of cdd nuclei 1s of great interest
from the point of view of the clearing up: up to what excitation energies the single-
three—~, five - and so on quasi-particle aspect of the odd-nuclel excited states is
conserved.

The single particle levels of the odd nuolei give information on the average -
-field energy levels which are necessary for calculating energies of the even-even
nuclei, for analysing the probabilities of Jﬂ transltions etc. H.periments orn finding
these levels are therefore of especially great interest. 30, for example, an analysis

154 156 153 158

of the two-quasi-particle levels in G4 sy Gd y Ga y Dy and in others ius very

difficult because of unknown poslitions of the levels in the neutron system with N=89-95,
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-particles over the average field levels are somewhat higher. At excitatlon energies
higher than 3 MeV the density of the even-even nuclear levels increase strongly owing
to the four-quasi-particle states,

The superfluld properties of the four-quasi-particle states (2n, ZP) are close
to those of the corresponding two—quasl-particle states. These states should be well
filled in the A - decays. As an example, we give in Table 3 a number of possible

beta transitions to the states. (2n,2p). The estimations of the energles of these

states are given without account of the quasi-partiole interaction which can lead to the
lowering of some levels. From Table 3 it can be seen that in a number of cases ( especia-
1ly, if this lowering will be large) such states can be found experimentally in the
appropriate Jﬂ - transition. The four- quasi-partiocle levels of both types must be
observable in all even-even strongly—-deformed nuclei.

Among higher excited states of even—even nuclei there must be six-and more-
quasi-particle states although it 1s not clear up to what energles such a treatment of
the excited states will be remalned true in its general features, It is possible that
the neutron-speotroscopic experiments can answer this question. Thus, an observation
of the )” - spectra of various shapes or varlous forblddennesses in transitions
to low-laying states from high excited states with identical spins and very close ener—
gles would testify a different intermal structure of these strongly excited states.

In conclusion we note that the most important experiments dealing with the clea-
ring up of the properties of the ground- and excited states of strongly deformed nuclei
are, first, the experiments on the determination of the degree of the F-~forbiddenness
in the Uﬂ - decays and, secondly, the discovering of the three— and four- quasi-—

particle exoited states.
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Fig. 2
Iu beta transitions

a), b) are the odd nuclei, c) are the even nuclei
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