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A b s t r a c t 

The calculations of the even-even nuclei energies and the probabilities of t he 

uB -transitions in even and odd nuclei carried out on the basis of the superfluid 

nuc l ear model in the regions 154 ~A ,t, 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. Experiment s have 

been suggested with the indication of the most favourable cases of finding three -

ll 

or four-quasi-particle states being populated for appropriate .J3 - decays. An atten-

tion has been pa id to the necessity of the experimental finding of all levels of the 

even-even nuclei given by tne model. It is shown that the experimental determination of 

the degree of the F-forbiddenness of the J5 - decays will poipt out how the re sidual 

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 point of view 

of the determination of the degree of the F-forbiddenness for the ~ - transitions. 

AHH O T 8UHS! 
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I. Introduction 

2 The investigations of the properties of the ground - and s ome excited stat es of 

strongly deformed nuclei carries out on the basis of the superfluid nuclear mod el 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 f orces in u nucleus. In the 

framework of the model we have calculated the energies of the two-qua si-particle level s 

of even-even nuclei and the values of -log (fi )'l. 
and odd nuclei in the region 154~ A i: 188 3

t
4

t
5 

for the beta-transitions in the even 

and 225 i: A~ 255 6 • All t he par ameters 

used in the calculations are determined from the experimental data on the s ingle-particle 

levels of the odd nuclei and the pairing energies which are found from the differences 

of the nuclear masses. We note that in calculating the characteris tics of the even-even 

nuclei no use is made of any new parameter s ince all parameters have been determined in 

investigating odd nuclei. Therefore, an investigation of the even-even nuclei· is especial

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 

154.!: A ~188 and 225 ~A "-255. As single-particle levels of the average field we take the 

corrected levels of the Nilsson's scheme 7 • For determination ' of those single-pa rticle 

levels twenty parameters have been used which characterize both the Nilsson's scheme a nd 

the alterations in this scheme. From t he compari s on of the ca lculated values of the 

pairing energies with the experimenta1 da t a it ha s been found 6 ' 8 tha t the pairing 

interaction constants of the neutron B,y and the proton Gz systems change as ~ 
and their values are in both regions of strongly deformed nuclei 

26 
G-N A 'Hev 

' 
G . 29 

Mev. =--
2 A (1) 

The twenty-two parameters are used in all calculations which have been found on the ba

sis of 58 values of the pairing energies and of 205 data on the ground - and excited 

states of the odd nuclei. Thus, the twenty-two free parameters are fixed so as to discri

be roughly 26J experimental data on the single-particle levels of odd nuclei and on the 

pairing energies. 
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The va lues of the pairing intera ct i on constants (1) are got in summing over J6 

levels of the average f i eld in the basic equations of the model. The investigations 6 ' 8 

have shown tha t the superfluid properties of the system are independent of a cutoff if . ~ 

it is made at energie s l1gher than (J-5) MeV both higher a nd lower than the K-s tate. In 

restricting the summation there is no necessity ~t all to introduce a cut off consta nt 

into basic equations of the model s ince the pairing interaction constant ~ 

though it would be renormalized with account of this cutoff. 

seems as 

The difference of the energie s of the two-quasi-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 field and to the fluctuation in these single-particle levels in passing from one 

nucleus to another, and, secondly, it i s due to an inaccuracy of the mathematica l method 

used. The use of the experimental da ta 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 . 

I!owever, purposely, ( in order to clea r up the correctness 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 correepond an 

appr oximate 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 

experimenta l da t a . The comparison of the results of calculation with experiment shows 

that their accuracy is to a greater extent restricted by the fluctuation of the avera-

ge field. 

It is very difficult to apprecia te strictly the accuracy of the approxima te method. 

Rough estimat ions sh ow tha t the errors should not exceed 10%. An accuracy of the method 

has been investiga ted in 9 on the basis of the model in which the superconductive

t ype interaction of six particles situated on five single-particle :evels has been 

considered. The comparison of the exact solution of the model with the approximate ones 

shows that in accorda nce 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, a gree better with the exa ct solution than the calculations based on a 

original formulation of the pairing correlations lO,ll • Since the calculations made 

yield a correct sequence of the energy levels and are based on the experimental data 

on the pairing energies then the ac curacy of the method is believed to be effectively 
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improved. The investigation of the above- mentioned model proves this fact. Thus, in 

the approximate method ( compared to the exa ct one) the errors in the energy differences 

decreases by a factor of two if the calculations carried out for ona and the same value 

of the pairing energy in comparison with the errors in the calculations carried out for 

one and the same value of the pairing interaction constant ~ 

The investigations carried out in J-5, 8 have shown that the superfluid nuclear 

model describes correctly the pr operties of the ground- and some excited states of 

strongly deformed nuclei and can be a good basis for further investigations. 

In the present paper besides the investigations summed up above we consider what 

consequences follow from the superfluid nuclear model which concern the properties of 

the ground- and exited states of strongly deformed nuclei and what experiments are to 

be made to check them. Experiment s are suggested which allow one to appreciate the in

fluence upon the properties of the ground- and excited states of those residual for

ces which are not taken into account in the superfluid model of the nucleus. 

In the present paper we shall not deal with interactions which lead to collective 

effects, especially important for the states 2+, 0+, 0- and we shall not takes into 

account the connection with rotational sta~es. Although these effects are essential in 

some cases however they do not change noticeably the strongly-deformed nuclear properties 

under consideration. Furthermore, our investigations may give additional information, 

namely, in what ca ses the account of these effects is necessary. 

2. The nature of the ground- a nd excited states of the odd nuclei 

The superfluid nuclea r model yield s a single-quasi-particle aspect of the ground

and some excited state s and a three- qua si-pa rticle as pect for a number of higher excited 

s tates. ~he analysis of the experimental data on the levels of the odd strongly-deformed 

nuclei carried out by Mottelson and Nilsson 12 has shown that the spins and the pari

ties of these states are unambiguously comparable with the corresponding characte

ristics of the Nilsson's scheme and the values of lh:J fte for ..J3 - transitions 

are cla ssified according to the selection rules based on the asymptotic quantum numbers. 

From this analysis follows the single-qua si-particle a spect of the ground- and low

excited states of the odd nuclei. 

As mentioned in J the pair ing correla tions of a superconductive type affect 

essentially the probabilities of the JS 
tization of the values of eo!Lfi ~ 2 J 

decays and lead one to a necessary systema-

( is the superfluid correction, 
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p_ 12 2 is the statistical factor) instead of uo~;ete , as in • This syst ema tiza-

tion is of the form: 

It, 0 < to!/ [fie ,f 2] < Lt"' 7 au 

5,5 < to#[ff.e IC2] < 6~5 a h. 
(2) 

5; 5< eoJ [fteR,2J < 6.5 1-u.. 

The distribution of the values of ~Lfie Rg) for the whole experimental data 

on J5 - decays of odd nuclei given in Figs. la) 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 based on the asymptotic quantum numbers are execu

table Figs. 2a) and 2b) give histograms for the first forbidden unhindered uiJ -
transitions. From these hystograms it can be seen that in passing form the ~Gr~ie 

to the i'~["~~ ;e 'l] 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 

.fi -transition probabilities. Note all the three values of &j[l~tell?.J~ 1.2 
(Fig.2b) are referred to the transitions between states • 402 # and 512 f 8 and a 

number of ,j3 - transitions in the transuranic region with l1J [fie li! 2 J ~ ~6 
is badly determined experimentally. The dispersion of values of ~L'j?tellz_l 

are due both to the fluctuation in the average field levels and the inaccuracy of 

experimental data. The probabilities of the hindered ~ - transitions ( ah and lh) 

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: AI the total number of no, 
des in the wave function /7,2. the number of nodal planes perpendicular to the 

symmetry axis, t1 the compon~nt of the particles orbital angular momentum 

along the symmetry axis and ~ is the projection of the nucleon spin on this 

7T is the parity; the state is characterized as axis, K= !\! L 
kli [ Yn21\] or Nn.~ 1\ I provided K=A+L:. and N _.~z.:t 1\ t 

K=A-L. provided 
.) 

~ 0 - ~ 
n.wo : 41 f/ Mev. 
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As far a s the basic assumptions of the superfluid nuclea r model are true 

there should a ppea r the three- quasi-particle levels in the odd nuclei. The three

quasi-particle sta tes must be of the two type s : t he first type (Jn) and (Jp), w~e n 

all t he t hree quasi-particles are either neutron or proton ones, the second type 

(p, 2n) and (n, 2p) when one quasi- particle is proton and two quasi-~rticles a re 

neutron ones or, on the contra ry, two quasi-particles are proton and one quasi-

particle is neutron one. 

The three quasi-parti cl e s t a tes such a s (Jn) and (Jp) must be at energies 2 MeV 

and higher, only in Dy161 the s t a tes such as (Jn) ma y be at energies of the order 

of 1 MeV. The JS - transitions from the ground states of the even system of a 

parent nucleus to the s t a tes (Jn) a nd (Jp) are F-forbidden a nd it is r a ther difficult 

to detect them i n t he JS - transitions . Experimenta lly such states ca n be found 

either by the Coulomb excita tion method or by s tudying ~ - spectra in the transi-

tions from high exci t ed sta tes, a s in 15 • A detection of the states of such a type 

and a de termi nat ion of the degree of the F-forbiddenness for ~ - transitions imposed 

upon them is of very great interest from the point of view of the cons idered model. 

The three-quasi-particle states of the type (p, 2n) and (n, 2p) must be well 

filled in the ~ - decays. Once we digress from the interaction of three quasi-

particles between them then the probabilitie s of transitionsm these states 

a re the same a s for tra nsitions to the excited sta tes of even-even nuclei. Let us look 

in what nuclei it is earsiest to detect experimentally the levels of such a type. Sinoe 

the lowe s t s t a te s ( 2n, p) a nd (2p,n) are in the region (1-2) MeV then it i s necessary 

tha t the energy G( relea sed in the J6 - tra nsitions to the ground state would 

be sufficiently high a nd the JS - transitions themselves to these sta te s would be 

not strongly hindered i.e. of the kind au, ah and lu so as they could be found at a 

low decay energy. Table 1 gives the ~ - transitions to the states ( 2n,p) a nd ( 2p,n) 

which sa tisfy these requirements. In the second column of the table we give the 

confi ~urat ion of the state of a parent nucleus, in the fourth one the configuration 

of the three-quasi-particle states of a daughter nucleus. Here n,p denote the 

neutron and proton quasi-particles, K - is the last filled single particle level 

of the average field at G = 0 , K+l is the first particle state, K-l iJ the firs '. 

hole level and so on. The values of e energies of the states ( 2n,p) a nd ( 2p,n ) 

given in the fifth column are roughly calculated without the account of the intera c-

tion between quasi-particles. In the seventh column is given the classif ication of the 
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corresponding ~ - transition and in the eighth column i s given the energy L( 
f or ~ - transitions to the ground s t a te s . 

The fi - decay Er 161 - Ho161 where the a u tr.:,n<; i ti.on with .e:,# {fl.)?. = ~ , 8 

is poss ible according to our calculations is very favour~ble for finding levels of the 

type ( 2n,p). It is quite possible that the states in Ho161 with the energies 1,700 MeV 

a nd 1 1 8)0 MeV discovered in 13 should be three-quasi-particle states with Kii 7J- ~-
., < • 

The analysis of the data given in Table 1 shows tha t the three-quasi-pa rticle 

s t a tes lead in a number of cases to other interpreta tior. of the levels 7/2 - and 

9/2- in the region (1 - 1.5) MeV which have been detected in several nuclei 14 • Jn 

w181 , Hr177 ~nd Hf175 the assignment of the levels 7/2- a nd 9/2- a s the s ingle

-quasi- particle states 7/2- [ 503] and 9/2- [505] does not give rise to doubt 

while in Yb169 such a treatment seems to be unlikely. In Yb 169 must be observed t he 

three-quasi-particle states 9/2- a nd 7/2- with the ener-gy of the order of ( 1. 5-1.6) MeV 

a nd with the lu .f1 - transitions from Lu169 • Therefore, 1t is more correctly t o treat 

the s t a tes 7/2 with the energy 1.465 MeV and 9/2- with the energy 1.452 in Yb169 

three-quasi-particle ones, since for the treatment them a s 7/2-[50J]and 9/ 2-[505] 

t he energy va lues found experimentally are very low. 

as 

From Table 1 it is seen that there is a number of favourable pos sibilities for the 

experimental detection of the three-quasi-particle state s of the type ( 2n,p) and ( 2p,n) 

One of the most suitable criteria of finding these levels may be allowed unhindered 

( a u) v8 - transitions to these levels in those cases when there are no such tra n

s itions to single-quasi-particle levels. In Table I we give, as a n example, a number Jf 

~ -deca ys to the levels (2p,n) and (2n,p) in order to draw the expe rimenter' s 

a ttention to these decays. The existence of the levels ( 2p,n) a nd ( 2n, p) follows imme

di a tly from the superfluid nuclear model a nd their ab ~~nce would at lea s t be str~nge . 

hn investigation of very high excited states of cdd nuclei i s of grea t interest 

f rom t he point of view of the clearing up: up to wha t excitation energies the single

three-, five - and so on quasi-particle aspect of the odd-nuclei excited states is 

conserved. 

The single particle levels of the odd nuclei give inf orma tion on the avera ge -

- field energy levels which a re necessary for calculatinr, energjP.s of t~e Qven-even 

nuclei, f or a na l ys ing the probabilities of .fi tran•~ ition s etc . iLJ;eriments on fi nding 

these levels are therefore of especially great int e1·e :;t . So, f or exampl e , a n a nalys is 

f th t i ti 1 1 1 i Gd l54 Gdl56 G 158 D 158 d . . o e wo-quas -par c e eve s n , , Cl , y .:1-n in otr,en; ~;, 'iery 

difficult because of unknown positions of the leve l ~ in the neutron system with N=89-95. 
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Therefore, it would be very useful to determine '(.!If for the ground s t n t e s of Gct 15 ) ,J. ) r.• 

Dy155 , 157 ' 159 and a lso the spins .and parities of higher excit ed s tat es of sc.155 ' 157 

Dy161 , 163,l65 and Er 163 , 165 which are interesting also from the point of vte>: 

of determination of the difference of energies between the single-pariicle levels 

52) I and 6JJ f. In the transuranum region it would be very important to prove, ba.:J lng 

on data on single-particle levels of odd N nuclei, the exis tence of a subshell f or 

N=l5 2 ; the information about this subshell has been getted from the spontaneous fissior. 

a nd the ci - de~ay. 

J. Two-qua si-particle aspeot of the excited states of the even-even nuclei 

From the superfluid nuclear onodel it follows na tura lly a two-quasi-particle ,. s pect 

of a number of levels of the even-even nuclei, the va lidity of which is proved by 

mea ns of compa ri s on with experimental data given in 5 • The superfluid nuclea r mode l 

is the model of independent quasi-particles. However, in this model one t a kes into 

account the influence of non- paired particles on the superfluid propertie s o~ the sy s

tem which is called a blocking effect. The agreement of the theory with the expe"' i ment 

as far a s the depression of the (K,K+l) state energy below the gap i s concerned p:ive:J 

evidence J, 4 , 8 for the importance of the blocking effect. 

The two-quas i-pa rticle aspect of a number of excited states of even-even nucle i 

is proved by the a na lysis of experimental data on the .JJ - tra nsition .9roba bilit i es 

( see hystograms in Figs.I and 2). From these hystograms it f ollows tha t the regions 

of the values of lfog[lie If 2_J for fi - transitions in even nucle i are approxima t·~ l.r 

the same as in odd nuclei. A larger dispersion of the va lue s of l!ocf [/Le ,e 2) 
• 

is related both to the intera ctions of quasi-particles and the fluctua tions in the 

average field levels which we have not taken into account a nn to a n insufficient 'l. ccu-

racy a nd reliability of the experimental data available. 

The comparison of the ca lculated energy of even-even nuclei with experimen-

tal da ta shows tha t the overwhelming majority of the calculated lowe s t two-q u~s i

particle levels is discovered experimenta lly which are to be popula ted r a pidly for 

appropriate fi - transitions. The task i s to find exper imenta lly a ll level s obt .:-.i-

ned f rom the ca lcula tions ( or, to prove tha t some levels a re a bsent ) . Thu s , we shoula 

go over from the check of the va lidity of the main founda tions of t he model to a n 

investigation of the tota l essembly of the levels of even-even nuclei a nd find d evi~ti

ons from the simple picture given by the superfluid nuclea r model. If t he a ssume d scheme 

of the single- particle levels of the average field is true then the following level & 
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.fi - decays must be observed: the proton level 1+ With 

, which must be populated in the ah fi - decay of the lJ hours 

Re182 with foj (fl}~.= 6.5; the proton level 1- with E ~ l.J MeV in Hf 178 from lu 

J6 - transition of the 9.J minutes Ta178 ; the neutron level 4 - with E ~ 1.7 MeV 

in Yb172 which must be populated in the ah v8 - transition of Lu172 and the pro

ton level 5- with E > 1.4 MeV in Dy160 wh1ch must be populated in the lu fi - decay 

of Ho160• 

In 5 a spin splitting has been found for some states whose energies ( according 

to the Gallagher's rules in the states with antyparallel spins ( ~ =0 ) are somewhat 

lower than those in the states with parallel spins ( ;[ =1). The sp1n splitting follows 

from the quasi-particle interaction. It points out that 1t 1s necessary to introduce in 

the Hamiltonian additional terms. However, the available exper1mental data on the spin 

splitting are very poor and 1t wound be desirable to increase the amount of experimental 

material. For example, two levels 4- should be observed 1n Er168 : the neutron level 

with the energy lower than 1.1 MeV and the prooon one with the energy lower than 1.5 MeV. 

The ~ - decay to these levels from the state J+ of Tm168 is ~ - forb1dden 

and classified as -Ill (lu). 

It 1s very interesting to f1nd those states of even-even nuclei the ~ -decay 

to whioh is F-forbidden. These levels can be observed in the ~ transitions from 

higher exc1ted states. 

Only a part of the residual forces acting between nucleons in a nucleus is taken 

into account ( and besides, approximately) in the ~uperfluid nuclear model. Therefore 

it is interesting to investigate how strongly the residual interactions not taken 

into account affect the propert1es of the ground- and excited states of strongly defor

med nuclei. The investigat1on of the influence of pairing correlations on the vd 

- transition probabilities has shown J, 4 that the wB - transitions belonging to the 

third group ( and named in 5 as F-forbidden) are strictly forbidden in the superfluid 

nuclear model. An experimental aetermination of the degree of F-forbiddenness of the 

fi -transitions is quite important from the point of view of the clearing up of the 

role of the residual forces not taken into account as well as from the point of view of 

clearing up as far as the formulation of the properties of the ground and excited states 

of strongly deformed nuclei following from the superfluid nuclear model is true and 

exact. 

The analysis of experimental data made in 5 has shown that there does not 

exist any strictly fixed F-forbidden ~ - transition. Table 2 gives a number of 

transitions which are most co~venient to determine the degree of the F-forbiddenness. 

J 

w 

s 

t : 

h: 

aJ 

S1 

n 

an 

Ho· 

o.l 

be 

The 

qua 

par~ 

fow 

sho~; 

of t 

the 

be a 

ener! 

quasj 

spins 

highe 

the ( · 

and a 

and a 

2.5 Me 

E .) 

number 

quasi-



ours 

u 

eV 

ro-

decay 

ng 

·hat 

1llows 

:e in 

:pin 

ten tal 

.5 MeV. 

Ldden 

rom 

~en 

ore 

efor-

the 

luid 

he 

the 

ew of 

states 

.d 

38S. 

11 

For example, the ~ - decay of Ta182 J- with the configura tion p 404 # -~510 4 
to the proton state 2- of w182 with the configuration 514 I - 402 4 is F-forbidden. 

The energy of this state which is well populated in the j3 - deoay of lJ hours 

Re182 equal to I.289 MeV is in a good agreement with the calcula ted one E=l.J MeV. 

According to the data available !ocJ fie = 8 .2 for this aF vd - transition. Ho-

wever, the values of the spin of 112 days Ta182 16 the configuration of this 

state and the values of ~~t.e = 8.2 are not quite reliable. If we assume tha t the 

treatment is correct then the F-forbiddenness will lead to the ~ - decay r a te being 

hindered by about a factor of 100. It is difficult to agree such a small hindering with 

all the available experimental data . As a second good example we t ake the lF ~ -tran

sition from the 2+ state of a 7.7 hours Tm166 with the configuration p 411 t -

n 642 f to the neutron state ~- of Er 166 with the configuration 52J t - 6JJ 4 
and the energy E = 1.828 MeV which are determined from the ~ - decay of a 27 hours 

Ho166 • Besides the transitions given in Table 2 a large number of the F-forbidden 

~ - transitions is given in 5 ' 8 too. 

Among the comparatively high excited states of even-even nuclei there must 

be also observed the four- quasi-particle states besides the two-quasi-particle ones. 

There are two types of such states: the first type (4n) and (4p) when all the four 

quasi-particles are proton or neutron ones, the second type ( 2n,2p) when two quasi-

particles are proton ones and two others are neutron ones. The transitions to 

four- qua si-particle states such as (4n) and (4p) are F-forbidden and such states 

should be filled in ~ - transitions from high excited states. Apparently the degree 

of the F-forbiddenness will in this ca se be greater than in the J5 - transitions to 

the two-quasi-particle states. The pairing correlations of a superconductive type will 

be absent in the maj ority of these states. The states (K-l,K,K+l,K+2) have the lowest 

energy. We evaluate this energy without taking into account the interaction between 

quasi-particles. For example, in w182 such a state (4n) has an energy about J MeV, 

spins 10, 9, 7, 6, J, 2, 1, 0 and a nega tive parity, and the state (4p) has an energy 

higher than J MeV, spins 11, 10, 6, 6, 4, J, 2, 1 and a negative parity. In Yb172 

the (4n) state ( K-1, K, K+l, K+2 ) has an energy about 2.5 MeV, spins 10, 9, 5, 4, J, 2 

and a negative parity, and the (4p) state has E ~ 2.8 MeV, spins 12, 11, 5, 4, J, 2 

and a positive parity. In Er 168 the neutron levels of this type must have energy about 

2.5 MeV, spins 9, B, 4, J, 2, I and a negative parity and the proton levels must have 

E > J MeV, spins 10, 9, 7, 6, J, 2, I 0 and a positive parity. The energies of a 

number of these states can be somewha t depressed beca use of the interaction between 

quasi- particles. The four-quasi-particle states with other distributions of quasi-
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-particles over the average field levels are somewhat higher. At excitation energies 

higher than J MeV the density of the even-even nuclear levels increase strongly owing 

to the four-quasi-particle states. 

The superfluid properties of the four-quasi-particle states (2n, 2p) are close 

to those of the corresponding two-quasi-particle states. These states should be well 

filled in the JS - decays. As an example, we give in Table J a number of possible 

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

states are given without account of the quasi-particle interaction which can lead to the 

lowering of some levels. From Table J it can be seen that in a number of cases ( especia

lly, if this lowering will be large) such states can be found experimentally in the 

appropriate J8 - transition. The four- quasi-particle 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 is not clear up to what energies such a treatment of 

the excited states will be remained true in its general features. It is possible tha t 

the neutron-spectroscopic experiments can answer this question. Thus, an observation 

of the ~ - spectra of various shapes or various forbiddennesses in transitions 

to low-laying states from high excited states with identica l spins and very close ener

gies would testify a different internal 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- a nd excited states of strongly deformed nuclei 

are, first, the experiments on the determination of the degree of the F-forbiddenness 

in the ~ - decays and, secondly, the discovering of the three- and four- quasi

particle excited states. 

References 

1. B,f,Co~OBDeB. ~. !33, 325 /I960/, !39, 847 /I9GI/. - -
2. B,f.Co~OBDeB, X3T~, 4 0, 655 /!96!/ • 

.lilo IOOaHD, H . 11.IlfiToB, B.r .co~oBDeB, l1.H.Cwnm, B .l1.~~aH, R3~ , 40, I5 03 /I96I/. 

J. B.r.co~oBDeB. l1sBecTRH AH cep.~HsHqecKaH, 25, II98 /I96I/. 

4. B.f.Co~OBDeB. Mat.Fys.Skr.Dan.Vid.Selsk. !• N.ll (1961). 

5. C.Gallagher, V.G.Soloviev Matolys . ::;kr.Dan . Vid .Selsk . ( t o be published ) 

6. T ,Bepem, B.f,C o~OBDeB, T . Illmuroru. ilpenpHHT OV~Il1 

1. S.Nilsson, O.Prior. Mat.Fys.Medd.Dan.Vid.Selsk. ~' N.l6 (1960). 

8. B . f .Co~OBMB, ,I:U1cceprauWI, npenpHHT 0Hfll1 P-BOI /!961/. 
9. A.IlaMm<OBcK.H, B.Pbi6apcKa. IIpenpHHT omvr 

Received by Publishing Depurtment 
on February 25 , 1962. 

Paren1 
nuolet 

93 16 
68Er 

96Tm 16~ 
69 

96Tm 16J 
69 



es 

1ng 

e 

·ll 

. e 

to the 

!spec1a-

1e 

be 

Parent 
nucleus 

nt of 
9) 161 
68Er 

tha t 

:ion 

s 

ener-

s . 

lea-

nuclei 
96Tm 165 

I.Il8 s s 69 

.- 96Tm 163 
69 

I/ . 

ment 

lJ 

10. B.T.CoJIOBb8B. R3T<D , 35 , EQ3 /1958/, 36 , 1869 /1959/, 

Nucl.Phys . 2• 655 (1958/59) . 

ll . C. T.EeJIReB • • Mat . Fys . Medd.Dan.Vi d . Selsk. l!• N.ll (1959) . 

12 . B. Motte l s on, S. Nilss on. Mat . Fys. Skr . Dan. Vi d. Se 1sk. !• N. 8 ( 1959). 

lJ. H. A. Grench, S.B.Burson. Phys . Rev .~, 8Jl (1961) . 

14. B. Har matz, T. H.Hand1ey, J.W.Mihelich. Phys . Rev.!!2, 1J 45 ( 1960) . 

15. n.B . TporneB , A . M.]SMH~OB H ~. Ahll , 141 , 59 /1961/. 

16. A. W. SUAYar, P.Axe1. Phys .Rev.~, 1158 (1961) • 

Table 1 

Three-quasi-par ticle states (2n, p) and (2p,n) 

Stat e Daughter 
Three-quasi-particle ~ k TT nucleus 

state Hev 
Class . 

.fo -decay 
--- - -

n 521 + 94 Ho 161 n521tK, n52Jf K+ 2, p52Jf K 1. 6-1. 7 15/2-
67 

9/2- 21\ (au ) 
5/2- a u 4. 8 
1/2- au 4 . 8 

n52lf K, n642f K+l , p52 J f K - 1.5 15/2+9/2+ 
5/2 + 1h 
1/2+ 1h 

n52 l f K, n52l f K, p41l fK+1 -1.8-2 . 0 1/ 2+ lu 
n521 K, n6.42 K+l, p411 K+1 -1.8-2 . 0 9/2- 2 1\ (ah) 

1/ 2- 2 1\ (ah ) 
)/2- a /\ (ah) 
1/2- ah 

p 411 ~ 97Er 165 p411fK+1, p52J fK , n5 2JfK -l. J lJ/2+11/2 
68 

J/2+ au 
l/2+ au 

p 411 95Er 16J p411 fKt-1, p52JJK, n52J t K+1 ~r.J lJ/2+11/2 
68 

J/2+ a u 
1/2+ a u 

p 52 ) l p52 J f K+1, p411f K, n52Jf K - l. J lJ/2+ 1\ 
11/2+ 2 

Q 
He y 

>2.0 
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)/2+ 2 
1/ 2+ 1\ 

98 Lu169 p 404 ~ 
99 169 

p404f K+1, p52Jf K-1 , n6JJf K 70Yb - 2 7/2- 'l.u 1.970 
7l 21/2-

p404 ~ K+1 , p411 t K, n5 21f K+1 - 1.5-l. 7 9/2~ 1u 
7/2- 1u 
5/2- 1u 

p 514 ' p514f K+1, p411f K, n521 f K+1 - 1.5-1.7 ll/ 2+ 1u 
9/ 2+ 1u 
7/2+ 1u 

100Ta17J p 404 t 10jJu17 J p404tK+1, p411 i K, n5 21f K "' l. 7 9/ 2- 1u 2 .800 
7) 72 7/2- 1u l 

5/2- 1u 
p4 04J K+1, p514! K, n514f K+ 2 l. 5-2.2 2)/2+ 

9/2+ au 
5/2+ a t\ (au) 

102Ta175 p 404 ' 10)Hfl75 p404~K+1, p402 !K+2 , n5l2 4 .K "' 1.9 17/2- 1 . 8)0 
7) 72 7/2- 1u 

)/2- 1•11 U "-) 
p404 ~ K+l, p514 t K, n514yK+1 1.4- 1.8 2)/2+ 

9/2+ au 
5/2+ au 

104Ta177 p 404 t 105Hf177 p404t K+1, p514! K, n514 + K l.0-1. 2 2)/2+ 1.160 
7) 72 9/2+ au 

I Pare 
')/2+ au nuc1 

104Re 179 p 402 ~ 105w179 p 402 ~ K+1, p514h , n514 f K "" l.) 21/ 2+11/) 2 . 615 l l07!!e 
75 74 

7/2+ au 75 
)/2+ a I\ (au ) 

p 4024K+1, p404fK-1 , n514f K 1.4- 1.7 21/2-
9/2- 1"1'1 (1~~.) 
5/2-

106 181 
p 402 ~ 

107 181 
p 40dK+1, p514 f K, n 624 fK Re • "' l.) 2)/ 2-12/2 1.670 

75 74 5/2- 1u 

p 402 \K+1, p404 f k-1 , n624 f K "' 1.4 7/2+ ah 
I 97 

)/2+ ah 69Tm 
21/2-11/2 ah 

146 Pa2J7 )/2 p5Jo 1 14502J7 p5JO . K, p52J tK+2 , n6J1~ K "' 1.7 7/2+ 2.) 
91 92 

1" u 5/2+ 
)/2+ 1 (1 ... u) 

p5Jo fK, p642 ~K+1, n 6224K+1 1.8-2.1 ll/2-9/2-
1/2- ah 

p5JO! K, p5 2J tK+2, n 622! K+1 1.9-2. 2 ll/2+9/2+ 
1/2+ 1u 

101 17) 
~~2Lu 17) n5 21 K, n512 K+1, p514 K+1 l.) 15/2- 1)/2 Hf n5 21 

72 5/2- 2 

)/2- ah 9) 
I Ho 

n5 21 K, n514 K+ 2, p514 K+1 1.8 17/2-,15/2 I 67 
)/2- au 

1/2- au 



l .970 

2 . 800 

1.8)0 

1.160 

2 . 615 

1) 

w-) 

1.670 

2.) 

Odd-odd nuclei 

p 41J l -n 521 I 
101 172 

Lu 4 - p 404 t +n 521 l 
71 

109•ra182J- p 404 ~ -n51 0 f 
7J 

147N 240l+ 
9) p 

97 166 

p 64 2 + -n 624 t 

69Tm 2+ p411 - n642 

15 

Table 2 

Beta-transitione of the type F 

Even-even nuclei 

92 Gdl56 p 1- 5J 2 4 -411~ 
64 

102 Yb17 2 
70 

108 V/182 
74 

)J .3+ 411 , +402 4 
2+ 411 / -402 ' 

p 5- 411 , +514 4 
4- 411 t - 514 • 

p 2- 514 • -402 • 

146 Pu240 n 2+ 6)1 t - 622 f 
94 

74) f - 622 • n 1-

98 Erl66 n 1- 52) - 6)) 
68 

n 2+ 52) - 521 
) + 52) +521 

Table J 

Four-quasi-particle states ( 2n,2p) 

Energy Klass , 
in MeV of .JJ - Rema rks 

tra nsi-
tion 

~ 1.7 aF The same level 
mus t be ip Gd 158 

~ 1.7 11' r: ~ o 1/1 (1u1 T, 172 
1"" l' F. = 1 

-,., 2-lu 
-1. 8 aF l:=O 

aF z. = 1 

l.J aF 

- 1 aF X-" 
~ 1.) lF 

1.828 n· 
1.7 ar' 

a"!: 

Parent 
nucleus 

Daughter !, Class •· Q 
State nucleus Four-quasi-particle state 1'1 kii • 
---- - --- ---------------------------------".Y_ ________ ffi-l#'-----~ 

97 166 
69Tm 

9J 160 
Ho 

67 

p 402 4 • n624 f 101\v182 p 402!K+1 , p514#K, n 6244K, n514yK-l J , J 15+ , 10+ 
74 

p411i , n 642 I 

p411 f , n52J 4 

p52J4, n 521 I 
5+ 

98E 166 68,r 

8+ 
6+ 
)+ 
1+ 

p402 JK+l, p514j K, n624h, n624l K 2 , 9 16-

7-
2-

9+ , 8-

P52J /K, p402 f K+l; n642I K-1, n52J+K ) .7 4+ 
)+ 

2+ 
1+ 

p52Jh, p402f K+1 ; n624 I K-l, n6JJ ! K+1 J . l 11-, 10-
b- , 5-, 4-

2-
1-
J-

2 .9 10+,4+,)+ 
9+ , 5+ 
2+ 

2 , 9 6+ , 2+ 
)+ ,1+ 
9+,1+ 
6+ 
4+ 

),) 10-,o-
7-. J-
2-
5-

a u -v 2 ' ) 

a u 
a u -~2,5 

au 

lu 
lu 

2,7 
a u 

-,: 
lu 
lu 

F 

"' lu 

F ).28 

ah 
ah 

F 

lu 
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Allowed beta transitions 

a) are the odd nuolei, b) are the even nuclei 
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Iu beta transitions 

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