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An application of mathematical method s developed in constructj_ng the theory of 

superconductivity 1 i n order to i nve s tigate propertie s of a tomic nucleus i s found 

to be rather fruit f ul. The i nve s tigations of the pairing correlations of nucleons of 

the superconductive type which have been publi shed in 2- 5 allowed one to account for 

s ome properties of nuclei which do not appear in the model of independent particle s . 

In a further development of this approach a 11 superfluid" model of a nucleus 6 has been 

formulated by one of us , and the s trongly deformed element s have been inve s tigated7- 9 

on the foundation of this model. 

The propertie s of transuranic element s have been inve stigated in 1 on the 

foundation of the superfl uid model of a nucleus. The s pectra of the s ingle-quasi­

particle levels of odd-mass nuclei were calculated there and it was shown that the 

dens ity of the calculated levels i s in a good agreement with experiment and it i s about 

twice a s l a r ge as tha t given in the Nil s s on's s cheme . The energies of the two-qua s i-

particle excited s t a te s of a number of even-even nuclei were calculated. Corrections to 

- trans itions were found which are connected with the superfluidity of 

the ground- a nd excited s tate s . It i s shown that the corrections play an important 

role in the nucleus . 

Later on an improved scheme of calculations has been suggested 2 based on the use 

of experimental data on the single-part i cle levels of odd nuclei and on the pairing 

energie s . On the foundation of thi s s cheme a ppro priate calculations for nuclei in 

the re gi on 154~ A~ 188 were performed and a satisfactory agreement with experiment 

was obtained. 

In t he pre sent paper we cont i nue the inves tigation of the propertie s of nuclei in the 

range 225 ~ A ~ 255 on the foundation of the improved s cheme, namely: we choos e the 

main parameters of the model bas ing on experimental da t a on the s ingle-quas i-particle 

levels of odd nuclei and on the pairing energie s , we analys e the probabilitie s of P -
trans itions a nd calculate the two -quas i-particle energy levels of a number of even-

-even nuclei. 

1 . Choice of s ingle-particle levels and pairing interaction constant s 

The ba sic foundations and the properties of the "superfluid" model of a nucleus 

as well as all necessary equations are given in 7- 9 • For the ground state of the 

even system, for example, the equations for obtaining the correlation function ~ and 

the chemical potential )\ are of the form: 
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z - 't 
- = L .~.' G ~ v c 1.. + L £ ( ,.,., - ~ j (l) 

'11=LL1- £N - A J 
VC2.+(£(~)->-f 

~ 

(2) 

wher e • CT is the constant of pairing interaction, 1L is the number of nucleons 

in the system UDder oonsideratiOD. The summation is performed over the single particle 

l evels of the energy £(~) of the average field. The energy of the system is 

writt en i n the ground state, as 

G ~ z_ £_(~) L 1 
~ 

[ h ) - " } vcz. +(.E: C~)->.f", 
- 2 

~ ,., 
\.:1" 

(J) 

our calculations are based on somewhat changed levels of energy of the average 

field given in the Nilsson's scheme. To determine the states we have used notations 

founded on asymptotic quantum numbers: ~ is the total number of oscillatory 

quanta , . nL is the number of oscillatory quanta along the axis, perpendicular to the 

symmetry axis, 1\ is the component of the particles orbital angular momentum along 

the symmetry axis. ~ is the projection of the particles spin on this axis, 

parity. The state is written as K. lf [N n'L 1\) I\ = 1\ '!:. L , 1T is the 

or more briefly N n" 1\ 1' provided K .. /\+!. or N n" t\ ~ provided 1-\ .. A- [ . 
I 

~w: • 't 1 AJJ Mev- • Further, K. denotes the final filled single particle 

level of the average field for G- •0, K -1 , K -2 and so on denote the hole 

states and K +1, K+2 and so on the particle states. 

The summation in Eqs. (l) and (2) is performed over energy levels of the average 

f i eld th ough it wa s performed over twenty- four levels around the level K 
in the firs t papers 7 , further 9 in order to improve upon the reliability of ca lcu­

l a tions , the number of levels was increased up to thirty- six ones. We investigate 

how strongly the results of calculations depend upon the out off in Eqs. (1) and (2). 

For t hi s we calculate the correlation functions C and (,(1<.) ( ((1<.) is the 

correlat ion function of the ground state of the system with an odd number of nucleons) 

for l ,.. 94 and Z :::. 9J and the pairing energy ~ for l ""94, when below the 
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state I'\ the summation is carried out over seventeen levels of the average 

field, and above the K -state various cutoffs are performed, namely: for I< +J, 

J< +6, K +9, K +12, K +15 and 

Table 1. For the same value of G-'l. ~ 
k+l8. For the calculation results see 

0,0185 1t~0 
( corresponding to real nuclear 

0 

forces in summation over thirty-six levels) the correlation function c strongly 

depends on the cutoff increasing with an expansion of the summation region. However, 

in 1his case the magnitude of the pairing energy P:, changes strongly, too. The 

ratio C (/<) /c weakly depends upon the cutoff if the later is performed suffi-

ciently high. According to the superfluid model of a nucleus the quantity CT~ is 

found by comparing the calculated values of ~ with experimental values of pairing 

energies, the values of G z. being dependent on the cutoff. Therefore, to clear 

up the role of the cutoff it is necessary to make calculations for such different 

values of (j~ so as to obtain for each cutoff the same value of the pairing energy. 

The results of such calculations are given in the lower part of Table 1, we failed 

to choose such ~'s so as to obtain strictly the same value of pairing energies 

for all cutoffs. However, alterations of ~ for K +6 and larger are small. From 

Table 1 it is seen that if below K more than six levels are summed then the 

correlation function C and the ratio C(l<) / G and so all superfluid proper-

ties are practically independent of the cutoff in obtaining the same value of the 

pairing energy. 

Thus, the main characteristics of superfluid states are practically independent 

of the cutoff if it is made at energies both major to K and minor to 1-<. and 

higher than J MeV. In restricting the summation in equations such as (1) and (2) 

there is no need to introduce a cutoff constant since the pairing interaction cons-

tant seems as though it would renormalized with account of this cutoff. 

We shall compute the characteristics of superfluid states, the relative probabi­

lities of (3 - transitions and the energy levels of even-even nuclei basing on 

experimental data on the single-quasi-particle levels of odd nuclei and on the pairing 

energies. To carry out this program we change the position of a number of levels 

in the Nilsson's proton and neutron schemes so as to obtain spectra of single-quasi­

-particle levels of odd nuclei which agree with experiment. In doing so, we choose 

suoh CTN ~ and (i~'s eo as to get experimental~lues of pairing energies. We 

solve the equations of the type (1) and (2) on the electronic computer and compute the 
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energies C G ('-<d ' c ( l<.i I l-<,t) of the ground and excited states. Table 2 

gives the relative position of a number of levels of the average field in the proton 

and neutron schemes and there are also those changes E.'(~) - £ ,/IJ) 

which we .have made compared with the Nilsson's schemes for J .:::a 0,24, whose "(>arame-

ters are represented in Table 1, case C 5 ( £ (IJ) 
N 

are the energy levels 

in the Nilsson 's scheme). It is seen from Table 2 that we may restrict ourselves 

to one set of energy values for the proton system and to one set for the neutron 

system for all nuclei in the range 225 ~ A ~ 255 although the equilibxium deformation 

changes somewhat in the transition from one nucleus to another. 

The behaviour of the calculated single-quasi-particle levels of nuclei with an odd 

number of neutrons is given in Fig.l, and with an odd number of protons in Fig.2. We 

assume the ground state energy to be equal to zero below ~(k) =0 we plot the 

energies of the hole excited states, above C:[KJ =0 we plot the energies of the 

particle excited states. On the left we indicate the characteristics of states and 

connect the identical characteristics by dashed lines. From the comparison of the energy 

levels ( Fig.l and 2) with experimental data it follows that the obtained values of 

spins and of particles for the ground states of all nuclei are correct in this region, 
229 24J for the exception of those of Th and BK • The calculated excited-state 

energies agree with experimental data in most cases. However, as it is seen from Table 2 

we do not take into account the change of the average field in the transition from one 

nucleus to another. Therefore, we can not account for such changes in the behaviour of 

single 

74J t 

particle levels, for example, the 

in 143u235 in comparison with 
J2 

approach of 

14JPu 2J7 
J4 

the level 6Jl -t. to the level 

In finding constants of pairing interaction ~H for the neutron system 
~ and ~~ for the proton one the calculated values of the pairing energies wer e carefully 

compared with experimental data 11 • The results of the analysis are given in Fig.J and l 

where experimental values of pairing energies ~ or ~ are connected by the dashed 

lines and the computed ones by the full lines. The pairing energies were computed 

from the formula: 

PNrz.,N) ~ tt Jc(z,N-~)- JC(t.,N) + ccz, t-J+1)- cCz, N-2Jj c4) 
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From Fig.J and 4 i t is se en that a satisfactory agreement was obtained between the 

calculated and the experimental values of the pairing energies. The ir discrepancy does 

not exceed 100 KeV. 

From the c omparison of the calculated values of the pairing energie s with experi­

mental data we get the following values for the pair ing interacti on constants 

Cr -::: ~9 Me.v ::: IJ 0 ~ & 5 'tr..,J: 
1. A I 

(5) 

in summation over thirty-six levels of the average field. In 9 for the region 

154 ~A := 188 they have been found G-: ..,. lo MeV1 Cr.z. :=. .&£ Me V and it has been 
I'% A. A 

noted that ~~ was a somewhat understat ed value. Thus, in both regions of def ormed 

nuclei 154 ~A!!: 188 and 225 !Iii A ~ 255 the constants of pairing interaction 

change according t o the law t and :a.ke the values: ..J,.J'A ::::; 26 MeV, ':;rt..A ::: (28-29)MeV. 

The obtaining of the same value of CrN.J\ for all neutron systems and of the same 

value of C-r. . A for all proton systems in both groups of strongly-deformed nuclei me-

ans that the region of effective interaction which is limited to the aforement ioned cut­

off has been chosen correctly. The valuet, :5 ) for C.~ a nd G-
111 

are smaller than the 

correspondling values in 7 by C,OOJ5 ~~1: because of t he increase of the number 

of sumined levels from twen'~ r-fOU!' up to ch irty-six. J.'he \•al ue s (5) are somewhat larger 

than those found in 5 
~ where G;,. A = (lf -19) MeV and G-x. .A = (22-25 ) MeV. This is due 

to the fact that the summation in 5 was carried out over a very large number of level s. 

We consider the obtained correlation func tions. The values of the corre l a tion 

functions C for even system and t he ratios of the correlation funct ions of the 

exc ited state s t o those of the ground 6.:ates are given in Table J. From th 

Table it can be seen that the blocking ~~fee t is also important in the transuranic 

r egion as in the rare-earth region 9 • The valur s c·f C for the neutron systems deer · 
9 ~) sed somewhat compared to the rare-e .J.rth }.·egion • I 1 e; pite of the de orease of uN '.-

and Gl.> ~ in comparison with 7 , C ' s sli~_ntly changed for the neutron syst ems 

( see Table 6 for G-
11 

= 0,022 ;f;;CAJ
0
° ). ~,o~r. the proton system in 7 understated 

values of C and (., ( 1<~, K ~. ) ha ve been obtained bc!~r-tusc .;; f the fact th.:l t the 

summation region was selected nGn-symmetricai 1 s o below K ";he s ummation ;·1A.S carr ic:cl 

out only over four-seven levels . The values of ~ orrelation funct i ons for the 

proton systems very slightly decreased "n. t be region 22 ;> .=A ~ 255 in comparison 

with the region 154: A!:: 188 9 • It should be noted that the values of c for 

Z = 92 - 100 are appr oximately the same as those for N ~ 92 - 100 in the rare-earth 
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region 9 • Table 4 gives the ratios of the correlation functions of the ground states 

of odd systems C(K) to c • In the considered region the ratios for the neutron 

system are the same as in 154 ~ A f 188 9 , .and for the proton system in the trans-

uranic region (.(~J,;t } t,) are somewhat larger than in the rare-earth one. 

Thus, the efficiency of the pair correlations of nucleons of a superconductive 

type decreases very slightly in the transition from the region 154 ~A~ 188 to the 

region 225~ A~ 255. 

2. Analysis of the probabilities of ~ - transitions 

General rules of constructing corrections to ;.3 - -transitions oonneoted with the 

superfluidity of the ground and excited states are given in 12 • In 9 these correc-

tiona are calculated and the probabilities of 8 
_,,. . 

- transitions of even and odd 

nuclei are analysed in the region 154 {. A" 188. We shall make a similar analysis of the 

probabilit±es of ;.3 transitions in the region under consideration 2. t5 ~A~ 1.SS. 

We compute corrections for the superflu1dity R == RN . ~z. for 8 transitions 

between single-quasi-partiol ·~ states 1n odd nuclei. Calculations are carried out on the 

computer by the formulae given in 12 making use of the schemes of the single-particle 

levels of the average field and of the constants ~~ and CTL which have been 

found in the previous Section. The results obtained are plotted in Fig.5-8. The 

neutr.on corrections RN are given in Fig.5 which correspond to ~ -transitions 

without any changes in the number of nucleon pairs 'in the neutron system. The neutron 

corrections ;~,., which correspond to transitions 1n which the number of nucleon pairs 

changes by unity are given in Fig.6. A position of the ground state of an odd nucleus 

is denoted by ~ the number of neutrons has been writing on the ou~ves for the odd 

system. The single-particle states ( labeled with respect to the number of neutrons) 

are plotted on the abscess axis, whose quantum numbers are given in ·Table 2. Similar 

curves for the proton systems are plotted in Fig.7 and 8. 

We investigate the probabilities of f3 transitions in odd nuclei. With this 

aim we systematize the experimental data and the resuits of calculations on Tables 

5 and 6. Initial and final nuclei are written in the first column of these Tables, 

an additional classification is given in the second column. I are transitions belon­

ging to the first group, II are transitions belonging to the second one 12 they 

are first to be written for the proton system and then for the neutron one. The - ~ 
third column contains 1\'l , where 'l == <. 1.: I\ A K1 -l<..i. I I,_ K,_ > 
The experimental values of ~~~tJ with an appropriate reference are given in the 
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fourth column. We calculate 's normali zing them with respect to the 

first from the given set of transitions between identical single-particle states 

in various nuclei. The values of eo1,et't are given in the fifth column of Tables 5 

and 6. The va lues of wJi#~ .a.'LJ are written down i n the last column. From Tables 

it is seen t hat the corrections for the superfluidity are essential for !3 - tran-

sitions belonging to the second group where they a llow us to explain changes in the 

values of l'.oj ft3 for ~ - transitions between identical state s in various nuc lei . 

Making use of the corrections (Fig.5-8) and of the data from Tables 

5 and 6 we ca n compute the va lues of for ~ - transitions between 

the a forementioned state s in a ny odd nuclei. 

It is interesting to compute absolute values of GoJ~ using the wave funct ions 

obtained by Nilsson. The results of calculation are given in Table 7a, the fifth 

column of which contains the values of logft calculat ed without ine luding pairing 

correlations with the aid of the formula 

ft 
(6 ) 

where .;) and x are the constants r and g are the Fermi and Gamow-Teller ' s 

matrix elements. If pairing correlations of the superconductive type a re taken into 

a ccount a nd the statistical multiplier is singled out , then the expression :p.~ b-:, 

takes the form 

: ft )a.~ 
5 ( P-_~ f ,j = 

x c;t U -x) ,cz. + 
(7) 

The va lue s of t-o j: f.t- )a..b~ are writt en in the seventh column. From Table 7a 

it i s seen t hat the corrections related to the superfluidity of the ground- and 

excited states improves the agreement between theory a nd experiment. However, as in l J 

the calculated absolute value s of (Pr.) P. are smal~er than the exper imental values of 
, - Cl.:O~ 

by a factor of 5-10. 

We consider /J - transitions in even nuclei. The relative proba bilities 

of 3 - transitions in even nuclei can be calculated, making use of da t a on 11 -

decay in odd nuclei between the same single-particle states, only in these cases 

when the selection rules are the same and there is no K or A - forbiddenness 

in even nuclei. We sum up experimental data ( Table 7b a nd 7c ) over -3 - d~cays of 
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even nuclei and compare them with our calculations. We write the data obtained so that 

all transitions between the same single-particle states may be in the same place. We 

write also ~ - transitions in odd nuclei which have been used by us for determining 

single-particle matrix elements. From Tables 7b and 7c it is seen that the calculated 

values of loJ~~are in a satisfactory agreement with experimental data. This agreement 

proves the correctness of the two-quasi-particle aspect of the states of odd-odd nuclei 

and of the excited states of even-even nuclei as well. 

As it has been noted in 9 it is advisable to go over from the systematization 

of the observable values of ~ /i.,; to the systematization of. f.t,J[Jt;; RtJ 's excluding 

the influence of pairing correlations and statistical arguments. In 9 the classifi-

cation of ;.3 - transitions is given in the following form: 

'1,0 <. Lo2 ft3~~ <. it f o..u. 
' 

s s < 
I to2 ft3R.'l <. G,S ~ fv 

s 5 <. 
I 

to~ ftJR'l., .( 6,5 1 u. 

From Tables 5,6, 7b and 7c it is seen that most values of to9ft'11{'1 go into these 

regions of values, however, there appears to be a tendency for a removing the lower 

boundary of the values of !,7 ft!J R.7. from 5,5 up to 5,0 for transitions .fu. . 

J. Two-quasi-particle levels of Pu240 and cm244 

We calculate the energies of the two-quasi-particle levels of Pu240 and cm244 

and the values of t ~(!.t )'t. for appropriate ,d - transitions. Here there 

are no new parameters, since all parameters are determined in studying odd nuclei. 

Making use of the values of ~ and Gz and the single-particle scheme 

given in the first Section we calculate, as it has been done in 9 the energies of the 

ground- and the two-quasi-particle excited states with the aid of the computer. The 

results of calculations are given in Tables B-9. The neutron levels are written in 

the upper part of Tables 8 and 9 and the proton levels in the lower part of Tables 

8-9. The configurations of the excited states are given in the first column, the 

quantum characteristics of the states K-2, K-1 and other being written at the bottom 

of both neutron levels and proton levels. In the second column we give K ~ • the 

state with I =0 being first written , and below the state with L =1. In the 
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third column we give the calculated energies of these levels. The measured energies 

of levels with configuration setted up as single-particle one are given in the 

fourth column, /:3 - transitions from odd-odd nuclei whose configurations are at 

the top of the corresponding columns are given on the rightband side of Table. In the 

left column we write the f3 -transition classification, provided ~If L and 

in the right column we write the observable values of lo1ft3 and in brackets the 

calculated values of .f..o~ ftt. . The notations are the same as in 9 , F are the 

;3 - transitions belonging to the third group, and - transitions are 

1\ - forbidden. 

Thus, the energies of the two-quasi-particle levels of even-even nuclei 

are predicted in Tables 8-9 and it is shown at what rates these levels will be 

settled for corresponding ;3 - transitions. In the case of Pu240 there is not 

a single state with an uniquely determined configuration, and the levels with 

the energies 1,42, 1,5J and 1,6 MeV will go evidently into the scheme of the 

calculated stat~s. The calculated energies of the neutron levels of Pu240 differ 

little from the calculations in 7 

In the case of Cm244 the level 6+ with the energy 1,042 MeV and -l.o~/t .. =-5,.9 

has been discovered experimentally in 14 which agrees well with our calculations 

giving energy equal to 0,92 MeV and ic,jl[-t)<t. = 6,0. 

Thus, in the transuranic region an agreement has also been obtained between 

experiment and calculations carried out on the basis of the superfluid model. of a 

nuole,us. FDr a further study of the physical nature of the excited states of 

transuranio elements it is necessary to increase the amount of the experimental 

material. 

In conclusion we take as our pleasant duty to thank N.N.Bogolubov, L.K.Peker 

and N.I.Pyatov for very fruitful discussions, we thank also N.A.Busdavina for 

making numerical calculations. One of us (V.S.) thanks S.K.Nilsson for giving 

us the improved scheme of single-particle levels of the average field before its 

publication. Two of us (T.V. and T.S ) express our gratitute to N.N.Bogolubov 

and D.I.Blokhintsev for their hospitality at the Joint Institute for Nuclear Research . 
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Table 1 

Investigation of the role of the cutoff 

------------------- -------------------
K + J K + 6 K + 9 K +12 K +15 K +18 

--------------------------------
~ -z. c -tw:) 0,0185 0,0185 0,0185 0,0185 0,0185 0,0185 

Ji (tw:) 0,037 0,055 0,070 0,081 0,091 0,102 

c (~ (():) 0,059 0,077 0,091 0,103 0,114 0,125 

CC1(_ 0,64 0,75 0,79 0,81 o,8J o,8J 

---------------------- -----------------------

~r. ( ~c.J:) 0,024 0,023 0,021 0,020 0,019 0,0185 

~ (tcJo") 0,074 0,1025 0,101 0,10) 0,094 Ql.102 

C (-:tu.XJ 0,106 O,lJO 0,128 0,127 0,123 0,125 

c. (kYc 0,84 0,85 0,84 0,84 0,8J o,8J 

-----------------------------------------------------------
Table 2 

Single~particle levels of the average field 

Neutron system Proton system 

N Charac. of Energy E. C~l-EJ-'ll z Charac. of 
the levels i E(t.>) • in ~: I the levels 

n 1<-UJ. . 

IJ7 J/2 + [631] -o, or -o, or I 89 

IJ9 5/2 _ [7521 o o I 91 

I4I 5/2 + [6JJ) o, 05 0 I 93 

J/2 + [651] 

I/2 - [5Jq 

5/2 ·t- l64~ 

5/2 - (523) 

Energy £(h)-£~'>) 

£C~>)o in~ 
£ :t.w. 

0 0 

0,04 +0 1 01 

o,r2 0 

0,14 -o,or 
143 112 - [743] o, n o I 95 I 

!45 I/2 + (6JI) o, 17 -0, OJ I 97 J/2 - (521) o, 27 -0,05 
I 

147 5/2 + ~2~ 0,25 -0,04 I 99 7/2 + ~J~ 0,28 -O,OI 

149 7/2 + [624) O, JI -0,071 

r5r 9/2 -(734) o, J7 -o, o9 1 

I5J I/2 + [6201 0,45 0 I 
------- __________ ___l ________________________________ _ 
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~ 
The values of the correlation functions 

Proton system G ~~ 
L A Neutron system (rN ~ /..: 

z. or N 90 92 94 96 98 roo IJ8 !40 !4~ l4lf !46 !48 !50 !52 ! 54 

C(K ,K+1 )/C 0,67 0,59 0,10 0,28 0 0 o,5J 0,41 0 1 01 0 0 0 0 0,51 0,66 

C(K-1 1K+1)/C 0,08 o,6J 0,47 0,40 0,54 0 0, 61 0 ,44 0,41 0,)5 0 , 25 0,41 0,55 0,81 0,69 

C(K ,K+l!)/C 0,72 0,64 0,68 o,JJ 0,47 o,5J o, 65 o, 62 0,50 0,4) o, JJ o,J1 0,4) 0,54 0,67 

C(K,K)/C 0,69 0,6) 0,41 0,65 0, 19 0, 59 0,54 0 ,57 0,57 0 , 49 0,58 0 ,58 o, 64 0,59 0.64 

C(K-1 ,K )/C 0 ,70 0,66 0,5) 0,67 0,60 0,59 o, 62 0,59 0,62 0 , 59 0,6) o, 69 0 ,7) 0,7) o, 69 

C(K+1,K+2)/C 0,7) 0,71 0,72 0, 75 0,49 0,68 0,65 0,69 0,70 0, 64 0, 65 0,62 0,62 0,64 0,68 

C(K-2 1 K-I)/C 0,72 o,69 o, 65 0 ,72 0,72 0 , 68 0,70 0,59 o, 69 0, 72 0 , 75 0,81 0 ,85 0,85 0 1 81 

C(K+1 1 K+4 )/C 0 , 82 0,80 0,76 0,84 0,59 0,71 0,75 0,76 0,78 0 ,72 0,72 0,65 o ,6J 0,66 0 ,69 

C(K+2 ,K+J)/C 0,81 0,82 0,85 0,80 0,7) 0,78 0,79 0,81 0,81 0 ,79 0,76 0 ,7J 0,69 0,66 0, 69 

c in ""'''"': '·''' '·''' '·''' ' ·''' '·''' '·'::[o·''' ' ·''' o,,,, o,o99 0 , 091 o,099 0,,07 
O,II7 0,126 

-------------------------------- -------------------·- -----------

Table 4 

The ratios CC•·l/C 

Proton system 

Z odd/z even 87/88 89/90 9!/92 93/94 95/96 97/98 99/100 

C(K)/C 0,89 0,88 0,86 0,83 0,74 0,7! 0 ,71 

Neutron sy3tem 

Nodd/N even IJ7/IJ8 139/140 141/!42 143/!44 !45/146 !L17/I48 149/150 151/!52 !53/154 

0,84 0,8! 0,75 0,69 0,63 0,60 0 ,63 0,72 0,80 
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Table 2 

ah ~ - t ransitions in the odd nuclei 

!..oq[ft,R'l.] 
( 

~~ ·0/2 + (64~ J :.- ~~ . { 5/2 + [622] J 
N~)9- P.: .. ll 1 I 0,1 6 I 6,9/IO/ I 

~ · [5/2 + [642~ :;:: .6. D [ 7/2 + [ 624] J 
-- _. , ' ' ~ .___ ~ 1i I I 0 1J I 6 1/IO/ 6 I 

Np)9-ft 1 J[_ o,o7 6,6/I7/ 16,4 

~. •(512 -(52.jj ~ hN· ( 7/2 -(mJJ 

N;·~ 'I ] 1 I 0, 22 [ 6,sfiO/ I 
4z•(7/2 +(6J.}]j ~ ~N·{7/2+f92!Jj 

,c~-r~~j 1 r 10,46 1-6=] 

~ 

~u. ~- transitions in the odd nuclei 

6,I 

:i,,2 

5,6 

6,I 

1-5,7 

f3 - tranei tion -<.o;Ut~RiJ 

Q,. ·)~ ---+ u.''l 

PC:u _..,. Ltn 
I II 

I II 

1.:{3/2 - ~2 :(} J 
0&.'"-- c..: .. I II 

A':.: c ~·· ...... - II I 

N,:" - u .... I I 

'\ ·{J/2 - [m] J 
&~"_....C-. VoS I II 

\ •('n ~ [?~~ J 
~ ~ ~·· - ... I I 
A~j ...- A.!'~· l 1 

A'i!' - c!' 1 1 

\ •{'12 - ~a'!} 
A...:~•- c.!~' J I 

A,.!~• - R..m 1 1 

A!!' ~ p..,Uf 1 l 

~ •{?ta * [6•liJ} 
IJ~.. ~ Pw,.Nf l I 

N~., - R.!H I I 

Nr-''' ,... U.'., I I 

~ 

~ 

0,06 

0,29 

--
0,04 

O,I4 

0,4J 

----
0,22 

~ -
0,29 
0,20 

o,, 

-
o,J4 

o,u 
o,n 

--
0,49 

o,u 
P,a, 

6¥. e/2 + rPnJ} 
7, 2/n; 

::7' ofl6/ 1 7~,0 
-~ 1=6,5 

~-{112 + [6J:rJj 

-7,of i 7/ ~ -5,6 

::7, J/l7/ 6,5 •6,4 
6, ofiO/ 6,0 5,6 

·:V{512 + (§2 zJ} 

7,ofi6/ I - 1 6,3 

'\•[5/2 + (622] J 
6, of iO/ ~ 5, 5 

,,7/17/ 6,2 5, 0 

... 6,2/IO/ ,,8 -5,9 

:).·{7/2 + (924) J 
~ 6, 2/IO/ 

~ 5,7 

6, 1ti7/ 6,5 5,3 

- &,fi7/ 6,2 -5,6 

~N ·{m -(74~} 
6,,1171 ~ 6,2 

... 6, 11/17/ 6,8 -6,2 

&,r/111 6,8 6,0 

•• ·{71• ·~>~) ;:=: ··{?!• -~ 

--~:::-'i~·E=~~=I~~:~I=~::~l:~ I - &,

2 

-

---



Parent 
nucleus 

I~~Pu2J7 

I~~Np2J9 

I~~Pu24J 

l~~Np2J9 
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Table 7a 

Calculated absolute value s o! loj ~~'' of t he ah 

transitions in the odd nuclei. 

State Daughter State lo<f {t 
R~ nucleus 

n' [•l'~~.\] ~!i~~~! tion ~lto.k ~~tJ 1<. 1f [No,/\) I' 1<.' I 
of the pai-
ring correla-
tion 

7/2 7/ 2 - [74J] I~jNp2J 7 5/2 5/ 2 - [5z:)) 5 , 4 

5/2 5/2 + [642] I~~Pu2 J9 7/2 7/2 + [62~ 5 ,J 

7/ 2 7/ 2 + ~24) I~~Am24J 7/2 7/2 + [6J :!) 4,2 

5/2 5/2 + [642] l~~Pu2J9 5/2 5/2 + ~2~ 4 , 9 

Table 7b 

a h ~ -transitions in the even nuclei 

State 

5/2 + [642] 

~. 
642f- 624 ~ 

A+ 
6421- 62H 

/3- transition 

Np2J9---7 Pu2J 9 

Np24~ Pu240 

Np24o ...- u24o 

~ tate 

7/2 + [?2'!] 

0+ 

ground 

0+ 
ground 

R1 &/N 
0,07 6,8/17/ 

O, I7 6,7/18/ 

O, IJ 5 , 7/18/ 

0 , 22 6 , 1 

0 , 07 6 , 5 

0, 48 4,6 

0 , 16 5 ,7 

!o:;ifL)t u,J{ft,Rtl 

~ 5,6 

6 , 4 5 ,9 

6 ,5 4,8 

·---------------- -----------------------
Ta ble 7o 

1""' It-transitions in the even nuole1 

6 ,a!IO/ 

6,a1I 71 

-6/10/ 

6 , g/10/ 

State e /.!-transition St a te R.2 /DjftJ, ~rft),. io;ff:t,IJ..J 
5/2 - ~2 :i] Am2J~ Pu2J9 5/2 + [62~ 0,29 6 , 0/ 10/ 

~ 5,5 
0-

Am24~ Cm242 0+ 
7,1/20/ 52Jj- 622f 

ground O,IJ 6,4 6,2 0- 0+ 
52Jj- 6221 Am24':_, Pu24 2 

ground o , o6 -7, 6/20/ 6, 7 -6,4 
6- 6 + n 

52)1+ 62H Am24~ Cm244 62 2f + 624 ~ 0 , )2 5 , 9/14/ 6 , 0 5 ,4 

--------- ---------------------------
5/2 + ~42) Np2 J9__. Pu 2J9 7/2 - [74 -!) 0,49 6,5/1 7/ 6 , 5 6 , 2 I- Cl+ 

642' - 74J~ Np2J~ Pu2J6 gr ouna 
o , 10 6, 6/21/ 7, 2 5 ,6 I- 0+ 

642t- 74J} Np2J~ u2J6 
ground 0 , 09 7' oi2I/ 7, 2 5,9 

---------------------
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Table 8 
A .. ~~o 

I\6P .... ~10 ,, 
--------------------------------------------------~·;~-~:------------------~ ----------------- Energy (MeV) Energy (MeV) " ' ~ •• -><•'- l.o~ft 

State "-If Calculated Measured Classif. 

---------------
K, K+l )+ 

2+ 
K, K 

J K+l , K+ l 0+ 

K-l, K+l 1-
6-

K, K+2 )+ 
4+ 

K-l,K 4-
J-

K-l, K+2 7-
0-

K+l ,K+ 2 6+ 
1+ 

K-2 , K+l 5+ 
0+ 

K,K+J 5-
4-

K-•2 , K 2+ 
)+ 

Kt-l ,K+J 2-
7-

K-2 = 6JJ~ 

K,K+l 5-
0-

K,K } 
K+l , K+l 0+ 

K- l ,K+l )+ 
2+ 

K-l,K 2-
J-

K, K+2 1-
4-

K+l,K+2 4+ 
1+ 

K,K+J 1+ 
6+ 

K+l,K+J 6-
1-

K-2 , K+l 4-
1-

K-l ,K+ 2 l+ 
2+ 

K-2,K 1+ 
4+ 

Neutron level s 

-----------------------------------
0 , 9 

·· 1, 2 

l,J 

l,J 

1,5 

1,6 

1,6 

1,7 

1,8 

2,0 

2,0 

K-1 = 74Jt K=: 6JlL 

Proton levels 

l,J 

~1,4 

1,7 

1,8 

1,8 

1,8 

1,8 

1,8 

1,9 

2,0 

2 ,0 

2F 
aF 

lF 

2 

I,. F 

Iu 

ah 

aF 

al' 
2F 
lF 

(7,0) 

( 6, 9) 

K+l = 622t K+2 = 624< K+J = 7J4t K+4 = 620 f 

I u 

!F 
aF 
1(2) 
l" t\(2) 
1 ( 1 H h 

aF 

ah 

lF 

aF 
aF 
a (2) 

(6 , 8) 

(5 , 8) 

K-2 = 65lt K-1 = 5)0' K= 642, K+1 = 52Jt K+2 = 52lt K+J = 6JJ + K+4 = 514 j. 



State 
·~· 

K,K+l 6+ 

I+ 

K,K } 0+ 
K+l,K+l 

K-l,K+l )+ 

4+ 
K,K+2 2-

7-
k-l,K )+ 

2+ 

~ 
K+l,K+2 8-

' 1-
K-l,K+2 5-

4-

~ 
K-2,K+l 7-

0-

K,K+J 2+ 
.......... 

)+ 

~ K-2,K 1-

""-- 6-
K+l,K+J 4+ 

)+ 

lf-2·74Jt k-1 • 6JU 

K,K+l 4+ 
1+ 

K,K+2 6-

1-
K-l,K+l 1-

4-
K-l,K+2 1+ 

6+ 

K,K J 
K+l,K+l 0+ 

K+l,K+2 2-,_ 
K-l,K 5-

0-

K,K+J 1+ 
6+ 

K-2,K+l 1+ 
2+ 

K+l,K+J 5+ 
2+ 

K+2,K+J 0-
7-

K-2 • !5JO~ 
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Table 9 ill 2" 
A • (.~~ %c'"" 

Energy (MeV) Ener_gy (MeV) ~!-\~ .. H(..,. 6 -

Calculated Measured pK 1 1'1\.K't-4 

Class1f1o. 

Neutron levels 

0,92 1,04214 Iu 

-1,2 

l,J I"h 

1,4 aF 

1,!5 

1,6 2F 

1,7 aF 

1,7 ah 

1,8 

1,9 aF 

2,1 I"h 

K • 622t K+l • 624J. K+2 • 7J4t K+J • 620'!' K+4 • 

Proton levels 

l,J6 I-h 

1,40 ah 

1,52 2F 

1,!54 lF 

~1,7 

1,7 
aF 

1,87 ah 

1,88 
Iu 

1,94 

2,16 lF 

2,18 
aF 

K-1 • 642t K • :52~ K-+'1 • !521t K+2• 6JJ+ K+J • n44 IC•4 

06loe.II.!IHe HHWII HH CI><•""1 I' 
' ' ,.CC.It .JlO · li l tP.t 

. OTE:-~A 

w~f-t 

5,9 (6,0) 

(6,4) 

61Jf' 

(!5.9) 

(6, 4) 

• 52H 



\ 
\ 

\ __ , ---; -i ~ 
~ \ \ \ ~ \ 

" \ \ \ ------
~ \ \ " ' \ \ \ \ \ \\__ \ -I(W]•f 

' '---\ '---'--'--- '------. \ L--., \ y \ 1[909]+b 

f--..,'---... ' \ \ \ ~ \ 
' ' \ \ \ \ ~ '--1[191.]-f 

r---~ '--'--'--\ '--'--- -\ \ \ \ -----... --'-'====.:--==-= 1["9]• ~ 
'\ \ \ \ \ \ l[l>t]·} 

0
'(1/J? 

\ \ \ \ \ '-----"----,. \ 
\ \ \ '---'---\ \ \....__ l{~f9)lf. 

\'-----1 ~ \ \ \ ''--
'---\ \ \ \ \ ' I \ \ \ \ 

,, \ \ \ '--\ 
\\\ \ '----. \----,\ ''-\....__ /[Hi)-t 

\ \ '----, 

\ \..______, ~ \ \ \ 
\ \ \ \ \ \ 
~\ \ \ ~ \ 

1\ \ , ' '---!fi•9H 
\\ \ ~ \ 
\\ '------. \ \ 

\~ \ \ '-, 
\ . \ \ \ \ 

~\ \ ~ \ 
\ \ \ \ \__ t[m]+~ 
,, '--\ 3 

\ \ \ '------ \ L_, \ 
\ \ \ 
~\ \ 

,, ~, 
\ \ ' \ '--' \ \ '---

'---\ 

\ 
\ 
\ 

l[w]-f 

(I) 

' \ \ ••W 
l/~19]+f \ ___ . . 1[0~9}+ f r.v'·•N)ll/1 ? 

lSI 671 HI P!l Iii/ HI L ti N o'z 

81 



Mev 

1,0 

2 = 89 

l(i[[N"'z A] 

1{633] I 
~-[521] I 

f -[523} I 

f{m] I 
f-[530} I 
j-•[651] 1 
t -[532} j 

H~OO) I 

f .[6 60] I 
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91 93 

\ 

95 

\ -----._ 
\ 
\ 
\ 

97 

~ 
\ 

'---

\ 

gg 

\ 
\__ 

I,U L--------·- ---· --- - -------------' 

F1g .2. 



Pa 

lfn 

PN, 
~., 

~0 

u 

236 

t,O,Jit -
,.Tio .... -

qs 

221 230 

20 

A 
2Jl n lJ6 2)1 Ho _242 24't Zi!6 248 25'0 Z5Z 

Fig.J. 

., u ,.... - ,.._ -- :t- -~ 

~• Pur 1 1 
'~'".,.....""' ~~· Pu ... - _,__ _ -. =: :a ....... ,._ ~' cl_ 4 Hem-:- .... -::. III'C-- ---.,..---• .,c, 

' 

A 
JJ2 2H 2J' 231 z 21(2 2H 246 zu 250 252 25~ 

F1g.4. 
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1,0 

0,5 

IM39 

o~~--~~--~--~_.--~~--~--~-+----~--~--~_.--~---
133 135 13? 139 141 143 145 147 1'19 151 153 16tJ. i!i? 

Fig.5. 

1.0 
(~ !. flf7 fl,fi f5f 

os 
' 

131 133 135 f37 139 fltt 1'13 t't~ flt7 t'f9 151 153 

Fig. 6. 



R~ 

1,0 

U,5 

Rz 

1,0 

0,5 

22 

l= 1!9 

83 85 87 89 91 93 95 97 99 f01 

Fig.7. 

l :: ll9 

~3 &5 g? 89 9t 93 95 97 99 10( 

Fig. B. 
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