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The properties of strongly deformed transuranic elements are investigated on the basis of 
the superfluid model of the nucleus. Some insignificant modifications are introduced in 
Nilsson's schemes by employing the experimental data and taking into account the effect 
of superfluidity. The pairing energies are computed and the following values for the coup­
ling constants are obtained: GN = 0.020nw0, Gp = 0.022nw0, where nw0 = 41A-113Mev. 
Single-particle excitation spectra are calculated for odd-mass nuclei, the calculated level 
density being about twice as large as that predicted by the Nilsson scheme. Single-particle 
excitations in even-even nuclei are computed, and in all the calculated spectra for the even­
even nuclei (Th232, U234, Pu238, Pu240, Pu242, Cm246, Cf248 ) the lowest levels are found to be 
the 1- levels, which lie below 1 Mev. Corrections due to superfluidity of the ground and ex­
cited states are computed for the {3 and y transitions. The results obtained are self-con­
sistent: correct values for pairing energies and levels of even and odd nuclei are obtained 
for the same values of G, whereas variation of G by 30-40 percent leads to a pronounced 
deviation from the experimental data. 

THE mathematical methods developed by Bogol­
yubov for the theory of superfluidity and supercon­
ductivity1 have made it possible to account for the 
residual nucleon interactions leading to pair cor­
relations in the independent-particle model. This 
was used by the present author as a basis to for­
mulate2 a superfluid model of the nucleus. 

The present article is devoted to a study, based 
on the superfluid model, of the properties of 
strongly deformed transuranic elements. We use 
as the self-consistent field the Nilsson potential, 
the energy levels of which are slightly corrected 
in accordance with the experimental data. Under 
the assumption of the adiabatic approximation, 
we calculate the single-particle levels of both odd 
and even-even nuclei, the pairing energies, and 
also the corrections to the probabilities of the {3 

and y transitions. 

1. FUNDAMENTAL EQUATIONS 

The superfluid model of the nucleus, formulated 
by the author earlier,2 being based on the self­
consistent potential assumed in the shell or unified 
model, takes into account the interaction of the nu­
cleons under the following assumptions. 

1) The residual interactions, both between neu­
trons and between protons, are described by a 
Hamiltonian of the form 

H = ~ {£ (s)- A.} a+a - G"' a++a+ a , a,, . (1) sa sa .4..J s s- s - s ! 
sa s,s' 

2) The calculations are carried out for each 
definite nucleus, and we neglect a certain averag­
ing connected with the conservation of the number 
of particles in the mean. 

The states of the nucleus are described by a 
set of quantum numbers sa, determined by the 
form of the self-consistent field; a= ± 1, char­
acterizes, for example, the sign of Q, the projec­
tion of the nucleon momentum on the symmetry 
axis of the nucleus; E ( s ) are the energy levels 
in the self-consistent field. A certain simplifica­
tion in the physical picture is the assumption that 
the interaction G is constant. The chemical po­
tential A. is determined from the condition 

n = ~ (ataso), (2) 
so 

where n is the number of particles and < . . . > 
denotes averaging over a certain state. When the 
variational principle is used, the chemical poten­
tial plays the role of the Lagrange multiplier. We 
note that the Hamiltonian (1) should be considered 
as part of the total Hamiltonian containing, for ex­
ample, collective interactions. 

To solve our problem we use the variational 
principle proposed by Bogolyubov. 3 Operating as 
in reference 4, we obtain for the case of the ground 
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state of a system consisting of an even number of 
particles the following equations 5•6 

(3) 

n = ~ {1 - (£ (s)-1.,) [C2 + {E (s) - /.,}2]--';,} (4) 

for the determination of C and A.. The energy of 
the ground state is found in the form 

~ - "V E ( ) { 1 E (s) -'A 
- LJ S - [C2 + {£ (s)- 'A)2J'I• } -~ G' (5) 

and the wave function is 

(6) 

with as~o = 0 and 

., 1 { E (s)- I. } 
u; = 2 1 + [C2 + {£ (s) _ 'A}2]'1• ' 

vz = ~{t- E(s)-'A } (7) 
s 2 [C2 + {£ (s) _ 'A)2]'/, · 

The wave functions of the excited states are 
written in the following manner:5 

'¥ (sl, S2) = fi (u, + v,a;+a;_) a;,a,a;,a,lfo, S1=/= sz, (8) 
s+s1os2. 

lf (s1, s1)= IT (u, + v,a;+a;_) (u,,a;,+a;,_-v,,)Wo, (8') 
Sr::FSt 

while the energy and the fundamental equations are 
obtained in the form 

~ (s1, s2) = E (s1) + E (s2) + ~ G (v;, + v;,) 

' "V E ( ) {I E (s) - "- l - ~ (9) 
T s;;;,,, S - [C2+{£ (s)- 'A)2]'h { G ' 

~- =' S [C" + {E (s)- 1.,}2]-'f,, 
5,-d_ St• 52 

(10) 

In the case of an odd shell, if the odd nucleon is in 
the state Si, then the energy of the system and the 
equations for C and A. are found in the form 

~(s;)=E(s1)+%v2.+ ~ E(s) {I-. E(s)-'A, •1,11l 
s, S'i"Sf fC2...J..{£(s)·-A} ' 

(11) 

J- = ~ [C2 + {E(s) - /.,}2]-'1•, 
s+si 

(12) 

These equations describe the ground state, for the 
most part with E ( Si) = E F· as well as the excited 

states of a system with an odd number of particles, 
the wave function of which is written in the form 

(13) 

Thus, to determine C and A. of both the ground 
states and the superfluid excited states it is neces­
sary to solve the corresponding system of equa­
tions. This approach differs substantially from the 
approach used by many authors. 7 Whereas in the 
case of the superfluid model of the nucleus the 
quantities C and A. are determined by solving 
suitable equations, and the interaction constant G 
is determined from the experimental values of th(: 
paired energy, in reference 7 the values of C are 
determined from the pairing energy, and A. is set 
equal to the energy of the Fermi surface EF· 

The advantage of the approach based on the 
superfluid model of the nucleus over the approach 
used in reference 7 lies, first, in the fact that it 
becomes possible to determine C and A. for ex­
cited states, to take account of the variation of C 
and A. with change in deformation of the nucleus, 
etc., something that cannot be done in the case 
used in reference 7. Secondly, by calculating the 
change of A. on going from nucleus to nucleus and 
from the ground state to the excited state, we take 
account at the same time of the change of the prop­
erties of the nucleus as a many-body system. 
Thirdly, our calculations are more single-valued 
and reliable, since we have at our disposal a 
single interaction constant G, which changes 
slowly and monotonically from nucleus to nucleus, 
whereas C changes abruptly, depending on the 
specific variation of the energy levels of the self­
consistent field. 

In the superfluid model of the nucleus we come 
upon the question of the orthogonality of the ground 
and excited states. It is easy to show that all the 
states of the odd shell are orthogoanl to each other, 
and that the ground and excited states given by 
Eq. (8) for an even shell with s 1 ~ s 2 are also 
orthogonal to each other. However, the ground 
and excited states given by (8') are not orthogonal 
to each other when s 1 = s 2, namely 

( qr• (si> s1) lf (s2, s2)) 
= (u' v" - u" v') (u' v" - u" v') li (u' u" --l- v' v"), (14) 

S1 St St St Sz Sz S2 S2 S S 1 S ~ 

where Us and v8 pertain to the excited state 
~ ( s 1, s 2 ) while u3 and v8 pertain to ~ ( s 2, s 2 ). 

To estimate the error connected with the con­
servation of the number of particles in the mean, 
we calculate the mean square fluctuation D.n of 
the number of particles n. For the ground state 
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of the even shell we obtain 

(~n)2 = 2j 0/(C2 + {E (s) - /.?}). (15) 
s 

In the case of the excited state '11 ( s 1, s2) the sum 
should not contain terms with s = s1 and s = s2. 
In the case of the state '11 ( si) of the odd shell, 
the sum (15) should not contain the term with 
S = Si• 

2. PAmiNG ENERGY AND SINGLE-PARTICLE 
LEVELS OF ODD NUCLEI 

It is known that the Nilsson potential8 yields 
neither the necessary sequence of energy levels 
nor the correct values of the energy differences 
between levels. This is due, first, to the defi­
ciency of the Nilsson scheme itself, for although 
it gives the correct basic laws, it does not take 
sufficient account of the totality of the nuclear 
phenomena and, second, to the need of accounting 
for the residual interactions, which lead to pair­
ing correlations. Using the experimental data9•10 
on single-particle levels of odd nuclei, let us ana­
lyze the course of the levels in the Nilsson schemes 
for z > 82 and N > 126, with allowance for the in­
fluence of the superfluidity of the ground and ex­
cited states. 

In reference 2 we obtain, on the basis of cal­
culations with the superfluid model, the influence 
of superfluidity on the behavior of single-particle 
levels of odd nuclei; this influence reduces to the 
following: 1) superfluidity, as a rule, does not 
cause a change in the ground state of the nucleus 
as given by the Nilsson scheme; 2) the excitation 
energies decrease with increasing interaction 
constant G; 3) the hole and particle levels behave 
differently with increasing G, but the relative se­
quence of hole (particle) levels does not change. 

From analysis of the experimental data on 
single-particle levels and equilibrium deforma­
tions, as well as from the allowance for super­
fluidity, we reach the conclusion that the Nilsson 
level schemes given in reference 9 must be modi­
fied as follows: 

1. In the level scheme for nuclei with odd Z, 
z > 82, the level 1%-[505], which does not appears 
in a single nucleus, is dropped by 0.4 tiwo (tiwo 
= 41A-ll3 Mev). 

2. In the level scheme for nuclei with odd N, 
N > 126, we make the following changes: a) since 
the level 1% + [606], does not appear in any nucleus, 
it is dropped by 0.25 tiw0, which is equivalent to 
dropping the subshell i1312; b) the subshell hs;2 
is raised by 0.02tiw0; c) the level % +[631] is 
dropped by 0.017tiw0, which is equivalent to 
dropping the subshell d5;2· 

Table I. Neutron pairing energies 

Pairing energy PN, Mev 

N 0 
a = 0.016 /iw, 1 0.020 /iw, 1 0.024 /iw, 1 Experiment1 

150 0.26 0.43 0.94 1.58 0.7-1.1 
148 0.26 0.23 0;88 1.57 o:8-1.2 
146 0.26 - 0.82 - o;7-0.9 
144 0.24 0.27 0.97 1.69 o:8-1;o 

Using the corrected Nilsson schemes, we cal­
culate the pairing energies to find G for both pro­
ton and neutron interactions. The numerical solu­
tions of (3), (4), and (12) were obtained with an 
electronic computer. After calculating (£ ( Z, N) 
by formulas (5) and (11), we obtain the pairing 
energies 

PN(Z N) = 2 ~ (Z, N- I) - ~ (Z, N) - ~ (Z, N - 2) . u~ 
for G = 0.016, 0.020, and 0.024tiw0• The results 
of the calculations are summarized in Tables I 
and II, from which it is seen that the pairing en­
ergies depend very strongly on G. 

Comparing the calculated pairing energies with 
the experimental values, we find that for neutron 
interactions GN ~ 0.020tiw0 (more accurately, 
0.018tiw0 < GN < 0.022tiw0 ), and for proton inter­
actions Gp ~ 0.022tiw0 (more accurately, 0.020 
tiw0 < Gp < 0.024tiw0). From a comparison. of the 
values of the interaction constants G, obtamed 
above, with their values in the region 150 < A 
< 190, it is seen that G decreases insignificantly 
on going from the rare-earth region to the trans­
uranic region. 

We now calculate the excitation spectrum of 
odd nuclei, solving (12) and finding the energy dif­
ference (11) for nuclei with odd N from N = 141 
to N = 149, and for nuclei with odd Z from Z = 91 
to z = 95, for several deformations o. In order 
to describe the behavior of the basic quantities, we 
list in Table III the values of C, A and Lm for the 
case z = 93 and o = 0.26 for the ground and two 
excited states, and as a comparison for the ground 
state with Z = 94. Itis seen from Table III that C 
and A change strongly both on going from the even 
to the odd nucleus and on going from the ground to 
the excited state. In odd-Z nuclei with Gp = 0.016 

Table n. Proton pairing energies 

Pairing energies Pz, Mev 

z 0 
a= 0.016 /iw, I 0.020 l;w, ! 0.024 l;w, I Experiment11 

!16 0.25 
I 

0.14 0.74 - I 0.8-1.:> 
1.17 1,91 ' ·-1.4 ~I() 0.21, 0.5.'i ! 

I fJ.8-·1.4 !.)!, 0.25 i 0.30 0.9:> - I 92 0.24 I 0.4.5 1.12 1.90 0.8-1.1 
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Table m. Dependence of C, A., and ~n on G 
( o = 0.26, EF = 5.628liw0 ) 

_o_.n_"'" _ _._ __ c _ __ci __ )._-_''_-F----'1---Ll.-n ----';,--G-in_"'_' ___.__l __ c I '-- EF I Ll.n 

z =94, ground state 

0.016 

I 
0.027 

I 
0.005 1.2 

0.020 0.052 0.00.') 1.6 
0.024 o:os5 0,006 2,0 

z = 93, ground state 

0.016 

I 
0 I 0.009 0 

0.020 0 -0.005 0 
0.024 0.043 -0.031 1.1 

liw0, and in individual cases with Gp = 0.020liw0, 

there are no pairing correlations in the ground 
states, and when Gp = 0.016liw0 the vanishing of 
superfluidity is observed in several excited states. 
In nuclei with odd N, no vanishing of superfluidity 
is observed for GN = 0.016liw0, although C is 
quite small for the ground states of several nuclei. 
It is seen from Table III that the chemical poten­
tial fluctuates about the Fermi surface energy EF, 
the value of which is 5.628liw0 for Z = 93. We 
note that these changes in A. are smaller in the 
region 150 < A < 190 than the changes given in 
reference 2. 

The second assumption of the superfluid model, 
neglect of the conservation of the number of par­
ticles in the mean, can severely restrict the accu­
racy of the calculations and therefore calls for a 
numerical estimate. After calculating the mean 
square fluctuation ~ of the number of particles, 
it is necessary to compare it with twice the num­
ber of levels over which the summation is carried 
out, in our_ case with the number 48. From the cal­
culated values of ~. some of which are listed in 
Table III, it can be concluded that the error due to 
the fluctuation of the number of particles is on the 
order of 5 percent. 

Comparing the calculated single-particle levels 
of the odd nuclei with the experimental data, we 

Z = 93, excited state, particle, 
5[[523] 

0.016 I 0 I -0.038 I 0 
0.020 0.030 -0.054 1.0 
0,024 I 0,062 I -0.049 1.6 

Z = 93, excited state, hole, 
~-[530] 

0.016 

I 
0.020 

I 
0.004 

I 
1.0 

0.020 o:o4t 0.003 1.4 
0.024 0.069 0.001 1.7 

see that the agreement is quite crude; the best 
agreement occurs when Gp = 0.024liw0 for nuclei 
with odd Z and when GN = 0.020liw0 for nuclei 
with odd N. 

It must be noted that the density of the calcu­
lated low-energy levels is in good agreement with 
the experimental data 10 and is approximately twice 
the level density given by the Nilsson scheme. In 
Table IV we list by way of an example the low­
lying energy levels of several nuclei. To obtain 
a more detailed agreement between the calculated 
and measured levels it is necessary to improve 
the level scheme of the self-consistent field. 

We note that the effect of superfluidity on the 
spectra of odd nuclei is somewhat weaker in the 
transuranic region than the rare-earth region, 
although G has decreased insignificantly. Further­
more, for identical values of G the effect of super­
fluidity on a nucleus with odd Z is somewhat 
weaker in the transuranic region than in the re­
gion 150 <A< 190, apparently owing to the change 
in the level density .10 

3. EXCITATION SPECTRA OF EVEN-EVEN 
NUCLEI 

Let us calculate the single-particle levels of 
the even-even nuclei on the basis of the superfluid 

Table IV. Energies of excited states of odd nuclei* (Mev) 

l 
,\i -~ 1f,:j N= 147 z =93 

s = 0.24 s = 0.26 I s = 0.27 s = 0.25 
I 

Ground 
I 

I 
5/2+ 0 7 ;, - 0 s;.+ 0 5f2+ 0 

state 
Particle 0.18 1/2+ 0.18 7/2+ 0.26 7 ;.+ 0.08 sf,-
levels o:34 s;z+ 0.25 •;.- 0.31 0' - 0.74 "h-/2 

0.71 7 ;.+ 1.07 lh- 0.96 ';.- 0 77 7/2+ 

Hole 0.26 s;z+ 0,20 ';,+ 0.30 1' + 0.2.7 'h-l:! I 
levels 0.56 •;,+ 0,47 7;.- 0,56 'I - 0.51 •;,+ 

0,60 s;.- 0.88 s;.+ 0.99 &j~+ O.ltl .,, -
*G=0.0201t<u0 for odd-N nuclei and 0.0241rCLl, for odd-Z nuclei. 
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Table V. Single-particle levels of U234 (in Mev) 
(for o = 0.24) 

Proton levels 

Gin -lf<Uo 
nand parity 

I 0.020 0,024 

:2-,3- 0. 75 1,09 
z+,3+ 0.87 1,19 
1+ ,4+ 0,98 1.33 
o+ 1.07 '1,29 
o+ 1.15 1.37 
1-,4- 1.16 L39 
o-.5- 1.19 1.45 
o~ 1,31 L51 
]-,4- 1.37 1.69 
1-,2- 1.38 1.59 
()+ Ui1 1,80 
1+,2+ 1.64 1,91 
[+,2+ i. 71, 1.94 
1-,4- 1.94 2,12 
o-,3- 1,97 2.15 

model of the nucleus. For this purpose we solve 
Eqs. (3), (4), and (10) and calculate the energy of 
the ground and excited states. We note that the 
excited states given by Eq. (8) are doubly degen­
erate, unlike the states given by (8'). The exci­
tation spectrum calculated on the basis of the 
superfluid model of the nucleus shows, by way of 
a minimum, the most probable spins and parities 
of the lower excited states, i.e., the calculated 
spectra of the even -even nucleus contribute to the 
analysis of the experimental data at least as much 
as the Nilsson scheme does to the analysis of the 
odd nuclei. 

The influence of superfluidity on the excitation 
spectra of the even-even nuclei is quite strong. 
Furthermore, whereas in the case of odd nuclei 
the single-particle levels condense about the 
ground state with increasing G, in even-even 
nuclei the single-particle levels shift away from 
the ground state with increasing G, i.e., the gap 

' Neutron levels 

Gin -11"'11 
nand parity 

I 0,018 0.022 

1-,6- 0,78 1.32 
2+,3+ L09 L54 
o+ L10 1.40 
2-,5- L15 1:57 
1+,6+ 1.19 L65 
o+ 1:2o L57 
o+,5+ 1.31 1,75 
3-,4- 1.40 1.68 
1-,2- 1.44 1.80 
1+,4+ L52 1.84 
o-,5- 1,57 1.88 
1-,6- 1.52 1,85 
o+ 1. 74 1.96 
()+ 1.86 2.13 
1-,4- Uli 2:18 

increases. The change in the behavior of the lev­
els with increasing G is demonstrated in Table V 
for u234 • 

Tables VI and VII list the values of C, A., and 
b.n for Pu238 , for both proton and neutron inter­
action. In the tables the Fermi-surface level is 
numbered nF, the next level is denoted nF + 1, 
etc. Calculations show that C diminishes strongly 
on going from the ground state to the lowest lying 
excited states, vanishing in individual cases even 
when GN = 0.022liw0 and Gp = 0.024liw0• The van­
ishing of superfluidity in the excited states with the.. 
lowest energies leads to a reduction in the gap 
compared with 2 [ C2 + ( E F - A.) 2 ] 112• The values 
of the chemical potential A. fluctuate about EF, 
and the deviations of A. from E F are greater than 
the deviations in odd nuclei, reaching 0.5 Mev. 

Calculating in this case, too, the mean square 
fluctuation b.n of the number of particles and com­
paring it with the number 48, i.e., with twice the 

Table VI. Principal characteristics of the interaction of the 
neutrons of Pu238 (o = 0.26) 

0/fH»o = 0.018 0/li."'· = 0.022 

c I 1.-EF I 8n c I 1.-Ep I ~n 

Ground state 

- 0.063 I 0.029 I 1,87 I 0,108 I 0.030 I 2,42 

Excited states given by (8') 

(nF,nF) 0.028 

I 
I) . 76 

I 
1.07 

I 
0.057 

\ 

0,070 

I 
1.50 

(nF-1 ,nF-1) 0,042 0,1) I 1.l14 0,076 0,076 1,93 

(nF+i ,nF+i) 0.028 -0.023 1.04 0.059 -0,011 1.53 

Excited states given by (8) 

(nF,nF+1) ll 0,84 0 0 0,051 0 

(nF,nF +2) 0.0002 0.024 0 0.051 0,005 1.30 

(nF-1,nF) 0,035 . \) .080 1.26 0.067 0,073 1,73 

(l'lF+i ,nF+2) 0.035 -0.023 1.24 0.069 -0.013 1.76 
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Table VII. Principal characteristics of the interaction of the 
protons of Pu238 (o = o.26) 

I 0/!i"',=O, 020 O(!i.w,-0, 024 
~-·--· 

.I I 
c /..-Ep 6n c /..-Ep ~n 

·--------"'-

I Ground state 
0.052 0 1.(10 I 0.085 0.01 1.00 

Excited states given by (8') 
(np, np) 0.0004 0,09 

I 
0.01 

I 
0.027 

I 

0,07 0.78 
(np-1, np-1) 0.001 0.08 0,02 0.053 0.07 1.37 

(np-f-1, nr+l) 0 -0.06 0 0.036 -0.0.5 1.0() 

Excited states given by (8) 
(np. nF +1) 0 0.10 
(np, np+2) 0.0002 0 
(np-1, nF) 0 0,0() 

(np+1, nr+2) 0.018 -0,06 

number of levels, we find that &I/48 is on the 
order of 5 percent. Thus, the changes in C and 
A. on going from the ground states to the excited 
states, both in even and in odd nuclei, are consid­
erably greater than the errors due to the conser­
vation of the number of particles in the mean. 

As shown above, the excited states (8) are or­
thogonal neither to each other nor to the ground 
states (which we denote by I 0 ». Let us estimate 
the non-orthogonality, say for Pu238• For the pro­
ton interactions at Gp = 0.024liw0, we obtain 

(nF-1, nF--l[O)c=0.15, 

(nF, nF I 0) = 0.42, 

(nF+ 1, nF+ l[nF-1, nF- l) = 0,07, 

(nF --r- 1, nF + 1/ 0) = 0.40, 

(nF+I, nF-f-1/nF, nF)=0.67. (17) 

In the case of neutron interactions we obtain for 
GN = 0.022liw0• 

(nF-1, nF-1/0)=0.17, 

(nF, nF/nF-1, nF-1)=0.001, (nF, nF/0)=0,44, 

0 0 0.08 lJ 
0,01 0.01 -0.03 0.:2.) 
0 0.()4 0,07 l.ll 
0.67 0.049 -0,0.~ 1,35 

(nF -f- I, nF ·I· I /0) = 0,31, 

(nF + I, nF + I 1 nF, nF> = 0.22. (17') 

It is seen from this that the admixture of excited 
states (8') is essentially large, and therefore the 
energy difference between the states (8) is calcu­
lated with greater accuracy than their energy rela­
tive to the ground state. The energy of the states 
o+ (8') is calculated with considerably lower accu­
racy. 

The calculated energies of several excited 
states of u234 with deformation o = 0.24 and of 
Pu238•240 and Cm246 with o = 0.26 are listed in 
Tables V, VIII, and IX. Among the low-lying lev­
els there are states 0 +, which enable us to treat, 
for example, the states o+ with energies 1.15 and 
1.62 Mev of u 234 as single-particle states. The 
values given for the level energies enable us to 
analyze the experimental data. 

The most interesting result of the calculations 
is that the lowest level in all the spectra of even­
even nuclei which we have calculated is the level 
1-' inasmuch as the level n = 0 with negative 
parities appears as I = 1-. This is the result of <nF+ 1, nF+ 1/nF-1, nF-1> = 0.08, 

Table VIII. Single-particle levels of Pu238 and Pu240 

(Mev) ( o = 0.26) 

Pu211, neutron levels Pu"'8, proton levels I Pu2•, neutron levels 

n snd parity- a =0.020 ;-:: ~ n snd parity a= 0.0~4 n"''_l n snd ~:it~J __ a =0.020 Jiw, 
---------· --

I 
~1- ,4- 0,8() o-,;)- 0,8.1 2+,:;+ 0,90 
I)+ 1.03 o+ 0,97 ()+ 1.11 
o~ 1.08 o+ 1,13 o+ 1.1'1 
'(- ;6- 1, 18 2+,3+ 1.39 t-,6 !.Iii 
:2+;3+ 1,32 1- ,!C 1.44 :-)+ ,1c- 1.20 
2+ ,3+ I .40 [+,61 1.51 !c ,5- t .28 
J-,6- u:;;; t+,.J:-+ 1.65 3-,4- 1.44 
(J+ ,5+ ·1 • -~t) 2-,3- 1,67 o-,7- 1.41 
u-, 7- 1.60 t-,tc 1,70 
[+,2+ 1,61! 1-,6- 1. 75 

1+ H+ 1,51 
2-:7- 1.51 

t)+ 1. 73 1+,2+ 1.88 Q+ ,5+ 1 .. ~6 
:;+,4+ 1. 77 1+,4-1- 1,97 o+ 1 .62 
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Table IX. Single-particle levels of Cm246 (Mev) ( o = 0.26) 

Proton levels 

1,00 
1,10 
1,30 
1.40 
1,49 
1.47 

1- s-oJ, 
(_)t 
2- ?­
,r<6+ 
4-,s-

a fortuitous combination of levels in the Nilsson 
scheme. It follows from our calculations that the 
single-particle levels 1-, which lie lower than 
1 Mev, should be observed in the nuclei Th232, 
u2M, Pu238,240,2.f.2,2«, Cm2.f.8, and Cf24~ It' is pos-
sible that analogous calculations can confirm the 
appearance of 1- levels in other transuranic ele­
ments, particularly in the lighter iso~opes of 
thorium. 

Actually, using the Nilsson scheme for nuclei 
with odd N, it can be seen that, starting with N 
= 130, the sequence of levels is %-, % +, %-, % +, 
%-, % +, etc., i.e., the adjacent levels have oppo­
site parities and I Oi- Oi-il = 1 or 0, which is 
quite favorable for the appearance of the r levels. 
A similar picture is observed in the level scheme 
of nuclei with odd Z. 

Thus, the calculations performed indicate that 
the low-lying levels with I= 1 and negative parity, 
which appear in many transuranic elements, can 
be single-particle but not collective levels. 

4. CORRECTIONS TO THE PROBABILITIES OF 
THE BETA AND GAMMA TRANSITIONS 

Let us calculate the corrections to the fJ and y 
transitions, connected with the superfluidity of the 
ground and excited states. Knowing C and A., it 
is easy to obtain the wave functions of the ground 
and excited states (6), (8), (8'), and (13). It is 
easy to show that the corrections to the probabili-

1.63 
t:64 
1,70 
1. 76 
1.80 
1,9fl 

ties are separated in the form of factors smaller 
than unity. 

Calculating the corrections to the probabilities 
of the fJ decay of the odd nucleus, when the neu­
tron from state s 1 goes into a proton in state s 2, 
i.e., 

(N=2nN+ 1; l=2nz)-*(N=2nv; Z=~2nz+ 1), 

we obtain 

R c= (u~~N u~:Z>2 IT (u~"Nu~s,)(2nN+1) + v;"i v~s,)(2nN+1))2 
S4=oS1 

X n (u2nz (s,)(2nz-r-l) + V2nz0(s,)l !nz+ I' )2 
s' Us• s' s' · (18) 

The correction to the probability of the fJ decay of 
the odd-odd nucleus, i.e., of the decay 

(N = 2nN + I, Z = 2nz- I)--+ (N = 2nN, Z = 2nz), 

is determined in the form 

n (u2nZ (s, )(2nz-') + 0 2n, . vls,)(2nz-1)) 2 >< s' us' ' s' s' ' (19) 
s' -i-·s2. 

where in u~n and v~n it is necessary to substitute 
C and A. for the ground state of the even shell, and 
in u<siH 2n±1) v<si)(2n±1) it is necessary to substi-

s ' s 
tute C and A. of the ground or excited states of the 
odd shell, if the odd particle is in the state Si. 

In Table X we list the calculated corrections to 
the probabilities of the fJ decay of Pu237•243 and 

Table X. Correction R to the probabilities of fJ decay of odd 
nuclei for Gp = 0.024liw0 and GN = 0.020liw0 

Parent Daughter 

I I 
R 

nucleus sta~e nucleus stat!' 
--
Pu237 7/2 7/z-- [743] Np•a' •;. •;.+ [642] 0.106 

7/2 7; 2- [743] 5/z 5/2- [523] 0.090 

\z 5/z+ [642] 1/z lf2+ [631] 0.195 
Np2ao 512 5f2+ [642] Pu••• •;. •;,+ [622] o:120 

5/z 5/z+ [642] 7/z 7/,- [743] 0.282 
5,2 •;.+ [642] 5/z •;.+ [633] 0~326 

Pu243 7/z 7;2+ [624] Am"s 5/z •;.+ [642] 0.238 
7/z 7/z+ [624] 7/2 7/2+ [633] 0.613 
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Table XI. Corrections Ry to the probabilities of electromagnetic 
transitions in odd nuclei for Gp = 0.024tiw0 and GN = 0.020tiw0 
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Nucleus Initial 

I 
Final 

I 
Energy Multipolar- Ry 

state state (Mev) ity 

"I· "lz-[523] 7/2 "1.+[642] 0.06 E'l 0.46 
Np•"' "lz "1.-[521] 712 61.-[523] 0.16 £2 0.65 

"I• "1.-[521) 61z 51.-[523] 0.21 M1 0.93 

Pu""' 1/2 112+[631] 'I• 7 1.-£743] 0.14 £3 0.26 

Pu••o 712 712-[743] .,. 51.+[642] 0.11 £1 0.58-10-3 

.,. 51z+[622] 312 1 / 2+[631] 0,29 £2 0.207 -

Np239 • It is seen from the table that the corrections . It must also be noted that on the basis of the 
can be quite important in individual cases. superfluid model of the nucleus it is possible to 

The corrections to the electromagnetic transi- carry out all-out investigations of the properties 
tions are of more complicated form. For the case of strongly deformed nuclei, for which it is nee­
of an odd nucleus we obtain essary to calculate the moments of inertia of the 

where Tl = 1 for electric transitions and Tl = - 1 
for magnetic ones. 

In Table XI we list the corrections to the 'Y 
transitions. We note that these corrections flue-
tuate within greater limits than the corrections 
for {3 decay. 

Thus, our calculations show that in the calcula­
tion of the probabilities of {3 and 'Y transitions in 
strongly deformed transuranic elements it is nec­
essary to take into account the superfluidity of the 
ground and excited states. 

CONCLUSION 

The superfluid model of the nucleus is based 
on the shell and unified models and is a further 
development of these models. At the first stage 
of the investigations, carried out on the basis of 
the superfluid model of the nucleus, we disre­
garded the long-range residual interactions, re­
sponsible for the main collective properties of 
the nucleus. 

It must be noted that the results of the calcu­
lations on the basis of the superfluid model of the 
nucleus for specified values of G and for speci­
fied energy levels of the effective potential are 
single valued. In light of this single-valuedness, 
particular interest attaches to the mutual com­
patibility of the results obtained, namely: for the 
same values of the interaction constants G we ob­
tain reasonable values of the pairing energies and 
of the levels of the even and odd nuclei, and when 
G is changed, say, by 30 - 40 percent to either 
side, a sharp discrepancy is observed with experi­
ment, both in the level behavior and in the pairing 
energies. 

ground and excited states, the probabilities of {3 
and 'Y transitions, the magnetic moments, etc. 
On the other hand, to obtain more detailed results 
it is necessary to determine more accurately the 
behavior of the energy levels of the self-consistent 
field. 

In conclusion I express my deep gratitude to 
N. N. Bogolyubov for continuous interest in the 
work and for fruitful discussion, I. N. Silin for 
setting up the program and carrying out the nu­
merical computations, and also to N. I. Pyatov, 
V. I. Furman, and Liu Yu-yen for aid in the proc­
essing of the results. 
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