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Abstract

By using the improved scheme of single-particle levels of the self-
~-consistent field, certain properties of strongly deformed nuclei in the region
150« A < 190 have been investigated on the basis of the superfluid nucleus
model. Sy comparing calculated pairing energies with experimental data the
pairing interaction constants having average values equal Lo

Gun = 0.0240Wy = 0.18 MeV and Gz=0.026hwe = 0.20 MeV
have been found. The density of the single-particle low-energy levels of odd
mass nuclei has been calculated which agrees with experimental data and is
about twice as large as those presented by Nilsson’s schemes., The regulari-
ties in the behaviour of the low-excited states of even-even nuclei have been
noted, It has been shown the calculation error which is due to the conserva-
tion of number of particles on the average does not exceed 6 percent.

The superfluid model of a nucleus/1/ basing on the unified or shell models takes into account residual
short-range interactions of nucleons in the nucleus by means of the variational principle/3/. To describe

such interactions we use the Hamiltonian of the type

He S (Es-)) i tee = G 2 0% Olsm tst Use 1)
S6

s, s!

where E g are single-particle levels of the self-consistent field; A is a parameter playing the role
of the chemical potential; (S.&) are quantum characteristics of the level; (3 is the short-range
pairing interaction constant. Note the number of particles is conserved on the average. The investigation
of properties of transuranic elements has been carried out in/?/ where the b@sic equations of the problem
are given.

In the present paper we investigate the properties of the strongly-deformed nuclei in the region
150 < A < 190 on the basic of the superfluid nucleus model.

By comparing the calculated pairing energies with experimental data let us define the constants of pair-
ing interactions & , calculate spectra of the single-particle levels for odd-mass nuclei as well as for
some even-even nuclei and compare them with experimental values.

Modification of the Nilsson Scheme

As single-particle levels [Es we use in calculating the levels of the Nilsson scheme/4/, The ana-
lysis of the scheme based on the well-known spectroscopic data/9:10,12/ showed that the proton shell in ge-
neral is described satisfactoryly by the scheme given in/%/. We make essential modifications in the scheme
of ncutron Jevels for B2< N <126, namely:
a) all the eigenvalues of neutrons with N=6 are increased by 0.25h 0‘00 ( that corresponds to the
parameter M = 0.33), except ¢ 13/2, which are increased by 0.06 Rdo ( M = 0.42);
b) the subshell R 11/2 is decreased by 0.31 Do ( m = 0.65);






single-particle levels nearest to the Fermi surface energy. One can see from the scheme of single-particle
neutron levels (Fig. 1) that in the region of deformations 8 = 0.26 — 0.36 the difference of energies
between the levels N =97 and N =99 reaches 1.4 MeV, that leads to a sharp decrease of the quan-
tity C  for the corresponding odd-mass nuclei. The values of €  for the ground states of even sys-
tems are less sensible to the behaviour of the single-particle levels. The values of € for odd systems
(2n —1) are on the average less by ( 20% — 30% ) than those for even ( 2n) systems, that agrees with
the evaluations in/11/, Thus the appearence of one quasiparticle leads to a considerable reduction of the
superfluidity. It should be noted the values of C decrease as a rule with increasing deformation which
testifies to the fact that the role of pairing correlations is reduced when & increases. The function C
for singlequasi-particle states of odd systems has a minimum value for the ground state and increases for
excited states as the excitation energy increases, approaching the value of €  for the ground state of
the corresponding even system ( see Table 1 ). In the case of the even system the function € for
two-quasi-particle excited states decreases by 30 or more percent, sometimes it vanishes. The value of
this correlation function increases with the excitation energy increase.

Single— Particle L.evels of Odd-Mass Nuclei

On the basis of the superfluid nucleus model we calculate the spectrum of single-particle levels for
both odd - N and odd- Z nuclei in the region under investigation. As an example we give in Fig. 7 the cal-
culated and experimental levels Dy“l and Lt 75 . Note that the excitation energy values calcu-
lated by us agree better with experimental data in comparison with those in the Nilsson schemes. However,
because the levels of odd-mass nuclei depend strongly on the behaviour of average field levels it is diffi-
cult to expect to recieve a detailed agreement with experimental data. We investigate therefore the densities

of single-particle levels. The average density of neutron levels for 99 # N # 109 is found to be equal
to 3.3 levels per 1 MeV, and the density of experimental levels averaged in the same way is 3.1 levels
per 1 MeV. The average density of the calculated proton levels for 63« Z=<73 is equal to 3.6 levels
per 1 MeV. The corresponding experimental density is 3.4 levels per 1 MeV. The average densities of the
calculated proton and neutron levels is larger than those of corresponding Nilsson schemes by a factor of

1.7. The calculation carried out are in agreement with the investigations of the single-particle level density

1n/13/_

Thus, as in the transuranic region/z/, the density of low-energy levels agrees with experiment and is
about twice as large as the density of levels in the Nilsson scheme, Note the effect of increasing the level
density is connected with superfluid properties of ground and excited states. The necessary level density

can be obtained by no changes of single-particle levels in the model of independent particles.

Even-Even Nucleus Spectra and Evaluation of
Calculation Precision

The most interesting and hopeful is the application of methods based on the superfluid nucleus model to



the analysis of even-even nucleus spectra. In/2/ it has been hown that in the excited SmtelK,K + 1>
of the even system where one quasi-particle is on the level X and another of the level K+ 1

¥ denotes the final filled up level for G=0 and K+ 1 denotes the subsequent level with higher
energy etc. ) the superfluidity of the system decreases strongly and sometimes is reduced to zero. This is
connected with the fact that for the correlated pairs the level K and K+1 are blocked and, therefore,
in states available for pairs a large gap appears. Since below this gap the number of states is equal to
that of particles and from the energy point of view it is not advantageous for pairs to occupy K+2 and
higher levels because of a great loss of kinetic energy, then in the | X, K+ 1 state the superfluidity
is very small. In connection with this the energy of the system in the | K,K + 1> state decreases and as
a rule the energy difference between the | K, K+ 1 > and ground states is less than the value of energy

qap < C being the correlation function of the ground state.

We illustrate these considerations on the example l:f Vgnz whose calculated characteristics for
excited states are given in Table II. In the excited proton states | K, K+ 1> and , K,K+2> etal
the superfluidity is absent, i.e. C=0 while in the ground state Cg=0.12 +cbe = 0.85MeV. In higher
enerqy states the superfluidity increases approaching the value of the ground state. In the neutron system
the superfluid properties are weakened considerably inthe | K, K+ 1  state, because C = 0.034 40,
while in the ground state C,= 0.126 htde = 0.93.MeV. Now we compare the calculated spectrum Y§g'T*
with experimental datq/14/, which have been obtained in studying the decay £u'7z with the configu-
ration: neutrons { #/2-L5241%} protons {7/2+[4 0414} , e 1=4,

9~ , K=4. The excited 3% 3 1172 KeV state in the spectrum _Y!ln is undoubtedly a single-par-
ticle one. It can be a proton state of the type {7/2 +[404] i’_} - {12+ [4u]d }
as well as a neutron one 1 /2 - L5213+} + {8/2-L5412]1} The 3%3 level is an
example of the | K, K+ 1  state and its energy is lower than that of the gap, since the neutron gap
2Co=1.86 MeV and the proton one 2 Co = 1.7 MeV. Because the superfluid properties of the system
in the K, K+ 1> state is decreased then its moment of inertia in this state must increase. The expe-

- 42 7
riment confirms this fact since we have 25 =3 for the ground state and 5 ° 14 for the

|K,K+1) state.
Note the moment of inertic  of the system which is in the excited state depends on superfluid pro-
perties of both the specified and other states. A sharp decrease of the magnitude of the correlation func-
tion C for this state does not lead therefore to a considerable change of the moment of inertia of the

excited-state system by comparing with that of the ground-  and other excited-state-system.

Note that those O7 states, where both quasi-particles being on the same level are calculated with
smaller accuracy than other states. The conservation of number of particles on the average leads to dif-
ficulties which are concentrated in these states. Among two-quasi-particle states there is one redundant

166
state but the ground and 0% states are not ortogonal, Indeed, in the case Enx for &= 0.31
Gz = 0.028%Ws and Gu = 0.024+ 0. the evaluations of the non-ortogonality lead to the

following results

a) proton states



<K -1, K -1{0>=0.30

(K, Kl o> =0.39

(K+1,K+1{0% = 0.38

b) neutron states

<K=1, K=1]0>
{K, K 10> =0.12
(K+1, K+1] 0>

where | 0) is the ground state.

]

0.08

0.10

K+1, K+1|K=-1, K~ 1>=0.10
(K, K|K=1,K~1> =0.02
<K+1, K+1] K, K> =0.13

(K#+], K+ ]| X=1 K= 12> =0.15
LK, K|K=-1,K-1>»=0
<K+ 1],K+1]|XK K> =-0.23

Using the formulae given in”’l/ we evaluate the error which is due to the conservation of number of

particles on the average. Values of root-mean square fluctuation of number of particles Van# calcula-

ted are given in Table I and II. The relative magnitude of the fluctuation o'rT'-/z.n. ( L ~-is the
number of summed levels ) changes rather strongly in transition from ground states to excited ones but it
does 1ot exceed 6 percent. Thus, the accuracy of our calculations is restricted not to the conservation
of number of particles on the average but generally to the accuracy with which single-particle levels of

the self-consistent field are known.

In conclusion we are pleased to acknowledge N.N. Bogolubov, K.L. Gromov, B.S. Dzelepov,

L..K. Peker for highly fruitful discussions of the work.
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Fig.2. Calculated ( continuous curves ) and experimental/8:9/ values of

neutron pairing energies (g_—-are even-even nuclei, Xx-are nuclei
withodd A ).






13

G=0024%,

vy
3
o TmMed
Q.
Q
X
m
J
o6 100 104 {08
yucno Hedmponoh
Fiaq. 4. Behaviour of the Fermi surface energy €+ and of the chemical

potential A  for ground states of the even neutron system.






13

ot1e | |

o114 |

012

L]

C 8 ed k.
°
S

0.08 |

0.06 . , . ) ) , A N
60 62 64 66 68 0 rz 7¢ Z

Fig. 6. Behaviour of the correlation function C of the proton system depending
on the number of proton Z in the nucleus

I - even-even systemfor G = 0.028 # (e
II - odd system for G = 0.028 tude
III - even-even systemfor G = 0.024 & De









