








he calculations of the one-phonon state c
ned up to now with the use of the one-ps
iwve functions of the Nilsson potentia1/14/.
cy of calculations was restricted by a ro
-particle energies and the wawve functions
ies, the available calculations are carried
therefore insutficient number of even-even
e present paper the characteristics of the
quadrupoletype are carried out for a larg
deformed nuclei in the region 150< A <
- made >n the basis of the approximate :
thod with the use of the one-particle ener
ions of the Woods-Saxon potential calcul
with the use of the Nilsson potential moc
5 of calculations are compared with the c
data,

1e collective vibrational states are treated
imate second quantization method (random
Yo describe these states we introduce the

A p) of multipolarity A u .

\ i 1 +
Q (Ap) =% E’f‘l"\q#qu(q,q')—gb:#qu (qq°
qq

ors

)= —3 o0a .a , (or=—1——2 a
7o a0 q-0 o a6

,q)= 3% at a , (of =3 oa+
o q q O o q=-0



are expressed through the quasiparticle operators @ g a0
denote the quantum numbers of the average field levels, ¢ =+1,

The wave function of the ground state of an even-even nuc-

leus is defined as one containing no phonons
Q, Ap) ¥ =0 (4)
and the excited states are« weated as one-phonon

Q

, Aptw (5)

Next, we calculate the average value of the Hamiltonian B, operator
containing the average nuclear field, the interaction leading to pair-
ing correlations and the multipole-multipole interactions over the
state Q"" (Ap) ¥ ., The energy m‘)‘“ of the state (5) ahd the functi-
ons ¢it, , ¢!, are found by means of the variational principle
(the e:c::ited ;t;tes are lebelled by i =1,2,3 ... in the order of in-
crease of the excitation energy)
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When the diagonal matrix elements are absent (i.e, for gamma and

octupole vibrations) the secular equation is of the form:
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Here k™ is the interaction constant of multipolarity A | in this ca-
se it is assumed x?; = x(;\:‘ =x(::’ k@ M (4q°)  is the matrix
element of the multipole moment operator Ap .









ticle one and the accuracy of calculiticns is mainly restricted
the rough description of the average field levels,

3., The calculations of the characteristics of the one-phono
states are performed with the following two schemes of the one
ticle energies and the corresponding wave functions: the modifi
Nilsson potential and the Woods-Saxon potential.

In ref./]'?/ an additional term proportional rto <E’> = —!-Q‘T"'-'?-
was introdﬁced in the Nilsson potential, The account of this ter
pert-nitted to construct the one~particle level scheme for nucle
in the actinite rogion with the same values of the parameters
and « and to decrease as compared to the popular scheme gi
in [19] the number of shifts of the subshells and the number ¢
parameters for nuclei in the region 150 <A <190, Some impros
ment of the parameters of the modified Nilsson potential is mad
in ref./zo/. As a result, a rather good description of the one-pc
ticle average field levels is obtained,

[15]

of the energies and the wave function of the Woods -3axon pc

In ref, an approximate method of finding the eigenvalue
tial was suggested which turned out to be very effective., We h
used the one-particle energies and the wave functions calculat
by this method in /16/. However it was necessary to improve s
ly the Woods-Saxon petential parameters, In the scheme of ne

ron levels given in r-ef./ 16/

the sequence of the one-particle 67
and 521t levels is not correct, To eliminate this shortcoming, it
the spherical basis the following subshells were shifted up as
lows: ‘a.’f.,/2 by 0,07 MeV, lh‘,/2 by 0,13 MeV and 3pl/2by 0.5 Me
This shift can be made by the two w s: either by changing t
spin-orbital interaction constant by 10% or by changing the pa
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meter r, by 0.01 (in units 10 cm),
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-Saxon and Nilsson potential for the same values

ats «® . All BE2) in one-particle units B, _(E2) =
:m4, are calculated with the effective charge value
for protons e, =1,2 , for neutrons e =02 It is seen

that the calculated first X" =27 state energies and
ding B(E2) calculated for the same K% ana e(::)f
rather good agreement with experimental data, It

ted that a part of the obtained results is given

by Vogel/25/.

/6/

are actually two-quasiparticle ones and the second

2
4% e first KT=2" states in

ef., for a given k
; collective ones, The energies of the second K7 =2"
ited in”2Yb and”‘Hf are 1,8 and 1,9 the B(EZ) are
espectively, A small increase of the constant « @

t for these nuclei the first solutions of (7) become
d the second - two-quasiparticle ones, As is shown
» same effect takes place when one introduces the
sle interaction. In other cases the spin-quadrupole
‘ect on the first K" =2' states is small and on the
ates it is fairly essential,

lculated characteristics of the second K" =2' states
¢ they are collectivized more weakly than the first
ntities Y32(22) showing the degree of collectivization

two-three orders larger than Y1(22), The B(E2) for

< ”= 2+ states assume the values 0,02-0,03 one-par-

haviour of the obtained e  ies of the first 0' states
> a large extent the results given in refs./6'9/. So the

he first O states are lowered rather strongly in the



ginning of the region of deformed nuclei (0.7 MeV for nuclei
h N=90) then they increase with increasing A, In nuclei
- 184 . 182 - 1885 ihe energies of the first 07 states exceed
: energies of the first 2% states, Most of the first beta-vibratio-
| states are collective ones,

Since the excited K ".0" states have different structure
(among them the two-phono states are possible) it is difficult to
compare the calculated energies and the B(E2) for excited 17K =270
states with the corresponding experimental data., If we assume that
the experimentally observed first o* stat}as are beta-vibrational and
2) (2) 4/8

oxp then the value .of Kox differs noticeably from

the constant for the nuclei of the considered region. The value of
(2)A4/s

exp

Fig.1. in the region of Sm and Gd isotopes and increases notice~

calculate «
is somewhat smaller than the corresponding wvalues in

ably in the region of the Er and Yb isotopes. To describe cor-
rectly some lowest K"=0" excited states further investigations are
needed,

5, In the microscopic treatment the collective non- rotational
states are considered side by side with the two-quasiparticle ones.
The wave functions of the one-phonon states are a superposition
of the two-quasiparticle states, The investigations performed showed
that the majority of the first excited states with K7 =0" and 2%
have clearly expressed collective properties and a large number
of the two-quasiparticle states contribute to their wave functions,

Information on the component composition of the one-phonon
states can be obtained from some experimental data. They include
beta decays to one-phonon states, cross sections for direct one-
nucleon transfer reactions with the excitation of these states and

gamma transitions from higher states to one-phonon states., The
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Table I. Energies of the first K =2% states (1
and the B(].?.2)/B(1i:2)s values, For nucl
the region 150 = A SB_ 174

s Energies of Kn =2¥states (in MeV) B(EZ)/B(EZ
e Pz
T, gatepy  TEIL AL
e emennone BOH8EEETOR soheme ~  scheme .
. 1.060 1.0 1.1 - 4.7
. 1.088 1.1 1.1 3.4 4.1
. 1.437 1.1 1.4 2.7 3.9
n - 1.0 1.4 - 3.8
vd  n.agg 1.1 0.9 4,7 4.4
55 1.1 1.2 4 4.2
85 1.0 1.2 2.7 4.1
88 0.95 1.2 2.8 3.6
90 0.98 - 8.7 5.0
48 0.87 0.84 6.3 4.7
66 0.94 0.87 5.7 4.9
90 0.78 0.83 4.8 4.7
61 0.78 0.67 4.4 5.5
0.95 0.96 - 4.4
97 0.95 0.98 7.1 4.2
58 0.80 0.96 7.1 4.1
86 0.78 0.79 5.8 3.3
21 1.0 1.1 5.8 3.8
31 1.3 1.4 4.0 2.9
1.3 - - 1.5
86 0.96 - 4.5 2.9
40 1.5 - 2.8 2.0
86 1.5 - 1.3 -
30 1.5 - 1.4 1.6
54 1.0 - 2.1 1.8
1.0 - - 2.5
1.5- - - 1,8
1.5 - - -
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