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The moments of inertia of K =0+ bands in the well-deformed nuclei are calculated by a
particle-number-conserving treatment for the cranked shell model. The very accurate solutions to
the low-lying K =0+ bands are obtained by making use of an efFective K truncation. Calculations
show that the main contribution to the moments of inertia comes from the nucleons in the intruding
high-j orbits. Considering the fact that no free parameter is involved in the calculation and no extra
inert core contribution is added, the agreement between the calculated and the observed moments of
inertia of 0+ bands in ' Er is very satisfactory.

I. INTRODUCTION

Commonly, the lowest excited K =0+ band of a well-
deformed nucleus is known as the p-vibrational band. '

From the analysis of the experimental results it has been
noted that the moment of inertia of the lowest excited
K =0+ band quite often differs from those of the ground
band and the y-vibrational band. This problem was first
raised by Bohr and Mottelson and the inability of the
standard (sd) interaction boson model (IBM) to account
for this deviation has been stressed by Casten and
Warner. Recently, by using a 1/N expansion technique
(N being the number of bosons}, Kuyucak and Morrison
showed that the IBM with arbitrary kinds of bosons (i.e.,
allowing for arbitrary high-spin bosons) and interactions
leads to the same moment of inertia for all bands, and
hence does not allow such a deviation to leading order.

However, it has been noted that there are usually
several low-lying excited K =0+ bands, not all of which
can be accommodated in the collective model space. The
well-known examples are the four low-lying K"=0+
bands that are well established in ' Er.' A remarkable
feature of the K =02+ band (bandhead at 1217 keV) and
04+ band (bandhead at 1833 keV} is that their moments of
inertia are almost equal (2S/R —100 MeV '), but much
larger than those of the ground band (22o/fi -75.2
MeV) and the y-vibrational band (bandhead at 821 keV,
2S /A —80.7 MeV '). The moment of inertia of the
EC =03+ band (bandhead at 1422 keV), 2J/fi —84.7
MeV) is also larger than that of the ground band. These
excited K =0+ bands are connected to the ground band
by 8 (E2) values that are a fraction of the single-particle
(Weisskopf) unit B, and therefore cannot be interpreted
as p vibration. ' The absence of low-lying p vibration in
this mass region is expected from the Nilsson single-
particle level scheme. ' It was also pointed out that the
K =0+ rotational bands with markedly different mo-
ments of inertia are outside of the IBM model space. It
has been suggested that these excited K"=0+ bands
may be regarded as two-quasiparticle states or certain su-
perpositions of them.

The cranked shell model (CSM}, originally introduced
by Inglis, and its generalization provided a basis for in-
terpreting the moments of inertia observed in the rota-
tional bands at low angular momenta. ' ' By consider-
ing an uniform rotation around the x axis with cranking
frequency cu, the CSM Hamiltonian is written as

HcsM =Hin~r —&~J.

where H; t Hsp+Hp is the intrinsic Hamiltonian, in-
cluding the axially deformed single-particle Hamiltonian
H,„(e.g., the Nilsson Hamiltonian) and the pairing in-
teraction H . Although there exist some inherent defects
(e.g., angular momentum nonconservation, etc. ) the CSM
has been proved to be very fruitful in the theoretical
description on nuclear high-spin phenomena as well as
the analysis of experimental data. For detailed reviews of
the CSM, please see Refs. 13—15. The attractive features
of the CSM (Ref. 15) are (a) that the collective and
single-particle aspects of nuclear structure can be treated
on the same footing and (b) that the calculation is simple
for high spin as well as for low spin. Usually, the eigen-
value problem of the CSM is treated by the Hartree-
Fock-Bogoliubov (HFB) approximation, i.e., the indepen-
dent quasiparticle description. In view of the serious de-
fects of the quasiparticle description of the nuclear pair-
ing interaction' (e.g. , the particle-number nonconserva-
tion, the excessive spurious states, the important blocking
effects which cannot be taken into account properly, etc.),
we prefer to adopt a particle-number-conserving (PNC}
approach to treat the nuclear pairing Hamiltonian' and
the low-lying eigenstates of the CSM Hamiltonian. '

In the previous paper' the K structure of the CSM
wave function was investigated and it was shown that the
accurate solution to the low-lying eigenstates of the CSM
Hamiltonian can be obtained easily by the PNC approach
with a many-particle configuration (MPC) truncation
plus K truncation. ' Considering the angular momentum
projection selection rule for the Coriolis interaction,
6K=+1, such an approach is especially effective for
treating the low-lying K =0+ bands in the low-co region.
In this case, the number of K values involved is usually
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very limited, i.e., only a few K values need to be con-
sidered. This means that the dimension of the MPC
space, in which HzsM is to be diagonalized to obtain the
low-lying eigenstates, is greatly reduced. Therefore, the
moments of inertia of the low-lying excited E =0+
bands around the bandhead can be calculated much more
easily.

It is well known ' that the intruder high-j orbits play a
decisive role in the analysis of the yrast spectra and the
low-lying bands of deformed nuclei. In Sec. II we shall
give an estimate of the moments of inertia of the low-
lying Ic. =0+ bands in a single-j model (j = —", for neu-
tron and j= —", for proton). In Sec. III, as an illustrative
example, the moments of inertia of the low-lying K"=0+
bands well established in ' Er are anlalyzed in some de-
tail. A brief summary is given in Sec. IV.

II. ESTIMATE OF THE MOMENT
OF INERTIA IN A SINGLE-jMODEL

In this section we shall give an estimate of the mo-
ments of inertia of the I( =0+ bands in a single-j model.
When we investigate the effect of rotational motion on
nuclear structure, particles in high-j orbits play a crucial
role since the rotational perturbation is so strong in
high-j orbits that even a small rotational motion can
force the angular momentum of the particles to align
along the rotational axis. ' For example, the first back-
bending in rare-earth nuclei is often attributed to the
alignment of a pair of neutrons occupying the intruder
shell i —", . Just as the intruder shells are essential for ex-
plaining the observed magic numbers in medium and
heavy spherical nuclei, it is expected that in superde-
formed high-spin states, the intruder shells also play an
important role for nuclear structure. Experimentally it
was observed that the moment of inertia of an odd-A nu-
cleus whose unpaired nucleon occupying the high-j in-
truder orbit is systematically much larger than the
ground band moments of inertia of neighboring even-
even nuclei. Some typical examples are shown in Table I.
For example, the moment of inertia of the ground band
([633]7/2+) of ' Yb is 22/t'ai =123.7 MeV ', which is
much larger than that in ' Yb (22/i)i =68.39 MeV ')
and ' Yb (2J/A' =71.21 MeV '). Therefore, it is ex-
pected that the nuclear moment of inertia comes mainly
from the contribution of the nucleons in the intruder
high-j orbits. This is partly due to the much stronger
Coriolis response of the nucleons in the high-j orbits and
partly due to the important blocking effects.

The single-particle energy is expressed as

' 'Dy 107.5
'"Er 112.4

Er 122.3
'"Yb 123.7
' 'Yb 122.1

Yb 145.6
"'Hf 136.8

Hf 143.4
' 'Hf 156.5

81.75
74.47
75.18
68.39
71.21
76.19
59.52
62.99
65.93

78.35
75.18
76.36
71.21
76.19
78.45
62.99
65.93
67.91

1.34
1.50
1.61
1.77
1.66
1.88
2.23
2.22
2.34

Average 130 72 1.80

structure of the rotational perturbation can be analyzed
and understood in a relatively straightforward way. ' In
the single-j model, the number of particles N 2j+1.
The dimensions of the r = + 1 MPC space (E, = ac ) with
and without E truncation for various X systems are
shown in Table II. It is seen that the reduction in dimen-
sion achieved by K truncation is quite considerable. Nev-
ertheless, the calculated results obtained by using E trun-
cation faithfully reproduce the corresponding results ob-
tained without K truncation.

When co=0, the magnitude of the nuclear angular
momentum projection on the symmetry axis, E, is a good
quantum number. When the Coriolis interaction is
switched on (co%0},the components of diFerent K values
will be mixed with each other, but in the low-co region
only one E value is dominant for a band and hence can be
used to label the band approximately. The calculation
shows that around the bandhead (low-co region) the
weights of the EC & 2 configurations in the K =0+ bands
are extremely small and can be neglected completely.
For example, the calculation in the single- j model
(j =—", ) shows that the E structures of the 0+, , 02+, and
03+ bands for the %=8 system at co/K=0. 01 (fico-25
keV} are as follows.

TABLE II. Reduction in dimension of the MPC space,
achieved by the I( truncation. N is the particle number.

TABLE I. Even-odd difference of moment of inertia.
Column 2 lists the moments of inertia of odd-A nuclei whose
unpaired particle occupies the high-j orbit [633]7/2. Columns 3
and 4 give the ground band moments of inertia of neighboring
even-even nuclei. Column 5 is the ratio
22( A)/[2( A —1)+2( A +1)].

22( A) 2J( A —1) 2g( A +1)
fi $2 fi

Nuclei (MeV ) (MeV ) (MeV )
—

1

3Q —j(j+1)
s~n~ =K +eo, /Qf =

—,', —,', . . . ,jj j+1)
By choosing co =6.6554'coo and K=O. 392A'coo ( -2.5 —3.0
MeV), j= —", , we may reproduce the Nilsson neutron lev-
els of even parity at the deformation c,2 =0.27 and
c4=0.02, corresponding roughly to the ground-state de-
formation of ' Er, within 0.1%. This gives a certain
realism to the single-j model. Furthermore, since the
wave functions of high-j orbits are especially simple, the

2
4
6
8

10
12

49
511

1295
1295
511
49

19
144
344
344
144

19

D(N)
j=

p

No I( truncation E + 2

36
255
472
255

36
1

16
86

149
86
16

1

J
No K truncation K ~2
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K

0.9959
0.0041
0.0000

0+
2

0.9803
0.0196
0.0001

0+
3

0.9599
0.0397
0.0003

In Table III are presented the amplitudes of the
configurations with weight 10 in the K =0&+ and 02+

states for the N=8 system at co/K=0. 01. In the yrast
band there is only one K =1 configuration with weight) 10 —the lowest seniority v =2 configuration
123(45), in which the three pairs of particles occupy the
single-particle levels 1 (~Q~ =

—,'), 2 (~Q~ = —), and 3

( ~Q
~

=—', ) and the two unpaired particles block the

single-particle states 4 ( Q =—,') and 5 ( Q =—', ) with resul-

tant K = 1. (Hereinafter an abbreviated notation of
configuration is adopted, see Ref. 19 for details. ) In the
K =02+ band the K = 1 configurations with weight
&10 are the U =2 configurations 123(45), 125(34),
126(34), 123(56), 124(56), and 145(23). The components
of the other K ~ 1 configurations are extremely small al-
though these configurations are very numerous. There-
fore, the solutions to the K =0+ bands in the low-co re-
gion thus obtained are very accurate and the information
extracted from them is quite reliable.

Obviously, the angular momentum alignment along the
rotating x axis, (J, ), and hence the moment of inertia,
J=(J„)/ro, is strictly zero in an eigenstate of J, for an

TABLE III. The non-negligible configurations (weight & 10 ) in the 0]+ and 02+ bands of the eight-
particle system at co/x=0. 01 (Ace-25 keV). Columns 1, 2, and 3 list the configurations, the corre-
sponding K values, and configuration energies, respectively. Columns 4 and 5 give the amplitudes of
the non-negligible configurations in the 0&+ and 02+ bands, respectively. The main configurations
(weight & 10 ) are specified by +. In column 1, 1234 means a v =0 configuration in which the single-
particle levels 1, 2, 3, and 4 are each occupied by one pair of particles; 123(45) represents a pair-broken
configuration in which the three pairs of particles occupy the single-particle levels 1, 2, and 3, and the
unpaired particles block the single-particle states 4 and 5 with resultant K =0&—Q4, etc. The figures 1,
2, . . . , 7 stand for the single-particle levels as follows (see Fig. 1): 1—:[660]1/2, 2=—[651]3/2,
3= [642]5/2, 4= [633]7/2, 5=—[624]9/2, 6—= [615]11/2,7—:[606]13/2.

Configurations

Configuration
energies

(in units of ~)
Amplitudes in

0~+ band 02+ band

1234
1235
1236
1237
1245
1246
1247
1256
1257
1345
1346
1347
1356
1357
1456
1457
2345
2346
2347
2356
2357
2456
2457
3456

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.0000
0.9846
2.1254
3.6923
1.7231
2.9538
4.4308
3.9385
5.4154
2.2154
3.4462
4.9231
4.4308
5.9077
5.1692
6.6462
2.4615
3.6923
5.1692
4.6769
6.1538
5.4154
6.8923
5.9077

0.9470*
0.1989*
0.0919
0.0549
0.1211*
0.0663
0.0428
0.0205
0.0131
0.0959
0.0561
0.0376
0.0171
0.0112
0.0116

0.0868
0.0521
0.0355
0.0157
0.0104
0.0107

—0.2530*
0.9059*
0.1052*
0.0480
0.1963*
0.0131

0.0699
0.0442
0.1249*

0.0569
0.0373
0.0180
0.0118
0.1057*

0.0524
0.0349
0.0162
0.0107
0.0119

123(45)
125(34)
126(34)
123(56)
124(56)
145(23)

0.4923
1.3538
2.5846
1.6000
2.3385
1.9692

—0.0619 0.0962
—0.0868
—0.0113
—0.0452
—0.0103
—0.0133
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even-N system. %hen the Coriolis interaction is switched
on (~%0) K no longer remains a good quantum number
and the E )0 configurations, first of all the K = 1

configurations, are gradually mixed into the K =0+
band. The moment of inertia of each band around the
bandhead depends sensitively on the amplitudes (magni-
tude and phase) of these K = 1 configurations.

The calculated moments of inertia of three low-lying
K =0+ bands in the single-j model are shown in Figs. 1

and 2 along with the single-particle level schemes. Figure
1 is for the i 13/2 neutrons and Fig. 2 for the h 11/2 pro-
tons. The Fermi surface shifts upwards with increasing
N, the number of particles in high-j orbits. From Figs. 1

and 2 the following features about the moments of inertia
can be drawn.

(1) In the single-j model, the moment of inertia of the
lowest excited K =0+ band is systematically larger than
that of the ground band, i.e., 2(02 ) & J(0,+ ), which can
be understood qualitatively from the dense distribution
(see Figs. 1 and 2) of the excited states (above the energy

gap), which are strongly coupled with each other by the
Coriolis interaction. Quantitatively, the result

S(0&+) & 2(0,+ ) can be accounted for from the individual

contributions to the moments of inertia of 0,+ and Oz+

bands. As an example, the result for an eight-particle

system in the single-j model (j= —", ) is listed in Table IV.
It is seen that the main contributions to the angular
momentum alignment (J ) for the 0,+ band at
cu/v=0. 01 are

2X0.9470X( —0.0619)X (1234'J„F123(45)) =0.4762,

2x0. 1989x(—0.0619)x(1235'J„i123(45))=0.1000,

which correspond to a particle jumping from the
[633]7/2+ state to the [624]9/2+ state, then a E =1
configuration formed. The resultant (J ) =0.6646 (at
co/a=0. 01) means that, for the whole system, the angu-
lar momentum alignment along the rotating x axis has
appeared. The individual contributions to the Oz+ band
moment of inertia are more complicated as shown in
Table IV. Because a number of configurations are re-
sponsible for the (J„),though some main contributions
cancel each other, the resultant angular momentum
alignment is still larger ( —17%) than the 0,+ band. Simi-

larly, we have S(03+ ) & 2(0,+ ).

30— —30

[6067] 13g+

—————-16'I
458

20—

10—

Y

a

[6157]
1 lg+

m N= 10(108)

[6247] 9/2+

~¹8(100)

[6337] 7g+

[6427J 5g+

03 151.8
——-----1 4'I

——————34
—————--25

(b 102 9

———————1 6

03 832
——————-38

4,5
3,6
2,9

------ -27
62.4

1 y8 ~

——————-5,6;3,10

474t
1,8

—————381
—————-2 11'I

361

---———-1 10

—2.0

—10

0—
[651T] 3g+

[660'T]
1g+

i 13g ¹6
83.8
2~

(MeV ')

0, 53.2
2 Js'
pl

(MeV')
N=l0

p+, 31.1 —0
Ks

(Mev-~)

FIG. 1. The low-lying eigenspectra (at m=0} of the single-j (j = —"} cranked-shell-model Hamiltonian for p =6 p, and 10 particle

systems. The pair-excitational states (K"=0 } are indicated by the bold lines and to the right side of each bold line are shown the

corresponding moments of inertia (2J /A'). The dashed lines represent the pair-broken states, K = ~0, +Qz ~, where the unpaired par-
ticles occupy the single-particle levels 01 and 02 separately. The left part of Fig. 1 is the single-particle levels scheme (i13/2) where
the conventional Nilsson notation [Nn, A]Qvr is used. The arrows indicate the position of Fermi surface for various N-particle sys-

tems and the number of neutrons in realistic rare-earth nuclei corresponding to each case is indicated in the bracket.



41 EC =0+ BAND MOMENT OF INERTIA ANOMALY 2915

Configurations
responsible for (J„)

Single-particle
transitions

Contributions to
01+ band 02 band

1234, 123(45)
1235, 123(45)

[633]7/2~[624]9/2 0.4762 0.1978
[633]7/2~[624]9/2 0.1000 —0.7082

1235, 125(34)
1236, 126(34)
1245, 125(34)

[642]5/2~[633]7/2 0.0166
[642]5/2~[633]7/2
[642]5/2~[633]7/2 0.0100

0.7036
0.0106
0.1524

TABLE IV. Main contributions (larger than 0.005} to (J„)
of the 0,+ and 02+ bands for an eight-particle system in single-j
model (j =—") at co/~=0. 01. The pair of configurations re-

sponsible for (J„) are listed in columns 1 and 2 and the corre-
sponding single-particle transition is given in column 3; The
contributions to (J„) of the 0, and 02 bands are given in

columns 4 and 5, respectively.

(2) When the Fermi surface lies near the bottom of the
high-j shell the ground band moment of inertia is larger
because of the strong Coriolis response of the nucleons in
the high-j low-0 orbits; i.e., the higher the Fermi surface,
the smaller the ground band moment of inertia.

(3) The contribution to the moment of inertia from the
high-j shell depends sensitively on the j value. For exam-
ple, the moment of inertia of the 0,+ band for the X =6
system in the j = —", shell is about twice as large as that in

the j = —", shell.

Now let us assume that there are eight neutrons in the
i 13 /2 shell and eight protons in the h I 1/2 shell, which
may be served as a simulation of the high-j shells in

&s Er,oo (see Fig. 3}. From Figs. I and 2 we obtain the
ground band moment of inertia

1235, 123(56)
1236, 123(56)
1245, 124(56)
1345, 134(56)

1245, 145(23)
1345, 145(23)

1345, 345(12)
2345, 345(12)

[624]9/2~[615]11/2 0.0082
[624]9/2~[615]11/2
[624]9/2~[615]11/2
[624]9/2~[615]11/2

[651]3/2~[642]5/2 0.0056
[651]3/2~[642]5/2

[660]1/2~ [651]3/2
[660]1/2~[651]3/2

0.2840
0.0330
0.0140
0.0058

0.0248
0.0158

0.0092
0.0078

2S/fi2=2(2„+J )/fi =77 MeV

which is very close to the observed ground band moment
of inertia of ' Er (75.2 MeV '). This coincidence may
be more or less accidental, nevertheless, we believe that
the nucleons in the high-j intruder orbits do play an
essential role in the nuclear moment of inertia and some
characteristic features of the moments of inertia may be
manifested in the single-j model. Calculations by using a
more realistic single-particle level scheme (see Sec. III)
indeed confirm such an expectation.

3Q—
0' 18.72—————-27 —3.0

—————-56

2.0—

[505 t]

mN=10(76)

0 41 6O——————2 5
1,10

——————38

—————-16

——-- ——4 7'I 81

—————-38

—2.0

[5147] 9g

—————18
Qs 88.30

3
3,6

—--———14

——————45

36
29

2,9
Oz 13.28

1.0— [5237]

+ N=8(68)

—————-'l 7

———-t 4

2,5
0+ 543o

——————16'I

2,7
29 12

——————18

IQ —1.0

[5327] 5t2

0—

[5417]

[55QT] g-

g ll/2 N=6

0 42.34
Ka ——(Mev t)

23.76

N=10

10.48

(MeV t)

FIG. 2. The same as Fig. 1 but for j = —", .
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III. MOMENTS OF INERTIA
OF THE K =0+ BANDS IN ' Er

A recent investigation of the ' Er(n, y)' Er reaction
led to the establishment of a level scheme for ' Er, which
is believed to be the most detailed and complete level
scheme now available for an even-even deformed nu-
cleus. The overall level scheme comprising 36 rota-
tional bands is known to be complete for levels with spin
I & 6 and excited energy E„&2 MeV. Among them, four
K =0+ bands (bandhead (2 MeV) have been well estab-
lished (see Fig. 5}. In this section we shall calculate the

moments of inertia of the low-lying K =0+ bands in
Er in the framework of the CSM by using the particle-

number-conserving approach. The accurate solutions to
the low-lying eigenstates are obtained by diagonalizing
HcsM in a suf5ciently large truncated MPC space.

It should be emphasized that in the calculation no free
parameter is involved. The Nilsson level scheme for ' Er
is shown in Fig. 3. The single-particle potential parame-
ters involved are chosen according to the Lund systemat-
ics 25' 26

e =0.273,

7.0-
[503]7/2
[512]3/2

[510]1/2

[615]11/2+

[651]1/2+

6.2-
[532]3/2 [651P)2

[660]1/2

[541]1/2

6.8-

[514]7/2

[624]9/2+

6.0-
[402]5/2+

[404]7/2'

[514]9/2

[512]5/2 [411]1/2+

6.6-
[521]1/2

—--.——----
[633]7/2

Fermi Surface

5.8 "
Fermi Surface

[523]7/2

6.4-

[523]5/2

[505]11/2
[642]5/2'

[521]3/2
5.6-

[411]3/2'

[413]5/2+
[532]5/2

[651]3/2+

[660]1/2+
[541]3/2

[402]3/2+

[440]1/2

[532]3/2

[530]1/2 5.4- [404]9/2+

[422]3/2+

[550]1/2

[420]1/2+

[514]9/2

neutron &o

FIG. 3. The Nilsson level scheme around the Fermi surface in ' 'Er (Lund systematics, see text).
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c,5=0.023,

p„=0.624 —1.234X A X 10

v„=0.0641 —2.6X A X 10

p =0.493+0.649X A X10

Kp 0 0766 77 9 X A X 10

and the harmonic-oscillator strength parameters are

41 A
—1/3 =6.959 MeV .

=0.6280 MeV,

The pairing interaction strengths G„and G are deter-
mined by the even-odd mass differences'

P —i [g (168E )+g(170E )] g(169E )

N —Z
Ace =41A '~ 1+On =7.902 MeV,

+

2944

=0.6040 MeV,

where the 8's are the nuclear binding energies taken from
the 1983 Atomic Mass Table. By choosing a suSciently
large MPC truncation energy, E, =0.5ficuo (about 20
single-particle levels around the Fermi surface being in-
volved, see Fig. 3), we get

G„=0.040 6(Hico „,
Gp =0.056 88Acoop .

2118

1359

63.7

80.0

1637 33.9

Because we are interested in the properties of low-lying
K =0+ bands around the bandhead it is very convenient
to adopt the K truncation, namely, HcsM is diagonalized
in the MPC subspace with K ~ 2.

The calculated low-lying K =0+ bands (at co=0) and
their moments of inertia are shown in Fig. 4. The left
portion of Fig. 4 is for the neutron system and the right
portion for the proton system. Below E„&2.6 MeV
there are three neutron pair-excitational states (the
ground state nO,

+ with 2S„/iri =51.6 MeV ', nOz+ at
1359 keV with 2S„/iri =80 MeV ', and n03+ at 2118
keV with 2S„/Iii=63 7MeV . ') and two proton pair-
excitational states (the ground state p0,+ with
2S~ /A' =26.5 MeV ' and pOz+ at 1637 keV with
2S~/A' =33.9 MeV '). Therefore, the moment of iner-
tia of the ground band in 168Er is

2J™o/A' =(51.6+26.5) MeV '=78. 1 MeV

0

keV

neutron

26.5

g4eV ')

FIG. 4. The calculated low-lying (E„&2MeV) neutron and
proton pair-excitational K =0+ bands at ~=0 (i.e., bandheads)
in ' Er. The corresponding moments of inertia are also given
to the right of each bandhead.

which is very close to the observed value 75.2 MeV ' (see
Fig. 5). Considering the fact that no free parameter is in-
volved in the calculation, the agreement between the cal-
culated and the observed ground band moment of inertia
is encouraging. It is seen that the major contribution to
the moment of inertia ( ——', ) comes from the neutron sys-
tem and the remaining part ( —

—,
'

) comes from the proton
system. It is worthwhile to mention that, like the results
in Ref. 12, it does not seem necessary to have an extra
contribution from an inert core, J,( =60/a. =24 MeV
cf. Refs. 23 and 24), to account for the observed nuclear
moment of inertia.

It is interesting to note that the nOz band moment of
inertia is much larger than that of the n0&+ band. This
result can be easily understood from the structure of
wave function around the bandhead (see Table V). From
Table VI it is seen that one of the most important contri-
butions to the angular momentum alignment (J„) at
co/coo„-0. 05 (fico-40 keV) is
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2118 n03 90.2 1.16

2 X &Z XO. S13SXO.O461X & [642]S/2~ J„~[633]7/2)
=0.2044

for the 0,+ band

2 X v'2 X 0.7463 X 0. 1036( [642]5/2 I J„I [633]7/2 )

=0.6676

for the 02+ band which leads to a much larger moment of
inertia for the 02+ band than for the 0]+ band. In fact, the
occupation probability of the first Nilsson level immedi-
ately below the Fermi surface ([633]7/2, see Fig. 3) in the
02+ band is smaller that in the 01+ band, hence, the neu-

tron pair in the lower high-j orbit [642]5/2 has a larger
probability to be excited to the relatively vacant level

[633]7/2 orbit and results in a larger contribution to
(J„) for the 02+ band. Another important contribution
to (J„)is

2X&2X0.6846X0.0467X([633]7/2lJ i[624]9/2)

=0.2534

for the 0,+ band

2 X v'2 X0.6229 Xo.0660 X ( [633]7/2~ J„~[624]9/2)

=0.3262

for the 02+ band which also leads to a larger moment of
inertia for the 02+ band compared with that for the 0,+
band. A similar situation occurs in some other contribu-
tions.

It is seen from the discussion above that a satisfactory
explanation of the moments of inertia in ' Er can be ob-
tained in the PNC treatment of the usual CSM Hamil-
tonian, ' ' in which only a monopole pairing interaction
is included. The great success of such a simple CSM
(Ref. 14) in the description on nuclear high-spin phenom-
ena has been generally recognized in recent years. The
reason is that, just as pointed out by Hamamoto and Mot-
telson, ' the major part of the two-body long-range in-
teractions in the spherical shell model could be absorbed
into the average one-body deformed field and, thus, only
a week residual two-body long-range interaction remains
to be taken into account. This statement is supported by
the well-known success of the Nilsson model in provid-
ing the basis for the classification of the extensive body of
data on odd-3 deformed nuclei. In addition, the sys-

TABLE V. The same as Table III but for the neutron
configurations in ' Er at co/coo„=0.05. The figures and alpha-
bets in column 1 stand for the Nilsson levels as follows:
1 = [514]9/2, 2—:[530]1/2, 3 = [400]1/2, 4= [402]3/2,
5—= [532]3/2, 6—= [660]1/2, 7—:[651]3/2, 8= [521]3/2,
9= [505]11/2, a = [642]5/2, b—:[523]5/2, c =—[633]7/2,
d = [521]1/2, e —= [512]5/2, f= [514]7/2, —g—:[624]9/2,
h —:[510]1/2, i—:[651]1/2, j=[512]3/2.

1833.5
+

100.8 1.34

Configuration
energies Amplitudes in

Configurations E (in units of %coo) 0,+ band 02+ band

1422

1217

84.7 1.13

+

101.7 1.35

+

1637

1359

85.5 1.10

106.5 1.36

1234567S9abc
123456789abd
123456789abe
123456789abf
123456789abg
123456789acd
123456789ace
1234567S9ade
123456789bcd
123456789bce
123456789bde
12345678abcd
12345678abce
12345679abcd

0.0000
0.0427
0.1682
0.3398
0.3882
0.2693
0.3948
0.4375
0.3303
0.4558
0.4985
0.3562
0.4817
0.4021

0.6846
0.5135*
0.2727
0.1415
0.1303
0.1927
0.1120*
0.0847
0.1688*
0.0994
0.0746
0.1515
0.0889
0.1328*

—0.6229*
0.7463*
0.0585
0.0293
0.0215
0.0446

—0.0643
0.0905
0.0432

—0.0559
0.0798
0.0233

—0.0621
0.0270

keV

XP.

0 752
2~

(MeV ')

n01 P%

Cal.

78.1
2M

(MeV ')

FIG. 5. The moments of inertia of the low-lying E =0+
bands in ' 'Er. The left portion shows the observed results and
the right portion gives the calculated results for the ground
band and three lowest pair-excitational bands.

123456789bd(ac) 1

123456789be(ac) 1

123456789bf(ac) 1

123456789ab(cg) 1

12345679abc(8e) 1

12345679abd(8e) 1

123456789ac(bf) 1

123456789ad(bf) 1

12346789abc(5d) 1

13456789abc(2d) 1

123456789ab (dh ) 1

123456789ab (dj) 1

0.1865
0.3120
0.4836
0.1941
0.2638
0.3065
0.2832
0.3259
0.3586
0.3909
0.3934
0.4202

—0.0461
—0.0217

—0.0467
0.0224
0.0162

—0.0223
—0.0163

—0.1036*
—0.0157
—0.0115

0.0660
—0.0272

0.0290
0.0253

—0.0279
0.0129

—0.0118
—0.0178
—0.0170
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tematical behavior of the ground band moments of iner-
tia in the rare-earth nuclei was reproduced well in the
work by Nilssson et al. '

Of course, the usual CSM is too simple to account for
all the detailed behavior of nuclear moment of inertia.
For a more satisfactory description of nuclear moment of
inertia, it seems necessary to include the other residual
interactions, such as the quadrupole-quadrupole interac-
tion, the spin-dependent interaction, and the higher mul-
tipole pairing interaction, etc. The PNC formalism for
treating the pairing plus quadrupole-quadrupole interac-
tion has been given in Ref. 28. The calculation shows
that the quadrupole-quadrupole interaction would be im-
portant for collectively excited bands, e.g., the y-
vibrational bands. However, its inAuence on the mo-
ments of inertia of the K =0+ bands with less collective
character is not expected to be large.

IV. SUMMARY

The nuclear moment of inertia is one of the most im-
portant properties characterizing a rotational band. The
CSM of Inglis provides a basis for interpreting the mo-
ment of inertia. By using the quasiparticle formalism and
the second-order perturbation theory, Nilsson et al. '

succeeded in explaining the importnat fact that the ob-
served ground band moments of inertia of even-even de-
formed nuclei are about —,

' to —,
' of the rigid-body value.

In the present paper the moments of inertia of the
K =0+ bands in we11-deformed nuclei are calculated in
the framework of the CSM by using a PNC approach, as-
sociated with a MPC truncation pluse a K truncation. In
virtue of the angular momentum projection selection rule
for the Coriolis interaction, AK =+1, this approach
turns out to be very effective for calculating the nuclear
moment of inertia.

The calculation shows that the intruder high-j orbits
play a decisive role in nuclear moment of inertia. In fact,
the vast majority of nuclear moment of inertia comes
from the contribution of nucleons in the high-j orbits and
the calculation in a single-j model does reproduce the
characteristic features of nuclear moment of inertia, e.g. ,
the ground band moment of inertia, the markedly
different moments of inertia of the low-lying excited
K =0+ bands from the ground band value, etc. If we as-
sume that the low-lying K =0+ bands established in

Er are low-lying neutron pair-excitational or proton
excitational states, or a certain superposition of them, the
agreement between the calculated and the observed mo-
ments of inertia is very satisfactory, though no free pa-
rameter appears in the calculation. The calculation
shows that the moment of inertia depends sensitively on
the properties and the distribution of the single-particle
levels around the Fermi surface, especially the position of
the intruder high-j orbits. Thus, the investigation in nu-

clear moment of inertia may provide us with valuable in-

TABLE VI. The same as Table IV but for the neutron configurations in ' 'Er at co/duo„=0. 05 (con-
tributions larger than 0.01).

Configurations
responsible for (J„)

Single-particle
transitions

Contributions to
0&+ band 02+ band

1234S6789abc, 123456789ab {cg }
123456789abg, 123456789ab(cg)
123456789acd, 123456789ad(cg)

[633]7/2~[624]9/2
[633]7/2~[624]9/2
[633]7/2~[624]9/2

0,2534
0.0482
0.0140

0.3262
—0.0112

123456789abd, 123456789bd(ac)
123456789abe, 123456789be(ac)
123456789abf, 123456789bf(ac)
123456789bcd, 123456789bd(ac)
123456789bce, 123456789be(ac)

[642]5/2~[633]7/2
[642]5/2~[633]7/2
[642]5/2~[633]7/2
[642]5/2~[633]7/2
[642]5/2~[633]7/2

0.2044
0.0512
0.0110
0.0672
0.0186

0.6676

0.0386

123456789bed, 12345689bcd(7a) [651]3/2~[642]5/2 0.0100

123456789abc, 12345679abc{8e)
123456789abd, 12345679abd(8e)

[521]3/2~[512]5/2
[521]3/2~[512]5/2

0.0792
0.0428

0.0874
0.1118

123456789abd, 123456789ab(dj) [521]1/2~[512]3/2 0,01S8 0.0472

123456789abc, 123456789ac(bf)
123456789abd, 123456789ad(bf)
123456789abe, 123456789 e(baf)

[523]5/2~[514]7/2
[523]5/2~[514]7/2
[523]5/2~ [514]7/2

0.0794
0.0436
0.0118

0.0818
0.1082

123456789abc, 12346789abc(5d )

123456789abc, 13456789abe(21)

123456789abd, 123456789ab(dh)

[532]3/2~[521]1/2

[530]1/2~[521]1/2

[510]1/2~ [521]1/2

0.0188

0.0178

0.0160

0.0232

0.0214

0.0490
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formation on the single-particle level distribution around
the Fermi surface.

In addition, the g factor, which is sensitive to the spin
alignment, would provide a further test of the CSM wave
function obtained using the PNC treatment. Recently, it
was observed that there exists a distinct difference be-
tween the behavior of g factors along the yrast line for

Er and that for ' Er, i.e., the g factors in ' Er de-
crease monotonically with increasing angular momentum
I (,I =2—10l, while they remain nearly constant in ' Er.
A preliminary calculation shows that the g factors in
ground bands of ' Er and ' Er and their distinct behav-
ior can be reproduced well by using the particle-number-
conserving CSM wave function.
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