
PHYSICAL REVIEW C VOLUME 36, NUMBER 4 OCTOBER 1987

Transition through triaxial shapes of the light samarium isotopes and the beta decay of ' ' ' Eu
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Levels in ' '' ' Sm were populated by the beta decay of Eu, following (HI, pxn) reactions and

on-line mass separation. The beta decay of "Eu with a half-life of 3.9(+0.5j s was observed for
the first time. Members of the y band were observed in all three daughter nuclei. Spectroscopic
calculations were made using the triaxial rotor model, with all parameters derived microscopically
from a Woods-Saxon deformed shell model. Other spectroscopic models were also considered.
Comparison with the data supports the characterization of these nuclei in terms of a triaxial in-

trinsic shape,

I. INTRODUCTION

A transition from spherical to deformed shape in 62Sm
isotopes with N &82 has long been predicted on the
basis of elementary shell structure considerations, ' and
was borne out by recent measurements of yrast level en-
ergies down to N =72. The detailed nature of this shape
transition is of interest in nuclear structure physics for
comparison with the analogous shape transition at
N & 82. The latter takes place abruptly as a function of
N when Z =62, between the spherical vibrator and pro-
late rotor regimes. Available evidence indicates that the
transition at N & 82 is quite different. The onset of
quadrupole deformation takes place more gradually (al-
though the details of this have not yet been fully chart-
ed, cf. Sec. IV below). Another prominent difference
was predicted by a calculation of potential energy sur-
faces using the modified oscillator deformed shell mod-
el. All the experimentally accessible nuclear species
with 50 & N & 82 were found to be softer with respect to
triaxial y deformation than their N & 82 counterparts.
In particular, the nucleus ' Sm was found to have not
only a small prolate-oblate energy difference but also a
triaxial equilibrium shape. A similar result for this nu-
cleus was obtained in a Hartree-Fock calculation with
the Skyrme III force.

In this paper we make the following contributions to
the experimental and theoretical understanding of the
N & 82 transitional Sm isotopes:

(i) Level schemes for the N =74, 76, and 78 isotopes

of samarium are constructed from the y rays following p
decay of ' ' ' Eu. The P decay of ' Eu was ob-
served for the first time. A preliminary report on our
study of ' Eu decay was given in Ref. 5, and on ' Eu
decay in Ref. 6. A more extensive level scheme for

Sm, also from the p decay of ' Eu, has been given by
Charvet et al.

(ii) Potential-energy surfaces are calculated with yet
another parametrization of the mean field, the "War-
saw" Woods-Saxon potential. Axial and triaxial rotor
model spectra are derived from the equilibrium
configurations and compared with the data.

(iii) The experimental y bands are also compared with
predictions of the interacting boson model obtained from
previously existing parameter sets.

II. EXPERIMENTAL PROCEDURES

The tandem accelerator at the Holifield Heavy Ion
Research Facility provided beams of heavy ions that
were used to produce radioactive Eu ions through (a) the

Mo( Ti, pxn) reactions at 220 MeV and (b) the" Sn( Si,pxn) reactions at 170 and 190 MeV; isotopical-
ly enriched targets of Mo and " Sn were used. Ions
recoiling from the target were introduced into a high-
temperature ion source and passed through the
UNISOR mass separator. ' Also, in order to enhance
the yields, a He-jet measurement was carried out
without mass separation using reaction (b). In both ex-
perimental arrangements, radioactive ions were trans-
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ported on a continuous plastic tape from a collection
point to a y-ray counting location that was situated be-
tween two Ge detectors. Data, recorded in the event
mode on magnetic tapes, included pulse height for both
y-ray singles and y-y coincidence events, the time-to-
analog converter pulse (TAC) for coincident events, and
the time after the initiation of each counting interval.
Additional experimental details have been given else-
where. '

III. EXPERIMENTAL RESULTS

6Eg~

Previously, no observation of the /3 decay of ' Eu had
been accomplished. Our task of identification was aided
by knowledge of the energies of the y rays emitted in the
ground-state yrast cascade in ' Sm which has been re-
ported by Lister et a/. The decay of ' Eu to ' Sm was
studied with the magnetic separator and reaction (a)
with collection and counting times of 8 s, in order to
identify the mass, element, and principal y rays. Then
in order to enhance the yields, the He-jet technique and
reaction (b) were used, with collection and counting
times of 10 s.

The assignment of the yrast cascade to A =136 is
confirmed by the magnetic separator results in which the
536-433-256-keV y ray cascade was obtained. We have
measured the half-life of the P decay of ' Eu for the first
time; a typical decay curve with half-life of 3.9+0.5 s is
shown in Fig. 1. The partial level scheme of the
daughter ' Sm (Fig. 2) was constructed with use of the
singles spectra, the y-y gated spectra, and the relative
intensities of the y rays. The intensities of the 256.0,
432.9, and 535.5 keV y rays have been corrected for E2
internal conversion. The sparse data restricted the mak-
ing of definite assignments to only these few levels. The
tentative identification of the 714.3 and 1172.3-keV lev-
els as the 2+ and 3+ of the quasigamma band is con-
sistent with the systematics of this region.

B. Eg~

At approximately the time of the completion of this
work, there appeared several publications on ' Sm. To-
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FIG. 1. The decay of the 256.0-keV y ray due to the beta
decay of Eu.
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FIG. 2. Partial level diagram for ' Sm. The energies are in
keV and the relative intensities are given in the parentheses.

gether they give a consistent picture of the low-lying
yrast cascade levels "" and the y-band levels of ' Sm.
In our work with magnetically separated ' Eu ions, the
y rays of the 8+-6+-4+-2+-0+ yrast cascade were found
to decay with a half-life of 12+1 s; this result is in agree-
ment with the concurrent report of Charvet et al. and
the earlier one of Nowicki et al. ' There was no indica-
tion of the previously reported 1.5 and 35 s half-lives. '

The mass separator measurement confirmed the mass as-
signment and the coincidences with x rays enabled the
identification of Eu as the P-decay parent. The decay
scheme developed in the present work has been given in
a previous report which includes additional details of the
experiment.

140E 140S

Little was previously known about the beta decay of
Eu. A high-spin favoring reaction was reported' to

give a '" Eu isomer which decayed with a half-life of
20(+ 15,—10) s giving several y rays that were later
recognized as belonging to an yrast cascade which was
obtained in an in-beam experiment. Recently, Redon
et al. ' reported observing a 21+3 s half-life for the
530.9-keV y ray in an experiment where half-lives & 1 s
could be detected. A low-spin favoring reaction was ob-
served ' to give a ' Eu isomer that decayed with a
half-life of 1.5 s. Deslauriers has given the half-life as
1.54 s for observed y rays with energies 530.8, 459.6,
and 1068.1 keV.

In order to continue the systematic consideration of
the several light Sm isotopes we studied the decay of

Eu to ' Sm with use of the UNISOR magnetic iso-
tope separator. A target of natural Mo was bombarded
by a beam of 220-MeV Ti ions. An earlier UNISOR
experiment had failed to detect the 20-s half-life; again,
in the present experiment, there was no indication of a
high-spin 20-s isomer, when collecting and counting for
35 s intervals. When collecting and counting for 5 s in-
tervals, we did observe the 530.9-keV y ray from the

Sm first-excited level decaying with a half-life of
1.5+0.3 s, as shown in Fig. 3, in agreement with Refs.
22 —24. Cxamma rays with energies of 459.9 and 1067.4
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FIG. 3. The decay of the 530.9-keV y ray due to the beta
decay of ' Eu.

keV were found to be in coincidence with the 530.9-keV

y ray. A very low-intensity 607.5-keV y ray is tentative-
ly assigned to the 1598.3- to 990.5-keV transition. A
partial decay scheme is shown in Fig. 4. The tentative
identification of the 990.5 and 1598.3 keV levels as the
2+ and 3+ members of the quasigamma band is con-
sistent with the systematics of this region.

IV. DEFORMED WOODS-SAXON
MODEL CALCULATIONS

A. Method of calculation

~1,2, 3 11,2, 3 ~ro

where (,I, ) is the projection of the angular momentum
of the nucleons along the cranking axis. The 2+ excita-
tion energy is

Ei,„;,i(2+i)=(2+ ,') fi /22, „—, (2)

in a semiclassical approximation of rotation around the
axis with the largest moment of inertia, J,„. For triaxi-
al shapes, a different value of E(2&)+was obtained by
solving the quantum mechanical triaxial rotor Hamil-
tonian,

tial energy was calculated on a square lattice in the
quadrupole deformation plane with a lattice constant
0.05, and at steps of 0.04 in /34.

Spectroscopic properties were subsequently calculated
at the interpolated minima in P2, y, and P4. The quad-
rupole transition moments were obtained, somewhat
crudely, by considering axial /32 and P4 deformation only
and assuming a homogeneous charge distribution with
the radius parameter ra=1. 18 fm. The B(E2; 2+~0+)
reduced transition rate was then obtained from the stan-
dard rotational model formula. The rotational mo-
ments of inertia with respect to the three principal axes
were obtained by solving the cranked Woods-Saxon-
Bogolyubov equations at a rotational frequency of
Ace = 100 keV around each of the axes. The self-
consistent pairing gap parameter, but not the shape, was
redetermined for the rotating solution. The three mo-
ments of inertia were then obtained as

3axiai = ( i ~ i + 2&&2+ 3 3 (3)
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FIG. 4. Partial level diagram for ' Sm. The energies are in

keV and the relative intensities are given in the parentheses.

The potential energy of P2, y, and P4 deformation was

calculated by the Strutinsky method. The triaxially de-
formed Woods-Saxon single-particle potential developed

by the Warsaw group was used with a "universal" set of
parameters that has previously been widely employed
from the mass =80 region to the actinides. The poten-

b, =0.9b,„(X,Z) . (4)

The factor of 0.9 in Eq. (4) is chosen ad hoc so as to ob-
tain agreement between Eq. (2) and experimental 2+ en-
ergies for well-deformed nuclei both above and below
N =82. With this factor, the theoretical and experimen-
tal values are 82 versus 86 keV in ' Sm and 163 versus
163 keV in ' Sm. The same factor 0.9 was previously
found to be appropriate in combination with the
modified oscillator single-particle potential. The
potential-energy surfaces are much less sensitive to the
pairing than the moments of inertia, and were calculated
(before the factor 0.9 could be determined at the result-
ing minima) with a standard prescription3' for 6 and ap-
proximate particle number projection before variation.

The calculated moments of inertia are very sensitive to
the Bardeen-Cooper-Schrieffer (BCS) pairing matrix ele-
ment, G. A recent empirical study of Jensen et al. has
shown that the average dependence of pairing on the
neutron-proton asymmetry X —Z is stronger than was
believed previously. On the basis of measured odd-even
mass differences, 6„,including recent data on nuclei far
from stability, Jensen et al. propose a formula for the
average N and Z dependence of the odd-even mass
differences, b,„(X,Z). In order to extrapolate into the
neutron-deficient Sm region, we calculate G values for
each nucleus at each deformation by the average gap
method, taking the average gap 6 to be
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TABLE I. Ground-state deformations, P2, P&, and y, in the potential-energy surfaces calculated by the Woods-Saxon-Strutiusky
method. V, is the potential-energy difference between the minimum under constraint of oblate shape and the absolute minimum.

Z

s2Te

s4Xe

s6Ba

ssCe

60
62
64
66
68
70
72
74
76
78
80
60
62
64
66
68
70
72
74
76
78
80
60
62
64
66
68
70
72
74
76
78
80
60
62
64
66
68

0.135
0.135
0.128
0.120
0.117
0.106
0.087
0
0
0
0
0.190
0.199
0.202
0.203
0.197
0.181
0.160
0.133
0.098
0
0
0.239
0.251
0.2SO

0.246
0.238
0.221
0.196
0.170
0.137
0.093
0.007
0.289
0.297
0.294
0.288
0.279

0.021
0.017
0.014
0
0
0
0
0
0
0
0
0.033
0.030
0.027
0.024
0.021
0.015
0.009
0.003
0.001
0
0
0.040
0.037
0.032
0.027
0.022
0.015
0.007
0.001
0.001
0
0
0.050
0.045
0.038
0.031
0.025

0
0

60
60
60
60

0
0
0
0

0
7

11
9

0
0
0
0
0
0
1

9
2
3

60
0
0

0
0

~0m
(keV)

360
190
44

1158
991
796
637
451
299
201
132

19

1691
1619
1487
1316
1087
830
641
478
296
136

2604
2605
2454
2177
1804

Z

s8Ce

6oNd

6pSm

6gGd

66Dy

70
72
74
76
78
80
60
62
64
66
68
70
72
74
76
78
80
62
64
66
68
70
72
74
76
78
80
70
72
74
76
78
80
74
76
78
80

0.260
0.232
0.194
0.165
0.117
0.021
0.313
0.317
0.315
0.311
0.307
0.299
0.284
0.229
0.190
0.132
0.039
0.327
0.324
0.319
0.316
0.311
0.302
0.283
0.214
0.165
0.033
0.310
0.301
0.283
0.236
0.182
0.029
0.282
0.253
0.183
0.042

0.016
0.005

—0.004
—0.008
—0.005

0
0.047
0.040
0.033
0.027
0.021
0.015
0.005

—0.006
—0.012
—0.009
—0.001

0.034
0.026
0.019
0.014
0.009
0

—0.009
—0.015
—0.009
—0.001

0
—0.007
—0.015
—0.019
—0.008
—0.001
—0.019
—0.022
—0.001
—0.001

0
0
5

17
2

13
0
0
0
0
0
0
0
8

20
1

2
0
0
0
0
0
0
0

23
25

8
0
0
0

20
31
14
0

17
60
60

V,
(keV)

1381
990
719
475
265

3606
3617
3445
3115
2653
2055
1429
852
579
243

17
3910
3949
3815
3567
3121
2544
1897
1176
622
164

2818
2129
1374
666

53
11

1463
618

B. Results of calculations

The equilibrium deformations obtained with the
present Woods-Saxon model (WS) are given in Table I
for all the nuclei considered in the 50~Z, N &82 region.
The potential-energy diA'erence, V, , between the
minimum under constraint of oblate deformation and
the absolute minimum is also tabulated. Potential-
energy surfaces for ' ' Sm in the P, y plane, mini-
mized with respect to P4, are plotted in Fig. 5. The tran-
sition from well-deformed prolate shape in '

Sm72 to
near-spherical shape in '

Smso is seen to proceed via tri-
axial shapes in ' ' Sm76 78, in agreement with the
modified oscillator (MO) and Skyrme III Hartree-
Fock ' ' (SIII) calculations mentioned above. In the
following, erst we provide further spectroscopic evidence
for a triaxial interpretation of the transitional Sm iso-
topes. Next we focus on differences between WS, MO,

SIII, and folded Yukawa model ' (FY) potential-
energy surfaces, and possible experimental tests.

The WS calculated rotational moments of inertia for
Sm, and the associated pairing gap parameters at

co=0, are listed in Table II. The corresponding energy
spectra from Eqs. (2) and (3) are compared with the data
in Figs. 6 and 7. First let us inspect the lowest 2+ state
(Fig. 6). For axial shapes, its energy should be given by
the cranking formulas (1) and (2) for 1-axial rotation. In
the light Sm isotopes this formula, applied to the calcu-
lated equilibrium shapes of the WS model, gives a varia-
tion of the 2+ energy which is much smaller than the
variation observed in experiment (lower dashed curve
versus filled circles in Fig. 6). However, the onset of
triaxiality for larger N can account for the observed
variation of the 2+ energy within the framework of the
triaxial rotor model. When the cranking formula (1) is
applied to each of the three principal axes, and the 2+
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FIG. 5. Potential-energy surfaces in the P, y quadrupole de-
formation plane for " ' 'Sm from the Woods-Saxon-
Strutinsky calculations. The potential energy at each point is
minimized with respect to P4. The contour line separation is
250 keV.

energy is obtained by solving the resulting triaxial rotor
Hamiltonian (3), the results for N =76 and 78 are as in-
dicated by the upper dashed curve in Fig. 6. The lower
dashed curve in Fig. 6 should be relevant for N & 72.

The solution of the triaxial rotor Hamiltonian (3) also
reproduces the energies of the 2+2 and 3& members of the

y band quite well for N =76 and 78 (Fig. 7). The states
of spin 4 and up are systematically lower in experiment
than in theory, however, rejecting the variable moment
of inertia effect. This effect is generally attributed to
changes of the shape and pair Qelds at higher spins
which were not taken into account in the theoretical
spectra of Fig. 7. Nevertheless, the experimental 4+& y-
band member is observed to lie well above the 3+& level
in ' Sm. The solution of the Bohr Hamiltonian in the
SIII calculated potential-energy surface leads to a much
smaller spacing between the 3+& and 4+2 levels, which
suggests that the role of quadrupole shape vibrations is
exaggerated in this approach and that the triaxial rotor
description is unusually pertinent for ' Sm.

The present WS potential-energy surfaces differ from
the MO and SIII surfaces in that prolate shapes are sys-
tematically more favored relative to oblate shapes by the

FIG. 6. First 2+ energies of the light Sm isotopes calculated
from the Woods-Saxon deformed shell model (dashed lines) are
compared with experimental data (solid circles). The calculat-
ed values marked "1-axial" are from a semiclassical treatment
of the rotation, while those marked "3-axial" were obtained for
the triaxial cases by quantal triaxial rotations. In the N(72
isotopes, which have stable axial symmetry, the "1-axial" curve
also applies for quantal rotations.

WS model. Comparing V, in Table I with the MO re-
sults in Ref. 3, this is found to be the case not only for
the light Sm isotopes but also for all particle-stable de-
formed nuclei in the 50&Z, N & 82 region. This aspect
of the potential-energy surfaces could be tested experi-
mentally by observing the band structure at high spins,
since the rotational alignment of certain single-particle
orbits requires a transition to oblate shape.

The Pz deformation in the shape transitional light Sm
isotopes exhibits considerable model sensitivity. The 2+
energies are too crude a measure of P2 deformation to
test these model differences. A better measure is the
B(E2; 2~0) transition rate, and several experiments
have been made. "' ' ' Unfortunately they are not yet
conclusive since widely different results have been ob-
tained for '

Sm74 (Fig. 8). The intrinsic quadrupole mo-
ment makes a sharp jump between N =72 and 74 in the
FY and SIII models, as in the Daresbury data indicat-
ed by squares in Fig. 8. It varies smoothly with Tin the
MO model. It varies rather smoothly in the present WS

TABLE II. Properties of ' ' Sm calculated by the Woods-Saxon-Bogolyubov-Strutinsky de-
formed shell model approach described in the text. 2& 23 are the rotational moments of inertia
around the three principal axes, h„and h~ are the neutron and proton pairing gap parameters, and
Qp is the intrinsic quadrupole moment.

68
70
72
74
76
78

19.65
19.90
19.17
16.45
13.56
9.86

J2
(R MeV ')

19.65
19.90
19.17
16.45
6.30
3.86

J3

2.73
2.33

1.14
1.10
1 ~ 12
1.16
0.95
0.84

(MeV)

1.15
1.15
1.18
1.21
1.31
1.38

5.94
5.88
5.70
5.30
3.95
3.06
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FIG. 8. Reduced E2 transition rates from the first 2+ state
to the ground state of the light Sm isotopes. The solid curve
was calculated from the Woods-Saxon-Strutinsky equilibrium
shapes with a charge radius parameter rp ——1.18 fm. The solid
circles represent the experimental data of the Padova group
(Refs. 16 and 37), the open circles those of Makishima et al.
(Ref. 11), and the open squares those of Wadsworth et al. (Ref.
38).

Exp Theory Exp Theory

FIG. 7. Triaxial rotor model spectra for " ' Sm, with mo-
ment of inertia parameters obtained from the Woods-Saxon de-
formed shell model at I =0, are compared with experiment.
Note the agreement for the I (3 states, while the higher spin
states increasingly exhibit a variable moment of inertia effect.

V. INTERACTING BOSON MODEL CALCULATIONS

One interesting aspect of the proton-neutron version
of the interacting boson model (IBM-2) is the possibility
of making detailed predictions based on parameters de-
duced from a set of well-studied nuclei. We test this
predictive power by applying the IBM-2 to our Sm data

model, with the largest jump between N =74 and 76, as
shown by the solid curve in Fig. 8. The WS is in agree-
ment with the Padova data' ' indicated by filled circles.
For the nucleus '

Sm76, central to the arguments above
regarding triaxiality, there is good compatibility between
the WS equilibrium deformation and two independent
B (E2) measurements. "

without any parameter fitting
The IBM-2 Hamiltonian is given by

H =e(nd +nd )+IrQ Q +V +V +M

with

Q, =dp, +s,'d, +X,(d,'d, )"I, p=~, v

where Q„~ ~
is the proton (neutron) boson quadrupole

operator. V (V, ) is a residual two-body interaction
between proton (neutron) bosons, M is the Majorana
term, and nd (nd ) counts the number of proton (neu-

tron) d bosons. The microscopic calculations of Ref. 39
predict the dependence of the parameters on the number
of proton and neutron bosons, N and N, respectively.
Guided by those results, we assume as in Ref. 10 that
the parameters CL (in the residual boson-boson interac-
tion V„) and X depend only on X, and similarly CL'

and 7 depend only on N . Furthermore, we adopt the
result' that e and K seem to depend only on N in this
region. Under these assumptions, a first parameter set
was obtained by taking 7 and CL from previous Sm
calculations for N & 82, and the remaining parameters

TABLE III. Parameters (Refs. 9—11) of IBM-2 used in the present work for ' ' ' Sm. For both sets: CL 0 =0.0,
CL" 2

——0.05, CI 4 ——0.0 (N„=6), CL 0 ——0.3, CL 2
——0.0 (N, =4), and CL 2

——0. 1 (N, =2, 3), CL 4
——0.0, and in the Majorana

term FS=0.120 and FK=0.210. FS and FK are defined in Ref. 9, and are equivalent to g&
———0.09, gz ——0.120, and g3 ——g&.

Parameter set 1

E x
Parameter set 2

E x
136
62Sm74

138
62Sm76

140
62Sm78

—0.17
—0.19
—0.21

0.70
0.80
0.90

0.30
0.50
0.90

—1.3
—1.3
—1.3

—0.15
—0.15
—0.15

0.70
0.78
0.86

0.40
0.60
0.80

—1.00
—1.00
—1.00
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+
3 1568 4 1434

2 1188 3+ 1370
3 1173 6+1156

2 871
2+ 714

6+ 1225

4+ 682
4+ 689
2+ 256

p+

136
Sm

62 74

4 584

2 193
p+

136
Sm

62 74

2+ 255

0+

136
Sm

62 74

4 1720 4 1574
6 15876 1577

4+ 1398 3+ 1654
6+ 1492

1084 2 1056

3 1546

2 911

IBA-2 IBA-1
(PARAMETER (PARAIVIETER

EXPERIMENT SET 1) SET 2)
4 1704

be remarked that we reproduce their energy spectra with
the usual Z =50 core, N„=6, and not with the Z =64
core, N„= l, which they claim to have used. ) Since the
yrast energies were fitted, only the y band energies can
be considered as predictions for the second parameter
set. The two parameter sets are given in Table III, and
the calculated spectra are compared with the data in
Fig. 9.

The calculations based on the first parameter set are
seen to underestimate the energy of the 2+~ state sys-
tematically and to compress the ground band slightly
compared to the data. For the y band, both the energy
of the 2+& band head and the odd-even staggering in the
band are overestimated, although the 4z -2z energy spac-
ing is approximately correct. Using the second parame-
ter set, the predicted energy of the 2+z state is improved,
but is still too high, and the staggering in the y band
remains far too large. In summary, the accuracy of the
IBM predictions is much worse for the gamma band
than for the ground band in these nuclei.
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from previous' calculations for the Xe-Ba-Ce region
with N &82. Also, a second parameter set was chosen
by taking e, ~, 7, and 7 from Ref. 11, where they were
fitted to the ground bands in ' '' Sm, and all other pa-
rameters taken as above. (Makishima et al. " do not
provide a complete parameter set in their paper. It may

FIG. 9. The experimental spectra, the IBM-2 calculated
spectra with parameter set 1 of Table III, and the calculated
spectra with parameter set 2 are shown for " ' " Sm. Note
that these parameter sets reproduce neither the low energy of
the y band head, nor the wide spacing between the 3+ and 4+
members of the y band of ' Sm.

The yrast bands of the ' ' '' Sm isotopes recently
became known through in-beam spectroscopy, and the y
bands have now been observed through beta decay stud-
ies. The y bands provide experimental information with
bearing on one of the structural differences between the
N & 82 and N & 82 shape transitional isotopes. De-
formed shell model and Hartree-Fock calculations uni-
formly predict triaxial intrinsic shapes specifically for
the N &82 transitional Sm isotopes, and this is support-
ed by the observed spectra. The y bands come low in
energy, lower than expected from extrapolations of
IBM-2 that are based on N ~82 Sm nuclei, on N &82
and Z &62 nuclei, and on the yrast levels of N &82 Sm
nuclei. Also, both IBM-2 and the Bohr Hamiltonian
lead to a larger energy staggering of odd and even spin
states than is observed experimentally, suggesting that
the collective wave functions should be more localized in
the y degree of freedom. The triaxial rotor model, with
parameters that are not fitted but derived from the
Woods-Saxon version of the deformed shell model stud-
ied in this paper, reproduces the observed spectra quite
well if allowance is made for a variable moment of iner-
tia effect in the higher spin states. Furthermore, the
large change in the yrast 2+ energy between ' Sm and
'" Sm can be understood within the framework of the
present deformed shell model by taking into account tri-
axial rotation of the heavier isotopes, which tends to in-
crease the 2+ energy.
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