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The low-energy M1 component that can be observed in quasicontinuum y-ray spectra
from heavy-ion reactions is studied within the core-quasiparticle model. Inclusive one-
quasiparticle calculations for sequences of isotopes and isotones indicate how the M1
“bumps” vary depending on the structure of the nucleus. Application of the results to
higher spins and even-even nuclei is possible on the basis of a spectator quasiparticle hy-
pothesis, which is seen to be adequate qualitatively but not quantitatively.

NUCLEAR STRUCTURE Calculated M 1 quasicontinuum y-ray spec-
tra, deduced dependences on particle and quasiparticle number. Core-
quasiparticle coupling models.

I. INTRODUCTION

For nuclear-structure reasons, the y rays follow-
ing compound nucleus formation that are lowest in
energy should be largely stretched M1 (e.g,, Ref. 1).
It is of considerable interest to identify and charac-
terize this component of the quasicontinuum y-ray
spectrum in different nuclei and different regions of
spin and excitation energy. Recently a number of
experiments have been carried out, based on either
(i) angular distributions,>~!! (i) linear polariza-
tion,'>~1 or (iii) the high probability for K-electron
conversion by M1 radiation at approximately 300
keV in rare-earth nuclei, 300—500 keV in the lead
region.”>~!® Evidence for a variety of structure-
dependent sources of low-energy M 1 radiation has
been obtained:

(i) Low-energy “‘statistical” M1’s. These can only
occur very close to the yrast line—otherwise
higher-energy statistical transitions dominate—and
can therefore largely be identified by discrete-line
spectroscopy. Also, they only occur when the yrast
line is of a statistical nature—at low spins in odd
and odd-odd nuclei and at higher spins in selected
nuclei where the rotation takes place around a sym-
metry axis.!>?°

(i) High-K rotational bands. The enhancement of
M 1’s and suppression of particularly crossover col-
lective E2’s implied by the rotational model*' when
the K of the band is nonzero has been recognized
for some time as an important mechanism in HI,
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xny cascades (e.g., Refs. 22—24). The M I’s are
most favored over E2’s near the bandheads, for
high K, and for small deformation and proton num-
ber.

(iii) Deformation-rotation aligned bands. It has
recently been emphasized by Newton and Sie that
the simultaneous requirements of nonzero K and
proximity to the yrast line are most likely to be met
if one (or more) deformation-aligned quasiparticles
provide the K while one (or more) rotation-aligned
quasiparticles contribute aligned angular momen-
tum.

(iv) Relaxation of triaxial modes. It is a familiar
feature of nuclear spectra that gamma bands some-
times deexcite by M 1 transitions. Also, it has been
speculated that there might be closely spaced “wob-
bling” bands at high spins?® connected by M 1 tran-
sitions.?®?’

(v) High-j levels. There are large single-particle
M1 matrix elements within a high-j shell.
Hamamoto®® has recently pointed out that low-
energy M 1’s occur not only in bands based on
high-K suborbitals, whose rotational signature split-
ting is small, but also in decoupled bands based on
low-K suborbitals, whose rotational signature split-
ting is large. Then the unfavored levels of spin
j+2n —1 may deexcite into the favored levels of
spin j+2n. Examples of this are known from
discrete-line studies (e.g., Ref. 29).

The purpose of this work is to study nuclear
structure effects in low-energy M1 spectra using
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one specific model, the particle-rotor model. The
scope of this model is limited by the fact that only a
small part of the valence space is described micro-
scopically. Nevertheless, the particle-rotor model
has a fairly wide domain of applicability, and in the
present work it is used to complement microscopic
studies using the random phase approximation
and the cranking model.3""!

Section II specifies the procedures and parame-
ters employed in the subsequent calculations. Sec-
tion III A draws on the fact that a reasonably com-
plete and accurate spectrum can be generated for
most odd-4 nuclei by coupling a quasiparticle in the
Nilsson single-particle space to a triaxial rotor
core.? M1 spectra are calculated for chains of iso-
topes and isotones. In Sec. IIIB a “spectator quasi-
particle” hypothesis, whose validity would be very
convenient for any theoretical approach, is studied
by comparing results obtained with one and two
quasiparticles, respectively. To the extent that the
spectator quasiparticle approximation is valid, the
results of Sec. III A for odd-4 nuclei also apply to
doubly odd and doubly even nuclei.

II. THE MODEL
A. Probability spectra

A standardized way is needed to translate a
theoretical level spectrum into a quasicontinuum
gamma-ray spectrum. In order to characterize the
average, or quasicontinuum, properties of a nuclear
model we prefer to use a schematic but straightfor-
wardly defined probability spectrum of gamma
transitions, as was done previously in cranking cal-
culations,’>! rather than to simulate a cascade pro-
cess with Monte Carlo or master equation tech-
niques. A probability spectrum is obtained by de-
fining ad hoc a population distribution P; over a set
of levels labeled by i, and then taking an appropri-
ately weighted sum over all possible gamma transi-
tions. The singles spectrum is obtained as

IE)=3P 3 3 alO\i—f)8(E,=E;,—E;),
i Eg<E; OA

where a is the relative branching from initial state i
into final states f. This discrete probability spec-
trum can be represented as a quasicontinuum sim-
ply by binning into finite intervals of E,. The total
probability spectrum can be decomposed into par-
tial sums, and for example, the M1 probability
spectrum is obtained by restricting the electromag-
netic multipolarity OA to M 1. The stretched M1
probability spectrum is defined as the partial sum
where in addition f is restricted to states with one

unit of angular momentum more or less than the
state .

Strictly speaking, such a decomposition into elec-
tromagnetic multipoles is a mathematical abstrac-
tion, and to calculate for example, the angular dis-
tribution, it is necessary to take mixing into account
explicitly for each transition. As an approximation,
however, we assume that each multipole component
OAu of the probability spectrum has the properties
of pure OAu radiation. Since stretched M 1 radia-
tion is most likely to emerge along the axis of nu-
clear rotation, while the amplitude of stretched E2
radiation is largest perpendicular to this axis, we
also present spectra below which are obtained as the
difference between the stretched M1 and stretched
E?2 probability spectra. These theoretical results
may be compared directly with experimental spec-
tra obtained as the difference between the intensity
at 90° and 0°, respectively, relative to the beam axis
in HI, xny experiments.>* The detailed rules for
obtaining probability spectra in the present work
are as follows:

(1) Population is assigned to levels up to spin
I= —2;— in the one-quasiparticle case, up to I =26 in
the two-quasiparticle case, and up to 2 MeV above a
smooth yrast envelope or up to the 5th level of
given spin, whichever comes first. Levels higher
above yrast generally deexcite by higher-energy
transitions, and do not contribute much to the low-
energy part of the probability spectrum even if they
are populated.

(i) All model states within these limits are equal-
ly populated. In the realistic case the population
per level is expected to decrease exponentially above
yrast, but also the level density is expected to in-
crease very rapidly so that the population per ener-
gy interval above yrast may initially increase.* The
rate of increase in the level density of a finite-
matrix model spectrum is not realistic, but drops
off rapidly, so the simplistic prescription of equal
population (infinite temperature) up to a cutoff at
any rate prevents undue weight being attached to
the transitions closest to yrast.

(iii) Stretched quadrupole transitions between
yrast states are taken out of the probability spec-
trum. This is done in correspondence with experi-
ments (cf. Refs. 3—5 and 16) where discrete lines
are subtracted out of the data.

B. The particle-rotor model

A realistic description of nuclear spectra over a
wide range of nuclei and angular momenta is pro-
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vided by the well-known particle-rotor model.*>?!
The collective aspects of the nucleus are embodied
in a rotor core, while the single-particle aspects
arise from a small but appropriately chosen valence
space. Several versions of the model are applied in
the following for various purposes.

The most complete and widely applicable one, for
odd-mass nuclei at low and intermediate spins, is
the triaxial rotor plus Nilsson formalism.’?> The
triaxial degree of freedom makes it possible to
simulate the quadrupole field of transitional as well
as deformed cores. The Bardeen-Cooper-Schrieffer
(BCS) field is calculated from the Nilsson scheme.
The Nilsson levels within a couple of MeV of the
Fermi level provide a 1-qp valence space that is
realistic and essentially complete for the purposes of
the present work.

A simpler variant that is also employed below
uses an axially symmetric, rotor core, coupled with
a deformed BCS quasiparticle in a valence space
spanned by the suborbitals of the i3/, shell. Then
the parameters, in addition to the rotor moment of
inertia, are the BCS gap parameter A, the Fermi
level A, and the splitting of the i3, suborbitals.
The first complete description of the 1-BCS-qp plus
rotor formalism may be found in Ref. 36.

The unabridged generalization of the j shell plus
rotor formalism to include many-BCS-quasiparticle
basis states is presented in Ref. 37. With this ap-
proach we have previously been able to obtain a
very accurate description of known bands around
the first backbend in both even- and odd-mass rota-
tional nuclei.’”-3%3%3%

C. Details of the calculations

This subsection gives the additional information
about the parameters which is necessary to make
the calculations reproducible. The g factors of the
M1 operator are taken as gr=Z/A4, g;=0 for a
neutron and 1 for a proton, and g, =0.6 times the g
factor of a free nucleon.

The triaxial rotor plus quasiparticle model is
based on the Nilsson model as described in Ref. 32.
For the ytterbium isotopes: we use the “4=165"
Nilsson parameters,”’ «,=0.0637 and u,=0.42,
and for the 4 ~130 region we use parameters ex-
tracted from Ref. 41. For the odd-proton N =72
isotones we take K, =0.065, £ =0.57, the same as
for '2Cs in Ref. 42, and for the odd-neutron cerium
isotopes we take k, =0.066, u, =0.44.

The deformation parameters € and €4 are mostly
taken at the potential-energy minima calculated by

Ragnarsson et al® For € <0.2, however, the effect
of vibrations must be included. Therefore, effective
€ values are deduced by interpolation between
values deduced from the measured B(E2;0*t —2%)
in near-spherical é%ZSnn, §‘§°Cegz, and };(S)Sngg, and
the theoretical € values in well-deformed s3-Cesq
and ;ngbgz, respectively.

All Nilsson orbitals within about 2 MeV of the
Fermi level are coupled to the core. For the N =72
isotones there are six positive parity orbitals, num-
bers 12—17, and four negative parity orbitals,
14—17. For the cerium isotopes the seven positive
parity orbitals 16—22 and seven negative parity or-
bitals 14—20 are included, leaving out a few in the
lightest and heaviest isotopes. Over the ytterbium
isotopes, three to five positive parity orbitals out of
numbers 23 —28 and six or seven negative parity or-
bitals out of 19—30 are included. A phenomeno-
logical “Coriolis attenuation” of the single-particle
matrix elements across the Fermi level is achieved
by raising the BCS uu +wvv factors to power 5.

The rotational moment of inertia and the y defor-
mation are extracted from the 2; and 25 energies
of the core, which are defined by interpolation be-
tween measured 2% energies in the doubly even
neighbors.* The extrapolated value 0.240 MeV is
used for the 2] energy of **Nd. In those ytterbium
isotopes where the y bandhead energy is not known,
values from isotones are employed. The 25 energy
for 128Ba,, is taken ad hoc as 0.8 MeV, and for
BINd,,, 1257139Ce a5 0.9 MeV.

The M 1 properties of the positive parity levels in
161,163,165, 167y have been described in a previous pa-
per?® using an axial rotor plus i3/, quasiparticle ap-
proach, where the parameters were adjusted to ac-
curately reproduce the known level energies. The
positive-parity contributions to the probability spec-
tra of these Yb isotopes are taken from these earlier
calculations, rather than the triaxial model, thereby
losing the contribution of the y bands but gaining
accuracy in accounting for the most important lev-
els. In Fig. 1, however, it is the triaxial rotor plus
quasiparticle results for '°'Yb which are shown for
positive as well as negative parity.

In all the i3/, shell plus axial rotor calculations
the single-particle matrix elements are evaluated as-
suming pure i3, wave functions, but the single-
particle energies are taken from the Nilsson model.
The probability spectrum is computed with popula-
tion assigned up to 3.1 MeV above the smoothed
yrast line.

The calculations to compare one- and two-
quasiparticle contributions from the i3/, shell are
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FIG. 1. Partial level scheme from the triaxial rotor
plus Nilsson quasiparticle calculation for '6'Yb, indicat-
ing the levels whose predominant individual decay mode
is stretched M 1.

carried out with the Fermi level, A, 0.42 MeV below
the =% orbital, then on the %, %, —Z—, and % orbi-
tals, respectively. The other parameters are taken
as for the corresponding Yb isotopes, except for the
moment of inertia. VMI parameters 8 ~'=20 keV
and C=0.00559 MeV for two quasiparticles,
C=0.00535 MeV for one quasiparticle, are em-
ployed.

III. RESULTS
A. One-quasiparticle bands

Probability spectra have been calculated for se-
quences of odd-4 nuclei, including the levels up to
spin I = %, in order to see features that distinguish
between individual members of a sequence. It is as-
sumed that the triaxial rotor plus Nilsson model is
sufficiently accurate for this purpose, although
finer details like the exact spacings between bands
are known to deviate from experiment by up to a
few hundred keV.

Some of the spectroscopic detail underlying the
probability spectra is illustrated in Figs. 1 and 2.
Partial calculated level schemes are shown for *'Yb
and '’Yb, including only those levels whose most
probable individual deexcitation mode is a stretched
M 1 transition, as indicated by arrows in Figs. 1 and
2. Many other levels, and other transitions from
the levels shown, also contribute to the probability
spectrum, though not so strongly. The Nilsson
band classification [Nn,AQ] is indicated below the
bands, and 4+ or —y denotes a ¥y band with

173yb STRETCHED M1's (Theory)
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FIG. 2. Same as Fig. 1 but for *Yb.

K=Q+ or —2. The decoupled i,3,, band struc-
ture of 1®'Yb is displayed in the spirit of the (K,()
band classification suggested by Meyer-ter-Vehn.*’

Several general features can be observed in Figs. 1
and 2. The dominant stretched M 1 transitions oc-
cur at low total excitation energy in these one-
quasiparticle systems, all below 2.5 MeV. The
reason is that stretched E2 transitions dominate at
higher spins, where the yrast line is steeper. In-
band transitions are primarily responsible for the
lowest-energy part of the M 1 spectrum, and specif-
ic interband transitions are mainly responsible at
somewhat higher transition energy. The deexcita-
tion of y bands is also seen to contribute significant-
ly. The obvious systematic differences between
Figs. 1 and 2 demonstrate how the M 1 quasicontin-
uum spectrum can vary depending on the structure
of the nucleus. The larger moment of inertia in
173Yb, and the many high-K levels, is conducive to
low-energy M 1’s. In both nuclei the i35, or N =6,
orbitals are of major importance. In 3Yb the tran-
sitions are either low energy in band or mostly
high-energy interband between the widely separated
i13,, suborbitals, whereas no particular transition
energies are favored in the decoupled i3/, spectrum
of 1®'Yb. In a decoupled spectrum the core angular
momentum R and the rotationally aligned particle
angular momentum i are approximate quantum
numbers, and |Ai | <1 favors low-energy transi-
tions. In practice, when energy factors on transition
rates are taken into account, this leads to an even
spread of the deexcitation from an initial state
above the yrast line to a large number of final states
giving a broad spectrum of transition energies, since
the energy-favored transitions are structure hin-
dered and vice versa.
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The one-quasiparticle probability spectra for
159-177yb are shown as histograms in Fig. 3. For
each odd 4, the stretched M1 spectrum up to 1
MeV is shown to the left and the stretched M1
minus the stretched E2 spectrum is shown to the
right. The latter corresponds roughly to a 90°—0°
experimental spectrum, and is plotted in Fig. 3 only
up to the high-energy edge of the collective “bump”
in the quadrupole part of the spectrum. This ener-
gy is determined by the cutoff at I =§ in the
present calculation. The vertical scale in all the his-
tograms of Fig. 3 (and Figs. 4 and 5) is determined
by the common definition of a probability spectrum
given above. There is no relative renormalization
between the different diagrams, which can thus be
compared on an absolute footing.

Figure 3 displays a broad smooth M1 bump for
161yb, characteristic of the decoupled case, and
furthermore a two-bump structure which occurs in
173Yb and the other heavy Yb isotopes. The upper
bump is seen to move towards higher energies with
increasing neutron number. The M1 spectra of
159-169yp display local bumps, which may or may
not be accurately described by the model, and more
significantly a change of skewness within the range
E,<0.7 MeV. Higher energies are favored in
19Yb, and lower energies in '®Yb.

The M 1 minus E 2 spectrum is generally positive
for low energies and negative at the energies of the
in-band collective quadrupole transitions. The
point where a smoothed curve would go through
zero comes lower in energy with increasing neutron
number. This is partly due to the change in skew-
ness of the M1 bump that was mentioned above,
partly to the effect which the increasing moment of
inertia has on the energy of the E2 bump, and part-
ly to the deformation increase which makes the col-
lective E 2 transitions more competitive at lower en-
ergies.

Figures 4 and 5 are similar to Fig. 3, but for the
odd-N isotopes '*’~13Ce and the odd-Z, N =72
isotones *'Pr, ®La, 12’Cs, '2°I, and '?*Sb, respec-
tively. All the figures are arranged so that the most
deformed nuclei come at the top. The trends with
deformation, or equivalently with distance from the
closed shells, are similar in Figs. 4 and 5 to those
discussed above for Fig. 3. However, the M 1 bump
at 0.7—0.8 MeV in '?’Ce is largely due to the y
mode. The nuclei 13°Ceg; and 12°Sb,, next to the
N =82 and Z =50 single-shell closures, respective-
ly, do not have any low-lying excitations at all.
Consequently, there are no low-energy transitions in
the one-quasiparticle spectrum.

Stretched

Yb M1-E2

177

175

173

171

169

167

165

163 |-

16100

159

0.6

E, (MeV)

FIG. 3. Stretched M1 probability spectra calculated
for the odd-N Yb isotopes. The histograms to the right
show the same spectra after the calculated stretched E2
probability spectrum has been added with a negative sign.
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M1-E2
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FIG. 4. Same as Fig. 3 but for the odd-N Ce isotopes.

The probability spectra for unstretched M 1 and
E?2 transitions have also been calculated for all the
nuclei in Figs. 3—5. It turns out that the total in-
tensity in all cases is much smaller than for the
stretched transitions.

B. Two-quasiparticle bands
and the spectator approximation

The excitations of a one-quasiparticle system as
studied above correspond approximately to elemen-
tary modes, which can be combined in different
ways to generate the states of a many-quasiparticle

Stretched

N=72 M1 M1-E2

59 Pr

57 La

55CS V

53!

Sh .
S1° L inuerm \_Lﬂqj-m-.l_a
0 1 0 1
E,y (MeV)

FIG. 5. Same as Fig. 3 but for the odd-Z, N =72 iso-
tones.

system. Then, for any given transition, one or zero
quasiparticles are active while the rest are specta-
tors. This suggests, for example, that the probabili-
ty spectrum of a doubly even nucleus is approxi-
mately equal to a sum or average of the probability
spectra in its odd-4 neighbors. A preliminary test
of this hypothesis against experiment is shown in
Fig. 6. The solid-line bars show the 90°—0° spec-
trum measured by Newton and Sie® in a 10,4n re-
action leading to !**Ce, with discrete lines subtract-
ed out. The dashed-line bars show the stretched
M1 minus stretched E2 probability spectrum ob-
tained from triaxial rotor plus quasiparticle calcula-
tions for 3La, 13%135Ce, and *°Pr. The vertical
scale is arbitrary. The agreement between theory
and experiment is remarkable, with bumps at
E, ~220 keV and 470 keV and smaller-amplitude
oscillations around zero for E, =500—800 keV. It
would be interesting to have experimental data of
similar quality in more cases.

In Fig. 7, theory is compared with theory in a se-
quence of two-quasiparticle and corresponding
one-quasiparticle cases. The valence space is re-
stricted to the i3/, shell, where the Fermi level
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FIG. 6. The 90°—0° spectrum, with discrete lines sub-
tracted out, obtained by Sie et al. (Ref. 4) in the reaction
1228n(1%0,4n) at 83 MeV (solid line) is compared with a
theoretical spectrum, as in Figs. 3—5, summed over the
odd-4 neighboring nuclei (dashed line).

varies from the Q =% suborbital in the upper case
to below the Q =% orbital in the lowest case in Fig.
7. Exactly the same set of particle-rotor parameters
is used for the two-quasiparticle system as for the
one-quasiparticle system it is compared with. It ap-
pears from Fig. 7 that the similarity between the
probability spectra for one and two quasiparticles
that is implied by the spectator approximation is
fulfilled qualitatively but not quantitatively.

When the Fermi level is low in the shell, i.e., for
N =89, 91, and 93, the M1 intensity is seen to be
smaller for two quasiparticles. This is caused by
depletion of the two-quasiparticle, K0 bands,
where low-energy M 1’s can occur, due to feeding
into lower-lying K =0 bands. The depletion takes
place mainly through stretched M1 transitions of
higher energy. The low-lying K =0 bands are the S
band, with a primary two-quasiparticle component
of (Q,—Q), where Q is the i 3,, suborbital closest
to the Fermi level, and at lower spins the ground-
state band. An indirect experimental test of the M 1
strength from (i;3,,)> bands to the zero-
quasiparticle ground-state band occurs in '®6Yb,
where the present model predicted correctly the
brgt;lching between 12+ and 10* from the 12+ lev-
el.

When the Fermi level is higher in the i3/, shell,
i.e., for N =101 and 105 in Fig. 7, the M 1 bump in
the two-quasiparticle case becomes stronger and
wins over the E2 bump up to higher energies. In

1qp 2qp

Stretched M1-E2
Z2=70

N =101

L. 5% N=89
0 0.8

E,y (MeV)

FIG. 7. Stretched M 1 probability spectrum calculated
with the same sets of parameters for one and two quasi-
particles, respectively, in an i3, shell coupled to a rotor.
The parameter sets correspond to a sequence of Yb iso-
topes and differ primarily in that the position of the Fer-
mi level in the i3, shell changes.

0 0.8

this case the K values in the K540 bands are larger,
and the depletion into the low-lying K =0 bands is
more suppressed by K forbiddenness. Even more
importantly, the collective enhancement of M 1’s is
proportional to K2, and for example, the inequality

(Q,40,)%>0,.2+Q,% (2,,0,>0)

expresses the fact that the enhancement in a two-
quasiparticle band is greater than the sum of the
enhancements in the corresponding one-
quasiparticle bands. Thus additivity of the proba-
bility spectra cannot be expected to hold quantita-
tively, since the in-band M 1’s can compete with the
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in-band E2’s considerably higher up in a two-
quasiparticle band. At very low energies, however,
the one-quasiparticle M 1 intensity for N =101 and
105 is larger. This is because the lowest spins and
spacings which occur in a K band are lower for
lower K.

IV. CONCLUSIONS

The gross features of low-energy M 1 gamma ra-
diation from low and intermediate spin states have
been calculated using detailed and rather realistic
spectroscopic models. The average features which
might be revealed by quasicontinuum measurements
are conglomerated from the mass of spectroscopic
detail into theoretical “probability spectra.” The
dominant part of the low-energy transitions, both
M1 and E2, are found to be stretched transitions,
i.e., with the maximum spin change allowed by the
multipolarity, which emanate from within an MeV
or so above the yrast line. The discussion above has
illuminated the role of selection rules, e.g., in the
nonyrast bands of (i13,,)! and (ij3,,)* families of
levels. Generally, the gross bump structure of the
calculated M 1 spectrum reflects the specific struc-
ture of the nucleus. This is also the case for the M 1
minus E2 spectrum, which of course, also depends
on the nuclear-structure dependence of the E2
bump.

General consequences of varying deformation are
presumably illustrated by the similarities between
Figs. 3—5. The total intensity of low-energy M I’s
is low very near the closed shells, but rises quickly a
few nucleon numbers away and then does not
change dramatically. The skewness of the lowest-
energy bump seems to change characteristically.

Far away from closed shells a well localized M 1
bump may appear at somewhat higher energy, for
medium-mass nuclei in the range 0.8—1.2 MeV.
The point where the M 1-E 2 spectrum changes sign
moves gradually toward lower energies.

The results for specific one-quasiparticle nuclei
are expected to be qualitatively valid also for spec-
tra taken at somewhat higher spins where many-
quasiparticle degrees of freedom come into play, for
example, just above the backbend in neighboring
doubly even nuclei. Support for this spectator
quasiparticle hypothesis comes from a comparison
with the unique experimental data available* for
134Ce, and from model comparisons between one-
and two-quasiparticle systems. Quantitatively,
however, the quadratic enhancement of M1 collec-
tivity as a function of X is an important nonlinear
effect in many-quasiparticle bands. This suggests
that also in the cranking model, rather than rely on
a generalized version of the spectator quasiparticle
approximation as was done in Ref. 1, a high proba-
bility for in-band M 1 transitions could be obtained
up to significantly higher spins and energies if the
many-quasiparticle high-K bands are constructed
explicitly, e.g., with the method of Ref. 46.

Finally we express the hope that experimental
studies of such high-K bands in the M 1 quasicon-
tinuum will prove to be possible, for example, by
doing M1-M1 or M1-E2 energy-energy correla-
tions.
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