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Shape of rotating quasiparticle orbits and signature splitting in La, Ce, and Pr nuclei
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A simple semiclassical picture of the rotating spatial density distribution for spin-aligned high-j
quasiparticles emerges from the cranking model. Evidence for the physical relevance of this picture
can be sought in the signature splitting of rotational bands in y-soft nuclei. The cerium region is a
suitable testing ground, and model calculations are presented for bands which might be observed ex-

perimentally.
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I. INTRODUCTION II. INITIAL CONSIDERATIONS

Nuclear structure at high spin is often described on the
basis of a semiclassically rotating average field, i.e., an in-
trinsic shape turning uniformly around a fixed axis in
space. ' The physical consequences of such motion depend
critically on the shape asymmetry in the plane of rotation,
which determines the time dependence of the nuclear and
Coulomb fields. The intrinsic shape is characterized to
lowest order by the quadrupole asphericity, e, and triaxial-
ity, y—the asymmetry in the plane of rotation depends on
both of these shape coordinates. ' Therefore it is desir-
able to measure, among other things, a quantity which is
sensitive specifically to one of them. Such a probe is pro-
vided by nucleons in high-j rotation-aligned orbitals be-
cause, in rotational bands with spin contributions from
such orbitals, the two sets of alternating spin states are
displaced in energy by an amount which depends sensi-
tively on the triaxiality y. ' Recent studies of the
cranked shell model have opened broader perspectives for
the possible use of this mechanism. ' In particular it
was suggested that changes in the energy staggering be-
tween alternate spin states could be used to trace out the
evolution of y at high spins. Furthermore, it should be
possible to identify a departure from the collective rota-
tional sector, 0'& y ~ —60' by the Lund convention, to-
ward the single-particle rotational limit at y= —120 or
+60.

Attempts to interpret experimental data by this mecha-
nism could help determine the limits on the validity of the
cranked mean field approximation. This is especially the
case for systems not too far from the closed shells, which
are soft with respect to the y shape degree of freedom if
the concept of shape is appropriate at all. The present pa-
per reports a theoretical estimate of effects which would
arise from triaxiality in the cerium region and which
could be looked for by y-ray spectroscopy with heavy
ions. First the physical origin of these effects will be visu-
alized.
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FIG. 1. Geometrical picture of rotation-aligned high-j quasi-
particle orbits. A "particle" in an empty j shell or a "hole" in a
filled j shell has a toroidal density distribution which tends to
make the nucleus oblate (+60') or prolate ( —120'), respectively,
and symmetric around the rotation axis. A "quasiparticle" in a
partly filled shell is particlelike on spatially localized sections of
its orbit and holelike on the other sections, thereby helping to
create a density bulge which can move slowly around the rota-
tion axis as a collective rotation.

A. Triaxiality of rotating quasiparticle orbits

The present emphasis is on effects from polarization in
the y degree of freedom due to the specific shape of high-j
rotation-aligned orbitals. The systematics of how shape
depends on the filling of a high-j shell is shown schemati-
cally in Fig. 1. It is well known that a single particle in a
high-j shell generates a torus-shaped density distribution
and thus tends to make the nucleus oblate with the spin
along the symmetry axis, corresponding to y=+60'. A
single hole goes into a similar orbit and tends to make the
nucleus prolate with the spin along the symmetry axis,
corresponding to y= —120. The intermediate situation
of a rotation-aligned quasiparticle in a half-filled j shell
can be viewed as a hole on one part of its orbit and a par-
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ticle on the other part, prone to generate an asymmetric
density distribution. This we deduce from previous nu-
merical results' '" which show that as the filling of the
shell varies from empty to full, a maximum overlap is
achieved with a nuclear shape whose y varies smoothly
from +60 to —120 through all the intermediate triaxial
shapes.

B. Signature splitting

Signature is the quantum number associated with sym-
metry under a rotation of ~ about the axis of nuclear rota-—' 7TJ
tion. The symmetry operator is e " and the eigenvalues
are e ', where a is 0 or 1 for a system with integer spin
and —

2 or —,
' for a system with half-integer spin. Clearly

cx is additive modulo 2 for independent quasiparticles.
The signature is directly observable because the allowed
spins are I=o.+2n with n integer. Any splitting between
the two signatures which is calculated in the cranking
model should also be observable as an energy staggering
between alternate spin states in a rotational band.

A direct connection between the geometrical picture of
Fig. 1 and signature splitting comes about because Fig. 1

holds only for one of the two signatures, the "favored"
signature of the j shell, a =j modulo 2. The orbits of the
other signature correspond semiclassically to a quite dif-
ferent topology in phase space. ' Whereas the favored sig-
nature comes down in energy at the appropriate value of
y, the unfavored signature does not exhibit as marked
preference for any particular y value of the nucleus. Con-
sequently, the signature splitting is large at the preferred y
of the favored signature, while at other y values it is small
and sometimes inverted. A systematic numerical demon-
stration of this effect was given in Ref. 11.

An example of a change in signature splitting which
might be caused by y shape polarization has been ob-
served in the nuclei 'Kr, ' ' ' Ho, ' ' Tm. ' In both
cases a decrease in the signature splitting for a midshell
quasiparticle (vg9&z in krypton, vrh»&2 in holmium and
thulium) is observed when rotation-aligned orbits at the
bottom of another shell (mg9&2 in krypton, vi»&2 in holmi-
um and thulium) are occupied by two particles. The ex-
planation according to the y-polarization theory is that
the latter particles tend to polarize the system toward
y &0', away from the y (0 asymmetric shape which is
preferred by the midshell quasiparticle in its favored sig-
nature states. However, the validity of this explanation
and the generality of the mechanism are not yet establish-
ed. For example, other dynamical effects might arise
when rotational invariance is taken into account, or the
residual interaction between the quasiparticles might alter
the signature splitting. The latter has been suggested to be
the case in some doubly odd nuclei. ' The relevance of the
y polarization mechanism should be tested by identifying
some new clearcut situations. For example, a y-inverse ef-
fect would be expected to occur when the rotation align-
ment is due to a pair of midshell quasiparticles, while the
odd single particle occupies an empty j shell. Physically,
the same thing would be observed as in the nuclei men-
tioned above, namely a decrease of the signature splitting
after alignment. The mechanism, however, would be a

change of y in the opposite direction, toward more nega-
tive y values.

C. Testing grounds

Experimental tests of the kind described above are pos-
sible only in a few nuclides due to practical constraints.
The core of the nucleus must be y soft so that polarization
can occur. The neutron-proton ratio must be suitable for
the population of high spin states by heavy-ion reactions.
In the example mentioned there must be a half-filled shell
which gives rise to rotation alignment.

Some possible conjunctions of proton and neutron
high-j shells are the following:

7Tg9/2 vg9/2 The case of 'Kr was mentioned above.
&g9/2 vA gg/2 A similar decrease of signature splitting

appears in recently reported data on ' Ag. '

~br'/2, vhz)/2. The light Ce region is considered below.
~hq&/2, vi/3/2 The light Ho, Tm region is the most stud-

ied so far.
~h9/2 viq3/2. Prolate and oblate shapes are believed to

coexist in the light Hg cores, giving rise to different kinds
of aligned structures at high spin in accord with the prin-
ciples outlined above. ' The role of the mechanism dis-
cussed in the present paper was first noticed in a particle-
rotor calculation which showed that the (i&3/2)' state in

Hg is oblate (y = —60') specifically due to the Coriolis
interaction. Still heavier collective nuclei are difficult to
populate at high spins, and the very light nuclei do not
provide long enough rotational bands. The Ce region is
clearly favorable for studying a variety of y-soft nuclei.

III. MODEL CALCULATIONS

A. The model

In order to obtain realistic estimates of the change in
signature splitting to be expected from y shape changes
we consider a model' where rotation-aligned quasiparti-
cles from the cranking model are coupled to an empirical
core, and a y value is determined for each state by the
variational method,

The quasiparticle states are obtained from the cranked
Nilsson Hamiltonian with Bardeen-Cooper-Schrieffer
(BCS) pairing '

h"=h, ,","'"(y)+ ,
' A(P++P) cd—„, —

where the shape coordinates e, e4 and the pairing gap pa-
rameter 6 are held fixed at empirically reasonable values.
A technical difficulty arises when quasiparticle levels
cross in energy as a function of the triaxiality coordinate
y. If the crossing levels have the same quantum numbers,
parity m. , and signature a, there is in general an interaction
between them. Then an adiabatic variation of y changes
one orbital into the other, and thereby spurious stationary
points may arise in the energy as a function of y at the
crossings. We eliminate the spurious minima by hand, by
drawing graphs of the quasiparticle levels as a function of
y (or co, cf. Ref. 22) and replacing the calculated curves by
smooth crossing lines through the interaction zones. A
specified quasiparticle configuration can then be followed
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to all values of co and y. The contribution, e", from each
quasiparticle to the energy in the rotating frame is ob-
tained from the graphs.

The total energy in the rotating frame, the Routhian,
includes in addition to the quasiparticles a number of
phenomenologically parametrized contributions from the
core

E"=g e (y)+ —,V„,cos3y —2' W—+em& .

The rationale for using a phenomenological core instead
of one derived microscopically is familiar in the context of
core-particle coupling. The analysis of observable effects
due to the rotating quasiparticles can then be carried out
with a core whose properties are optimally compatible
with experimental facts. Also, empirical parameters ex-

tracted from the analysis are an interesting part of the re-
sults, useful for testing microscopic theories.

The second term on the right in Eq. (2) is the simplest
possible potential energy function, with one parameter V„,
equal to the prolate-oblate potential energy difference.
The third term is the core rotational energy. The rotation-
al moment of inertia, W, is expressed by the two-
parameter Harris formula times a hydrodynamical y
dependence

W=(WO+ —,'co Wi) —', cos (y+30 ) . (3)

The fourth term is used only for gamma bands (nr ——1).
It stabilizes nonaxial shapes using the triaxial rotor for-
mula for the energy of a gamma versus rotational 2+ exci-
tation

e~ =E(2,+, )[(9+~81—72sin 3y)/(9 —~81—72sin 3y)]i'i . (4)

For any particular configuration and rotational fre-
quency, ~, the Routhian, E, is minimized numerically
with respect to y. If there are several local minima the
higher ones are considered spurious, unless they corre-
spond to different quasiparticle configurations. (A nomi-
nal quasiparticle configuration may include several true
minima as a function of y because only spurious minima
and not maxima are eliminated. ) From the results it is in
principle possible to construct an excitation spectrum, but
for the present purpose of finding the relative position of
bands near yrast it is sufficient to obtain the Routhian.

I

the experimental masses are not known. To check the re-
liability of theoretical values obtained with standard
values of the pairing interaction strength we have com-
pared theoretical odd-even mass differences from the
Moiler-Nix mass table with experimental values in nu-
clei with lower Z where data are available. The agreement
is good throughout the 50 & Z,X & 82 region, with a not-
able exception for the most neutron-deficient isotopes of
55Cs and &6Ba, i.e., the nuclei deepest into the interior of
this region and closest to 58Ce which have known experi-
mental masses. In Fig. 2 the experimental and theoretical

B. The parameters

The calculation of quasiparticle levels requires six pa-
rameters: ~ and p, the spin-orbit and orbit-orbit strengths
of the Nilsson model; e and ez, the absolute value of the
quadrupole and hexadecapole shape coordinates; and X
and 6, the Fermi level and the pairing gap parameter.
The ~ and p values are taken from a general empirical for-
mula with a smooth dependence on mass number A.

The radial coordinate in the polar representation of
quadrupole deformations is taken as e=0.25 in the nuclei
around ' Ce, and @=0.21 around ' Ce, on the basis of
measured B(E2) and E(2+) systematics (see, e.g., the
triaxial-rotor analysis of Gizon et al. ). Cranking calcu-
lations have shown that the equilibrium value of e changes
very little in these nuclei up to the highest rotational fre-
quencies of interest for discrete-line spectroscopy.

The hexadecapole radial coordinate e4 is taken from
theoretical calculations ' of the ground-state equilibri-
um shape: e4 ——0.03 and 0.02 around ' Ce and ' Ce,
respectively. The y dependence of the hexadecapole term
in the Hamiltonian is fixed as in Ref. 28.

The Fermi level A, is determined by a BCS calculation
for prolate shape and co=0. Only the particle numbers
corresponding to ' Ce and ' Ce are considered, and
neighboring odd and doubly odd nuclei are obtained as
quasiparticle excitations.

The BCS gap parameter 6 cannot be extracted empiri-
cally in the neutron-deficient cerium (Z =58) region since
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FIG. 2. The odd-even mass difference for neutrons in 568a
and protons in 55Cs, taken from experiment and from the folded
Yukawa model mass formula (Ref. 27). Note the anomalous in-
crease of the experimental values toward the interior of the
50&TV & 82 region. There is also an increase with Z, relative to
54Xe and 53I respectively. Experimental data are not available
for 57La and 58Ce.
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odd-even mass differences for Cs and Ba are plotted
versus neutron number N, and the discrepancy is seen to
arise from an anomalously persistent increasing trend in
the experimental values as X decreases from the magic
number 82. The theoretical trend, which does not contain
this effect, is the same for all nearby proton numbers both
above and below Z=55—56. Thus the theoretical values
for Ce are not very credible. It may be speculated, for ex-
ample, that neutron-proton pairing becomes important in
the interior of the 50&Z,%&82 region. For the present
calculations in the Ce region we simply set Letup:6 1 25
MeV, following the experimental trend. This b,~ value is
also known to be consistent with the backbending fre-
quency in ' Ce.

The core has four parameters: Wo and W~ of the vari-
able moment of inertia formula; E(2,+„), which scales the
energy of the mode responsible for the y band; and Vp„
the prolate-oblate potential-energy difference.

Empirical values of Wo and W& are given by the formu-
la

I„(I+ 1) I„(I —1)—
co(I+ I ) co(I 1—)—

in bands where four or more unperturbed levels are
known. These values may vary from one band to the
other; however, a consistent set of Routhians must be
based on one average set of values. We have checked that
our main conclusions are not sensitive to the adopted
values, which are determined empirically from the high-
spin states without correction for y effects. For nuclei
around ' Ce we use Wo ——11.4A MeV ', W~ ——29k
MeV, and for nuclei around '.. Ce we take Wo ——21k
MeV ', W& ——18k MeV . It may be remarked that the
W& values for many known bands in ' ' Ce and neigh-
boring nuclides are larger, W~-5&6 MeV, but such

large values are not feasible at higher spins. For E(2+, )

we use the measured energy of the 2+ state in the ground
band of the doubly even nucleus.

Theoretical calculations of V~, have an uncertainty of
the order of 1 MeV, as is well known, e.g. , from experi-
ence in the light mercury region. Results of some dif-
ferent calculations are shown in Fig. 3. Within the
present model, an empirical handle on Vz, is provided by
the signature splitting in the (vh~~~2)

' bands. The 109
keV splitting of the signatures observed for ' 'Ce at
co=250 keV was reproduced using V~, = —837 keV. This
value of V~ was adopted for the nuclei around ' Ce. It
lies between the theoretical curves in Fig. 3. For ' Ce we
used VI ——0 in order to bring the experimentally ob-
served neutron-aligned band down in energy. Addition-
al evidence for y instability comes from the h&~&2 spec-
trum of ' La, which was very accurately predicted by
coupling an h»&2 particle to a y-unstable core.

IV. RESULTS AND DISCUSSIGN

The Routhians which come lowest in energy after
minimization with respect to y are shown in Figs. 4—8.
The bands are characterized as ground band (g.b.) or gam-
ma band (y) and by the number of neutron (v) and proton
(vr) quasiparticles. In some cases the parity and signature
are also indicated. More complete information is given in
Table I. Results have been obtained only at selected rota-
tional frequencies, co=0.03, 0.05, and 0.07ficoo.
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FICx. 3. The prolate-oblate potential-energy difference
V~ Vp Vo from deformed shell model theory and the present
empirical analysis. The modified-oscillator (MQ) and Woods-
Saxon (W'S) values were extracted with some uncertainty from
diagrams in Refs. 26 and 31; the folded-Yukawa (FY) values
based on Ref. 27 were communicated by Moiler.

FICx. 4. Calculated Routhians for yrast and near-yrast bands
in ' Ce vs rotational frequency co. Calculated points are con-
nected by straight lines. Crossing points are related to experi-
mental band crossing frequencies (Refs. 19 and 34). The number
of neutron (v) and proton (~) quasiparticles is indicated for each
band. g.b. stands for ground band and y for gamma band.
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FIG. 5. Same as Fig. 4, but odd quasiproton bands. The par-
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The objective of the following discussion is to note
manifestations of y shape polarization. The major effects
are due to (i) the lowest proton h ~~~2 quasiparticle of sig-
nature a= ——,', which is energy favored and has largest
rotational alignment for y=0', collective rotation of a
prolate shape; (ii) the corresponding neutron orbital which

favors negative y deformation; (iii) the core moment of in-
ertia, which is taken to be largest at y = —30', and (iv) the
gamma mode which favors maximum triaxiality,
y=+30, —30', or —90'.

A. The nuclei around ' Ce

(i) The doubly even case, Ce. Experimental informa-
tion which has recently become available was taken into
account in selecting the parameters of the present calcula-
tion. The first band crossing in Fig. 4 is due to proton
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FIG. 6. Same as Fig. 4, but for odd quasineutron bands. FIG. 8. Same as Figs. 4—7, but for ' Ce.
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TABLE I. Calculated y deformation and signature splitting of the bands shown in Figs. 4—8. The
description of the bands indicates the parity of individual neutron and proton quasiparticles, and
separately the total parity and signature. The first entry for y and the signature splitting is for the
lowest frequency value co, and subsequent entries in parentheses are for higher co values. The sign of the
signature splitting is defined here by taking the lower signature (a&) first.

pand
Total
parity

130C g.b.

r
y277

2v

2m

2 IT 2V

0{—7, —16)
—28( —28)
—25( —25)
—52( —43)
—4( —8, —15)
—8( —20, —22)

La,pr

1m 1v+

—7( —16)
—8( —20)
—6( —11)
—6( —13-)

—0.003( —0. 114)

—0.009(0.006)

129La 131Pr
7

lm. 2v

1

2

1+—

+2

—6( —11)'

—7( —13)
—40( —30)
—25( —25)

—0.472( —0.696)

—0.327( —0.693)

129, 131C 1

2

+2
1

2

+ 2

—45( —37)
—15(—23)
—120( —22)

—8( —14)

—0. 109(—0.398)

—0.012( —0.071 )

alignment, as indicated by the data. In previous theoreti-
cal calculations" the neutrons aligned before the pro-
tons because all quantities were derived within the Nilsson
model which gives a smaller V~, and A„smaller than A~.
A band crossing is also observed experimentally in the
gamma band at larger frequency co than in the yrast se-
quence, and with a larger interband interaction. The cal-
culation produces a similar effect due to y shape polariza-
tion. At the triaxial shape induced by the gamma mode
(Table I) the proton spin alignment is reduced and the in-
teraction matrix element is larger.

(ii) The odd proton case, La or -Pr. The alignment
of neutrons at high spins gives rise to negative y deforma-
tion. and a subsequent reduction of the odd-proton signa-
ture splitting above the band crossing (Fig. 5). A similar
reduction in signature splitting above the first band cross-
ing has been observed, e.g., in 'Kr (Ref. 14) and ' Tm, '

but there it is a change of y in the opposite direction
which could be responsible. It would be valuable to verify
the "y inverse" of the 'Kr, ' Tm effect in an odd La or
Pr isotope. Experimental difficulties might arise because
the unfavored signature may not come down far enough
in energy to be significantly populated. Other bands, for

example the (vrh ~ & r2 ) band, are calculated to come very
close to yrast in the region of the band crossing.

(iii) The odd neutron case, -Ce. The alignment of
protons gives rise to an increase of y and a subsequent
reduction of the h~~r2 odd-neutron signature splitting ac-
cording to the model (Fig. 6). This is the analog of the
'Kr, ' Tm effect, which can thus be looked for in the odd

Ce isotopes. The one-quasiparticle (vh~, &2)' signature
splitting below the backbend involves very different y de-
formations for the favored and unfavored signatures. The
proton alignment occurs at a somewhat higher frequency
than in ' Ce, as for the ' Ce gamma band mentioned
above, and for the same reason, namely negative y defor-
mation. In the ' ' 'Ce gamma bands the h~~~2 odd-
neutron signature splitting is expected to be large due to
the negative y deformation.

(iu) The doubly odd case, La or Pr. The conflicting
y-polarization effects from h~~r2 neutron and proton ro-
tating quasiparticles give a reduction of the signature
splitting relative to both the neutron and the proton one-
quasiparticle case, as can be seen in Fig. 7, where the sig-
nature splitting is small. This should be feasible to check
experimentally. The positive-parity band begins to split at
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Band
Total
parity

TABLE I. (Continued ).

1v 2m
1

2

1+—
1

2

—6( —14, —21)
—6( —11,—17)

—6( —13)

—0.001( —0. 100, —0.295)

134Ce g.b.
2'
2v

2K 2V

—30( —30)

1( —10)
—69( —63)
—64( —30)

' Lapr 1m- 1v+ —11(—23)
—11(—29)

0.000(0. 171)

133La 135pr

lm 2v

1~+2V

3m

1

2

+-
1

2

1+—
1

2

1

2

—67( —55)

—67( —60)

—16

}

—0.410

0.001(—0.017)

—0.280

—0.303

133,135CC 1v

1v 2m

1v+2w

1

2

1+—
1

2

1

2

1+

—64

}
—26

}

—0.434

—0.061

& 0.600

high frequency co, but the negative-parity band does not.

B. The nuclei around ' Ce

Fram the paint of view of studying y-polarization ef-
fects these nuclei have two advantages: the potential ener-

gy is presumably softer toward y deformation than
around ' Ce, and also the additional neutrons lead to a
situation of maximum confiict between neutron and pro-
ton h»&z rotation-aligned quasiparticles in the domain of
collective rotation, —60 & y & 0 . However, there are
disadvantages from the proximity to the line of stability,
which makes these lanthanums and ceriums inaccessible
to heavier-ion reactions, and from the proximity to the
N =82 closed shell, which makes it possible for noncollec-
tive modes to compete with collective rotation along the
yrast line.

In the calculation for ' Ce, the proton and neutron
aligned bands come at about equal energy (Fig. 8). Exper-
imentally, a g-factor measurement has established that it

is the neutron aligned band which is observed up to high
spins. This is an unusual situation, since the vh ~~~2 shell
is half full. It suggests the possibility of observing the y-
inverse effect discussed in Sec. IIB above. The calcula-
tion for the one-quasiproton, two-quasineutron negative
parity band does give almost zero signature splitting (Fig.
8). Thus ' Pr, which is accessible to heavier-ion reactions
than ' La, emerges as a good case to look for the y-
inverse effect in experiment. There may be some difficul-
ty in populating the interesting band since there are also
several positive-parity bands along the yrast line. A study
of ' La by (a,xn) reactions does in fact indicate that the
collective (m.h~~&z)' band is not yrast at I= —", . However,
in ' Ce the collective band was populated to high spin by
a (' O,4n) reaction, although it is not yrast around
I= 10.

For the odd-neutron case the calculation gives a reduc-
tion of the signature splitting almost to zero when the
h~~~z protons align (Fig. 8). This is the analog of the
'Kr, ' Tm effect, which might thus be observable in any
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of the light odd-mass ceriums (cf. Fig. 5). The signature
splitting is likewise calculated to be small in the yrast
band of the doubly-odd cases, due to the same mechanism,
in both Figs. 7 and 8.

V. SUMMARY AND CONCLUSIONS

The cranking term in the cranking Hamiltonian breaks
the symmetry which otherwise would make it sufficient to
consider one 60' sector of intrinsic quadrupole deforma-
tion space. Instead, one 60' sector is required for each of
the three principal axes. Generally, such broken sym-
metries must be restored in a numerical simulation of
laboratory-frame physics, but the physical picture is clear-
er in some respect prior to the restoration of symmetry.
In Fig. 1, a simple physical picture is proposed for
rotation-aligned high-j quasiparticles in the cranked in-
trinsic frame of reference. The spatial density distribution
of the orbit varied smoothly and systematically through
all three sectors, 180' in y, if the filling of the shell is
varied so that the character of the quasiparticle changes
smoothly from that of a particle to a hole. This picture is
founded on numerical results from cranking calculations
described in Refs. 10 and 11.

When the nuclear y deformation coincides with the par-
ticle y deformation the favorable spatial overlap leads to a
large signature splitting. Numerical results for the hit&2
shell are displayed systematically in Ref. 11. Several au-
thors are currently proposing that experimental signature
splittings can be used to probe y deformations, ' and
thus ultimately to justify the use of a cranked intrinsic
representation. Some experimental findings have already
been interpreted along these lines. The hypothesis still
needs to be critically appraised both in experiment and
within the collective model.

A priori one of the most promising regions for experi-
mental tests is the light cerium region. An evaluation of
the possibilities was carried out above, using a rudimenta-
ry model for y deformations and signature splittings in
the cranked intrinsic frame. The signature splitting of
one-quasineutron h»~2 bands is already known in the
odd-mass light Ce isotopes, and a reduction of this split-

ting above the backbend would be the analog of recent ob-
servations, e.g., in 'Kr and ' Tm. The same effect
would lead to a reduced signature splitting in the yrast
band of the doubly odd La or Pr isotopes. However, a
previous analogous measurement in the Br isotopes, which
are the doubly odd neighbors of 'Kr, did not give this re-
sult. The Br results have been taken to suggest that the
signature splitting in doubly odd nuclei is determined pri-
marily by residual interactions between the two quasipar-
ticles rather than the Coriolis interaction due to the rota-
tion of the mean field.

A new kind of situation might be studied in odd-mass
La or Pr isotopes, because in these nuclei the alignment of
quasiparticles which are halfway between particles and
holes may be observable. The present calculation predicts
a reduced signature splitting in the aligned band, the same
as for the odd-mass ceriums, but due to a change of y in
the opposite direction. A favorable case to observe this
"y-inverse" effect is ' Pr.

Some interesting points were noted in the course of
determining empirical parameters for the present calcula-
tion. From the present model it emerges that the ap-
propriate potential energy function for the lightest ceri-
ums is intermediate between the stiffly prolate potential
calculated with a single-particle potential of a folded-
Yukawa type and the very y-soft potentials previously
obtained from the modified oscillator and Woods-Saxon
models. ' ' From experimental binding-energy data indi-
cations were found for an anomalous increase in the pair-
ing gap for Z and N sufficiently far above 50 and below
82, respectively.
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