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We present results of interacting-boson-fermion-fermion approximation (IBFFA) calculations for
deformed odd-odd "Re and '"Re. Such calculations yield accurate structural information for
many different rotational band types, including highly distorted and doubly decoupled bands. Thus,
they can help in interpreting experimental data, predicting spin-parity assignments that agree with
those obtained by other methods, and giving rather good predictions for interband transition ener-

gies. We also compare our previously published IBFFA predictions for "Re with new experimen-
tal data.

I. INTRODUCTION

Successes of the interacting-boson-approximation
(IBA) model in describing the properties of many
different types of even-even nuclei can be found in many
references. ' So can those of the interacting-boson-
fermion approximation (IBFA), which can reproduce
properties of different types of odd-mass nuclei in phe-
nomenological calculations. ' The interacting-boson-
fermion-fermion approximation (IBFFA), extension of
IBA techniques to odd-odd nuclei, is a relatively new ap-
proach. Nevertheless, studies of N=83 isotones"' and
odd-odd Re isotopes' ' have already demonstrated the
power of IBFFA calculations.

This paper supplements and complements our previous
paper, ' in which we discussed our techniques for extend-
ing IBA calculations to odd-odd nuclei. The reader is re-
ferred to that paper for details of procedure, including
best values of parameters and efficient truncation of basis
spaces, etc. In the present paper we extend our calcula-
tions to the more neutron-deficient isotopes, ' Re and

Re. These isotopes provide a more severe test of the
IBFFA model, inasmuch as they exhibit even more
highly-distorted bands, including doubly decoupled
bands, than did the isotopes (' ' Re) considered in our
original paper.

In Sec. II we give a quick review of the observed and
likely low-lying single-particle states available for the
odd-odd Re isotopes in which we are interested. We also
investigate how the properties of these states affect the re-
sults of IBFA and IBFFA calculations. In Sec. III we
compare our calculations with experimental results for

Re, ' ' which were published after our calculations
had been completed. Both Santos et al. ' and our
group' ' have studied ' Re via in-beam y-ray spectros-
copy, but its level scheme is not so extensive as for the
heavier odd-odd Re isotopes and there is some disagree-
ment between the two groups. In Sec. IV we compare the

differing interpretations with IBFFA results and try to
use the calculations as an aid in choosing the correct
configurations.

While preparing our original paper, ' we could not
make any sensible comparison with the rather prelimi-
nary experimental results for ' Re. ' ' Now that new
and much more complete data are available, ' it is
worthwhile comparing our IBFFA calculations with
them, which we do in Sec. V.

Finally, we summarize our findings in Sec. VI. The
IBFFA calculations do a remarkably good job of dupli-
cating the "geometrical" properties of rotational bands in
deformed odd-odd nuclei, even to the extent of reproduc-
ing extreme coriolis distortions, such as those encoun-
tered in the doubly decoupled bands. However, they
suffer from the same difficulties as other odd-odd calcula-
tions, viz. , predicting band-head positions and triplet-
singlet splittings, problems related to positions of the
Nilsson states and our understanding of the proton-
neutron residual interaction. Nevertheless, they appear
to be a potentially useful tool for helping to sort out the
complexities of odd-odd rotational bands.

II. SINGLE-PARTICLE STATES

In preparation for IBFFA calculations, we need first to
calculate the even-even core states via IBA. For ' Re
this is ' Os (six proton holes, eighteen neutrons, for
twelve active bosons); for ' Re it is ' Os (p,n, 13
bosons); and for ' Re it is ' Os (p,n, 13 bo-
sons). ' ' Next we calculate (IBFA) the appropriate
odd-mass nuclei and couple these states together (IBFFA)
to form the odd-odd states. As a redundancy check on
our truncation scheme, we performed this in two ways—
coupling the odd-proton states to the appropriate odd-
mass Os nuclei, then coupling the odd-neutron states to
the odd-mass Re nuclei. Errors tend to accumulate: We
adjust the IBA parameters first and try to match them
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TABLE I. Energies of single-particle states used in IBFFA calculations.

Nilsson state
0 [Nn, A] Isotope Exp.

F. (keU)
Calc.

Fig. 1(a)

Fig. 1(b)
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systematically with experimental results, then we perform
a similar operation with the IBFA parameters. Thus, the
IBA fits affect the IBFA fits, which in turn affect the
IBFFA results. What we know about the odd-mass nu-
clei in particular can produce significant effects, and there
are two potential problems we may face in IBFFA calcu-
lations for ' Re and ' Re.

First, uncertainties in the choices and positions
of single-particle states. The experimental (and
calculated —see below) energies of the bandheads of the
single-particle states chosen are listed in Table I; the
bands are also shown in Fig. 1. For odd-mass Re isotopes
with A =177-185, three common bands have been ob-
served, those based on the —,

' [541], —,
' [514], and

—,'+[402] states. There is little doubt that these are the
most-available odd-proton states. On the other hand, the
situation is considerably more complicated for odd-
neutron states. —,

' [521] seems to be a universal state for
the 101st [e.g. , ' W (Ref. 28) and ' Os (Ref. 29)] and
103rd [' W (Ref. 30) and ' Os (Ref. 29)] neutron. How-
ever, although both ' W and ' Os have 103 neutrons,
we find —', +[624] in ' Os but —,'+[633] in ' W. Similarly,

[514] but not —,
' [512] appears in ' Os, while the re-

verse is true for ' W. This makes for ambiguity in the
Re calculation, and we take only ' Os for the ap-

propriate odd-neutron states. This leads to —,'+[624],
[514], and —,

' [521] as the choices for the ' 'Re low-

lying single-neutron states.
Second, we should bear in mind that heavy-ion induced

reactions bring in large amounts of angular momentum
to the compound system and consequently preferentially
populate rotationally-aligned (decoupled) states or states
with large coriolis matrix elements. ' Once such states
are populated, the subsequent y deexcitation will feed

primarily into similar states, populating to greatest de-

gree only a selected subset of the available states. These
are what we see in the existing experimental data. When
we fit odd-mass nuclei in IBFA calculations, we concen-
trate only on what can be observed in the experiments;
additionally, to keep the calculations tractable, we calcu-
late only those states lying below roughly 2 MeV in exci-
tation.

The appropriate odd-mass nuclei for the IBFFA calcu-
lations of ' Re are ' Re and ' Os; for ' Re they are

Re and ' Os. Results for these nuclei in the IBFA
model are shown in Fig. 1. The IBA parameters for the
even-even cores are given in Table II; IBFA parameters
for the single-particle states, in Table III. (For details
about how these were obtained, see Ref. 13.) Among
these nuclei, no experimental data are available for ' Re.
However, since odd-mass ' ' Re have all been studied
and fitted in the IBFA model, ' ' we simply extrapolate
the parameters for ' Re from these heavier nuclei. As
will be seen, this appears to give reasonable results.

III. '"Re RESULTS

A. The doubly decoupled band

In-beam y-ray studies on ' Re were carried
out by Kreiner et a1. ' ' using the reactions,

Tm(' C,3n y )' Re and ' Ho(' 0,5n y )'"Re. Four ro-
tational bands were identified and are shown in the left
portion of Fig. 2, Because it is not clear what the relative
positions of these bands are, we simply plot them all as
starting at 0 MeV. For comparison, we plot six calculat-
ed low-lying bands in the right portion of the figure.

Of the four observed bands, one is the well-known
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FIG. 1. IBFA-calculated excitation energies compared with experimental data. States are labeled with 2J. (a) Positive-parity
states in odd-mass Os isotopes. (b) Negative-parity states in odd-mass Os isotopes. (c) States of both parities in ' 'Re. (d) States of
both parities in ' 'Re—no experimental data are available.
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TABLE II. IBA parameters for the even-even Os core nuclei.

176O 178O

ed (MeV)
E' (MeV)
E (MeV)

y (dimensionless)

0.54
0.($0

—0.014
—1.163

0.53
0.0015

—0.015
—0.929

b J=2 doubly decoupled band (band 1 in Fig. 2), formed

by coupling the extremely distorted h9/p 2 [541] proton
state with the less-distorted p3/p 2 [521] neutron state.
The J values of the members of this band are well estab-
lished. A 3+ state is believed to be the band head,
according to the two-quasiparticle-plus-rotor model
(TQPRM). ' However, such a state has not been ob-
served experimentally.

Our IBFFA calculations also produce 3+ as the lowest

member of the band (band A in Fig. 2), predicting a
71.0-keV 5+ ~3+ transition. The calculations yielded
excellent agreement for the higher-energy transitions in
the doubly decoupled band, which gives us some faith in
the prediction for the 5+~3+ transition. Its relatively
low-energy and high-(E2) conversion coefficient would
have precluded its having been seen in the experiments
reported.

In addition to producing good agreement with the ob-
served transition energies, the IBFFA calculations pre-
dict that the unfavored —and unobserved —signature
members of the band, those of even spin, are shifted to
higher energy in relation to the favored, odd-spin ones.
Also, it predicts that the "singlet I( =0" coupling is shift-
ed up with respect to the "triplet K= 1" coupling. (E is
not strictly a good quantum number in such decoupled
bands, but it remains a useful label. ) Exactly the same
situation is seen for ' Re and will be discussed in more
detail in Sec. IV.

Ap

r,
Ap

x
2v h11/2

v h9/,
2

E(MeV) h 9/2

TABLE III. IBFA parameters for single-particle states.

Odd-proton negative-parity states
176R

1.28
1.25

—0.10
—1.20

0.58
0.05
5.20

'"Re
1.36
1.02

—0.10
—1.20

0.59
0.05
4.50

Ap+

r,'
Ap

X
2V g7/2
2V d5/2

V d3/2
2

2V S1/2

Odd-proton positive-parity states
'"Re
0.795
0.751
0.05

—1.20
0.974
0.919
0.722
0.705

'"Re
0.418
0.666
0.00

—1.20
0.974
0.918
0.723
0.713

Ap

r,
Ap

x
v f7/2

2

2V h9/2
2V P3/2

v fs/z
2V P1/2

Odd-neutron negative-parity states
177OS

0.941
0.180

—0.10
—1.00

0.801
0.683
0.139
0.135
0.0965

179O

0.809
0.228

—0.10
—1.00

0.846
0.734
0.190
0.166
0.115

Ap+

r,+
A'..
x

2.
V 113/2

Odd-neutron positive-parity states
177O

2.760
0.380

—0.10
—1.00

0.300

179O

2.450
0.441

—0.10
—1.00

0.350
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FIG. 2. Comparison of experimental bands in '"Re with IBFFA calculations. Since the relative positions of the rotational bands
are not clear, all are plotted as starting at 0 MeV. A dotted line indicates a nonobserved (nonexistent. ) state.

B. The n &+[402]vi»/z band

Band 2 in Fig. 2 was assigned the configuration,

,'+[402]—vi»/z ATQ. PRM calculation' suggested
that v—,'+[633] lies closest to the Fermi level; therefore,
the above coupling produces a K =6+ band. Because
the —', +[633] state is strongly coupled to other i'j3/2 states,
—', + [624] in particular, such a band would exhibit

compressed, but not staggered, spacings.
Our IBFFA calculations generate a band (band B) with

properties very similar to the above band. However, the
band head of band B is 7+ instead of 6+, as observed and
predicted by the TQPRM calculation. The reason, as
stated in Sec. II, is that we could not decide whether
—,'+[633] or —,'+[624] is the i(3/2 parentage single-neutron

state closest to the Fermi surface. Also, ' Os (the odd-
neutron nucleus we chose for our input) has the —', +[624]
state at a very-low excitation energy. Thus, when thi. s
—', +[624] state couples with the n —,'+[402] state, we obtain
a K =7+ band and there is no 7+~6+ transition. In-
terestingly enough, this disagreement should not
significantly aFect energy predictions for states having
J =7+ and greater. Indeed, agreement is within +10
keV for states up to J = 16+.

Note that our calculation was completed before the ex-
perimental results had been reported. Of course, if we
alter the parameters in our IBFA calculation for ' Os,
we could easily lower the —,'+[633] band, obtaining the
desired K"=6+ band at a lower excitation in ' Re.
However, that is not the point of this exercise. We fitted
the odd-mass nuclei only from what seemed to be obvious

properties and then used the odd-mass states to form
odd-odd systems without additional parameters. Only in
this manner —without any preconceived ideas about the
odd-odd states —can we reach disinterested conclusions
about the strengths and weaknesses of the IBFFA model.

C. The wh9/2+~13/2 ban

Band 3 in Fig. 2 was assigned as mh9/QIajvi)3/2 a so-
called "sernidecoupled" band, in which the proton is
decoupled (K =

—,') and the neutron is in a high-j (here
!f3/2) state with 0 much greater than —,'. Characteristics
of such a band are the odd-even staggerings in spacings
caused by the large coriolis couplings, similar to the
high-j neutron band in the odd-mass nucleus.

The Fermi levels lie closest to the ~—,
' [541] and

v —',+[633] states. According to the simple Gallagher-
Moszkowski coupling rules, from these states we
should expect to see a K =3 band. Ho~ever, Kreiner
et al. ' suggest it to be a 4 band, with the 4 state not
seen because the energy of the 5 ~4 transition was too
low to be observed in their experiments.

We should not be too concerned about the ambiguity
in spin assignment, but focus on the structure itself. It is
clear that band C shows considerable odd-even staggering
and is the candidate for such a semidecoupled band. The
staggering is overestimated by the calculations, with the
result that the 4 state is shifted to higher energy. This
behavior is similar to that encountered for the 4 band in

Re, ' ' and the reason for exaggeration of the stagger-
ing is that we did not provide for independent attenua-
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tion of the coriolis force in our IBFA calculations. Thus,
the deviations accumulate when both the proton and neu-

tron states have large coriolis matrix elements.

D. A possible n.
z [514]evi, 3/g band

1.5— EXP

13

176

13+

GAL

12

The last band identified is band 4, assigned as
m —, [514]133vi,3/p As previously discussed in Sec. IIB,
we predict only a K =9 band, with v—', +[624] as the

i»&2 component. The IBFFA result (band D) is not in
particularly good agreement with experimental data,

It has been our experience' ' that whenever we obtain
good fits with IBFA calculations, we can expect good fits
for the odd-odd composites. The difference between
bands 8 and D is the proton state, —,'+[402] for B and

[514] for D, and the fits for these two bands in '~7Re

are equally good (cf. Fig. 1). Thus, we would expect to
obtain equally good fits for the two odd-odd bands. Band
8 can be all but superimposed on experimental band 2, so
we are led to question the assigned configuration for band
4

From their assigned configurations, both bands 2 and 4
should be highly compressed, especially the first
spacing(s). Yet band 4 is not so compressed as band 2,
and the two also differ in the apparent blocking effects on
backbending. ' We consider this again in Sec. IVB, in

connection with a band in ' Re.

E. Two additional calculated bands

To demonstrate that the IBFFA calculations can han-
dle somewhat less-distorted bands as well, we plot two
additional expected low-lying bands in Fig. 2. Band E re-
sults from the coupling, n —,

'+ [402]13v —,
' [521], and

should have properties characteristic of bands with QW —,
'

in the odd-proton system —e.g. , the —,'+[402] band in

Re (Fig. 1). Band F has the configuration,
m —,

' [541]v —,'[514], expected to have compressed spac-
ings. The calculation predicts this configuration but adds
a little extra staggering.

IP. "Re RESULTS

A. The doubly decoupled band

Both Santos et al. ' and we' ' have studied ' Re
via in-beam y-ray spectroscopy, they by the

Tm(' C,5n y)' Re reaction and we by the
Tb( Ne, 5n y ) Re and 165Ho( 0,5n y )' Re

tions. Two rotational bands were identified extensively,
one of which is another doubly decoupled band. In Fig. 3
we compare the lower members of this band with our
IBFFA calculations. The 5 ~3+ transition has not
been observed, although again both TQPRM' and
IBFFA predict a 3+ bandhead. We thus place the 5+
member at 82.9 keV, the IBFFA-predicted position.
There is some uncertainty in this energy, for the —',
spacing of the —,

' [541] band in unknown ' Re will

strongly influence the predicted 5+ ~3+ spacing in
Re. However, we systematically extrapolated the

IBFA parameters down to ' Re, and the resulting
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FIG. 3. Comparison of the experimentally observed lower-

lying members of the doubly decoupled band in "Re with

IBFFA calculations. The 5+~3+ transition has not been ob-

served, so we place the 5+ member of the band at 82.9 keV, the
predicted position.

description of the ' Re doubly decoupled band is in gen-
eral excellent, as can be verified by Fig. 3. As in the other
Re isotopes, only the favored-signature (odd-spin)
members of the band are observed, the even-spin
members having been shifted up in energy. Also, the
unobserved singlet ("K=O") coupling is predicted to be
raised in energy and strongly staggered, as indicated at
the right side of the figure.

B. A normal h,J = 1 rotational band

The two experimental groups do not agree on the as-
signment of the second rotational band. The disagree-
ment comes about primarily because our group' ' found
a half-life of 21+7 ns for the 99.6-keV transition, whereas
Santos et al. ' did not perform data analysis and consider
it to be an intraband transition.

Now, the disagreement could possibly be resolved by
more detailed experiments, but by their very nature these
would prove tedious and likely of diminishing returns for
the use of accelerator time. As an alternative, we can
consider likely candidates for bandhead configurations,
compare these with our IBFFA calculations, and perhaps
choose or at least narrow down the assignment for this
band.

We chose the eight low-lying bands most likely to be
populated by heavy-ion bombardments and extracted
them from our IBFFA calculations. We compare these
with the experimental band in Fig. 4. Remember that the
IBFA parameters for ' Re had to be extrapolated, so we
should not rely too much on detailed spacings but instead
consider the general features of these calculated bands.

We can immediately eliminate bands 5 and 6 because
they show considerable staggering resulting from the
coriolis contribution of the n,' [541] and/or .—v—,'+[633]
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states. The experimental band does not exhibit such be-
havior. Bands 7 and 8 can probably be eliminated, al-
though not quite so obviously, on a similar basis. Also,
band 4 does not match the spacings very well.

An effective way to emphasize distortions is the so-
called trumpet plot, as shown in Fig. 5. In this figure the
IBFFA-calculated spacings are connected by dotted lines
and the experimental spacings by solid lines. (The experi-
mental value for E was varied, matching that of the cal-
culated band plotted with the same symbol. ) Here the
K"=2 band (band l), exhibits some staggering, induced
by the v —,

' [521] state. The staggering in the K =8
band (band 8) is concentrated in the compression of the
first spacing, characteristic of a vi, 3/2 component. (Band
7, again not included, is worse. ) We are left with K =5+
or 7+ as the most likely candidates, and the latter gives
somewhat better agreement with this data.

This reopens the question of the band in ' Re previ-
ously discussed in Sec. IIID. That the bands in ' Re
and ' Re have remarkably similar spacings is attested to
by the comparison given in Table IV. Perhaps this indi-
cates an essentially identical structure?
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FIG. 5. Trumpet plots of likely candidates for the AJ=1
band in ' Re. The bands are plotted in pairs, with the IBFFA-
calculated spacings corrected by dotted lines and the experi-
mental spacings (assuming the same E values) corrected by solid
lines.

V. COMPARISON WITH NEW ' Re RESULTS

At the time we published our original calculations' on

Re, only preliminary experimental data existed, ' '

FIG. 4. The eight most likely candidates for the EJ=1 band in '"Re as calculated by the IBFFA model. Only triplet couplings
are shown. The experimental band is shown in the middle.
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TABLE IV. Comparison of band transitions energies in "Re
and "Re (in keV).

the J assignments given by the two groups. Absolute
energies are not known for band heads. Thus, they are
plotted with respect to the 6 and 3 states on the left.
The spacing between these two states is unknown, as is
the connection of either state to the ground state. On the
right the 6+ state has the lowest observed excitation en-

ergy, and it may or may not be the ground state. The 8+
and 8 states are placed correctly with respect to it, but
the 5+ state lies above it at an unknown energy 5.

Eight of the appropriate low-lying bands from our
IBFFA calculations are shown in Fig. 7. Bands 1 and 2
are the triplet and singlet coupling s of
m —', +[402]gv—,'[514]. The 1 band is believed to be the
ground-state band, but, interestingly enough, the
IBFFA calculations predict the reverse. Whether true or
false, this ought not to affect the general position of the
other predictions.

We list the configurations assigned for the bands by the
two groups in Table V, indicating also the corresponding
IBFFA bands in Fig. 7 for these assigned configurations.
Band A is the same as band E, as are band B and band F.
They have been given the same neutron state but different
proton states by the two groups. Also, band C and band
G appear to be the same and are assigned the same pro-
ton but different neutron states. Band D and band H are
undoubtedly different bands.

Unfortunately, nature has not been kind in allowing
one to distinguish between the two sets of assignments.
The differences in excitation energies of these commonly
observed bands results from unobserved (low-energy
and/or delayed) or differently interpreted linking transi-
tions between the bands. Further experiments will be
necessary to determine which are correct. An example of
the difficulty can be seen by comparing band A with band

178R b176R a

99.6
122.4
161.1
197.4
223.1

252.2
275.0
294.2
313.7

(327)

123.8
166.1

201.5
229.7
253.3
277.7
296.7
316.9
328.4

'References 17 and 18.
Reference 16.

and we were unable to make meaningful comparisons
with them. Now, however, ' Re has been studied
rather extensively by Venkova et al. ,

' using the
' 'Ta(a, 5ny)' Re and ' Er(' N, 4ny)' Re reactions for
in-beam y-ray spectroscopy. Because no linking
transition(s) to the ground state could be clarified,
configuration assignments could be based only on gz fac-

tors, alignments, and rotational spacings. Another study
by Kreiner et al. , again in-beam y-ray spectroscopy us-

ing the ' 'Ta(a, 5ny)' Re and ' Yb(' B,6ny)' Re reac-
tions, agrees in general with that of Venkova et al. on en-

ergies. However, they reach quite different conclusions
with respect to configurations, again based on alignments
and rotational spacings.

In Fig. 6 we plot the experimental data, together with

Re Experiments

H
3000—

Expt. gl . Expt. 4 2
15+

13
14+

1500— 12
1013+ 13+ 13+9

12+P

1000- S
1210

70

0

10+e-.10+ 10+
10500—

H
9+

s+
7+

7+
8+ d0 —*

FIG. 6. Recent experimental results for bands in "Re. Left: bands and assignments of Venkova et al. (Ref. 21). Right: bands
and assignments of Kreiner et al. (Ref. 22). Absolute energies of the band heads are unknown. They are plotted with respect to the
6 and 3 states on the left and the 6+ and 5+ states on the right.
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Re IBFFA Calculation
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1500—
10

14+

13+

10

13+
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13+
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1000—

500—
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13+

11+

1O+

a+

1O+
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8+

10

9+

3
2:
1

FIG. 7. Eight low-lying bands in "Re as predicted by IBFFA calculations.

E (the same experimental band). If it is indeed the
ground-state band or nearby, then it agrees with our
IBFFA results for E =6; on the other hand, if it lies at
several hundred keV, it could agree with our result for
8+. The same ambiguities exist for the other compar-
isons. And none of these observed bands has particularly
unique or distinguishing spacing characteristics. Most
odd-odd assignments remain anything but trivial.

VI. SUMMARY

IBFFA calculations of states in odd-odd nuclei provide
a stringent test of the IBA method, for odd-odd nuclei do
not exhibit the same orderly systematics as even-even or
odd-mass nuclei. Nevertheless, we have encountered

considerable success in predicting odd-odd rotational
bands.

Errors tend to accumulate, and IBFFA calculations
are especially influenced by the IBFA results. Whenever
a good fit can be obtained from IBFA, a decent result can
be expected from IBFFA. IBFFA seems to be especially
good at predicting "geometrical" properties (such as ro-
tational spacings) of bands, less good in predicting band-
head positions and triplet-singlet splittings. However, if
both the proton and neutron states suffer from severe
coriolis distortions, we usually obtain too compressed
spacings, since we make no provision for attenuation of
the coriolis force in our present calculations. On the oth-
er hand, IBFFA does an excellent job in duplicating the
very severely distorted doubly decoupled bands.

From our comparisons with experimental data for the

TABLE V. Comparison of experimental band assignments in "Re by two different groups and with
IBFFA predictions.

Venkova et al. '
IBFFA

Band no. Kreiner et al. "
IBFFA

Band no.

A:vr ,' [402]g —,
' [514-]

B:m.—,
' + [402] v —,

' [624]
C:m.—,

' + [402] v —,
' [521]

D:~,'
+ [402] v ,

' [—521]—

7

E:vr ,' [514] v ,
' [51—4]—

F:m — [514] v —,
' + [624]

G:rr 5 [4 2]0 v
~ [624]

H:n —,
' [541) v —,

' [521]

'Reference 21.
Reference 22.
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odd-odd Re isotopes, we find that IBFFA gives almost
surprisingly good agreement. We can even use its predic-
tions as a guide —within reason —in helping us to assign
configurations. However, odd-odd nuclei, although
becoming more tractable to understanding, remain varied
and tricky. IBFFA is a reasonably powerful aid but by

no means a panacea for the headaches we may encounter
in trying to sort out their complexities.
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