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Abstract: The importance of wavefunctions in detailed nuclear structure cal-
culations is emphasized. A scheme to enable studies of the development of
wavefunctions as the hamiltonian gradually changes is presented. By using
this scheme, nuclear structure properties can be calculated with great detail.

1. INTRODUCTION

Theoretical nuclear physics is a challenging subject in many wa/s. A major diffi-
culty is the facr that even if the bare nucleon-nucleon force was exactly known,
present mathematical understanding does not provide any method to calculate nu-
clear properties with this force. Therefore the history of theoretical nuclear
physics is a history of clever approximations — the liquid drop model, the mean
field approach and their combination into Nilsson-Strutinsky type [St67, NT69] cal-
culations, to mention one line of development.

At the present level of understanding, the major ingredients in a realistic mean-
field calculation are rather well established: the bulk properties are taken as those
described by a charged liquid drop [vW35, MS66]. To the bulk properties are then
added the quantum-mechanical 'shell-correction', calculated as the deviation from
the aveidge properties of a nucleus in a mean field potential. Furthermore, to
properly describe odd-even mass differences and some other observed properties,
a short-range force must be present that gives an energy gain for two nucleons
moving in the same spatial orbit. This 'pairing' effect is accounted for by a BCS
calculation [BM58].

Using the general outline above, a wealth of nuclear properties have been calcu-
lated with astonishing precision. Some examples are ground state masses and mo-
ments [MN81], and the changes of nuclear structure with increasing angular mo-
mentum [AL76, NP76, DN85].

As the calculations have become more elaborate, however, some inherent limita-
tions in the mathematical treatment have become more and more of overwhelming
difficulty. We will study this in the examples below.

2. EXAMPLES OF DIFFICULTIES WITH PRESENT FORMALISM.

2.1 Shape coexistence

A phenomenon that is rather common in calculations of nuclear ground-state
properties is shape coexistence. For example, a nucleus with magic particle num-
ber is usually predicted to have a spherical ground state. But often exited 0+ states



can be found that are built by configurations that break the 'magic' and drive the
nucleus deformed. A calculation that shows such properties is illustrated in fig. 1.
The nucleus 1 8 6 Pb has a magic proton number, Z=82, and therefore the ground
state is spherical. But at moderate deformations, configurations where protons are
excited over the Z=82 shell gap can compete energetically with closed-shell config-
urations. This is most clearly visible at e > 0 in fig. 1. But also at e < 0, a change of
slope is visible that might be an indication of an excited 0+ state with excitation en-
ergy comparable to that of the prolate state.

Within the formalism used, it is very difficult to calculate the excitation energy
and deformation in cases like the oblate state of 1 8 6Pb . But a calculation that aims
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Fig. 1: Potential energy curve for the nucleus 18<>Pb, resulting from a
normal Nilsson-Strutinsky BCS calculation.

n predicting all possible 0+ states ought to be able to find such a state. Even
V jugh the barrier for decay to the ground state seem to be absent in fig. 1, the
•-'jlate state is structurally different from the ground state to roughly the same de-
cree as the prolate and therefore their decays should be hindered by roughly the
same amount.

2.2 High-spin spectra

The investigation of nuclear high spin spectra is continuing to attract considera-
ble effort and the use of large arrays of Compton-suppressed germanium detectors
have lately given rise to a wealth of experimental data. On the theoretical side, the
approach that has proven most powerful is very similar to the one used for ground
state properties above. The sole difference is the introduction of a term in the ha-
miltonian to simulate the rotation of the nucleus, resulting in the cranking hamil-
tonian:

h« = h - CO j x . (1)

Up to medium-high spin states the pair force is still of importance as manifest by
the occurrence of similar bandcrossings in neighboring nuclei. Usually, the
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Fig. 2: Calculated total energy and spin for the yrast n=+, o=0 states in JÖEr.The ener-
gy is plotted relative to the energy of a rotating rigid body with Erig(I) = 0.007 1(1+1)
MeV. This calculation is identical to the one for fig. 3. The symbols show the calculated
values which are connected by straight lines. In addition to the vacuum states some excit-
ed quasiparticle configurations are plotted, which show the non-yrast continuation of the
bands that form the yrast line.

cranking model with pairing included is only used to predict where these band-
crossings could occur and their nature [BF79]. This is generally only possible if the
nuclear deformation is assumed not to change with angular momentum. For the
experimental data now available this assumption is rarely justified. In order to
predict the nuclear deformation, the potential energy of the nucleus must be cal-
culated, similar to the example above but now for non-zero angular momentum.

As a high-spin example let us therefore calculate the yrast line of 1'8Er. To simpli-
fy the understanding we will do this at a fixed deformation. The result is shown in
fig. 2 and the appropriate quasi-particle diagrams in fig. 3. The most prominent
feature of fig. 2 is probably that the bandcrossings in the proton and neutron sys-
tems are mainly manifest by large jumps in spin. In the spin region 10 to 25,
where the neutron S-band is yrast, we find only two calculated states. If excited
configurations are included (broken lines in fig. 2), we may follow the bands in a
larger spin region. This is however only possible in simple situations like this one,
where there are not too many interactions around the Fermi level (c.f. fig. 3). In
the general case and especially when some selfconsistency is required, this is vir-
tually impossible.

2.3 The source of the problem

Summarizing the above examples, we have seen that the lack of interest paid to the
total nuclear wavefunction reduces the predictive power of the calculations. This
is not primarily due to that oversimplified models have been used. On the contrary,
the used 'standard' models have proven their predictive power in a wide range of
similar applications, and there is no reason to believe that the ones above should
be any exception.

The source of the problem is rather to be found in the mathematical treatment of
the model. Only one state is calculated at each parameter value, the one of lowest
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Fig. 3: Adiabatic quasi-particle energies as a function of cranking frequency co, for
protons and neutrons in the nucleus ' ^ E r . jj,e values of A and X are kept fixed as <o var-
ies. The markers are placed at the frequencies where the actual calculations where per-
formed, while the lines are drawn by a polynomial interpolation and does not reflect the
actual size of interactions. The customary labels for the lowest quasiparticle orbitals
are indicated.



energy, and states calculated at different parameter values does not necessarily
bear any structural similarity. An improvement would be to calculate all excited
states at each parameter value and then construct potential energy curves or rota-
tional bands of those states that bear the greatest structural similarity.

Here, simplifications in the model gives rise to problems, though. In the simple
BCS calculation used for 1 8 6 Pb above, the occupation of orbitals is allowed to
change continuously, totally disregarding the fact th:t this occupation might in-
troduce a major change in the nuclear structure. This is also true in the high-spin
example, but here the fact that the hamiltonian is not rotationally invariant gives
rise to additional problems. Without rotational invariance, states of different angu-
lar mo uentum are allowed to interact, giving rise to calculated states that are a
mixture of rather different configurations. In both of these examples, simplifica-
tions in the model gives rise to interactions that are more or less unphysical or
'virtual'.

Therefore, the improved approach suggested above necessitates a rather compli-
cated treatment in order to trace the nuclear structure when a parameter in the
hamiltonian is changing. But this is one way to enable us to perform calculations
of greater detail.

In the following, I will outline some ideas that enables the calculation of bands
built on orbitals that show no drastic changes in their wavefunctions. Such
'smoothed' orbitals are usually referred to as diabatic, whereas the 'unsmoothed'
p'genfunctions of the model hamiltonian are denoted adiabatic. In high-spin cal-
culations, the importance of using diabatic orbitals were pointed out long ago
[IH76], and quite a few attempts to enable their calculation have been tried (see
[TB89] for a brief review). Although clearly showing the benefit of using diabatic
orbitals, the hitherto used methods have all been rather specialized.

As a contrast, the method I will present here is applicable for a wide range of
problems. A full description of the method would require much more than my al-
lotted time and therefore I will restrict myself to a brief description of the main
ideas, referring the interested reader to [TB89], containing a more complete de-
scription.

3. TRACING THE WAVEFUNCTION

In this description, let us write the hamiltonian as

h = h0 + 5 V , (2)

whore hg is the unperturbed hamiltonian and 5 is the parameter connected to the
perturbing potential V. The problem is to construct a sequence of diabatic orbitals
4-'; (5) for a range of 6-values. These orbitals should as closely as possible resemble
the eigenfunctions of h, but not show any abrupt changes in their wavefunction
as S changes.

In order to construct diabatic orbitals in calculations with pairing where further-
more some selfconsistency might be desired, there are some requirements to con-
sider.

One is that the values of the hamiltonian parameters (pairing gap, A, and Fermi
energy, X) for which self-consistency is required, are not known a priori. There-
fore the diabatic orbitals cannot be constructed from anabatic ones that fulfill
self-consistency as the self-consistency criteria might be affected by the removed
interaction. Unfortunately this can happen precisely at those interactions that are
physically important, namely those which connects unoccupied and occupied or-



bitals. This means that the construction of diabatic orbitals must be intimately con-
nected to the actual calculation of orbitals.

Calculations with pairing use more quantities than just the energy and the expec-
tation value of angular momentum of the orbitals. For example, the self-
consistency condition on particle number requires knowledge of the particle am-
plitude, <v2>, of the quasi-particle orbitals. Furthermore, in both paired and un-
paired calculations, one might want to calculate other expectation values, for ex-
ample quadrupole moments. Therefore a general method should treat the
wavefunctions and not just expectation values.

Finally, an important requirement in connection with cranking calculations in
general is that only interactions of rather small size should be removed. The main
features of the adiabatic results should thus remain and the value of the smallest
accepted interaction should preferably be controllable.

3.1 Brief description of a possible method

Two basic observations are helpful in understanding how interactions can be de-
tected and removed:

— Realistic calculations are made using numerical methods that prohibits continu-
ously changing parameters. Therefore a parameter must change in finite steps.
This is to some extent a deficiency as results for intermediate parameter values are
found by some interpolation. But an interaction strength does not only manifest it-
self by the minimal energy distance between interacting orbitals, it also affects
the parameter range in which the orbitals are disturbed. Therefore this deficiency
can be an advantage as the finite parameter step can be used as a measure of the
maximal interaction strength that should b? removed. One might also take the atti-
tude that by using a specific parameter step, one is only interested in resolving de-
tails of the calculations that extends over a larger parameter range than this step.
If one wants to resolve finer details, one has to use a smaller step.

— Another very basic observation is that the construction of non-interacting orbi-
tals is straightforward when the interaction strength is small and happens to be in
the middle of a parameter step. In this case the orbitals are unperturbed at the cal-
culated parameter values and therefore a simple check of overlaps will define the
diabatic continuation. A large number of virtual crossings can be treated in this
way, especially if the parameter step is very much larger than the interactions
that appear. By chance, though, calculations can be made at a parameter value
where the interaction is non-negligible. The interaction might also be of such
strength that it is not reasonable to use the large parameter step that is required.
In such cases, the orbitals from the pure (adiabatic) calculation must be modified.

3.1.1 Detection and removal of interactions

Let us now suppose that we have a set of diabatic orbitals for a parameter value 8,
4^(5), and have solved eq. 2 with 8=5+A8 to obtain the adiabatic orbitals $j(8+A8).
From the observations above we may immediately decide that if the overlap

•j(6+A5)> (3)

is large enough, the diabatic continuation of Yj at &+A& is <f>j. The critical value of
the overlap can be found from studies of a two level crossing model, which gives
the result that a value of flcr - 0.9 effectively discriminates strong interactions
from weaker.

If it is not possible to find an adiabatic orbital $; where >&Cr> t' ie orbi-



tal T i is interacting at 5=5+AS. This interaction must be removed in order to find the
continuation of *P,. By making all the simple continuations, with Qy >Q c r , we are
thus left with two sets of orbitals, T+ and T. The set T+ is composed of the adiabatic
orbitals at 5+AS that does not have an overlap with any diabatic orbital Yj(5) larg-
er than ftCT and the set T is the corresponding set of diabatic orbitals at 5.

Two different methods are employed to remove interactions — one quite simple and
safe, however not as powerful as the other which requires knowledge of parts of
the hamiltonian and might fail to find a unique continuation. Both methods are
able to treat a large number of interacting orbitals at the same parameter value.

The simple method is based on the assumption that the sets T and T+ cover approxi-
mately the same space. By the aid of the overlap matrix Qy (eq. 3), we may then
express an orbital from set T (the diabatic orbitals) in the basis of the set T+ (the
adiabatic ones):

N*1 £ Qy tyS+AS). (4)
J€T+

Where N is a normalization constant. This corresponds to a projection of the dia-
batic orbitals onto the space spanned by the adiabatic and this method might
therefore be denoted the 'projection method'. In this method, the interaction is
found from the overlap matrix, fly, which has the advantage that no specific in-
formation about the hamiltonian is needed. A disadvantage is that the interaction
is not as precisely determined as in the other method, this may cause un-
satisfactorily results if there is a weak interaction in the supposedly diabatic orbi-
tals, ^ ( 5 ) .

In the other, more advanced, method it is assumed that if the hamiltonian can be
written like in eq. 2, either hg or V, but not both, should be responsible for the in-
teraction. Thus only one of these operators should have non-zero off-diagonal ma-
trix elements. The interactions can then be removed simply by diagonalizing the
other operator in the space spanned by T+ , to obtain candidates for diabatic wave-
functions at 5+A6: *¥'a. If, for each 4^(5) e T, an a can be found so that

|< ^ ( 8 ) | 4"a(8+A8) >| ä 1/^2 (5)

the method was successful and Y'a(S+A5) is accepted as the diabatic continuation of
Yj(S). If this is not the case, the 'rediagonalization' method have failed and the
projection method must be used.

The decision which operator is causing the interaction is not crucial if both opera-
tors have substantial diagonal matrix elements. In this case the interaction can
namely be viewed as caused by the cancellation of the diagonal matrix elements of
h0 ano V.

3.1.2 Initiating the procedure

In the previous section we have seen how diabatic orbitals can be obtained from
adiabatic ones by a comparison to known diabatic orbitals separated a distance AS
in the parameter 8. To initiate the procedure, the adiabatic orbitals at some param-
eter value must be accepted as diabatic. This 'setting' parameter value must then
be chosen with some care. For example, if V, the perturbing potential, is breaking
a symmetry in h0, 5-0 cannot be used to set diabatic orbital, due to degeneracy.



As should be obvious from the description above, the parameter step, AS, plays an
important role in this scheme as it controls the size of accepted interactions.
Therefore, to keep the major properties of the hamiltonian, the parameter step
should not be too large, so that the treated spaces, T and T+ , are only a small frac-
tion of the full calculated space.

4. DIFFICULT EXAMPLES REVISITED

Let us now try to use this method in the cases described in the introduction to see
how the use of diabatic orbitals facilitates nuclear structure calculations.

4.1 Shape coexistence

We have noted that the excited minima for 186Pb found in fig. 1, are due to config-
urations that are very different from the ground state. Primarily, they correspond
to excitations of protons over the Z=82 shell closure. If pairing were excluded from
the calculation, it would be relatively straightforward to find the potential energy
dependence on deformation for the different configurations.

By the pairing interaction the excitation of a particle pair due to a changing def-
ormation takes place by gradually changing the involved quasi-particle orbitals
from being mainly of particle nature to hole nature and vice versa. The removal of
the virtual interaction in this case will thus correspond to 'freeze' the particle-
hole nature of orbitals that will pass through the pair gap until they have
emerged on the other side. Thus the interaction is replaced by a quasiparticle-hole
excitation. v

In fig. 4, the result of an exploratory removal of this interaction is illustrated by
thinner lines. The use of the rediagonalization method and diagonalizing the un-
paired Hamiltonian, would in this case be equivalent to exclude the interacting or-
bitals from the pairing calculation. This is certainly a possible approach but here
the projection method has been used. There are furthermore some special features
that must be taken into consideration. It is for example important that the parame-
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Fig. 4. Similar to fig. 1, but now with potential energy curves for dia-



ter step, A6=Ae, is large enough so that orbitals that will "pass through" the pair
gap suffer enough change in their wave-functions to be detected for treatment.
The corresponding unpaired orbitals should therefore roughly change their ener-
gy by A. for one step in deformation. Self-consistency is required for X but, as an
approximation, the vacuum value for the pair gap parameter, A, is used even for
excited configurations. The non-interacting potential energy has been calculated
by accepting the eigenfunctions at some deformation as diabatic and then find the
diabatic continuation of them at other deformations. For the spherical minimum,
the diabatic orbitals are set at e = ± 0.05 as e = 0 could not be used because of the
high degeneracy. At the prolate deformation, e = 0.25 and at the oblate e = - 0.20 has
been used to define the diabatic orbitals. In ref. [TB89] the variation in setting
point is somewhat explored. It is found that the self-consistent deformation, the
curvature (zero-point energy) and the energy at the minimum is rather consis-
tent for different starting points.

The result appears rather satisfactorily and allows us to predict the properties of
the exited minima in greater detail. Removal of virtual interactions in deformation
space is thus possible. At least two important cases where such a method is needed
exist: situations like the oblate case considered here and situations where the po-
tential energy is rather constant even for large variations of deformation parame-
ters. In the latter case, it is possible to find out whether several configurations are
involved. If this is the case, one can find their separate self-consistent deforma-
tions.

4.2 High-spin spectra

In high-spin calculations with the cranking hamiltonian (eq. 1), the j x operator
can be identified with the perturbing potential V of the schematic interaction ha-
miltonian (eq. 2). Thus we may use the rediagonalization method in this case (the
projection method must be available as a last resort, however). A quasiparticle dia-
gram, identical to that in fig. 3 but with weak interactions removed, is displayed in
fig. 5. It is immediately obvious that the majority of interactions are removed and
we are, for example, able to follow the ground configuration up to quite high fre-
quencies. Some interactions remain, however, and rightly so as these have a
strong interaction, stronger than Aa> = SO keV.

Proceeding further, the total energy and spin for the configurations that form the
(«=+, a=0) yrast line at this deformation can be calculated, fig. 6. A comparison be-
tween fig. 2 and 6 reveals that most of the calculated values are the same but the
yrast line structure are now much more clearly visible. Naturally, for a simple
case like this, one may argue that the same information can be obtained from fig. 2
as from fig. 6. This is perfectly correct and is the way one usually performs paired
high-spin calculations. When some selfconsistency is required, in pair field and/
or deformation, this becomes an extremely demanding and difficult task, however.

Let us also compare to the available experimental data from ref. [SR84, TD8S], dis-
played in fig. 7. Up to roughly spin 30 to 35 we see a decent agreement between the
calculated and observed (+,0) band. At higher spins the experimental data shows
much more energy favored states, however. These form the 'terminating band'
that was predicted [BR83], and later confirmed, to terminate at spin 46+ in this nu-
cleus.

The terminating bands are moderately collective bands that are built on configu-
rations with a rather low angular momentum content (see [RX86] for a review). As
the maximal angular momentum is approached, the nuclear shape gradually
changes towards the oblate fy=60°) axis, where the maximal angular momentum is
energetically favored. The importance of using diabatic orbitals in high-spin cal-
culations can be illustrated by the fact that the properties of terminating bands
were calculated using the simple method for removal of virtual interactions de-
scribed in [BR85].
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Fig. 5: Similar to fig. 3 but with weak interactions replaced by crossings.
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Fig. 6: Similar to fig. 2 but here the diabatic quasiparticle orbitals
displayed in fig. 5 have been used.

4.3 A more elaborate high-spin calculation

From the considerations above, it becomes obvious that 1 5 8 Er was chosen as an ex-
ample to illustrate a calculation of selfconsistent deformations with pairing. It
should perhaps be mentioned, though, that the presented method is designed for
pairing selfconsistency, an example of such a calculation is provided in [TB89J.

Calculations that can predict the yrast line up to spin SO require some extra consid
erations, especially when virtual interactions are removed. This is because the
configurations that form the yrast line are no longer easily found, even for posi-
tive parity and even spins. They will depend on which virtual interactions that are
replaced by crossings and this may change from deformation to deformation.

Therefore, some more steps must be introduced in the calculation:

— A procedure to find all possibly interesting configurations for protons and neu-
trons. This can be solved by finding the optimal (lowest energy) configuration at
each cranking frequency, and then build some additional quasiparticle excitations
upon it. A severe problem with pairing selfconsistency appears as the total quanti-
ties are desired for the entire (o range even for configurations that are found to be
interesting at very high cranking frequencies. This means that total quantities
can not be calculated selfconsistently with respect to pairing. The pair field par-
ameters are the same for all configurations but with the aid of particle number
projection the most severe deficiencies of this approach disappear.

— To obtain the yrast line, all proton and neutron configurations that have been
found are combined and interpolated into the physical spin values as given by the
total signature of the combined configuration. The yrast state for a specific parity
and spin are then formed from the total configuration that have the lowest energy
at this spin.

Only a few more words are needed to fully describe the deformation selfconsistent
calculations: they are performed as described in [TB89] with the yrast lines calcu-
lated in a mesh in the (e,y) plane, C4-O. The pair field parameters A and X are taken

from a BCS calculation at w - 0 , where the pair gap parameters are somewhat re-
duced, A R = 0 . 8 5 A K B C S and Av - 0 . 7 5 A V R C S > t 0 approximate the selfconsistent values
for configurations with a few quasiparticles excited. As the 'standard' set of Nils-
son model parameters [BR85] have been found to somewhat inappropriate close to
the Z-64 san. a modified parameter set (IR8R1 have been used. This latter parameter
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Fig. 7: Total energy versus spin for some observed, [SR84, TD85], high-
spin bands in ^ E r , plotted as in figs. 2 and 6. The 0+ ground state en-
ergy is put to zero. Note change of spin scale.

A= 120-140 region [JZ89].

The resulting total energies as functions of spin are illustrated in fig. 8. For the
entire spin range, the deviation from experimentally found values does not deviate
much more than O.S MeV. The ground — S-band crossing is predicted 4 spin units
too low, probably because of the fixed pair gap parameters used in the calculation.
Otherwise all observed features are reproduced fairly well: second band crossing
due to protons in the (+,0) band observed around spin 26 (calculated at spin 24), the
onset of termination at spin 38 with sub-termination at 40 and final termination at
46. In the negative parity bands, bandcrossings appear around spin 20 and spin 30,
and the (-,1) band can be followed to the sub-termination at spin 43. The impor-
tance of the configuration finding procedure mentioned above can be exemplified
by noting that the terminating states are calculated as configurations with ten
quasiparticles excited, which furthermore only result in one spin state. Thus, to
find all the non-collective yrast states requires that a large number of configura-
tions are considered.

It may come as a due warning to experienced high-spin physicists that the calcu-
lated bandcrossings in the negative parity bands around spin 20 are not due to the
neutron 'BC or 'AD' c !ngs. Instead they are caused by the proton ground — S-
band crossing, and the bandcrossing around spin 30 are due to the excitation of an
additional pair of protons, where one proton have negative parity and the other
positive. Alternatively, the negative parity bands in the spin range 20 to 30 could
be built by a 2-quasiparticle negative parity proton configuration combined with
the neutron S-band (AB). Both alternatives give an alignment gain of roughly 4
units in accordance with observations. The calculated energy difference between
these alternatives is very small. The bands that correspond to neutron 'BC or 'AD'
excitations are in this calculation roughly 0.5 MeV higher in energy. Naturally,
this cannot prove that the observed bandcrossings in the negative parity bands
are solely due to protons but this emphasizes the importance of considering both
particle systems when the nature of an observed band is to be determined.

Compared with the drastic deformation changes that occur due to band termina-
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Fig. 9: Deformation development in the (+,0) yrast states. Numbers
close to symbols indicate spin values. Note how well the three yrast
configurations separate in the deformation plane as indicated by the
shaded areas. Note also that this plot shows only a small fraction of the
calculated (t,y) plane.
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tions, the calculated shape changes in the collective bands are small but signifi-
cant. I will here restrict the discussion to the (n=+,a=0) yrast band, for which fur-
thermore the lifetimes have been measured [OJ86, BH88]. In fig. 9, the deformation
development in this band is illustrated. The ground band prefers a deformation
with e = 0.21,7= -6°, with some tendency to more negative gamma values for high-
er spins. The S-band (vAB) is also calculated to be fairly stable in deformation but
now at positive y-values: e = 0.20, y = 7°, whereas the nEFvAB band keeps roughly
7=5° but gradually decreases e with increasing spin: from e = 0.20 at spin 24 to 0.16
at spin 38.

From the experimentally observed lifetimes, transitional quadrupole moments can
be obtained. These might be compared to values obtained from the calculated self-
consistent deformations:

Q t
c a l c = 8 e Z r0

2 A2 / 3 e(l + til) cos(7+30e)/(5V3) (6)

With TQ = 1.2 fm, this quantity is in fig. 10 compared to experimental values, note
that eq. 6 are not valid in bandcrossing regions and therefore these are marked in
the figure. The calculations show the same major variations that may be read out
from the observed values. In the ground band (note that the calculated ground
band stops at spin 10 whereas the observed continues up to spin 14), the Qt values
are large and increasing, a reflection of the negative 7 values obtained for this
band. The calculated values do not increase as much with spin *.s the observed
ones, though. In the spin range 14-24 (vAB band), the Qt values are calculated to be
rather constant which is in rough accordance with observations. Above spin 24,
the nEFvAB configuration is yrast with a gradually decreasing e and Qt. This gradu-
al decrease appears to be present also in the data, though with a smaller magnitude
ofQt.

40

Fig. 10: Experimentally determined and calculated transitional quad-
rupole moments. Data from [OJ86] displayed with open squares and
data from [BH88] with filled. The calculated values are obtained from
selfconsistent deformations using eq. 6.
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5. SUMMARY

In this contribution, I have tried to emphasize the importance of the configura-
tion in nuclear structure calculations. If large changes in the total nuclear wave-
function is allowed, it is very difficult to obtain results with the detail that actually
is possible within the used model.

One possibility to control the configuration is to use diabatic orbitals, which are
approximate eigenfunctions of the model hamiltonian with weak interactions re-
moved. By keeping a fixed configuration in the diabatic orbitals, it is ensured that
the nuclear wavefunction do not show any drastic changes.

Thus the use of diabatic orbitals enables realistic and detailed calculations. Consid-
ering the wealth of experimental data that have been produced with the aid of
Compton-suppressed arrays, the need for such calculations is great. One might say
that the diabatic orbitals are the theoretical correspondence to an anti-Compton
device.

This project is supported by the Swedish Natural Science Research Council.
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