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ABSTRACT

It is shown that ^°?t is an excellent empirical manifestation
of the newly proposed, and heretofore unobserved, 0(6) symmetry of
the Interacting Boson Approximation Model. Further, with this as a
starting point, a new, simpler, interpretation is possible of the
complex Pt-Os transition region as initiating an 0(6) -> rotor
(SU(3)) transition.

I. INTRODUCTION

In the past few years Iachello and Arima1""-* have developed a
new model, the Interacting Boson Approximation (IBA) model, which
attempts to account for the collective excitations of all heavy
even-even nuclei, except those very near to closed shells, in a com-
prehensive and unified fashion. The model is based on the assumption
that the full Fermion Hamiltonian can be successfully truncated to
terms involving pairs of particles coupled to spin 0 and 2 and,
further, that this truncated Hamiltonian can then be mapped onto an
equivalent Boson Hamiltonian containing bosons with angular momentum
0(s) and 2(d). The microscopic structure of these bosons, and the
field theoretic status of this approach are treated by others at this
conference. I wish to discuss here the phenomenological aspects of
the model and their comparison with extensive empirical data in the
Os-Pt region.

The IBA model is couched in the language of group theory.
Though nuclei with a continuous range of properties can be treated
by the model, three particular limiting cases are recognizable
through the medium of their group classifications. These three
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limits correspond to specific nuclear symmetries. Two of them, the
(anharmonic) vibrator (SU(5)) and the symmetric rotor (SU(3)) have
long been known as are nuclei empirically approximating each. The
third symmetry, the 0(6) limit, though evidently contained in com-
plentary geometrical models, was heretofore unrecognized, but occurs
on the same footing in the IBA as the other two.

I would like today to discuss two principal points. The first
is that 196Pt appears to be an excellent, and the first disclosed,
empirical manifestation of the 0(6) limit of the IBA. The second is
that this recognition, combined with the structure of the IBA, now
allows a new interpretation of the complex and heretofore unsatis-
factorily understood Pt-Os transition region that avoids the need to
introduce the usual competing and coexisting degrees of freedom such
as oblate, prolate, triaxial, y-soft and hexadecapole shapes.

First, however, a few brief remarks on the experimental techni-
ques are appropriate, in particular to highlight some of the special
properties of the (n,y) reaction used. This reaction is chiefly
characterized by an inherent non-selectivity and thus provides a
technique whereby one has access to all states in certain excitation
energy and spin ranges. In particular, the proper use of average
resonance capture techniques specifically exploits the non-selectivity
in such a way that, for example in ^ P t , one observes all 0+, 1+ and
2 + levels below ^2.5 MeV. More importantly, one is, in fact,
.guaranteed of observing all such states and, as a corollary, one
therefore knows that there are no others. This provides an immensely
potent empirical tool as it allows one to test if there is in fact
a one-to-one correspondence between empirical levels and those pre-
dicted by a given model. For the 0(6) limit, the structure of the
states is such that no other reaction can provide such a test.

Furthermore, with the use of sophisticated devices such as
curved crystal spectrometers, one can detect y rays over an enormous
dynamic range of intensities and with an energy precision in the few
eV range. This is particularly important in the present case since
a signature of the 0(6) limit is sequences of low energy cascade
transitions occurring relatively high in the level scheme. These
represent the largest B(E2) values for the decay of the initial
states but have very weak intensities due to the strong E^ factor
relating E2 electromagnetic matrix elements to observed intensities.

The (n,y) experiments were performed both at BNL and at the
Insti.ut Laue Langevin (ILL) in Grenoble, France. They involved
(at BNL) thermal, resonance and average resonance capture experiments
in both singles and coincidence modes using Ge(Li) detectors,
and (at the ILL) the precision measurements of low energy y rays
(below ̂ 1.5 MeV) with curved crystal spectrometers following single
and twofold neutron capture and the study (for ^ O Q S ) of the (n,e~)
reaction. The data are discussed in detail in refs. 4-8.



II. THE 0(6) SYMMETRY

The limits and characteristics of the IBA are treated in detail
elsewhere in the literaturel~3 and at this conference. I shall only
briefly summarize some of the salient features of the model as it
applies to the subsequent discussion. For further details the reader
is referred to refs. 1-3 and 9-11.

Figure 1 shows the 0(6) symmetry. The eigenvalue equation is

E(o,x,J) = A(N-o)(N+a+4) + B T ( T + 3 ) + CJ(J+1) (1)

where a and t are 0(6) quantum numbers and J is the level spin. N
is the total boson number (N = n s + n<j) and is given by half the
total number of protons and neutrons from their nearest respective
closed shells. In this phenomenological form of the IBA no distinc-
tion is made between proton and neutron bosons nor between particles
and holes. For 1 9 6 P t , 19*Pt and l ? 0 0 s , N=6, 7, and 9, respectively.
The allowed ranges of a and T are summarized in refs. 3, 5, 9 and 10,
and are evident for N=6 in Fig. 1. a is a sort of major quantum
number. For each a value, the same sequence of states appears with
the same spins (except for a differing spin cutoff) and spacings but
commencing with a different base energy which is given by A(N-cr)x
(N+a+4). The T quantum number somewhat resembles a phonon number
but the level sequences within a given a family are not those of the
harmonic oscillator. Rather, the allowed levels are those of the

i ,,-
<*— «•-.

it-

*--

2*-—

0 —

r.3 «*—

r., 2*—

r.S 4i_
2—

T.O 0^—

•>o o —

o-—

r.i £—

0(6) LIMIT

Fig. 1: A typical spectrum for a nucleus exhibiting the 0(6)
symmetry of the IBA. The energy levels are given by eq. 1 for N=6
with A«100 keV, B=30 keV and C=5 keV.



displaced, deformed yunstable oscillator12 and the energies within
a a group follow the characteristic T(T+3) law of that geometrical
analogue of the 0(6) symmetry. A third quantum number, v^, further
subdivides the levels of the 0(6) limit according to the number of
zero coupled boson triplets.

The characteristic 0(6) E2 selection rules are Aa=0 and AT=±1.
The former arises from a detailed cancellation in the sum of terms
arising in each matrix element and, as such, is rather easily broken
by any perturbation to the ideal limit. The T selection rule, how-
ever, results from the fundamental structure of the non-zero ampli-
tudes for each 0(6) state and is ultimately related to the Lore basic
Anj-tl selection rule for electromagnetic operators in any boson
model. Breaking of the T selection rule therefore requires the ex-
plicit introduction of a An^=±l changing perturbation (such as an
interboson Q'Q interaction—see below). Through the use of group
theoretic methods, the IBA provides analytic expressions for branching
ratios of all transitions in the three limits. It is important to
emphasize that the expressions that result are totally independent
of all parameters, being characteristic of the limits themselves.

A characteristic signature of the 0(6) limit, arising from the
repeating sequences of states for each a value and from the T selec-
tion rule, is the appearance of 0+-2+-2+ sequences connected by E2
cascade transitions. Another signature is that the 0+ states fall
into two classes, those with 'iigh T (such as the (a,x,v^)=(631)
level) which should preferentially decay to the 2^ level rather than
the 2^ state, and those base states of each a group having T=0 (e.g.,
the (400) state) which should preferentially feed the 2+ rather than
the 22 level given an infinitesimal perturbation of the 0(6) wave
functions which breaks the a selection rule.

While many branching ratios are the same in the 0(6) and SU(5)
or vibrator limits, and the level patterns have certain resemblances,
there are also distinct differences. In 0(6) there is no 0 + member
of a "two phonon" triplet as there is in SU(5). The T=3 0 + state
is not this level (it decays to the l\ state), nor is the (400) 0 +

level which has no allowed decay routes. Further, all the states
of the SU(5) symmetry form a single family whereas, in 0(6), the a
quantum number separates states into distinct families. Thirdly,
t.he level energies follow a T(T+3) law instead of showing a propor-
tionality to T. Other differences arise from the explicit treatment
of the finite dimensionality of the extra-core nucleons. This is
exhibited, for example, in deviations of B(E2) values from the values
given by the geometrical analogues of the IBA. (Thus, in SU(5),
B(E2:4^ •* 2p/B(E2:2^ -*• o£) = 2(N-1)/N). In general, the effects of
finite dimensionality are larger for smaller N and larger nj. Since
each 0(6) wave function consists of several amplitudes for basis
wave functions, each of different n^, while the SU(5) wave functions
are diagonal in a basis where nQ is a good quantum number, the expec-



tation values of n,j in the two limits will differ and therefore also
the size of the finite dimensionality effects. This aspect of the
IBA is even more evident in the level energies. In SU(5), the eigen-
vectors are independent of N. In 0(6), this is also true for the
o=amax=N group but the energies of all higher energy (lower a) groups
explicitly (see eq. (1)) depend on N.

Finally, we note the particular suitability of the non-selective
(n,v) reaction for comprehensively testing the IBA since the model
states encompass a broad variety with many degrees of freedom. More
selective reactions access only a few of the predicted levels. For
example, Coulomb excitation cannot excite any of the <y<N states of
the 0(6) limit, even though they are collective, since the a selec-
tion rule effectively isolates them. Similarly, the (t,p) reaction
to 0 + levels will populate the ground state and the base state of
the a=N-2 group, but not, for example, the first excited, (631), 0 +

state which involves a zero coupled triplet of bosons.

III. 196Pt: AN 0(6) NUCLEUS

From the (n,y) (and other) studies mentioned earlier a complex
level scheme for i96pt w a s developed consisting of all 0

+, 1 , 2 +

levels below ̂ 2.5 MeV as well as a number of other levels. We ex-
tract from the full scheme^ the decay properties for the positive
parity levels below the pairing gap at VL.8 MeV. All levels have
uniquely assigned J71' values and all Y~ray placements are considered
firm. One interesting feature is the 2+, 4 + doublet near 800 keV,
with the conspicuous absence of a close lying 0+ state. This is a
signature of the 0(6) symmetry and, combined with the a priori ex-
pectation1^ that this limit might apply in this region encourages
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Fig. 2: Comparison of the positive parity levels of ^ P t with the
0(6) limit for N»6 and the parameters A=185 keV, B=43 keV, C=23 keV.
The 0(6) quantum numbers (a,x,v^) are indicated for each theoretical
level. For each level the upper (lower) row of numbers on the
transition arrows give the measured (0(6) predicted) relative B(E2)
values.



one to attempt such an interpretation. Several high lying states
are depopulated by low energy transitions. These represent the
largest decay matrix elements for these states and help establish
familial relationships. Given these, along with the decay preferences
for the 0 + states, it is easy to assign 0(6) quantum numbers to the
empirical levels of 196p£. This is shown in Fig. 2 (see refs. 5 and
9 for detailed arguments). Note that the scheme involves three dif-
ferent a groups and three characteristic 0+-2+-2+ sequences, two
occurring rather high in energy.

Overall, the agreement with the predictions of the 0(6) limit
is remarkable. (There are clear discrepancies in energies but this
is not unexpected: in a more refined IBA model, incorporating both
proton and neutron bosons, it is found,^ for nuclei near the 0(6)
limit, that the energies are significantly altered, and in such a
direction as to agree markedly better with the empirical energies,
while the E2 branching ratios are changed only slightly.) To sum-
marize the agreement, up to ̂ 1.8 MeV, every low spin level predicted
by the 0(6) limit is observed, and, conversely, every observed level
has an 0(6) counterpart. Analogously for relative B(E2) values, all
those predicted to be strong are strong and all predicted to be for-
bidden are weak or unobserved. Further, we reemphasize that these
branching ratio predictions are independent of any parameters. The
purity of the 0(6) wave function is apparent from the fact that all
lorbidden transitions are at least an order of magnitude or more
weaker than the allowed ones.
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Fig. 3: N dependence of the decay properties of 0 + states near the
0(6) limit. For N=6 and 11 (mass = 196 and 186), the level scheme
for 0 + states is drawn at the right and left, respectively, with the
preferred E2 decay routes (to either the 2j or 2j level) shown: this
route is either that allowed in the 0(6) scheme or that involving the
least degree of forbiddeness in a slightly perturbed 0(6) scheme.



Thus, to reiterate, 196pt appears to provide an excellent em-
pirical manifestation of the 0(6) symmetry in nuclei. This, in turn,
gives strong support for the basic structure of th& IBA in which this
symmetry is inherently contained.

IV. THE Pt-Os REGION

A. 0 States

The decay systematics* of 0 + states in the Pt-Os region provides
additional and, in fact, perhaps the most compelling, evidence for
the 0(6) limit since the data find therein a unique and natural ex-
planation which arises nearly automatically from the effects of
finite dimensionality, the T selection rule and the separation of
states according to the a selection rule. Empirically, (see refs.
4-6, 9, 10 and refs. cited therein) the 0 + states in 194,196pt dis-
play a mixtur^ of decay routes with some, such as the (N31) level,
feeding the 22 state while others feed the 2^ level. In 0s, however,
it is remarkable, and difficult to undertand, that all excited 0+

states preferentially feed the 2^ level. This fact alone suggests*
a boson type structure. To undertand the basis of the 0(6) inter-
pretation of this systematics refer to eq. (1), where one sees that
those 0 + states with high T and o=N (and which decay in a slightly
perturbed 0(6) scheme to the 2j level rather than the 2^ level) re-
main constant in energy as N changes while those with T=0 and a<N
(and which preferentially feed the 2^ state) increase in energy with
N. As shown in Fig. 3, a N varies from 6 to 11 most of the latter
rise out of the low energy region. This, combined with the emer-
gence, for Ni9, of new, high T 0 + states, implies that the dominant
decay of low lying 0 + states for A^188 in 0s or Pt should be to
the 22 state while a mixture of decay routes should characterize
nuclei with A196
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B. The 0(6) -> Rotor Transitions

The recognition of the 0(6) symmetry in ̂ * Pt now provides
a new touchstone for considering the empirical characteristics of
neighboring nuclei: that is, just as the recognition of the J (J+l)
law for the deformed rotor immediately gave meaning to the observed
small deviations therefrom in certain nuclei, one can now look at
the empirical properties of the Pt-Os nuclei, relative to this new
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standard, to determine if these properties now disclose the operation
of relatively simple perturbations to the 0(6) scheme. Figure 4
summarizes a few of the relevant level energy and branching ratios
systematics. It is clear that, for each element, as N decreases,
the decreasing E(2f), increasing E(4p/E(2p, increasing branching
ratio R(22) = B(E2:2j •*• 0

+)/B(E2:2+ -> 2J) and, in 0s, the rapidly
rising E(2jf) all suggest^ the approach of a region of deformation.

These observations suggest that perhaps one could interpret the
region as initiating an 0(6) ->• rotor transition. Such a transition
has profound effects on a number of E2 branching ratios since many
transitions that are allowed (forbiaden) in 0(6) become weak inter-
band (enhanced intraband) transitions in the rotor, while branching
ratios involving other transitions do not change significantly.
Typically, as is evident from Fig. 1 and the T selection rule, most
0(6) levels have several allowed deexcitation routes, usually with
comparable B(E2) values, while the allowed deexcitations in the
rotor are usually only the one or two possible intraband transitions.
Support for an 0(6) •* rotor interpretation of the Pt-Os region is
provided by the branching ratios given in Table 1.

Table 1. Relative E2 transition probabilities in the 0(6) and
symmetric rotor models with empirical values (see refs. 10 and refs.
cited therein) for nuclei in the Pt-Os region.

0(6) N=6
196-Pt
190-Pt
192-Os
1.88-Os
Rotor

22"*21
0

0.000007
0.012
0.105
0.30
0.70

21*°1
1.31
1.10

0.85
0.28

small
(1-0.02)

h
0.
0.

0,.
2.

."̂ 1
0
0014
038

72
50

42->31
00

>3.5

1.2

small
(^0.02)

42-2

0

0.

2.

2

31

81

23

4,

6.
1.
0.

f22
00

25
9
56

23**°2
1.25
0.60
0.47

0.20
small
(^0.02)

Given these encouraging trends, we attempted a series of
schematic calculations, using, the general IBA computer code^ PHINT.
This code diagonalizes the full IBA Hamiltonian^"^ and thus allows
calculations for nuclei deviating from the three limiting symmetries.
In utilizing the code, we adopted a Hamiltonian of the schematic form
H=H(O^62)-KQ-Q in which the pure 0(6) symmetry is allowed to be broken
by a Q»Q interboson force that grows systematically with decreasing
N and Z. (In the limit in which this force dominates one recovers
the SU(3) limit.)

The parameters of ect. (1) and K were obtained by rough fits of
the level energies of the Pt-Os nuclei subject also to the contraints
imposed by the branching ratio R(22). The parameters were not fine
tuned but were forced to very smoothly, usually being either linear
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or constant within each element. Furthermo"e, as shown in Table 2,
for the E2 properties of these nuclei, essentially the only relevant
parameter is the ratio K/B which specifies the relative location of
a nucleus between the 0(6) and rotor limits. Not surprisingly, this
ratio is small throughout this region but still nearly an order of
magnitude larger in 0s than in Pt. Note also that the effects of
the changing boson number, N, are at least as significant as those
due to changes in K/B. The insensitivity of the branching ratios
to the parameters A and C should not be surprising. A affects the
relative location of the different a groups and therefore, unless
such groups are very close lying, it has little effect on the branch-
ing ratios within a group. The degeneracy breaking C term is diagonal
in the 0(6) Hamiltonian and thus will not affect branching ratios.

The results of the calculations consist primarily of a large
number of E2 branching ratios and absolute B(E2) values. We can
only discuss a few examples here. Figure 5 shows some

Table 2. Parameter dependence of relative B(E2:Ji-*-Jf) values cal-
culated in the IBA.a)
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branching ratios in the Pt and 0s isotopes. Boxes a, c and d in-
volve transitions in the numerators (22"*0j\ ̂ - ^ and 3f->2̂ ) that are
T forbidden in 0(6) but enhanced or at least allowed in the rotor
and comparable in magnitude to those in the respective denominators.
Box b shows a case of two allowed 0(6) transitions becoming inter-
and intra-band transitions, respectively in the rotor. Boxes e and
f show the decay systematics for the first and second excited 0 +

states discussed earlier. One sees that, in most cases, 0s and Pt
exhibit radically different behavior, that.all the Pt branching
ratios remain very close to the 0(6) limit whereas significant devir-
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ations therefrom occur in Os in the direction of the rotor limit.
(See Table 1 for some of the ratios in rjese limits.) in
all cases the calculations nicely track the empirical results with-
out, of course, matching the fine details.

The results for 0 + states in Fig. 5 show that the qualitative
arguments made earlier work equally well in the detailed calcula-
tions. (Comparable agreement is obtained for all but one of the
other 0 + states as well.) Thus the 0^ level decays primarily to the
2£ level throughout the region whereas the 0* level changes character
entirely. In the heavy Pt isotopes, it is the (N-200) state and
preferentially decays to the T=1 2^ level. For larger N, in
188,190<}s> its closest geometrical analogue would be a type of multi-
Y-vibrational phonon excitation decaying to the 2^ or 2y state.

In addition to the examples shown in Fig. 5 the same calculations
predict rates for hundreds of other transitions in this mass region.
As two examples, we show in Figs. 6 and 7 the systematics of rela-
tive B(E2) values for y-vibrational bands in 0s and for all known
collective levels in one specific nucleus, 190QS> Note, in Fig. 6,
the systematic changes across a series of isotopes, changes which
are very closely reflected in nearly all cases in the calculated
B(E2) values. It is interesting to observe in Fig. 7 that, by
l^Oos, definite characteristics of deformed nuclei have emerged
such as the existence of well defined y and K=4 rotational bands
(note the strong 4y->3̂  tr&iisition) at the same time that remnants
of the 0(6) scheme persist, such as the 0+-2+-2+ sequence based on
the 0+ state at 911 keV.
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Fig. 7: Relative B(E2) values6*10 for 1900s. Format as in Fig. 6.
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While these branching ratios provide an extensive test of the
model, one is also particularly interested in the predictions for
absolute B(E2) values which can be calculated from the wave functions
obtained earlier. Some of the results are shown in Fig. 8, which
also includes the microscopic calculations of Kumar and Baranger,18

heretofore generally considered the best for this region. In every
case, as well as a number of others not shown, the agreement is
excellent and in fact, always better than that of ref. 18.

Since these calculations were performed we have become aware of
recent measurements19 and extractions20 of additional B(E2) values
for the quasi-Y bands in Pt. The existing calculations of course
already contain the IBA predictions. Once again, the agreement is
excellent. One example, for 192Pt, is illustrated in Fig. 9.

f.06

t.0.4

gatl-

•—»E«p
o—o IB*

' 4 6 , ,

Fig. 9; B(E2) values for 192pt
from ref. 19 compared to the IBA
predictions using the same cal-
culations as for the previous com-
parisons. The calculated B(E2)
values are normalized to the
B(E2:2t-H)t) adopted in ref. 19.

_Fig. 8: Absolute B(E2) values,
for Os and Pt. The measured
values1**,17 a r e connected by
solid lines. The IBA predic-
tions and those of Kumar and
Baranger18 are indicated by
dashed lines. All B(E2)
values here and in Fig. 9 are
normalized to the experimental
value for the 2£*o£ transition.

V I . SUMMARY

We feel that the results summarized above provide substantial
support for the existence of the 0(6) symmetry, for an 0(6) •*• rotor
transtiion in the Pt-Os nuclei and, overall, for the basic validity
of the IBA scheme. In general an anormous amount of empirical data
is rather accurately reflected in a simple set of calculations depen-
dent on basically a single parameter. In fact, many of the correct
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predictions, however, result from the fundamental structure of the
IBA including its explicit treatment of finite dimensionality, and
are indeed essentially parameter independent. These results also
point to a number of key tests of the IBA that should be attemotert
such as the search for other 0(6) nuclei (e.g., ̂ 0,132jje}
134,136]ja)^ more comprehensive tests of nuclei approximating the
SU(3) and SU(5) limits, tests of predictions for two nucleon transfer
cross sections for which elementary selection rules may be easily
stated in the three IBA limits and, finally, the search for dis-
crepancies between the empirical data and the IBA, in particular
discrepancies that might reveal where a more refined, proton boson-
neutron boson model, is markedly superior to the simpler model dis-
cussed above.

ACKNOWLEDGEMENTS

This work was performed in close and essential collaborrt
with Dr. J. A. Cizewski with whom it was a pleasure to work.
I am deeply grateful to Prof. F. Iachello for considerable and con-
tinuing help in understanding the IBA model and in applying it to
the Os-Pt region. Finally, I acknowledge with gratitude fruitful
discussions with Professors A. Arima and I. Talmi.

REFERENCES

* Work supported by US DOE Contract No. EY-76-C-02-0016.
1. F. Iachello and A. Arima, Phys. Lett. 535, 309 (1974);

F. Iachello, Nukleonika 22, 107 (im).
2. A. Arima and F. Iachello, Ann. Phys. (N.Y.) j>9, 253 (1976);

A. Arima and F. Iachello, Ann. Phys. (N.Y.), to be published,
(preprint, KVI-105 Groningen, Holland, 1977); A. Arima and
F. Iachello, Phys. Rev. Lett. .35, 1069 (1975); 0. Scholten,
F. Iachello and A. Arima, Ann. Phys. (N.Y.), to be published
(preprint, KVI-126, Groningen, Holland, 1978).

3. A. Arima and F. Iachello, Phys. Rev. Lett. .40, 385 (1978).
4. M. R. Macphail, R. F. Casten and W. R. Kane, Phys. Lett. 59B,

435 (1975).
5. J. A. Cizewski, R. F. Casten, M. R. Macphail, G. J. Smith,

M. L. Stelts, W. R. Kane, H. G. BBrner and W. F. Davidson, to
be published.

<6. R. F. Casten, M. R. Macphail, W. R. Kane, D. Breitig, Klaus
Schreckenbach-.and J. A. Cizewski, Nucl. Phys., to be published.

7. R. F. Casten, H. G. BBrner, J. A. Pinston and W. F. Davidson,
Nucl. Phys., to be published.

8. R. F. Casten, A. I. Namenson, W. F, Davidson, D. D. Warner and
H. G. BBrner, Phys. Lett. .76B, 280 (1978).

9. J. A. Cizewski and R. F. Casten, Phys. Rev. Lett. 40, 1967 (1978).
10. R. F. Casten and J. A. Cizewski, Phys. Lett. _79B, 5 (1978) and

Nucl. Phys. A309, 477 (1978).



14

11. R. F. Casten, contribution to the Third International Symposium
on Neutron Capture Gamma-ray Spectroscopy and Related Topics,
September 18-22, 1978, Brookhaven Nat'l. Laboratory (Plenum Press)

12. L. Wilets and M. Jean, Phys. Rev. .102, 788 (1956).
13. A. Arima, T. Ohtsuka, F. Iachello and I. Talmi, Phys. Lett.

66B, 205 (1977); T. Ohtsuka, A. Arima, F. Iachello and I. Talmi,
preprint, KVI-125, 1978; F. Iachello, private communication.

14. K. Kumar, Phys. Rev. Cl, 369 (1970).
15. Computer Code PHINT, written by 0. Scholten, KVI Groningen,

Holland.
16. I. Berkes, R. Rougny, Michele Meyer-Levy, R. Chery, ,J. Daniere,

G. Lhersonneau, and A. Troncy, Phys. Rev. £6_, 1098 (1973).
17. R. F. Casten, J. S. Greenberg, S. H. Sie, G. A. Burginyon,

and D. A. Bromley, Phys. Rev. 187,, 1532 (1969); W. T. Milner,
F. K. McGowan, R. L. Robinson, P. H. Stelson and R. 0. Sayer,
Nucl. Phys. A177. 1 (1971).

18. K. Kumar and M. Baranger, Nucl. Phys. A122, 273 (1968).
19. C. Roulet, H. Sergolle, P. Hubert and Thomas Lindblad, Physica

Scripta 17., 487 (1978).
20. K. Stelzes, K. Rauch. Th. W. Elze, Ch.E. Gould, J. Idzko,

G. E. Mitchell, H. P. Nottrodt, R. Zoller, H. J. Wollersheim
and H. Emling, Phys. Lett. .70B, 297 (1977).


