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Abstract This contribution will consider the exten-
sion of the 0(6/12) syaaetry scheae to the region
interaediate between the 016) and SU(3) liaits and
will coapare the predicted level structure with that
deterained empirically for '"Os.

INTRODUCTION
The extension of the Interacting Boson Model1 (IBM) de-
scription of even-even nuclei to odd-Bass nuclei is con-
tained in the Interacting Boson-Feraion Model* (IBFM) which
considers an odd-aass nucleus in teras of an odd feraion
coupled to an even-even core defined within the fraaework
of the IBM. The underlying group structure of the IBFM is
of the fora VB{6)x0F(a) where UB(6) represents the even-
even core and 0 (a) the odd-feraion. The nuclei at the
upper end of the 11=82-126 neutron shell are well suited to
a description of this type. The odd neutrons occupy the
2pfl/2, 2p, _ and 1f5/2 shell aodel states and this corre-
sponds to an a value of 12. Syaaetry scheaes corresponding
to 5ui53, 3ui3; and O{63 core syjaetrics have been

B Ffor this U (6)xO (12) fraaework and coaparisons between the

level scheaes of "Spt, ref.*, and "Sw, ref.s, and the
0(6) and SUP) liaits respectively suggest that the model
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has soae validity. The question we will consider is whether
it is possible to propose an interpretation for the nuclei
transitional between these two Uniting cases.

THE C0NSISTENT-Q-F0RMALI5M IN ODD-A NUCLEI
One possible answer to this problea has been suggested in
teras of the recently proposed Consistent-Q-Fonialisa in
Odd-A nuclei (CQFOA)* in which the region transitional be-
tween the strict SU(3) and 0(6) liaits is characterized by
one parameter x and the boson nuaber N. This is a direct
extension of the consistent-Q-foraalisa description of
even-even nuclei7.

In the SUP) chain decoaposition of the UC6/12)

scheae, the Haailtonian which can be used to describe the

low-lying structure of "5tf is given by:

H-aC 4bC 4cC +dC , (1)
20BF(fi) 2SUBF(3) 2OBF{3) spinBF(3)

where a, b, c, d are constants and € __ etc. are the
20BF{61

Casiait operators of the subgroups in the chain decoaposi-
BFtion. The Casiair operator of the SB (3} group contains a

quadrupole-quadrupole interaction of the fora:

where

and
Q = K (2,0) + K (0,2) + fr X (2,2) . (4)

0_ represents the boson part of the interaction and Q_ the
12) *

feraion part. The K' '{t,f) refer to the feraion genera-
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tors where L and L' denote the pseudo-orbital angular ao-
nentun, full details of this are given elsewhere {e.g.
ref.«). When x=-J35/2, the strict SU(3) liait is attained
and when x=0 a specific 0(6) liait is reached. The Casiairs
of the U(6),O{3) and Spin(3) groups contribute only diago-
nal terns to the Haailtonian so that for intermediate valu-
es of ti the wavefunctions are specified uniquely by the
value of x and of the boson nuaber N. Then if the £2 opera-
tor is defined by:

TCE2) = a(QB+QF) , (5)

ratios of B(E2) values can be used for a given N to be a
aeasure of x- Similarly ratios of single particle structure
factors for transitions to levels of the saae spin can give
a aeasure of x-

For nuclei near the end of closed shells, the lowest
order transfer operator for the pickup reaction is given
by:

where ?. is an independent parameter. The ratio of (d,t)
structure factors for states of the saae spin is therefore
parameter-free, and figure 1 shows the variation of one
such ratio as a function of x- The K =1,2 notation refers
to different bands within the anti-symmetric {[N,1]} repre-
sentation of states. The calculated ratios for the two spin
values are identical because each 3/2, 5/2 pair stems from
the same pseudo-L level. For a more detailed explanation of
this see e.g. ref.3. The dashed lines on figure 1 corre-
spond to the weighted mean of the ratio for the 3/2 states
[R(3/2)=0.43(6)] and for the 5/2 states [R{5/2)=0.48(7)] in
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FIGURE 1. The ratio of (d,t) structure factors as a
function of %•

1lsOs. These two experimental values overlap nicely and
define a range of values centered on x=-1.5. Using this
value of x it is then of interest to sake a detailed compa-
rison between the pxedicted level scheae and that observed
for i«»0s.

COMPAAISON WITH ***0s

In order to make such a comparison Meaningful an ex-
tensive experimental programme has been carried out to
study the structure of ***Os. Initially, experiments were
performed at the High Flux Beam Reactor {HFBR) at Brook-
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FIGURE 2. The level scheae of >»»0s up to 510 keV.

haven National Laboratory with the In.y) reaction. CoHple-

•entary studies involving Couloab excitation aeasureaents

and aeasureaents of the (n,e~) reaction were then carried

out at the Manchester Van de Craaff accelerator and at the
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Institut Laue-Langevin in Grenoble. At the HFBR, the use of
the Average Resonance Capture technique ensured that all
1/2", 3/2" levels have been observed up to an excitation
energy determined by the sensitivity of the measurenent, in
this case ~1.5 MeV. In addition, detailed gaaaa-gaaaa coin-
cidence and angular correlation studies were carried out
following thermal neutron capture and the results enabled
the J* values of other levels to be determined. Figure 2
shows the level scheme of i*'Os up to 510 keV, deterained
from the measurements performed at Brookhaven. Levels
which are aarked on the right by a dot are the ones which
have been observed in the ARC measurement, where in addi-
tion to ALL the 1/2",3/2" levels, some 1/2+, 3/2+ and 5/2+
levels were also observed.

The low-lying structure shorn in figure 2 is essen-
tially consistent with that previously proposed on the
basis of (d,t), (d,p) and (n,t) studies10. One important
discrepancy, the full importance of which will become appa-
rent later, involves the 216 keV level which was previously
thought to be a 7/2" level and was assigned as the
7/2"[5O3] Nilsson orbit on the basis of the single particle
transfer strength observed in the (d,p) and (d,t) reac-
tions' °. The result of a gamma-gamma angular correlation
measurement on the 463-216 keV cascade which originates
from the 3/2" level at 679 keV shows that it is less than
O.n probable that the 216 keV level has.J*= 7/2". Indeed,
initial results from the (n,e~) measurement at the ILL show
that the 216 keV transition which depopulates this level is
a nixed E2/M1 transition with a 5 value" of 2.46*0*2'.
Since the 216 keV level is not a 1/2",3/2" level (because
it was not observed in the ARC measurement) the only re-
maining possibility is that it has Jf=5/2". The transfer



<«0s AND THE U{6/12) SYMMETRY SCHEME

strength observed in the (d,t) and (d,p) reactions»" is
inconsistent with this level being assigned as either the
5/2"[512] or the 5/2"[5O3| Nilsson state and indeed the
detailed Nilsson aodel calculation discussed in-ref.'O
predicts that these states should appear at ~1500 keV exci-
tation energy. The simplest and perhaps only logical con-
clusion of this dileaaa is that the observed single par-
ticle strength belongs not to the 216 JceV level but to the
neighbouring 219 keV level which has a J* value of 7/2- and
would then correspond to the 7/2"[5O3] Nilsson state. This
leaves the 5/2" state which since it is not a pure single
particle state, mist correspond to coupling with soae col-
lective excitation in the core.

500
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FIGURE 3. Calculated and experimental negative-
parity structure in '•*0s.
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Figure 3 shows the results of a fit to the low-lying
level scheme of '»'0s using the value of X--1-5 deduced
from figure 1. On the left of the figure is the experimen-
tal energy spectrum up to 475 keV with the level energies
being taken froa figure 2. The level at 219 keV has been
omitted froa the figure because it steas froa the h
shell aodel state and as such is outside the U(6/12) basis,
as are the 9/2- level at 30 keV [which corresponds to the
9/2"[505] state] and the 5/2" level at 275 keV (which de-
cays with a aeasured B(E2) of ~36 s.p.u.i* to the 30 keV
level and has been assigned as the t-vibrational level
built on this state). The levels at 97 and 444 keV have not
been included because their JT values have not yet been
uniquely deterained, although there is some evidence that
they are positive parity states. The single particle struc-
ture factors (shown in the column aarked S) have been taken
from the work of Benson et al.i". on the right are shown
the level energies and structure factors calculated within
the CQFOA using the values of a*-107, b=-15.8, c=18.5 and
d=-9 keV in equation 1. Using these values of parameters,
no other low spin levels are calculated to lie within the
energy range of this figure. It is obvious that in order to
be able to aake a one-one comparison between empirical and
theoretical levels certain assumptions Bust be aade but it
is hoped that further analysis will aake it possible to
distinguish experiaentally between the possibilities.

The aain problem concerns the 216 keV level which
explains why it has been discussed at such length in this
contribution. As yet there is no obvious interpretation for \
this level which since it does not correspond to a pure
single particle excitation aust involve coupling to excita-
tions in the coze. The 0(6/12) scheme should autoaaticaliy
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include a aore complete core description than is included

in the Nilsson aodel, but it is noticeable that the value

of x used in this study is rather different from that which

would be used in a description of the core nucleus u*>Os

(where the value of x used would be *0.6). Of course, a

auch More stringent test of any theoretical node! can be

aade by considering the B(E2) values and analysis of the

Couloab excitation aeasureaent is still progressing. Never-

theless, the initial comparison between the empirical level

scheme of i**Os and that predicted by the CQFOA is encou- .

raging and bodes well for further study. Even if the low-

lying levels can be adequately explained there is still the

question of the higher lying levels which are sore nuaercus

and Bay yet provide a aore severe stunbling block for the

symmetry scheae.

REFERENCES

1. A. Ariaa and F. Iachello, Phvs, Rev. Letts, IS, 1069
(1975).

2. F. Xachello and 0. Scholten, Phvs. Rev. Letts. £3., 679
(1979).

3. A.B. Balantekin et al., Phvs. Rev. C27. 1764 (1983).
4. D.D. Warner et al., Phvs. Rev. C26. 1921 (1982}.
5. A.M. Bruce et al., to be published in Nucl. Phys. A.
6. D.D. Warner et al., Phvs. Rev. Letts. 54. 1365

(1985).
7. D.D. Warner and R.F. Casten, Phvs. Rev. Letts. Jfi,

1355 (1982).
8. R. Bijker, Ph.D. Thesis, Univ. of Groningen 1984.
9. D.D. Warner, contribution to this conference.
10. D. Benson et al., Phvs. Rev. C14. 2095 (1976).
11. W. Gelletly, private coaaunication.
12. S.G. Malaskog et al., Nucl. Phvs. A153. 316 (1970).

Research carried out under the auspices of the U.S.Department
of Energy under Contract No. DE-AC02-76CH00016.



DISCLAIMER

This report w u prepared as in account of work sponsored by an agency of (be Ignited States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes Miy warranty, express or implied, or ununet any legal liability or responsi-
biliiy for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer*
enoe herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendalioa, or favoring by the United Stales Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily stale or reflect that? of the
United States Government or any agency thereof.


