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Abstract

The low lying 0; levels in even nuclei in the
transitionzl region around mass IOD have been in-
vestigated by means of the fission product separa-
tor JOSEF, An excited O% state at 33] keV hag been
discovered in the nucleus Zr. Electron lines of
energies 313, 675, 715, 836 and 1576 keV have been
observed in singles and X/e™ coincidence spectra.
The EO character of these transitions and their
assignment to specific nuclides has been unambi-
guously established. From delayed Y/e™ coincidences
a lifetime of 78 + 10 nsec for the 0§ state in %Bzr
has been measured. Using the empirical correlation
between the E0 strength parameter and the quadru-
pole deformation, a value of B2~ 0.12 is suggested
for ““Zr. In the light of the gresent results a
decay scheme is proposed for '00zr and its impli-
cations discussed.

1. Introduction

The occurence in even nuclei of first excited OV
states is relatively rare. Such states above the
ground state but below the pairing gap are considered
as characteristic of the change between spherical
and deformed equilibrium shapes., There is particu-
lar interest in the nature and the systematics of
excited 0% states in the zirconium and molybdenium
isotopes since despite some interesting attempts!, )
their character is still not fully understooed. For
example Sheline et al,l} have proposed that these
states have the nature of deformed band heads due to
the existence of a second minimum in the nuclear
potential surface whereas Burch et al, have re-
garded the 0% levels of some even zirconium isotopes
as states orthogonal to the ground state,

Direct spectroscopic information about such
levels has been scanty due to the very short lived
nature of the nuclides involved and the fact that
their observation requires the detection of totally
converted EQ transitions in the presence of a large
B-particle background. It was therefore considered
of interest to utilize the high fission product in~
tensities and short separation times of the gas
filled separator JOSEF to:

. . +
a) Unambiguously assign these 07 states so that one
could have confidence in their systematics as one
moved through the transitional regiom.

b) Measure their lifetime so that one could have a
better understanding of their: character.
c) Search for new ones., Thus it was conjectured that

if an excited O3 state were to be discovered in
00z¢, in the manmer shown in fig. 1, it would
not only fit in with the systematics of the
lighter even isotopes, but alsc remove the very
Buzzling fransition in nuclear behaviour between
Bar and OOZr, where the energy of the first 2¥
state seems to change from 1223 keV to 213 keV.

2. Experimental Procedure

The experimental arrangement is shown in fig. 2.
The fission product beam from the separator impinged
on the tape of a tape transport device for an irra-
diation time chosen to suit the decay time of the
parent isotope. The irradiated spot was then moved
rapidly t¢ the measuring position 30 cm above., While
the measurement proceeded a new area of the tape was
irradiated. In the measuring position the y-ray/
electron and X-ray/electron spectra were recorded in

singles, coincidence and delayed coincidence modes.
Ge(Li) and intrinsic germanium detectors were used
for the y-rays and X-rays respectively while the
electron detector was a windowless 300 mn? x 3 mm
thick Si(Li) detector of resolution 3 keV in the
actual experimental conditions,

3. Results

Two of the electron spectra recorded during the
first series of measurements are shown in f£ig. 3.
The irradiation times for the two spectra were 2 sec
and 11 sec respectively. Alsc shown is a y-ray spec—
true accumulated simultaneously with the 11 sec
electron spectrum for a period of one hour. It is
seen that only the strongest electron transitions are
clearly observed due to the high B-particle back-
ground, The fact that these are totally converted
transitions may be seen from the y-ray spectrum which
shows no corresponding y-lines. Moreover the K/L
ratios are also compatible with EO transitions.

In order to assign the lines to specific nuclides
the intensity of the electron lines as a function of
the magnetic rigidity Bp of the gas filled magnet was
obtained. The value of Bp at maximum intensity was
then. compared with the calibration curves previously
established using known y-rays from short lived frag-
ments. The calibration for the light fission product
group is shown in fig. 4. It is seen that for each
value of Bp a number of mass charge combinations are
possible, However the difference in K and L electron
energies in the singles electron spectra and the X-
vay/electron coincldences gave -an independent deter—
mination of the charge. Thus 2 completely unambiguous
assignment of the transitions to specific nuclides
was possible. The lifetimes of the B~decaying levels
populating these excited 0% states were obtained by
measuring the intensity of the electron lines as a
function of time.

The EO transitions observed during the first
series of measurements are shown in fig. 5. By means
of procedures described elsewhere?) it was possible
to show that two B~decay modes exist in each of the
parents and to determine the relative population of
the 05 states by the two modes, The lifetime of the
0} state at B854 keV in 98Zr has been measured by
delayed v~electron coincidences as 78 + 10 nsec,
which gives a value of 0.1} for the EO strength
parameterp 5). From the empirical correlation bet-
ween 0 and the quadrupole deformation B3 observed by
Andrews et al.6) (see fig. 6) a value of B0 = 0.12
is suggested for 98Zr. In fig., 7 the energies of
the 2? states and of g9 for the even zirconium iso-
topes are shown?»8). The neutron sheil and subshell
closures at N = 50 and N = 56 may be observed. It is
seen that the suggested value of 82 for ¥8Zr fits in
quite well with these systematics.

100

4. An Excited 0% State in Zr

A search for an excited 0+ state in the region of
100z¢ has also been carried out, The search was first
made in electron singles measurements but was un-— 4)
successful due to the intense B~partic1e+background
It emerged, however, that the possible 02 state in

Zr was unlikely to be a first excited state in the
manner suggested in fig. [. since in that case the
level would be populated by the very strongd»!0) -
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213 keV transition and the depopulating EQ transi-
tions should have heen streng enough to be observed
above the background.

Very recently it has been possible, by use of
techniques to mitigate the background, to observe
a totally comverted transition in 00zr, The evi-
dence is shown in figures 8, 9 and 10. Fig. 8 shows
the results of the X-ray/electron coincidences. Three
strong electron lines are seen to be in coimcidence
with the zirconium K X-ray. Apart from the 836 keV
line due to the 03 to OT transition in 8%y, the
other two lines are at energies 194 and 313 keV. In
fig. 9 the electron and Y-ray singles spectra ob-
tained simultaneously are shown. In the y-ray spec—
trum the 2i3 keV line, which is complementary to the
194 keV electron line, is strongly apparent. However
there is no y-ray at 33! keV which is complementary
to the 313 keV electron line, thus establishing it
as a totally converted transition. Its assignment
to the nucleus 1002y may be seen in fig. 10 where
the intensity versus magnetic rigidity distributions
‘of the relevant electron and Y~lines are plotted,
It is seen that the maximum of the 313 keV line is
situated at the same position as that for the 213
keV line which has previously been unambiguously
assigned to 1007, The (BP Ymax values for the 836
keV electron line in ?82r and the 296 keV yY-linpe in
102y are also consistent with the assignment of the
313 keV line to 100zy,

The discovery of 05 in 100

y of a state at 33] keV in 2r,

together with the information from our X-ray/Y and
Y/Y coincidence measurements, has considerably
clarified the situvation with regard to this nucleus
which has hitherto been something of a puzzle. The
previous information with regard to this nucleus was
obtained from 3 Ba¥8?e:er Y-ray and conversion elec~
tron experiments”?? which showed that a cascade of
transitions of energies 213, 352 and 498 keV existed
in this nucleus, the 213 keV transition having an
E2 multipolarityl0). Since then by means of the
Y=ray singl?f)measurements at the separator LOHENGRIN
and the v/y and X/y coincidences at JOSEF it has
been po?sable to assign transitions at 118 and 667
keV to Zr and to confirm the existence of the
213 keV and 352 keV cascade. In our electron/y-ray
measurements we have looked for coincidences between
these y-rays and the 313 keV electron line. Although
the statistics are poor, the 313 keV line does not
seenm to be in coincidence with these y-rays while the
194 keV electron line (complementary to the 213 keV
transition) is seen in coincidence with the 118 keV
and 352 keV y~rays. The results of these measurements,
together with the information obtained from the v/y
and X/y coincidences, suggest the scheme depicted in

f£ig. 11 for the lower levels in !002r, 1t may be
noted that according to this scheme the 213 keV and
352 keV cascade is still based on the ground state
so0 that the drastic change in the energy of the 2f
states between 38Zr and 100Zr remaing. However, in
other respects the behaviour of 100zp appears to be
quite analogous to the transitional molybdenium
isotopesiZ} and other transitional nuclei such as
150g013) (see fig. 12).

Although the present results have not yet been
fully evaluated and a number of other experiments
are called for, one may at this stage come to the
tentative conclusions; firstly, that the excited O
state in 1002r is probably not a shape isomeric
state of the type suggested by Sheline et al.l
since it seems to decay by fast transitions to the
firet 2% and the ground state, Secondlg in analogy
to other transitional nuclei such as ! 6Sm, the
excited 05 state may very likely be the band head
of a B-vibrational band, as seems to be the case for
the transitional molybdenium isotopes!?),
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Fig. 4: Calibration curves of the &eparator JOSEF
for the fission products of the light group, with
He at 4 torr as the gas—filling.
Fig. 6: The EQ strength parameter p versus the
quadrupole deformation Bz showing the linear correla-
tion suggested in ref.b6), The position for 98zr
from the present work is also shown.
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