
has also been performed !16" where the low-lying transitions
up to the yrast J#!9" state were confirmed, but the use of a
low efficiency array of $-ray detectors prevented any coin-
cidence work.
In the 40Ar#168Er reaction, 204Rn is the dominant chan-

nel with the only other significant residues being the neigh-
boring odd isotopes present at a similar level to the 202Rn
experiment. The current analysis is based on recoil-selected
$-$ measurements, which has established the level scheme
shown in Fig. 14, involving a total of 54 transitions, 36 of
which have not been previously reported. The yrast levels up
to spin 13% are consistent with the work of Ref. !25". There
is a notable loss of intensity between the 135- and 243-keV
transitions feeding into and out of a state assigned to be 10"

at 2460 keV excitation. This state is isomeric with a previ-
ously measured lifetime of 33&3' nsec !25"; analysis of the
time spectrum associated with the 243-keV transition yields
a consistent measurement of the lifetime of 34&4' ns &see
Ref. !26" for details'. The addition of a large number of weak
transitions from a variety of nonyrast states to the yrast level
scheme and the introduction of two pairs of transitions with
similar energies &a 589.2 keV transition with an energy simi-
lar to the 4#→2# 588.6-keV transition and two transitions
with energies of 582.6 and 583.0 keV' have lead to extension
and significant revision of the previous level scheme. Ener-
gies and intensities of $ rays can be found in Table III.
Evidence for a second 589-keV transition is clear from a

spectrum gated on a transition with an energy of 135 keV,
shown in Fig. 15&a'. This transition is above the 34 ns isomer
discussed above, so the transitions below show a reduced
intensity compared to those above. For example the 543-keV
transition is weak compared to the 709-keV transition. How-
ever, there is a strong 589-keV transition in this gate which
indicates a transition of similar energy to the 4#→2# tran-
sition above the isomer. Closer inspection of the centroids of
such peaks in gates above and below the isomer, yields
588.6&1' keV for the transition below, and 589.2&3' keV for
the transition above the isomer. Figure 15&b' and &c' show
spectra gated on the 299-keV transition and a sum of 234-

keV and 114-keV transitions respectively. Peaks correspond-
ing to a $-ray energy of around 583 keV are present in both
gates, however, a consistent picture can only be found if
these peaks arise from different transitions and in fact the
extracted transition energies are different from one another
&see Table III'. There is a broad peak in the 299 keV gate
around 185 keV !see Fig. 15&b'". This does not arise from
204Rn, but from Coulomb excitation which presumably ap-
pears in the data due to a weak scattered beam group reach-
ing the focal plane of RITU. The yrast 6#→4# transition in
168Er has an energy of 285 keV which contaminates the 299-
keV gate as it is broadened due to kinematic effects. The
2#→0# transition has an energy of 80 keV which also ap-
pears in the spectrum unresolved from the Rn x-ray group.
An interesting example of a weak nonyrast transition is that
which feeds directly into the 21

# level with a transition en-
ergy of 1085 keV. A gate on that transition !see Fig. 15&d'"
yields a very clean and empty spectrum, other than a peak
corresponding to the 2#→0# transition at 543 keV.
Given the complexity of the deduced level scheme,

simple angular distribution measurements were not per-
formed and a $-$ directional correlation technique was used
to provide the necessary spectrum cleanliness. The germa-
nium detectors were grouped into two sets; central-angle de-
tectors at 79° and 101° and backward-angle detectors at
134° and 158° to the beam axis. Data were sorted into a
central-versus backward-angle two-dimensional matrix and
an experimental DCO ratio for each transition was defined as

RDCO!Iback
$2 &gatecent

$1 '/Icent
$2 &gateback

$1 ',

where Ia
$ i(gateb

$ j) is the intensity of $ i measured in detector
group a in a spectrum gated by $ j measured in detector
group b. The results are listed in Table III. The empirical
results for transitions with known multipolarity are consis-
tent with schematic calculations using the formalism in Ref.
!27", although full calculations involving an efficiency
weighted average over all detector pairs have not been per-

FIG. 14. The decay scheme of 204Rn deduced from recoil-gated $-$ measurements in the 168Er(40Ar,4n) reaction at a beam energy of
177 MeV. Transitions are labeled with the transition energy given to the nearest keV. Excited states are labeled by the spin parity, assigned
using measured DCO ratios as detailed in the text, and, in italics, by the excitation energy in keV.
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