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Abstract. In-beam nuclear spectroscopic studies of 182Re, following, the reaction
181Ta(~t, 3n)lS2Re have been made using gamma-ray and internal conversion electron techniques. K-conversion coefficients for several transitions have been measured and the multipolarities of the various transitions assigned. In particular, the spin and parity of the fourquasi-particle isomeric level at 2256 keV were determined to be 16-. The g-factor of this level
has been measured to be g = 0"32 _+.0.05. On the basis of the g-factor and the decay pattern
of this level, a configuration {v9/2 + [624I"]v7/2- [514 ~]v7/2- [503 T]n9/2- [514~]}r~= l~has been assigned to this level. The nature of the retardation of the gamma transitions
deexciting this level is discussed. It is argued that the measured retardation factors can be
explained if the nucleus has a triaxial shape.

Keywords. Nuclear reactions: lalTa(ct, 3n)182Re; gamma-ray; internal conversion electron
spectroscopy; internal conversion coefficients; g-factor; triaxial deformation.
PACS Nos 21.10;25;21.60

1. Introduction
Extensive investigations have been made on even-even and odd, mass deformed nuclei
up to high spins; however, relatively little work has been reported on odd-odd
deformed nuclei. The high level density and the consequent complexity of the spectra
are some of the reasons for the paucity of data on these nuclei. Recently, Slaughter et
al (1984) investigated the odd-odd deformed nucleus 182Re through gamma-ray
spectroscopy following the lSlTa(ct, 3n)182Re reaction. Earlier, this nucleus was
studied through the radioactive decay of la2Os (Burson et al 1973; Svahn et al 1973;
Lederer and Shirley 1978) and through in-beam gamma-ray studies (Hjorth et al 1968;
Medsker et al 1971). Slaughter et al (1984) identified four rotational bands, built on
two quasi-particle states; with K~-values of 7 +, 9-, 2 + and 4-. The level sequence
proposed by them is shown in figure 1. They also assigned the band heads on the basis
of Nilsson states available near the Fermi level. In addition, they identified an isomeric
level at 2256 keV with a half-life of(88 + 8)nsec (in the text and the figures, the energies
of the transitions and the levels have been rounded off to the nearest keV. The exact
energies of the transitions with the estimated uncertainties are quoted in table 1). This
level was identified as a 3-proton-l-neutron four-quasi-particle state. Probable assignments on the basis of Nilsson orbitals were made and it was concluded that the state is
most probably the band head of a K ~ = 15 + band with the configuration
559
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Figure 1. Level scheme of lS2Re populated in the 18ITa(~, 3n)182Re reaction as proposed by
Slaughter et al (1984). The energies of the levels are given in keV. The exact energies of the
transitions in the K" = 9- and 7 + bands are given in table 1. The spins and parities of the
2256, 2524 and 2614 keV levels are deduced from the present work. The location of the 2 +
band-head is not known and is denoted by 6. The energies of all the levels in the 2 + and 4bands thus have to be increased by 6 with respect to the energies shown in the figure.

~9/2- [514T]n7/2- [523 T]~5/2 + [402 T]v9/2 + [624T]. The transition probabilities of
the electromagnetic transitions from this level to the excited levels of the K" = 9band were invoked in arriving at this assignment. While angular distribution was
studied by Slaughter et al (1984) to infer the multipolarities and mixing ratios of the
transitions, no data exist on the internal conversion coefficients for these transitions..
In the present work, the levels in 182Re have been studied through in-beam gammaray and internal conversion electron spectroscopy following the l aXTa(~, 3n)ta2Re
reaction. Attention was directed only at the 7 + and 9- bands and on the isomeric
level. Internal conversion coefficients of the transitions between these levels were
measured. Further, the magnetic moment of the isomeric level at 2256 keV was
measured in order to elucidate its nature. A preliminary report of the g-factor
measurement was presented earlier (Agarwal et al 1985).

2.

Experimental

details

2.1 Target and the beam

A natural Ta foil of high purity ( > 99.9%) was rolled to a thickness of 1.7 mg/cm 2.
This self-supporting target, of dimensions 2 x 2 cm, was used in the gamma-ray and
conversion-electron spectroscopic studies. A 0.075 mm thick Ta foil backed by a
2°8pb foil thick enough to stop an ~<-beamof 45 MeV was used in the g-factor studies.
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•-beam with energies of 40 MeV and 42 MeV were used for the spectroscopic and gfactor studies respectively. The beam current used was between 0'5 and 4-0 nA in all
the experiments. The experiments were performed at the Variable Energy Cyclotron
Centre (VECC) at Calcutta.
2.2 Single gamma-ray spectra
The single gamma-ray spectra were measured using a 25% HPGe detector. In this
experiment, the target was placed at the centre of a long cylindrical chamber with
10 cm dia, the beam entering and exiting at an angle of 45 ° to the axis of the cylinder.
The detector, with its front surface at 8 cm from the target, was kept at an angle 45 ° to
the beam direction. A 1 mm thick Cd absorber was placed in front of the detector. The
beam was focussed to a size of 2 mm dia on the target. The energy and efficiency
calibrations of the detector were obtained by recording and analyzing the known
gamma-ray spectrum of a l S2Eu source kept at the target position. A typical gammaray spectrum obtained in the present experiment is shown in figure 2. Apart from the
gamma transitions in 182Re, several lines due to transitions in laIRe populated
through the (~, 4n) reaction are also seen in this spectrum. These lines were identified
from the work of Singh et al (1974). Coincidence experiments provided further
confirmation for transitions assigned to la2Re.
2.3 Internal conversion electron and electron-oamma coincidence measurements
The internal conversion electron spectra were measured with a solenoidal transport
spectrometer fabricated in our laboratory. A schematic diagram of the spectrometer is
shown in figure 3. It consists of a 100 cm long solenoid around a stainless steel tube of
internal diameter of 5 cm. The target and the Si(Li) detector [dia 20 mm and thickness
3 mm] are in the magnetic field region. A central circular stopper (a disc of dia 6 mm)
prevents the low energy &electrons from reaching the Si(Li) detector. The electrons
from the target follow helical trajectories in the axial magnetic field and reach the
Si(Li) detector, where their energy spectrum is measured. The maximum magnetic
field obtainable was 0.4 T corresponding to a current of 500 A in the coils, which were
cooled by chilled water circulating in the water jacket surrounding them (see figure 3).
The overall energy resolution, determined mainly by the target thickness in the
present case, is 4 keV. A single-ended co-axial Ge(Li) detector, which can operate in a
magnetic field without a deterioration of its performance, was kept at a distance of
3 cm from the target. This arrangement allows one to measure electron-gamma
coincidence spectra with good efficiency. The energy calibration for the Si(Li) detector
as well as the Ge(Li) detector and the transmission of the spectrometer were measured
by recording spectra from lS2Eu,2°7Bi and 137Cs sources of known strengths, kept at
the target position in the spectrometer. The measured transmission of the solenoid
spectrometer as a function of the electron energy is shown in figure 4. It should be
noted that the curve in figure 4 corresponds to the specific magnetic field range and
the Si(Li) detector used. For a detector of a different size and/or for a different range of
the magnetic field, the efficiency curve would be different.
The or-beam, focussed to a size of 2 mm dia on the target, was incident normal to the
target surface. The beam transmitted through the target was dumped in a wellshielded Faraday-cup kept at a distance of 2 m downstream. Care had to be taken in
positioning the beam dump and the beam-line tube leading to it, because of the
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Figure 2. Singles g a m m a - r a y s p e c t r u m taken with a 2 5 % H P G e detector with 1 m m thick
Cd absorber in front of t h e detector.
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Figure 3. Schematic diagram of the Solenoid electron spectrometer used in the present
investigation (not to scale). The various components are marked in the figure A: Ge(Li)
detector, B: target, C: central stopper, D: coil of the solenoid, E: Si(Li) detector, F: cooling
water jacket, G: the beam. A typical electron trajectory is shown in the figure.
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Figure 4. Transmission (number of counts detected in the electron peak divided by the
number of electrons emmitted by the source) of the solenoid electron spectrometer as a
function of the electron energy, for the Si(Li) detector used and the range of the magnetic field
used in the present experiment.

bending of the ~t-beam in the magnetic field of the solenoid. The vacuum in the entire
spectrometer was better than 4 x 10 -6 torr. A typical singles internal conversion
electron spectrum following the ct + T a reaction obtained with the above spectrometer, is shown in figure 5. The current in the coil was varied between 200 and 300 A,
in short-time intervals for this measurement.
Coincidence spectra of the internal conversion electrons detected in the Si(Li)
detector of the solenoid spectrometer and gamma-rays detected in the Ge(Li) detector
were recorded using a Canberra series 88 multi-parameter data acquisition system.
The parameters recorded were: (i) energy of electrons, (ii) energy of the gamma-rays,
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(iii) the time, e- vs RF and (iv) the time, e- vs ?. The data were written in an event-byevent mode on a magnetic tape. The resolving time was 25 nsec for the e-~ time
spectrum and 12 nsec for the e-RF time spectrum.
2.4 Gamma-gamma coincidence measurement with a multiplicity filter
A gamma-gamma coincidence measurement with a multiplicity filter was made, in an
attempt to identify transitions feeding the isomeric level, using two HPGe detectors
[25% and 30% efficiencies] and a set of six 5 cm thick x 4 cm dia NaI(Tl) detectors.
The NaI(TI) detectors, kept at 8 cm distance from the target, served as a multiplicity
filter. The timing signals of the NaI(Tl) detectors were matched to better than Insec
and were fed into a multiplicity selection unit fabricated in our laboratory. The unit
was set to give an output if two or more of the NaI(Tl) detectors fired within 20 nsec of
each other. This output together with a pulse derived from the cyclotron RF were fed
into a time-to-amplitude converter (TAC) unit to give time information of the events
detected in NaI(Tl) detectors with respect to the RF. Five-parameter data, consisting
of the gamma-ray energies in the two HPGe detectors, the output of the above
mentioned multiplicity filter-RF TAC and the time information of the two HPGe
detectors with respect to the cyclotron RF, were collected on a magnetic tape event by
event. The data were sorted and analysed off-line. Due to limitations of the beam time
and data collection speed only a limited amount of data could be obtained with this
set-up. The result obtained from such an analysis is discussed in § 3.1.
2.5 g-factor measurement
The g-factor of the 2256 keV level was measured by a time differential perturbed
angular distribution method (see e.g. Frauenfelder and Steffen 1965) in an external
magnetic field. A Ta target backed by a 2°Spb s t o p p e r , described in § 2.1 was placed in
a small vacuum chamber placed between the pole faces of an electromagnet. The
uniformity of the magnetic field was measured to be within 1% over the pole gap and
over the central area of the pole-faces. The two HPGe detectors were kept at a
distance of 15 cm from the target, at _ 135° with respect to the beam direction. Twodimensional spectra of energy vs time were measured for each of the detectors. The
relative efficiencies of the two detectors were determined by measuring the singles
gamma-ray spectra without the magnetic field. The efficiency corrected counting rates
N+(t) and N_(t) for the two detectors at _+ 135° were extracted from the two
parameter spectra for 345 and 647 keV transitions which deexcite the isomeric level.
These counting rates were used to form the ratio
N + (t) - N _ (t)

R(t) = N÷(t) + N_(t)"

(1)

The ratio plotted as a function of t, the time of the gamma-ray emission after the
formation of the level, contains information on the g-factor through the relation

R(t)
where

A2

0.75 A2
sin 2ot,
1 + 0.25 A 2

(2)

is the coefficient of P2(COS0) in the Legendre polynomial expansion of the
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angular distribution of the gamma-ray and o~ is the Larmor precision frequency given
by
co = - # B / I h .
(3)
In the above expression B is the magnetic field acting at the site of the nucleus and #,
the magnetic moment of the isomer (# = gl, I being the nuclear spin).
The whole system was tested by measuring the well-known magnetic moment of
the 2188 keY (8 +) level in 21°po, (Lederer and Shirley 1978) which was formed
simultaneously through the 2°apb (0t,2n)21°po reaction on the 2°aPb backing of the
Ta target. From the known g-factor of this level, a value of 1.62 _ 0.04 T was obtained
for the magnetic field. This was in agreement with the field measured with a calibrated
Hall effect Gaussmeter.

3. Results
3.1 Electron-gamma and gamma-gamma coincidence measurements

The four-parameter data on conversion electron-gamma coincidence measurements
were analysed off-line by selecting various gamma, electron and time gates. The
resulting spectra confirmed the level sequences proposed by Slaughter et al (1984).
These have been utilized to obtain reliable conversion coefficients for some of the
transitions (see § 3.2).
An attempt was also made to identify transitions feeding the isomeric level by the
technique described in § 2.4. A four-fold coincidence spectrum (prompt) in one of the
HPGc detectors, with the requirement that at least two of the six NaI(Tl) detectors
have delayed events and that the other HPGe detector has a delayed transition of the
9- band (sec figure 1), is shown in figure 6. Even with the limited statistics, the
spectrum clearly shows that 268 and 358 keV transitions feed the isomeric level. Better
statistics could not be obtained due to limitations mentioned in § 2.4.
3.2 Internal conversion coefficients
The singles internal conversion electron and gamma-spectra resulting from a 40 MeV
0t-beam incident on a 1.7 mg/cm 2 181Ta target are shown in figures 5 and 2 respectively. The strongest line at 296 keV seen in figure 5 is the K-conversion line of the
366 keV transition in lalW populated in the radioactive decay of t81Rc produced by
(~, 4n) reaction on the Ta target. The intensities of transitions above 200 keV derived
from the electron spectrum are listed in table 1. Also listed in table 1 arc the intensities
of some of the ~-transitions normalized to 100 for the 289 keV ~-transition. The
electron intensities arc normalized so that this transition has the theoretical Kconversion coefficient for an E1 multipolarity (Slaughter et al 1984). There is an
overall agreement between the intensities obtained in the present work and that of
Slaughter et al (1984) except for the intensities of the transitions deexciting the highest
spin states. This difference is presumably because of the lower energy (38 MeV) of the
at-beam used by Slaughter et al (1984). A higher energy was used in the present work
intentionally so as to obtain a larger feed to the high spin levels. From the measured
gamma-ray and electron intensities, the K-conversion coefficients (~tr) for several of
the transitions were calculated and arc listed in the last column of table 1. The
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Figure 5. Singles internal conversion electron spectrum measured with the solenoid electron spectrometer, following the reaction lStTa + ~.

experimental values of ~tr are compared with the theoretical values of Hager and
Seltzer (1968) for various multipolarities in figure 7. The correctness of the normalization procedure is verified by the agreement of the measured atx's with the theoretical
values for several of the transitions expected to be of E2 nature and for the 461 keV
M2 transition (see figure 1). In order to emphasize the transitions deexciting the
isomeric level, a delayed electron spectrum (delayed 15 to 100 nsec with respect to the
RF) and coincident with the whole of the gamma-ray spectrum, was projected from
the four-parameter data and is shown in figure 8. It can be seen that this spectrum
essentially consists of transitions of the 9- band as well as the 345 keV and 647 keV
transitions deexciting the isomeric level. Utilizing the branching ratios as obtained
from the measured gamma-ray intensities and assuming a multiplicity of two above
the isomer, the multiplicities of the gamma-rays coincident with the 289, 345 and
647 keV transitions were calculated. The relative conversion coefficients of these
transitions were obtained by dividing the observed electron intensities in the delayed
spectrum by the multiplicities so calculated. The ~tx's so obtained are listed in table 1
with remark 'a'. Further, the ctK's for the 268 and 358 keV transitions feeding the
isomer were determined from a prompt electron spectrum in coincidence with all the
gamma-rays. The internal conversion coefficients obtained in this manner confirm the
assignments made by Slaughter et al (1984)for the transitions in the K ~ = 7 + and 9bands• The 0tr's obtained for the 345 keV and 647 keV transitions are 0.082 + 0.008
and 0.0086 + 0.0014 respectively showing a (M1 + E2) nature for the 345 keV transition and an E2 nature for 647 keV transition. These assignments fix the parity of the
isomeric level as negative. Further, the measured ctr for the 345 keV transition implies
an E2 admixture of 0.58 + 0.08. The angular distribution coefficients for the 345 and
647 keV transitions were calculated with the above mixing ratio for the 345 keV
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Table 1. Gamma-ray and K-conversion electron intensities and the K conversion coefficients as for various transitions in t S2Re observed through the reaction l SlTa(~z, 3n) 's2Re. The
gamma-ray intensities are normalized to that of the 289 keV transition (100). The K-electron
intensities are normalized such that K-conversion coefficient of the 289 keV transition is
equal to the theoretical value of a~ for an E1 transition. The uncertainty in the transition
energy is -+0.3 keV unless otherwise indicated. The number in the paranthesis in the last
column indicates the power to which 10 is raised to multiply the number given in the column.
Transition energy
(keV)
and placement in
the level scheme
154"3 (8 + ~ 7 +)
185'1 (9 + 4"-'8+)
339'3 (9 + ~ 7 +)
212'5 (10 + 4-*9+)
397"5(10+4-,8 +)
237"7 (t 1 + --, 10 +)
450'0(11+--.9 + )
261'0 (12 + --, 11 +)
498'5 (12 + --, 10 +)
282'3 (13 + ~ 1 2 +)
543.4(13+--,11 + )
303"6 (14 + --, 13 +)
303'0 (15- 4 14-)
585.7 (14 + --, 12 +)
321.3 (15 + --, 14 +)
624-4(15+413 + )
341.7 (16 + --, 15 +)
662'8 (16 + 4 14 +)
181'5 (10- 4 9-)
209.2 (11- ~ 10-)
390.9 (11- ~ 9-)
234.7 (12- 4 11-)
443.8 (12- -~ 10-)
258'9 (13- 4 12-)
493.6 (13- ~ 11-)
281'1 (14- ~ 13-)
540"0 (14- ---, 12-)
383"8 (15- ~ 13-)
288'9 (9- --, 8 +)

344"3+0'6 (16- 4 15-)
647.l (16- ---, 14-)
268.0+0.5
358.5 -+ 0-8
460-8 (4- --, 2 + )

Gamma-ray intensity
Slaughter et al
(1984)

Present
Work

80+ 5
36+2
*
23+2
17+1
16_+ 1
18_+1
8'9-+0"5
21 -+ 1
6_+1
13__+1
10.0-+ 1-5

80+ 7
38+3
*
26+3
18"0+1'5
*
18+1
*
20"0+ 1"5
5_+1
12"0+1'5
12.0_+ 1.5

13.0_+0.8
(5-0-+0"3)*
9+1
2.0-+0"2
3"6-+0-3
43+ 3
37+2
5"1 +0'3
23-+:1
9.2+0.6
15_+ 1
11+1
11_ 1
8"4+0"5
6"9-+0"5

11 _+ 1
12"
10-+1
4+ 1
8-+ 1
60-+ 5
40+4
5"5-+0"5
19-+2
9-2+0.8
(23+ 3)*
14.0_+1-5
(20_+1'5)*
10-+0"8
12"0+ 1"5

100

100
(normalization)

3'4+0'3
4'9+0'4
3.2+0-2
1.5 + 0.2
33+2

7.5+ 1'0
6'1 +0'7
3.0+0.4
2.5 + 0.6
6-0+0"3

K-conversion
electron
intensity

0~K

0"48+0'06

2'7+0'2(-2)

0'41_+0'05

2"3_+0"5(-2)

0"41 _+0'05
1"13+0.15
0"135-+0-015
0'90-+0.12

2'1-t-0'3 ( - 2 )
2"3_+0"5(-1)
1.13_+0-15(-2)
7"4_+ 1"3 ( - 2 )

0-14+0-02
1-28-+0.12
0"071+0-012

1-25_+0"21( - 2 )
1"07-+0'14 ( - 1)
7'1+1'7(-3)

0"067-+0.011

8"4-+1'7 ( - 3 )

0"19-+0.04

3'45-+0"85 ( - 2 )

0"23_+0.06

2.5+0.7 ( - 2 )

0'26_+0.04

1-86+0-29(-2)

0 " 1 6 _ + 0 " 0 2 1"6_.+0"3(--2)
0"10_+0'02
8"3+ 2"0 ( - 3 )
2-25
2"25 ( - 2 )
(normalization) (normalization)
a
a
b
b
1-93+0"12 ( - 1)

8.2+0.8 ( - 2 )
8.6+ 1.4 ( - 3 )
2.2+0.6 ( - 1)
4.3 + 1-4 ( - 2)

* These lines have contribution from iS'Re produced through the (~, 4n) reaction on 'S'Ta.

"~Kobtained from delayed electron spectrum coincident with the total gamma-ray spectrum (see text).
bar obtained from the total conversion electron projection spectrum (see text).
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with any two or more of the six Na(T1) detectors and any of the transitions in the K" = 9band which are selected in another HPGe detector. This spectrum clearly shows the 268 keV
and 358 keV transitions feeding the isomeric level at 2256 keV.

transition for assumed spins of 15 and 16 for the 2256 keV level. In this calculation the
tables of Yamazaki (1967) and the de-orientation parameters from Slaughter et al
(1984) were used. A comparison of the angular distribution coefficients so calculated
with those obtained by Slaughter et at (1984) rules out I" = 15- and establishes an
assignment of I" = 16- for this level. The E2 nature of the 647 keV transition to the
1609 keV (14-) level of the K" = 9- band and the absence of a transition to the
1328 keV (13-) level of the same band confirm this assignment.
The (M1 + E2) and E2 natures of the 268 and 358 keV transitions (see table 1 and
figure 6) suggest 17- and 18- assignments for the 2524 and 2614 keV levels respectively, if the spins are assumed to increase with increasing excitation energy.
3.3 g-factor measurement
The results of the g-factor measurement of the isomeric level at 2256 keV are shown in
figure 9 where the function R(t) (see § 2.5) for the 647 keV transition is plotted against
time. A similar curve was obtained for the 345 keV transition. The data were least
square fitted to obtain a value for the gyromagnetic ratio: g = 0-32 _+0.05. Diamagnetic and Knight shift corrections were not applied in view of the rather large statistical
uncertainty on the g-factor. A subsequent measurement of this g-factor performed by
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Figure 7. Comparison of the measured K-conversion coefficient
zr with the theoretical values of Hager and Seltzer (1968)for various
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:he transitions deexciting the isomeric level (marked in the figure), the transitions in the
K~=9 - band and the 461 keV transition which is also a delayed transition.
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Figure 9. Spin rotation pattern for the 647 keV transition in an external magnetic field of
(1-62 + 0"03)2". The fractional difference R in the counting rates o.f the detectors at _ 135°
from the beam direction (see text) is plotted against the channel number denoting the time.
The prompt position (t = 0) and the scale for time are marked. The solid curve is a fit to the
data with 0 = + 0"32.

Jain et al (1985) at the Stockholm cyclotron yielded the result O = 0-239 _+0.008, which
is ~ 1.5 standard deviations off from the result reported here. Since the spin-parity
of the 2256 keV level is established as 16-, the magnetic moment of this state is
(5.1 + 0.8) rim. The small value of the measured 9-factor rules out a 3p-ln character for
this level (see § 4).
4. Discussion

The multipolarities assigned to the various transitions on the basis of the present ~r
measurements confirm the assignments made by Slaughter et al (1984) for the levels in
the K" = 7 ÷ and 9- bands. The level at 2256 keV has been assigned a spin parity of
16- from the present work in disagreement with the 15 + assignment made by
Slaughter et al (1984).
The experimentally known Nilsson single proton and neutron states of high f~ in
this mass region are listed in figure 10. The energies are taken from the observed levels
in lsl'xsaW for the odd neutron states and lsx'lS3Re for the odd proton states
(Lederer and Shirley 1978; Artna-Cohen 1975). For the ~ 7/2- [523T] state, which has
not been assigned in the Re nuclei, the energy with respect to the ~ 5/2 + [402 T] state is
taken from the Nilsson diagram [Bohr and Mottelson 1975a (hereafter referred to as
BM], The K" = 7 + and 2 + bands (see figure 1) are presumably obtained from the
parallel and antiparatlel coupling of v9/2+[624 T] and ~ 5/2+[4021'] orbitals. The
K ~ = 4- band has probably the configuration:] rc 1/2- [541~] ® v9/2 + [624 T], while
the K" = 9- band is made up of n 9/2-[514 T] ® v9/2 +[624 T] (Slaughter et al 1984).
The 2256 keV level is certainly not a member ot" any of these bands because of its
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Figure10. Positions of the proton and neutron states in the mass region A ~ 182. The
energies are taken from the observed band-head positions in 18~'lsaW, 18L~83Re.The
position of the n7/2- [5231"] state is taken fromthe Nilssondiagram(BM 1975a).The proton
and neutron states are marked with p and n respectively with subscripts. These designations
are used in table 2. The gn values used in calculating the g-factor for 4-quasi-particle states
are also indicated. The numbers with an asterisk are taken from (BM 1975c). The others are
calculated (see text).

isomeric nature. For the same reason, it also is a band head. The most probable
assignment for this state
made
by
Slaughter et
al
(1984)
is:
{Ttg/2-[514T] ® zt7/2-[523 T] x r~5/2+[402T] ® v9/2+[ 624T]} K= = 15+. It is
quite clear that a four quasipartide configuration is the only one that attains such a
large K-value. However, the question whether it is a 3p-ln or lp-3n configuration
cannot be determined from the previous studies. The g-factors expected for several
high K-band heads that can be constructed from the orbitals listed in figure 10, can be
calculated and compared with the experimental value. The g-factor of the band head
ie a state with I = K, is given by (BM 1975b)

1

- - -

g x = K - ( I + 1)

[gK K + gR],

(4)

where gr is the intrinsic g-factor and gR the rotational g-factor, gR values in this region
vary between 0.2 and 0.4 (BM 1975c) and a value 0.35 has been used in the present
calculation. As can be seen from (4), gz is not very sensitive to gR. The intrinsic g-factor
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for the four-particle configuration, where all the individual f~'s are coupled in parallel
is given by

grK = ~ gn~i,

(5)

where gn~ are the intrinsic g-factors of the various single particle configurations,
making the four-particle configuration, go for some of the proton and neutron states
listed in figure 10 are tabulated by BM (1975c). These values, shown by an asterisk in
figure 10, have been used in the calculation. For the other single particle configurations, the gn were calculated using the Nilsson wavefunctions (Nilsson 1955) for the
appropriate deformation viz. 6 = 0"25 (BM 1975d) and a quenched value for the spin
g-factor gs = 0"7gs, free for both protons and neutrons. The g-factors so calculated for
the band-heads of the four-quasiparticle configurations considered by Slaughter et al
(1984) and for all the possible K" = 16- configurations that can be formed from the
proton and neutron orbitals listed in figure 10, are presented in table 2. The estimated
uncertainty in the calculated g-factors is + 0-05. As can be seen from table 2, the 3p-ln
configurations have rather large g-factors ranging from 0.7 to 1.1, while the experimental value is 0"32 + 0"05 in the present experiment and 0"239 + 0.008 in the work of
Jain et al (1985). Thus a 3p-ln character for the 2256 keV level can definitely be ruled
out. Of the various lp-3n configurations, the first four listed in table 2 are consistent
with the measured y-factor. However, the configurations in 2nd, 3rd and 4th line in
table 2 are expected to lie at higher energies as compared 'o the configuration 1. Thus
we arrive at the most probable configuration for this four-quasiparticle state as:

{rt9/2-[514 T] ® v9/2+ [624 T] ® v7/2-[514 T] ® v7/2- [503 l"]}r'= 16-However, there is a major discrepancy. The 345keV (MI + E2) and 647 keV E2
Table 2. Calculated values of the gyromagnetic ratio, .q, for various 4-quasiparticle
band-heads formed from the several proton and neutron states shown in figure 10.
The 3p-ln and lp-3n configurations are shown on the left and the right respectively.
The subscripts on p and n refer to the single particle numbers shown in figure 10.
3p-ln configurations

Configuration
PaP2panl
PaP2psnl
PlP3P4nl
PlP2p4na
P3P4psn3
PlP2Pan2
PlP2P4n4
PaP4Psn4
P2PaPsns
PlP,Psn5

lp-3n configurations

K = I

Calculated
value of #

1515 +
1616161616161616-

0"72
0'88
0"74
1'11
0.90
0"66
0"94
0.76
0"84
1-02

Configuration

K = I

p2nlnan4
p2nansn6
p4n3n4n 6
psnlnan5
p2n3nsn 6
p3nlnsn 6
p3n2n3n6
p3n2n4n6
plnan2n3
Pln2nsn6
plnln2n4
psnln4ns
Psn2n3n4

1616t616161616161616161616-

Calculated
value of 0
0-28
0"31
0"35
0"36
0.43
0-10
0.07
-0-05
0-17
0-21
0"06
0.24
0-19
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transitions are highly K-forbidden, with the initial and final K-values for the levels
involved in these transitions being K ~ = 16- and 9-, respectively. The M1 part of the
345 keV transition is 6 times K-forbidden while its E2 component and 647 keV
transition are 5 times K-forbidden. The retardation factors, relative to Weisskopf
estimate, for the M1 and E2 components of the 345 keV transition, calculated from
the half-life of T1/2 = (88 + 8)nsec (Slaughter et al 1984) and the M1/E2 mixing ratio
obtained from ar measured in the present work, are ~ 106 and 154 + 30 respectively.
Similarly the 647 keV E2 radiation is retarded by a factor 2600 _+400. The systematics
of K-forbidden transitions in well-deformed nuclei show that each fold of K-forbiddenness brings in a retardation factor of ~ 1015 to ~ 102 (BM 1975e). Thus the E2
transitions are expected to be retarded by factors of up to 107.5 to 101°, while the
experimental retardation factors are only ~ 102 to 103. Such a large discrepancy in the
retardation factors for these highly K-forbidden transitions cannot be easily reconciled with an axially symmetric structure for the nucleus, where K is a good
quantum number. A similar discrepancy has also been noted in the highly Kforbidden transitions in xa2Os (Pedersen et al 1985). One possible explanation of such
a discrepancy is the deviation of the nucleus from axial symmetry. In such a triaxial
case, K is no longer a good quantum number and states can be expanded as a linear
combination of several K-states. A K-admixture in either or both of the initial and
final states involving the transition, such that a component exists with AK = 2, can
explain the rather small value of the retardation of the transitions. A 3 % admixture in
the amplitude of K" = 11 - state in the 2256 keV state, for example, can explain the
observed life time. The 'oblateness' brought in by the four unpaired particles can bring
in a triaxiality for the nucleus in this configuration. Nuclei in the mass region A ~ 182
are rather soft to 7-deformation as evidenced by the low excitation energy of the ~,band head at 890 keV in 182Os (Lederer and Shirley 1978). Further, the high spin
members of a rotational band (the K" = 9- band in this case) of a nucleus with even a
small axial asymmetry can have components with K ~ I (BM 1975f). A calculation of
the triaxiality brought about by such effects is of interest in explaining not only the
present result but also the observation of Pedersen et al (1985) for 182Os.

5. Conclusions

The properties of the isomeric level at 2256 keV in XS2Re have been determined in the
present work. An unambiguous spin parity assignment of 16- has been made for this
level. Further, the g-factor of this level was measured to be g = 0.32 _+0.05. On the
basis of the g-factor, this level can be identified as the band head of a K" = 16- band
with the configuration:
{rr9/2- [514 T] ® v9/2+ [6241'] ® v7/2- [5141"] ® v7/2- [503 ~]}K= 16-"
However, the gamma transitions deexciting this level do not show the expected
retardation, being ~ 105 to l0 T times faster than expected for these highly Kforbidden transitions. It was suggested that this may be explained if the nucleus has a
triaxial shape in the initial and/or the final states involving these transitions. It is very
important that theoretical estimates of such triaxiality be made. A study of the excited
states with higher spins in the K" = 9- and 16- bands, through heavy-ion induced
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reactions, where higher angular momentum states can be populated, will be of
interest.
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