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Abstract: The gamma radiation associated with the beta decay of X6°Tb to levels in Xe°Dy has been 
studied with curved-crystal and Ge(Li) spectrometers. Eight previously unreported transitions 
were observed with energies 237.6384-0.086 keV, 242.54-0.8 keV, 246.489i0.016 keV, 
349.944-0.11 keV, 432.74-0.6keV, 10054-1 keV, 1069.14-0.4keV and 1300.04-0.8keV. 
The existence of transitions at 176, 379, 486, 872 and 1286 keV has been confirmed. Gamma- 
gamma coincidence studies employing two Ge(Li) detectors have led to a decay scheme which is 
essentially that given by previous investigators with the addition of levels at 1155.8, 1288.7 and 
1535.2 keV. The level at 1155.8 keV has been identified as the 4 + member of the gamma-vi- 
brational band. No evidence was obtained for the population of any K~ = 0 ÷ beta-vibrational 
levels from the decay of Xa°Tb. 

El RADIOACTIVITY l~°Tb [from lSgTb(n, 7)]; measured Ey, Ie, 77-coin. 
16°Dy deduced levels, log ft, J, zt, cc. Natural target. 

1. Introduction 

The beta decay of 16°Tb to levels in 16°Dy has been repeatedly investigated 1 --22). 

Al though the results of  these studies have led to a fairly well-established decay scheme, 

several discrepancies still exist. A large number  of unconfi rmed transi t ions have been 

reported, and  the placement  of many  of these is in doubt.  

Recently there have been reported 2 3) discrepancies between experiment  and  theory 

including first-order band  mixing in relative E2 t ransi t ion probabil i t ies in the de- 

popula t ion  of the lowest K ~ = 0 + vibrat ional  bands.  Fur ther  informat ion  on the prop- 

erties of these 0 + vibrat ional  bands  as one goes into the strongly deformed region is 

of  considerable interest, therefore careful searches for popula t ion  of such states in 
16°Dy were performed. 

t Work supported in part by the U. S. Atomic Energy Commission. 
tt Work supported in part by a grant from the National Science Foundation. 

ttt Research sponsored by the U. S. Atomic Energy Commission under contract with the Union 
Carbide Corporation; ! 
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In the present study, energy measurements and relative photon intensities have 
been obtained using curved-crystal and Ge(Li) spectrometers. Also, coincidence data 
have been obtained using two Ge(Li) detectors. The work described in this paper  
summarizes the results of  our two groups 21-22), who simultaneously and independ- 

ently arrived at the conclusions discussed below. 

2. Experimental arrangements 

The University of  Michigan curved-crystal spectrometer and the experimental 
techniques associated with it have been described previously 24-26). The curved- 
crystal spectrometer source was a Tb203-epoxy mixture irradiated for a period of 
eight months in the University of  Michigan Ford Nuclear Reactor (thermal neutron 
flux ~ 3 x 1013 neutrons/cm 2 • see). The activity of  the sample was about  0.5 Ci. 
The energy resolution of the spectrometer using this particular source was AE 
(FWHM)  = (1.6x 10 -5)  (E2/n) keV, where n is the order of  reflection and E the 

gamma-ray energy in keV. Measurements were performed in reflection orders ap- 
propriate to the intensity of  the line measured. This varied from first order for the 
weak 238 keV line to fifth order for the intense 879 keV line. Most of  the measure- 
ments were in third order. At least three measurements were averaged to obtain the 
energy value. 

The Ge(Li) spectrometers consisted of the following components: either an 
Ortec planar detector with depleted volume 8 cm 2 x 0.5 cm or an Ortec coaxial de- 
tector with depleted volume of 17 cm3; an Ortec 118A (FET) preamplifier and TC-200 
amplifier and a Victoreen (SCIPP) 1600-channel pulse-height analyser. For  the study 
of  the high-energy portion of the spectrum, a Tennelec TC-250 biased amplifier 
and stretcher was coupled to the TC-200. The resolution of this system was 3.3 keV 
at 880 keV for the 8 cm 2 x 0.5 cm detector and 3.7 keV at 880 keV for the 17 cm 3 
coaxial detector. A description of the efficiency calibration and non-linearity of this 
system is presented elsewhere 27). During the latter stages of this work, a Nuclear 
Diode 40 cm 3 detector coupled to a Canberra 1408C preamplifier was also used. 
The resolution of this system was 2.7 keV at 1330 keV. The source used in the present 
investigation consisted of a small drop of radioactive Tb20  s in HC1 solution evap- 
orated onto a lucite disc. The radioactive Tb203 was obtained by irradiating na- 
tural Tb20  a in the Ford Nuclear Reactor for a period of 24 h. Analysis of  the gamma-  
ray spectrum indicated no appreciable isotopic impurities. 

The sources for studies at Vanderbilt and Oak Ridge were prepared by irradiating 
159Tb in a flux of 1015 n/cm 2" sec for 23.6 d at Oak Ridge National Laboratory.  
Gamma-ray  spectra were measured with 2 cm 3, 15 c m  3 and 35 em 3 Ge(Li)  detectors 
coupled to TC-200 amplifiers and Nuclear Data  4096-channel analysers. Work with 
the 35 cm 3 detector was carried out at Oak Ridge. in these studies, the resolution was 
2.5 keV at 1333 keV. Other studies were also carried out at O R N L  with a small 
volume Ge(Li) detector and anti-Compton annulas. The Vanderbilt sys tem was 
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calibrated for energy and intensity measurements with 241Am, STCo, 203Hg ' l a2Ta ' 
192 i r  ' 2 2 N a  ' 1 3 7 C s  ' 5,Mn ' Say, 2O7Bi and 6°Co and with ten intensity standards 

prepared by IAEA, Vienna. In some measurements, the spectrum was split into two 
parts, above and below 600 keV, and a TC-250 biased amplifier used. The Vanderbilt 
results for the strongest transitions were used to calibrate the ORNL system for energy 
and intensity measurements of the weaker transitions. 

The coincidence system at the University of Michigan was a fast-slow type. The 
total spectrum channel consisted of an Ortec 17 cm a coaxial Ge(Li) detector coupled 
to an Ortec l lSA preamplifier and TC-200 amplifier. Optimum resolution was 
obtained using double differentiated pulses at the high count rates involved. The gate 
channel consisted of an Ortec 8 c m  2 x 0.5 cm planar Ge(Li) detector coupled to an 
Ortec 118A preamplifier, TC-200 amplifier and TC-250 biased amplifier and stretcher. 
The biased amplifier was used to broaden the gamma-ray peak to make it suitable for 
use with the single-channel analysers. The remainder of the fast coincidence system 
consisted of a Sturrup 1410 linear amplifier used to obtain timing pulses on the gate 
side, Sturrup 1435 timing single-channel analysers and Sturrup 1441 fast coincidence 
unit. Optimum time resolution was obtained using cross-over timing on the display 
side and leading edge timing on the gate side. 

Later. coincidence spectra were also taken with the 40 cm a detector in the display 
channel and the 17 cm a detector in the gate channel. For  these studies, leading edge 
timing was employed. 

The usual procedure was to set the gate for the fast system to include both the photo- 
peak being gated and a portion of the Compton distribution above it. Individual gates 
from the output of the biased amplifier were selected with timing single-channel 
analysers (one for the photopeak of interest and one of equal width for the Compton 
distribution). A fast-s~ow was established with a Sturrup 1445 coincidence unit. The 
output from the slow unit was used to trigger a Sturrup 1450 linear gate whose input 
was the display spectrum. The coincidence spectra were recorded on a SCIPP 1600- 
channel analyser. Routing pulses from the slow-gate timing single-channel analysers 
were used to determine which half of the analyser memory to use for storage. Ortec 
427 delay amplifiers were used to delay the output of the fast coincidence unit and 
the display spectrum into the linear gate in order to offset the inherent delay of the 
biased amplifier. The efficiency of the coincidence system was determined to be greater 
than 92 7o over an energy range of 20 : 1 at a resolving time of 48 nsec. Similar 
results were obtained with the 17 cm3-40 cm a arrangement with a resolving time of 
105 nsec. The net coincidence spectrum was obtained by subtracting the contribution 
of the Compton distribution under the photopeak and the chance coincidences de- 
termined by the counting rates of the two channels. 

Coincidence measurements were carried out at Vanderbilt with an RIDL fast-slow 
coincidence system described elsewhere a o) but now coupled to a 4096-channel analyser. 

The gamma-ray spectra were analysed by hand and by a computer program 2a)  

with consistent results. 
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3. Results 

The singles spectrum taken at ORNL with the 35 cm a detector is shown in fig. I. 
Spectra taken at Michigan with the 40 cm 3 detector were similar to this. 

The results of the energy and gamma-ray intensity measurements are given in table 
1. The energy values and. their uncertainties for gamma rays below 1 MeV given in 
column 1 for the Michigan data were obtained with the curved-crystal spectrometer 
except for the 872 keV transition. The energy and relative intensity values for the 872 
keV transition were obtained from the spectrum coincident with the 197 keV gamma 
ray. The energy of the 1005 keV transition was obtained from the spectrum coincident 
with the 246 keV gamma ray. The energy values for the 1069, 1251 and 1286 keV 
transitions were determined with the Ge(Li) spectrometer. The energies of the re- 
maining gamma rays above 1 MeV were measured with the Ge(Li) spectrometers and 
the curved-crystal spectrometer and weighted averages of these measurements are 
presented in column 1. 

In columns 2 and 3 of table 1 are given the energy measurements obtained at Van- 
derbilt and Oak Ridge. The absence of a transition in the Vanderbilt work indicates it 
was too weak to obtain good results, and an absence in column 3 indicates the tran- 
sition was used as a calibration standard in those data. Such is also the case for the 
intensities in columns 5 and 6. The Oak Ridge results are from the 35 cm 3 detector 
only, as the Compton suppressed data yielded no new information. 

The gamma-ray intensities given in column 4 were deduced from data obtained with 
the curved-crystal spectrometer and the Ge(Li) spectrometers at Michigan. The results 
from the curved-crystal spectrometer were analysed in the manner described by Reidy 
and Wiedenbeck 26). Whenever possible, measurements were performed with both the 
curved-crystal and the Ge(Li) spectrometers. Reasonable consistency was found 
between the results of the two methods. The gamma-ray intensity values are normalized 
to the electron intensities of Ewan et aL 13) and represent number of events per 100 
decays. Ewan et al. measured the electron intensities relative to the total beta intensity 
and thus obtained the electron intensities in percent per disintegration. There remains 
the problem of how to normalize the relative gamma-ray intensities to the electron 
intensities to obtain total transition intensities and conversion coefficients. The direct 
conversion coefficient measurements of Jansen, Hamilton and Zganjar 19) provide the 
best normalization procedure. The K-conversion coefficients of the 87, 197, 299 and 
879 keV transitions were measured by the internal-external conversion method. Table 
2 presents the ~K results 19, 29) and the theoretical conversion coefficients of Sliv and 
Band 36) and Hager and Setzer 31). The experimental ~K results have been slightly 
altered 29) ( <  1 ~o) from the previous report 19) as a result of small refinements. 
Averages of the experimental and theoretical ~K values were used along with the elec- 
tron results of Ewan et aL to obtain the gamma-ray intensities of the 197, 299 and 
879 keV transitions in percentage per disintegration. The 87 keV transition was not 
included in this analysis because of the larger error associated with this electron 
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intensity given in ref. 1 a). In fact, the electron intensity of Ewan et  al. for the 87 keV 
transition is about one standard deviation too large if one uses the intensities of table 2 
to normalize the electron and gamma-ray spectra and then calculates the total feeding 
to the ground state. From the recent results of Jansen et  al. 19, 29) also on an iron- 
free double-focusing spectrometer, an independent measurement of the K-electron 
intensity of the 87 keV transition relative to the 197, 299 and 879 keV transitions was 
obtained. The relative intensities of the three higher energy transitions are in very 

TABLE 4 
Gamma-ray coincidences observed in the decay of  le°Tb 

Gate energy Coincident gamma ray 
(keV) (keV) 

87 197, 216, 299, 310, 337, 393, 765, 879, 
962, 1003, 1115, 1178, 1200, 1251, 1272, 
1312 

197 87, 216, 231, 246, 299, 310, 337, 682, 
765, 872, 1003, 1115, 1251 

216 87, 197, 765, 962 
231 87, 197, 872, 1069 
246 87, 197, 1005 
299 87, 197, 765, 962 
310 87, 765, 962 
337 87, 197, 765, 962 
393 87, 197, 879, 966 . . . . .  
872, 879 87, 299, 379, 393 
962, 966 87, 216, 310, 337, 393, 486 
989-1003 87, 197 
1003-1007 87, 197, 246 

1103, 1115 87, 197 
1178 87 
1200 87 
1272 87 
1312 87 

good agreement ( <  5 ~ difference in each case) with the results of Ewan et  al., but 
the K intensity of the 87 keV transition was consistently lower. An average of the two 
results la, 19, 29) gives a K-electron intensity of 20.5 for the 87 keV transition. Use of 
this value yields the following: art ~K in agreement with E2 theory, a ~tot/~K ratio (the 
data of Ewan et al. are used for the intensities of the L + higher shells) in agreement 
with E2 theory (where ~T = ~KT~ + 1.33 ~LT~) and 99.8 ~ for the feeding to the ground 
state when the total electron intensity is added to the gamma-ray intensities of the 87 
and 966 keV transitions. Thus, this intensity is given in table 3 which follows. In 
view of all these results, table 2 indicates that the best normalization procedure is to 
take the intensity in percent per disintegration for the 879 keV transition as 30.0, 
and this was done for the results presented in tables 1 and 3. The intensity measure- 
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ments in column 5 represent averages of  2 runs with a 2 cm 3 and 3 runs with a 
15 cm 3 Ge(Li) detector and in column 6, 1 run with a 35 cm 3 detector and normalized 
as described above. Column 7 gives the average gamma-ray intensities. 

Table 3 presents the conversion coefficients obtained from the gamma intensities 
of  table 1 (column 7 of  table 1 is repeated in column 2) and the electron intensities of  

io 4 

o 

G? key  
2 9 9  kev  SINGLES SPECTRUM 

dl ...... il 

. . . . . . . . . . . . .  /! . . . . .  , J i 
• ' /  ~ 337keV / I 

",~.~ ,.. l I .. :~..; ~ 7 6 5  key i 

E iV ~ 8 7 2  key / 

[ ~"''~+~!t-:,,,,: ''/. ~' .... V ....... 
216 k l i  • / r l o 3  k e i  

• 231 keY -." . 

;'! ! I t / !  ...... , ..... 1 

• " "~'::"'~ . . . . . .  ) 71 ! I"  
SPECTRUM " COINCII~NT WITH - " : " " "~'~ 

197 k i n  ~*uutt..~Ay :~.,,:,.,. ,, " 
....::..::-.. ; 

:- ."i  

. . .  

CltlilIN~. 

Fig. 2. The gamma-ray spectrum coincident with the 197 keV transition. A singles spectrum is shown 
in the upper spectrum. 

Ewan et al. 13) in column 3. Column 5 gives the K-conversion coefficients calculated 
from the gamma-ray intensity values from column 2 and the electron intensity values 
from column 3. The theoretical K-conversion coefficients were obtained from the 
tables of  Sliv and Band 36) for the indicated multipolarities. 

Five transitions which do not appear in the work of even recent investigators were 
observed with energies 237.638 -i- 0.086 keV, 246.489 _ 0.016 keV, 349.94-t- 0.11 keV, 
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1005-t- 1 keV and 1069.1 -t-0.4 keV. Weaker evidence was obtained for new transitions 
o f  242.5+0.8 keV, 432.7+0.6 keV and 1300.0_+0.8 keV. 

Five additional transitions which have been reported in only one or two works (ref- 
erences indicated in parentheses) but were previously unconfirmed in later works 
have been measured with energies 176.490_+0.030keV (I, 3), 379.449+__0.090keV 
(1, 3), 486.075_+0.080 keV (3), 871.95_+0.50 keV (10) and 1285.8_+0.5 keV (3). 

103 

~P I0 Z 

87ke~ 197 keV i~ 299 keV 

i 299 keV 

87 keV i l  

.."./i.........................":'"'"":.................. ,.';} "'"'""'.'"'""""":'"..""'" /' 393 k , v  

!p, 
486 keV 

""" ' " "" "" "'!! 1' " 

IOO I I 2 0 0  3 0 0  
CHANNEL 

Fig. 3. The gamma-ray spectrum coincident with the 962-966 keV doublet. The upper spectrum is a 
singles spectrum. 

A partial summary of  the results of  the gamma-gamma coincidence studies is pre- 
sented in table 4. The relative intensity values of  the coincident gamma rays are not 
listed, but these and similar data were used in placing transitions in the decay scheme. 

The gamma-ray spectrum coincident with the 197 keV transition is shown in fig. 2. 
Of  special interest is the presence of  the 231,246, 872 and 1251 keV gamma-ray peaks 
in the coincidence spectrum. Fig. 3 shows the spectrum coincident with the 962-966 
keV doublet. Figs. 4(b) and (c) show the gamma-ray spectrum coincident with the 
regions from 1003-1008 keV and from 998-1003 keV, respectively. Fig. 4(a) is a 
singles spectrum. Of  particular interest is the presence of  the 246 keV transition in 
fig. 4(b). Also, the coincidence spectrum was obtained with the gate set on the 246 
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keV region. In addition to the 87 and 197 keV peaks, a peak lying on the high side 
of the 1003 keV line was observed in this coincidence spectrum. 

10'5 

102 

I01 

I0 0 

I0 5 

o 
10 2 

io  I ~. 

I0 0 

i l i i = l i i = i , 

87 keY (a) ,~ 299 keY 

/! , . . .v  
- J/ /i /i 2,,,.v 

.(b) 

/ 87 keY 

197 keY 

~ 246 key 

i I . . . .  

(c) 

it ! .v  

.""J l . . . '  . /.I 

• . . . . .  ".... " . '....." ". • ".'.' 

[97 keY 

L ' 

i i i ~ i i i , i i i i 
0 I00 

CHANNEL 

F i g .  4. ( a )  S i n g l e s  s p e c t r u m .  (b ) .  G a m m a - r a y  s p e c t r u m  c o i n c i d e n t  w i t h  t h e  e n e r g y  r e g i o n  f r o m  

1003 t o  1008  k e V .  (c).  G a m m a - r a y  s p e c t r u m  c o i n c i d e n t  w i t h  t h e  e n e r g y  r e g i o n  f r o m  9 9 8  t o  1003 k e V .  

4. Discussion 

The decay scheme for 16°Tb deduced from the present work is shown in fig. 5. 
This scheme incorporates all the transitions which were observed in this work. It is 
essentially the same one proposed by previous authors with three exceptions. The 
population of levels at 1155.8 keV, 1288.7 keV and 1535.2 keV has been firmly es- 
tablished; these levels had been proposed in some previous work but never clearly 
established in the Z6°Tb decay. In addition, several new transitions have been placed 
in the decay scheme. Transitions which are designated by a filled circle on the decay 
scheme are placed on the basis of energy fits, intensity values and coincidence results. 
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The remaining transitions are placed only on the basis of energy fit. The gamma-ray 
energies in the different experiments reported here agree well with each other. The 
somewhat less accurate energies obtained from electron spectra 13) also agree 
with our results. The energies of the upper levels in our decay scheme are slightly 
higher than those of Jaklevic et al. 2 O) and reflect slight discrepancies between some 
of the gamma-ray energy values of our work and the work reported in ref. 20). 
The spins, parities and K-quantum assignments for the levels are the same as those 
given in the work of Jaklevic et al. with the exception of the levels at 1155.8, 1288.7, 
1386.5 and 1535.2 keV. The logft  values were calculated from the transition intensities 
except for the first excited state where the value obtained by Nathan 4) was used. 

TABLE 5 

Ratios of E2 reduced transition probabilities from the K = 2 gamma vibrational level to the K = 0 
ground state rotational band 

Level B(E2; I l K  1 -~ l t K f )  Experimental Pure 
energy B(E2; 11K j -~ I tK t )  ratio ~) rotation 
(keV) 

z ~ )  

B(E2; 22 ~ 00) 
966.1 0.51 ( 3 )  0.70 0.053(10) 

B(E2; 22 --> 20) 

B(E2; 22 --+ 40) 
966.1 0.065(6) 0.05 0.020(8) 

B(E2; 22 --~ 20) 

B(E2; 32 --~ 40) 
1048.9 B(E2; 32 --+ 20) 0.62 ( 7 )  0.40 0.038(9) 

B(E2; 42 .-~ 40) 
1155.7 7.0 (20) 2.95 0.06 ( 2 )  

B(E2; 42 -+ 20) 

a) The uncertainties in the last figures are given in parentheses. 

The ground state rotational band with excited states at 86.8(2 +) and 283.8(4 +) keV 
and the gamma-vibrational band with excited states at 966.2(2 +) and 1049.0(3 +) keV 
have been well established by previous investigators. On the basis of the 197-872 keV 
coincidence, we establish the feeding of a level at 1155.8 keV in this decay. On the 
basis of the 231-1069 keV coincidence data, the 1069 keV transition has been placed 
as proceeding from this state to the first excited state. This 1155.8 keV state is most 
likely the same state that has been determined to ~e the 4 + member of the gamma- 
vibrational band from a study of the 16°Ho  decay. The intensity ratio of the 1069 keV 
to the 872 keV transition is roughly the same as that measured in the 16°Ho decay. 
The ratios of the reduced transition probabilities (RTP) from the three K" = 2 + 
levels are presented in table 5, where these transitions are assumed to be pure E2. 
The pure rotational values are given in column 4, and in column 5 are the values of Z2 
obtained by comparing the experimental results with the band mixing predictions 32). 
Although there is some disagreement for two Zz values from the 966 keV level, 
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the four values are in reasonable agreement with the experimental values given by 
Marshalek 33) for this nucleus (average Z 2 = 0.039 + 0.004) and with his calculations 
which he obtained using a microscopic model. 

The level at 1535.2 keV is now well established on the basis of  energy fits and 
coincidence results. F rom fig. 2, the 1251 keV transition is established to be in coin- 
cidence with the 197 keV transition. Fig. 3 shows the 486 keV transition to be in 
coincidence with the 962-966 keV doublet. The 486 keV transition was not observed 
to be in coincidence with the 879 keV gamma ray thereby establishing the 486 keV 
gamma ray to be in coincidence with the 962 k e y  transition. In addition, the 379 keV 
gamma ray was observed in the spectrum coincident with the 879 keV transition. The 
intensity values were consistent with the interpretation that the 379 keV transition 
was in coincidence with the 872 keV gamma ray which was also in the gate. The 
176.5 keV transition has been placed as depopulating this 1535.2 keV level only on the 
basis of energy fit. The presence of the 246-1005 keV coincidence and the 197-246 
keV coincidence indicates that the 197, 246 and 1005 keV gamma rays are in cascade. 
This result is most  easily incorporated into the decay scheme by the addition of 
a new level at 1288.7 keV This state is populated by the 246 keV transition which 
proceeds f rom the level at 1535.2 keV and would depopulate via a 1004.9 keV tran- 
sition to the 283.8 keV (4 +) state. A 246-1202 keV coincidence was not observed, but 
the low coincidence rate in the 246 keV gate coincidence run allows us only to place 
a relative intensity limit on a possible 1202 keV gamma ray of I~(1202) < 0.15 I s 
(1005). Therefore, the feeding f rom this 1288.7 keV state to the 87.8 keV (2 +) level 
is much less than the feeding to the 284 keV (4 +) level. This 1288.7 keV state could 
possibly be the 5 + member  of  the gamma-vibrational band. A similar interpretation 
has been given a state observed with about this same energy in the 16°Ho decay. 
The possible 709 keV transition from this state to the 6 + state of  the ground state 
rotational would be a factor of  two or more less intense than the 1005 keV transition 
to the 4 + state and would not have been observed in the present work. 

The parity of  the 1386 keV state can be deduced f rom the following considerations. 
In table 3 upper limits on the electron intensities for the 231,337 and 1103 keV tran- 
sitions were obtained f rom limits placed on transitions of 238, 350 and 1113 keV in 
the work of  Ewan et  al. ~ 3). These data combined with the gamma-ray intensities 
reduced by one standard deviation were used to obtain upper limits on the K-con- 
version coefficients of the transitions f rom the 1386 keV level. These limits are con- 
sistent only with E1 transitions, and thus these data lead to a negative-parity assign- 
ment for this level. I f  the 1300 keV transition seen only in the 35 cm 3 singles spectrum 
is correctly placed, then the decays to the 2 + and 4 + members of  the ground state 
band would indicate a spirt of  3. An upper limit of  0.01 was placed on a 420 keV 
transition to the 966 keV 2 + level, but this intensity limit is not inconsistent with a 
strong retardation of the 1300 keV transition to the first excited 2 + state (see table 6). 

Unfortunately, the gamma-ray intensities of  the transitions f rom the 1535 keV 
level are too weak and the intensity limits on the conversion electron lines too un- 
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ce r t a in  to  use a r g u m e n t s  s imi la r  to  the  a b o v e  to  d e t e r m i n e  the  p a r i t y  o f  this level.  

T h e  sp in  is 3, 4 o r  5 on  the  basis  o f  the  p a t t e r n  o f  g a m m a  rays  l eav ing  this  level.  T o  

h a v e  be t a  p o p u l a t i o n  o f  such  a h i g h  ene rgy  level  f r o m  the  3 -  g r o u n d  s ta te  o f  16°Tb 

w o u l d  sugges t  odd pa r i ty  fo r  the  1535 k e V  level.  W i t h  this  a s s u m p t i o n  o f  o d d  par i ty ,  

t he  re la t ive  E l  t r ans i t ion  ra tes  to  the  4 + g a m m a - v i b r a t i o n a l  a n d  4 + g r o u n d  s ta te  

bands  were  ca l cu l a t ed  a n d  a re  p r e s e n t e d  in tab le  6. T h e  resul ts  a re  cons i s t en t  w i th  an  

o d d - p a r i t y  a s s ignment .  

T a b l e  6 a lso  gives the  r e t a r d a t i o n  f a c t o r  o f  the  h igher  ene rgy  E1 t r an s i t i on  to  a 

m e m b e r  o f  the  g r o u n d  s ta te  r o t a t i o n a l  b a n d  re la t ive  to  the  t r ans i t i on  to  the  m e m b e r  

TABLE 6 

Relative hindrance factors for E1 transitions to the K = 0 ground state rotational band relative to 
the K = 2 gamma vibrational band 

Level energy Jl; JtKt E~, Relative hindrance 
(keY) factor 

1265 2; 22 298.6 
2; 20 1178.1 

1359 2; 22 392.5 
2; 20 1272.0 

1386 --;  42 230.6 
-- ;  40 1102.9 
- - ;  22 420 
--;  20 1300 

1399 3; 42 243.2 
3; 40 1115.2 
3; 22 432.7 
3; 20 1312.0 

1535 --;  42 379.4 
-- ;  40 1251.4 

TABLE 7 
Ratios of reduced E1 transition probabilities 

B(E1; IIKt ~ ItKr) E(It ---> It) Observed Calculated 
B(E1 ; l lKt ---> hKf )  E(It ---> 1~) ratio ~) 

112 4-8 

6.3 4-0.2 

15 4-2 

<90 

0.264-0.19 

0.124-0.04 

5.3 4-1.6 

Level 
energy 
(keV) K : O  K = I  K = 2  

B(E1; 2K --* 32) 216 
1264.7 B(E1; 2K -> 22) 29~ 0.38(3) 2 b) 2 0.5 

B(E1; 3K -->- 40) 1003 
1286.8 0.75(5) 1.33 0.75 0.75 b) 

B(E1 ; 3K --> 20) 1200 
B(EI; 2K --> 32) 310 

1358.7 B(E1 ; 2K -> 22) 39~ 1.34(6) 2 b) 2 0.5 

B(E1; 3K -> 40) 1115 
1399.9 0.58(5) 1.33 0.75 0.75 b) 

B(E1; 3K -> 20) 1312 

a) Numbers in parentheses are the uncertainties. 
b) Calculated from the reduced transition probability for a K-forbidden E1 transition as given in 

ref. 84). 
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of the gamma-vibrational band with the same spin. The large retardation of the 
transition f rom the 1265 keV level to the ground state 2 + level relative to the one to 
the gamma-band level has been used to argue that the 1265 keV state is a K = 2 
level, and the small retardation factors for similar transitions from the 1359 and 1399 
keV levels suggest K = 0 or K = 1 for them. This same argument suggests that the 
1386 and 1535 keV levels are K = 2 and K --- 0 or 1, respectively. However, it should 
be noted that a I ~ K  = 4 - 2  assignment for the 1535 keV state is also consistent with 
the data. 

The relative reduced E1 transition probabilities from the odd-parity levels to the 
gamma and ground state bands have been discussed previously 13, 20). These data 
also were used to assign K quantum numbers to the 1265, 1287, 1359 and 1399 keV 
levels as shown in the decay scheme. The results from our improved intensities are 
presented in table 7. The point of interest is that with our improved limits of  error 
there remains disagreement between the calculated values and our results in three cases. 
Ewan et  al. 1 a) have suggested these differences can be explained in terms of mixing 
of the two close-lying 2 -  levels and of the two 3-  levels. It  seems difficult, however, 
to arrive at a unique interpretation of these negative-parity levels in 16°Dy at present 
as has been pointed out recently 20). 

It  may be noted that the K-conversion coefficient of the 765 keV transition is larger 
than the theoretical E2 value. An M1 admixture is not expected, since the M1 ad- 
mixtures in the decay of gamma-vibrational bands to the ground state are small 
( <  few percent). The difficulty probably arises f rom underestimation of the intensity 
of  the gamma line which sits on a Compton edge. Also, it should be noted that the 
~ of the 93.9 keV transition obtained from averaging the electron intensities of  
Ewan et  al. 13) and Bohm and Rogers 15) (normalized relative to the 87 keV K- 
lines), and our gamma-ray intensities lead to a nearly pure E2 assignment for the 
93.9 keV transition. This E2 assignment (but not M1) also fits the measured K / M  
and inferred K/L  ratios as obtained by Ewan et  al. 13). Thus, the earlier predominant- 
ly M1 assignment 15) appears to be in error. 

The 1287 keV transition has been tentatively placed as the ground state transition 
f rom the 1286 keV level. As a result, one has the case of an E3 transition competing 
with two E1 transitions in depopulating this state. However, Elbek et  al. 35) have de- 
termined that the B(E3) associated with this state is enhanced by a factor of  11 over 
the single-particle value. Since E1 transitions are in general hindered 35) often by 
factors of  105 or more, it is not unlikely that the E3 transition can compete with the 
E1 transitions. 

Finally, it should be noted that no evidence was obtained with either the large 
volume detectors or the Compton suppressed system for population of any K ~ = 0 ÷ 
beta-vibrational levels f rom the decay of 160Tb as might be expected f rom a 3-  ground 
state decay. Such levels are expected to start around 1100 keV. 

The Vanderbilt group would like to thank Dr. C. Bemis for his help and cooperation 
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