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A lithium-drifted germanium detector having a resolution of 1.3 keV 

. , 177 m 
at 122 keV has been used to examine the gamma-ray spectrum of Lu. Three. 

new transitions have been found which fit into the previous decay.scheme. 

Gamma-ray relative intensity measurements have been used to derive many of 

the parameters associated with the Unified Nuclear Model. Of particular 

interest is the comparison of derived El transition.probabilities to simple 

tn~ory. 
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July 1966 

177 ' 
The 155-day isomer of Lu offers a good test of the Unified Model 

for deformed nuclei. The high spin of this isomer (23/2) permits population 

of high-spin members of low-lying rotational bands in both 177Lu and l77Hf. 

The succeeding intra- and inter-band transitions provide many relationships 

which are easily compared to theory. 

Past studies of the gamma-ray spectrum emitted in the decay of this 
' .· ' 1 2 

nucleus have been carried out primarily using curved-crystal spectrometers. '· 

The rapid development of lithium-drifted germanium (Ge(Li)) detectors has 

·, allowed us to study this spectrum, taking particular advantage of the peak-

to-background ratio, which is significantly better than that observed with the 

curved-crystal. Using a Ge(Li) detector having a resolution of 1.3 keV at 

122 keV, we have' found three of the expected transitions missing from the level 

scheme of 177ur as proposed by Alexander et al. 1 and modified by both Blok and 
3 4 , 177 m 

Shirley and Bodenstedt et al. The decay scheme of. Lu from Alexander 

1 ' 
et al. is shown in Fig. l. The transitions which we have added are the 

181.7 -keV ( 15/2 -+13/2, K = 7/2-band), 283. 3-keV (21/2+ (K =.9/2) -+ 19/2 

·- (K = 7/2)), and 291.3-keV (17/~ + (K = 9/2) -+15/2- (K = 7/2)) transitions. 

We have also measured the relative intensities of all gamma rays in 

the above scheme, and used these values to calculate ~ factors and branching 

. ratios within the rotational bands. These data. are summarized in Table 1. 
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It can be seen that the derived values are constant (within experimental error) 

in each band. Work is presently under way to establish the energies of those 

transitions. above 200 keV to a greater degree of accuracy than that attained 

through curved-crystal measurements. 

Of particular theoretical interest in 1; 7Hf is.the large nUiil.ber of El 

interband transitions. Attempts to explain the observed transition rates of 

El's in 177Hf as well as other nuclei have been largely unsuccessful. However, 

both Refs, 5 and 6 have indicated that consideration of the rotation-particle 

interaction should be included in calculating absolute El transition probabilities 

for the case 6K = ±1. 

According to the presently established level scheme of 177Hf, earlier 

work has identified ten of the sixteen El's ostensibly leading from the 9/2+[624) 

to the 7/2- [512] band. Identification of the 21/2 ~ 19/2 and 17/2 ~ 15/2 

interband transitions has now been achieved. Moreover, Table II shows that 

improved relative intensity measurements, particularly for the 117.0 keV 

gamma ray, have apparently removed the only case of serious disagreement 

between experiment and the theoretical branching ratios obtained using the 

procedure followed in Ref. 5· Therefore, it has seemed valid to predict the 

branching ratios and thus the intensities of the four unobserved El transitions. 

As indicated in Table II, the 17.7, 4o.8, and 69.0 keV El's are in all likeli-

hood too weak to be seen with presently avail:able detection sys.tems. They 

would have .. intensities of only about 0.02, 0.09, and 0.09 percent respectively, 

ret~t,iye,·~~~ ;thej 105.4 keV ga~· · Although the 88.7 key: ~r has:ija; pr.eN~t~~. -'(;. 

! ~~e~J Ji ~i ~~~h~ns I. t,v \ qf 0. 31>, no . evidence """. found to 1 ~~1d.. tii i~ll ~H~~~~~} /rf 

Further studies are being undertaken to identify at least two of the four 

"missing" El transitions. 

. ,:!":.-
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The additional experimental evidence found in 177Hf for RPC admixed 
.. 

components in the El transition probability lends further support to this 

approach in explaining anomalous El branching ratios. 

J ! 

.... 

. ·• 
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Table I. Branching ratios and g factors for the K = 7/2+[ 404 ]rotational band 
in 177Lu and the K = 7/2-[514] and K = 9/2+[624] bands in 177Hf .. A. is the 
experimental crossover to cascade ratio where I is the initial spin state. 

' l/52 is the Ml/E2 branching ratio for I ~r-1 cascade transitions. ~ is the .. intrinsic quadrupole moment for the nucleus in spin state I, and_gK-gR is ··. 
...• asso.ciated with transitions I ~ I-1. 

....... • I A. [(~-gR)/'\,)2 1/52 

177Lu 
' 

4(2.6±o.4) x 10-3 K = 7/2+ 11/2 0.86±0.12 4.0 

13/2 2.1 ±0.3 (2.4±0.3) X 10-3 4.0 

15/2 3·3 ±o.4 (2.6±0.3) X 10-3 4.3 

17/2 4.9 ±o.7 (2.5±0.4) X 10-3 4.4 

177Hf 

K = 7/2- . 11/2 4.o ±o.4 ( 4 +o.68) -4 
0. 3.o.43 X 10 \ · 0.077 

13/2 7.0 ±Lo '· (2.6:~:~) X 16-
4 

0.48 

15/2 17.3 ±3.3 ( 4+1.6) -4 2. -l.l X 10 0.45 

177Hf 

K = 9/2+ 13/2 0.35±0.04 ( + ) . -3 2.7-0.3 X 10 7.8 

15/2 o.81±o.o8 (2.8±o.3) x 1o-3 7.6 

' ' 17/2 .1, 42±0.14 (2.9±0.3) X l0-3 7.8 

19/2 1.95±0.20 (3.0±0.3) X 10-3 
7•5 

21/2 3·35±0.42 (2,7±0.3) X 10-3 7.4 

. ·~ ': ., 
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Table II.· Relative reduced strengths for transitions from the K = 9/2+ to K = 7/2-
bands in 1 77Hf. 

Ii 

9/2 

9/2 

11/2 

11/2. 

13/2 ' 
.. -... - c, ... · .. ,. . '-- 1"' 2 . 

. · . . ./ 

'17/2 
·' 

19/2 

21/2. 
-... 

I . 
f 

9/2 
11/2 .. 

11/2 

13/2 

13/2 

"1:5/2 

17/2 

19/2 

·. 21/2 

I 
I'f ..::L 

I' -y 

7/2. 54 

9/2 0.014 

2.8 

(o.ooo8)t 

-
9/2 

11/2 

11/2 o.-47 

13/2 0.15 

15/2 (0.03)/ 

17/2 (O.Ol1)t 

19/2 (0.002)t 

* . . 
Assumed to adjust parameter(s). 

B(El) Ii ~If 

B(El) I 1 ~I'f 

Experiment Theory 

This Alex. l Alaga 7* ·.After 
work Vergnes 

(Ref~ 5) 

* 200 175 . 0.23 200 

0.35 0.37 0.10 0.48 

15.4 15.8 0.41 13 

' ' . 0.14 0.79 

4.4 7-7 0.56 3-7 

2.5 2o co·~70 ·.1.9 
·•:. 0.79 1.2 

0.88 0.81 > 

.. 

. 0.96 0.61 

tParentheses indicate theoretical ratios, in cases where one of the gamma-rays if unobserved. 
, .. * ·. .· . 
. . _ Alaga's rule for. branching between members of two rotational bands is the ratio of Clebsch-

_--: , ~rdan coefficients, (Ii 1 K1 -11 I:ff)/(Ii 1 Ki -11 I' ;<:f), squared. 
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fiQURE CAPriON . 

F:t.~;. 1. 
177 m · 1 · Decay scheme of Lu ,as proposed by Alexander et al. and modified 

by Refs. 3; 4, and the present work. 
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sponsored work. Neither the United States, nor the Com~ 
m1ss1on, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
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