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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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- ABSTRACT |
A lithium-drifted germanium detector having a resolution of 1.3 keV

at 122 keV has been used toféxamine the gamma-ray spectrum of 177Lum. Three .

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

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

the parameters associated with the Unified Nuclear Model. Of particular

inierest 18 the comparison of derived El transitionlprobabilities to simple

theory.
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.nucleus have been carrled out prlmarily u51ng curved crystal spectrometers
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The 155-day isomer of 177Lu offers a good test of the Unified Model,

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

17T

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

Hf.
The succeeding intra- and inter-band transitions provide many relationships
whi¢h are easily compared to theory.

Past studies of the gamma ray spectrum emitted in the decay of this

1,2

The rapid development of 1ithium-drifted germanium (Ge(Li)) detectors has

_allowed us toVStudy'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'i,3 keV at

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

177

scheme of

3

Hf as proposed by Alexander et al.l and modified by both Blok and

177. m

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

et al.l is shown in Fig. lf 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 (17/2 + (K = 9/2)1;;15/2 - (K = 7/2)) transitions.

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

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

- ratios within the rotational bands. These dataﬂare summarized in Table I..
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It can be seen that the derived wvalues are constant (within experimental error)

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

transitions,aboVe'eoo.keY to a greater degree of accuracy than that attained
threugh curved-crystal'measurements. |

- Of pafticular theoretical intereet in 177Hf is the large number of El
interband trenSifions..'Attempts to explain the observed transition rates of -
El's in 177Hf as weil as other nuclei have been lergely unsuccessful.  However,
both Refs. 5 and 6 have indicated that consideration of the rotation-particle
inﬁeraction should be included in.calculating absolute El transition probabilities
for the case AK = 1. | |

According to the presently established level scheme of l77Hf, earlier

work has identified ten of the sixteen El's ostensibly leading from the 9/2+[624]
to the 7/2-] 512] band. Identlflcatlon of the 21/2 -+19/2 and 17/2 »15/2 | ’-,
inte;bend'transitions,has now been achieved. Moreover, Table II shows that
impfoved relative intensity'measurements,'pafticularly for the 117.0 keV

gamma ray, have:apparently removedfthe only case of serioug disagreement

Between experiment and the theereﬁical branching ratios obtained using the

' pfocedure 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, 40.8, and 69.0 keV El's are in all likeli-
hood too weak to be seen with:presently available detection systems. They

would have 1nten51ties of only about 0.02, 0.09, and 0.09 percent. respectively,-

el 1t ¢

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

"misging" El trensitipns.

S
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The additional ékperimental evidence found in l77Hf for RPC admixed
components in the E1 transition probability lends further support to this

apﬁroach in explaining anomalous El branching ratios.
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Table I. Branching ratios and g factors for the K = 7/2+ [4ok]rotational band
in 17TLu and the K = 7/2-[514] and K = 9/2+[624] bands in LTTHf. A is the

' experlmental crossover to cascade ratio where I 'is the initial spin state.

1/8 is the ML/E2 branching ratio for I —I-1 cascade transitions. Q5 is the

intrinsic quadrupole moment for the nucleus in spin state I, and gK gR is

associated with transitions I - I-1.

. I ‘_ RS ‘ [(gK-gR)/QO]2 - 1/88
177Lu v y , v
K =7/2¢+ 11/2 ) ' 0.86%0.12  (2.6%0.4) x 107 k.0
| 13/2 - 2.1 %0.3 (2.440.3) x 10 k.o
E 15/2 . - 3.3 to.u (2.6%0.3) x 1072 k.3
17/2 k.9 #0.7 (2.5%0.4) x 107 b
1TTge S - _
K = 7/2- . 1ye 2 'u.o 0.4 (o. h} . hB) X 1o‘hx= 0.077
o S 132 0 S T.0f.0 ! (267 g) % 107 0.48
15/2 - ©17.3 3.3 (2. uti f) w0t s
1TTye - : - . -
K =_9/2+ - _ - 13/2 - E 0.35%0. 0k (2.7io.3) x 107 7.8 P
' L 15/2 . 0.81%0.08 _(2.8io.3)'&_1o'3v 7.6
ce 172 _ﬁul.hgio.lh'~;r(2.9io.3) x 107 7.8
19/2 | 1.95%0.20  (3.0%0.3) X 107 7:5
21/2- - ' 3.35%0.k2  (2.7%0.3) x 107 7.4

T NaERR
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Table II.: Relatlve ‘reduced strengths for trans1t10ns from the K = 9/2+‘€o K = 7/2-
: 3  bands in 17THE.
| B(EL) I, ST,
- B(E1) I, _>i'f
o ‘I ' Experiment Theory
I, I 1, f%_ : This Alex.t Alaga7 After
: v work : Vergnes
| ' - - (Ref. 5)
Cg/2 9/2 /2 54 200 175 L0.25 200
/2 9/2 0.01k 0.35 0.37 0.10 = 0.18
11/2 11/2 9/2 2.8 15.4  15.8 0.41 13
11/2; 713/2 11/2 (0.0008)" o . - 0.1k 0.79
13/2 . 13/2 w2 07 bk 7.7 0.6 3.7
,fiyéf] 1y2 13/2 “045 2.5 éQ' " 20.70 1.9
Soare o 1m)e 15/2 (0.033)" 0.9 1.2
Clage 192 a2 (o.oww)t '0.88  0.81.
/2 ;121/2 “19/2  (0.002)" - 0.96 0.61

. >-. *

Assumed to adgust ‘parameter(s).

Parentheses indicate theoretlcal ratlos, in cases where one of the gamma-rays if unobserved

* Alaga s rule for. branchlng between members of two rotatlonal bands is the ratio of Clebsch-

-

;:ft;;;Gordan coetficients, (I;1 K, -llIfo)/(I 1 K,-1|1' K,), squared.
e

f

o
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~ FIGURE CAPTION f'

177Lum]és proposed by Alexander et_al;l and modified = .

Fiél-l. Decay scheme of

by Refs. 5) L, and the present work.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A.

B.

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "persoﬂ acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








