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GAMMA RAY SPECTROSCOPY ON 155-DAY Lu177,USING '
LITHIUM-DRIFTED GERMANIUM COUNTERS

J. Blok and D. A. Shirley

Department of Chemistry and Lawrence Radiation Laboratory
University of California ..
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-
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We have used recently-developed lithiu drlfted germanium gamma-ray

1)

detectors™; to study the spectrum from the dec ay of the 155-day isomer of
Lul77. This isomer has been ahown to be a three quasi-partlcle state of an
odd proton and an uncoupled neutron pair vhich gives rise to the very high
- spin of 23/2 ’3) L | , ' . '. |

Quite thorough studies have been made of the decay scheme of 155 day
177 2, 5?. The 1somer was shown to decay partly by isomeric transition to‘

ol and partly

by B~ decay to corre5pond1ﬁg three quasi-particle states in Hf177,

177

high-lying levels of the K = 7/2 [LO4] rotatioaal band of Lu

‘Alexander, -

et al.e)'were able to confirm all the levels..o” the Lu

to spin'l7/2 and all the members of the two Hf“?7

rotational band up
rotational bands up to Spinf.
21/2 except for the spin 19/2 level of the K = 7/27 [514] band. The decay

scheme 4is shown in Fig. 1
Ve feel that this decay is a partlcularly “mportant one for nuclear

structure theory, involvin“ as it does up to eigh: members of a rotatlonal

band 1n Hf 77, and it seemnd worthwhile to conflrn the proposed level schemes :-Q‘

independently by definitive goincidence meagurements and'hlgh-sensit1V1ty--v

gamma-ray spec%roscoby using5the'new1y-deveioped gamma-ray counters. In

particular we: yere 1nterested in filling the guo in the 7/2 [Slhj band,'in o o -

which there N3 Nno experimenta) eviuence for th, ~9/2 state
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missing 19/2 &evel and the 15/’ level in the K = /2 band of Hf
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A sample of 155-day Lu177

was prepared by irradiacing natural lutetium
metal for one U4l-day cycle with a neutron flux: of 5 X lOl in the ETR reactor

at Arco, Jdaho. After a waiting perilod of several months to pefmit the T-day

isomer to decay, the sample wes dissolved and separated from long-lived acti-

vities, of 511 otherlelements by means of an ion-exchange‘érocedure.
Qhe'Ge(Li) coﬁnters which were used to obtain the spectre measured
1 emo X 2 em. in sensitive area and 6 mm. in depth. They were produced at this
iaboreoory, as were the associated preamplifiers, amplifiers,land coincidence
circoitfy. The gamma-ray absorption efficiencyvof the counters was such that
sourcee[of less than one millicurie gave reasorable counsing rates, enablihg

us to obtaln the sPectrum shown in Flg 2 in about two days.

In Fig 2 we show a gamma~ray spectrum of 155- day Lu177'obtained with,'f  #_ R

the Ge(Li) counter. Comparison with the bent-crystal dataz) shows that, al-

though not as good for low energies, the resolution of tae Ge(Li) counter exe

. cels that.of the bent-crystal spectrometer for energiés above about 300 keV.

In two other respeccg theeGe(Li) countere are far superior to a'bent—crystal .
spectrometer for these reasonebly higﬁ energies. First, the efficiency is ;
far higher;;our expefiments were done with sources of. less than one‘millicurie.
Secondly, the signal-to—noiee ratlo is ver& hlgh for Ge(ul) counters, since
there is little background 61e to 1ncoherent scattering.

In Fig. 5 we show a spectrum of the region around 420 keV on an expanded
scale. One observes a peak as about h26 keV which was not seen by Alexander,
et al. This peak fits energe, cally as the ‘crosg-over transition betweén the

77 eTo

. eqtabllsh tha thls h26 keV gnuma ray actually Was the 19/2 to 15/2 trans1tion, S

we used two Ge{Li) counters an~ obtained a spec*“um which was in comnc1dence '

with - thic gamma ray. Dae %o the low effic vqcy of - Jhe Ge(Li) counters,"

the coineddenc: eounting raae was very low; - hence oaly the more prominenﬁ
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fnucleer_orientation measdyrenents with 155-day Lu"

3= ' UCRL-116k4 Rev.

" gamma rays could be seen. Peaks were observed in the coincldence spectrum at

113, 136, 249 and 341 keV and the other prominent peaks of the singles spectrum
were elther sharply reduced in intensity or else were comoletely missing, as
shown in Fig. k. Thus the 426 keV gamma ray must certalnly come from the 19/2

to 15/2 transition in the K = 7/2" band of aet 7

. A careful search was made
for the transitions which must feed the 19/2 level, namely the 21/2 to 19/2
cascade of about 243 keV or the 21/2 to 19/2 interband trénsition'of about 284
keV. Nelther peak could be found; the former because of the hlgh Compton
background in the low energy region, and the latter because resolution from
the intense 281 keV peak was impossible. Even without this final proof,
however, tne position of nhe 19/2 level appear:s to be.well established.

© As an.additional independent check of she decay scheme of Alexander,
et al. ve measured the spectra in coincidence with the 1c5, %13, and 418 keV
transitions. Prominentvpegks_were again present or absent_in agreement Wlth".
the above decey schemer | | |

We conclude that tne proposed decay.scneme is confirmed in detail by the

gamma~ray spectra and the‘;oincidence work yitn Ge(Li) counters, end.in'parti;
cular that the 426 keV ganria ray is'fresent? thus establishing the 19/2 member :i .
of the 7/2 [514] band, . ?neee measurements -indicate the power of the Ge(Li).
counters for gamma ray sPégcrescopy; Accureﬁe inﬁensity determinatiens and.“

¥ | Cm

are underway. -
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Fig.

- of gamma rays above 318 keV are ours, (amma rays observed in this
Fig. 2. Gamma ray specﬁrum of 155-day Lul
Fig.

Fig.
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FIGURE CAPTIONS ,

!

1. Decay scheme of 1u'T7 taken from Ref. 2. We have sdded the\i\j 19/2

level of the K = 7/27 [514] band and its associated gamma ray.~ Energies

work are underlined.

7 with Ge(Li) detectors. The peaks

are ldentified by thelr energy in keV,
‘ 177

-3, Detail of 155-day Lu gemma ray spectr.m showing the 426 keV transi-

tion, The experimental points are indic:ted as filled circles.

4. Gammg ray spectrum of 155-day 7 in coincidence with the 426 keV

i

transition. Some ofithe peaks in coipciience with the 418 keV peak

. Q;ére:aléo present’ (weakly), since a small amount of the 418 keV peak
~ was accepted through the gate. Coinciderce of the 113 with the 426 -~ e

| a kévbpeak'was determined in a separate ru:.
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