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ABSTRACT: The decay of Tiuu bhas been studied with sciatillation specw
trometsrs,coincidences and delayed coincidences. It was Tound that it dg
cays ty electron capture to the second execited state of S@J% This is fol
lowed by a gamma ray of 79 Kev and then a gamma ray of 70 Rev, The 70 Kev
state is metastable with a half 1ife of 0,18 microseconds.

INTRODUCTION
The nuclide Iim was found by Sharp and Diamond’’% who des-
eribed it as deceying by electron capture, followed by a gamma ray of
160 Kev, They found that it decays only to the 3,9 h ground state of
Scmg’ and that it does not populate the 2,li d metastable state in ScM.
Their measurements indicated that the half life was greater than 23 y,

Huizenga and Wi 3 nede a careful study of the gemma ray
spectrum in the decay of I1™"; and proved that the decay is followed by
two gezmma rays in coincidence,ome with an energy around 68 Kev and the
oblher with an snergy arcund 76 Eev, giving a cemposite peak at 72 Kev,
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They found that the cross over transition was Lsss than 2% of the total
mumber of desintegraticns, They obssrved a peak at 14l Kev,but by us -
ing Cu absorbers they came to the conclusion thot it was all due to pi
le up, giving the above upper liimit, They propoged a decay schund,

We thought that 1t was worth while Lo investicate the decay
01 T:I.h‘"L with the hcpe of measuring the energy of gamma rays precisely
and toc setile the guestion of the coniflicting evidince about the gamna
ray of the cross over transilion.

There is also a practical reason why vwe should know ths dew
cay scheme of El?.'i.l‘u‘L as well as possible, Since the nalf life of Tiﬂu is
long, it will te useful 1In Geophysical and Cosmopoysical chronolony. for
ins’cance,Tim would be a good integrator for the cosmle ray fiux receiy
ed by an iron meteorite for periods of /10 of the half 1life to I half li-
fes before their fail,

The Tihh was prepared by irradiating a sample ofSOIu;ofSCZOB
of 99% purity,the remaining 1% being mostly a mixture of the cther rare
earths, The 3c203 was mounted on a sultable target hiolder and irradiaf
ed with 22 Mev deutercns from the synchrocyclotron of the Comision Na=-
cional de Energia Atomica, Buencs sires, Argentire, The integrated cur
rent that it received was of 100 microamp-hr., The reaction that produces
Tim'IL 1s scl# (d, 3n)Tiuh. The irradiated Sc was brought to cur isbora-

tory and allowed to decay for two months before processing,.
EXPERIMENTAL MBETHOD
The chemlical procedure had to separate the Tiuu from the
Sc‘!"'6 and other rare earth lmpurities, from Zr and Hf, and frcom other
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smaller impurities. The Sc293 was fused w;th HNaSOh, the melt was exe
traeted with dilute HCl, 10 mg of Cuy 10 mg of Zn and 20 mg of Ti were
added &nd the mixture of hydroxldes was preeipitated with NHuOH. The

hydroxides were dissolved in 0.1l M oxalic acid and the Ti separated from
the sc and the other metals that do not form complex with oxalic acid
by means of an anion exchange column, following the technique of wwweﬁﬁ
After separating the S¢, the Tl was eluted with 0.1 N HCl, It was cop
centrated and boiled with HNO3 to destroy organic matter. It was eva-
porated to near dryness with Hasqu, 10 mg of Zr were added and the so-
lution was poured over a cold mixture of NHhOH and 20% H,0,. The pre=-
cipitate was filtered and washed, The filtrate and washings were made
acld with HC1l and boiled thoroughly to destroy the H202° The Ti was
precipitated with NHhOH.

The preeipltate was dissolved in Hasoh and diluted to make
it 20% by weight in H,S0,, 10 ml of Hy0, and 20 mg of Zr were added.
The 2r was precipitated at 50°C with 200 mg of secondary ammonium phog
phate, The precipitate was flltered and washed with 5% NaN03. The fil
trate was reduced with 4t g of Ra2503 and neutralized with NaOH, The
precipltate containing the Ti was riltered, wagshed and incinerated,

The precipitate was spread over a circle of 1.5 cm diameter,
mounted between two plastic foils having 10 mg/cmz and then the measure
ments were carried out, We measured the gamma ray spectrum of the sapg
ple up to 800 Kev, In this region it showed peaks at Tl Kev, 149 Kev
and the aapihilation peak at 511 Kev from the daughter Scuh. No other
primary gamma ray could be detected and this showed that the sample was
radiochemiecally pure, We saw of course the spectrum of the Compton
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affect from the 511 Kev gamma ray and 1ts back-scattered gamma ray of
170 Kev,

We then made measurements of colncidences and delayed coin-
cidences around the peak at T4 Kev. We verified the result of Huizen
ga and Wiﬁg, namely, there are two gamma rays in coincidence in the up
resolved peak, We also found that the low energy gamma ray was delayed
in regard to the high energy one, We fixed one of the gamma ray spec-
trometers to count on the low energy side of the composite peak and
the other on the high energy side of it, and we were able to obtain the
delayed coincldence curve shown in Figure 1, A prompt coincidence cup
ve iaken with annihilation radiation is shown for comparison. This
gives for the low energy gamma ray the half life of 0.18 I 0.02 micro-

seconds,

Our delayed coincidence spectrometer used two single channel
pulse height analyzers with NaI(Tl) crystals of 3/2" diameter by 1“.
height. The pulses at the output of the analyzers were fed to the de=
lay éoincidénce circult, This was of conventionazl design. The smalle
est delay that could be introduced was 2.5 microseconds and the width
of the coincidence channels was fixed at 2 microseconds. The time was
measured with a Tektronix oscilloscope type 531, The instrument was
checked by measuring the half life of the delayed state in W187 and we

found 0.6 ¥ 0.1 microseconds in agreement with other measurementss’6.

We could use the delay to measure the energy of the gamma
fays precisely. This was done by introducing enough. delay to cut the
colncldence counting rate to half its value without delay while one of

the spectrometers was set on the low energy side and the other was set
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on the high energy side of the composite peak, The spectrum was measy
ved on one spectrometer and then on the other and gave the values of
70 ¥ 2 Kev and 79 ¥ 2 Kev, The delay was increased uniil the coincld-
gace counting rate was one fourth of the value without Aelsy. The
moasurements were repeated and gave the same results, The 2ines obtal

nsd in these measnrements were narrower and looked llke single lines.,

We carrled out measurements on the ﬁeak at 149 Kev with the
eim of detecting the cross over transition., We tried three technigues
to reduce the contribution of the pile up pesk. The distance from the
source to the detector was varied and Pb and Cu a&absorbers wer used,
It was not possible to detect it, An upper limit of 4¥ relative to
each of the gamma rays of 70 Kev and 79 Kev could be set, The upper
limit could not be reduced because our source had only 20,000 dpm and

because of the back-scattered gamma ray of 170 Kev,

DISCUSSION

The half 1ife of 0.18 microseconds found for the 70 Kev tmams
ition allows us to classify it as Ml. The half life given by the for-
mula of Weisskop£7 for the single particle transition is 8:::!.‘.')":":L sec,
but experimentally measured half lives of Ml transitions sometimes are
more than 1000 times slower than the values given by the single parti-
cle formulaT’s.

The spin and parity of fI.‘im'L 1s very probably_of, being an
even-even nuclide, 1Its decay to the second excited state in Seuh is
allowed, and its decay to the first excited state is forbidden. The
decay of the ground state of St:."“l‘l to the ground state of Cas.lm is forbl
dden, and its decay to the first excited state is allowed. 4ll1  this
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together with the information of this work leads to the assigrment of
5*, Zf and 17 for the ground state, first excited state, and second ex
cited state of Schh. The transition of 79 Kev must be then M1l and the

cross over transition E2.

All the information leads to the decay scheme shown in Figy
re 2, This decay scheme 1s the same as the one of Hulzenga and Wing
with some improvements, The energies of the gamma rays are known more
precisely. Their order 1s known too, Finally, it has been established
the existence of a metastable state in Scuh of 0,18 microseconds., The
2.l 4 state 1s also shown in the decay scheme,

We are greatly indebted to the Comision Nacional de Energia
Atomica, Bueros Aires, Argentina, for making the irradiation for us
without which this work could not have been carried out. We are also
indebted to N, L. Costa, I. G, Almelda and M, Levl for their help in
the chemical separations, and to S, Oschalins for his help with the e-
lectronic equipment.
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