Search for an isomer state of 229Th with
extremely low energy using alpha-spectrometry
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The author employed a rapid preparation method of a-source with
high-resolution, and searched for 2*™Th, a nuclear isomer with ultra-low excitation
energy, produced from B-decay of **’Ac and o-decay of 23_3U. At first, the author
developed a co-precipitation method which is by no means inferior to electrodeposition
method in point of resolution (< 20 keV), chemical yield (~95 %) and uniformity. The
greatest impfovement over the other methods is that the newly devised method makes it
possible to prepare an a-source within 5 minutes. Subsequently, the author produced
22MTh in the nuclear reaction 22Th(y,p2n)*?Ac, followed by disintegration to 2*™¢Th.
The isomer was searched for by a-spectrometry. As a result, the half-life of >*™Th was
estimated not to be longer than several days. However, a good counting statistics is not
achieved by using the production of **™Th in nuclear reaction. In addition, the author
produced #*™Th by a-decay of 93mg of *°U and attempted to estimate its half-life.
Finally, the author has concluded that the half-life of “*™Th is shorter than 1 hour at 1o
confidence level aﬁd shorter than 3 hours at 20 confidence level, suggesting that an

electron bridge mechanism or a medium effect is correlated with it.
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The purpose of this study is detection of the decay signal from an excited state
of *Th (Zzngh) with the energy lower than for any known nuclide. The excitation

energy was estimated about 3.5 eV, which is extremely low with around 10%~10 of
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general atomic nucleus. Internal conversion process is prohibited in **™Th because the
excitation energy of the isomeric transition from *™Th to ?°®Th is lower than even
binding energy of the outer-shell electrons in a thorium atom, the first ionization
potential of which is 5.9 eV. Therefore, the investigation of the **™Th deca)" is expected
to provide a strong verification of an electron—bridgé mechanism (EBM). In addition,
since the probability of the EBM depends on the energy state of the outer-shell electrons,
the half-life of *™Th can vary with its chemical state; hence the isomer is also
interesting from a chemical viewpoint. However, it is believed that no one has thus far
succeeded in detecting a decay signal from **™Th. o
 In this study, the author focused attention on a-decay as a direct decay signal
from ?*™Th. The expected favored o-decays from 2™ Th had energies higher than those
of 2*¢Th. This implies that the partial half-life of the o-decay of 2°™Th is shorter than
that of “®Th. A significant finding is that a-particles from *"Th are roughly
distinguishable from those from 2*2Th, if the a-spectrometry could be carried out with
a good resolution. Therefore, the author (1) developed a rapid preparation method of
a-source with high-resolution, ahd then (2) searched for 229m1h produced from B-decay

of ®°Ac and a-decay of 2°U.

(1) Development of a rapid preparation method of a-source with high-resolution

In this study, the author developed a co-precipitation method which is by no
means inferior to electrodeposition method in point of resolution (< 20 keV), chemical
yield (~95 %) and uniformity. The greatest improvement over other methods is that the
method is able to prepare an a-source within 5 minutes, even if the solution containing
o-activity is about 20 mL. Therefore, the method is suitable to measure short-lived
actinide elements.
(2) Search for **™Th produced from B-decay of *’Ac and a-decay of *U

The author produced ***Th in the nuclear reaction B2Th(y,p2n)*?Ac, followed
by disintegration to 2>*™&Th. The 29mTh a-decay was searched for. As the results, the
half-life of ***™Th was estimated that it was not long half-life but less than several days.
However, a sufficient qﬁantity of counting statistics is not able to be obtained by using
production of **™Th in nuclear reaction. In consequence, more restricted half-life can
not be obtained in this way. Hence, the author attempts to estimate that of **™Th by
means of the a-ray spectrometry of *™Th produced by the o-decay of 2°U. Being

produced from several milligrams of 2**U, a large quantity of ??*Th can be produced
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than using the nuclear reaction.

The author produced **™Th by a-decay of 93mg of U and attempted to
estimate its half-life. However, a-events were not obtained in the expected energy
region for 229mTh, with the exception of those deri\_/ed from %*®Th. From this experiment,
the author has concluded that the half-life of ?*™Th is shorter than 1 hour at 1o
confidence level and shorter than 3 hours at 26 confidence level. In the framework of
single-particle transition model, the partial half-life of direct photon emission from
29T is from 55 minuteé to 16 hours in the energy range from 2.5 eV to 6.5 eV. If
29MTh is disintegrated only through the direct photon emission, the excitation energy of
29mTh should be more than 4.5 eV, corresponding to the half-life of 3 hours. In other
words, the excitation energy of **™Th is less than the energy, >™Th disintegrated
through not only the direct photon emission but also other decay channels, for example
an EBM and a medium effect. A larger starting amount of U and many more
experiments would provide more detailed half-life of **™Th. In addition, to investigate
the decay properties of 2*™Th, it is important that the detailed excitation energy of

29MT is investigated by photon detection and so on.
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