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Abstract
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for heavy element nuclear science has obtained

The research group

an einsteinium isotope (half micro-gram) under
collaboration with Oak Ridge National Laboratory,
USA (ORNL, under the jurisdiction of DOE). After the
production of Es, Einsteinium extraction was recently
performed at ORNL, which has not been performed for
14 years since 2003. The circumstances under which
Es was obtained and our research plans for Es are

briefly introduced in this paper.

1. Einsteinium and its production

Einsteinium (Es, atomic number Z = 99) was
discovered in 1952 from the radioactive fallout
produced by the hydrogen bomb. Nowadays, this
isotope can be produced by irradiating seed nuclides
with neutrons in a nuclear reactor. Einsteinium-254
(**Es, half-life = 276 days), obtained recently by JAEA,
was generated in the High Flux Isotope Reactor
(HFIR) at ORNL. HFIR is used to produce actinide
isotopes such as Californium-252 (**Cf, Z = 98) as well
as a neutron source. In the present case, ®Es was
produced as a by-product of ®*Cf. The formation paths
from the seed to ®Es is shown in Fig. 1. Several tens
of grams of americium (Am, Z = 95) and curium (Cm,

7Z = 96) were enclosed in an air-tight container, which
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was then irradiated by neutrons in the reactor core to
accumulate *'Es.

ORNL had no plan to extract einsteinium during
BICf production. However, our calculation estimated
the produced amount of ®*Es to reach one micro-gram
during the irradiation. Thus, our group negotiated with
ORNL/DOE to allow the extraction of the produced
Es for our experimental studies, which was then finally

realized.

2. International collaboration, Unique Research
Program, and Succession of Technical Skills

For the negotiation to obtain ®'Es, it was important
to be able to conduct unique experiments with original
techniques developed by JAEA and to realize such
experiments with only approximately 0.1 u g of ®Es.
We concluded that, in-beam fission measurements,
using heavy-ion beams from the JAEA tandem
accelerator is possible. Furthermore, EXAFS
measurement of hydrated Es complex at the SPring-8
synchrotron radiation facility using a setup developed
at JAEA was contemplated.
(1) International Collaboration with ORNL

Based on the Reimei research program, we have been
collaborating with ORNL for nuclear physics programs
at the JAEA tandem facility. This relationship created
a wide discussion on potential collaborative nuclear
physics experiments, including fission physics. Our
group developed a fission-measurement setup that
allowed us to obtain new data for various actinide
isotopes such as neptunium and curium [1-3]. The

discussion concluded that ®*Es, which will be produced
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in the HFIR campaign in 2016-2017, would offer a
unique opportunity to study the fission of fermium
(Z = 100) isotopes, in which case a sudden change in
the fission-fragment mass distributions was found for
neutron-rich isotopes. The unique setup and novel
technique developed at JAEA was essential to create
the einsteinium program.
(2) Succession of Technical Skills

As mentioned before, Es was extracted after an
interval of 14 years at ORNL. Es is the heaviest
element among those of which a macro amount
is available for chemical studies. In ORNL, it was
considered an important subject to hand down the
necessary skills of chemical separation and purify such
heavy actinide elements to the next generation, and
thus, they employed technical staff to carry out the
separation. Our group, too, has the skills to chemically
separate actinide elements. Chemical purification of
®Es is necessary at intervals of 1 or 2 months for use
in experiments using highly purified ®*Es; 14% of ®Es
decays to its daughter nuclide only in 2 months. Thus,
this technique is essentially required to perform all our

. . . 254
experiments using purified ““Es.

3. Summary

The production of the rare ®'Es reinvigorated a great
interest in the physics and chemistry of the heaviest
elements and nuclei. In nuclear physics, this finding
provides us an opportunity to attack the open question
about fission in the fermium region. From the EXAFS
measurement, we can obtain information on hydrated
complexes of Es, such as hydrated radius, for the
first time. I hope that the program can help promote

research activities related to the heaviest actinides.
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Fig.1

Paths to produce einsteinium in a high-flux reactor. Neutron capture and 8~ decay processes are repeated to reach
25Es. Through the reaction and decay network, a few nanograms of fermium isotopes, the heaviest element that can
be produced in the reactor, will be generated.
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