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Spirit

— YBDOEREFEHOREDZETND
BHEEICBHESNT —
Eagerness to know the essence of things

generates Frontier Spirit of Nuclear Research

— fascinated by the chart of the nuclides, where the origin of
matter and the history of the universe are engraved —
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Research Group for Advanced Theoretical Physics

Under the title of “Alchemy
of the Universe” , Dr. Hiroyuki
Koura, a principal researcher
has conducted outreach
activities at several lectures
and science cafes to popularize the Chart of the Nuclides,
or the Nuclear Chart, which can be called the “world
atlas” of atomic nuclei. In 2019, he took up the challenge of
crowdfunding to distribute a copy of the nuclear chart to
senior high schools across the country and succeeded in
reaching the target amount.

Dr. Koura talked about his research on nuclear physics,
the nuclear chart, and his thoughts on disseminating
scientific knowledge.

The first time I saw the chart of the nuclides , I was
a senior In college. At that time, just like everybody
else, I also was tilting my head and thinking “???". “What
is this? It looks like Yamata no Orochi.” [a multi-headed
dragon of Japanese mythology] was my first impression.

The well-known Periodic Table of the Elements is
constructed according to the chemical properties of the
elements. On the other hand, the nuclear chart lists the
properties of nuclei with the number of protons (ie. the
atomic number) on the vertical axis and the number of
neutrons on the horizontal axis, just like a map. With
just a glance at the chart, one understands which nuclei
are stable, which ones decay by emitting radiation, and
how long their half-life is.

The nuclear chart shows how a large variety of
elements was produced in the heart of stars, following
a specific course, from the Big Bang at the beginning
of the universe, where only few kinds of nuclei like
hydrogen and helium existed. path. When I realized
that the long, long journey of the atomic nucleus is still
ongoing, I was completely fascinated and decided to
study atomic nuclei focusing on the nuclear chart.
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The alchemy of making new nuclei

Atoms are made up of electrons orbiting around the
nucleus, but the nucleus was only discovered about
100 years ago in 1911 by New-Zealand born British
physicist E. Rutherford and his team of collaborators
J. H. W. Geiger and E. Marsden. Later, in 1932, under
the guidance of Rutherford, J. Chadwick discovered the
neutron and revealed that the nucleus is composed of
protons and neutrons.

Rutherford also demonstrated that elements can be
artificially created by colliding nuclei with other nuclei.
The element produced by Rutherford was already
known, but his experiment gave birth to the idea that
new nuclei can be created by making nuclei collide
with each other. By further developing this method,
in 1934 Frederick and Irene Joliot-Curie (the son-in-
low and the daughter of Marie Curie) created the first
artificial nucleus (new element) which does not exist in
nature. They won the Nobel Prize in Chemistry for the
discovery of this artificial radioactive element.

Their experiment was in fact the beginning of
nuclear research which is still ongoing. The creation
of new elements obtained via the synthesis of colliding
nuclei; this is what I call alchemy.

In the universe, this kind of alchemy takes place
inside stars. In the stars, atomic nuclei are pushed
by the pressure of the star's gravity, or they collide
violently due to high temperatures and get stuck
together to create new elements. At the end of its life,
a star will explode into a supernova and reach its end.
At that time, the elements created in the stars are
scattered in the universe. Within about 1 or 2 seconds
during the explosion, elements heavier than all those
created up to that point are produced, elements that
also make up the Earth. Uranium, the heaviest element
that can be found on our planet, is also made by this
process. Uranium has a half-life of 4.5 billion years, and
we use the uranium which has not reached the end of
its life for energy.

Since it was discovered that new elements could
be artificially created, atomic nuclei that do not exist
in nature were discovered one after another, and the
number of known elements gradually expanded.
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Since the 1930s, when it was discovered that the
atomic nucleus is composed of protons and neutrons,
there was an interest to arrange the known nuclei in
a chart-like table of nuclei. The most well-known chart
from that time was the one made by the Italian-born
American physicist Emilio Segré, called the Segre
chart. Unlike the current nuclear chart, the Segre chart
displayed the number of neutrons on the vertical axis
and the number of protons on the horizontal axis.

However, the steadily increasing amount of data on
new, experimentally produced nuclei eventually could
not be supported any longer by the old charts. In the
1970s, the Japan Atomic Energy Research Institute
(JAERI), the predecessor of the Japan Atomic Energy
Agency, had already accumulated data on 1900 new
nuclei made by different combinations of protons and
neutrons. Hence the project to create a JAERI nuclear
chart was promoted to make all this information
visible. Professor Yasukazu Yoshizawa of Hiroshima
University created a database of the experimental
data; however, there were several unidentified nuclei
produced by nuclear fission, and the question arose
of what to do with those nuclei that could not be
experimentally investigated. It was my teacher,
Professor Masami Yamada of Waseda University, who
used nuclear theory to predict them, and created a
database.

A major feature of the JAEA nuclear chart is that
it includes data on unknown nuclei obtained by this
theoretical prediction, which makes it a unique nuclear
chart not made anywhere else in the world. This was
the result of the fact that Prof. Yamada and other
researchers involved in the project to create the JAERI
nuclear chart were convinced of the usefulness of the
theoretical predictions, and it was truly an excellent
idea.

The inclusion in the chart of unknown nuclei, which
are still experimentally unidentified but theoretically
predicted to exist, provides important guidance to
discover new nuclei. By advancing such theoretical
research, in 2004 I became involved in the discovery
of the first new element to be discovered in Japan,
element 113 “nihonium”.
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Currently, in order to understand the properties
of atomic nuclei, I am working mainly from the
standpoint of theoretical physics. Element 113 nihonium
was not discovered by chance: the experiment that
discovered nihonium was devised by considering both
the extrapolated value inferred from accumulated
experimental data as well as the predicted value
from the theoretical calculation. For example, at what
energy is most suitable for nuclei to collide, and at
what energy would the newly synthesized element be
destroyed? The search for new elements is carried
out by research groups around the world in fierce
competition with each other and, at that time, it was
RIKEN that decided to focus on the production of an
element with 113 protons, which had not yet been
found. In case of element 113, we won the competition
with Russia and obtained the right of deciding its name.

I got my degree in the year 2000, and between
2001 and 2004 I belonged to RIKEN. So, from the very
beginning of my research career, I was able to get
involved in the kick-off of the project for the synthesis
of element 113, and it gives me a profound joy to
witness the consequences of that discovery.

The nuclear physics search for unknown nuclei is
true “frontier’ research. It is driven by a pure desire
to see and to understand.

The JAEA nuclear chart depicts the so-called proton
and neutron drip lines, which are guidelines for the
limit of existence of atomic nuclei. They are, so to
speak, the last stop in the nuclear journey. Regarding
the limit of existence of atomic nuclei, it is thought that
the highest possible atomic number might be 172 or
173. As the number of protons increases, the life of the
nucleus sharply shortens, making it difficult to exist as
an atom. My theoretical prediction is that the largest
possible atomic number should be just a little below
173.

Currently, nuclei with up to 118 protons have been
found, and the focus of the next superheavy element
experiment is the synthesis of elements 119 and 120;
several countries are competing in this search.

According to my parents, when I was in
kindergarten, I was a rather restless child. However,
during primary school I became able to read books and
to concentrate, and my father kept buying me book
after book. Thanks to his encouragement, I turned out
to be really fond of books. I also used to love climbing
trees in our garden. In my case, rather than climbing
with an adventurous spirit, I liked climbing while
thinking about technical matters such as which branch
to grab or on which branch to step with my left or
right foot. I guess that it is the kind of joy that you feel
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when your success comes from a procedure that you
have devised yourself.

Not only attracted by high places, when I was in the
third or fourth grade of elementary school, I decided
to dig a tunnel in the garden, and I dug so deep that
I could almost get buried. I ended up being scolded
by my mother. In general, I was a child who wanted
to try immediately when I came up with some new
idea. Oftentimes, I concentrated so much that I forgot
everything else around.

In junior high school, I liked history and classics, but
as a senior high school student, I became interested
in science. At the root of this interest was a desire to
know different things and their working mechanism.
That is exactly what makes nuclear research attractive
to me. The inquisitive mind of wanting to know where
a phenomenon came from, how it works, and what is
its essence, is not exclusive of either humanities or
science; even now, as a hobby, I am excited to read
Chinese classics that influenced Japanese culture.

There is actually a lot of natural radiation around
us. For example, the potassium-40 contained in a
single banana emits dozens of beta rays per second.
The nuclear chart tells us that we have evolved and
live in a radiation-filled environment, whether we like
it or not. I want people to know what radiation is,
and where does it come from exactly. Looking at the
nuclear chart, we can see that our bodies are made
of nuclei created over billions of years during stellar
evolution. I think that these magnificent findings are
in fact extremely important in understanding who we
are. I think that by communicating the world view
of the atomic nucleus, which is connected to the Big
Bang, and by sharing it with high school students and
the general public through the nuclear chart, I think
that it may give us new insights into our own life and
existence.

With that in mind, I produced a Japanese version of
the nuclear chart for high school students and carried
out a crowdfunding project aiming at ‘one chart per
school” to be distributed to high schools in Japan in
2019. And the goal was achieved. In 2020, the first 1200
copies were printed and will be distributed to all high
schools in Ibaraki and Fukushima prefectures and to
all Super Science High Schools (SSH) nationwide; also, if
there are requests and possibilities, I am willing to visit
schools and present the nuclear chart to give lectures
on their request. In future, along with my research on
atomic nuclei, I hope to make a large number of people
feel familiar with the nuclear chart through a variety
of outreach activities.
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