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Outreach Activity: 3-D chart of the nuclides
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Research Group for Reactions Involving Heavy Nuclei

All the materials found on A J
planet Earth are made of atoms, ; :
and the atom is composed of ﬂ>\. v
electrons and a nucleus. A
nucleus is ten thousand times
smaller than an atom and is composed of protons
and neutrons. In order to represent the properties of
various nuclei, nuclear physics researchers use a chart
of the nuclides, which is a two-dimensional (2D) chart
where the number of protons is shown in vertical axis
and the number of neutrons is shown in horizontal
axis. However, this chart is rather difficult and is only
used by experts.

Recently, I have constructed two three-dimensional
(3D) nuclear charts with toy blocks, which represent
the atomic masses per nucleon number and the total
half-lives for each nucleus in the entire region of
the nuclear mass. These charts have been used in
outreach activities for the general public and high
school students.

Picture 1 shows my first chart of the nuclides in
3D, in which the height of each block indicates the
nuclear mass per nucleon'. In the lower-left region
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A chart of the nuclides in 3D (atomic masses are shown). Brown-colored blocks: nuclei that were theoretically

predicted by the author (~3,500 nuclei). Other blocks : experimentally-identified nuclei (~3,000 nuclei).
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1 Strictly the excess mass of the atoms. A majority of an atom’s weight is that of the nucleus. In nuclear studies, neutrally-charged atomic masses

are discussed instead of an atom’s nuclear mass.
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of the chart, there are lighter-colored blocks, which
are the nuclei with a smaller number of protons and
neutrons, such as hydrogen and helium. In the upper-
right region, there are darker-colored blocks, which
are the heavier nuclei, such as gold and uranium.
The masses are larger at both ends of the chart, and
the lowest mass per nucleon is that of *’Fe, which is
represented by the white poles in Picture 1.

Picture 2 shows my second chart of the nuclides in
3D, in which the heights of the blocks represent the
half-lives of the nuclei. The solar system abundances
of the isotopes are also constructed. The bulk
properties of the nuclei can be easily understood by
using these charts. These charts have been used in
high school lectures to describe the nucleosynthesis in
the universe.

In the universe, various and numerous types
of elements exist, such as gold, iron, carbon, and
uranium. But why do these elements exist in the
universe? The key to solving this question is in the
evolution of the stars in cosmic history. For 13.8
billion years, the universe has created various types
of elements, and the nuclear bulk properties, as
visualized in Pictures 1 and 2, play an important roll
in the syntheses of the elements. We investigated
the ability of non-experts to understand the world
of nuclear physics and the history of the genesis of
elements.

Using my charts, a lecture entitled “Alchemy of
the Universe” was given to the general public at the
Science Cafe and to a high school science class
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Picture 2 A chart of the nuclides in 3D (the half-lives of the nuclei are shown)
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(see Picture 3). The audiences seemed to enjoy the
lectures and responded to them very well. This may
have been due to the use of the colorful charts that
were constructed with toy blocks. Furthermore, the
audiences seemed to enjoy the narration in which
the universe was depicted as a large planet and the
nucleus as a small planet to describe the origin of the
elements of our world.

Recently, some of the staff at the high schools in
the Fukushima and Ibaraki prefectures have been
interested in recreating our 3D charts. Among them,
for example, is a class at Shinchi High School in
Fukushima Prefecture, which has already started to
recreate one of our 3D charts (the lighter part of the
chart has already been finished). I will proceed to
distribute these approaches of scientific topics to the
general public.

I acknowledge and give my gratitude to the
Industrial Collaboration Promotion Department of
JAEA for their support in creating the 3D charts.
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Picture 3 Snapshot of a lecture at Fukushima High School (Aug. 23, 2013).
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2 Lectures were given at the Science Cafe during Science and Technology Week 2013 (MEXT Information Plaza, Chiyoda-ku, Tokyo, Japan) (Apr. 16,
2013) and at a “Super Science High School” in Fukushima Prefecture as designated by MEXT (Aug. 23, 2013).
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