In our Universe, elements were born

What is the Universe?
The Universe is the breadth of time and space that includes all physical entities. Humans, the landscapes that we see, the
- plants and animals that live here - al of this is a part of the Universe. The stars that shine in the night sky, the Milky Way,
ﬁ which spreads its pale light among the stars, and galaxies so far away that they can only be seen with a huge telescope - all

Earth's orbit is about 100 trillion times the size of athumbtack hole.

This dlaEram is based on the assumption
of the “Lemaitre Universe”, which is a uni-
form, isotropic Universe with no curvature.

these things are part of the Universe as well. The Universe encompasses all the things that we know, and everything beyond. Planck spacecrait

Calculations are based on the latest obser-
vational results from the Planck spacecraft.
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Stars were born from the elements
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Humans were born from the stars

and then

Earth is about 10 billion times the size of a thumbtack hole.

1 Sencd What is science?
was born . . .
Science is a method for understandingall of the objects and phenomena that comprise the Universe. When we notice something
fved eamed to discover where  strange, we naturally ask “Why?” This isthe first step in science. Scientific methodology means investigating the phenomena that g
thev came from and where they are going, and about the Universe _ interest us through experiments and observation, so that we can gain a deeper understanding, Through this process, we find new
that gave the lf. The resultofthis was the bith ofscience. ways of secing and new ways of thinking, This is scientific discovery. Science is one way of knowing the Universe around us.

Does life exist outside of our Solar System?

®The Earth
« A celestial body

Looking into the ditant Universe means looking into the past

The strange thing is that when we look at the Universe from the Earth,
what we see is actually the Universe as it was in the distant past. For
example, when we look at the Sun, we are actually seeing what it
looked like eight minutes ago. When we look at Pleiades (Star
cluster M45), what we are actually seeing is what this star cluster
looked like about 400 years ago. Why does this happen? We see stars
humans at the center. The vertical and galaxies because the light they emit travels to where we are, but
represents the passage of time, from they are so far away that it takes time for light to even reach us. By the
the age of humans back to the birth of time that light gets here, the stars that emitted that light have changed.

There is an “observable” Universe and much larger <
volume that lies behind our ability to observe it

How to use this diagram
Experience the Universe
using four rules

This diagram illustrates the
Universe based on the latest
research and observations, with
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The expanding Universe forms a teardrop shape
Light from the furthest point in the observable Universe has traveled for 13.8 billion years. If the
Universe had been static, the light could have traveled only 4.2 million years to reach our current
location. During that time, however, the Universe has continued to expand, so the light path has
grown increasingly longer from the time when the journey began, and the starting point is much
further away at this moment. The teardrop shape is the trajectory of the light from the observable
Universe. By the time the light reaches us, that starting point is estimated to be as far as 45 billion
light years away (the edge of the top surface of the inverted conel. Since the Universe is
expanding, any light emitted from the edge now will never reach the Earth.

The Universe becomes visible through the “Eyes of Science”

The observable Universe (the teardrop-shaped image at the center of the
diagram) is only a drop in the bucket compared to the vast expanse of the
actual Universe. Through the “Eyes of Science”, however, we have learned
a great deal using clues from the observable Universe. How was the
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Looking for life on the planets of our Solar System

Does life exist somewhere in the Universe, aside from on the planet Earth? First, let's look at the possibilities in our
own Solar System. Our Solar System comprises several celestial bodies of various sizes and environments.

Our Solar System includes: the Sun, eight planets, dwarf planets,
small Solar System bodies (including asteroids, comets, trans-Neptunian objects and other small bodies), and satellites.

The Sun: One of the more than 100 billion light-emitting stars in the Milky Way galaxy

Jupiter Saturn

Developments in space exploration technologies have enabled new scientific research aimed at seeking out life on other
planets. We can now send probes directly to other planets in our Solar System to look for traces of life. Among the main
targets for these probes are Mars, where liquid was thought to exist on the planet’s surface, and Europa (one of Jupiter’s
moons), where an ocean is believed to lie hidden under a thick layer of ice. There is little likelihood of finding intelligent

life or advanced life forms there, but one day, we may discover microorganisms on these celestial bodies similar to those
found on Earth.
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Y The presumed current state of the Universe: ounes g g the daess

This i the state of the Universe, as brought to light by recent observations. About 70% of the
Universe is “dark energy”, a mysterious form of energy that accelerates the expansion of the
Universe. About 30% is an unidentified substance called “dark matter”, and about 5% is

made up of normal matter*, The Universe has a diverse layered structure comprising
galaxies with tens or hundreds of billions of stars, galaxy clusters that contain hun-
dreds or even thousands of galaxies, and a large, mesh-like structure of galaxies that
are spread out across hundreds of millions of light years.

* “Normal matter i the basic components that comprise all substances in the world around us. All things, from
animals to stars in the night sky, including our own bodies, are made up of combinations of normal matter.
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The first star brings light to the Universe - the birth of sars and galaxies o the Universe o et ot R ek o AT
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We know from observations that galaxies already existed in the Universe about 13.4 billion years ago,
but we don't know exactly when the first stars were born. We believe that the first stars had dozens

* of times more mass than our Sun. A variety of elements were created inside these giant stars. These
The eszga\axyyet

M cover elements were scattered by supernova explosions and they became the seeds for new generations of
(13.4bilion years agew stars.

oy Atoms appear, and the fog of the Universe lft- bectons conbine it aomic nucki
Up until that time, the Universe was superheated, with huge volumes of “electrons*1” flying back and

forth. These electrons crashed into photons, preventing light from moving in a straight line, and making
the entire Universe opaque, as though in the middle of a fog. When the temperature of the Universe
dropped to around 3,000 K, however, electrons bonded with atomic nuclei to form “atoms”, which no
longer impeded the movement of light. In this way, the Universe became much clearer*2 like a fog lifting.
This event is known as recombination. Atoms with similar properties, referred to as elements, would
L] eventually become the materials from which the first stars formed.

#1: When substances are broken down into their most basic ingredients, the smallest component, which cannot be broken down any further,
is referred to as an *elementary particle”. lectrons and photons are examples of these elementary partcles.
*2: The light that was dispersed when this happened can still be observed by humans today, as “cosmic microwave background radiation’
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Is there anything
outside of the
inverted cone?
According to numerous theo-
ries, including the “Inflating
Universe” theory, the Uni-
verse s far more expansive
than the scope illustrated
in this diagram. We can
estimate what ies out-
side of these lines, but it
would be impossble to
confirm these specula-
tions objectively.

14 . . . .
Y . The three minutes in which everything was created - Thstrtngpoitinthe ceaonof nate
Only about three minutes after the birth of the Universe: that's the time it took to create all of the matter that exists in
””””” ¥ the Universe around us. During these three minutes, the superheated Universe cooled off as it expanded at an
e | incredible rate. Quarks, another type of elementary particle and a building block of matter, gathered to form protons
LS d v and neutrons. Then, these protons and neutrons came together to form the "atomic nuclei® of hydrogen and helium, the
ey Particle lightest of all the elements. About 92% of all the atomic nuclei created at this time were hydrogen, and the remaining 8%
Hydrogen ' ® Photon were helium. Now, let’s take a closer look at the Universe before matter existed.
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In times past, the Universe was a superheated, super-condensed fireball, heated by an incalculable amount of

Is the Universe the only one?

Uncountable universes that theoretically exist
Some theories say our Universe was born from another universe. Many universes are born from an eternally inflating universe and our
Universe is only one of them. This view of the world is one of the concepts called a “Multiverse”. Superstring theory, that explains

everything from particles to the Universe, supports this view. Based on the theory, our Universe has not only four dimensions (three  determined that the Earth is just one of the planets around the Sun, the Sun is just one of the stars in the Galaxy, and ®‘
the Galaxy is just one of the galaxies in our Universe. Now scientists discuss the Multiverse, not as a myth, but asa new *

dimensions for space and one dimension for time) but also another six dimensions which we cannot detect. The theory also predicts that
over 10°® universes that have different sets of physical parameters could exist.

. - .
Multiverse theory changes our concept of the Universe
Do other worlds exist somewhere beyond our reach? In history, the possibilfty has long been consideréd as a.
mythological or religious concept without scientific basis. On the other hand, with scientific verifications scientists have uO_

scientific concept. Does our Universe become just one of the Multiverse?
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Discovery of exoplanet worlds

Does e exist n the vast expanses of the Uriverse outside of our Solar Systen? In 1995, for the irsttime in hisory, astronomers discovered a planet
around a distant tar. Since then, astronomers have discovered more than 3,500 planets outside of our Soar System, using avarety of clues;for example,
minute variations in the movement of stars resuling from the revolution of planets around the stars, or ight changes n the
brightness of stars when planets pass i fron o them. Planets outside of the Sola System are caled “exoplanets”.

Hunting for ”Another Earth”

Based on ip to now, we have learned that there are many diverse planetary systems outside of our
own. Recently, in addmcm to large, heavy “Jovian" planets, astronomers have discovered planets that are similar to Earth in both
size and mass. Furthermore, a number of the planets discovered could potentially sustain large bodies of liquid water on the
surface, given that they maintain an appropriate distance from their host stars, as is the case for Earth. The range of orbits where
liquid water can exist is named the Habitable Zone, and dozens of planets, including some Earth-sized planets, have been

discovered in this zone.

Searching for life on exoplanets
Celestial bodies outside of our Solar System are so far away that even if we found a planet that could be called another Earth,
we would not be able to send a probe to explore it directly. Therefore we must use other methods to determine whether those
planets could sustain life; for example, by observing the planet’s surface environment or atmosphere using space telescopes or
extremely large telescopes on Earth to confirm whether water exists there in liquid form, or by looking for traces of substances
such as oxygen, ozone, and methane, which living organisms could potentially create (referred to as “biosignatures”). Future
research will help to clarify whether analogs to terrestrial planets and terrestrial life exist elsewhere in the Universe.
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eXP'Od‘"gW""edwa"s' The human body, which could be compared to a small “Universe”, comprises
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Creation of the Earth and
formation of the Moon

The Earth was born 4.6 billion years
ago, and within one hundred
million years a collision between

the Earth and a celestial body the

size of Mars gave birth to the Moon.
/r he life of a star
are created in clouds of gas and dust orbiting with-
galaxles The lfetim r, and its final form, differ
ﬂependmg on the star’s mass. of the materials
at make up the stars ulimately retumlothe Universe,
lgcnm:rfg the material for the nextge ation of stars.
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unstable elements
Life was formed from a vanety of elements-Thebithand ecuionof e on the Eah

Currently, many life forms, including human beings, thrive on the Earth. More than 4 billion years
ago, the first life appeared on the Earth. Itis still not clearly understood how the first life was formed*,
but various elements in the water are believed to have combined and undergone chemical reactions,
gradually forming complex organic molecules, and eventually giving birth to the first life on Earth. But
if the Earth gave birth to life, then how did the Universe bring the Earth into being?

Membranes formed in the water, which contained organic

“There are several possible locations for the origin of life on Earth including oceans; hot springs and so on.
substances, and self-replicating organisms appeared.

The stage is set for the formation of life - th formation of ourSolr System, and the Earth "

The Earth and the other planets of our Solar System were formed about 4.6 billion years ago. Gas and
dust floating in interstellar space gradually condensed into a disk and formed the Sun at the center.
Around the same time, material further out in this disk collapsed to form the Earth and other planets*.
But where did this material come from? It was the remnants of stars that have long since disappeared. 1
*In galaxies throughout the Universe, there are innumerable places where gas and dust particles finer than grains of sand 1
coalesce together in huge volumes.
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Exploding sars scater elements throughout the Universe - ipenuae nd mergesonsas

The fragments that became the material of our Solar System were formed in part by “supermovae” and “merging neutron stars” that
hroughout the Univrse. Explosions that gowed more than one il times brighte than the Sun ntanty

cattered

transformed the elements i the stars into other elements. Th P Thefirstis expl urting in stars
far more massive than the Sun, which scatter oxygen and other elements et i e star, and at the same time synthesize other
elements. Iron, which is an essential element of the human body, is formed as a result of a supernova explosion that occurs in the very small
Supernova remnant Opicl e
percentage of binary stars that includes a white dwarf. Heavier elements such as gold and silver are formed in neutron star mergers. M1 (CrabNebula)  Supernova 1994D i
< My

Stars that melt into the Universe- Planetary nebulae with various shapes

iy,
o “2 Not all stars meet their end in supernovae. When comparatively low-mass stars like our Sun

S
=: © = approach the end of their lives, they slowly begin to diffuse the materials they have created into
"lm\‘ space. They gradually lose their outer envelopes which spread into the far reaches of space,
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leaving behind only a core. The remains of this phenomenon, referred to as a “planetary nebula”,
can take on many different shapes, some round and some long and narrow. The ring nebula M 57 4

NGC 6302
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Old stars are element factories - strs immediately before the end of their lives

In many cases, when stars grow old, they become “red giants’, expanding so much that they swallow up any planets around
\\W/ them. At around this time, the stars begin to run out of hydrogen at their center, which is the fuel for the “nuclear fusion
i reactions” that allow the stars to shine, and new fusion reactions begin to take place, creating carbon and oxygen from helium.
/// \\\ Reactions different from nuclear fusion create lead and heavy elements.Stars far heavier than the Sun become red supergiants
or Wolf-Rayet stars that have lost their outer layer, and even more fusion reactions occur in the star’s core, creating elements such as.
silicon and iron. Many of the elements essential to the existence of human beings were created inside these aging stars.
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Stars mature and shine in SPACE - Nuclear fusion reactions and the ffe of a star

Fixed stars spend most of their lives as “main sequence stars, which is the name given to fixed stars that have
e. At the center of the stars, there is a series of nuclear fusion reactions that creates a helium atom
e ms. This reaction generates huge volumes of light. The period of time that a given star
s Stars that are lghter than our Sun will live for more
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ends on the star's
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“Can we see anything beyond the Universe?

“Stars are shining in the mght sky The term “hght year” (the speed of light times the travel time of the light) is a unit of length intended to
*describe distance to those shining stars. We can draw a 3D star map based on the light-year distances, like the figure to the right. However,
Too .+ thisfigure has afatal inconsistency if you extend the map to very large distances. The farther away celestial bodies are located, the older
¢ e ‘the images we see are. In other words, when we observe the very distant Universe, we observe the early age of our Universe and it should
be smaller than the current Universe. However, the early days of our Universe become larger in a map drawn with the light-year distances.
. What s wrong? The problem is the light-year distance as a unit of length. It does not matter if our Universe is not expanding. But in our

expanding Universe, while light s traveling from one part to another, the separation of the two points keeps
expanding. Therefore the resulting “distance” could be something different from the type of “distance”

we're used to in our daily life. In this diagram of our Universe, we avoid this problem by plotting observable
celestial bodies on a graph that has two independent axes, time and distance. How we can create a reasonable
figure of our Universe based on our limited observable Universe is an important issue in science. Scientists wrestled
with the issue, and changed the paradigm of the world as a result. Today, scientists consider the world that we cannot
observe in addition to what we can observe. The new scientific concept of the Multiverse is one of the answers that scientists
have proposed. Investigating the nature of the Multiverse, we may discover a new world based on currently-unknown theorems.
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