Earth's orbit is about 100 trillion times the size of a hunbtack hole g 8 . Humans were born from the stars [ ? Earth is about 10 billion times the size of athumbtack hoe.

_ What is the Universe? In our Universe, elements were born \p\GRP\M DF O( ,Q l ’/\// \/EQE and then (Science) < bom What is science? B
B o Science isamethod for understandingall ofthe objects and phenomena that comprise the Universe. When we notice something
F strange, we naturally ask “Why?* This s th first tep n science. Scentiic methodology means nvestigating the phenomena that ;

This diagram is based on the assumption
Living organisms evolved into beings that yearned to discover where 3
é se interest us through experiments and observation, so that we can gain a deeper understanding. Through this process, we find new
#-0-@-Zo>- ‘ @-1- !{ 95 === *@’yﬁm

of the “Lemaitre Universe”, which is a uni-
form, isotropic Universe with no curvature
Calculations are based on the latest obser- they came from and where they are going, and abou the Universe

The Universe is the breadth of time and space that includes all physical entities. Humans, the landscapes that we see, the
that gave them . The resutofthis was the bith ofsience. ways of seeing and new ways of thinking, This i scientific discovery. Science is one way of knowing the Universe around us,

- plants and animals that live here - all of this is a part of the Universe. The stars that shine in the night sky, the Milky Way,
which spreads its pale light among the stars, and galaxies so far away that they can only be seen with a huge telescope - all “+-o-
these things are part of the Universe as well. The Universe encompasses all the things that we know, and everything beyond. Planckspacecrat  vational results from the Planck spacecrait. St
ars were bor from the elements Sy croaes Fishes Amphivans Early Prosimians_Early Simians AP Ape-men Humarity
. . ®The Earth DIAGRAM . . ., B B
How to use this dlagram Lookinginto the distant Universe means looking into the past « A celestial body Time el The expanding Universe forms a teardrop shape || o LOOklng fOf Ilfe on the p|anets Of our Solar System Puto Does life exist outside of our Solar System?
Experience the Universe  Thestrange thingis that when we look at the Universe from the Earth, / Lght O tight emited from that celestal body A Today’s Universe gt fomthe frtest poitin the obsenable Unvese has aveld fr 138 bilfon years fthe \\ ™% [ e it comewhere in the Universe, aside from on the planet Earth? First, let’s look at the possibilities in our Discovery of exoplanet worlds
it I what we see is actually the Universe as it was in the distant past. For [ the Eal \ Today (the top surface of Universe had been stati, the light could have traveled only 4.2 million years to reach our current own Solar System. Our Solar System comprises several celestial bodies of various sizes and environments. Does life exist in the vast expanses of the Universe outside of our Solar System? In 1995, for the first time in history, astronomers discovered a planet
UETE1Lette (L example, when we look at the Sun, we are actually seeing what it | (We can se oo i e cone e el Our Solar System includes: the Sun. eight planets, dwarf planets Plutoids around a distant star. Since then, astronomers have discovered more than 3,500 planets outside of our Sola System, using a variety o clues; for example,
what the star ! TS Gy DRI gl I B ey T P o ST % S , eIght p b I planets, ) . (included in dvwarf planets)  minute variations n the movement of stars esulting from the revolution of planets around the stars, or slight changes in the
futher aay at tis moment. Th teadrop shape i he tjctoryofthe ight rom the obsenvable small Solar System bodies (including asteroids, comets, trans-Neptunian objects and other small bodies), and satellites. brightness of stars when planets pass infrontofthem. Planets outside of the Solar Syster are called “exoplanets”.

This diagram illustrates the looked like eight minutes ago. When we look at Pleiades (Star
Universe based on the latest cluster M45), what we are actually seeing is what this star cluster
research and observations, with 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

. P Hunting for “Another Earth”
Mercury Venus Earth Mars Jupiter Saturn Uranus Neptune [ Haumea | Es o Top4o b Up to now, we have learned that there are many diverse planetary sysems outside of our
own. Recently, in addition 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

7 !
Jupiter-type or “Jovian” planets Trans-Neptunian objects discovered in this zone.
Celestial bodies composed of ice, found outside of Neptune’s orbit . .
Searching for life on exoplanets

looked like
10 billion years ago)

Universe. By the time the light reaches us, that starting point is estimated to be as far as 45 billion The Sun: One of th han 100 billion light-emitti he Milky Way gal
light years away (the edge of the top surface of the inverted cone). Since the Universe is ne(ofihemoreltnani 00Mbilionlight:emitting starslin theMiky\Way/galaxy

expanding, any light emitted from the edge now will never reach the Earth.
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Thirty Meter Telescope (TMT) will be

built by international cooperation

The Universe
expands to become
“the Universe
as we see it today”

The Universe becomes visible through the “Eyes of Science”

The observable Universe (the teardrop-shaped image at the center of the
Light emitted by diagram) is only a drop in the bucket compared to the vast expanse of the
celestial bodies actual Universe. Through the “Eyes of Science’, however, we have learned

the Universe. The horizontal
represents the breadth of space that is

Terrestrial planets  Asteroid belt (Ceresis clasiiedasa dwart planet)
Planets composed mainly of rock Giant planets composed mainly of hydrogen and helium

The Earth

*~ _ 8billon yearsaga™

the Universe. From its overall inverted . . is created

cone shape, we can see that the The “Current Umver‘se" spreads out on all sides of the human being Elctured at spreads ot

Universe has been expanding constantl the center of the diagram, but we are unable to see what this Universe really Sog 10 billon.yers agn and expands a great deal using clues from the observable U"_‘VE'55~ How was the . " . )
! s P g Y looks like. Remember Rule 1: What we see is the Universe as it was in the past. If Sag SN e 12 bilfon observable Universe created (the bottom of the inverted cone)? How Developments in space exploration technologies have enabled new scientific research aimed at seeking out life on other Water ice Europa Celestial bodies outside of our Solar System are so far away that even if we found a planet that could be called another Earth,

ever since it first came into existence. This e compare this diagram to the celestial bodies that we can see with the naked - ooy bl N has it expanded (the outer surface of the cone)? And does a Universe planets. We can now send probes directly to other planets in our Solar System to look for traces of life. Among the main oo o T e s o o o, S, S o e o

diagram is a guide that will take you on a eye or through telescopes, we find a teardrop shape like the one shown in the g 4 g O ¢ we see it today” exist beyond the outer limits of this cone? This diagram contains the targets for these probes are Mars, where liquid was thought to exist on the planet's surface, and Europa {one of Jupiter's vaporized planets couldsustin fe; for example, by observingthe planet’ urface environment or atmosphere using space telescopes or

journey through time and space. Keep center of the diagram. This is the only part of the Universe that we can see, and e sout Light® =~~~ Coloaial The birth (the surface of results of many such scientific discoveries. The Universe is waiting moons), where an ocean s believed to lie hidden under a thick layer of ice. There i little likelihood of finding intelligent et extremely large telescopes on Earth to confirm whether water exists there in liquid form, or by looking for traces of substances

these four rules in mind as you uncover the even these celestial bodies are images from a different era, thousands, millions, or Fitectione enrllted‘ by bsdeizrs‘zre of the the teardrop shape) for you to unravel its mysteries. life or advanced life forms there, but one day, we may discover microorganisms on these celestial bodies similar to those days rght such as oxygen, ozone, and methane, which living organisms could potentially create (referred to as “biosignatures”). Future  ~==2 ™ 0 FE B SR

celestial et Universe found on Earth. research will help to carify whether analogs to terrestrial planets and terrestrial e exist elsewhere in the Universe. andthe o e coplnet LIS 1405

even billions of years ago. bodies

secrets of the Universe with your own eyes.
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; . . 3 Center of the diagram :
& N\ | -Thisdiagam, shaped like an mverted cone, is a graphical representation of the expansion-of the Universe. At the q
V 2 ; k)urca y centeris the Earth, bserve the Universe. hus at the center of the diagram. But where Table of human materiels N , 2
¢ Elec ic waves\Gonnary Xy Ubviolet  TVE  Infaed  Rado} isthe center of the Uriverse? I fact, astronomers believe that the Uiverse s homogeneous and sotropic; thats, ool oty blg bang fusion

S ysare al i @ i “the Universe as e seeit oday' there s no unique location that could be called the ‘center of the Universe” /- % % = i ‘dying low mass stars

—— 5 exploding white dvarfs. The human body, which could be compared to a small “Universe”, comprises

Visble light s not form of “ight;raio waves .1
explodmg massive stars

Our Solar Syste ek Y Y creeybin i

; H R QiR A i . [ merging neutron stars - maaterials called-elements. Modern science has determined that these elements
oeHs, hufian genomes/ e the blueprint e = | I cosmic ray fussuonv

furmehgmanhwy, ith DNA. f ongmated in the stars'and were scattered through space eons ago. Let’s go

“back in time to unravel the mysteries of human beings and the Universe.

arsortof light”, Collectively they are called “electromagnetic viaves'. We car

This vast Universe we can observe was once so small that it could not be seen. Modern T
science is closing in on the secrets of the Universe, and is gradually gaining an-. ..
understanding of the astounding origin behind the formation of the Universe itself. Let's
look back at the hlstory of the Universe, starting from the- moment of its formation.-

FOre  The presumed current state of the Universe- Countessstarsshimnglnthedarkness 5

This is the state of the Unlverse, as broughtto llght 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. ‘

ago the frrst I\fe appeared onthe! Earth Itis. mll not deady understood how the first life was formed*,

but various elements in the waterare believed to have combined and und chemical reactions,

3 graduaklyformmg complex organic melecules, and eventually giving birth to the first life on Earth. But
s ifthe Earth gave birth to life, then how dxd the Universe brlng the'Earth into being?

- Comé \ K F 8 B aresu\tnf(heUnlveﬁesexpan L - o oy
4 S \ 2 i k a»hasoccurred on nuerovs G o 3 SRR
position of - \_+ \ . . N - further avay s moving away from the Eath even il -4 E 1 I T Z o g Membranes formed in the water, which contained
RS p f - 7 1 : /4 / ‘ TR A (e e on Eaet Sy bt d embranes formed in the water, which contained organic

. fater than the speedof- Tght=Decau ‘“ i t & E T il ] I ; - throug! ounheﬁrmshsn}h § e are severd pow le locations for benngmn ife on Earth including ogeans; hot springs and 5o on. substances, and seli-replicating organisms appeared.

N A \ TR Ry H : “Snowball Earth”,” . - :

the Universe, as

Dark energ)
69% L

* Normal matter” s the basic components that comprise all substances in the world around us. Al thirigs, from

Galaxy cluster Abell 2744~ . Spiral galaxy M 81 animals to stars in the night sky, including our own bodies, are made up of combinations of normal matter. dl‘ti'vm\:cd by_lhc’ 3 \ A\ expansion of the Universe s the expansion of / &
- . Planck spacécraft and - ol space tsel, even i the rate of change i the \ . o (i 5 i Fhare-aré believeeH have b é
other sources WAL A T rifr e ; . : i s boen 7/ f ’
. 5 : . ditance between a given poi i i Il 7 » g two periods at lgést in history / 4 g i L
Sotdrsaion P pecssknasial v - The mesh of the Universe - Dark matter and large-scale structures \ ) anotherpoint exceds e speed o gt (- - TR e su,,acz The stage is set for the formation of fife- th formation o ur Solr System, and the Earth
3 2\ dies ot ottt he i of e ofthe Eafﬂ'wfsf"ﬂe" over. The Earth and the other plariets of our Solar System were formed aboit 4.6 billion years ago. Gas and (&Y \
- Development of geomagnetism dust floating in interstellar space gradually condensed into a disk and formed the Sun at the center. PR
Around the same time, material further out in this disk collapsed to form the Earth and other planets*.

Why are galaxies distributed in the form of a mesh? The answer is “dark matter”, a substance -~ —————————— X A\ constancy ofthe speed of ight”.

T
i
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h A that remains unexplained, and which cannot be directly observed. It is believed that in The path of “' (
“.‘:. S % ..\ volumes containing dark matter, gravity caused even more dark matter to gather and create expansion 0 +— L The Earth{ magnetic field became
Fluctuations have formed ! | 'large-scale structures” in the form of a three-dimensional mesh. Normal matter then h d AN \ The Universe hS vl y stronger/ blocking radiation from But where did this material come from? It was the remnants of stars that have long since disappeared. 2
Durkmaters inthe disibuton * | Large-scle squctures N s S is inverted cone \_ O\ | T 1 ] I AT A
d\smhutedum(mm\y of arkmatter ave formed collapsed onto the sites where large amounts of dark matter resided, eventually forming shape represents the The — \\ \\ we see it mdaY 1 i creating an environment on Farth W) e o dtenids feren o of sand b W ot diskaround
i H S esce together oe e: E> et GJ 5041 Dy HLT:
e mgm,m‘,mm,unuﬂw sealestractures inthe Universe,. 8@1axies embedded in these large-scale structures. pa‘lnhk:; E;pe::zw%nm accelerating \\ \ Usmgs;;'aceastheiaj\sar? ! ) thatwas capable of supporting ife. coalesce together in huge volumes, Exoplanet G) 504b ust disk around HL Tauri
matter.Inealty, darkmater s R time as the y-axis, allcelestia I i i
g e verse as we see it to- expansion of the \ \, W bodwescuvreynl\y visble o us A ! ! / Exploding st tter l ts throughout the Uni i
4 Thet i lieh AN day’, from the birth Y \ \ N A l XPIOQING Stars SCatter eiements throughout the UNIVErSe - Supemorae and merging neutrontas
N i of the Universe to \ \ !
e first star rnngs 1ig  to the UnIverse - The birth o strs and galaxies thabresemh Afterthe il period of \ surface of thisteardrop The - LI e Thefognensfatbecamethe mtrl f ur Syt et o by “spervaad “merggnestonsas
We know from observations that galaxies already existed in the Universe about 13.4 billion years ago, objects on the out- inflation, the speed of \ \\ \\ .“ih;:;"‘"w "I"‘f;e ?IZ‘ 408 i e R s the Uriverse. Explosion ighter than the Sun instantly
but we don't know exactly when the first stars were born. We believe that the first stars had dozens eV;"osthedge are \E w{z‘iﬂ;}l‘zr‘:z" \ \ a‘;e' ufxﬁf :0: ;:E E Sl } i * " J| [t Earth Was borr 46 billion years transformed the elements in the stars into other elements. There are two types of superovae. The fist s explosions occurring n stars . g ’
oo . of times more mass than our Sun. A variety of elements were created inside these giant stars. These LENEAREAN A A\ i 461 g ago, and within one hundred far more massive thanthe Sun, which scatter oxygen and other elements crated insidethe sta,and at the same time synthesize other -
jscoveed N1 elements were scattered by supernova explosions and they became the seeds for new generations of TR AERERAN | \ P AN . yea i | / million years a collision between clments o, wich sanssentl dementofhehuanby s frmedasa st ofa supernova losion ot occusi e ey sl - et 3
(34billonyears g stars, ing at more than expansion has been \ o N [ [ / T percentage of inary stas that includes a white dwarf. Heavier el Id and siver re formed mergers. SR /...
three times the observed, from about \ ol i | / / 'I'h If g size of Mars gave birth to the Mook, bR B w PHBE
. . ed of light. .\ 6 biion years agoup \ Y, "\ | \ g 1 : r _ /The life of a star
MR \ o i 8! ML Iy &) . . 7 7
o Atoms appear, and the fog of the Universe lfts- fecronsconbine ith atomic uce Rl \ N 2F ‘ Wi mdoudsofsasangdu;z;rgm Py Stars that melt into the Universe - planetary nebulae with various shapes
s \ \ \ i ! / im r, and its final form, differ
Up until that time, the Universe was superheated, with huge volumes of “electrons*1” flying back and N\ \ ) \ ‘ i o S i ﬁég/a// 771 g mateils §““’" Not all stars meet their end in supernovae. When comparatively low-mass stars like our Sun
forth. These electrons crashed into photons, preventing light {rom moving in a straight line, and making \ AN iy i A= \ /kre:u,gmem ummwlymm " i 2 ® = approach the end of their lives, they slowly begin to diffuse the materials they have created into
the entire Universe opaque, as thoLghiinithe middig o afor A Gl SRR RN AN \ \ AN R ; | | > b ngthe/”é:’/’er’nals’fovmenex{ée ation of stars, it e i reaches of space,
Lo dropped.to around 3,000IK, howevenielCaonslabnscd Ul IS S TR Is there anything M \ A\ : T / leaving behind only a core. The remains of this phenomenon, referred to as a “planetary nebula’,
Ionger \mpefied the movement of I1ght. In this way,»lhe .Un.xverse beca‘me much clearer*2 like a fog lifting. outside of the ! v / ) can take on many different shapes, some round and some long and narrow. .
This event is known as recombination. Atoms with similar properties, referred to as elements, would I RO J
o ° eventually become the materials from which the first stars formed. \ \ #
A - 7 . o
*1: When substances are broken down into their most basic ingredients, the smallest component, which cannot be broken down any further, e llod".ume;'a"i: ;o \ Old Stars dare element faCtOr[eS - Stars |mmed|ate|y before the end of their lives ~ Betelgeuse A
isreferred to as an “elementary particle”. Electrons and photons are examples of these elementary particles. CEN RN A (a Orionis)
y *2: The light that was dispersed when this happened can still be observed by humans today, as “cosmic microwave background radiation”. Universe' t‘henr‘/r the QUK j— In many cases, when stars grow old, they become “red giants", expanding so much that they swallow up any planets around
o S : 3 s ver:: a\: ‘zhren::vn; :T\Z:i:emd e \\U 1, them. At around this time, the stars begin to run out of hydrogen at their center, which is the fuel for the “nuclear fusion
b The thl’ee minutes in Wthh everythlng Wwas created - The starting point n the creation of mater in this diagram. We can Ze : G i ) o ol o bheplce, creatigcrbon and ygen from helium. - pereigs )
S S BRI 11\ Reacton ifeent rom nuciarfuson cretelad and heay eementsStar frheaver than the Sun become red supergiants  lrgrthan our
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 ERANEIEN \ - ; ‘ s ool e and e sion reactons bocminthe s core, ceating dementssuchas | B 2bouthe same A
impossible to. Kk i/ binary silicon and iron. Many of the elements essential to the existence of human beings were created inside these aging stars. is not a scale reproduction
- neumonstar

the Universe around us. During these three minutes, the superheated Universe cooled off s it expanded at an
incredible rate. Quarks, another type of elementary particle and a building block of matter, gathered to form protons

Stars mature and shine in SPACE - Nuclear fusion reactions and the life of a star

O O . and neutrons. Then, these protons and neutrons came together to form the "atomic nuclei” of hydrogen and helium, the P i
Particle lightest of all the elements. About 92% of al the atomic nuclei created at this time were hydrogen, and the remaining 8% AR NN - / i Planetary /
O Fion were helium. Now, let's take a closerfook at the Universe before matterexisted. VB saor ik nebula / o Z ) Z __
o ® Helum @ Hecmn 20/ Fixed stars spend most of their lives as “main sequence stars”, which is the name given to fixed stars that have
o e 3 o °k come ofage,}(( the center of the stars, there is a series of nuclear fuslon reac!lons that createsa helium atom
. b b The Unlverse as a superheated fireball - The “8ig Bang’

s Universe was a superheated, super-condensed fireball, heated by an incalculable amount of
ol ed to as the Blg Bang. During this event, huge volumes of elementary AN than the spee
> S X \ \ Space on the widest pa ol : Red giant Open cluster M 45 (Pleiades)
| Red supergiant T
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and dust

Low-
mass mass
The heavier the star, the less time each process take
The Big Bang| 42 million

3 5 bang light years I

recombination -

Approx370000 years

The beginning of the Big Bang

The radius of “the Uriverse as we see it today” was . . ) ) ) Time
The oldest scene is expanding Universe, while light is traveling from one part to another, the separation of the two points keeps

. o ) 5 6

Is the Universe the only one? ] K e . - e )
s the U erse the 0 y one N O ® - p - R . T b s g Can we see anythlng beyond the Unlverse? ‘hevas“es‘ one? expanding, Therefore the resulting “distance” could be something different from the type of “distance”
Uncountable universes that theoretically exist Multiverse theory changes our concept of the Universe . : . .o, : we're used to in our daily lfe. 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

Some theories say our Universe was born from another universe. Many universes are born from an eternally inflating universe and our Do other worlds exist somewhere beyond our reach? In history, the posslblllty has long been consl,deréd as’a.

Universe is only one of them. This view of the world is one of the concepts called a “Multiverse”. Superstring theory, that explains  mythological or religious concept without scientific basis. On the other hand, with scientific verifications scientists have O figure of our Universe based on our limited observable Universe is an important issue in science. Scientists wrestled

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 - @‘ with the issue, and changed the paradigm of the world as a result. Today, scientists consider the world that we cannot

dimensions for space and one dimension for time) but also another six dimensions which we cannot detect. The theory also predicts that  the Galaxy is just one of the galaxies in our Universe. Now scientists discuss the Multiverse, not as a myth, but as a new * 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.

over 10°% universes that have different sets of physical parameters could exist. scientific concept. Does our Universe become just one of the Multiverse? of E
@) =

Expandmg

o speed of ght

Stars are shining in the mght sky The term ”I\ghl 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,
* this figure has a fatal inconsistency if you extend the map to very large distances. The farther away celestial bodies are located, the older
‘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.
_ Whatis 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

Inverted
cone

R
T

e

\ — Why is there something rather than nothing?
Athumbtack hole is about 10 million
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