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Today's talk

1 Universe viewed from Earth,
Earth viewed from universe

2 Co-evolution of the universe, stars,
galaxies, and life

3 Unknown world beyond the horizon of
our visible universe

4 Can we really understand the world
beyond the horizon ?



1 Universe viewed from Earth

Earth viewed from universe



Earth = the center of the world

n 7he Almagest by Claudius
Ptolemy (~AD 150)

= one of the most influential
books in history

= 3 geocentric model of the
universe based on the ancient
Greek astronomy that has
been accepted before
Copernicus

Cosmographia (1539) by Petrus Apianus
(from Wikipedia)
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Nicolaus Copernicus (1473-1543)

-pulcherimo templo lampadem hanc in alio el meliorifocopo

De revolutionibus orbium coelestium (1543) Torun (Fbg, 023)



Cosmological principle (Copernicus principle)
= there Is no center in the universe

I\wTILEL A RELATION BETWEEN DISTANCE AND RADIAL VELOCITY
Ho=558km/sec/Mpc (!?) AMONG EXTRA-GALACTIC NEBULAE

By Epwiy HussLE PNAS 15(1929)168

MoUNT WILSON OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON

Communicated January 17, 1929

Ny UEH

Determinations of the motion of the sun with respect to the extra-

Ho=70km/sec/Mpc

Hubble -

galactic nebulae have involved a K term of several hundred kilometers

which appears to be variable. Explanations of this paradox have been
sought in a correlation between apparent radial velocities and distances,
but so far the results have not been convincing. The present paper is a

: | == -—-—‘-ation of the question, based on only those nebular distances
UN UNIVERS HOMOGENE DE MASSE CONSTANTE ET DE RAYON CROISSANT, believed to be fairly reliable.
RENDANT COMPTE

DE LA VITESSE RADIALE DES NEBULEUSES EXTRA-GALACTIQUES

Lemaitre law

= Hubble was interested in the motion of the Sun
Note de M. 'Abbé G. LEMAITRE relative to the rest frame of distant galaxies (he

1. GENERAIITES. Annales Soc. Sci. Bruxelles A47(1927)49 did not properly understand the implication of the

La théorie de la relativité fait prévoir Pexistence d’un univers homogéne distance-velocity relation that he found in 1929)

ol non seulement la répartition de la matiére est uniforme, mais ou : - .
toutes les positions de Pespace sont équivalentes, il n’y a pas de centre de Lemaitre discovered the relation in 1927 from a

gravité. Le rayon R de V'espace est constant, Pespace est elliptique de fully general relativistic viewpoint




Relic light from the primeval fireball (big bang)
- CMB (Cosmic Microwave Background) Temperature Map-

our universe is homogeneous and
isotropic to high precision

1940-1980 Means

2 15 -1 -05 O 05 1
Temperature Anomaly (°C)

Robert A. Rohde (from wikipedia) ESA and the Planck Collaboration - D. Ducros
temperature map of “global” warming CMB map by Planck mission(2013)

(viewed from outside) (viewed from inside)




Japan‘\gviewed from International Space Station




 Earth and Milky Way viewed from ISS -
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https:#/www.flickr.com/people/nasa2explore/



Earth viewed from space e
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“Look again at that dot. That's here AR,
That's home. That's us. On it everyone
you love, everyone you know, everyone
you ever heard of, every human being
“who ever was, lived out their lives. ”

&\ l...

an image of our Earth taken on
February 14, 1990 from 40 au away by

J ‘ Vleyager 1 at the request of Carl Sagan D
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ewed by Cassini mission
July 20, 2013 (JST) : 20,000 Americans waving t



ur Solar system is typical or atypical (unique

The Solar System:

Sun
@ 1392684 km

Moons with colored frames are not to scale.
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Since 1995, (exo)-planetary systems have been known to be common

= No other planet hosting life is known (yet) except our own Earth



History of progress in astronomy
= endless confirmation that we do not occupy

any special place in the universe

2019 Nobel Prize o« |
in Physics

“for contributions to
our understanding of
the evolution of the
universe and Earth’s
place in the cosmos”
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James Peebles Michel Mayor Didier Queloz

= Nothing in the universe occupies a special place

= If true, it is very unlikely that our Earth is the only single
planet hosting life in the entire universe



2 Co-evolution of the universe,
stars, galaxies, and life



Brief history of the universe over 13.8 G yrs

= the first 3 mins: Big-bang nucleosynthesis
= formation of helium from protons and neutrons

= t=380,000 years: Recombination
= protons and electrons combine and form neutral hydrogen atoms

= the universe becomes transparent for photons, and the last scattered
photons are now observed as CMB

= t= 1089years : First stars

= heavy elements are formed in the central regions of stars, emitted to space
when those stars die, and become part of new-born stars

= the above processes are repeated many times (cosmic recycling of
elements) , and eventually form life

= Now (t=13.8 billion years) : Rich and diverse cosmic structures



Universe evolves according to the laws of physics

Four fundamental interactions

high temperature &
(Big Bang)



Four fundamental interactions and formation of elements

= Early universe was at very high temperature and density

= at high temperature (T>1011K) , protons and neutrons prefer to being free, and
do not form elements (nuclei)

= When T cools below 108K, stable helium nuclei (2 protons + 2 neutrons) start to
be formed (the first three minutes)

= some 108 years later, heavy elements are synthesized in the central region of
stars and emitted to space. Those elements are recycled and form second
generation stars, and gradually accumulated in the universe

= All the four interactions are involved in cosmic nucleosynthesis
= strong force bgtween protons and neutrons cosmic nucleosynthesis and
= electromagnetic force between protons recycle are a natural outcome
= neutron beta-decay via weak force of the laws of physics
= high density in the central region of stars via gravity



From CMB to large-scale galaxy distribution
evolution of structures over 13.8 billion years

NASA/WMAP Science Team -David Spergel



Composition of the universe

atoms4 9(y Big-bang nucleosynthesis number density of
" 0]

(the first three mins) ! -
mainly He ; atoms relativeto H

H

W Stellar nucleosynthesis
(t>0.1 G years)
mainly C, N, O

Mg Si

S

Naf A Ar ca Ni

P

Cl ,
K T| Zn

V

Sc
Cosmic expansion is dictated by

dark matter and cosmological
constant, while stars, galaxies, and
life form from the remaining 5% of
atoms (ordinary matter)



Carl Sagan: "The cosmos is within us.
We are made of star-stuff ”

= ~60% of human body is made
of water (H,0)
= H and O are among the most
abundant atoms in the universe
= Biomolecule=organic molecules

s Carbon with 4 bonds can form
various stable molecules

= Cis also one of the most
abundant atoms in the universe
= Our body is made of heavy
elements that have been
formed in centers of stars
(mass-weighted abundance ratio) somewhere in the universe




Universe = stars = elements = human (=children of stars)
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The nitrogen in our DNA, the calcium in our teeth, the iron in our blood,
the carbon in our apple pies were made in the interiors of collapsing

stars. We are made of starstuff — Carl Sagan "Cosmos”




3 Unknown world beyond the
horizon of our visible universe

- We didn't know anything -



My horizon of the world more than 50 years ago

@Pacific Ocean viewed from Kochi, Japan

Is that horizon reaIIy the edge of the unlverse? ==
- Is there-any unknown wo_rld beyond the horlzon'-’ — "-:.«-
If so, how different is the worldironloul_: wslblelandsca_pe, =
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Is the blue sky the edge of the universe?
or are there any other worlds beyond it?
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* . - Arethere any other upknown worilds =~ -
beyond ;he currently VISIble edge of thqumverse'?
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A novel by Isaac Asimov: "Nightfall”
- We didn’t know anything -

= A planet Lagash has 6 Suns in the sky, and "
thus no night S T

= According to the ancient myth, Lagash enters isaac asimov

a dark “cave” every 2000 years NIBH“:AI_I_

= This is a total eclipse due to an inner planet 1B OHERSTORIES ()
relative to Lagash, when only one of the six Sun
iS up in the sky accidentally

= The story begins at the time just a few hours
before the “night” that nobody in Lagash has
experienced in the lifetime




“Light I he screamed. Aton, somewhere, was crying,
whimpering horribly like a terribly frightened child.
“Stars -- all the Stars -- we didn't know at all.

WE dldnt know anythlng

We live in the center
of the world

(Illustration by Alisa Haba)




4 Can we really understand the world
beyond the horizon ?

D'ou Venons Nous / Que Sommes Nous / Ou Allons Nous



Three most fundamental puzzles
remained to be solved In science

= origin of cosmos Not clear if there is
= Why our universe began? any answer at all to
= OUr universe is unique? those great and
= other different worlds than ours? attracting puzzles
= origin of life
= Why life in the Earth began? Even if right
= other life in the universe? scientific answers
= what diversities/universality for the other life? exist, are we
= origin of consciousness (intelligence) intelligent enough to
= Why life developpes consciousness? discover and
= intelligence is a natural outcome for life? understand them?

= Oother extraterrestrial intelligence?




Life in the universe s really universal?

= Evolution of the universe is dictated by the laws of physics
= amazing success of big-bang cosmology
= all available observed data (abundance of elements, cosmic
microwave background, diverse cosmic structures) are fully
consistent with the laws of physics

= Cosmic ecosystems
= formation and evolution of cosmic objects
= formation of heavy elements in the central parts of massive stars
+ their subsequent recycling in the space
+ formation of next-generation stars

s evolution of the universe = evolution of life ?
s formation of life is an inevitable outcome in the universe ?

= Not @ merely philosophical, but a testable scientific question in
the near future !



Astro2020: Pathways to Discovery in
Astronomy and Astrophysics for the 2020s

SCIEN CES EN\: EE NG MEDOCNG

CONSENSUS STUDY REPORT

Pathways to Dlscovery in

Astronomy and Astrophysms .
. s foh the 2020s

s Worlds and Suns in Context
= Pathways to Habitable Worlds

= New Messengers and New Physics
= New Windows on the Dynamic Universe

m Cosmic Ecosystems
= Unveiling the Drivers of Galaxy Growth

https://www.nationalacademies.org/our-work/decadal-survey-on-
astronomy-and-astrophysics-2020-astro2020



Highest Priority: an IR/Optical/UV space
telescope optimized for observing habitable
exoplanets and general astrophysics

= Recommendation: After a successful mission and
technology maturation program, NASA should embark on
a program to realize a mission to search for biosignatures
from a robust number of about ~25 habitable zone planets
and to be a transformative facility for general astrophysics.
If mission and technology maturation are successful, as
determined by an independent review, implementation

should start in the latter part of the decade, with a target
launch in the first half of the 2040’s



Quotes from Carl Sagan

n Everything not forbidden by the laws of nature is mandatory

m /he universe is a pretty big place. If it's just us, seems like
an awftul waste of space

s Nobody's guaranteeing success. But can you think of a more
Important guestion? Imagine them out there sending us
signals, and nobody on Earth is listening. That would be a
Joke, a travesty.

m Somewhere, something incredible is waiting to be known.,

— Carl Sagan, Contact (1986)



Evolution of cosmic structures
over 13.8 G years
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Cosmic eco-systems, recycling of
elements, and origin and
evolution of life in the universe



