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Gne of the mnssnons of phySICS |s
'to dlscover Fundamehtal Laws of Nature7 |
- and use them to. solve some of its
deepest mysterles of the Unlverse
such as |ts arlgm and future. ‘* |



Since ancient times, humans have
been interested in finding out
how the Universe began,
how it works, and
what our place is in it.
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Four centuries ago, Galileo Galilei pointed his telescope
at a night sky and opened a new window to the Universe.
This initiated the scientific revolution and enabled us to address
some of mysteries of the Universe by the scientific method.

Starry Messenger
published on 13 March 1610 .



We have made remarkable success in deciphering the Universe
over the last 400 years, and the progress is continuing strongly.
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Interferometer Gravitational-Wave Observatory in Hanford, Wash.
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makes me feel good,” she said, |
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are listening to the elderly peo- |
Pple.” She now said she was an un-
decided voter and planned to do

some homework on Mr. Sanders. ; :
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lignt-years away, a fleeting chirp
ll’\_al fulfilled the last prediction of
E_msuem s general theory of rela-
tivity,

That faint rising tone, phys-
ICists say, is the first direct evi-
dence of gravitational waves, the
ripples in the fabric of Space-time
that Einstein predicted a century
ago. It completes his vision of a
universe in which space and time
are interwoven and dynamic,
able to stretch, shrink and jiggle.
And it is a ringing confirmation of
the nature of
black holes,
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the  bottom-
less gravita-
tional pits
from  which
not even light
can  escape,
which  were

the most fore-
boding (and
unwelcome) part of his theory.
More generally, it means that a
century of innovation, testing,
questioning and plain hard work
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| have written 8 popular science books in Japanese
to communicate some of recent excitements in this area.
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"What is Gravity" "Strong and Weak Forces" "Superstring Theory"

6/55



| have written 8 popular science books in Japanese
to communicate some of recent excitements in this area.
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| Kodansha
bl Prize for
T@#"@*’%‘Vzﬂﬂﬂl gﬁ?n}ﬂ Science Book
1V o s 851
"What is Gravity" "Strong and Weak Forces" "Superstring Theory"

Sold over 300,000 copies in Japan.
Translated into Chinese and Korean. ss



15 May 2013

We want to make
a 3D dome theater movie
based on your books.
Can you help us?

Dimitris Kontopolous

Science Communicator at Miraikan
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Visual Image Wizard "Professor” Science Guy

"Assistant" Horror Movie Director

"The Man from the
9 Dimensions"
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3D Science Movie
“The Man from the 9 Dimensions”

Everything istade up of Strings?

2016 Best Educational

Production Award of the
international Planetarium Society

Shown in Athens, Bangalore, Chicago, Denver, Hamburg,
Hong Kong, Mumbai, Paris, and many locations in Japan.

Translated into 6 foreign languages.




The Science of
The Man from the 9 Dimensions



The Universe was born
13.8 billion years ago.

Peak f i Cosmic shutdown Present_@ay
eak formation  _ o\ .. years ~13.8 billion years
~3 billion years

First light
~500 million years

Image modified from an original by NASA/NVVMAP Science Team
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1915: Einstein completed his theory of gravity.
He applied it to the whole universe, found
an expanding solution, and abandoned it.
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1915: Einstein completed his theory of gravity.
He applied it to the whole universe, found
an expanding solution, and abandoned it.

1929: Hubble at Mt. Wilson discovered
that the universe is expanding.

Pasadena, 1931 Oxford, 1931
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3 minutes after the birth:

Protons and neutrons combined to make
hydrogen and helium nuclei.
Theoretical calculations showed 12:1 ratio.
Precisely agreed with astrophysical observations.

George Gamoy, et al. (1948)

15/55



400,000 years after the birth:

Electrons and atomic nuclei combined
to form neutral atoms.
The Universe became transparent.
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400,000 years after the birth:

Electrons and atomic nuclei combined
to form neutral atoms.
The Universe became transparent.

In 1964, Penzias and Wilson detected
the primordial light.




Until 100,000,000 years later:

No new light had been emitted.
Stars and galaxies were still to be born.
Dark Age of the Universe
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100,000,000 years later:

Atoms scattered by the Big Bang began to come
together by gravity. Clumps began to form
and became seeds for stars and galaxies.
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100,000,000 years later:

The first star was born.




100,000,000 years later:

Che New Jork Cimes
©2022 The New York Times Company NEW YORK, TUESDAY, JULY 12, 2022

Biden and NASA Share First Webb
Space Telescope Image

From the White House on Monday, humanity got its first glimpse
of what the observatory in space has been seeing: a cluster of

early galaxies.

The James Web Space
Telescope enables us

to see images of stars
born 13 billion years ago.
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1,000,000,000 years later:

Galaxies started forming.
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1,000,000,000 years later:

.The Ilu

M. Vogelsberger S. Genel V. . Springel - P.

Galaxies started forming.

stris Simulation

To show an accurate picture of

the evolution of the Universe,

we worked with the /llustris Project,
a cosmological simulation of galaxy
formation using a state of the art
numerical code.
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9,000,000,000 years later:

The Sun and the Earth formed.




The Universe gave us home on this beautiful
planet and 3.5 billion years to evolve
from microbes to homo sapiens
intelligent enough to ask:
"How does the Universe work?"

Cosmic shutdown Present day

Peak formation ~13.8 billion years
~3 billion years

First light ~6 billion years

~500 million years

Image modified from an original by NASA/WMAP Science Team
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Why is the Unlverse‘the way it |s7
'How dld |t come to exnstence?
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Let us go back to the Big Bang.
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3 minutes after the birth:

Protons and neutrons combine to make
hydrogen and helium nuclei.
Theoretical calculations showed 12:1 ratio.
Precisely agreed with astrophysical observations.

George Gamoy, et al. (1948)
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Until 0.0001 seconds after the birth:

Protons and neutrons were
broken apart into quarks
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Until 0.00000000001 seconds after the birth:

The Universe can be accurately described
by the Standard Model of Particle Physics.

The Standard Model represents our best
understanding of the microscopic world,
verified by experiments.
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Until 0.00000000001 seconds after the birth:

The Universe can be accurately described
by the Standard Model of Particle Physics.

Neutrinos [ V] change their flavors as they fly.
(Neutrino Oscillation)
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Until 0.00000000001 seconds after the birth:

The Universe can be accurately described
by the Standard Model of Particle Physics.

Photons [ ¥ ] mediates electric and magnetic forces.

32/55



Until 0.00000000001 seconds after the birth:

The Universe can be accurately described
by the Standard Model of Particle Physics.

The Higgs particle [ H ] gives
masses to elementary particles. o




Until 0.00000000001 seconds after the birth:

The Universe can be accurately described
by the Standard Model of Particle Physics.

How was the Universe like
before 0.00000000001 seconds of its birth?
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How was the Universe like
before 0.00000000001 seconds of its birth?

To answer this question, we need a more fundamental
theory that goes beyond the Standard Model.
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How was the Universe like
before 0.00000000001 seconds of its birth?

To answer this question, we need a more fundamental
theory that goes beyond the Standard Model.

In fact, the Standard
Model can explain
only 4% of the Universe.

74% Dark Energy
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Cosmic Inflation

may explain the Universe until 0.0000000000000000
00000000000000000001 seconds of its birth.
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In the first 0.0000000000000000000000000000000
00001 seconds:

Forces and matters, even space and time of the Universe
were fluctuating, according to the law of quantum mechanics.
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In the first 0.0000000000000000000000000000000
00001 seconds:

Forces and matters, even space and time of the Universe
were fluctuating, according to the law of quantum mechanics.
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Stephen Hawking (1942 - 2018)
and his collaborators predicted
that the quantum fluctuations

of forces, matter, and space-time
in the early universe can be
observed in the primordial light.

February 1985
Kyoto, Japan
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In the first 0.0000000000000000000000000000000
00001 seconds:

Forces and matters, even Spadce a

were fluctuating, according to the | ics.

COBE Satellite
1992

Evidences for guantum
fluctuations of matters
during the cosmic inflation
have already been observed.

WMAP Satellite
2003

WMAP Satellite
2013
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In the first 0.0000000000000000000000000000000
00001 seconds:

Forces and matters, even Spadce a

were fluctuating, according to the | ics.

COBE Satellite
1992

Primordial quantum
fluctuations of matters
planted seeds for stars

WMAP Satellite
2003

WMAP Satellite
2013

and galaxies of the Universe.
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In the first 0.0000000000000000000000000000000
00001 seconds:

Forces and matters, even Spadce a

were fluctuating, according to the | ics.

Detecting imprint of primordial
gravitational waves from
quantum fluctuations of
space and time, would verify
the cosmic inflation.

Japanese Satellite
LiteBIRD
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LIGO's detection of gravitational waves opened a new
window to the Universe. Gravitational waves may also
help us solve mysteries of the early Universe.

17 jo Tk &3 S sl itane -
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Today's News:

New way to detect gravitational waves
by observing lights from pulsers

Ehe New Qlork Times

The Cosmos Is Thrumming With
Gravitational Waves, Astronomers
Find

Radio telescopes around the world picked up a telltale hum

reverberating across the cosmos, most likely from supermassive
black holes merging in the early universe.

ﬁ' Give this article = m I:,J 83

nature

Explore content ¥  About the journal v

Publish with us v

A new access to the universe

Precise as a clock: pulsars in the Milky Way form large-scale observatory for
gravitational waves

JUNE 29, 2023

Astronomical observatories are usually based on Earth and study the extreme processes in the universe by
capturing light as an information carrier. But not all processes in the universe produce light. For example, when
galaxies merge and black holes orbit each other, they cause ripples in space-time. To make such gravitational
waves measurable, astronomers have used a trick. They observed the light of pulsars, a special class of stars.

Together, these stars form an observatory that is almost as large as our Milky Way.

Subscribe

nature > news > article

NEWS | 29 June 2023

The Very Large Array on the Plains of San Agust
that worked with a global consortium to detect th - Using beacon stars called pulsars, a decades-long effort has found space-time ripples

that are light-years-wide.

Monster gravitational waves
spotted for first time

45/55



To understand the early Universe, we need
a more fundamental theory that unifies
the macroscopic world of gravity with

the microscopic world of o

uantum mechanics.
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The only consnsient gay .
we know how to dq,thls is x_ %

Superstrlng ]'heory
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Superstring Theory postulates
fundamental building blocks are
not point particles but strings.



/
Superstring theory is defined 2
in (9+1) spacetime dimensions. 7 y
y < S X
S /wiw
v
f:‘me t “u
A

We live in (3+1) dimensions.
At least we feel so.

N
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If the extra 6 dimension is
a small compact Calabi-Yau manifold,
it will not be visible to us directly.

The rich structure in particle physics,
such as 17 types of elementary particles,
gauge forces, and Higgs boson,

emerges from Calabi-Yau geometry.
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We want to derive quantitative predictions on
physics in (3+1) dimensions from the geometry of

Calabi-Yau manifold
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We do not even know
how to measure

distance between

two points on Calabi-Yau.

lhat can we do
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Power of Mathematics
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The Man from the 9 Dimensions

The Man from the 9 Dimensions is a metaphor
of Theory of Everything, which unifies
the macroscopic world of gravity with

the microscopic world of ©

uantum mechanics.

Scientists' quest to discover it continues.
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Everythlng is

\l.

de up Qf Strmgs ?

From the world of elementary particles
to the farthést'reaches of the Universe,
ithe journey beyond dimensions'starts now.

[INTROD UGTIQN |

Based on the latest scientific data-and hypotheses, Takashi Shimizu, the pioneer of
horror movies, visualizes the world as theoretical physicists see it in order to create
a new kind of science movie.

A 3D fulldome movie onvthe "Theory of Everything”; the ultimate goal of physics to describe all natural phenomena by a single, consistent
theory. Physics isin.cfisis. Our of the world of particles and of the macroscopic world of the universe:
are in contradiction. Scientists are striving to resolve the contradictions and construct thé Theory of Everything. Be'Teady'to be surprisedBy the
new,world of vibrating strings and hidden dimensions predicted by the most promising hypothesis, the Superstring Theory.

P

[ STOR¥]

The mysterious man T.o0.E. must be caught!

“How does the Universe work? How was it even created?” Growing up, everyone has thought
about these fundamental questions, but there are still people Who keep searching for the
answers — Scientists. Scientists are seeking a certain person. His name is T.o.E. If they catch
him, all the mysteries of the physical world will be solved. The scientists are finally able to locate
him, but the moment they try to catch him, he escapes with ease. He says “Welcome to my
world", and invites us to a fantastical journey. He traverses space and time, from the world of the
infinitesimally small to the vastness of the macroscopic world, and from the present day to the
distant past, up to the birth of the Universe. What lies at the end of this journey is something that
will change how we perceive reality forever

Scientific Advisor: Hirosi Ooguri (Fred Kavi Professor of Theoretical Physics and Mathematics and Founding Director of the Walter Burke Institute for Theoretical Physics at the California Institute of
Technology, and Principal Investigator of the Kavi Institute for the Physics and Mathematics of the Universe at the University of Tokyo)  Director: Takashi Shimizu (*The Grudge” “Kiki's delivery service")
Visual Director: Synichi Yomamoto_Cast: James Sutherland, Asahi Yoshida, Roza Tachibana, Tabito Okayasu Velce: ikiva Koyama_Scenario: Masanor luchi Director of Photography: Jun Fukumoto
Lighting: Tokuiju Ichikawa Film editing: Yoshihiro Kanayama Music: Taro Ishida Cosmological Simulation Visu n: Tkaaki Takeda Data Provided by: The llustris Collaboration, CERN
Production, CG/VFX: OMNIBUS JAPAN  Planning, Production and Copyright: Miraikan (National Museum of Emerging Science and Innovation)

miraikan.jst.g
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Scientific Advisor: Hirosi Ooguri Director; Takashi Shimizu ¢he Grudge” “Kiki’s Delivery Service”)
Visual Director: Synichi Yamamoto

Cast: James Sutherland, Asahi Yoshida, Roza Tachibana, Tabito Okayasu Voice: Rikiya Koyama
Production, CG/ VFX: OMNIBUS JAPAN  Planning, Production, and Copyright: Miraikan (National Museum of Emerging Science and Innovation)
2016 / 30mins / 3D / 4K Domemaster / 7.1ch surround / Japanese, English versions available
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Dome Theater GAIA| Equipped with Japan’s first super high detail fulldome 3D Tickets| Reservations are required for the Dome Theater.

- A Y Good. N4 N Ofical N optical system “Atmos”, “MEGASTAR-I cosmos” which can project 10milion stars, © onsite et A
Educational o \ . Offcil Selection S ) B e L o e G e o e ladiilel Dol sl bl il
/& Visual Effects 2

Award 2016 Selection 15meters. Big screen films and 3D planetarium shows are screened. (112 seats. Seats for “Tickets for the Dome Theater can only be purchased along with admission tickets.

International
2 Ui © Orline reservation https://domeyoyaku.jp/ (Reservations can be made until 5 p.m. on the previous
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