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       One of the missions of physics is
to discover Fundamental Laws of Nature 
      and use them to solve some of its   
      deepest mysteries of the Universe
            such as its origin and future.
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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 4/55



We have made remarkable success in deciphering the Universe 
over the last 400 years, and the progress is continuing strongly. 
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I have written 8 popular science books in Japanese
to communicate some of recent excitements in this area. 

"What is Gravity" "Strong and Weak Forces" "Superstring Theory"
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I have written 8 popular science books in Japanese
to communicate some of recent excitements in this area. 

"What is Gravity" "Strong and Weak Forces" "Superstring Theory"

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

2014
Kodansha 
Prize for
Science Book
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            We want to make
      a 3D dome theater movie
         based on your books.
            Can you help us?  

Dimitris Kontopolous
Science Communicator at Miraikan

15 May 2013
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Visual Image Wizard

"Assistant"

"Professor"

Horror Movie Director

Science Guy

"The Man from the 
    9 Dimensions"
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The Science of 
   The Man from the 9 Dimensions
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The Universe was born
 13.8 billion years ago.

8
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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 Gamov, et al. (1948)
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400,000 years after the birth:
    

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

16/55



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. 
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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. 
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100,000,000 years later:
    

       

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:
    
       

                     Galaxies started forming.

To show an accurate picture of 
the evolution of  the Universe, 
we worked with the Illustris 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.
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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?"

8
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       Why is the Universe the way it is?
           How did it come to existence?
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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 Gamov, 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 [    ]  change their flavors as they fly.
                     (Neutrino Oscillation) 

31/55



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. 
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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 Higgs particle [ H ] gives 
masses to elementary particles. 33/55



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.
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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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February 1985
 Kyoto, Japan

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.
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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. 

COBE Satellite
    1992

WMAP Satellite
     2003

WMAP Satellite
      2013

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

COBE Satellite
    1992

WMAP Satellite
     2003

WMAP Satellite
      2013

Primordial quantum 
fluctuations of matters
planted seeds for stars
and galaxies of the Universe.  
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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. 

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. 
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Today's News: 
  New way to detect gravitational waves 
        by observing lights from pulsers
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  To understand the early Universe, we need 
     a more fundamental theory that unifies 
       the macroscopic world of gravity with 
the microscopic world of quantum mechanics.  
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The only consistent way 
we know how to do this is 

Superstring Theory
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Superstring Theory postulates 
fundamental building blocks are
not point particles but strings.
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Superstring theory is defined 
in (9+1) spacetime dimensions.

We live in (3+1) dimensions.
         At least we feel so. 
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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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Calabi-Yau manifold

   We want to derive quantitative predictions on 
 physics in (3+1) dimensions from the geometry of
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We do not even know
how to measure
distance between 
two points on Calabi-Yau.
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Power of Mathematics
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    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 quantum mechanics. 
          Scientists' quest to discover it continues. 
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Enjoy the Movie!
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