How the Superstring Works

 gmae

o g M

Hisao Suzuki, Hokkaido University

Scientific method

Xpe e and ’
This is the standard procedure for science.

Great science discoveries have been obtained by
other method.
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Questions

How did our universe begin?
Why are we here?
Are these scientific questions?

Evolution of the universe was not
scientific question about 100 years
ago.

Prediction of EM waves

Modification of Ampeére's Law ’

Einstein




Einstein

The speed of light is constant.

Einstein
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Space ship
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Unexpected result

Addition of speed

.- ol oo 1 0 O O e a4 i 0

+*Understand from a additi(')n rule.
vV +v

1 +wv0v'/c?

Law of universal gravitation and theory of relativity- G Monkey hunting
o e gl AW |

+ Universal law of gravitation

@

Principl f ivalen ? Gravity and acceleration ;
CIpte O .-~ oo A I O s acupia i w g il
“Monkey hunting o o : Principle of Equivalence
The person who has fallen is in a system of inertia. oo °

+* The person who is standing on ground?
It is not a system of inertia.
+* Principle of equivalence
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Einstein's idea

- ohe i O
< Gravity ++If Pythagorean theoremvholdss7— | ———
= | do not feel gravity in the person who has fallen. The space is notcurved: /|

/ ——\
+ Gravity is not force. +» Pythagorean theorem dpesrr%?holdl;. ——
«» What is the gravity? ’ :

Is the space curved? /| \
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Unexpected results : Movement of objects in curvedspace
. - mdeost ol A NS |

Bending of time-space and bending of

Uniting of theory and theory of relativity

<*The speed of light is different in
each point.

+* The quantum theory and theory of rel
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Quantum theory
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«“*Interference experiment of
electron

-

ectron gun

slit screen

Interpretation of electron of negative energy

Dirac hole theory

= 0 1 AV
«“*Interpretation
Energy

A Electrons having

negative energies
mc?

> position
-mc?

Disadvantage of Dirac theoty * © _ _

Quantum field theory s IR

“»What is the interaction of electrons photon
within Sea?

“» Essentially many body system.
“+Theory does not have particle
antiparticle symmetry.

electron
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Electromagnetic forces b Electronic proton

+“*Photon

+e

Self energy of electron

We can
come back
as soon photon
as possible
electron
My
Sy
(@) Infinitely massive

There is no electron without electric fields!
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almost massless Physical mass
with huge EM energy
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Quantum Electrodynamic

But what is the value of bare mass?
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Is bare mass of the electron infinitely small?

+»The same recipe cannot be used for gravity.

point particle

<>
. -

High/Resolution)

Why
should we
consider
string
theories?

Superstring theory
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Open string Open string and electromagnetic radiation

Why photons does not have

longitudinal mode?

: \W. ut £
| IENolonsJcollidingjtojelectrons!

Lorentz contraction
Length to the direction of motion is

zero if it moves at a speed of light We can

' [ come back |

! | as soon photon
There is no vibration to the direction ; @ossible
of velocity : — electron

There is no divergence in the string theory. N ”

Closed strings have try e
No dlvergence' come back soon

amful g
Q -_,,TPalnfu

I can’'t
come back ? string
sooner can

=3 propagat
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The string theory is a theory of ten dimensions. Y e Direction not seen ¢ r
ol oo | W oo et i A O O

+“*Ten dimensions

Vibration of string . s D . cpon il
o oo | W

For an open strin v
; & Vibration of strings and the unification of particles and forces

b R L L ||

In ten dimensions xdirection Inour space-time
Graviton
-> To general relativity
y direction

N

x direction

) photons
gluons
- weak bosons
Internal direction
Internal direction
l’ . -) Matter fields
Internal direction

N

e,
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Unified force theory
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D-brane

Superstring theory is an unified force theory of the
forces and the particle.

Problems

There are many problems in string
theory.

Phase transition

of universe
Matters
5%

Dark matters
25%

Dark Energy
70%
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Perturbation of Cosmic
Microwave Background.

Effect of Inflation

Quantum theory of gravity
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Inflation

IR F—

It is not natural to get the
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