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«— Big Bang scenario
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“EMPTY” SPACE-TIME is full of “virtual” pairs of particles (black) and antiparticles (color).
Members of a pair come into existence simultaneously at a point in space-time, move apart and
come together again, annihilating each other. They are called virtual because unlike “real” par-
ticles they cannot be detected directly. Their indirect effects can nonetheless be measured.



(1879-1955)

“Your claim that the concepts p, will
have to be given up, if they can only
claim such a *shaky”” meaning,
seems to me to be fully justified.

The Heisenberg-Bohr tranquilizing
philosophy-or religion? — is so
delicately contrived that, for the

time being, it provides a gentle pillow  “ The skeptic will say that this is a

for the true believer from which he miracle creed. Admittedly so, butitis a
cannot very easily be aroused. miracle creed which has been borne

So let him lie there.” out to an amazing extent by the

development of science.”

192
928 ) 1950 Scientific American
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‘effective theory’




Hawking, 1974)
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IN THE NEIGHBORHOOD OF A BLACK HOLE one member of a particle-anfiparticle
pair may fall into the black hole, leaving the other member of the pair withowt a partner with
which to annihilate. If surviving member of pair does not follow its partner into black hole, it
may escape to infinity. Thus black hole will appear to be emitting particles and antiparticles.
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Predictability (‘falsifiability”)
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Yoneya, Scherk-Schwarz 1973-75



Long (massive) strings

Short (light) strings




graviton dilaton




‘self-consistent’
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Tree diagram 1-loop diagram 2-loop diagram







G1o ~ 2?05 /h

¢ Dilaton

h—0=/¥4s—0



. Space-time uncertainty relation
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1969 ~ 1972

1973 ~ 1976

1985 ~ 1987

1993 ~ 1995

1995 ~ present

« Veneziano formulae
« String interpretation
(Nambu-Goto action)

s Relation with General Relativity
(Einstein theory and Supergravity)

« Classification of perturbative
string theories
(I, IIA, 1IB, HS’O(32) and HEsXEg)

» Relations (‘dualities’) among
perturbative string theories

s ‘M-theory’ conjecture
(connection to 11D supergravity)
¢ Role of ‘D-branes’
« Gauge/String duality
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1954 Yang-Mills

1982 CERN

General Relativity

non-Abelin gauge theory



(90 Maldacena, ....)
‘gauge/gravity(string) duality’ ‘holography’, ....

Strominger-Vafa, 1995

Born-Infeld, Kaluza-Klein, Elementary domain(Yukawa),
Noncommutative spacetime, Induced gravity, ... etc
Unification of ldeas!
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Okawa-Yoneya, 1998



Planck length
tp=1/Gh/c3 ~ 10~33cm
String scale dilaton

s ~ e~ %/%0p

dilaton

~ 10~ 17"cm



dilaton, antisymmetric tensor field, and other supersymmetric partners

extra space-time dimension

perturbative string theory

compactification scenario
world-brane scenario
Landscape, ‘discretuum’, ....




CP violation
Big Bang

inflation ......

Dreams of a final theory
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