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Apple: Where It all starts!



Classical Mechanics
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Matter = Curvature












fuzzy” at smaller scales
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Quantum mechanics was born
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Interaction takes place by exchange of particles
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Gravity+Quantum'Mecha'nics-é? '
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At yet smaller scales "elementary particles”™
look like strings






String Interaction















Fig.3 Closed string splitting and rejoining.
(Second order, loop level)
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String/geometry connection:
starts on the wrong foot!

String theory demands d=10 but we live in d=4

This seems to raise a dilemma:

How to extra dimensions?
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First attempt
tiny--unobservable!




But this answer Is not totally
satisfactory:

What are the extra dimensions
good for?!



1) Black Hole Entropy: Where are the
microstates of the black hole hidden?
Bekenstein-Hawking formula:
S=A(horizon)/4 (instead of 0).




2) What dictates the structure of
matter? Number of generations and the
types of gauge forces?



3) In solving dynamics of certain 4d
theories auxiliary spaces arise (notably
Montonen-Olive torus)? Are they
physical?




In addition, monopoles and dyons are related to
objects on this surface. Are the curves on the
surface physical objects?
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4) Can one better understand strong interactions
and understand how phenomena such as
confinement take place.



Until mid 90’s the extra dimensions
of string theory, were viewed by

and large as an for
string theory, or at best a tolerable

feature.



The story changed dramatically with
the discovery of In the mid
90’s.



String Dualities:

Upon changing parameters various
known string theories unify to one
theory (called M-theory).

Extended objects (branes) play a key role.
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As we change parameters in string theory
Dimension of space as well as the objects
change:
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Interplay between geometry and branes:

2-Singularities of geometry can be interpreted
as branes.






SO(10)










(2,2)



Existence of extra dimensions allows us
to create degeneracies = 3 generations




The number of generations =3






This also leads to semi-quantitative predictions
for quark mixing matrix in a class of string
models:

1 XQUT ~ (). 2 1 0.04

" 0.97 0.23 0.004
0.23 0.97 0.04
0.008 0.04 0.99







Naive continuation does not make
geometric sense



Instead a new geometry opens up!



In many cases the transition is smooth.
For example they get mapped to a dual
geometry for which there is no sharp
transition point and this leads to important
insights into strong coupling physics.






To get rid of the open string means somehow
the D-branes must disappear (because

the D-branes are responsible for cutting

the closed string open).

A dual description exists where the branes
are replaced by flux:






How are black holes realized in string theory?

One way is to view them as branes wrapped
around cycles of the internal manifold.

= tension X






Black hole

as wrapped
branes in the
internal
dimensions




Strings and Geometry have a beautiful
interplay.

This interplay sheds light on 4d physics.
Many physical facts have their origin in
the internal geometry of string theory.






