Scale transformations
and

the dynamics of string theo




The progress of theoretical physics

c.100

Ptolemaic system
(heavenly bodies move
In perfect circles)




The progress of theoretical physics

1915

General Relativity
(no exact solution to
two-body problem)




The progress of theoretical physics

1970s
String theory
What Is the vacuum???




String Theory 101

String theory combines
particle physics
with
General Relativity




String Theory 101

Each point of our 3D space hides
tiny 6D space

hidden
G ) o

«— familiar dimensions—

> 4-dimensional model

The equations that determine
the shape of this space
(1) are not completely k
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String Theory 101
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Every particle Is a
tiny vibrating string

Kinds of particles you see
depends on topology & geometry of hidden space

ALWAYS have a gravitorz gravity
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String Theory 101

Can we get this:

Standard Model of

FUNDAMENTAL PARTICLES AND INTERACTIONS
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Structure within
the Atom

Quark

Electron

Neutron

and

PROPERTIES OF THE INTERACTIONS
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An odd result

Calculations In string theory are easiesti"’
when you assume UPERSYMMETRY

Sadly, this beautiful symmetry Is
not a property of thercal world




An odd result
Actually, not so odd: Higgs Peld in Standard Model
Scalar Peld with potential Particle with mass
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An odd result
Potential for Higgs Peld:

V




String theoryOs dark secrets
Let®s do the same for strings with® < 0

Two fundamental obstacles:

1) Background independence:
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Lawrence
Step 1Shape (etc) of hidden space can be defor

(Freedman, MH,




Progress

Step 3. /
Look at the world through

the eyes of a string

1D physicist living on the
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string seedD laws




Progress

3 interpretations for!
¥parameterdescribing shape of hidden space
¥scalar peldf 3D physics
¥coupling constanof 1D physics

Obeta functionsO




Progress

We showed:
1) equation of motion:

nERRT AR AL
2) potential energy:




Real-world application?

Stringy effects In time-dependent situations:
black hole singularity &ery early universe

Inf3ation




Conclusions

By taking dD viewpoint, weOve made some

progress on the problems of
background independence
and
time dependence
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