Title: String Theory #5 & 6
Date: Mar 06, 2008 06:30 PM
URL: http://pirsa.org/08020011

Abstract: Strings vs. particles. Branes and Holography in quantum gravity.
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String theory and holography

Holography ideas will be introduced

L1 No examples sheet !

pirsa: osozocirontiers in physics. Waterloo, March 2008. Aninda Sinha Page 4/207




Pirsa: 08020011

Page 5/207




Planck units

Planck units are units of length(l. ), mass(m, ), time (1.), charge (g.)

and temperature (T.) constructed outof ¢, G, h, 4 e, k.

Physical significance: m. is the mass for which Schwarzschild radius is
the same as the Compton wavelength. This is the energy scale at which
QUANTUM PROPERTIES are comparable with the GENERAL RELATIVI-
STIC PROPERTIES of the particle.

mp = Ve ~ 10°GeV/e® ~ 2.18 x 1072 kg

lp = \/?G ~ 10 3m
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Planck units

Planck units are units of length(l. ), mass(m. ), time (1.), charge (g.)
and temperature (T.) constructedoutof ¢, G, A, 4 e, k.

Physical significance: m. is the mass for which Schwarzschild radius is
the same as the Compton wavelength. This is the energy scale at which
QUANTUM PROPERTIES are comparable with the GENERAL RELATIVI-
STIC PROPERTIES of the particle.

mp =/~ 10%GeV/c? ~2.18 x 1072 kg

Mass of a flea is 5000 m_, but size is 1033 |,
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Planck units

Planck units are units of length(l. ), mass(m, ), time (1.), charge (g.)
and temperature (T.) constructed outof ¢, G, h, 4 g, k.

Physical significance: m; is the mass for which Schwarzschild radius is
the same as the Compton wavelength. This is the energy scale at which
QUANTUM PROPERTIES are comparable with the GENERAL RELATIVI-
STIC PROPERTIES of the particle.

e |
mp =\ Ec ~ 1019GeV/c? ~ 2.18 x 1078 kg

Mass of a flea is 5000 m., but size is 1033 |,
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Some buzz words
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QFT: Quantum field theory which is a theoretical framework for

constructing quantum mechanical models of field like systems or many
body systems.

CFT: Conformal field theory is a QFT that is invariant under a special
symmetry called conformal symmetry.

QCD: Quantum ChromoDynamics. Theory of strong force.

Colour: Something like electric charge, present in quarks, gluons.
UV/IR: UV—ultra-violet, IR- infra-red. UV corresponds to high energy/
short wavelengths, IR corresponds to low energy/ long wavelengths
Perturbation theory: Will explain on black board.

Coupling constant: Something that measures the strength of an
interaction and needs to be small for perturbation theory methods to
be valid.

Gauge symmetry: A special kind of symmetry. Standard model has
SU(3) x SU({2) x U(1) gauge group.

Supersymmetry: A special symmetry saying that the number of
bosons and fermions are same at each energy level.
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Hologram
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Hologram
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Compared to conventional photographs a hologram is able to record
3-dimensional information.

It achieves so by recording the relative phases of coherent light
reflected from the object.

Thus it in effect stores 3 dimensional information on a 2 dimensional
surface.

An analogous idea prevails in quantum gravity and goes by the name

of HOLOGRAPHY.
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Origins of String Theory

Quick Timeline T

1921 - Kaluza-Klein Theory

1270 - Buth of string theory

1871 - Supersymmetry

1973 - Quantum Chromodynamics

1874 - Gravitons as closed strings; advent of string theory as a unified theory
1976 - Supergravity, supersymmetry applied to gravty

1880 - Superstnings; supersymmetry applied to strings

1984 - First Revolution: anomalies are cancelled and string theory goes mainstream
1287 - E8xES8 Heterotic supersiring theory that may explain dark matter

1993 - 't Hooft and Susskind introduce idea of holography

1294 - Second Revolution; D-branes, dualities

1996 - Black Hole Entropy; microscopic origin using string theory

1897 - AdS/CFT correspondence, concrete holographic realization
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String theory: a quick summary
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String theory and holography

Holography ideas will be introduced

L1 No examples sheet !
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