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* The Standard Model of particle physics is
iIncredibly successful

— Describes structure and interactions of all matter
from deep inside nucleons upwards

» General Relativity is also very successful

— Describes physics on large to cosmologically large
scales

« But they are famously hard to reconcile

* Well maybe 20% of it




« String Theory seems capable of describing
all that we expect in one consistent
framework:

— Quantum Mechanics and General Covariance
— Standard Model-like gauge theory
— General Relativity




GTRING THEORY GUMMARIZED:
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 Feynman diagrams merge and become
smooth surfaces

N

m—

Y




* A remarkable feature is that gravity comes
out of the quantum theory, unified with
gauge forces

* The dimension of spacetime is 10

* Must compactify to 4D
* There appear to be a plethora of models with
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The World (as seen from the
Multiverse)




* |n addition to strings, String Theory
contains D-branes:

— p-dimensional surfaces in spacetime

e 2-brane = membrane
e etc....













« But not all is perfect in String Theory

— Are there really 10°% vacua?

— Can one make any observable predictions?
« What is String Theory really?

— The construction of vibrating interacting strings is just
a perturbative device, not a definition of the theo




* Now all 5 are all thought to be related as
different aspects of single theory:

M-theory

e How?

Duality







* M-theory moduli space.:
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« Thus the String Theory dilaton has a
geometric interpretation as the size of the
11t dimension

— But the vev of is g,

— String perturbation theory is an expansion
about a degenerate 11" dimension

— As g.— <« an extra dimension opens up
* 11D theory in the infinite coupling limit.




Type IIA String Theory M-Theory

4-branes

5-branes

6-Branes Kaluza-Klein monopoles
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Type IlIA String Theory M-Theory
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The branes of M-theory



* So there are no strings in M-theory
— 2-branes and 5-branes

* In particular no open strings and no g,
— No perturbative expansion
— No microscopic understanding

* The dynamics of a single M-branes act to
minimize their worldvolumes







« Can we derive the dynamics of M2-branes
from symmetries?
— Conformal field theory
« Strong coupling (IR) fixed point of 3D SYM
— No perturbation expansion

— The only maximally supersymmetric
Lagrangians are Yang-Mills theories

* Wrong symmetries for M-Theory
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* The fundamental identity implies the
gauge symmetry acts as a
(non simple) Lie algebra acting on
















(1,k)5-brane
—— k D5-branes
—  NS5-brane
— n D3-branes
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* The final configuration is just n M2s in a
curved background preserving 3/16 susys.

— Metric can be written explicitly

— smooth except where the centre's intersect
— near horizon limit gives n M2's in R8/Z, .

— Preserved susy's are enhanced to 6/16.

* Note that this works for all n and all k




 One success of these models is an
understanding of the mysterious n32 growth of
the degrees of freedom













* There are also infinite dimensional totally
antisymmetric 3-algebras: Nambu bracket

“\\ Functions on a

— Related to M5-branes? Salianiclc




* M-Theory and M-branes are poorly understood
but there has been much recent progress:

3D super Yang-Mills

— M2-brane CFT's ‘define’ M-theory in AdS ;xX,
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