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MotivationMotivation

Image source: 
http://web.physics.ucsb.edu/~giddings/sbgw/physics.html

 incompatibility between GR and QFT

lhs: classical Einstein tensor, rhs: ev of an    
operator
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 natural limit in experimental length resolution: 
better length resolution requires higher energy, 
energy required for resolution of the Planck 
length has a Schwarzschild radius of the 
Planck length 
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What is a "non-commutative" space?What is a "non-commutative" space?

Geometric space

Non-commutative space

Commutative C*-algebra             
(according to Gel'fand-Naimark theorem)

Non-commutative C*-algebra                  
(A. Connes 1990s)

Commutator of the coordinates has the general form:
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What is a "non-commutative" space?What is a "non-commutative" space?

Geometric space

Non-commutative space

Commutative C*-algebra             
(according to Gel'fand-Naimark theorem)

Non-commutative C*-algebra                  
(A. Connes 1990s)

Commutator of the coordinates has the general form:

e.g. constant case leads to uncertainty relation
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For a field theory in Euclidean space this means:

interaction vertices gain phases, whereas propagators remain unchanged, e.g.:

QFT on deformed space-timeQFT on deformed space-time

Isomorphism mapping between NC algebra and commutative one, e.g. Weyl map:
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For a field theory in Euclidean space this means:

interaction vertices gain phases, whereas propagators remain unchanged, e.g.:

QFT on deformed space-timeQFT on deformed space-time

and some Feynman integrals (”non-planar diagrams”) have phases which act as UV-regulators

         origin of the UV/IR mixing problem

(solved by adding            to action)

Isomorphism mapping between NC algebra and commutative one, e.g. Weyl map:
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Gauge fields on theta-deformed spacesGauge fields on theta-deformed spaces

Non-commutative Yang-Mills action:
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It is invariant under the infinitesimal gauge transformations

Non-commutative Yang-Mills action:
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Gauge fields on theta-deformed spacesGauge fields on theta-deformed spaces

It is invariant under the infinitesimal gauge transformations

Non-commutative Yang-Mills action:

IR divergent terms:
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Covariant coordinates & matrix modelsCovariant coordinates & matrix models

NC Yang-Mills action:

define "covariant" coordinates:
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Covariant coordinates & matrix modelsCovariant coordinates & matrix models

NC Yang-Mills action:

define "covariant" coordinates:

Yang-Mills matrix model:
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Emergent gravity from matrix modelsEmergent gravity from matrix models
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Introducing the IKKT modelIntroducing the IKKT model

IKKT matrix model is supersymmetric and expected to be renormalizable 

- cf. Nucl.Phys. B498 (1997) 467.
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Introducing the IKKT modelIntroducing the IKKT model

IKKT matrix model is supersymmetric and expected to be renormalizable 

- cf. Nucl.Phys. B498 (1997) 467.

Further symmetries:
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The IKKT modelThe IKKT model

   Originally proposed as non-perturbative definition of type IIB string theory,

   Seems to provide a good candidate for quantum gravity and other 
fundamental interactions, i.e.

   cf. e.g. JHEP 09 (2011) 115, Prog. Theor. Phys. 125 (2011) 521

   Assume soft breaking of SUSY below some scale Λ, e.g. by compactified 
brane solutions of type
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Conclusion and OutlookConclusion and Outlook

✔ Introduced and motivated the concept of NCQFTs

✔ Introduced matrix models, especially the IKKT model and its properties, 
such as emergent gravity

✔ Commented on SUSY-breaking and model building 

✔ Many interesting open questions
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