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A conception of Quantum Gravity 

 general problem: quantizing general relativity gives a 
non-finite (non-renormalizable) theory

 at close range: spacetime is believed to be fuzzy

How to model this geometries?

 Non-commutative geometry etc.

 All direct approaches suffer from 
inconsistencies
(symmetries, causality …)

 and String Theory ? 
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Quantum Gravity from String Theory

 gravity naturally included

 so far the only consistent quantum gravity

Why String Theory?

So how does the quantum geometry look like?

 String Theory is cheating:

T-Duality
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 basic example: 3-Torus with H-flux

 cannot be obtained as others
 non-geometric locally
 non-associative geometry 

?
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T-duality, fluxes and “non-geometry”

 basic example: 3-Torus with H-flux

?

 H- and R-flux special

conventional
geometry

deep T-dual
non-geometry

 R-flux might describe small-scale quantum geometry
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Framework for fluxes

 ingredients for conventional geometry (H-flux)

space for points space for evolution

manifold tangent bundle Lie derivative

describes the evolution of tensors
along a path



  

Felix Rennecke PPSM Colloquium 09.11.12

Framework for fluxes

 ingredients for conventional geometry (H-flux)



  

Felix Rennecke PPSM Colloquium 09.11.12

Framework for fluxes

 ingredients for conventional geometry (H-flux)

 covariant derivative
 curvature
 ...



  

Felix Rennecke PPSM Colloquium 09.11.12

Framework for fluxes

 ingredients for conventional geometry (H-flux)

 ingredients for deep non-geometry (R-flux)



  

Felix Rennecke PPSM Colloquium 09.11.12

Framework for fluxes

 ingredients for conventional geometry (H-flux)

 ingredients for deep non-geometry (R-flux)

co-tangent
bundle



  

Felix Rennecke PPSM Colloquium 09.11.12

Framework for fluxes

 ingredients for conventional geometry (H-flux)

 ingredients for deep non-geometry (R-flux)

co-tangent
bundle

H-twisted
Koszul bracket



  

Felix Rennecke PPSM Colloquium 09.11.12

Framework for fluxes

 ingredients for conventional geometry (H-flux)

 ingredients for deep non-geometry (R-flux)

co-tangent
bundle

H-twisted
Koszul bracket



  

Felix Rennecke PPSM Colloquium 09.11.12

Framework for fluxes

 ingredients for conventional geometry (H-flux)

 ingredients for deep non-geometry (R-flux)

co-tangent
bundle

H-twisted
Koszul bracket

anchor: relates           and



  

Felix Rennecke PPSM Colloquium 09.11.12

Framework for fluxes

 ingredients for conventional geometry (H-flux)

 ingredients for deep non-geometry (R-flux)

co-tangent
bundle

H-twisted
Koszul bracket

analogue of
partial derivative



  

Felix Rennecke PPSM Colloquium 09.11.12

Framework for fluxes

 ingredients for conventional geometry (H-flux)

 ingredients for deep non-geometry (R-flux)

co-tangent
bundle

H-twisted
Koszul bracket

analogue of
partial derivative



  

Felix Rennecke PPSM Colloquium 09.11.12

Framework for fluxes

 ingredients for conventional geometry (H-flux)

 ingredients for deep non-geometry (R-flux)



  

Felix Rennecke PPSM Colloquium 09.11.12

Framework for fluxes

 ingredients for conventional geometry (H-flux)

 ingredients for deep non-geometry (R-flux)

 both structures are instances of Lie algebroids



  

Felix Rennecke PPSM Colloquium 09.11.12

Framework for fluxes

 ingredients for conventional geometry (H-flux)

 ingredients for deep non-geometry (R-flux)

 both structures are instances of Lie algebroids

 non-associative geometry apparent



  

Felix Rennecke PPSM Colloquium 09.11.12

Framework for fluxes

 ingredients for conventional geometry (H-flux)

 ingredients for deep non-geometry (R-flux)

 both structures are instances of Lie algebroids

 non-associative geometry apparent



  

Felix Rennecke PPSM Colloquium 09.11.12

Strings at low energies



  

Felix Rennecke PPSM Colloquium 09.11.12

 usual fields;

Strings at low energies



  

Felix Rennecke PPSM Colloquium 09.11.12

metric

 usual fields;

Strings at low energies



  

Felix Rennecke PPSM Colloquium 09.11.12

metric Ricci scalar

 usual fields;

Strings at low energies



  

Felix Rennecke PPSM Colloquium 09.11.12

metric Ricci scalar H-flux

 usual fields;

Strings at low energies



  

Felix Rennecke PPSM Colloquium 09.11.12

metric Ricci scalar H-flux dilaton

 usual fields;

Strings at low energies



  

Felix Rennecke PPSM Colloquium 09.11.12

symmetries: coordinate change
    gauge transformation

 usual fields;

Strings at low energies



  

Felix Rennecke PPSM Colloquium 09.11.12

symmetries: coordinate change
    gauge transformation

 usual fields;

 deep non-geometry;

metric Ricci scalar R-flux dilaton

Strings at low energies



  

Felix Rennecke PPSM Colloquium 09.11.12

symmetries: coordinate change
    gauge transformation

 usual fields;

 deep non-geometry;

symmetries: coordinate change
      -diffeomorphisms

Strings at low energies



  

Felix Rennecke PPSM Colloquium 09.11.12

symmetries: coordinate change
    gauge transformation

 usual fields;

 deep non-geometry;

symmetries: coordinate change
      -diffeomorphisms

Strings at low energies

a new kind of tensor



  

Felix Rennecke PPSM Colloquium 09.11.12

Strings at low energies



  

Felix Rennecke PPSM Colloquium 09.11.12

Strings at low energies



  

Felix Rennecke PPSM Colloquium 09.11.12

Strings at low energies



  

Felix Rennecke PPSM Colloquium 09.11.12

Strings at low energies



  

Felix Rennecke PPSM Colloquium 09.11.12

Strings at low energies

     translates everything!



  

Felix Rennecke PPSM Colloquium 09.11.12

Strings at low energies

     translates everything!



  

Felix Rennecke PPSM Colloquium 09.11.12

Strings at low energies

     translates everything!

full deep non-geometric
quantum gravity



  

Felix Rennecke PPSM Colloquium 09.11.12

Strings at low energies

     translates everything!

full deep non-geometric
quantum gravity



  

Felix Rennecke PPSM Colloquium 09.11.12

Strings at low energies

     translates everything!

full deep non-geometric
quantum gravity

full deep non-geometric
SUGRA



  

Felix Rennecke PPSM Colloquium 09.11.12

Strings at low energies

     translates everything!

full deep non-geometric
quantum gravity

full deep non-geometric
SUGRA



  

Felix Rennecke PPSM Colloquium 09.11.12

Strings at low energies

     translates everything!

full deep non-geometric
quantum gravity

full deep non-geometric
SUGRA

mathematical structures
e.g. Cohomology co-Calabi-Yau



  

Felix Rennecke PPSM Colloquium 09.11.12

Strings at low energies

     translates everything!

full deep non-geometric
quantum gravity

full deep non-geometric
SUGRA

mathematical structures
e.g. Cohomology co-Calabi-Yau

 EOM's are of the same form         non-geometric analogues
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Summary

conventional geometry deep non-geometry

THANK YOU

H-flux R-flux
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