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Quantum space-times, noncommutative field theories and matrix models

Noncommutative Geometry (NCG) extends classical geometry to a noncommutative setting. 
Many of the building blocks of fundamental physics fit well with concepts of NCG which 
may likely lead to a more accurate understanding of spacetime at short distance as well as 
quantum fields. In this respect, NCG permits one to escape the physical objections raised by 
the existence of a continuous space-time and ''commuting coordinates'' at the Planck scale. 
This  amounts  to  define  field  theories  on  noncommutative,  called  NonCommutative  Field 
Theories (NCFT). 

Modern  NCFT appeared  within  Witten  String  field  theory.  Field  theories  defined  on  the 
Fuzzy Spheres, appeared at the beginning of the 90's. From 1998, NCFT on Moyal spaces 
were shown to occur  in  effective  regimes  of  String  theory.  The  renormalization  of  these 
NCFT is difficult  and often complicated by a new phenomenon called Ultraviolet/Infrared 
mixing. Other NCFT on deformations of Minkowski space, noncommutative torus, quantum 
spheres, and more recently on deformation of the 3d Euclidean space have been constructed. 
Most of these NCFT can be alternatively formulated as matrix models. The renormalisation of 
the NCFT has triggered an intense activity.

As  prerequisites,  a  good  knowledge  of  quantum  field  theory  including  basic  aspects  of 
perturbative expansions is expected. Good basics in group theory, linear algebra, differential 
geometry and analysis would be also helpful. The goal of the training period is twofold: 1) 
getting familiar with the basic concepts of NCG underlying the NCFT. The fuzzy spheres, 
noncommutative  tori  and  Moyal  spaces  will  be  studied  as  representative  examples  of 
noncommutative spaces together with related NCFT. 2) getting familiar  with some of the 
technical machinery used in perturbative studies of NCFT.

The training period may then extend to a PhD thesis which would focus, at least in the first 
part, on renormalisability properties of different NCFT defined on R3

λ ,  a deformation of R3 . 

Some related renormalisable NCFT have been recently discovered at the LPT but the (even 
basic) properties of many other classes of NCFT on R3

λ are still unknown and have to be 
closely  analyzed.  This  includes  the  cases  of  noncommutative  gauge  theories  and 
noncommutative Chern-Simons theories on  R3

λ. 

Indiquez le ou les parcours (ex DEA) qui vous semblent les plus adaptés au sujet :
Physique de la matière condensée : NON Physique des Liquides NON
Physique Quantique: NON Physique Théorique OUI 


