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NCG Cosmology ?... 

Observed anisotropies of cosmic microwave background (CMB) and 
accelerated expansion of univese may be caused by non 

commutativity of space-time 

Motivations 

Space-time non commutativity could be significant at Planck scale 
(same scale where quantum gravity effects become important) 

Very sensitive to search for signatures in cosmological observations 

and 

etc…. Matter-antimatter  asymmetry 

Maybe: 

Assume	
  Non	
  commuta4ve	
  structure	
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  space-­‐4me	
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Non-zero components of  tetrad fields:  
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Notice Complex Vierbein and Spin Connection 

Where 

NCG Curvature tensor of the Riemann-Cartan space-time:  

NCG Scalar curvature 

Where 

Where 

Introduce	
  a	
  real	
  metric	
  	
   ( )abba
ab eeeeg µννµµν η ˆ*ˆˆ*ˆ
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Start	
  	
  from	
  a	
  commuta4ve	
  spherically	
  symmetric,	
  isotropic	
  and	
  
homogeneous	
  FRW	
  metric	
  

	
  consider	
  	
  a	
  flat	
  space	
  case	
  	
  K=0	
   Use Dimensionless variables 
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 Take power law formula  
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Some	
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  components	
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  of	
  NCG	
  components	
  of	
  spin	
  connec4on	
  	
  

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−Θ

−
+

Θ
+−Θ

−
= −−−− 3222121

2
2112 ˆ)1(ˆ

4
,0],4)ˆˆ(33[)ˆ(

128
1,)ˆ(

4
ˆ ββββ
µ βββββω tritrtti

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

Θ
+Θ+−= −− 0],6)ˆˆ[(sinˆ
64

)ˆ(cosˆ
2

sin,0,0ˆ 2)1(22
2

2113 trttri
βθββθθω ββ

µ

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

Θ−
Θ+Θ+−= −−−− 433

2
3122312114 ˆ)1(ˆ

32
3,0,)ˆ(ˆ

2
],)ˆˆ(78[)ˆ(

64
1ˆˆ ββββ

µ ββββββω trtritrtt

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−Θ

Θ
−−Θ

−
= −−− 322412

2
2121 ˆ)1(ˆ

2
,0,)ˆ(ˆ

128
291,)ˆ(

4
ˆ βββ
µ ββββω tritrti

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+−

Θ
Θ−Θ= −−−− ]ˆ)ˆ(23ˆ8)[1(

64
,0,)ˆ(ˆ,)ˆ(ˆ

128
15ˆ 542322

2
2141222 ββββ

µ βββββω trttritr

)1(442

)1(22

ˆ)1(18
ˆ)1(32

−

+

−Θ

−Θ−
≈ β

β

ββ
ββ
t
trH

One can show that: Dynamical	
  	
  evolving	
  Black	
  Holes	
  
Hawking	
  Temperature	
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Location Trapping dynamical horizon  

Notice This is a pure NCG Effect New! 
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First	
  Unexpected	
  Result	
  

Due	
  space-­‐4me	
  deforma4on	
  	
  

NCG	
  predicts	
  	
  new	
  kind	
  of	
  dynamical	
  black	
  holes	
  

Second	
  New	
  Interes4ng	
  	
  Result	
  

Accelerated	
  	
  Expansion	
  	
  of	
  	
  Universe	
  	
  	
  
without	
  Dark	
  	
  Energy	
  Scenario	
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Due to inhomogeneity and anisotropy generated 
 by NCG 

Deceleration parameter /time evolution 

Deceleration parameter/space evolution 

Hubble parameter/time evolution 

Hubble parameter/space evolution 

In fact 
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More Useful New NCG Results 
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1) If one can write NCG FRW like equation as: 

NCG Contribute 
to matter density 

and generate 
accelerated 

expansion of 
universe 

2) If one can write NCG FRW like equation as:  
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Get time and space 
dependent variable 

State parameter 

Leptogenesis from a Non 
Commutative FRW Like Model 

To explain 

Origin lepton number asymmetry 

Many mechanisms were proposed 

Affleck-Dine 

Fermions propagation in a curved space-time or 
around a black hole 

Lorentz and CPT violating scenarios in context of 
Riemann-Cartan space-time 

Θ=Θ23

Starting from a commutative isotropic, homogenous 
and spherical symmetric FRW universe 

 Take a power law formula  βttR ˆ)( =
Choose non vanishing NCG 
 parameter components   

Some of non vanishing components 
 of deformed metric 
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Some of the NCG spin connection components 
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a complex quantity and not completely symmetric 

spin connection is 
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In curved NCG Seiberg-Witten space-time 
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Generalized Dirac Lagrangian density  

Where NCG Covariant 
 derivative 

Spin connection terms in Lagrangian  
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Combination of anti-hermitian and hermitian terms 

 Interaction which survives in Lagrangian  is hermitian part 

NB 

Then 

Where 

anti-hermitian interaction terms disappear when its 
conjugate part  is added to Lagrangian.  

Dispersion relation for a particle 

Dispersion relation for anti particle 
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Thus 

Particle and anti-particle propagating in presence of NCG  
curved space-time have different energies 

New! 

This is quite expected: 

CPT violating terms in Lagrangian  

It is argued from many references that 

when we have an universe which is spherically symmetric 

Energy gap between particle and antiparticle disappears   

In order to have this asymmetry  

Space-time metric has to have non zero off diagonal spatial 
components  

Because of the non 
commutativity  

parameter matrix  

In NCG case  

Violation of local Lorentz gauge 
symmetry  

µνΘ

Non commutativity has generated 
 inhomogeneity and anisotropy.  

Spherical symmetry is lost 

Metric has non zero off diagonal spatial  
components  

CPT violating terms in Lagrangian  

All ingredients Have 

Difference of particles and  
anti-particles number density  

In early universe 
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Or approximatively 

Get baryogenesis 

SnL NCG /Δ=Δ

Pure  Dynamical NCG lepton number 
asymmetry 

Entropy 
NB 

Using sphalerons B+L conservation 
 or  

(GUT) B-L conservation 
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steepeness of  curves depends 
strongly on choice of angle 

θ

This affects behaviour of  0B̂

Results depend strongly  
on choice of 

µνΘ

Notice  that 

NB 

Third New Interesting Result 

Contrary to commutative FRW 
universe 

 with spherical symmetry 

βθ ,,ˆ,ˆ tr

A pure anisotropic NCG  
dynamical leptonic  

and/or baryonic asymmetry   
can be obtained 

Increases or decreases  
depending on  

NCG gives  
New Mechanism  

to explain 
 Matter-Antimatter 

asymmetry!!! 


