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A. Fairall



Filamentary Universe: Observations

Voids:  SDSS,  Las Campanas,  CfA,  2dF,  etc.

mean scale: 30 Mpc
density contrast: -0.93, -0.96
40 % of volume 
(e.g. Hoyle and Vogeley, 2004; Ceccarelli et al 
2008).

Larger scale voids, of about 100 Mpc (?) (Einasto et 

al, 1997, 2006), even larger: 300-500 Mpc (?)

(e.g. Alexander and Biswas et al,  2008).



Inhomogeneous Universe: Friedmann-

Robertson-Walker  approximation

Different approaches, averaging schemes:

Averaging tensors on curves of observers 
(Zalaletdinov 1992);
Averaging scalars, density, pressure, etc   
(Buchert 2008). 

Dark energy without dark energy;
Lensing on inhomogeneities to mimic curvature effects;
(Wiltshire 2007, 2008; Mattsson 2007; Larena et al 
2008…). 

Copernican principle (e.g. Caldwell, Stebbins 2008).



Instability of dynamical systems



Reduction of (3+1)D null geodesic 
flow to 3D geodesic flow

A geodesic flow on M x R can be described by the Hamiltonian 

One can prove that the projections of the geodesics on M x R onto 
M are geodesics if the metric there is



For the null geodesics



The rate of decay of correlations (also called the rate of mixing) 
is proportional to

where  the Lyapunov exponent is

and

i.e. the mixing rate does not depend on the energy of photons E=-p_0.

Relevant observable effects such as the ellipticity of excursion sets 

have to be independent on photon’s energy, temperature.



Ellipticity of excursion sets, WMAP 94 GHz CMB map

(Gurzadyan et al,  PL A, 2007). 



Perturbed Robertson-Walker metric



The underdense regions, the voids, have to contribute to the 
hyperbolicity, even if the Universe is globally flat or slightly 
positively curved.



Porosity criterion for hyperbolic 
voids

The solution of Jacobi equation is unstable if



The Lyapunov exponent

Porosity



The mixing rate for null geodesics

The porosity depending on the ellipticity of excursion sets in 
CMB maps

For Boomerang, WMAP maps 

The porosity criterion for hyperbolicity is fulfilled for 30 Mpc voids

For larger voids (100 Mpc …) the situation is not clear.

Cumulative!



Kolmogorov stochasticity parameter
(Kolmogorov 1933, Arnold 2008)

Let {X_1,X_2,…,X_n} be N independent values of the same real-valued random 

variable X ordered in increasing manner {X_1<X_2…} and the cumulative
distribution function

The empirical distribution function

Kolmogorov's stochasticity parameter

Kolmogorov (1933) proved that   

independent on F.



CMB sky is random with higher probability than the 
simulated one, i.e. there is an extra randomizing effect not 
included in the cosmological model.



Kolmogorov CMB map







Plane mirror symmetry

V.G.Gurzadyan, A. A. Starobinsky, et al,  
Astr. & Astrophys., 490 (2008) 929



Conclusions

CMB-filament link can be studied quantitatively using Kolmogorov 
statistic and the stochasticity parameter.

Kolmogorov maps reflect properties of variety of effects, 

cosmological and non-cosmological, open new possibilities in

separating signals, by information power complementing

the temperature and polarization maps. 


