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It provides an 
excellent  
fit to cosmic 
observations  

Homogeneity & isotropy 
(FLRW) is assumed  at 
scales > 30-50 Mpc to  
obtain these fittings 
Under this assumption, 
it is unavoidable to  
introduce dark energy  
(or:  Lambda > 0) 

but �

should we explore other 
assumptions ?? �

Ladies and gentlemen, this is the 
Lambda-CDM model !!!!! 

 



If the ΛCDM model fits 
observations so well, then why 
bother looking for alternatives ? 

 Because “dark energy” is a very elusive “black box” 
and theoretical models to explain it (quintessence, 
etc) lack any observational support. 

  Because what we have is just 

FLRW + linear perturbations 
with different variants of DE Observations are well fit 

The converse of this implication is NOT (necessarily) true:  
fitting observations DOES NOT IMPLY the ΛCDM model   

Observations can be fit by other models … 



Alternatives within General Relativity, such that: ���
There is CDM���

     but	


There is NO dark energy nor Lambda	



Technical Disadvantage:���
 we have to deal with full non-linearity of GR	



Conceptual Advantage:���
 we only have to deal with the less  “exotic” 
dark source (no dark energy)	





DE	



I am 70% of 	


all of it	



Big 
Void	



You’re just a 
kinematic 
illusion	



We live in the midst of a 
scientific controversy:!



me may need to solve this controversy in  the ring !!
!



Our universe may NOT be statistically 
homogeneous even at scales ~ 300 Mpc���

	


“Homogeneity scale” is still an open issue���

	



Source: A. Dekel et al, Astrophysical Journal, 522, (1999), 1	


Source: R. van de Weygaert & W Schaap, in Data Analysis and Cosmology (eds  V Martínez, E Saar, E, Martínez-González, 
M. Pons-Bordería, Springer Verlag, Berlin, Lecture Notes on Physics 665 (2009) p 291	





Simple pattern of “distributed” inhomogeneities is to 
consider the Universe as a “Swiss Cheese”	



The cheese holes are the 
void regions	



We could be inside of one 
of these void regions	





How to make Swiss cheese models ?	



Represent this	



by this simple model	



Spherically 
symmetric dust 
underdensity ���

(LTB)	



The “cheese” is 
homogeneous dust ���

(FLRW)	



Copernicus 
principle with a 

larger 
homogeneity 

scale	





From Kolb, 
Matarese and 

Marra���
	



Optics of a Swiss Cheese model:  ���
	



most important void is the void where we are located	


voids NATURALLY introduce a Reese Sciama effect 	



most important factor in void optics is size of voids	





Effects of a single 300 Mpc void	



EDS	

Single 300 
Mpc void	



LCDM	





EDS	

Single 300 
Mpc void	



LCDM	

1-2 Gpc void	



300-500 Mpc Swiss Cheese	



50 Mpc Swiss Cheese	





CMB fitting: Look carefully at boundary 
conditions in the space & time directions:	





Problem:  CMB fitting requires being “near” the 
center of a spherical void.	



300 Mpc	



Constraints on amplitude of 
CMB anisotropies ���
      => we must be here	



What next ???!
!
Departure from spherical symmetry suggests that this 
“center problem” can be removed (or made less 
binding).!



•  SN Ia 	



•  CMB amplitude & multipoles & 
BAO	



•  Initial conditions (LSS) compatible 
with���
inflation	



•  age constraints & H0 
measurement	



•  kinematic S-Z	



•  etc, ���
	



Not Possible !!	



LTB models 
are too 
simple���

They lack 
dynamical 
freedom	





So, what are we proposing ?	



A Swiss cheese 
model, but the 
“inside” of the 
holes is no longer 
spherically 
symmetric	



Dust underdensities (voids) that are 
NOT spherically symmetric ���

(Szekeres)	



The “cheese” is 
homogeneous dust ���

(FLRW)	





Our cosmography at scales < 300 Mpc is obviously 
NOT spherically symmetric !!!	





Cross section (tessellation) of the Szekeres 
density at the “equator”	



We try to model this Cosmography with the Szekeres 
solution	





Coarse-graining cosmic structure by 
Szekeres solutions	





Models of voids & overdensties that “interact” 	





Geometric center of 
2-sphere of radius Phi 
= 250 Mpc	



Local isotropic 
observer where shear 
vanishes (r = 0)	



Without spherical symmetry: the “center” position 
is no longer unique --- NO need to do “fine-tuning”	


In Szekeres quasi-spherical geometry ---- 2 possible “center” 
locations whose position & orientation changes with time:	



Positions & orientations 
change with time	





Radial profile of average	

 While the density 
distribution is far from 
spherical, its average is 
spherical !!!	





What needs to be done next ??	



Integrate null geodesics for the 
Szekeres Swiss cheese, and verify the 
fitting of SN Ia & CMB data	



Provide a better theoretical 
interpretation for the averaging	



Try our luck with geometries more 
general than Szekeres (3d codes)	



Wait for better observations (galactic 
surveys) to test the models	





Big Void	



DARK���
ENERGY	



We may still save the world from the Dark  Energy	



