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The “safe” consequence of the success of the concordance model is that 

the isotropic and homogeneous LCDM model is a good observational fit 

to the real inhomogeneous universe.

And this is, in some sense, a verification of the cosmological principle: 

the inhomogeneous universe can be described by means of an isotropic 

and homogeneous solution.

A point of view
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Swiss cheese

rh = 0.042 ! 350Mpc
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Dynamics 



reference model:
!CDM with "M = 0.6, "DE = 0.4
q0 = !M/2! !DE = !0.1

!CDM with "M = 0.3, "DE = 0.7
q0 = !M/2! !DE = !0.55

concordance model:

EdS model:
q0 = !M/2! !DE = 0.5
!CDM with "M = 1, "DE = 0

dL = (1 + z)2dA



Mean-field description: fitting problem

Ellis, Stoeger 87

cosmological
principle

observational
cosmology
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phenomenological model

Fitting along the light cone

This method will be intermediate between the fitting approach and the averaging approach



Results

w ! 0 w0 = !1.95, wa = 4.28

!H" !!"



Beyond spherical symmetry

Swiss-cheese model with 
spherically symmetric holes

!!"

photon redshift not affected 
by inhomogeneities

a photon spending most of 
its time in voids should have 
a different redshift history

density is not particularly 
sensitive to spherical symmetry

Swiss-cheese model 
with non-spherically 

symmetric holes

photon redshift affected by 
inhomogeneities

model behaving similarly to 
the concordance model



Renormalizing the cheese
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Best fit for: rh = 250Mpc

w0 = !1.03
wa = 2.19

wR
0 = !1.4

wR
a = 0.67



Conclusions

Need to define how to smooth out inhomogeneities

Faster-than-cheese expanding voids as crucial ingredient

Fitting along the light cone as a way to go beyond spherical symmetry

Work in progress

More realistic (less toy) Swiss-cheese

Swiss-cheese models in Newtonian gauge
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