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Backreaction problem in cosmology: do we need anything 
beyond the 1st order perturbation for the cosmic structure?
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Not always: a counterexample!
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additional condition

interiors homothetic
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Properties of the configuration
 1. Belongs to the swiss-cheese class of solutions (cut and paste)

 2. Self-similar
 
 3. No pressure ⇒ time evolution can be given in exact form 
(recollapse)

 4. Parametrized by R,  r,  ai = Vi / V,  N

 5. e = G r R2 - dimensionless parameter
     measuring the GR effects, universal

 6. Outside looks like a spherically symmetric
      solution with M       independent of NADM

MULTISCALE  FOAM SOLUTION



M
tot

(1)M
tot

(2)M
tot

MULTISCALE  FOAM SOLUTION



M
tot

(1)M
tot

(2)M
tot

MULTISCALE  FOAM SOLUTION



M
tot

(1)M
tot

(2)M
tot

MULTISCALE  FOAM SOLUTION



MULTISCALE  FOAM SOLUTION



MULTISCALE  FOAM SOLUTION



 very weakly relativistic configuration (“almost Newtonian”)
⇒ DM ≪ M          ,   d ≪ 1ADM

MULTISCALE  FOAM SOLUTION



 very weakly relativistic configuration (“almost Newtonian”)
⇒ DM ≪ M          ,   d ≪ 1ADM

try to take G≃1, ∑ a   ≃ 1 
i

MULTISCALE  FOAM SOLUTION



 very weakly relativistic configuration (“almost Newtonian”)
⇒ DM ≪ M          ,   d ≪ 1ADM

try to take G≃1, ∑ a   ≃ 1 
i

and suitably large N

MULTISCALE  FOAM SOLUTION



 very weakly relativistic configuration (“almost Newtonian”)
⇒ DM ≪ M          ,   d ≪ 1ADM

try to take G≃1, ∑ a   ≃ 1 
i

and suitably large N

MULTISCALE  FOAM SOLUTION



 very weakly relativistic configuration (“almost Newtonian”)
⇒ DM ≪ M          ,   d ≪ 1ADM

try to take G≃1, ∑ a   ≃ 1 
i

and suitably large N

MULTISCALE  FOAM SOLUTION

can be as large as we want
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Apollonius of Perga 
(3rd-2nd century BC)

need to “eat up” as 
large fraction of the 
original sphere as 
possible
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“naive” linearization fails
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M        and     ADM
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each coarse-graining step q    to q      introduces a 
tiny correction due to non-linearity of GR

k k-1

...but many steps needed (a lot of nested) structure
the effect cumulates as we pass over all scales
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REMARKS

• The object does not have to be exactly self-similar to yield this effect. It 
suffices if it has sufficiently deep nested structure. 

• Large, cumulative effect of GR nonlinearity despite seemingly Newtonian 
matter distribution

• Correct approach to the problem: successive, exact coarse-graining over 
larger and larger scales until we hit the homogeneity scale + 
renormalization group

• If no nested structure, the coarse-graining does not produce significant 
effects outside the strongly relativistic regime (M.K. Classical and Quantum 
Gravity 31 (2014) 085002). 

• Nested structure ubiquitous in cosmology and astrophysics! Need to 
check if nonlinearity of GR doesn’t play a role here...
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SUMMARY

• An example of an object made of dust, containing deep, nested structure 

• voids and overdense regions, but non-relativistic (mass small compared to 
their size)

• nevertheless large net effect of the nonlinearity of GR (mass deficit) due to 
very deep structure (cumulative effect)

• Questions arising:  do we need to take into account the effects of GR and 
coarse-graining in cosmology or astrophysics of galaxy clusters? (linear 
perturbations may not be enough, even though the structure seems to be 
possible to be described by linearized GR at all scales!)

• Coarse-graining formalism in GR needed - work in progress


