
Julien Bel (CPT Marseille)  

Optimising growth of structure 
constraints on modified gravity  

colaborators: 
 

 L. Perenon, R. Maartens, A. de la Cruz-Dombriz 

Perenon et al. (2019); arXiv:190111063 



2 

Outline 

Data analysis  

Redshift Space Distortions and spectroscopic galaxy survey 

Effective Field Theory of Dark Energy 

Conclusion 
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2) EFT of DE parameterization 

(Piazza et al. 2014) 

Gravitational action (Horndeski):   
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Homogeneous Background   

Linear evolution of fluctuations: 
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3) EFT of DE dynamics  

Velocity fluctuations: ∇⋅
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linear growth factor   

3) EFT of DE dynamics  

Velocity fluctuations: ∇⋅
!v = Hfδ(t, !x)

zo = zc +
!v ⋅ !ez
c

Effective gravitational coupling  

D(t0 ) ≡1



5 RSD parameter: 

Perturbation Theory 

Normalisation of the power spectrum:   

4) Redshift Space Distortions 

Galaxy-matter bias: 
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Perturbation Theory 

(Guzzo et al. 2014)   

fσ 8(z)
f (z)
σ 8(z)

Galaxy-Galaxy lensing (de la Torre et al. 2017)   

(Scodeggio et al. 2018) 

5) VIPERS 
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6) Characterizing the Large Scale Structure  

(Perenon et al. 2015) Effective gravitational coupling:  

Gravitational slip parameter:  

Light deflection parameter:  



Ensure that the amplitude of matter  
perturbation were in agreement with  
the scalar amplitude measured by Planck 
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7) Stability conditions and CMB prior 

No ghost and no gradient instabilities (sharp  flat prior): 

Quasi Static Approximation (sharp  flat prior): 

Planck covariance matrix (Gaussian prior): 

where : 
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Compilation of 30 measurements of  the RSD parameter :  fσ 8(z)
8) RSD Data 

Shi et al. (2017) 

de la Torre at al. (2017) 
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Stochastic field:  

the matter field is seen as resulting from a stochastic process 

N-point moments: )()( 1 Nxx !
…

!
δδ

9) Constraints on EFT parameters (pi0)  
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10) Constraints on lensing observables   

Ωm,0,σ 8, p10, p20, p30{ } Ωm,0,σ 8, p10, p20, p30, p11, p21, p31{ }
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Mars ranging data (Konopliv et al. 2011): 

11) Reducing the space of viable models 

which can be expressed in terms of the Hubble parameter: 

flat sharp prior on coupling:  
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Stochastic field:  

the matter field is seen as resulting from a stochastic process 

N-point moments: 

11) Reducing the space of viable models 
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Corresponding constraints on lensing observables: 

Final constraints on EFT of DE couplings: 

11) Reducing the space of viable models 
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Corresponding constraints on lensing observables: 

Final constraints on EFT of DE couplings: 

11) Reducing the space of viable models 
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 Conclusions 

•  Separate measurements of f and s8 improve by at least 20% the precision 
on EFT of DE parameters 

•  We use the splitting of the gravitational coupling in order to exhibit the 
strength of gravity across cosmic time  

•  Using the solar system prior, we showed that   

•  The precision obtained from f+s8 increase by a factor of 10 

•  The overall precision on the full sample increases by a factor of 4 

•  Growth of structure data are favouring a fifth force at 95% confidence level 
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Very Large Telescope (Chile) 

5) VIPERS 
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