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Observational Signals for Modified Gravity 

Observations 

Outline 

 Background evolutions (SNe).  

 Linear perturbations (CMB, LSS).  

 Non-Linear perturbations (Clusters).  

 

Modification on Observations 

 Jordan or Einstein Frame  

 Changes in linear densities 

 Changes in critical density, mass function, and normalization. 

 
Conclusion 
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Cosmic expansion & Growth of Structure 

 Cosmic background evolution is 

determined by all the constituents  

 Baryon and photon are coupled by 

Thomson scattering 

 b-γ fluid moves under gravitational 

potential well generated by CDM  

 Assume massless ν 

Gravity 
(Background) 

neutrino 

Photon 

(CMB) 

Baryon 

(LSS) 

CDM 

Linear perturbation 

Both linear & nonlinear 
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Parameter Dependence : SNe 

 Distance module 

 

 

 Background evolution 

 Also BAO, H, CMB 1st peak location 
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Parameter Dependence : CMB (also see Arman`s talk) 

        ( reionization optical depth ) : 

amplitude lowered by   

 As ( normalization ) : primordial 

density fluctuation  

 ns : SW plateau l < 40  

 Maximum compressions = odd peaks 

 : increase as baryon density does 

 Maximum rarefactions = even peaks 

 : increase as dark matter does 
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Parameter Dependence : LSS 

 Harrison-Zeldovich : ns ≈ 1 

 As ( normalization ) : primordial 

density fluctuation  

 keq :  

 BAO 

 Below Jean’s length : suppressed by 

k^4 (impossible to measure) 
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Parameter Dependence : CL 
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 Mathematically two frames are same. 

 How about physics? Any preferences? Still under debate 

 However, one should stick on one frame after using one frame for the 

background evolution. Because 

 

Background evolutions on Jordan vs Einstein Frame  
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CMB 

 

 . 

   

LSS 
 

 . 
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CMB 

LSS 
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 . 

 . 

 

 

 Data may already show deviation from ΛCDM ? 

 

Observational evidence of deviation from ΛCDM (also see Shinji’s talk) 
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Background 

Conclusions 

 

 Need to decide the frame first to fix the model parameters with background evolution 

 Go beyond PPF (numerically difficult) 

 

 

Perturbations 

 How to perform Boltzmann equations without PPF  

 Normalization and b(k,z) 

 Beyond linear region ? 
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Thanks !  


