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Cosmic Distance Ladder 

1parsec = 3.26 ly   
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Age and Distance 

 t0. 

Need DE? 
t0 and d0 

 d0 
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Discriminate DE from MG  

MG vs DE 

Subhorizon scale 

Matter Growth 

Background can be same 

Matter growth different due to Geff 
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Theoretical Prediction 

Quantities 
ω = ω0+ωa(1-a) 

γ 

ω0 ωa 

Λ -1 0 0.56 

Quintessence ~ -1 ≠ 0 ~ 0.56 

DGP -0.78 0.32 11/16 (0.69) 

f(R) -0.7 positive 0.43 -0.18 (1-a) 

Scalar-Tensor-

Gravity 
flexible flexible 

Determined 

from ω 
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Cassini–Huygens Mission 

A joint NASA/ESA/ASI spacecraft 
mission studying the planet Saturn  
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 Problem in Discriminating DE from MG 

Solar  
System 
Test 

small 
ΔGeff 

small 
  Δδ 

   Same  
Background 

Similar 
Perturbation 

DE vs MG 

Problem 
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SNe Ia : Standard Candle 
(Gaztanaga et.al 2001) 

SNe Ia 

SNe Ia : explode when WD reaches Chandrasekhar Mass (Mc)  
Relation btw CM and luminosity (L) 
M : absolute magnitude @ z ~0.5 

 

Text 

Text 

Text 

Text 

Text 

Text 
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Matter Growth 

 . 

Observations 
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Matter Growth Constraints 
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From current observations 

For ΛCDM, γ ~ 0.56 

For DGP, wo=-0.78,wa=0.32, γ ~ 0.68  

For STG, we may(?) produce large  γ 

Most of the 

known models 

rules out by 2-σ 
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Conclusion 

Need large  

ΔGeff 

Rule out 
ΛCDM 

Rule out 

DE 

Rule out  

DGP, f(R) ? 
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Challenges in observations 

Additional 

Observations? 

Geff 

Need bias 

factor 

Observables 

Errors 
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