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HST WFPC

Test of GR: EG



EG in a nutshell Zhang et al. (2007)

HST WFPC

• lensing → (Φ+𝝭) • RSD →  𝝭

Reid et al. 2012

Metric:
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HST WFPCM. Blanton/SDSS



EG in a nutshell Zhang et al. (2007)

where

 β = f / b 

 f = d(lnD)/d(lna)

Reid et al. 2012
γ=0.55 (GR)



EG in a nutshell Zhang et al. (2007)

Nuisance parameters: b and A cancel out!

KEY POINT I: EG is insensitive to galaxy bias
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KEY POINT II: EG is sensitive to deviations from GR

• via ratio of potentials (Φ/𝝭 ≠ 1) 

• via growth of structure f(z) = [Ωm(z)]γ



EG in a nutshell Zhang et al. (2007)

assuming 
GR+ΛCDM = 0.41 ± 0.03 at z=0.3

TEST: Look for deviations from GR+ΛCDM prediction.

If deviation is found, signature of: 

• Modified Gravity or 

• DE has anisotropic stress or 

• DE is clustered or...



Measuring EG Reyes et al. (2010)

M. Blanton/SDSS

Galaxy sample: SDSS luminous red galaxies
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Measurement I: Redshift-Space Distortions 
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Measurement II: Stacked weak lensing

M. Swanson
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Measurement II: Stacked weak lensing



Measuring EG Reyes et al. (2010)

Measurement III: Galaxy clustering



Refining EG (I) Reyes et al. (2010)
Baldauf et al. (2010)

ADSD statistic Υ: removing small-scale contribution
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ADSD statistic Υ: removing small-scale contribution



Refining EG (II) Reyes et al. (2010)

Systematic corrections:



Refining EG (II) Reyes et al. (2010)

→ systematic effects ~ 5-10% 

< 16% statistical uncertainty in EG

Systematic corrections:



EG measured Reyes et al. (2010)

→consistent with 
GR+ΛCDM

→rules out a TeVeS 
model by >2.5σ

Finally:



Future prospects
• larger imaging (DES, HSC, PANSTARRS, LSST) + 
spectroscopy (EBOSS, BigBOSS, DESpec) surveys
→ same galaxy sample or similar population (bias must cancel out) 

• stacked RSD analysis → Υgθ(R) instead of single β 

• better handle of systematics: scale-dependence of 
bias, RSD modeling, velocity bias, ...

• theoretical predictions for alternatives to GR: 
modified gravity theories, dynamical DE models


