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f(R) gravity

   Basic setup

Astro-ph/0610532 Hu.et.al.



  

Engineering f(R) mimic LCDM background

JH He, Phys. Rev. D86, 103505

HyperGeometric function

Analytic form



  

LCDM



  

f(R) gravity

   Perturbation dynamics



  

Parameterized Post-Friedmann
   0708.1190 W.Hu et. al.



  

● For f(R) gravity, W.Hu et. al. gives

● Hu-Sawicki model  0705.1158

                   

Cannot exact mimic Lambda CDM but deviation is very 
small,so we can embed Hu-Sawicki model into PPF 



  

● Bertschinger-Zukin parameterization 0801.2431

       Neglect time derivative term

      

      



  

ISW effect

● Matter dominated epoch
Φ=const. (linear growth = expansion rate)            No ISW

● Late accelerating epoch
Φ decays (linear growth < expansion rate)             ISW (evidence DE)



  

ISW in f(R) theory

BZ
Hu-Sawicki



  

Weak lensing

UnLens Lens

Cluster



  

ISW-Lensing bispectrum

● Secondary bispectrum (Even without primoridal bispectrum)

Same 
source

ell2 ell3

ell1

Squeezed limit



  

Contamination 

● Contamination of ISW-L

Bisp on local f_NL ~ 9.3

(Hanson et.al. 0905.4732)

ell3

ell2

ell1
Squeezed limit



  

Planck results
● Contamination to f_NL ~ 7.1

● Significance of A_nl ~ 



  

Can ISW-L bisp do late-time parameter estimation ?

● B0 cross-correlation coefficients with standard CP 
(fisher matrix )



  

Quadratic estimator
● Power spectrum likelihood

● Bispectrum likelihood

Planck blue book



  

Global fitting of B0

● Grid B0 (0~1), fixing other CP

best-fit value of WMAP7

Power spectrum ISW-L bisp



  

Power spectrum-bispectrum cross correlation



  

Conclusion

● Pow-Bisp cross correlation is negligible

● ISW-Lensing bisp is robust on constraining 
f(R) gravity, the joint analysis can improve the 
power spectrum result on B0 bound by a 
factor 2~3  

Thank you
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