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OUTLINE
❖ Power spectrum in redshift space

❖ Fingers of God and Kaiser effect (Redshift space 
distortion)

❖ Monopole and Quadrupole in linear theory

❖ Redshift space perturbed Power spectrum

❖ Monopole and Quadrupole in quasi-linear theory

❖ Dark energy dependence on quadrupole



POWER SPECTRUM IN REDSHIFT SPACE

❖ Kaiser effect (RSD) : due to coherent peculiar velocities towards 
the central mass (large scale effect) (refer Matsubara’s talk) 

❖ Fingers of God effect : random velocity dispersions in galaxy 
clusters (affects only redshift not position, stretching only radially, 
small scale effect) 

❖ Redshift space linear power spectrum 
Real space matter power spectrum 

(what we calculate)



RSD AND FINGERS OF GOD

❖ Redshift space distortion (RSD) is measured using (refer Okumura’s talk)

❖ Lorentzian and Gaussian forms

❖ velocity dispersion



MONOPOLE AND QUADRUPOLE IN LINEAR THEORY

❖ Decompose to angular dependence (multipoles)

❖ Monopole : angular averaged redshift space power 
spectrum

❖ Quadrupole : leading anisotropic contribution of 
redshift space power spectrum

Positive

Positive



PERTURBED REDSHIFT SPACE POWER SPECTRUM

❖ Perturbed redshift space power spectrum can be 
calculated from SPT/ LPT/ iPT (refer Matsubara’s talk and 
Gong’s talk for GR )

Taruya, Nichimichi, Saito 



MONOPOLE AND QUADRUPOLE IN QUASI-LINEAR THEORY

❖ Monopole

Positive



MONOPOLE AND QUADRUPOLE IN QUASI-LINEAR THEORY

❖ Quadrupole

This term change signs at the specific scale k for the different DE models

Positive                Negative as k 



MONOPOLE AND QUADRUPOLE IN QUASI-LINEAR THEORY

❖ Monopole and quadrupole

❖ Ratio between them

Yamamoto, Bassett, Nishioka 05

This scale
depends on
DE w k~0.3



DARK ENERGY DEPENDENCE ON QUADRUPOLE

❖ P11  : 

❖ P22 :  

Ex :

DE dependence on
c21(z,w), c22(z,w), etc
Usually, one considers
w dependence on D1 only



IMPROVEMENT BY INCLUDING T-DEPENDENCE ON F & G

❖ Comparison on the matter power spectrums with and 
without EdS assumption in the kernels (SL, Park, Biern 14)



IMPROVEMENT BY INCLUDING T-DEPENDENCE ON F & G

❖ Comparison on the matter power spectrums with and 
without EdS assumption in the kernels



IMPROVEMENT BY INCLUDING T-DEPENDENCE ON F & G

❖ As z increases, D approaches to that of EdS. But F & G 
deviate more from those of EdS.



CONTINUATION

❖ How sensitive the flipping scale on DE e.o.s

❖ Comparison with other sensitivities (!m, b, etc)

❖ RS effect has similar properties but with very low S/N 
(SL, 15)



THANKS ! 
ありがとうございます! 
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