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In general



Modified gravity Dark Energy

1. Background level:

2. Perturbation level:

Jain,Zhang 0709.2375



Structure growth
• weak lensing (tomography) 

• velocity field
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Peculiar velocity: a window to the dark universe

• Matter distribution in our universe is inhomogeneous 
• Gravitational attraction arising from inhomogeneity perturbs 

galaxies and causes deviation from the Hubble flow 
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Redshift space distortion

Observer

• Peculiar velocity changes the galaxy redshift and hence distorts 
the galaxy distribution in an anisotropic way 

• Galaxy clustering along the line of sight is different to that 
perpendicular to the line of sight

PJZ’PPT



In observation, galaxy distance is 
determined by “redshift”

RSD Introduction

A. J. S. Hamilton, astro-ph/9708102

Redshift space distortion

Peculiar velocity of galaxies 
cause them to appear displaced 
along the line of sight in redshift 
space

SDSS DR9, CMASS, 2D correlation function

Reid et al. 1203.6641



For DESI

Huterer et al. 1309.5385

Observationally:

DESI, Euclid et all:

O(1%)



Redshift space distortion:  
small scale modelling  
and systematic errors

5-10%

Torre & Guzzo, 1202.5559

Observationally:

DESI, Euclid et all:

O(1%)

1607.03148 1609.03697



Redshift space distortion modelling: three steps 

1. Non-linear mapping of dark matter/halo/galaxy 
 clustering from real space to redshift space  

2.Non-linear evolution of density and velocity fields  
——— Perturbation theory & High-resolution simulations 

3. Galaxy/halo density and velocity bias modelling 
McDonald&Roy, 0902.0991

F. Bernardeau et al, 2002



e.g. TNS 1006.0699e.g. Scoccimarro astro-ph/0407214 
       Zhang 1207.2722

FoG

Cumulant expansion

Taylor expansion!

Seljak&McDonald 1109.1888 

in terms of 

TNS 1006.0699 
Zheng 1603.00101

j1

 1. DM Mapping formula



1006.0699 & 1603.00101 

 

2-point 

The ‘extended’ TNS model



 All higher order terms are important

1603.00101



1603.00101



1603.00101



McDonald&Roy, 0902.0991

Hector et.al, 1407.5668 

Lagrangian local

2. Density bias model

No velocity bias, Lagrangian local bias for PS, linear bias for 
higher order term

Halo RSD mapping formula test 



Y. Zheng, Y. Song and M.Oh, in preparation, 2017 



3. Non-linear evolution Y. Song, Y. Zheng, M. Oh, and A. Taruya, in preparation, 2017 



Y. Song, Y. Zheng, M. Oh, and A. Taruya, in preparation, 2017 



4.Full halo RSD model b_1,b_2,\sigma_v

Y. Zheng, Y. Song and M.Oh, in preparation, 2017 



Discussion
• Better Taylor expansion of the mapping formula? 

Convergence test? 

• Density bias model, velocity bias? 

• Blind test for RSD model? GreatRSD? 

• FoG calculation? 1611.09075

Perturbative  
theory: EFTofLSS?

Full numerical, 
LSS analysis like CMB? 

Quantum computer?

What’s in between? 
Numerator?


