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Overview

ongoing and

\\(v

“oming galaxy edshift Surveys \\
)SS, WiggleZ, BOSS, 6dF, FastSound, T
liRE, HETDEX, BigBOSS, ...

ter understanding of properties of dark energy and
ries of modified gravity

- = Correspondingly accurate theoretical templates required.
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Redshift-space Distortions

survey measures the 3D positions of galaxies

ight position is measured from redshift
z=Hx+u,
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edshift-space Distortions

survey measures the 3D positions of galaxies

sight position is measured from redshift
z=Hx+u,

—

Observed

shape O

True
shape

Anisotropy in Fourier density field

o, (k,w) =(b+ fu")d,, (k)

Power spectrum (Kaiser 1987)

P! (k,u) = (b + fu*)* P, (k)

dn D
b=8/6,7 F(@) = Ging = Mm@’
v~ 0.5
Kaiser ACDM + GR (Linder 2005)

@ Deviation from Einstein’s gravity
theory gives different growth of

density perturbation.



Systematic effects on

gdetermination of growth factor

lependence of growth rate reconstruction
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high mass
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= Such systematic nonlinear effects cause incorrect constraints

on dark energy or gravity theories.



Redshift space distortion from

the distribution function
2 (Seljak & McDonald 2011) =
Distortions due to

dshift-space distortion peculiar velocities

s =x-4+7 u“/

iourier-space

ps (k) =m / d’x et / d*q f (x,q) ™11/

1 ik 7 ) Taylor expansion
Ss(k) = 17 (ﬁ) Ty (k)

L=0

Tr00 =2 [ da f(xa)uf = (14660 uf ()

Moments of mass-weighted velocity




POWEr spectrum in redshift space

2L 00 (_1)L ’Lk,LL L+L'
) PLL(k)+2ReZ Z T (F) Prr (k)

L=0L'>L "
: density-density power

: density-momentum
: momentum-momentum (scalar and vector)

. density-energy density and density-anisotropic stress

(1+ f12)° P (k) linear,
2
Poo + 2fp? (Huf) Po1 + f?ut (HZf) Pj1 ;nonlinear,
= Hvery power spectrum P;;, can be directly measured from

N-body simulations!




Angular decomposition of

moments of distribution function
ecomposition into helicity eigenstates

1 of scalar, vector, tensor (SVT) decomposition

ooml
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Scalar  vector

Py (k) = Py " (k)
SS 2 i
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ismological N-body simulations

les, Seljak and Iliev (2009)

WMAP 5-year cosmology

1024° dark matter particles

L,..=1.6Gpc/h
8 12 realizations x 3 line-of-sight = 36 measurements

z=0,0.51and 2

= Power spectra for dark matter are presented

and those for halos and galaxies will be given
later.




POWer spectra Pss(k, ) and P,, (k, )
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ACCLTACy Of the expansion: monopole
(L+L")-th order term
L+L‘=n(_1)L lk‘u

Pss(k) = EO TR ( H ) PLL‘(k)
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inger-of-God resummation

orms for FoG
dds (1994), Park+(1994), Scocimarro(2004), Taruya+(2009))
Gz = (kuo/H)?) = {g;(f{;)l G P**(k) = G([kpo/H]?) Pkaiser(k)
laylor series of the FoG kernels produce positive and
ative terms alternatively.
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DG model for monopoles

model improves the results.

k~0.4 h/Mpc k~0.8h/Mpc

= Note that there is no free parameter.




‘Oom dark matter to halos

nction approach Linear Kaiser

atter

L 1k s mm
Z > (5 rr0o Py ) = (+ S i ()
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- Halos and galaxies

'L \ H

0o o0 L’ . L+L' s _ 2 2 phh
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= Halo biasing

by (k) = P/}(k)/ P} (K) b® = Py (k)/ Py (k)

e in linear theory




ANialyzing halo and galaxy samples

lo sample in our simulations is divided
ubsample according to the halo
~mass in order to see halo mass dependence
(Halo bin1 - bin4).
S a more realistic sample we populate halos
ith central and satellite galaxies using a HOD
pdeling of luminous red galaxies (LRGs) for

the SDSS Baryon Oscillation Spectroscopic
Survey (BOSS) at z=0.5 (White et al).

Advantage: each power spectrum is directly
measurable even for massive (thus sparse)
halo sample, unlike previous works.




Nonlinearity of generalized bias
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= Scale dependence of Bias is more significant for more

massive halos and for higher order moments.



pystematic and nonlinear effects
DN rowth rate constrants
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Angular decomposition of

moments of distribution function
ecomposition into helicity eigenstates

1 of scalar, vector, tensor (SVT) decomposition
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Dark matter

T T T

LRG all
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The excess of P, from
linear theory is more
prominent for halos
than dark matter.
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Pg / Pg, ref -1
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importance of u° and u® terms

= Such higher-order terms are necessary for a

percent level modeling, particularly for more
massive halos and/or at higher redshift.




summary

ace distribution function approach to
2 distortions was tested using N-body

2 resulting power spectrum is accurate at scales
20 /H <1 for dark matter, halos and galaxies.

FOG model dramatically improves the range,
04/ Mpc at z =0 and k~0.8 h/Mpcatz=0.5and 1

= We measured the generalized bias for halos and LRGs,
then found the higher-order bias starts to be
contaminated by nonlinear effects on larger scales.

= We determined the exact angular dependence of each
power spectrum in terms of u .




