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* Motivation (accurate modelling of RSD)
* RSD introduction
» 2D redshift space power spectrum

* Systematic errors in RSD modelling ---- induce fake scale
dependence of / measurement

* Measuring the scale dependence of fitted velocity dispersion

o2,

- First step: if the velocity dispersion g2 in the FoG term is scale
independent or not?

e Scoccimarro04 model
e TNS model

* Discussions

* RSD template from simulations (for DESI)
* Accurate FoG fitting functions



RSD Introduction

Redshift space distortion

In observation, galaxy distance is : : _

: 7 o Peculiar velocity of galaxies cause
determined by “redshift _
them to appear displaced along
the line of sight in redshift space

Real space: Redshift space:

SDSS DR9, CMASS, 2D correlation function
—

Squashing e
Linear regime

Collapse:

g
T L d 4]
Urnaroumnn g:p:

H
Collapsing Finger-of-¢ | TR, -
e -50 -40 -30 -20 -10 {Mo /hl)u 20 30 40 50
. 10
A.J. S. Hamilton, astro-ph/970810 z, (Mpe/m) -

Figure 3. Lefi panel: Two-dimensional correlation function of CMASS galaxies (color) compared with the best fit model described in Section [&.T](black lines).
Contours of equal ¢ are shown at [0.6, 0.2, 0.1, 0.05, 0.02, 0). Right panel: Smaller-scale two-dimensional clustering. We show model contours at [0.14, 0.05,

0.01, 0]. The value of & at the minimum separation bin in our analysis is shown as the innermost contour. The ¢ = 1 “finger-of-god” effects are small on the
scales we use in this analysis.

Reid et al. 1203.6641
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RSD Introduction
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Systematic errors

in RSD modelling

Observationally: | o

DESI, Euclid etal:
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RSD modelling

We follow the derivation of TNS paper, Taruya et al. 1006.0699

The redshift position s: s=x+v,/(aH)Z

From mass conservation: (1 + 65(5))d3s =

Perturbatively
expand it and
truncate

The redshift space power spectrum:

P®(k) = f dPxe**(e~*efAu{S(r) + V,u,(r)}

X{8(r) + fV u (r')}),
u,(r) = —v,(r)/(aHf)




RSD modelling (3= [ dxe™ (e HA{S(r) + [V u,(r)}

XA8(r) + [V u,(r)}p,

Definition:
W kg, AT a )i
Ay = 8(r) + fV,u.(r), Az = 6(r") + V. u.(r).

PO p) = [ dxels(eih arny),

(eht1A,Az) = exp{(e/th) H(e"1A,A3),
1 (ej'AlAZ)c(ej'AlA3>c]‘ ‘

P ) = [ et xplien ) Jter Ay,

+ (/@) (/M1 A;). ]

Scale dependent
part+scale
independent part




RSD modelling (3= f dPxe™ (e~ 1I2{§(r) + fV. u.(r)}

Definition:

XA8(r) + [V u,(r)}p,

i ikt

= S A §
= Sl 4 £YX7 1 (e

Az = 8(”) el

- model (1006.0699 ):

Assuming velocity correlation between spatial points
could be ignored in the exponential function, and
truncation at the second order of j;, we have TNS

kx(enhiA,A3),

A A

Scale dependent
part+scale
independent part




RSD modelling: TNS Model

3. ‘effective’ FOG term which assumes the

velocity dispersion o2 as a constant free 1. Kaiser model

parameter. But in what k, u regions? Scoccimarro model

WO -point

Ak, n) = Ji f dxe**(A,A,A5),, correlation

) functions!
°

Bk ) = 7} [ dxe® (A 40), (A1),

J1=—ikpf, Ay =u,r) —u(),
Ay = 8(r) + fV,u,(r), Az = 8(r') + fV u (r).



RSD modelling

FoG fitting functiciis:

D o[x] = {eXp(—xz) Gaussian,
e 1/(1 + x*) Lorentzian.

(1+ k2p202/2) "

A
Flko) = 1o pa + Ck*1, Kwan et al., 2012

1
Dk, pu, ) =

. o O
Lorentzian. Qkumura et al., 1506.05814

I+ 3 f(a)(kpo,)* + ng(a)(kpo,)* Kang et ak

All are functions of
kua?, no additional
k, u dependence.

Explore the viable
regions of this
assumption



RSD ingredients

measurement: power spectra

Simulations: Gadget2 codes, run by Minji Oh, Plank15 cosmology
Box-size: 1.89Mpc3/h

Particle number: 10243

Mass resolution: ~5 X 10**M,,,/h

Realizations: 6 now, will be 100~300 in the future.

Density power spectra: Velocigy power spectra: 5123 grids, Nearest Particle (NP)
5123grids, NGP 1% at k~0.1h/Mpc; 2~3% at k~0.2h/Mpc
Sampling effect correction: 1405.7125, 1409.6809
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Ji f d’xe’®*(A1AyA3),.,

RSD ingredients

measurement: A & B terms ' j f d*xe®*(A|A,)) (A A3),.

iN= —ikuf, Ay = u(r) — ur),
+ fV.u.(r), A3 = 8(r") + fV. u.(r).
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Residual ‘effective’ FoG terms

(left). Scoccimarro’s model, astro-ph/0407214 (right). TNS model, 1006.0699
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Fitting 02 /H? at different k bins

(left). Scoccimarro’s model, astro-ph/0407214 (right). TNS model, 1006.0699
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Discussions

Clk, ) = (kpf)* fd;;ra;q Splk — p — ‘I)_zpﬁ'ﬁ( )
. ) X {Ps5(q) + 2fugPselq) + fan-que q)}
Different truncations: Bode 2
mf e onlk—p - q)

— C term X (1+ Fu2)Prn(p)Pin() @
— ‘D’ term (&1 4,A5), + (/™1 Ay (eI A),

= (AzA ; A2A3)c
Other RSD models + {HAAA) + 44D A4S + O
— Streaming models (Bianchi et ai=7407.4753)

— Velocity decomposition models (Zhang et al.,
1207.2722)

RSD templates from simulation measurement
Effective FoG fitting functions



