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Outline

What’s RSD? — Anisotropic properties on observed galaxy
clustering statistics 1n redshift space induced by peculiar velocity

Why RSD? — Degeneracy breaking between DE and MG

Why modeling RSD? — More cosmological information on non-
linear scales, tighter cosmological constrains. Statistical or
systematic uncertainty dominated?

How to model RSD? — (1) real space non-linearity (2) non-
linear mapping formula from real to redshift space (Taylor
expansion) (3) galaxy density and velocity bias
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What’s “distortion”

* In real space

* Cosmological principle: 1. Isotropy 2. homogeneity
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In reds!

What’s “distortion”

1t space: latitude, longitude, redshift

Redshis

OBJECT RECEDING:
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Recession speed increases with distance.

Millennium simulation

t = cosmological redshift + doppler redshift
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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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Redshiftt space distortion
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* Peculiar velocity changes the galaxy redshift and hence distorts
the galaxy distribution in an anisotropic way

* (Galaxy clustering along the line of sight 1s different to that
perpendicular to the line of sight

PJZ’PPT

10th Sino-Germany conference, Xi'an 2014



Redshift space distortion: RS(h)

Real space: Redshift space:
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Figure 3. Left panel: Two-dimensional correlation function of CMASS galaxies (color) compared with the best fit model described in Section [6.]] (blas
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.
0.01, 0]. The value of & at the minimum separation bin in our analysis is shown as the innermost contour. The u ~ 1 “finger-of-god” effects are sm:

scales we use in this analysis.
’ Reid et al. 1203.6641



Why RSD?

Dark Energy? Modified Gravity?



Modified gravity Dark Energy

2

1. Background level: ds® = ¢* dr* — R*(1) [1 d'k >+ 72 (d6* + sin’ 0d¢2)]
—Kr

2. Perturbation level: ds* = —(1 + 2¢/z)dt2 + (1 — 2§b)az(t)dx2
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Jain,Zhang 0709.2375



For DESI
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Redshift space distortion modelling
— power spectrum: 1n general three steps

1. Non=linear mapping of dark matter/halo/ga aXy
clustering from real space to redshift space

P(S)(k,p,) :/d3m eik'w<6j1A1A2A3>

TNS,1006.0699

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

3. Galaxy/halo density and velocity bias modelling

1 1 :
8,(x) = b6(x) + ibz [6(x)? —0,] + Ebsz [s(x)* — (s*)] + higher order terms,  McDonald&Roy, 0902.0991



Follow the derivation of TNS paper, Taruya et al. 1006.0699

From mass conservation: {1 + 8(5)(s)}d3s — {1 + 8(;')}d3r

s =r+ avlfl((rz)) Z 5O (s) = os _1{1 + 6(r)} — 1
59 = [ar]50) — Ve etunisin
aH(z)

nonlinear; Taylor
expansion and
trunction

The redshift space power spectrum:

l rinsically




Redshift space distortion:
starting point for PS

P(S)(k,p,) :/d3w 6ik'w<€j1A1A2A3>

Ny

6p(k) + Py(k) = (;:;3 e~ kr(eifkAu] + §(x)]| PO (k) = [ dxe**(e " krfAuL§(r) + fV,u,(r)}
X [1+ 8(x)]), X{6(r) + fV,u,(r)}),

e.g. Scoccimarro astro-ph/0407214 |
Zhang 1207.2722 e.g. TNS 1006.0699
(e11M1A,A3) = exp{(e/itr) J[(e/141A,A5),

+ (e/1M14,) (e/H1Az), ]
d3r

Cumulant expansion
POk, p) = [ =5 e RT (iR [1 4 §(@))e /51 + 5(a')])

(2m)3 PO(k, p) = [ dxe'{* exp{(e/M) H{e/ "1 ArAsz).
l iNn terms of |_1

(e/141A,A3), + (e/"M1Ay) (e/"M1A3),

=~ (A)Az) + j1{A1ALA3),

TNS 1006.0699 . .
Zheng 160300101 + JHKATALA;), + (A1A) (A1A3) ) + O).

o 2L o0 L oy L+L'
Pk) =S ﬁ (%“) Pk +2Y Y (L! 12’! (z;c{u) Py (k)

L=0L'>L

Seljak&McDonald 1109.1888



PO (k) = f dP*xe®*(e~knfAu{§(r) + V. u,(r)}

The ‘extended’ TNS model
| : XA{6(r") + V. u (r)}),

Definition:

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

P(S)(k, [.L) e fd3xeik'x(ej‘A'A2A3),

(e/1M1A,A5) = exp{(e/ih) J[(e/1M1 A, A5), B ~ Important for
+ (/M A,) (el 1 A3), ] \ 4 separation of FoG

PO (k, u) = / d>xe™ *exp{(e/14) J[{e/141AyA3),

+ <ele‘2>c<elelA3>c]°

Scale dependent Dggr?(kua CD) [(elel A2A3>c + <€j1A1A2>c<€j1A1A3>C]
part+scale ~ j1(A243)c + j1 (A1A243).

independent part +j12{(A1A2>C(A1A3>C + % (A2A5A3), — (uzu;)c<AzA3)c}
+0(57) , (13)




1603.00101

The ‘extended’ TNS model

FoG (kua ) [(ej1A1A2A3>C + (ej1A1A2>c<8j1A1A3>C]

local

~ j1(A2Asz)c + j1 (A1A2A3).
. 1
+72{ (A1 Ao)e(Ar As)e + 5 (A3 Az Ag) — (uaul)o(As As). |

Taylor expansion in terms of j; = —iku

S _ FoG
P( )(ka /—l*) = D (kﬂgz)Pperturbed(ka /-L)
FoG 2 4
= D"*¥(kpo:)[Fss + 2p" Pse + " Poe (15)

+A(k, 1) + B(k, p) + T'(k, p) + F(k, p)].
parameter physical meaning value A 3 ik-x
Qm present fractional matter density 0.3132 A(k,/,t) = N / d’z e <A1A2A3)C
Qp 1-Q,, 0.6868
973 present fractional baryon density 0.049 . 3 k.x /
h Ho /(100 km s~ *Mpc™1) 0.6731 = N /d T €' ((uz — u;)
Ns primordial power spectral index 0.9655
o8 r.m.s. linear density fluctuation 0.829
Ly ox simulation box size 1890 h_l].\"IpC ° X (6 + Vzuz)(é' + vzuiz»c
N, simulation particle number 1024 z—p Olnt -7

my, simulation particle mass 5.46 x 10"°h=1 M
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Multipole test
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RSD correlation function modelling—mapping formula:
pairwise velocity PDF °

1407.4753
1+¢&s(s1,s)) = /dru 1+ &r(r)] P(r) — syr) .
The scale-dependent Gaussian streaming model (GSM), Reid& White,2011
2 5,2 dy
1 S r_or — 1 I 2 e—[rn—y—/"/UIZ(r)] /2012(ra/1’) X
650 ) = [ [1+60) T

vi2(r) = vip(r)F = —"— /dk k Py (k)ji(kr). o(r, u*) =2 (o) — p* ¥ (r) — (1 — p)W.(r)]
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1+&,(rs,rp) = / [1 + g;(r)] o lrm —y—mv2 (208, (r, 1)

b
via(r) = vip(r)F = 712 / ak k P (k) jukr).

772

ob(r, u?) =2 [02 — W (r) — (1 — p?)W. ()]
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Gaussian quasi-Gaussianity (GQQG)

Improving the modelling of redshift-space distortions - II.
A pairwise velocity model covering large and small scales

Davide Bianchi'***, Will Percival' and Julien Bel??3*
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Red:GQG
Green:GSM

Figure 7. Legendre monopole, quadrupole and hexadecapole of the
redshift-space correlation function, for the halo catalogue 10?2 <
(M/Mg) < 10'3 at z = 0, on a large separation range, 0 < s <
80h~!Mpc. The lines correspond to the same models as in Fig. 4, with
the same colour coding.
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Future

e Real space nonlinearity: SPT, RegPT, EFT, Response
function, Emulator... PT+simulation

e [or correlation function — theoretical calculation of first
three moments of PDF

e Mapping formula: power spectrum — better Taylor
expansion and truncation strategy

e Bias modelling: density and velocity bias

5.arXiv:1611.09787 [pdf, other]

Large-Scale Galaxy Bias
Vincent Desjacques, Donghui Jeong, Fabian Schmidt



