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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



Powrer Seectrum v Repstirt Seacr

* - (RSD) : due to coherent peculiar velocities towards
the central mass (large scale eftect) (zefer Watoubara o talt)

: random velocity dispersions in galaxy

clusters (affects only redshift not position, stretching only radially,
small scale effect)

Real space matter power spectrum

(what we calculate)

* Redshift space linear power spectrum /

POk, 1, 2) = G D0k, - B (% 1.

where B(k, 2) = (), £(2) = 4822, 50k, ) = D (2)d1 (k)

dlna ?



RSD axp Fincers or Gob

» Redshift space distortion (RSD) is measured using (refer Obumurna s tatk)

where B(k, 2) = 25, f(z) = 4p2t, 60)(k, z) = Dy(2)d, (k)

+ Lorentzian and Gaussian forms

1
1+ 0.5[kpa(2)D(2) f(2)]?2

exp [—O.5[k,ua(z)D(z)f(z)]2]

Droc(k, 1, 2,0) =

Des(k, p, 2, 0)

+ velocity dispersion

0°(2) = 4%/ (2653)3P99(q, z)



Monorore axp QuabrupoLe IN Linear THEORY

* Decompose to angular dependence (multipoles)

1
Plo i, 2) = Pl £ 2)Lall) ik, ) = M/ duP (k) Ly(p)
—1

1=0,2,4,-. 2

* Monopole : angular averaged redshift space power
spectrum

2 1
Po(k, Z) = (]_ — gf —+ 5f2)PL(k, Z) Positive

* Quadrupole : leading anisotropic contribution of
redshift space power spectrum

4 4
Pg(k,z) — (§f+?f2)PL(k7Z) Positive



Prrrursep Repsairr Seace Powrr Serctrum

« Perturbed redshift space power spectrum can be
calculated from SPT/ LPT/ iPT (refer Patoabara’e tath and

Gong s tall for GR )
p (Scoccimarro) (. ;) — (b2(k, 2)Pss(k, 2) + 2b(k, 2) F(2)2Pss(k, 2) + f(2)2 1t Pro (k, z))
= b*(k) (P&s(k) + 2B(k, 2)u*Pso(k) + B*(k, z)u4P99) (

PgMatsubara)(k, L, Z) — Ps,ll(k7 W, z) — Ps,22(k7 M, Z) + 2Ps,13(k7 22 Z)

= [KOw2)] Pukz) 42 [ FLPua Puh— o) KO @R - 2)]
+o[KOW]Puk2) [ SLPua) KD~ Fon 2] )

PSS (k, p, z) = PEmamO (kg py, 2) + A(k, i, b, 2) + B(k, 1,b,2)  Taruya, Nichimichi, Saito



Monororr anp Quaprurorr N QuastLinear THEORY

* Monopole

1 1
Py(k,z) = l AgoPas + BooP13) + (. + §A11P22 + §(B00 + B11)P13) f

1 1 1 1
+ (.-l— (§A12 + 5A22) Pos + (§B12 + g(Bll + B22)> P13) f?

1 1 1 1
+ ((5A23 + 7A33> Poo + (?Bzz + 5(B12 + B23)> P13) f?

1 1

1 1
+ ((5A24 + ?A34 + §A44> Poo + ?B23P13> .f4

Positive



Monororr anp Quaprurorr N QuastLinear THEORY

* Quadrupole
o 2
-+ —A11P22 + g(BOO + Bll)P13) f

Falk,2) = (. 3
2 4 4 2 4
“A “Ao | P “B B "By | P 2
+(.+(3 12'|-7 22) 22+(7 11—|-3 12'|-7 22) 13>f

4 10 4 10 4
- ((;Az:; + ﬁA33) Pzg + (—Blz + _B22 + _B23> P13) f3

7 21 7
4 10 40 10
+ ((?AM T 2—1A34 T ®A44> Pos + 2—1B23P13) f!

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

Positive — Negative as k



Monororr anp Quaprurorr N QuastLinear THEORY

* Monopole and quadrupole Zmmanszs. Baserr. Nutista 05
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Dark Exercy DepenpENcE ON (JUADRUPOLE

PgMatsubara)(k., w,2) = Psii(k,p, 2) + Psoa(k, 1, 2) + 2Ps13(k, i, 2)

_ [Kgs)(k,u,z)]zPL(k,z)+2/(33) PL(q, 2)PL(|k — ql, )[KU@E—@,u,z)]
d3

P10 ) K@ ~3 K, 2) 2)

2

+6 [Kgs>(k>] Py (k, 2)

v

D Pll : Kgs)(k,/,b, Z) — 14+ f(w, Z) 'Ll/2 PL(k7 Z) — Dl(w, Z)2PL(k7 ’UJ)

b
e o oY 20, 1 ke—a.) | k) (e —a)))
. K —»,k_ F 4+ G 4 I _|_ 2 z 4+ z e z
( 2 (¢ (j)) 2+ frGo 2 q2 PP 5 21— 712
, 2aa(r — — 2rg?
Fola, 3 F— ) — Coo(T Qx)-l—czlz('r—l—:c re?)
r (1472 —2rz) DE dependence on
L Upaa(r — ) + oz (r +  — 2ra?) C21(Z,W), a(z,w), etc
G2(a, ¢,k — q) - 2 Usually, one consider
or (1 + 12 — 2rz) sually, one considers

w dependence on D1 only

_ 92p2 _ (Tx + r(3 — 10z?))?
2 2 2 2 2
(1+7%—2rx) 98(1 + r? — 2rx)



IveroveMENT BY INcruping T -DrpENDENCEON F & G

* Comparison on the matter power spectrums with and
without EdS assumption in the kernels (54, Pawb, Biewn 14)
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FIG. 2: Errors in P2 and Pi3 a) Differences between the correct P2 and the one with EAS assumption at the
different epoches. The solid, dashed, and dotdashed lines correspond to z = 0, 1.0, and 1.5, respectively. a)
Differences between the correct P13 and the EdS assumed Pi3 at different epoches.



IveroveMENT BY INcruping T -DrpENDENCEON F & G

Comparison on the matter power spectrums with and
without EdS assumption in the kernels
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FIG. 3: Errors in Piota1 and N a) Differences between the correct Piotal and the one with A = 1 (EdS) assumption

at the different epoches. The solid, dashed, and dotdashed lines correspond to z = 0, 0.5, and 1, respectively. a)
Differences between the correct Pyr and the A = 1 (EdS) assumed Py, at different epoches.
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IveroveMENT BY INcruping T -DrpENDENCEON F & G

* As z increases, D approaches to that of EdS. But F & G
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(CONTINUATION

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

* Comparison with other sensitivities (Qm, b, etc)

« RS effect has similar properties but with very low S/N

(84, 15)
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FIG 1- CMB-WT. crocc—correlation spectra (BS—F of different dark enerov models for different WT, stirveve (114 ax )
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