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Redshift-space distortions (RSD)

Dark matter | in N body S|mula|ons (byT lehlmlchl)
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Anisotropic correlation function
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Anisotropic power spectrum
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Anisotropic power spectrum
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Geometric distortions

(Alcock-Paczynski effect)

Cosmological distortions caused by apparent mismatch of

(A6, Az)

g -
'
-
W % -
Pl Lo !
...'-
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Qbserver

—> can generate higher multipole moments
of anisotropies
Using the standard ruler,

H(z) & can be measured simultaneously



Alcock & Paczynski ('79)

An evolution free test for
non-zero cosmological constant

Charles Alcock

The Institute for Advanced Study, Princeton, New Jersey 08450

Bohdan Paczynski*

Department of Astronomy, University of California at Berkeley,
Berkeley, California 94720 and Princeton University Observatory,
Princeton, New Jersey 08540

Nature Vol. 281 4 October 1979

where
Y (x)=sinx, _Z, (x)=sinh x (5)

In the case k=0,

1+z
...A__Z_= z7! {1-Q,+Q0(1 +Z)3}1/2 J dy {1_00+Qoy3}_1/2
zA6 1
(6)

For the ‘conventional’ cosmologies where A =0 there is the
simple expression,
Az _(1+2g02)'"
zA8 qoz

{goz +{go—D)((1+2q02)'*~1)} (7)

Numerical evaluation of equation (7) shows that Az/(zA#) is not

a powerful estimator of g, in the A = 0 case—there is only 11%
variation of Az/(zA#) between q,=0 and gq,=1 at z=2.
However, the general expressions (4) and (6) show great varia-
tions of Az/(zA@) with the parameters. This is shown in Fig. 1.

The cosmological constant has recently been questioned
because of difficulties in fitting the standard A = 0 cosmological
models to observational data’>. We propose here a cosmologi- - ; —— - : : ,
cal test that is a sensitive estimator of A. This test is unusual in
that it involves no correction for evolutionary effects. We
present here the idealised conception of the method, and hint at
the statistical problem that its realisation entails.

Consider a collection of test objects emitting radiation
containing spectral lines (so that redshifts may be determined),
which are distributed on the surface of a sphere. (Any spheric-
ally symmetric, bounded distribution will do; this idealisation is
for convenience only.) Let the sphere expand with the local

fmd D AaX.7R

Early studies before detection of BAOs :
* Ryden (’95)
* Ballinger, Peacock & Heavens ('96)
* Matsubara & Suto ('96); Magira, Jing & Suto ('98)

shape of void

global shape of
P(k) or &(r)



Baryon acoustic oscillations

* Characteristic scale of primeval baryon-photon fluid (~150Mpc)
imprinted on P(k) or &(r)

* Can be used as standard ruler to estimate distance to galaxies

aaaaaaaa

P(k) [(h"'Mpc)*3]

«- BOSS DR9
(SDss-y
k[hMpc']

0.05 0.1 0.15 0.2 0.25 0.3



Impact of RSD & A-P effects
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Oka et al.(’I 3) modified



Cosmological constraints

Beutler et al. (16)
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Cosmological constraints

/gt)lam et al. ’16)
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Compilation of other observations
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qAA=w?Y 27 (Cosmic shear)
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Subaru HSC lyear result

J B EER

https://www.subarutelescope.brg/ Pressrelease/2018/09/25/j index.html
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Cosmic shear statistics : theory

“Convergence field” (or EE— R) (FEFHEOZR)
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Cosmic shear power spectrum

10 E14 « obs —Total bin number  z range Ng ng [arcmin™?]
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Hikage et al. (arXiv:1809.09148)



Cosmological constraint

Planck@& 2
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DIES e [km/s]
Standard RSD -3 9
mREY TS OFIe)  0EI0)
SR ARE O(10) O(l)
Ry 75— O(10) O(l)
BEBAT Y2 TA)IL7 = O(<105) O(<I)

e.g., Cai et al. ('16); Sakuma et al. (" 17)
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L Zon DA O(103) rad ~ O(l) arcmin
(de—L > A:few deg or ell~100)

Vv EOBEEEL O(l) Mpc

(dE—L 2 X:100 deg or ell~2)

e.g., Hu & Cooray ('01); Lewis & Challinor ('06)
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MEXI IO NHAD =2 L — 3>
M-A. Breton,Y. Rasera, AT, O. Lacombe & S. Saga
arXiv:1803.04294
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EM :null 4-vector  u* :observer’s or source’s 4-vector

Reconstructed light-cone



density_full realspace
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