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1. Redshift Space Distortions

RSD is another special three-dimensional clustering pattern of galaxies, but it is due to
local motions of the galaxies under gravity [3]. Suppose galaxies only co-move with the
cosmic background without moving locally, the clustering of galaxies should be isotropic,
in other words, there are same number of galaxy pairs along or across lines of sight of the
observer. However, this is not the case in the real world. Galaxies move towards nearby
galaxies due to gravity, thus they have “peculiar velocities”. As we infer galaxies’ positions
from their line-of-sight velocities in astronomy, the peculiar velocities can distort galaxies’
positions, which results in a distortion, called Redshift Space Distortion (RSD), in the 3D
clustering of galaxies. RSD plays a key role in cosmology as it can directly be used to infer
the nature of gravity (remember the peculiar motion is caused by gravity!).
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The famous Kaiser formula:

Pg(k) = (b+ fµ2)2Pm(k)(10)
where Pg and Pm are galaxy power spectrum in the redshift space and the matter power
spectrum in real space, respectively. For a proof, see Sec. 9.4 in Dodelson’s book.

2. Revisiting the Alcock-Paczynski (AP) effect

The Alcock-Paczynski (AP) effect [1] is another kind of geometric distortion similar
to the RSD, but due to completely different physics. Remember in cosmology we use
redshifts to get distances, thus this process is cosmology-dependent. If we use a wrong
cosmology to get the distances, which we inevitably do, we get wrong distances on both
radial and transverse directions. The errors we get on these two directions are different,
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Figure 1. The 2D correlation function measured from the BOSS galaxies [5].

thus a distortion is caused. This effect can be used to probe the geometry of the Universe
through measurements of DA and H.
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Key steps:
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P ′ (k′) = 1

α2
⊥α‖

P0

[
k′

α⊥

√
1 + µ′2

(
1

F 2
− 1

)]

×
[
1 + µ′2

(
1

F 2
− 1

)]−2

×
[
1 + µ′2

(
β + 1

F 2
− 1

)]2
D
(
k′µ′σ′

p

)
(19)

if we set,
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where F = α‖/α⊥.
For multipoles,
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For details, see [2].

References
[1] C. Alcock and B. Paczynski, Nature 281, 358 (1979). doi:10.1038/281358a0
[2] W. E. Ballinger, J. A. Peacock and A. F. Heavens, Mon. Not. Roy. Astron. Soc. 282, 877 (1996)

doi:10.1093/mnras/282.3.877 [astro-ph/9605017].
[3] N. Kaiser, Mon. Not. Roy. Astron. Soc. 227, 1 (1987).
[4] J. A. Peacock et al., Nature 410, 169 (2001) doi:10.1038/35065528 [astro-ph/0103143].
[5] L. Samushia et al., Mon. Not. Roy. Astron. Soc. 439, no. 4, 3504 (2014) doi:10.1093/mnras/stu197

[arXiv:1312.4899 [astro-ph.CO]].


