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Galaxy redshift surveys: galaxies as
tracers of large-scale structure

Observation
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Dark matter, halos and galaxies
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Observable: xies Predictable: t (Ios)

Dark matter halos are formed at high—density regions of
dark matter, and galaxies are formed inside halos

What one can predict is clustering of dark matter, while
what one can observe is galaxies.

Millennium simulations (Springel+)



Halo vs galaxy: real -space clusterlng
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Redshlft -space den5|y i

Redshift z = expansion + peculiar velocity
distance

The visualization made by T. Nishimichi



Halo vs galaxy: redshn‘t space cIustermg
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Halo model description

Dark matter ¢ Theory

® (Galaxies = 1h + 2h
P> (k) = P> (k) + P2 (k)

—_—_——— - ——

1-halo ' 2-halo i

__________

® (Observation
® (alaxies

® = centrals + satellites
S S S
0, (k) = (1 — f5)o2 (k) + f07 (k)

Py, (k) = (1-f)*Pe(k)

cc

+ 2f(1— fo)Po(k) + 2P (k)

1-halo term

(27)2 P (k)3 (k — k) = (65 (k)55* (k') )



Decomposing galaxy field in redshift survey
(density field + velocity field)

® (Galaxies

® = centrals (c)+ satellites (s)

® Centrals

® = with no satellite (c,)
® + with satellite (cp)

¢ Satellites

® = with no other satellite (s,)
® + with other satellites (sg)

1-halo term

(2m)*PS (k)6 (k — k') = (67 (k)o5*(K'))



Power spectra of decomposed fields

Decomposed power
Py (k) =[P 0 P2 (10 (5)

where the 2-halo and 1-halo terms are given by

P3MK) | = (1 fo)P5 (k) + 2fs(1 — f)
x (NCA P> (k) # Nes PSQ"(k)]
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Effect of halo
satellite radius

In real-space power spectrum

® Satellite clustering
= host halo clustering?

® Expanding halo profile with halo
radius R,

P = Ajk” — A,k°R] +---
P =P (k" -B,k’R’ +---)

Cps lin

® ~39% effect at k~0.5h/Mpc
® - for BOSS-type galaxies, < 1%

Even more smeared out in redshift

space
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Power spectra of decomposed fields

Decomposed power 2-halo terms
Py (k) =| Py () (1 Py (k). (5) [Pk, )| = | P (ks 1) (27)
where the 2-halo and 1-halo terms are given by Pcis(ka p)| = G(kpy; Ou,s Pc‘is,h(k7 ) (28)
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Perturbation theory for redshift-space
halo clustering

® Distribution function approach

® Paper I. Seljak & McDonald (2011) JCAP

® Paper II. Okumura, Seljak, McDonald, Desjacques (2012a) JCAP
® | Paper III. Okumura, Seljak, Desjacques (2012b) JCAP
® Paper IV. Vlah, Seljak, McDonald, Okumura, Baldauf (2012) JCAP
® | Paper V. Vlah, Seljak, Okumura, Desjacqeus (2013) JCAP
® Paper VI. Blazek, Seljak Vlah, Okumura (2014) JCAP

o0 o0 zk,u + L' .
Py n(k,p) = ZZ LlL/l ( ) Prp (k. ),

=0 L'= PR ) 2m) p (k—K) = (TF ()T (k)
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Testing theoretical model with
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Summary for the first half

Galaxy density field can be decomposed to
subsamples and be separated into 1-halo and 2-
halo terms.

We found the power spectrum of galaxies can be
well modeled by that of their host halos with only
one (or at most two) additional parameter, the
velocity dispersion damping o (M)

Percent accuracy up to k~0.4h/Mpc (43=64 times

more modes compared to k~0.1h/Mpc case) for
SDSS-III BOSS mock galaxies.

We can apply this technique to the real BOSS
surveys, and also eBOSS, Subaru PFS, DESI, etc.
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From galaxies to ha
Counts-in-Cylinders tec

Single galaxy system
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Perpendicular to line-of-sight (2D)

OS:
N Iq ue Reid & Spergel 2009

Apply a cylinder-shape region
around each galaxy (taking
into account RSD)

Overlapped cylinders are

considered to be in the same
halo.

RS09 found multiple SDSS LRG
systems are about 5-6% of all
LRGs

Question: can we apply this
technique for high-density
samples with higher satellite
fraction, such as BOSS CMASS?



k x Py(k) or k x Py(k) [(Mpc/h)?

Applying CiC to mock galaxies at z=0.5
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k x Py(k) [(Mpc/h)?

Applying CiC to mock galaxies at z=0.5

| redshift space
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k x Py(k) [(Mpc/h)?
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Applying CiC to mock galaxies at z=0.5

| redshift space
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has an anisotropic
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Correcting for the cylinder anisotropies

Decomposed power spectrum (Okumura et al 2015)

Py (k) = ffPSg;) + 2fcfsPea(K) + f5 Pio(K)
Holds for the'Lpectra decomposed based on cyhnder@ G@

99( ):fc cc k)‘+2fcfs cs( )"’fs ss( )

Power spectrum with exclusion Baldaufetal (2013)

Pin(l) = FZPk) — F3 {W (i) + W« P <k>} +a(lPia ()

® J/(Kk):window (Two galaxies cannot be in the same Cylinder.)
. J1 (kJ_'r) Sin(k”l)
|W(k)| = 2 kJL’I“ k”l Yw
® (p): Large-scale clustering amplitude
is determined using the real-space multipole.




k x Py(k) [(Mpc/h)?
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Off-centering effect even for single galaxy

systems
Hikage, Takada et al

2012, 2013)

or

motion
otion)

® ~20% of SDSS central LRGs are actually off-centered.
@ It causes the residual FoG damping.

¢ Assuming we can correct for the effect (we could if galaxy-galaxy
~ lensing is used), the galaxy velocity is replaced by the halo cente




k x Py(k) [(Mpc/h)?

Applying CiC to mock galaxies at z=0.5
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k x Py(k) [(Mpc/h)?

Applying CiC to mock galaxies at z=0.5

| redshift space

wavenumber k[h/Mpc]

However, note that
the clustering loss
due to window is
corrected using
the real-space
quadrupole
(coming only from
cylinder
anisotropy).
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k x Py(k) [(Mpc/h)?]

Applying CiC to mock galaxies at z=0.5
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lensing work up
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for BOSS sample.



Summary for the second half

We have developed a method to reconstruct halo power
spectrum from observed redshift-space galaxy
distribution using CiC and halo exclusion correction.

It works pretty well for BOSS-type galaxy sample,
particularly when we reduce the number density by a
factor of 3 close to SDSS LRG.

Up to k~0.3 h/Mpc for both Monopoles and quadrupoles,
if galaxy off-centering effect is corrected for using galaxy-
galaxy lensing.

We can extract cosmological information from the BOSS
survey using theoretical model for halos.

Can be extended to eBOSS, HETEX, PFS, DESI,...
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