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ABSTRACT

We show that measurements of spatial correlations of the cluster kinetic Sunyaev Zeldovich (KSZ) flux
can in principle allow the measurement of the cluster peculiar velocity power spectrum. We expect
that future large sky coverage K87 surveys may allow a peculiar velocity power spectrum estimate
of an accuracy reaching ~ 10%. In contrast with conventional techniques, our new method does
1ot require measurements of the thermal SZ signal; the X-ray temperature measurement is also not
needed. Moreover, this method is optimal in the sense that the expected systematic errors are always
subdominant to statistical errors on all scales and redshifts of interest. :

Subject headings: cosmology: large scale structure: theory-cosmic microwave background

}. INTRODUCTION

Peculiar-velocity-distance surveys have been success-
fully used in the past to constrain structure formation
scenarics and power spectra of initial density fluctua-
tions; they have been also used to estimate the cosmo-
logical density parameter, Q, {Vittorio es al.  1088;
Groth ot al. 1989; da Costa et al. 1998; Feldman et al.
2003a,b). For a broader background, see also an ex-
cellent review and conference proceedings, written and
edited by Strauss & Willick {1995} and Courtenu et al.
{2000}, respectively. However, all velocity-distance sur-
veys are limited by errors in the distance estimators, in
the range of 15 t0 20% of the estimated distance. In con-
trast, for cluster peculiar velocities, v, derived from the
kinetic Sunyaev Zeldovich (KSZ) effect, the errors grow
much less rapidiy with distance. Hence, KSZ cluster sur-
veys may open new possibilities for studying large-secale
flows (Haehnelt & Tegmark 1996; Kashinsky & Atrio-
Barandetla 2000; Aghanim et al. 2001; Afrio-Barandela et
al. 2004; Holder 2004). The currently established method
of recovering v, from the 37 data requires extra measure-
ments of the cluster temperature and its Thomson opti-
cal depth, 7. Other sources of confusion are the thermal
Sunyaev Zeldovich {TSZ) effect and the KSZ signal gen-
erated by lnternal motions, which is added fo the signal
from cluster’s bulk velocity, resulting in a limit in accu-
racy in determining v, not less than ~ 200 km/s (Knox
et al. 2003; Aghanim et al. 2004; Diaferio et al. 2005);

for a more optimistic/pessimistic assesment, see (Nagai

et al. 2003), or (Peel 2005}, respectively. .

Instead of vy, the direct observable in the K57 surveys
is the K87 flux. Contaminations to the cluster KSZ flux
have different clustering properties and can be applied
to disentangle KSZ signal from contaminations. If one
measures the spatial cluster KSZ fux autocorrelation div
rectly, many contaminations vanish and most remaining
~ contaminations can be subtracted. We will show that at
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2 Z 0.3, the systematics become sub-dominans and the
statistical errors, at ~ 10% level for South Pole Telescope
{SPT®), dominate. Throughout this letter, we adopt the
eosmology with €4, = 0.3, ) = 1 — {,, and a normal-
ization parameter gg = 1.9

2. THE FLUX POWER SPECTRUM

The KSZ cluster surveys directly measure the sum of
the cluster KSZ flux Sksz and various contaminants,
such a3 intracluster gas internal flow, radio and IR point
sources, primary cosmic microwave background {(CMB),
cosmic infrared background {CIB), etc. The signal is
(Sunyaev & Zeldovich 1980) :

_ 9B,(T)
=
where B, (T} is the Planck function. At v ~ 217Ghz,

BB/OT = 540 Jy sr™! uK™='. The KSZ temperature
fluctuation can be expressed as

Sksz ATksz , {1)

ATxgy = Toms{T) (vp/c}w = Sipovi00, {2)

where {7} is the optical depth averaged over the solid
angle w, while vio = v,/(100km/s} and Sig =
Sxsz(vp)/Sxsz(100km/s) are the “normalized” peculiar
velocity and the KSZ flux, scaled to v, = 100km/s).
This expression can be also rewritien as

OTxsz = 9uK vigo {1)/0.01 . (3)

Since at v ~ 217 Gha, the non-relativistic part of the
T8Z effect, which is one of the major contaminations
of the KS8Z, vanishes (Zel'dovich & Sunyaev 1969). In
this paper, we focus on this frequency.. Optical follow-up
of KSZ surveys such as dark energy survey® will mea-
sure cluster redshift z with uncertainty < 0.005.7 The
z information allows the measurement of the 3D auto
correlation of measured cluster K87 flux

Es(ry={(Si ~ Twi)(S; — Twy)) (4)
= {Sxsz,iSksz,5) + 0 .

5 hitp:/ /estro.uchicago.edu/apt
& nttp:/ fwww.darkenergysurvey.org/
? The photo-z of each galaxies has dispersion ~ .05, Clusters

have 2 100 galaxies and thes the determined = dispersion is <
£3.005.




