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In the context of the upcoming Planck multifrequency survey, we show how accurately one
could constrain cosmological parameters using the Sunyaev-Zel’dovich (SZ) angular power
spectrum and galaxy clusters number counts based one the theoretical mass-redshift selection
function. Additionally we estimate the contribution from the residual signal of unresolved SZ
clusters to the CMB anisotropies and point out that this signal is far from being negligible
for ℓ values higher than 1000.

1 The Sunyaev–Zel’dovich effect

The Sunyaev–Zel’dovich (SZ) effect is a source of secondary anisotropies affecting the CMB
photons. It is the inverse Compton scattering of CMB photons off the hot electrons (a few keV)
in the galaxy cluster gas. The photons energy is thus shifted from the Rayleigh-Jeans part to
the Wien part of the black body spectrum1. Thanks to this typical signature, galaxy clusters
can be detected through their SZ effect. Using Planck, one will be able not only to obtain an
SZ cluster catalogue but also to reconstruct the SZ angular power spectrum.

2 SZ clusters selection function, cluster counts, SZ angular power spectrum

In order to determine which clusters Planck will be able to detect, we improved on an existing
calculation of the SZ selection function2. This function gives the minimum halo mass at a given
redshift for a cluster to be detected through its SZ effect. A galaxy cluster will be detected in a
survey if at the same time its beam-convolved Compton parameter emerges from the confusion
noise and its integrated signal is above the instrumental limit. We describe the hot intra-
cluster gas by an isothermal β-model. Our reference model is a flat ΛCDM cosmology based on
WMAP5 parameters. Figure 1 presents the selection function for a 1, 3 and 5σ detection of the
SZ clusters by Planck. Using our selection function and the Sheth & Tormen mass function, we
can determine how many clusters will be detected by redshift range by Planck (figure 2).

Neglecting the contribution from correlated halos4, a valid assumption for ℓ > 300, the
Poisson contribution to the SZ angular power spectrum5 has been computed.

3 Conclusions

We performed a Fisher analysis in order to determine what accuracy on cosmological parameters
ΩΛ, n and σ8 could be obtained using simultaneously the SZ angular power spectrum and
cluster number counts with Planck (figure 3). We emphasize that the degeneracies linking



Figure 1: The SZ selection function at 1, 3 and 5σ for
cluster to be detected simultaneously in the Planck

100, 143 and 353 GHz channels.

Figure 2: Number of clusters that will be detected
by Planck through their SZ effect at 1, 3 and 5σ in

the 100, 143 and 353 GHz channels.

these parameters through these observables are in some cases almost orthogonal. As a result,
the combination of these two observables provides constraints on the spectral index n and the
normalisation parameter σ8 of the order of one percent. We demonstrate that cluster number
counts and the SZ angular power spectrum will thus provide an essential complement to the
constraints on cosmological parameters obtained from the CMB power spectrum7.

The second result we point out is that once the resolved SZ clusters are removed from the
CMB maps, we are left with the primary CMB and the residual SZ. For ℓ > 2200 the residual SZ
power spectrum dominates over the primary CMB. Consequently one should carefully take into
account the residual SZ spectrum when constraining cosmological parameters using the CMB
angular power spectrum3,6.

Figure 3: 68.3% confidence region using cluster num-
ber counts (dot-dashed line) and the SZ power spec-
trum @ 143 Ghz (dotted line). The solid line repre-

sents the 68.3% joint confidence region.

Figure 4: Primary CMB (black solid line), residual
SZ (red solid line), and primary CMB plus residual
SZ (blue solid line). The green dotted line repre-
sents the total SZ spectrum including detected clus-
ters and residuals. The dotted lines represent the 1σ

noise of the 143 GHz Planck channel.
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