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A simple analytic model for the angular correlation function of clusters identified in upcoming 
Sunyaev-Zeldovich (SZ) effect surveys provides the expected fraction of pairs of clusters close 
on the sky which are also close along the line of sight. In a ACDM model and for clusters 
with specific flux difference larger than 200 mJy at 143 GHz, this fraction is at least 50% 
for angular separations smaller than 20 arcmin. It is therefore feasible to use SZ surveys 
to compile catalogues of superclusters at any redshifts. A large sample of superclusters can 
valuably constrain models of structure formation. 

1 Introduction 

Superclusters are regions with mass overdensities, averaged on scales larger than a few mega­
parsecs, of order a few; their cluster members indicate the presence of intense dynamical activ­
ity and thus provide evidence that structure form hierarchically on supercluster scales. 2 11 12 

In N-body simulations, the non-linear evolution of gravitational clustering enhances the pecu­
liar velocity of dark matter halos in supercluster regions by � 40 - 503. 13 Superclusters are 
therefore ideal for kinematic SZ effect searching. 4 15 Sometimes, less massive but faster clusters 
produce Cosmic Microwave Background (CMB) fluctuations due to the kinematic effect larger 
than the most massive but slower clusters. 4 Measurements of the kinematic effect are of great 
interest, because the high velocity tail of the cluster peculiar velocity distribution is a sensitive 
discriminator of cosmological models. 1 

Cluster surveys based on the SZ thermal effect will produce catalogues of thousands clusters 
at any redshift in the next few years. 3 Clusters are not randomly distributed on the sky. I 
show that, in the currently most fashionable cosmological models, the fraction of close pairs 
on the sky, which are physical associations, is substantial. If we define superclusters as regions 
containing two or more close clusters, this result proves that using SZ cluster surveys to compile 
catalogues of superclusters at any redshift is feasible. 



2 Close pairs of clusters 

Assuming that the gas fraction f g in clusters does not evolve in time, a cluster with mass M 
and mean electron temperature Te produces a variation of the CMB specific surface brightness 
at frequency v , Sv ex f 9MTe/ t..n, where t..n is the solid angle subtended by the cluster. The 
surface brightness of the SZ effect does not suffer the usual (1 + z)4 dimming: it is independent 
of redshift . The CMB flux difference is 

( 1 )  

where dA is the angular diameter distance. If the electron temperature i s  proportional to  the 
cluster mass, a fhn: threshold translates into a mass threshold 

where we have assumed a mass-temperature relation Te ex M213 . The differential redshift 
distribution of clusters detected in SZ surveys is 

(3) 

where d(z) = (1 + z)dA (z) , E2 (z) = no( l  + z)3 + (1 - no - A0) ( 1  + z)2 + Ao ,  dn(M, z)/dM is 
the comoving number density of clusters with mass in the range (M, M + dM) at redshift z,  and 
the other symbols have the usual meaning. 

The probability of finding two clusters with mass M1 ,  M2 at redshift z1 , z2 and comoving 
separation r12 is proportional to 

dn(M1, z1 )  dn(M2,  z2)  
( (r12 , M1 ,  M2 , z1 , z2)dA1dA2 = dVidVi dMi 

dM1 
dM2 

dM2 [l + �(r12 ,  M1 ,  M2 , zi , z2 ) ]  

(4) 
where dAi = dMidzidn;, dni is the infinitesimal solid angle, dV; = (c/H0)d2 (zi)dnidzi/E(zi ) is 
the infinitesimal comoving volume and 

(5) 

is the two-point correlation function of clusters; b(r, M, z) is a scale dependent bias factor. 5 The 
correlation function of dark matter �m(r, z) ,  evolved into the non-linear regime, is the sum of two 
contributions due to dark matter particles within the same halo and within different halos 14 and 
can be computed with a convenient fit. 10 The probability of detecting two clusters at angular 
separation () is proportional to 

d!!1d!!2 j ((r12, M1 , M2, z1 , z2)dM1dM2dz1dz2 

d!!1dn2"76 [1 + w(())] (6) 

where "lo = f000 ry(z, Fih )dz, and w( 0) = 3o ( 8) /"75 is the angular correlation function of clusters. 
Clustering and biasing information are contained in the function 

(7) 
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Figure 1: Fraction of cluster pairs with comoving separation < 16.0 (10.7) h-1 Mpc for the ACDM (rCDM) model 
(squares). Upper (lower) curves are for F:;"" > 200 (50) mJy. Left (right) panels are for v = 143 (353) GHz. Bold 
lines correspond to <po(O) computed directly from the N-body simulations. Dotted lines are the corresponding 

where 

and 

analytic functions. Error bars assume Poisson statistics. 

n(z) = {oo dn(M, z) dM }M,h(z) dM 

_1 100 ) dn(M, z) beff (r, z) = n (z) b(r, M, z dM dM. Mth(z) 

(8) 

(9) 

I compare my analytic model with the lightcone outputs of the Hubble volume simulations 
which consider a ACDM and a rCDM cosmology with (flo , Ao , h, us)  = (0.3, 0.7, 0.7.0.9) and 
( 1 ,  0, 0.5, 0.6), respectively. 7 Both models assume a power spectrum shape parameter r = 0.21. 8 
I consider the NO lightcone outputs, which cover 7r /2 sr and have depth z = 1.46 (ACDM) 
and 1 .25 (rCDM). I adopt fits to the dark matter halo mass function 7 and to the effective bias 
factor9 measured in the Hubble volume simulations. 

The fraction of cluster pairs with angular separation 8 in excess to a Poisson distribution 
due to gravitational clustering is 

w(8) 
'Po (B) = 

1 + w (B) ;  (10) 

cp0 (8) also indicates the fraction of pairs of clusters which are roughly at the same redshift ,  
because .;(r12) � 0 unless z1 � z2 . 

Figure 1 shows that the <po (8) derived from the simulations (bold lines) and the actual 
pair count (squares) with cluster member three-dimensional comoving separation smaller than 
16 (10.7) h-1 Mpc for the ACDM (rCDM) model is satisfactory. The agreement between the 
simulations and the analytic model (dotted lines) at small separations can probably be improved 
with a better model of the scale dependent bias factor. Figure 1 shows that the analytic model 
predicts that more than � 603 of pairs with angular separation () < 10 arcmin are physical 
associations in the shallow survey F!:'in > 200 mJy. The N-body simulations indicate that this 
lower limit is actually larger. Because of the larger number of clusters per square degree, the 
fraction of pairs close in three dimensions drops to � 303 in the deeper survey p;:in > 50 mJy; 
this fraction is still substantial. 



3 Conclusion 

One of the main purposes of SZ cluster surveys is to constrain the cosmological model with 
the cluster redshift distribution. As the SZ effect is redshift independent, SZ cluster catalogues 
will not have any information on the cluster distances (see however Diego's 6 suggestion). In 
large area SZ surveys, which will contain thousands clusters and where one needs to choose a 
subsample of clusters for follow up optical observations, rather than selecting a random sample 
from the two-dimensional catalogue, we suggest to measure the redshift of clusters in close pairs. 
Because the probability that clusters close on the sky are also close along the line of sight is 
substantial, this strategy will provide, at the same time, the redshift distribution of clusters 
and a catalogue of superclusters. The cosmological discriminator will be the cluster sample; 
the redshift distribution of superclusters can constrain the cluster bias function or the evolution 
of the dark matter correlation function. Moreover, when the measurements will be feasible, 
a catalogue of superclusters will enable us to constrain the high velocity tail of the peculiar 
velocity distribution of clusters. 
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