
THE ASTROPHYSICAL JOURNAL, 544 :629È635, 2000 December 1
2000. The American Astronomical Society. All rights reserved. Printed in U.S.A.(

EXPECTATIONS FOR AN INTERFEROMETRIC SUNYAEV-ZELDOVICH EFFECT SURVEY
FOR GALAXY CLUSTERS

GILBERT P. HOLDER,1 JOSEPH J. MOHR,1,2,3 JOHN E. CARLSTROM,1 AUGUST E. EVRARD,4 AND ERIK M. LEITCH1
Received 1999 December 16 ; accepted 2000 July 6

ABSTRACT
We estimate the expected yield of a nontargeted survey for galaxy clusters using the Sunyaev-

Zeldovich e†ect (SZE). Estimating survey yields requires a detailed model for both cluster properties and
the survey strategy. We address this by making mock observations of galaxy clusters in cosmological
hydrodynamical simulations. The mock observatory consists of an interferometric array of ten 2.5 m
diameter telescopes, operating at a central frequency of 30 GHz with a bandwidth of 8 GHz. For a
survey covering 1 deg2 per month, we Ðnd that clusters with a mass above 2.5 ] 1014 will beh50~1 M

_detected at any redshift, with the exact limit showing a modest redshift dependence. Using a Press-
Schechter prescription for evolving the number densities of clusters with redshift, we determine that such
a survey should Ðnd hundreds of galaxy clusters per year, many at high redshifts and relatively low
massÈan important regime uniquely accessible to SZE surveys. Currently favored cosmological models
predict D25 clusters per deg2.
Subject headings : cosmology : theory È galaxies : clusters : general È large-scale structure of universe È

submillimeter

1. INTRODUCTION

The evolution of the cluster abundance is a sensitive
probe of the mass density, (e.g., Viana & Liddle 1999 ;)

mBahcall & Fan 1998 ; Oukbir, Bartlett, & Blanchard 1997).
X-ray cluster surveys have started to constrain but they)

m
,

are limited by their sample size and rapid decline in sensi-
tivity with redshift, making the counts very sensitive to the
selection function. While the selection function is presum-
ably well understood, it would be preferable to have a probe
whose sensitivity does not fall o† precipitously with red-
shift. We show that a Sunyaev-Zeldovich e†ect survey is
ideal in this regard.

Hot ionized cluster gas interacts with passing cosmic
microwave background (CMB) photons, distorting the
CMB spectrum to create a decrement of CMB Ñux at lower
frequencies and an excess at higher frequencies. This spec-
tral distortion is independent of the redshift of the cluster,
and only depends on the optical depth to Compton scat-
tering and the temperature of the gas. This is the thermal
Sunyaev-Zeldovich e†ect (SZE; Sunyaev & Zeldovich
1972).

There have been several previous predictions of the
number of clusters expected in SZE surveys (e.g., Bartlett &
Silk 1994 ; Barbosa et al. 1996), with most earlier work
focusing on the total SZE Ñux. Since survey yields depend
sensitively on the observing strategy, we focus here on yields
for a proposed interferometric survey (see Mohr et al. 1999).

A large catalog of high-redshift clusters that extends to
low masses would be an extremely useful resource for
several reasons. Observations suggest that the universe may
no longer be matter-dominated, with a large fraction
(D70%) of its present energy density in the form of either
curvature (open universe) or vacuum (cosmological con-
stant) energy. Linear theory suggests that structure
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formation will slow considerably when the expansion
dynamics are no longer dominated by matter ; this occurred
around if current measurements of are correct.z[ 1.5 )

mTherefore, the cluster abundance out to zD 2 should be a
valuable probe of the matter density of the universe.

A large collection of high-redshift, low-mass clusters
would also provide an ideal sample for exploring evolution
of the intracluster medium (ICM) and feedback from galaxy
formation. The shallow potential wells of less massive clus-
ters are more strongly a†ected by energy input from non-
gravitational sources and are therefore the best place to
search for the signatures of such processes.

Estimating the cluster yield for an SZE survey requires
that we know which properties of a cluster determine its
likelihood of detection. We show that the mass of a cluster
is the single most important factor in determining whether a
given cluster can be detected by an interferometric survey.
In this case, the calculation of the expected yield separates
into two distinct exercises : Ðnding the minimum observable
mass as a function of redshift, and calculating the number
density of clusters above a given mass threshold as a func-
tion of redshift.

We determine the minimum observable mass as a func-
tion of redshift by making synthetic observations of N-
body ] gas hydrodynamical simulations (° 2). The number
density of clusters is calculated using the Press-Schechter
prescription (Press & Schechter 1974 ; ° 3). Section 4 con-
tains estimates of the expected survey yield, and the results
are discussed in ° 5.

2. CLUSTER DETECTABILITY

The SZE decrement along a given line of sight is indepen-
dent of cosmology. It is simply proportional to the inte-
grated thermal pressure along the line of sight, and
therefore only depends on the properties of the cluster. The
decrement can be written
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where is the electron number density, is the electronn
e

T
etemperature, is the electron rest mass, is the Thomsonm

e
pTcross section, g(x)\ x(ex ] 1)/(ex [ 1)[ 4 with x \

and the integral is along the entire line of sight ;hl/kBTCMB,by assumption, the only signiÐcant contribution to the inte-
gral comes from the cluster atmosphere. In the Rayleigh-
Jeans limit (l> 200 GHz), the dimensionless frequency
factor g(x)\ [2.

The speciÐc intensity, in the Rayleigh-Jeans regime isSl,where d) is the e†ective solid angle ofSl\ 2kB*T l2/c2d),
the observations. Thus the total SZE Ñux decrement forStota galaxy cluster can be written
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where is the angular diameter distance, is thed
A
(z) ST

e
T
nelectron densityÈweighted mean temperature in the cluster,

is the mean molecular weight per electron, is thek
e

m
pproton mass, is the ratio of total gas mass to bindingfICMmass, and is a measure of the cluster virial mass,M200deÐned as the mass within the radius at which ther200,mean interior density is 200 times the critical density. Note

that we explicitly ignore contributions to the SZE Ñux
coming from outside the virial region.

Equation (2) indicates that the total SZE Ñux for a cluster
is directly proportional to the cluster virial mass ; the only
dependence on cluster structure is through the density-
weighted mean temperature, This is unique to aST

e
T
n
.

survey with a beam large enough that the cluster SZE is not
resolved. However, for maximum brightness sensitivity to
the SZE e†ect, the beam used for a survey should be well
matched to the typical angular scale subtended by clusters.
Such a survey will partially resolve most of the clusters and
will therefore be somewhat sensitive to the internal cluster
structure. We show below that for a population of clusters
with similar ICM mass fraction and similar tem-fICMperature structure, the detection threshold for an interfero-
metric SZE survey is also e†ectively a virial mass limit.

2.1. Mock Interferometric SZE Observations
We determine the detection threshold of an SZE survey

by analyzing mock observations of numerical cluster simu-
lations. These mock observations are appropriate for a pro-
posed 10 element interferometer, composed of 2.5 m
diameter telescopes outÐtted with receivers operating at a
central frequency of 30 GHz and a bandwidth of 8 GHz. We
assume a correlator efficiency of 0.88 and an aperture effi-
ciency of 0.77. We take the system temperature below the
atmosphere to be 21 K; this includes contributions from
spillover past the primary. We assume an atmospheric
column with opacity q\ 0.045 at zenith, which is a conser-
vative estimate appropriate for a low-altitude, moderately
dry site, such as the Owens Valley Radio Observatory in
summer. The integration time on each cluster is 42 hr, com-
posed of six 7 hr tracks on the cluster. This exposure on
each piece of the sky would allow us to survey D1 deg2 per
month.

Interferometers measure the visibility, V (u, v), which is
the Fourier transform of the sky brightness distribution
multiplied by the primary beam of the telescopes. We create
mock observations at a redshift z by imaging hydrodynami-
cal cluster simulations (described in detail below) at that
redshift ; we place those clusters at the appropriate angular

diameter distance, multiply the resulting SZE image with
the primary beam of the 2.5 m dishes (modeled as a Gauss-
ian with at 30 GHz), and then FourierFWHM\ 14@.7
transform to produce visibilities V (u, v). We then sample
these visibilities at the same locations in u-v space which
appear in our simulated 7 hr array track, and add the
appropriate noise.

2.2. Hydrodynamical Cluster Simulations
The e†ects of ongoing cluster merging on the ICM

density and temperature structure can be calculated self-
consistently in hydrodynamical simulations. Therefore,
these simulations provide a way of producing test clusters
whose complexity approaches that of observed clusters. In
this work we use an ensemble of 36 hydrodynamical cluster
simulations carried out within three di†erent cold dark
matter (CDM)Èdominated cosmologies : (1) SCDM ()

m
\

1, !\ 0.5), (2) oCDMp8\ 0.6, h50\ 1, ()
m

\ 0.3, p8\
1.0, !\ 0.24), and (3) LCDMh50\ 1.6, ()

m
\ 0.3, )" \

0.7, !\ 0.24). Here is the powerp8\ 1.0, h50\ 1.6, p8spectrum normalization on 8 h~1 Mpc scales ; initial condi-
tions are Gaussian random Ðelds consistent with a CDM
transfer function with the speciÐed ! (Davis et al. 1985).
These simulations have been used previously for studies of
the X-ray emission from galaxy clusters (Mohr & Evrard
1997 ; Mohr, Mathiesen, & Evrard 1999).

Within each cosmological model, we use two 1283
N-body only simulations of cubic regions with scales D400
Mpc to determine sites of cluster formation. Within these
initial runs, the virial regions of clusters with Coma-like
masses of 1015 contain D103 particles.M

_Using the N-body results for each model, we choose clus-
ters for additional study, resimulating them at higher
resolution with gasdynamics and gravity, as described
below. The size of the resimulated region is set by the turn-
around radius for the enclosed cluster mass at the present
epoch. The large-wavelength modes of the initial density
Ðeld are sampled from the initial conditions of the large-
scale N-body simulations, and power on smaller scales
is sampled from the appropriate CDM power spectrum.
The simulation scheme is particle-particleÈparticle-mesh
smoothed-particle hydrodynamics (P3MSPH; Evrard
1988), the ICM mass fraction is Ðxed at and radi-fICM\ 0.2,
ative cooling and heat conduction are ignored.

The high-resolution hydrodynamical simulations of indi-
vidual clusters require two steps : (1) an initial, 323, purely
N-body simulation to identify which portions of the initial
density Ðeld lie within the cluster virial region at the present
epoch ; and (2) a Ðnal 643, three-species hydrodynamical
simulation. In the Ðnal simulation, the portion of the initial
density Ðeld that ends up within the cluster virial region by
the present epoch is represented using dark matter and gas
particles of equal number (with mass ratio 4 :1), while the
portions of the initial density Ðeld that do not end up within
the cluster virial region by the present epoch are represent-
ed using a third, collisionless, high-mass species. The high-
mass species is 8 times more massive than the dark matter
particles in the central, high-resolution region. This
approach allows us to include the tidal e†ects of the sur-
rounding large-scale structure and the gasdynamics of the
cluster virial region with simulations that take only a few
days of CPU time on a low-end UltraSparc.

The scale of the simulated region surrounding each
cluster is in the range of 50È100 Mpc, and varies as Mhalo1@3 ,
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where is approximately the mass enclosed within theMhalopresent-epoch turnaround radius. Thus, the 36 simulated
clusters in our Ðnal sample have similar fractional mass
resolution ; the spatial resolution varies from 125 to 250
kpc. We Ðnd that the clusters of greatest interest to us are
those with mass which have at least severalZ2 ] 1014 M

_
,

thousand gas particles, even in the lowest resolution simula-
tions (i.e., the highest mass at z\ 0). The masses of the Ðnal
cluster sample vary by an order of magnitude. Following
procedures described in Evrard (1990), we create SZE decre-
ment images along three orthogonal lines of sight for each
cluster. Each image is 1282 and spans a distance of 6.7 h50~1
Mpc in the cluster rest frame.

One strength of using numerical cluster simulations is
that structural evolution consistent with the cosmological
model is accounted for naturally by simply examining
higher redshift outputs of the simulations.

2.3. Determining the Survey Detection T hreshold
We attempt to detect the clusters in the mock obser-

vations by Ðtting the data to the Fourier transforms of
spherical b models (Cavaliere & Fusco-Femiano 1978), with
b \ 4/3. The results are not sensitive to the value of b, and
in fact a simple Gaussian works well. We choose this value
of b because its transform is a simple exponential and
because the best Ðts to the SZE decrement images from the
simulations yield a mean value of SbT \ 1.1. We determine
the best-Ðt core radius and central decrement byh

c
*T0minimizing s2 ; the *s2 di†erence between the best-Ðt b

model and the null model (no cluster present) provides a
measure of the signiÐcance of the cluster detection. We set
our threshold at *s2[ 28.7 (5 p for 2 degrees of freedom).

Figure 1 shows the detection signiÐcance for 108 mock
observations of the simulated clusters output at redshift
z\ 0.5. Observations of clusters in all three cosmologies
appear on the same plot, and for this example we have

FIG. 1.ÈDetection signiÐcance, *s2, relative to null model, as a func-
tion of cluster mass for an interferometric SZE survey. All clusters were
imaged at a distance corresponding to z\ 0.5 in an and)

m
\ 0.3 )" \ 0.7

universe. The dashed horizontal line corresponds to a 5 p detection for a
two-parameter Ðt.

imaged all the clusters at the same angular diameter dis-
tance and accounted for di†erences in There is a strik-H0.ing correlation between the detection signiÐcance and
cluster virial mass, indicating that even when complex
cluster dynamics are considered, the survey detection
threshold can still be e†ectively described as a mass thresh-
old. The scatter about this correlation is a reÑection of the
variation in cluster structure due to di†erent merger his-
tories and projection e†ects. We determine the mass thresh-
old by examining the relation and determining*s2-M200the virial mass at which *s2\ 28.7. We calculate the rms
scatter about the relation at *s2[ 28.7, and use that scatter
as an estimate of the width of the detection threshold in
mass ; the number of mock observations used to character-
ize the rms varies between 21 in our highest redshift bin to
over 100 in our low-redshift bins. We model the scatter as a
Gaussian distribution in s2 at each mass. In this way, the
fraction of detected clusters at each mass is expressed as an
integral over a Gaussian.

Note that the small scatter about the relation*s2-M200indicates that mass is indeed the primary factor in determin-
ing cluster detectability. Moreover, the fact that all three
cosmologies produce consistent relations once di†erences in

are accounted for indicates the relative insensitivity ofH0the detection threshold to di†erences in cluster structure.
By repeating this exercise at several redshifts, we deter-

mine the survey mass threshold as a function of redshift,
shown in Figure 2. Note that the thresholds di†er for each
cosmology, because of di†erences in the angular diameter
distanceÈredshift relation, The error bars on the massd

A
(z).

limit points indicate the rms scatter in mass about the *s2-
relations (see Fig. 1).M200

FIG. 2.ÈMass thresholds of detection from the simulations for our
three canonical cosmologies. The di†erences in mass thresholds between
cosmologies are simply showing the cosmological dependence of the
angular diameter distanceÈredshift relation. From top to bottom, results
are shown for "CDM ( Ðlled triangles and dotted line), oCDM (open tri-
angles and dashed line), and qCDM ( Ðlled squares and solid line). The
uncertainties in the mass threshold are the same for all cosmologies but, for
clarity, are only shown for the qCDM points.
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The hydrodynamical simulations cannot be used to
extract mass thresholds beyond redshift zD 2.3, because no
clusters in our ensemble are massive enough to lie above the
detection threshold. For higher redshift and to aid in inter-
polating the mass threshold at arbitrary redshift, we use
mock observations of spherical b models normalized to
agree with the simulations (curves in Fig. 2). We evolve the
b-models in redshift using the spherical collapse model
(Lahav et al. 1991) ; this evolution is self-similar, accounting
for the di†erence in cluster structure due to evolution of the
mean cosmological density. We use these smooth curves
essentially as Ðtting functions.

The insensitivity to redshift of the minimum detectable
mass in an interferometric survey follows from a balancing
of several e†ects. The increasing angular diameter distance,

with redshift decreases the total cluster SZE Ñux asd
A
, d

A
~2

(see eq. [2]), tending to increase our limiting mass.
However, this e†ect is largely o†set by cluster evolution. At
higher redshifts clusters are denser, and at constant virial
mass, they have higher virial temperatures, T . BothM200,of these e†ects increase the total SZE Ñux. In addition, at
higher redshift a cluster has a smaller apparent size, which
enhances the cluster visibility, V (u, v) (the Fourier trans-
form of the SZE decrement distribution ; see ° 2.1) at the
baselines where we make our measurements. Taken
together, these e†ects largely explain the behavior of the
limiting mass with redshift.

3. THE CLUSTER ABUNDANCE AND ITS REDSHIFT

EVOLUTION

Given a minimum observable mass, one can calculate the
number of observed clusters as

N(M [ Mthres)\

c
P
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P

dz
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=
dM
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dM

d
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(z)2(1] z)2
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, (3)

where d) is the solid angle and n(M, z) is the comoving
number density. To calculate the comoving number density
of clusters, we used the Press-Schechter prescription (Press
& Schechter 1974).

The comoving number density of bound objects between
masses M and M ] dM at redshift z is given by
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(4)

where is the mean comoving background density, p(M, z)o
is the variance of the Ñuctuation spectrum Ðltered on mass
scale M, and is the e†ective linear overdensity of a pertur-d

cbation that has collapsed and virialized. In principle, hasd
ca modest dependence on the cosmological density param-

eter ; the spherical collapse model predicts a variation of
only D5% for In this work, we assume a con-)

m
D 0.1È1.

stant threshold for simplicity (Peebles 1980).d
c
\ 1.69,

Following Viana & Liddle (1999), we take the variance in
spheres of radius R to be

p(R, z)\ p8(z)
A R
8 h~1 Mpc

B~c(R)
, (5)

where

c(R) \ (0.3!] 0.2)
C
2.92] log10

A R
8 h~1 Mpc

BD
. (6)

The comoving radius R is determined as the radius that
contains mass M at the current epoch, while ! is the usual
CDM shape parameter, taken to be 0.25 for this study
(Peacock & Dodds 1994 ; Dodelson & Gaztanaga 1999)
unless stated otherwise ; we show that the results are insensi-
tive to the exact choice of !.

We examine the cluster abundance in three cosmologi-
cal models : oCDM ()

m
\ 0.3, )" \ 0, h \ 0.65, !\ 0.25,

"CDMp8\ 1.0), ()
m

\ 0.3, )" \ 0.7, h \ 0.65, !\ 0.25,
and qCDMp8\ 1.0), ()

m
\ 1, )" \ 0, h \ 0.5, !\ 0.25,

the last model being simply a CDM model withp8\ 0.56),
the transfer function modiÐed to agree with observations of
galaxy clustering. Note that these models di†er slightly
from the cosmologies assumed for the simulations.

All models are chosen to have a global ICM fraction
in rough agreement with observed ICM massfICM \ 0.2,

fractions of clusters (David, Jones, & Forman 1995 ; White
& Fabian 1995 ; Grego et al. 2000 ; Mohr et al. 1999). As can
be seen from equation (2), the mass limits will depend on the
ICM mass fraction, and therefore the expected yields will
also be sensitive to fICM.

We show that the expected survey yield is very sensitive
to also calculating the expected yields for oCDM with ap8,lower value of (e.g., Viana & Liddle 1999). Thep8\ 0.85
constraints on will improve dramatically in the nearp8future, since new X-ray telescopes are expected to provide a
much better determination of the local abundance, so we do
not expect uncertainties in to a†ect interpretation ofp8survey results.

In a critical density universe ()
m

\ 1, )" \ 0), p8P
(1] z)~1. Following Carroll, Press, & Turner (1992), we
express growth in alternate cosmologies through a growth-
suppression factor that can be approximated as

g()
m
, )") \ 5

2
)

m
[)

m
4@7 [)" ] (1] )

m
/2)(1 ] )"/70)]

. (7)

In this notation, we can now express the normalization of
the power spectrum as

p8(z) \
p8(0)
1 ] z

g()
m
(z), )"(z))

g()
m
(0), )"(0))

. (8)

4. EXPECTED SURVEY YIELD

Figure 3 shows both the di†erential counts as a function
of redshift and the integrated number of clusters for our
three cosmologies. Cluster physics is especially uncertain at
high redshift, so we have chosen to cut o† all integrals at a
redshift of z\ 4.

These results are quite exciting, because they indicate that
an SZE survey will yield a large cluster catalog extending to
high redshift. If the currently favored "CDM model is
correct, then we expect to detect 300 clusters in a 1 yr
survey. Figure 3 also shows that the width of the mass limit
has little e†ect on the cluster yield. The yield for each cos-
mology is shown by two curves ; the solid curve corresponds
to a step function mass limit where *s2\ 28.7, and the
dashed curve corresponds to a mass limit modeled as a
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FIG. 3.ÈDi†erential counts (top) and integrated counts (bottom) as a
function of redshift per deg2 for two di†erent methods of dealing with the
limiting mass. The solid curve for each cosmology assumes a step function
at the best-Ðt limit, while the dotted curve corresponds to a Gaussian
distribution of s2 at each mass.

Gaussian probability distribution in *s2 at each mass, with
variance set by the scatter around the relation*s2-M200seen in the mock observations. In particular, the largest
di†erences arise mainly in the high-redshift region, where
there are few clusters above our mass threshold. While
encouraging, this threshold uncertainty requires more
attention before future SZE surveys can be correctly inter-
preted.

The di†erences between cosmologies at are veryzZ 1
promising. Di†erences arise because of the di†erent rates of
structure growth, the dependence of the mass threshold on
the angular diameter distance, and the di†erences in the
volume element of the survey. Open models have both a
smaller angular diameter distance and more structure at
high redshift, both leading to more observed clusters. The
e†ect of "CDM probing a larger volume is relatively small.

The expected cluster yield depends on cosmology
through the growth rate of perturbations (Ðxed mainly by

the density parameter the volume per unit solid angle)
m
),

and redshift, and the shape and normalization of the initial
power spectrum. Varying !, the CDM shape parameter,
within the 95% conÐdence interval, 0.2\ ! \ 0.3 (Peacock
& Dodds 1994 ; Dodelson & Gaztanaga 1999), leads to
increases (!\ 0.3) or decreases (!\ 0.2) in the integrated
counts of 6% for "CDM, 8% for oCDM, and 17% for
qCDM. The e†ect is small, indicating that SZE survey
counts alone will not strongly constrain the shape of the
power spectrum. However, cluster samples constructed
through SZE surveys can be used to study the shape of the
power spectrum through other means, such as the two-
point correlation function.

On the other hand, the normalization of the power spec-
trum, parameterized by is quite important for predictedp8,SZE counts, as demonstrated in Figure 4. For clarity, we
have only shown the e†ect for oCDM. The uncertainty in

results in a large uncertainty in the cluster yield. Upcom-p8ing X-ray observations of nearby clusters are expected to
constrain to much higher accuracy, and the proposedp8

FIG. 4.ÈDi†erential (top) and integrated (bottom) expected number of
cluster in an oCDM model for two values of the normalization of the
power spectrum, (dotted line) and 1.0 (solid line).p8\ 0.85
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SZE survey will provide an independent measurement.
Thus, while the uncertainty is signiÐcant for predictingp8yields, it will not be a serious impediment to interpreting
results from an SZE survey. It is important to note that,
even for low values of we expect to Ðnd a signiÐcantp8,number of high-redshift clusters.

5. DISCUSSION

In a low-density universe, half of the clusters in an SZE
survey will have While other surveys may yield com-zZ 1.
parable numbers of clusters at high redshift by surveying a
larger fraction of the sky, the SZE catalog will be unique in
having similar sensitivity at all redshifts ; SZE surveys are
e†ectively limited only by the abundance of clusters above
the lowest observable mass. PLANCK is expected to Ðnd
D104 clusters, but the e†ective limiting mass is fairly high,
resulting in relatively few high-redshift clusters (De Luca,
Desert, & Puget 1995 ; da Silva et al. 1999).

An interferometric survey with a synthesized beam that
partially resolves clusters has several advantages. Point
sources are easily identiÐed and removed from the data ;
thus, it is unlikely that point sources will systematically
a†ect the magnitude of the observed cluster decrement. In
addition, the more massive clusters in our sample can be
imaged with high S/N at the same time as they are detected.

Extensive follow-up will be required to make best use of
an SZE survey. Extensive optical observations will be
required to obtain redshifts for the detected clusters. This
may be difficult for the highest redshift objects, but it is not
an insurmountable problem. Follow-up with X-ray tele-
scopes would be helpful as well, but the low-mass, high-
redshift objects are expected to be undetectable in the X-ray
band, even with 105 s XMM exposures. However, redshifts,
ICM temperatures, and X-ray images for a portion of the
sample would enable direct SZE] X-ray distances, such as
those being measured with the currently available data
(Reese et al. 1999, and references therein). These distances
constrain the angular diameterÈdistance relation, which
provides an independent measurement of the cosmological
matter density ; these results would be complementary to
those available from consideration of the cluster counts
alone.

Deep exposures such as the ones considered here could
be contaminated by primary anisotropies in the CMB. A
minimum separation of 2.5 m corresponds to multipole
l\ 1571 at 30 GHz. At this scale, the CMB anisotropy
levels could well be larger than 10 kK, which would be
above the noise levels that we have assumed, but well below
the detection threshold. A shift to higher l may be required
to avoid these e†ects, which can be achieved by longer base-
lines (which could allow larger telescopes) or a higher
observing frequency. We have found that a shift to lD 3000
can be easily accommodated with only a small loss in
cluster detection efficiency. The most numerous clusters will

be the low-mass clusters near the detection threshold, which
will be the most compact. Because of this, moving to higher
multipoles would not severely a†ect our sensitivity to these
objects, while this would decrease possible CMB contami-
nation signiÐcantly. Indeed, larger telescopes may even be
slightly more efficient for detecting high-redshift low-mass
clusters, since the smaller primary beam is better matched
to the compact nature of these objects.

We use an ICM mass fraction of 20% in these simula-
tions, which is inconsistent with the observational con-
straints, (Mohr et al. 1999 ; Grego et al.fICM \ 0.21 h50~1.5
2000), if is signiÐcantly higher than 50 km s~1 Mpc~1.H0However, simple virial arguments (T P M2@3) and equation
(2) indicate that the limiting mass scales as Forf ICM0.6 . H0\
80 km s~1 Mpc~1, we expect While a gas frac-fICM \ 0.10.
tion of only 10% would seriously reduce the expected
number of clusters (by a factor of 2.5È3), the resulting
catalog would still be large and unique.

An uncertainty that we have not discussed is the e†ect of
galaxy formation or preheating on the ICM structure and
SZE detectability. While this is being addressed with
numerical simulations currently in progress, we do not
believe that our results should depend signiÐcantly on gas
evolution. ICM evolution mainly a†ects the core regions of
clusters (Ponman, Cannon, & Navarro 1999), on angular
scales smaller than those for which the brightness sensitivity
of the interferometer is optimized, 2@ to 7@. The total SZE
Ñux from the unresolved core depends only on the tem-
perature and the number of electrons at that temperature
(see ° 2). Even fairly extreme models of gas evolution lead to
only small changes in the expected counts for a survey sensi-
tive primarily to total SZE Ñux (Holder & Carlstrom 1999),
and we expect this to be true for any survey that does not
resolve the core regions of clusters.

While the expected cluster yield should be fairly insensi-
tive to ICM evolution, the properties of the cluster sample
and their evolution with redshift will shed considerable light
on the question of evolution of the ICM. At the same time,
such a survey will provide determinations of key cosmo-
logical parameters that will be entirely independent of all
other determinations.
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