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Abstract. The Arcminute Microkelvin Imager is a dual array interferometer designed specifically to survey for
galaxy clusters through detecting their Sunyaev-Zel’dovich signatures on the microwave background. Construction
of the Small Array is now complete and commissioning observations have mapped several clusters. The Large Array
is required to remove the effects of confusing radio sources and will allow deep, blind surveys for clusters.

1. Motivation for a Galaxy Cluster Survey

Clusters of galaxies are the most massive collapsed ob-
jects in the Universe. They are sensitive probes of struc-
ture formation, both in the linear regime of growth and
when merging, shocking and gradual virialisation occur.
Determining the evolution of clusters, their mass func-
tion and structures is therefore of basic importance. A
population of clusters at z > 1 is now known to ex-
ist (Rosati et al. 2002). However, more data and in par-
ticular an unbiased cluster survey are needed to under-
stand cluster formation and early evolution at these red-
shifts. Optical and X-ray observations suffer from con-
fusion and from a bias towards concentration of mass;
another approach is to survey for clusters through de-
tecting their Sunyaev–Zel’dovich (S–Z) effect and sev-
eral dedicated SZ survey instruments are now being
built (see e.g. Mohr et al 2000; Lo 2002; Mohr et al. 2003;
Kosowsky 2003; Kneissl et al. 2001).

2. The Sunyaev-Zel’dovich Effect

The S–Z effect (Sunyaev & Zel’dovich 1972) is a
secondary anisotropy on the Cosmic Microwave
Background (CMB) radiation due to inverse-Compton
scattering of CMB photons by hot plasma in the grav-
itational potential of a cluster of galaxies. The S–Z
effect has been detected by a number of different groups
using a variety of observing techniques (e.g. Birkinshaw
& Hughes 1994; Myers et al. 1997; Reese et al. 2000;
Komatsu et al. 1999; Pointecouteau et al. 1999; Holzapfel
et al. 1997; Grainge et al. 1993; Lancaster et al. 2005;
Udomprasert et al. 2004. See e.g. Birkinshaw 1999 or
Carlstrom et al. 2002 for a full review).

CMB photons are up-scattered in energy with the re-
sult that, at frequencies below 220 GHz, one sees a de-
crease in the CMB temperature towards the cluster. In
the Rayleigh-Jeans regime this dip is given by

∆T = −2yTcmb, (1)

where y is the Comptonisation parameter

y =

∫
neσT

kTe

mec2
dl. (2)

Importantly the intensity of the S–Z effect is independent
of redshift. The reason for this is that in such a Compton
scattering process, the power lost by the electrons and
given to the CMB photons is proportional to the energy
density of the incident CMB radiation which is propor-
tional to (1+z)4; this exactly cancels out the cosmological
drop in surface brightness proportional to (1 + z)−4.

S–Z surveys for clusters have long been ad-
vocated (Korolev et al. 1986; Bond & Myers 1991;
Bartlett & Silk 1994) and it is now widely recognised
that such surveys are key measurements for cosmology.
Such a method has several key advantages. Firstly,
because the surface brightness of the S–Z effect does not
decrease with redshift, one can detect clusters of galaxies
all the way back to their epoch of formation. Further,
the measured total flux density of the S–Z effect from
a cluster is very closely related to its mass, which is
precisely the quantity we wish to observe. This can be
seen from the following. The brightness temperature of
the S–Z effect is proportional to the integral of the gas
pressure along the line of sight,

∆TSZ ∝

∫
nT dl, (3)

while the total flux density is proportional to the integral
of the surface brightness over solid angle

∆SSZ ∝

∫
∆TSZ dΩ. (4)

The flux density is therefore proportional to the total ther-
mal energy in the cluster

∆SSZ ∝ D−2

A

∫
nT dV, (5)

where DA is the angular size distance. Because of the flat-
ness of the angular size vs redshift relation, DA is only
weakly dependent on redshift. The total S–Z flux den-
sity from a cluster is thus a measure of its mass, since in
gravitational collapse models the thermal energy is simply
the gravitational potential energy of the cluster (assuming
full virialisation). An S–Z survey that is complete down
to a particular S–Z flux density limit would therefore be
complete down to a cluster mass limit with no limiting



Fig. 1. The AMI Small arrays.

Fig. 2. The AMI Large array.

redshift and largely independent of the detailed cluster as-
trophysics. A principal aim of the AMI project is to carry
out this survey work (Kneissl et al. 2001).

3. AMI Hardware

AMI (Jones 2002) comprises two synthesis arrays (shown
in Fig. 1 and Fig. 2), sited at Lord’s Bridge, Cambridge.
The Small Array consists of ten 3.7-m antennas situated
inside a 30 × 40-m, 4.5-m high metal enclosure. The Large
Array is an upgrade to the Ryle Telescope (RT) with all
eight 13-m antennas now placed in a new 2-dimensional
compact configuration. The dual array design gives AMI
good temperature sensitivity over a very large range of
angular scales, as well as the high flux sensitivity needed
to identify and remove the effect of radio sources from the
data (see Fig. 3).

The telescope observes in the band 12–18 GHz with
cryostatically cooled NRAO indium-phosphide front-end
amplifiers and fully-cooled feeds. The overall system tem-

Fig. 3. Simulated plot of interferometer detected flux against
observing baseline for a galaxy cluster at z = 0.5 and a point
source (for convenience the absolute value of the negative S–Z
flux is plotted). Since the cluster has large angular extent, its
flux is quickly resolved out as the baseline length is increased
whilst the flux from the point source is constant. The Small
Array of 3.7-m dishes is therefore required to give access to
the short baselines which detect the S–Z effect and the Large
Array will measure the flux of any point sources in the field
and allow their effects to be subtracted.

perature is approximately 25 K. We detect a single lin-
ear polarisation, measuring Stokes’ parameter I + Q. The
radio frequency is mixed with a 24-GHz local oscillator,
downconverting to an intermediate frequency (IF) band
of 6–12 GHz. Amplification, equalisation, path compensa-
tion and automatic gain control are then applied to the
IF signal. The correlator is an analogue Fourier transform
spectrometer with 16 correlations formed for each baseline
at path delays spaced by 25 mm. Both ‘+’ and ‘−’ corre-
lations (Thompson et al. 2001) are formed in this fashion
by use of 0◦ and 180◦ hybrids respectively. From these,
eight 0.75-GHz channels are synthesised.

4. Current status and commissioning results

Construction of the Small Array is now complete.
Commissioning observations have detected SZ effects to-
wards several know clusters. Figure 4 shows a 6 hour ob-
servation towards A773 after source subtraction; for com-
parison, Fig. 5 shows an image made from 460 hours of
earlier RT data. These maps show significant detections
of S–Z effects from both data sets, though the AMI map
detects the outer regions of the cluster gas and so mea-
sures a higher integrated flux density. The RT resolves out
most of the S–Z signal as one would expect from Fig. 3.

A longer observation of 34 hours was made towards
the cluster A1914 (AMI Collaboration 2006) and the S–
Z effect is detected with a significance of 17σ (Fig. 6).
There is sufficient signal-to-noise in this observation to
allow mapping of the S–Z effect in the separate frequency
channels and this allows us to produce the spectrum shown
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Fig. 4. AMI observation of the cluster A773 made from 6 hours
of data.

Fig. 5. RT observation of the cluster A773 made from 460
hours of data.

in Fig. 7. This shows that the decrement measured by AMI
is consistent with an S–Z spectrum, which differs from
a thermal spectrum by less than 0.5% between 13.5 and
18 GHz.

These commissioning observations give us confidence
that the system is working and show that the Small Array
sensitivity per channel is approximately 350 mJy s−1/2,
which is consistent with that assumed in our simulations
(Kneissl et al. 2001). However, the deeper observations
and calculations based on the 9C survey source counts
(Waldram et al. 2003) show that the AMI maps presented
here are limited by source confusion (Scheuer 1957) rather
than thermal noise. This and the fact that we have had
to remove 18 point sources from our data emphasise the
importance of source subtraction, which for AMI will be
provided by the Large Array.

Fig. 6. Cleaned map of the S–Z effect in A1914 after sub-
traction of 18 sources. The integrated S–Z flux in the map is
−8.6 ± 0.5 mJy and the noise on the map is 0.19 mJy/beam.

Fig. 7. Spectrum of the S–Z effect in A1914. The integrated
flux is found over a 56 square arcminute region at the cluster
centre. The magnitude of the negative S–Z flux is shown for
convenience. The error bars are the 1σ errors from the channel
maps which are dominated by source confusion; errors between
different channels are therefore not independent. The dashed
line shows a thermal spectrum (α = −2 in the Rayleigh-Jeans
region) constrained to pass through the 13.875 GHz point.

Observations with the RT have now been concluded.
The three outlying antennas of the RT have been suc-
cessfully moved to form a compact Large Array with the
East-West array of five previously used for S–Z work. The
upgrade of the feed-assembly, IF chain and correlator is
now underway. These systems are essentially identical to
those used on the Small Array, apart from the require-
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ment for two further steps in the path compensator and
additional amplification and equalisation because of the
longer IF cables.

5. Future observing strategy

5.1. Pointed observations of known clusters

It will be necessary for AMI to calibrate the cluster scaling
relations from pointed observations towards known clus-
ters in order to be able to properly interpret the results
of blind surveys. We have already started this programme
with the Small Array, combining with source survey data
from the RT. There are three main sub-samples of our first
targets:

– NORAS: we have defined a sample from the NORAS
( Böhringer et al. 2000) catalogue with (LX > 7 ×

1044ergs−1, z > 0.1, δ > 30◦) comprising 17 clusters.
Combining with archive X-ray data we will also be able
to calculate fg and H0 at low redshift.

– MACS: we have selected the 15 brightest (LX >

1045ergs−1) clusters with redshift z > 0.3 from the
Massive Cluster Survey (MACS Ebeling et al. 2001).
By comparing with the NORAS samples we aim to
constrain possible evolution in the cluster scaling rela-
tions.

– High-redshift: we plan to observe and confirm the in-
creasing number of high-redshift clusters detected in
other wavebands as they are reported in the literature.

5.2. Blind surveys

Before the completion of the Large Array we will be able
to conduct surveys for clusters towards ten regions of ≈ 1
deg2 which have already been surveyed by the RT as
part of the VSA programme (Taylor et al. 2003). Once
the Large Array becomes available we will begin wide
and shallow surveys (six months over 100 deg2), yield-
ing massive lower redshift clusters and then narrow and
deep ones (one year over 10 deg2), yielding lower mass,
higher redshift clusters. These will probe different regions
of the cluster number density function. In addition, we
will also survey the XMM Large Scale Structure Survey
regions and other multi-wavelength deep fields. These ob-
servations will allow us to understand the selection func-
tion of different cluster-finding methods; a joint analysis
will further provide information on cluster physics.
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