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Superclusters over a range of redshifts (z ∼ 0.15 − 0.6) provide cosmic laboratories for studying galaxy transformation in dense environments (clusters, groups, filaments). They can be used
to understand the various galaxy transformation processes that occur within the supercluster environment, their relative importance, their time scales and transition stages. We have initiated
a large multi-wavelength study of superclusters at intermediate redshift with a focus to study
transformation processes in the filamentary structures of supercluster, at large distances from
the cluster cores (∼ 1 − 5 virial radii). Through deep multi-wavelength photometry (optical and
near-infrared) of the wider cluster galaxy population, combined with multi-slit spectroscopy and
evolutionary synthesis models, the transition stages and time scales of galaxy transformation can
be characterised. Importantly, deep HI observations of the superclusters with SKA precursor instruments (e.g. MeerKAT) can be used to quantify the gas content of the intermediate-redshift
supercluster galaxies. We present initial results for the supercluster centred around Abell 1437
(z ∼ 0.14); these include HI observations of multiple pointings of Abell 1437 obtained with the
Giant Meterwave Radio Telescope in India.
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1. Galaxy transformation in dense environments

The high galaxy density environment in galaxy clusters plays an important role in the transformation of galaxies. The central regions of local rich clusters are dominated by S0 galaxies and,
in the Coma cluster for example, dwarf galaxies are twice as numerous as the luminous galaxies
(de Lucia et al. 2004). This morphological mix is distinctly different from the low-density field
population of galaxies in the local Universe which are predominantly spirals and irregulars.

Various scenarios have been suggested to be responsible for this tranformation, namely harassment (e.g. Moore et al. 1998), ram-pressure stripping (e.g. Bravo-Alfaro et al. 2000), strangulation
(Bekki et al. 2002) and merging. An overview of these processes and the approximate time-scales
involved is given by Falkenberg et al. (2009a), and references therein.
Fairly recent observations (Lewis et al. 2002, Balogh et al. 2004; Gerken et al. 2004) indicate
that the galaxy populations in clusters start to deviate from the field population (in terms for star
formation activities) at large distances from cluster centers (∼ 3 − 4 virial radii), suggesting that the
intercluster medium densities could be high enough at those distances to drive away low-density
gas from infalling galaxy halos, leading to star formation truncation. A number of recent studies
have explored the wider supercluster environments at intermediate redshifts to trace evidence of
galaxy transformation on a large scale; Fadda et al. (2008) have detected starburst galaxies in the
cluster-feeding filaments of Abell 1763 / 1770 supercluser complex at z = 0.23 using Spitzer 24
micron data. First results from the STAGES group - a study of the Abell 901 / 902 supercluster
at z = 0.165 using a wide range of wavelengths (Gray et al. 2009) - indicate mass-dependent
quenching of star formation in cluster infall (Wolf et al. 2009)
We have initiated a multi-wavelength survey of superclusters at a range of intermediate redshifts, from z = 0.15 − 0.6, with the aim to quantify the relative importance of the various transformation processes, their time scales and transition stages, and their location within the supercluster
as a function of cosmological look-back time. Distinguishing components of our survey are the use
of the GALEV models (Kotulla et al. 2009), the complete spectroscopic sampling of supercluster
galaxies at medium-resolution (R ∼ 4000) using the Southern African Large Telescope (important
for HI-stacking and star formation diagnostics), and deep neutral hydrogen observations, initially
using the Giant Meterwave Radio Telescope (GMRT) for the nearest of the superclusters followed
by the MeerKAT array (the South African SKA-precursor consisting of 80 times 12-m dishes,
currently under construction) for the more distant superclusters.
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In more distant galaxy clusters, an increasing fraction of blue galaxies has been observed
(Butcher & Oemler 1978, 1984); which is generally referred to as the Butcher-Oemler effect. This
effect has been quantified by van Dokkum et al. (2001) and Dahlen et al. (2004) who observed an
increase by a factor of 5 of the blue galaxy fraction from z = 0 to 0.5. The blue galaxies in clusters
at z = 0.5 consists of spirals and irregulars with ongoing star formation (Smail et al. 1997). Where
the fraction of ellipticals in clusters stays mostly constant over this redshift range, the fraction of
spirals decreases by a factor of 5 and the fraction of S0s increases by the same amount (Fasano et
al. 2000, 2001), suggesting a significant transformation of spirals into S0s over the last 5 Gyr.
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1.1 GALEV evolutionary synthesis models
The GALEV1 evolutionary synthesis models (Kotulla et al. 2009) describe a set of chemicallyconsistent models for a range of galaxy types in which one can follow the time evolution of galaxy
spectra, galaxy luminosities and their colours. By applying one or multiple bursts of star formation
(burst strength and decline time scales can be varied) one can characterise the transformation effects
(e.g. star formation truncation, strangulation and merging) on the model galaxies. By applying
GALEV to E+A and post-starburst galaxies, Falkenberg et al. (2009a, b) showed that post-starburst
models can be distinguished from undisturbed spirals, lenticulars, ellipticals and galaxies ungoing
starbursts, from their combined optical and near-infrared (U to Ks band) spectral energy distribution
(SED) alone.
1.2 A multi-wavelength approach
The inclusion of the optical U band and one or more near-infrared bands are essential for the
GALEV models (Falkenberg et al. 2009b). Our initial target (Abell 1437, see next section) has a
wide area photometric coverage by both the Sloan Digital Sky Survey (ugriz) and the near-infrared
1 See

also http://www.galev.org
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Figure 1: Left panel: The galaxy distribution for galaxies in the redshift range 0.125 < z < 0.1375 centred
on RA (2000.0) = 12h and Declination (2000.0) = 0◦ . This redshift range corresponds to the redshift distance
of the Abell 1437 supercluster. Clear filamentary structures belonging to this supercluster are seen crossing
the celestial equator, clusters are marked by the encircled crosses. Right panel: A detailed view of Abell
1437 where galaxies are colour-coded by (B − R) colours; red small dots: (B − R) > 1.75, blue filled circles:
1.25 < (B − R) < 1.75, purple crosses: (B − R) < 1.25, galaxy colours from Pimbblet et al. (2006). The
circle marks the initial GMRT pointing to map neutral hydrogen in this supercluster. The central black
filled square marks the location of a dynamically-distinct subgroup based on a Dressler-Shectman analysis
of available redshift data.
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UKIDDS survey (JHKs ). While we will complement these surveys with deeper SALT observations
to recover a significant fraction of the dwarf galaxy population at the nearer redshift range of our
survey, deeper optical data for Abell 1437 are already available in various archives (ESO: wide
field imager and VLT), which will help with the optical galaxy classification.
Measuring neutral hydrogen in galaxies at these redshifts is notoriously difficult and has only
recently been possible on a large scale using extremely deep pointings (∼ 1000 h) on the Westerbork Synthesis Radio Telescope (WSRT), see Verheijen et al. (these proceedings). The MeerKAT
array (an SKA-precursor, currently under construction) will be sensitive enough to detect directly
neutral hydrogen in galaxies at z ∼ 0.4 − 0.6; its field of view (1 sq. degree) is ideally matched
to the angular extent of supercluster at intermediate redshifts. For non-detections, one can use HI
stacking techniques to determine average neutral hydrogen content in galaxies at these redshifts,
provided sufficient optical redshift coverage is available.

2. The supercluster surrounding Abell 1437
Abell 1437 is located at (RA, DEC, z) = (12h 00m 27.8s , +03◦ 20′ 18′′ , 0.135). Fig. 1 shows the
general supercluster environment in which Abell 1437 is embedded (left panel) and a zoomed-in
view of the cluster (right panel), where galaxies are colour-coded by their (B−R) colours (Pimbblet
et al. 2006).
As part of a GALEV pilot study, we have selected a region of 15.5′ × 8.5′ centred on the
core of Abell 1437. In this area 54 spectroscopic galaxy redshifts are available, either from the
SDSS survey (Ngal = 15), or from a deep spectroscopic survey (Ngal = 39) of rich intermediateredshift clusters (Pimbblet et al. 2006). Supplementary deep near-infrared photometry (JHKs ) has
been obtained using the 1.4-m InfraRed Survey Facility (IRSF) at the Sutherland station of the
South African Astronomical Observatory. The final sample of the pilot study contains 37 galaxies,
limited by the quality of the u-band photometry in the SDSS.
4
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Figure 2: Left panel: The observed ugrizJHKs spectral energy distribution (points with error bars) and
GALEV spectral energy distribution (red-dashed line, galaxy type: Sd + star formation truncation) for the
galaxy 587726016142704856 (SDSS identification). Magnitudes are given in the Vega system. Right panel:
The 2dF spectrum of 587726016142704856 at a redshift of 0.1257. Clear (redshifted) emission lines of
[OII], Hβ and [OIII] are visible.
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3. Discussion
From optical and near-infrared multi-wavelength photometry, combined with GALEV galaxy
synthesis models, SALT spectroscopy and deep HI imaging of the wider supercluster environment
we aim to constrain galaxy transformation scenarios, their time scales, and location within the
supercluster (filaments, groups, clusters).
A pilot study on the intermediate redshift supercluster around Abell 1437 (z = 0.135) is well
under way to characterise the performance of GALEV, and will soon be extended to the wider,
degree-scale supercluster environment.
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