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Table 1 TAIPAN instrument specifications.

Field of view diameter 6 degrees
Number of fibres 150

(300 planned from 2019 onwards)
Fibre diameter 3.3 arcsec
Wavelength range 370 – 870 nm
Resolving power 1960 ⌘ 65 km s�1 (blue);
(�/��) 2740 ⌘ 46 km s�1 (red)

Figure 2. Schematic representation of the TAIPAN focal plane. The back-
ground image shows target galaxies as ‘objects of interest’, while Starbugs
are the depicted by the white open circles. Starbugs can move independently
to put a spectroscopic fibre on any object of interest in the 6-degree diameter
field of view. The right-hand side shows a side view.

Figure 3. Anticipated total throughput (including telescope and atmosphere)
of the TAIPAN spectrograph (see also Kuehn et al. 2014.)

science fibres, with a planned upgrade to 300 fibres to be
available from 2019. Serial positioning robots, e.g., those
used by the 2dF (Lewis et al. 2002) or 6dF (Jones et al.
2004), accomplish field reconfigurations in tens of minutes
to an hour – the parallel positioning capability of Starbugs
allows for field reconfiguration in less than five minutes.

During reconfiguration and observing, the Starbugs are
held by a vacuum onto a glass plate curved to follow the fo-
cal surface of the telescope (Figs. 1 and 2). Starbugs move by

means of coaxial piezoceramic tubes to which high-voltage
waveforms are applied. The resulting deformation of the
piezoceramic ‘walks’ the Starbugs across the glass plate.
In addition to a centrally-located science fibre payload, each
Starbug includes a trio of back-illuminated fibres that are
viewed from beneath by a metrology camera to deliver ac-
curate Starbug positioning (Fig. 1). At the plate scale of the
UKST, position uncertainty must be better than 5 microns to
ensure the science fibres are positioned on the selected tar-
gets. Once the metrology system determines that the Starbugs
are positioned with su�cient accuracy, light from the selected
targets enters the central science fibre and travels ⇠ 20 m
to the TAIPAN spectrograph. Within the spectrograph, the
light from each fibre is split into blue (370 � 592 nm) and red
(580 � 870 nm) components by a dichroic, and sent to two
separate cameras, each with a 2k⇥2k e2V CCD (Kuehn et al.
2014, see Fig. 3). While the spectroscopic fibres are only
3.3 arcsec in diameter, each Starbug has a fibre exclusion ra-
dius of 10 arcmin, limiting the positioning of adjacent fibres.
Since our survey strategy involves over 20 passes of each sky
region, this limitation does not a�ect our scientific goals. In
Section 4.4, we describe how our tiling algorithm takes this
into account to produce optimal fibre configurations.

With a resolving power of R & 2000, TAIPAN will be
capable of a wide variety of galaxy and stellar science, in-
cluding distance-scale measurements to 1%, velocity disper-
sions down to at least 70 km s�1, and fundamental parameters
(e.g., temperature, metallicity, and surface gravity) for every
bright star in the southern hemisphere. In addition to the
Taipan survey described here, the TAIPAN positioner will
also be used in bright time to carry out the FunnelWeb sur-
vey2, targeting all ⇠ 3 million southern stars to a magnitude
limit of IVega . 12 over the three years from 2017-2019. The
TAIPAN positioner itself also serves as a prototype for the
Many Instrument Fibre System (MANIFEST) facility, which
is being designed for the Giant Magellan Telescope and would
operate from the mid-2020s (Saunders et al. 2010; Lawrence
et al. 2014b). This technology will also be used in a new mul-
tiplexed integral field spectrograph for the Anglo-Australian
Telescope (AAT), Hector (Lawrence et al. 2014a; Bryant
et al. 2016), which will undertake the largest-ever resolved
spectroscopic survey of nearby galaxies (Bland-Hawthorn
2015).

3 Scientific goals
3.1 A precise measurement of the local distance scale
The present-day expansion rate of the Universe (the Hubble
constant, H0) is one of the fundamental cosmological param-
eters. Measuring H0 accurately and independently of model
assumptions is a crucial task in cosmology.

Current cosmological surveys, combined with high-
precision measurements of the CMB (Planck Collaboration

2
https://funnel-web.wikispaces.com
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The Taipan galaxy survey: basics

Optical spectra for 2 million galaxies at z<0.4 over 2π steradians in the 
southern sky.

Start late 2017, total <5 years (dark time on the UKST+TAIPAN system).

Science themes: cosmology and galaxy evolution in the local Universe.

Sample:

• complete magnitude-limited sample (i<17): ~1.2x106 galaxies

• supplemental fainter ‘luminous red galaxy’ sample (i<18.1, g-i>1.6)  

extending to higher redshifts: ~0.8x106 galaxies

Fully automated observations and data reduction using a purpose-built 
‘virtual observer’ software and Taipan Live Data Reduction (TLDR) pipeline.



Measure the distance scale of the Universe (primarily governed by H0) 
to 1% precision, using baryonic acoustic oscillations (BAOs).

Goal I: local Hubble parameter
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Goal II: local density field and motions
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Figure 8. A comparison of di�erent measurements and predictions of the
growth rate of structure, f�8, as a function of redshift, from various galaxy
surveys. Coloured points (filled squares) show the predictions for Taipan
Phase 1 (in red) and Final (in blue). Other points are existing measurements
from the 6dFGS (open square; Beutler et al. 2012), SDSS-III BOSS-DR12
(diamond; Alam et al. 2016), SDSS-II MGS (star; Howlett et al. 2015),
SDSS-II LRG (triangle; Samushia et al. 2012) and WiggleZ datasets (circle;
Blake et al. 2011a). The coloured bands indicate the growth rate obtained
for di�erent theories of gravity using the parameterisation of Linder & Cahn
(2007) and assuming a flat-⇤CDM cosmology based on the results of Planck
Collaboration et al. (2015). The value � = 0.55 corresponds closely to the
prediction from General Relativity for ⇤CDM. This demonstrates that a
precise measurement at low redshift such as the one enabled with Taipan
will distinguish between di�erent models of gravity.

rate around voids have been performed at low redshift with
the 6dFGS dataset in Achitouv et al. (2017) and at higher red-
shifts with SDSS (Hamaus et al. 2016) and the VIMOS Pub-
lic Extragalactic Redshift Survey (VIPERS; Hawken et al.
2016). The Taipan sample can also be used to test gravita-
tional physics by performing cross-correlations with overlap-
ping weak lensing and CMB datasets.

3.4 The lifecycle of baryons as a function of mass and
environment

Previous spectroscopic galaxy surveys at low redshifts, in
particular SDSS (z ' 0.1; Abazajian et al. 2009) and GAMA
(z ' 0.2; Driver et al. 2011; Liske et al. 2015), have pro-
vided a wealth of information on the properties of present-day
galaxies and the physical processes a�ecting their evolution.
However, many questions remain regarding the dominant pro-
cesses responsible for quenching star formation in galaxies
(e.g. Baldry et al. 2004; Blanton & Moustakas 2009; Schaw-
inski et al. 2014). These open questions include: what are
the roles of interactions, the large-scale environment, and
active galactic nuclei (AGN) in quenching star formation?
What drives the e�ciency of star formation? And how do the
properties of the neutral gas reservoir in galaxies relate to
the star-forming properties? A way to address these issues is
through a comprehensive sample of local galaxies spanning a
wide range of environments, with large enough sample sizes
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Figure 9. Comparison between the observed local i-band number counts
from the recent compilation of Driver et al. (2016) (blue squares), and
the predictions from the ������� semi-analytic galaxy formation model
(Bower et al. 2006; Lagos et al. 2012; red lines). The solid and dashed
lines correspond to lightcones generated from the Millennium 1 (Springel
et al. 2005) and Millennium 2 (Boylan-Kolchin et al. 2009) cosmological
runs, respectively. The vertical dotted line shows the Taipan magnitude limit,
i = 17. The two di�erent Millennium realisations combined provide precise
results over a large range of scales (enabled by the significantly better spatial
and mass resolution of the Millennium 2 run compare to Millennium 1,
which includes a larger volume); this ensures that galaxies are resolved in
the full stellar mass range from 106 to 1012 M� .

to isolate the e�ects of di�erent physical processes and char-
acterise rare populations, such as galaxies rapidly transition-
ing from star-forming to quiescent. Wide multi-wavelength
coverage is also needed to optimally trace all the baryons
in galaxies, including stellar populations of di�erent ages,
neutral and ionised gas in the interstellar medium (ISM), and
dust. Taipan will address crucial questions in galaxy evolu-
tion by capitalising on a few key advantages over existing
spectroscopic surveys at low redshift.

Taipan has two main advantages over SDSS. First, since
Taipan is a multi-pass survey, there will be many oppor-
tunities to revisit targets a�ected by ‘fibre collisions’ i.e.,
the inability to simultaneously observe targets that are too
close on the sky plane. This will allow us to identify close
pairs of galaxies (with separations smaller than the 55 arcsec
limit imposed by fibre collisions in a given SDSS plate;
Strauss et al. 2002; Blanton et al. 2003), to study the e�ect of
close interactions and mergers, and measure the environment
density and halo masses (e.g. Robotham et al. 2011, 2014).
Second, Taipan will overlap with the WALLABY HI sur-
vey5 (Koribalski 2012), carried out with ASKAP (Johnston
et al. 2008), which aims to cover three-quarters of the sky
and expects to detect ⇠ 500, 000 galaxies in HI (e.g. Du�y

5
http://www.atnf.csiro.au/research/WALLABY/

PASA (2017)
doi:10.1017/pas.2017.xxx

Measure the growth rate of structure to 5% precision, using peculiar 
velocities and redshift-space distortions (RSDs).

6dFGS map (Springob+2014)

➡ Test of General Relativity



Goal III: legacy sample for galaxy evolution

Galaxy evolution as a function of baryonic mass and environment.

what determines star formation efficiency in galaxies? (environment, gas supply) 

why and how does star formation get quenched? (AGN, environment?) 

what are the connections between star formation history and different ISM 
phases? (metal/dust production, gas accretion, feedback processes etc)



advantages over SDSS: 
not limited by fibre collisions (multiple field visits) → environment 
overlap with ASKAP-WALLABY → gas content 

advantage over GAMA: 
large volume (low z) → track the evolution objects in transition as a 
function of mass and environment
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et al. 2012). Thanks to this overlap, we will characterise the
neutral gas reservoir of an unmatched number of optically-
detected galaxies spanning a wide range of masses and envi-
ronments. At the same time, Taipan will provide the stellar
and halo mass measurements to contextualise the HI data
from WALLABY. Taipan will also be competitive with the
deeper and spectroscopically-complete GAMA survey in the
low-redshift regime, thanks to the much larger sky coverage
(about 20, 600 deg2 for Taipan versus 286 deg2 for GAMA),
which implies a volume sampled by Taipan at z < 0.1 of
1.5 ⇥ 108 Mpc3, i.e. 72 times larger than the volume sampled
by GAMA in the same redshift range (2.13 ⇥ 106 Mpc3)6. We
note that GAMA cosmic variance is estimated to be ⇠ 13%
(Driver & Robotham 2010), which will be reduced to about
5% for the final Taipan survey.

To predict the properties of our magnitude-limited sample,
we use a mock catalogue of galaxies extracted from a state-
of-the-art theoretical galaxy formation model. We extract
2, 600 deg2 lightcones from the Lagos et al. (2012) version
of the ������� semi-analytic model (Cole et al. 2000; Bower
et al. 2006), which includes the post-processing of the Mil-
lennium N-body ⇤CDM cosmological simulation (Springel
et al. 2005; Boylan-Kolchin et al. 2009). Figure 9 shows
that the model successfully reproduces the observed i-band
counts from Driver et al. (2016) over a wide range of magni-
tudes. The version of ������� implemented by Lagos et al.
(2012) is ideal for our purposes because it not only repro-
duces the observed optical properties of local galaxies, but
also gas properties such as the local HI and H2 mass functions
(Lagos et al. 2011b), thanks to a sophisticated treatment of
the two-phase (i.e. atomic and molecular) neutral ISM based
on an empirical, pressure-based star formation law (Blitz &
Rosolowsky 2006).7

3.4.1 Galaxy pairs and the close environments of
galaxies

Most galaxies do not evolve in isolation. Galaxy interactions
and mergers are theoretically predicted to have an impor-
tant role in the ⇤CDM hierarchical view of galaxy evolution
(e.g. Barnes & Hernquist 1992; Hopkins et al. 2010). Obser-
vationally, both the small-scale and large-scale environments
of galaxies have been shown to have an impact on their prop-
erties, such as their morphology, star formation and AGN
activity, and stellar mass growth (e.g. Dressler 1980; Post-
man & Geller 1984; Kau�mann et al. 2004; Sol Alonso et al.
2006; Bamford et al. 2009; Ellison et al. 2008, 2010; Scud-
der et al. 2012; Wijesinghe et al. 2012; Brough et al. 2013;
Robotham et al. 2014; Alpaslan et al. 2015; Gordon et al.
2017 and references therein). Despite the large advances in
this field enabled by modern spectroscopic and imaging sur-
veys, it is challenging to disentangle the e�ects of close in-
teractions from the large-scale environment, and the intrinsic

6
http://cosmocalc.icrar.org; Robotham (2016).

7The Taipan and WALLABY lightcones presented here are available upon
request (via claudia.lagos@icrar.org).

0 10 20 30 40 50
separation/arcsec

0.1

1.0

10.0

N
(<

se
p
a
ra

tio
n
)/

d
e
g

2

Taipan i<17

All projected pairs

Lagos12

GAMA (i<17)

SDSS (i<17)

Figure 10. Cumulative number density of galaxy pairs as a function of sky
separation. The black lines show the predictions for Taipan (i < 17) based
on the ������� model (Lagos et al. 2011a, 2012). Poisson errors are of
the order of the thickness of the line. The blue and red squares show the
number density of pairs detected by GAMA and SDSS, respectively, at 25
and 55 arcsec separations (using the same magnitude limit).

properties of the galaxies, e.g., stellar masses, gas content,
and existence of an AGN (e.g. Blanton et al. 2005; Ellison
et al. 2011; Scudder et al. 2015).

To quantify merger/interaction rates, and their large-scale
environment, we must be able to identify close pairs of galax-
ies, i.e., we need a highly complete spectroscopic survey
(e.g. Robotham et al. 2011, 2014). The main limitation of
SDSS in this field is the inability to account for galaxy pairs
with a projected sky separation smaller than 55 arcsec due to
fibre collisions (Strauss et al. 2002). This biases galaxy pairs
identified with SDSS towards large separations, with less
than 35 per cent of photometrically-identified galaxy pairs
in the SDSS spectroscopic sample having separations less
than 55 arcsec (Patton & Atfield 2008). Taipan will mitigate
this problem by visiting each field in the sky multiple times
to achieve very high (> 98%) spectroscopic completeness
down to i = 17.

In Figure 10, we use the Lagos et al. (2012) model to
predict the number of close pairs expected with Taipan.
Taipan Final will detect about 140, 000 galaxy pairs at sepa-
rations closer than 55 arcsec (i.e.⇠ 54 kpc at z ' 0.05), and
about 70, 000 pairs with sky separations less than 25 arc-
sec (i.e.⇠ 27 kpc at z ' 0.05). This is about 10 times more
pairs than those detected by SDSS over a similar area and
magnitude limit. Taipan will detect a similar surface density
of pairs as GAMA (at the same magnitude limit), but with
the advantage of sampling a much larger volume. The signifi-
cantly larger statistical sample produced by Taipan will allow
us to dissect the pair sample into various properties. We will
measure pair fractions in the local Universe as a function
of mass ratio, primary (and satellite) mass and morphology,
and larger-scale environment, expanding the previous GAMA
study by Robotham et al. (2014), thus obtaining a rich low-

PASA (2017)
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Figure 11. Predicted distribution of the properties of galaxies detected in Taipan (i.e. galaxies with i  17; in red) and in WALLABY (i.e galaxies with HI
line detections above 5� ' 8 mJy, with � = 1.592 mJy per 3.86 km/s velocity channel; in blue; e.g. Du�y et al. 2012) from the ������� model (Lagos et al.
2011a,b, 2012): (a) redshift; (b) stellar mass; (c) u � r (rest-frame) colour; (d) neutral hydrogen mass. The green lines show the distribution of properties of
galaxies detected in both surveys.

Galactic Extragalactic All-sky Murchison Widefield Array
(GLEAM) survey (Wayth et al. 2015) will provide additional
AGN and interstellar medium diagnostics, as well as a com-
plementary probe of environment through galaxy clusters
(Bowman et al. 2013). In particular, despite its low resolu-
tion, the very high low-surface-brightness sensitivity of the
MWA (Hindson et al. 2016) combined its low-frequency ca-
pability, makes it ideal to detect older, di�use radio plasma
from AGN that are no longer active (e.g. Hurley-Walker et al.
2015), as well as vastly increasing the detection of rare ex-
amples of disk-hosting galaxies with large-scale double radio
lobes (Johnston-Hollitt et al. subm., Duchesne et al. in prep.).
Thus, GLEAM will provide diagnostics for over 300, 000 ac-
tive AGN and, when combined with Taipan, will also provide
the rare opportunity to identify and study the optical proper-
ties of galaxies in which the AGN has been extinguished, and
to examine instances in which spiral and lenticular galaxies
host low-power, large-scale, double-lobed AGN.

Taipan will be highly complementary to photometric sur-
veys in the ultraviolet to near-infrared, probing the emission
by stellar populations and ionised gas in galaxies, as well

as attenuation from dust in the interstellar medium. Ultra-
violet emission is available through the Galaxy Evolution
Explorer (GALEX) all-sky survey (Martin et al. 2005). Deep
and reliable optical photometry of the whole southern sky
will soon become available through the SkyMapper South-
ern Survey (Keller et al. 2007; Wolf et al., in prep.) and the
Pan-STARRS survey (Kaiser et al. 2010; Chambers et al.
2016). In the near-infrared, VHS (McMahon et al. 2013) will
enable morphological classification as well as reliable stellar
mass estimates through probing the low-mass stars in Taipan
galaxies. The Wide-field Infrared Explorer (WISE) all-sky
survey (Wright et al. 2010) also probes the stellar mass in
its shorter wavelength filters (e.g. Cluver et al. 2014), while
the mid-infrared filters sample the emission of polycyclic
aromatic hydrocarbon (PAH) features and dust emission of
Taipan galaxies, enabling studies of dust-obscured star for-
mation and AGN activity. Combining multi-wavelength in-
formation from these surveys will allow a complete charac-
terisation of the physical properties of Taipan galaxies (star
formation rate, stellar mass, dust content) through modelling

PASA (2017)
doi:10.1017/pas.2017.xxx
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ultraviolet optical near-infrared mid-infrared far-infrared radio

eRosita (X-rays; all-sky, planned) 
GALEX (UV; public data but coverage not optimal) 
SkyMapper (optical; ongoing) 
VISTA VHS (near-infrared) 
2MASS (near-infrared; public data, but shallow) 
WISE (mid-infrared; all sky) 
Herschel (far-infrared/submm; H-ATLAS, large area but not all sky) 
ALMA (submm; future follow-up?) 
WALLABY (radio HI line) 
EMU (radio continuum) 

All-Sky Ancillary Data in the Southern Sky



Simulating the survey (Phase 1 - 2018)

Credit: Ned Taylor (Swinburne) & Marc White (ANU)
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Taipan description paper: da Cunha et al. 2017 (arXiv:1706.01246)


