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Abstract. In these proceedings we highlight the primary scientiÞc goals and design of the WEAVE-LOFAR
survey, which will use the new WEAVE spectrograph on the 4.2m William Herschel Telescope to provide
the primary source of spectroscopic information for the LOFAR Surveys Key Science Project. Beginning in
2018, WEAVE-LOFAR will generate more than 10 6 R=5000 365-960nm spectra of low-frequency selected
radio sources, across three tiers designed to e!ciently sample the redshift-luminosity plane, and produce
a data set of enormous legacy value. The radio frequency selection, combined with the high multiplex
and throughput of the WEAVE spectrograph, make obtaining redshifts in this way very e!cient, and we
expect that the redshift success rate will approach 100 per cent at z < 1. This unprecedented spectroscopic
sample Ð which will be complemented by an integral Þeld component Ð will be transformational in key areas,
including studying the star formation history of the Universe, the role of accretion and AGN-driven feedback,
properties of the epoch of reionisation, cosmology, cluster haloes and relics, as well as the nature of radio
galaxies and protoclusters. Each topic will be addressed in unprecedented detail, and with the most reliable
source classiÞcations and redshift information in existence.
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1 Introduction & Motivation

The International LOFAR Telescope o!ers a transformational increase in survey speed compared to existing
radio telescopes, as well as opening up one of the few poorly explored regions of the electromagnetic spectrum.
An important driver for LOFAR, since its inception, has been to carry out a series of surveys of the low-frequency
radio sky to advance, in particular, our understanding of the formation and evolution of galaxies, clusters, and
active galactic nuclei (AGN).

The LOFAR Surveys Key Science Project (KSP) is described in R¬ottgering et al. (2011), but to summarise,
LOFAR is carrying out surveys in a wedding-cake strategy, with three tiers of observations to be completed
over the next ! 5 years. Tier-1 is the widest tier, and includes low-band (LBA; between 10-80 MHz) and
high-band (HBA; between 120-240 MHz) observations across the whole 2! steradians of the northern sky to a
depth approximately 10 times that of the FIRST survey (Becker et al. 1995), or ! 600 times deeper than the
VLA Low-frequency Sky Survey (Cohen et al. 2007). Deeper Tier-2 and Tier-3 observations are proposed over
smaller areas (Tier-3 will cover! 100 deg2 to a depth greater than that of the deepest current radio imaging),
focusing on Þelds with the highest quality multi-wavelength datasets available across a broad range of the
electromagnetic spectrum. The e!ectiveness of new direction-dependent calibration techniques (necessary to
account for the large confusing inßuence of the ionosphere on low-frequencies) has been demonstrated by several
publications (e.g. Hardcastle et al. 2016; Shimwell et al. 2016; van Weeren et al. 2016; Williams et al. 2016),
while LOFARÕs ability to rapidly survey large areas has also been demonstrated (Shimwell et al.submitted).

Whilst the high sensitivity of low-frequency radio surveys to AGN is well known, Þgure 1 shows that the
LOFAR Surveys KSP data are also supremely sensitive to star-formation, assuming standard relationships
between radio ßux density and star formation rate (SFR) from Bell (2003). LOFAR is able to detect star-
forming systems that are beyond the reach of even confusion limited observations with theHerschel Space
Observatory (Pilbratt et al. 2010) and SCUBA-2 (Holland et al. 2013, despite the negativeK -correction at
sub-millimetre wavelengths).

The William Herschel Telescope Enhanced Area Velocity Explorer instrument (WEAVE; Dalton et al. 2012,
2014) is a next-generation spectroscopy facility, which has been designed with follow-up of LOFAR targets
as one of the primary goals. WEAVE is a multi-object (MOS) and multi-integral Þeld unit (IFU) Þbre-fed
spectrograph, which allows 1,000 Þbres to be positioned robotically over a Þeld of view 2 degrees in diameter.
In Òlow resolutionÓ mode, WEAVE produces spectra atR = 5 , 000 over a contiguous wavelength range between
365-960 nm in a single exposure, ideal for the e"cient detection, redshifting and classiÞcation of radio sources.

WEAVE-LOFAR is therefore tasked with being the primary source of spectroscopic information for the
LOFAR surveys. Spectra are required for much more than simply estimating redshifts; it is only using these
data that we are able to robustly distinguish between star forming galaxies (SFGs) and AGN, and between
accretion modes in those AGN themselves. Spectra also permit us to measure velocity dispersions, estimate
metallicities and derive virial black hole mass estimates; many thousands of WEAVE-LOFAR spectra thus o!er
an unique insight into the relationship between star formation and accretion over a huge swathe of cosmic history.
In addition, since we target sources selected at radio frequencies (which are una!ected by dust obscuration),
WEAVE-LOFAR will be much less biased against obscured sources than samples selected at optical/near-
infrared wavelengths, providing a representative view of the galaxy and AGN populations. Furthermore, the
unique capability o!ered by the suite of WEAVE integral Þeld units (IFUs) enables us to investigate the onset
of cluster formation in the early Universe (putting proto-clusters into cosmological context for the Þrst time),
allows us to probe the gas supply of massive high-redshift galaxies, and provides the opportunity to measure
the impact of AGN-driven feedback on galaxy evolution.

Some of the key areas that WEAVE-LOFAR will address include:

¥ the star-formation history of the Universe,

¥ accretion and AGN-driven feedback,

¥ the epoch of reionisation,

¥ cosmology,

¥ cluster haloes and relics,

¥ radio galaxies and protoclusters.
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Fig. 1. A comparison between the star formation rate sensitivity of the 5 ! limits of each tier of the LOFAR Surveys
KSP (purple long-dashed, blue dot-dot-dot-dashed and light-blue solid lines for Tiers 1, 2 & 3, respectively), and selected
other surveys, including FIRST (Becker et al. 1995, shown as the dashed black line), and Þve times the confusion noise
limit of Herschel Space Observatoryat 250µm (taken from Rigby et al. 2011, red dot-dashed line, assuming a canonical
isothermal template with T = 35K and " = 1 .5), and from SCUBA-2 at 850 µm (dotted red line, assuming the same
template SED and the confusion noise estimate taken from Geach et al. 2016). We assume an universal radio spectral
index of # = 0 .71 from Mauch et al. (2013), adopting the convention that S! ! $! " .

The WEAVE-LOFAR survey will be described in a future publication (Smith et al. in prep), but in section
2 we discuss the survey design and expected redshift success rate, while in section 3 we discuss some key areas
of the science case in more detail. We conclude in section 4.

2 Survey Design

2.1 Tier strategy and choice of Þelds

WEAVE-LOFAR will adopt a tiered strategy, designed to e"ciently sample the redshift-luminosity plane. In
this way, the survey will obtain statistical samples of both the rarest bright sources (e.g. radio galaxies in
the epoch of reionisation) and the star-forming galaxies that dominate the source counts at the faintest ßux
densities. WEAVE-LOFAR will have three tiers named Deep, Mid and Wide, which mimic the enumerated
tiers of the LOFAR Surveys KSP, though targeting only a subset of the sources in each. The targeting strategy
will be:

¥ Deep: S150MHz > 100µJy,

¥ Mid: S150MHz > 1 mJy,

¥ Wide: S150MHz > 10 mJy.

Together, the three tiers Þll the redshift-luminosity plane as shown in Þgure 2, which are based on realisations
of a single WEAVE Þeld of view for each tier of our survey in the SKA simulated skies from Wilman et al.
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