
EXTRA-GALACTIC WORKING GROUP PRELIMINARY

VLASS SURVEY DEFINITION

Below is a proposal for VLASS to be conducted as a three-tiered survey, using as a baseline the white
papers by Jarvis (for the DEEP component, also Wang and Hales), Richards and Myers (for the WIDE
components), with further considerations for polarization (Mao) and transients (Hallinan). Tier 1 is the
closest that we can come to all-sky in a reasonable amount of time. It would cover ∼ 21, 500 deg2 of the
northern hemisphere from −10 <dec< 75 (all of the area in those limits outside of the Galactic Plane) to
∼ 100µJy rms, taking (21500/16.53)∗1.25 = 1625 hours. While Tier 1 would extend the spatial coverage of a
FIRST-like survey, Tier 2 would probe deeper than FIRST, explore a new frequency range and allow crucial
polarization science. Tier 2 would extend the depth of Tier 1 in an area of roughly ∼ 14, 000 deg2, which covers
the footprints of SDSS, FIRST, HSC, part of the DES area, many deep fields and also includes the proposed
DESI footprint. Taking this region to a depth of ∼ 50µJy rms requires an additional ((14000/16.53) ∗ 4 −

(14000/16.53))∗1.25 = 3176 hours beyond the depth reached by Tier 1. Tier 3 would complete the wedding-
cake structure of the extra-Galactic program by targeting at least ∼ 6.5 deg2 in existing multi-wavelength
fields to ∼ 1.5µJy rms, focusing on the XMMLSS and COSMOS fields. It would require ((6.5/16.53) ∗
(100/1.5)2) ∗ 1.25 = 2185 hours, but we would save some time due to existing S-band coverage in COSMOS.

If we are to stay under 10k hours and the Galactic group can justify 3k hours, then we will need to
reduce the time requested herein as our total is currently 6986 hours and the total for VLASS would be
10,336 hours (for a Galactic program taking 3350 hours).

N.B. Acronyms are defined at the end of the document.

Tier 1: All Sky

• Science Case:

Multi-wavelength astronomical research has become much more common in recent years as new facil-
ities open up new parts of the electromagnetic spectrum to the community. Indeed, HST, Chandra

and Spitzer have well-matched sensitivities (and reasonably consistent resolution) for a wide range of
astrophysical objects. For the Chandra X-ray, and Spitzer infrared observatories, science-ready data
products—abetted by grants that accompany observing time—have facilitated the conversion (or at
least assimilation) of optical astronomers into these formerly insular fields. In the radio this has been
more difficult, probably due both to the lack of user grants for NRAO facilities and also to the chal-
lenging nature of interferometric data processing. However, the FIRST and NVSS surveys have had
great success in broadening the community that uses radio data by providing ready access to radio
images and catalogs for those astronomers that would never have submitted their own proposals for
radio observations. These surveys can be considered as a sort of “virtual” VLA. The FIRST catalog is
heavily utilized; it is accessed through many online systems, and over the past year, complete versions
of the catalog have been downloaded more than 1000 times. In addition, the FIRST cutout server
(http://third.ucllnl.org) delivers on average more than 12,000 image cutouts every day to users around
the world. Every week the FIRST cutout server distributes snapshots with a total exposure time equal
to the entire 4000 hours invested in the FIRST survey! The time spent on surveys with widely usable
data products is clearly repaid many fold. [A figure would be helpful.]

It is in this light that we propose that one facet of VLASS should provide a high-resolution radio
reference for the northern sky to cross-identify interesting objects identified by current and future
all-sky photometric surveys (WISE, 2MASS, Fermi, eROSITA, WFIRST-AFTA) and by time-domain
(variability, proper motion) surveys (Pan-STARRS, ZTF). Such a tier for VLASS will have broad utility
to the whole astronomical community. The primary driver for this survey is to create a set of legacy
products that can be used for a very broad range of science by the entire astronomical community.
The results will impact all areas of astronomy. The 1700 papers citing the FIRST survey cover the
expected topics such as AGN and star-forming galaxies. But they also include many hundreds of papers
on binary stars, neutron stars, X-rays sources, diffuse gamma-ray emission, gravitational lensing, galaxy
clusters, the intergalactic medium and many other topics. And the FIRST survey did not even cover
the Galactic plane, which is a rich source of radio science. Certainly the VLASS Tier 1 survey will
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become a top-level resource for almost every area of astronomy.

This tier of observations will provide an all-sky survey at unprecedented combination of resolution and
sensitivity, providing high spatial resolution compared to WODAN/EMU/LOFAR, allowing reliable
identifications. With an rms of 100 µJy/beam it will be ∼3 times more sensitive than the NVSS (and
roughly as sensitive as FIRST) to sources with ν−0.7 radio spectra. Most importantly, the synthesized
beam will have a FWHM of 2.7 arcsec, ∼15 times smaller than the NVSS (more than 250 times
smaller in area) and ∼ 2 times smaller than the FIRST beam, allowing radio sources to be confidently
identified with optical and infrared counterparts at faint magnitudes. Many extragalactic sources will
be resolved, enabling studies of the spatial distribution of the intensity and polarization. The main
value of this survey comes from its high resolution and accurate positions, which enable secure IDs
both among the dense populations of faint galaxies and rare objects such as high-redshift quasars that
are buried in the mass of faint red stars.

The entire sky down to −30◦ declination has been covered by the Pan-STARRS survey, which is
producing catalogs deeper than SDSS and which will be publicly released through the STScI archive
in 2015. So we can guarantee that the whole VLASS survey will be utilized for science as soon as it is
available, just as FIRST+SDSS has been a powerful combination. But this new survey will also have
positions that are sufficient for matching to the next generation of deep surveys including DES and
LSST. Note that is not the case for the SKA-precursor surveys such as WODAN. While WODAN is
planned to cover the northern sky with very deep observations, its synthesized beam of 15′′×17′′ covers
35 times the area of the JVLA S-band B-configuration beam. It is often argued that high signal-to-
noise observations will make the positions accurate enough for optical identifications of brighter radio
sources in these low-resolution surveys. However, high SNR observations only improve the accuracy
for which the centroid of the radio flux is known, yet the flux-weighted centroid is not necessarily the
location of the optical counterpart. Only high-resolution observations can identify which component of
an extended radio source matches an optical counterpart. Comparisons of FIRST and NVSS positions
show that it is necessary to use large error circles to find optical counterparts to NVSS sources even
when the sources have SNRs of 100 or greater. So our expectation is that lower-resolution surveys like
WODAN will be unsuitable for much of the multi-wavelength science that will be the bread and butter
of the all-sky tier of the VLASS. This survey will have a long, useful, and heavily used lifetime.

In terms of polarization, it provides the first high-resolution (< 45”) large area survey of polarization
at any frequency, therefore resolving most polarized sources. Even after the POSSUM/WODAN sur-
veys are available, it provides—at their high flux ends—determination of depolarization and complex
Faraday structure. VLASS will also detect new populations of polarized sources (in very turbulent
environments: inner regions of jets, starbursts etc..) that are depolarized at frequencies <2 GHz. and
have sensitivity to larger Faraday depths (> 105 rad m−2) and extended structures in Faraday depth
space.

As yet unresolved: The current area is limited to −10 < dec < 75 for the sake of a symmetric beam
and as a natural break on the time requirement, but we can go outside of this by using BnA.

• Technical Requirements:
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Parameter Requirement Science Goal

Area 21,500 deg2 Broad sky coverage
for broad community use

Cadence 1 epoch
Baseline for future
transient surveys

Frequency S-band (3 GHz)
Bandwidth 2 − 4 GHz Good rms Sensitivity

Point Source Sensitivity (1σ) 100µJy bm−1

TB Sensitivity (1σ) 2 K/19 K

Resolution 2.′′7

Highest resolution
possible for symmetric

beam;
to resolve galaxies from

deep optical surveys
Configurations B (or Custom)

Full Polarization Yes
Total Time: ∼1625 hr (based on Myers white paper rates and 25% overhead )
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Tier 2: Wide

• Science Case:

The Tier 1 component of VLASS would provide a legacy high-resolution data set that will last through
to the SKA era; however, it does not probe deeper than the FIRST survey. Similarly, while the DEEP
component of VLASS will probe to far greater depths (as much as a factor of 50) and includes enough
area to mitigate against “cosmic variance”, it will necessarily not survey enough area to produce
statistically significant samples of those rare sources with low space densities, but high intrinsic value.
Thus it is crucial to consider another tier that takes advantage of the the existing and upcoming deep
photometric and spectroscopic databases by breaking new ground (at high resolution) in terms of depth
(and thus redshift) for a statistically significant number of objects with low space density.

Ideally we would simply run Tier 1 even to greater depth (and possibly with more epochs for time-
domain investigations), but the existing multi-wavelength photometry does not support such a strategy.
It is more efficient to concentrate the added depth where is is most needed. In the long run that will
be the LSST area (with a co-added depth of i = 26.8) and these data will serve an important legacy
value in combination with LSST. However, in the more immediate future, the Dark Energy Survey
(DES) and Hyper-Suprime Cam (HSC) serve as better guides with depths of i = 25.3 and i = 25.9,
respectively—an order of magnitude deeper than Pan-STARRS.

It is for these fields that the high resolution afforded by JVLA is most needed. At the limits of the DES,
HSC, and LSST surveys there are 5, 8, and 14 galaxies in an ASKAP beam—nevermind the number
of stars. The higher S/N observations of EMU/Wodan will not mitigate this source density when it
comes to associating optical and radio sources, resulting in a high probability of misidentifications.
B-array observations in the S-band provide sufficient resolution to bring these numbers down to < 1
in the JVLA beam without unnecessarily over-resolving extended radio sources.

Thus while Tier 1 provides the broadest sky coverage to maximize public utility, and the DEEP tier will
probe the faintest radio sources in those regions with ultra-deep multi-wavelength imaging, those two
tiers alone leave a gaping hole in the VLASS program. As such we propose a middle tier where a fraction
of the sky be covered to ∼ 50µJy, or roughly 2× deeper than FIRST for a typical extragalactic spectral
index of α = -0.7, concentrating on the DES and HSC footprints. This would allow the detection of a
statistically significant number of objects in source populations that are only moderately fainter than
the FIRST detection limit.

All of the science enabled by Tier 1 would be strengthened by the Tier 2 component. In terms of
AGN/quasars, the science case is particularly clear. To start with, the FIRST survey detects barely
10% of SDSS quasars, allowing only stacking analyses for the vast majority of sources. That is a real
problem as only about 10% of quasars are formally “radio-loud”, leaving us with a very biased view of
the radio properties of quasars. By extending the VLASS depth to 50µJy that fraction would increase
to ∼20%, which would crucially allow the detection of radio-quiet (but not radio-silent!) quasars that
FIRST generally does not probe. Indeed, FIRST is only sensitive to radio-loud SDSS quasars with
i < 18.9 and z < 3.0. By probing to both fainter limits and over a wide area, we will collect enough radio
data on the high-redshift population to resolve the controversy regarding the redshift and luminosity
evolution of quasars. The proposed depth will be complete to radio-loud quasars over i < 19.65 and
z < 5 (3× deeper than FIRST would be needed to be fully complete to all SDSS quasars). Until we
can move from the realm of object stacking to object detection for a significant number of high-redshift
objects, the detailed physics that produces strong radio jets in some objects and not others will elude
us. High resolution is also important at these depths given the increase in both the AGN fraction
among galaxies and also the radio-loud fraction of AGNs with decreasing luminosity.

By focusing on the area of sky with the best spectroscopic coverage (including the SDSS-I/II/III area,
Stripe 82, HSC, GAMA, AGES, etc.) we will maximize the return of these JVLA data. Thus we
propose to target the planned DESI area, which naturally includes all of these fields. This will allow
HSC (and DESI) spectroscopic targeting based on VLASS.

The breadth of the S-band, coupled with the depth and area of the survey would enable robust spectral
index measurements (good to ∆α ± 0.1) for a significant number of objects (down to ∼ 1.75 mJy,
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which amounts to 60 sources per square degree). Even the faintest FIRST sources would have spectral
indices measured to better than ∆α±0.18. This would enable, for example, AGN orientation measures
necessary for a host of science investigations. In terms of time-domain science, the deeper limit of Tier
2 (as compared to Tier 1) affords more economical splitting into multiple epochs (to be determined),
whereas the exposure time for Tier 1 is arguably too short to consider repeat scans.

Finally, polarization studies will benefit from the combination of high resolution, depth and area. This
includes increased detection rates for rare heavily depolarized sources, as in Tier 1. In addition, it will
provide polarized number counts in a regime where 1.4GHz measurements suggest flatter slope (change
in population?) from higher polarized fluxes. S-band also allows polarization detection of objects with
high rotation measures (RM) not possible with ASKAP/MeerKAT.

As yet unresolved: We have settled on B array, but could use BnA to go further north/south and might
prefer a hybrid that had some sensitivity at both higher and lower resolution. Satellite IF could be an
issue for some of the key DES/HSC area.

• Technical Requirements:

Parameter Requirement Science Goal

Area ∼14,0000 deg2 DESI (and many other)
footprint

Frequency S-band (3 GHz)

Bandwidth 2 − 4 GHz
Spectral indices for

bright objects

Cadence 1-4 epochs?

Time-domain science
such as AGN variability

radio SN, extreme
scattering events

Point Source Sensitivity (1σ) S-band: 50µJy bm−1 (combined)
Sensitive to sources

undetected by FIRST
TB Sensitivity (1σ) S-band: 900 mK (B-array)

Resolution S-band: 2.′′0
Configurations B/BnA or hybrid High-resolution

Full Polarization Yes
Time: ∼3176 hr (on top of Tier 1)
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Tier 3: Deep

• Science Case:

One of the fundamental challenges for astrophysics in the 21st century is finding a way to untangle
the physical processes that govern galaxy formation and evolution. Given the importance and scope
of this problem, the multi-wavelength astronomical community has used the past decade to build up
a wealth of information over specific extragalactic deep fields to specifically address key questions
in galaxy formation and evolution. These fields generally cover many square degrees to facilitate the
investigation of the rarest, typically most massive, galaxies and AGN. Furthermore, such areal coverage
allows the environments to be fully accounted for, thereby linking the single halo to the two-halo terms
in the halo occupation distribution. Surveys at radio wavelengths have begun to lag behind those at
other wavelengths. However, the survey speed offered by the JVLA means that we have reached a
point where we can finally begin to obtain commensurate data at radio wavelengths to those which
already exists from the X-ray through to the far-infrared over ∼ 6.5 square degrees.

A deep extragalactic component is an essential part of the VLASS. Almost every other major facility
in the world has a tiered/wedding-cake survey strategy and the deep survey is usually the most high-
profile part of these. This is particularly important for the JVLA, as its strengths compared to the
SKA precursors are that it has very high instantaneous sensitivity and the ability for high-resolution
imaging over a large range of frequencies.

We therefore present the case for a 6.5 square degree survey to ∼ 1.5µJy at S-band in A- and B-Array,
requiring ∼ 2000 hours to provide census of star-formation and AGN-accretion activity in the Universe
(see Jarvis et al., 2014, arXiv1401.4018 and Hales, 2013, arXiv1312.4602; VLASS White Papers). For
example, the observations will allow galaxies forming stars at ∼ 10 M⊙ yr−1 to be detected out to
z ∼ 1 and luminous infrared galaxies (> 500 M⊙ yr−1) to be found out to z ∼ 5. Furthermore, the
survey area ensures that we will have enough cosmic volume to find these rare sources at all epochs.
The large fractional bandwidth will allow us to determine the polarization properties of galaxies in the
high-redshift Universe as a function of stellar mass, morphology and redshift. Conducting the survey
at S-band ensures the highest sensitivity for detecting extragalactic radio sources due to the typical
spectral index of extragalactic radio sources (Sν ∝ ν−0.7), as well as high (0.′′65) angular resolution for
resolving typical sources at z & 1. This combination of high angular resolution and depth can only be

achieved with the JVLA until an SKA1 is operational, ensuring the survey’s legacy through >2020.

We plan a strategy incorporating both A and B-array data (or some hybrid configuration) to ensure
sensitivity to spatial scales up to 1′ (i.e., the vast majority of extragalactic sources at this depth), while
ensuring that we stay above the expected confusion noise. This also offers the unique opportunity to
critically investigate the utility of radio observations for weak lensing survey of such an area well before
SKA Phase 1 (see e.g. Brown et al. arXiv1312.5618; VLASS white paper). We emphasise that the
maximum resolution offered by the SKA precursors at ∼GHz frequencies is much poorer than possible
with the JVLA, ensuring that the deep survey tier cannot be surpassed for the vast majority of scientific
uses until well into the next decade.

Given the existing and planned multi-wavelength efforts by the astronomical community, the survey
fields most appropriate for such a VLA effort are the XMMLSS and the COSMOS fields; the latter
additionally has deep Hi imaging as part of the CHILES survey. The combined 6.5 degrees of the
VLASS-DEEP survey will yield a legacy dataset that will be used well into the next decade by providing
deep, sub-arcsecond resolution radio continuum (total intensity and polarization) over the best studied
regions of the extragalactic sky.

The deep tier observations will target the most well studied extragalactic deep fields, leveraging off of
the significant time investments (many 10s of thousand of hours) already put in by past/current/future
space- and ground-based observatories (e.g., GOODS, CANDELS, DES, HSC, VISTA, Spitzer, LSST
Deep Drilling, etc.). The depth of this tier will target galaxies forming stars at ≈50 M⊙ yr−1 at z = 1,
and when combined with the large ancillary data sets, will allow for detailed astrophysics to be carried
out with detected sources. Note, COSMOS is already being imaged down to 2µJy as part of the JVLA-
COSMOS survey, allowing us to spend less time here to reach the proposed 1.5µJy depth. Additionally,
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the Frontier Fields are being imaged down to 1µJy in S-band, adding more area to what is currently
proposed for in this tier.

DEEP nicely contrasts and complements MIGHTEE which is a 35deg2 survey that has 10× lower
resolution than the DEEP component of the VLA survey, but better surface brightness sensitivity for
HI. DEEP in S-band observations will also guide future radio surveys whose primary focus will be weak
lensing (since we will be able to settle the source size distribution arguments and uJy flux densities
once and for all), thus providing a unique complement to the MeerKAT surveys.

Additional notes: There is still some discussion about which fields beyond XMMLSS and COSMOS
(which are agreed upon although XMMLSS may be problematic from the uv-coverage and RFI point
of view and COSMOS just needs to be taken uniformly to the proposed depth). There are some
technical/practical issues relevant to E-CDFS which would otherwise be a high priority.

• Technical Requirements:

Parameter Requirement Science Goal

Area 6.5 deg2

Existing deep fields:
XMMLSS and

COSMOS; if XMMLSS
problematic, then

ELAIS-N1
Frequency (3 GHz)
Bandwidth 2 − 4 GHz

Cadence
TBD, but possibly 5 × 8-hour

tracks each at 4µJy

logarithmically
separated for transient

detection and
monitoring

Point Source Sensitivity (1σ) 1.5µJy bm−1 SFR (5σ) of 10M⊙ yr−1

at z = 1

TB Sensitivity (1σ) 1.5 K
From the uv-tapered

image.

Resolution 0.′′65
Resolve typical galaxies

at z &1

Configurations A (+ some B or a hybrid)
Increased sensitivity to

diffuse emission on
1′scales

Full Polarization Yes
Polarized sky at µJy

flux densities
Total Time: ∼2000 hr
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Acronyms

2MASS - The Two Micron All-Sky Survey was a survey of the whole sky in the J, H, and Ks bands taken
between 1997 and 2001, with its first data release in 2003.

ASKAP - The Australian Square Kilometer Array Pathfinder, a high-sensitivity radio telescope (700MHz
– 1.4GHz) with 36 antennae operating with PAFS and providing a ∼30 square degree field of view at 1.4GHz.

CANDELS - The Cosmic Assembly Near-infrared Deep Extragalactic Legacy Survey, a 900 orbit HST
WFC3/ACS imaging program over five key extragalactic fields (GOODS-N, GOODS-S, UDS, EGS, and
COSMOS).

CDFS - The Chandra Deep Field South, an extragalactic deep field at ∼3h RA and -27deg declination.

CHILES - The COSMOS HI Large Extragalactic Survey, a large 21cm VLA program in the COSMOS field
to study HI morphology as a function of location in the underlying large scale structure.

COSMOS - A 2 square degree equatorial deep field at ∼10h RA and +2deg declination originally defined
as an HST treasury project.

DES - The Dark Energy Survey, a five-band survey (g, r, i, z, and Y) of 5000 square degrees in the southern
sky (to i = 25.3) using a sensitive 570-Megapixel camera (DECam) on the 4-m telescope at Cerro Tololo
Inter-American Observatory.

DESI - The Dark Energy Spectroscopic Instrument, formerly known as BigBOSS, is a proposed 5000-fiber
optical spectrograph with a 3 square degree field of view which is planned to start observations on the 4-m
at KPNO in 2018.

E-CDFS - The Extended Chandra Deep Field South, an extragalactic deep field at ∼3h RA and -27deg
declination which includes the original CDFS.

EMU - A planned survey with ASKAP covering the entire Southern Sky (Dec < 20-30deg) to ∼10µJy rms
(10” resolution) at 20cm. ASKAP has commissioned several antennae with PAF technology and produced
images. The survey proper should start in late 2015/2016.

eROSITA - The Extended Roentgen Survey with an Imaging Telescope Array will be the primary instru-
ment on board the Russian “Spectrum-Roentgen-Gamma” (SRG) satellite, to be launched in 2015. It will
perform the first imaging all-sky survey in the medium energy X-ray range up to 10 keV with unprecedented
spatial (∼28′′ at 1 keV) and spectral (138 eV at 6 keV) resolution.

Euclid - Euclid is an ESA space mission operating in the visible and near-IR regime with a planned launch
in 2020.

Fermi - The Fermi Gamma-ray space telescope (formerly GLAST) was launched in 2008 with a goal of ten
years of operations. It includes two scientific instruments: the Large Area Telescope (LAT; 30 MeV–300
GeV) and the Gamma-ray Burst Monitor (GBM; 8 keV–1 MeV).

FIRST - Faint Images of the Radio Sky at Twenty-Centimeters, a 20cm VLA survey over 10,000 square
degrees in the North and South Galactic Caps with a resolution of 5” and a typical rms of 0.15mJy/beam.

Frontier Fields - The Frontier Fields consist of six lensing clusters to be imaged with HST WFC3 and
ACS surveys. The VLA coverage of the Frontier Fields consists of single pointings in S- and C-band (3 and
6 GHz) on the three lensing clusters MACSJ0717, MACS1149, and MACS0416 to depths of 1µJy in each
band. The observations will use both the A- and C-configurations.
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GOODS - The Great Observatories Origins Deep Survey unites extremely deep observations from Spitzer,
Hubble, Chandra, Herschel, XMM-Newton (and etc.) in the Hubble Deep Field North and the CDFS.

HSC - Hyper-Suprime Cam, an ultra-wide-field camera on the 8.2-m Subaru telescope. The HSC deep
survey will image 28.7 square degrees in four fields (XMM-LSS, COSMOS, ELAIS-N1, DEEP2-3) to a limit
r∼27 with grizy + 3 narrow band filters, as well as an embedded 3.6 square degree ultradeep region to r∼28.

HST - The Hubble Space Telescope, a 2.4-meter aperture telescope in the near-UV, visible, and near-IR.

LOFAR - The Low-Frequency Array is a pathfinder for the SKA that is sensitive to frequencies below 250
MHz. It is currently undertaking several sub-surveys of a planned wedding cake survey, including various
“deep fields” at ∼6′′ resolution to the planned Tier 1 depth (0.1mJy at 180MHz, corresponding to 20µJy at
1.4GHz and 12µJy at 3GHz).

LSST - The Large Synoptic Survey Telescope, a 8.4-m, wide-field survey telescope which, using ∼1000 visits
in ten years, will produce a 6-band (0.3 – 1.1µm) survey over 20,000 square degrees of the southern sky.

MeerKAT - South Africa’s SKA Pathfinder, consisting of 64 13.5m dishes with single pixel receivers (4× the
FOV of the JVLA with similar collecting area). MeerKAT is due to begin commissioning with 16 antennas
in late 2015.

MIGHTEE - The MeerKAT International GigaHertz Tiered Extragalactic Exploration survey, a tiered
continuum survey. Tier 1 (1.2GHz) will cover 5000 square degrees to 5µJy rms at 6.5′′ resolution, possibly
in the Stripe 82, VISTA-VIKING/KIDS, and DES fields. Tier 2 (1.2GHz) will cover 35 square degrees to
1µJy at 6.5′′ resolution, possibly in the Elais-S1, XMMLSS, ECDFS, and COSMOS fields. A deeper tier
piggy-backs on the LADUMA HI survey and may potentially reach 0.1µJy. The MeerKAT surveys are due
to start in late 2016/early 2017.

NVSS - The NRAO VLA Sky Survey, a 20cm VLA survey with ∼45” resolution of the entire sky north of
-40deg declination to an rms of ∼0.45mJy/beam.

Pan-STARRS - The Panoramic Survey Telescope & Rapid Response System, an array of four 1.8-m tele-
scopes which will repeatedly survey the visible sky in 5 to 6 optical filters including g, r, i, z, and Y, and
will reach a 5σ depth of r∼24 in a single observation.

SDSS - The Sloan Digital Sky Survey, an imaging (u, g, r, i, and z) and spectroscopic survey of >14,000
square degrees using a dedicated 2.5-m telescope.

SKA - The Square Kilometer Array, a large field of view, high-resolution, high-sensitivity radio telescope
(50MHz – 30 GHz) in Australia, New Zealand, and South Africa which is scheduled to begin in 2018 for
initial operations in 2020 and full operations in 2025.

VISTA - The Visible and Infrared Survey Telescope for Astronomy, a 4-m class wide field survey telescope
for the southern hemisphere equipped with broad band filters at Z, Y, J, H, Ks and a narrow band filter at
1.18µm.

WFIRST-AFTA - The Wide-Field Infrared Survey Telescope (WFIRST) is a proposed NASA observatory
to perform wide-field imaging and slitless spectroscopic surveys of the near-IR sky. The current Astrophysics
Focused Telescope Assets (AFTA) design makes use of an existing 2.4m telescope to enhance sensitivity and
imaging performance. It is the top-ranked large space mission in the New Worlds, New Horizon (NWNH)
Decadal Survey of astronomy and astrophysics.
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WISE - The Wide-field Infrared Survey Explorer, a NASA infrared-wavelength space telescope which per-
formed an all-sky survey at 3.4, 4.6, 12, and 22 µm. The All-sky data were released to the public in March
2012. In August 2013, NASA announced it will reactivate the WISE telescope for a new three-year mission
to search for asteroids that could collide with Earth.

WODAN - Westerbork Observations of the Deep APERTIF Northern-Sky, a proposed large-area survey
with Aperitif on Westerbork (15”×17” resolution) which will reach an rms of 10µJy north of Dec∼30deg. It
and EMU combined will cover the whole sky at ∼1.4 GHz. APERTIF is due to start commissioning in late
2014; however, the survey speed is very high and may overtake any VLASS wide survey if commissioning is
successful.

XMMLSS - The XMM-Newton Large Scale Structure Survey, covering 8×8 square degrees at ∼2h RA and
-7deg declination.

ZTF - The Zwicky Transient Facility, a next generation optical time-domain survey based on the Palomar
Transient Factory. Using a new camera on the 48-inch Schmidt telescope with a 47 square degree field of
view and faster readout, ZTF will survey more than an order of magnitude faster than PTF and conduct an
unprecedented high cadence, wide area survey, producing an all-sky variability catalog averaging 300 epochs
per year. First light at Palomar Observatory in 2016.
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