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ABSTRACT

The science case for the VLA Sky Survey (VLASS), written before the survey was started, has
evolved as VLASS data have become available. In this update, we show how the unique capabilities
of VLASS have been used to both expand upon and add to the original science case. VLASS has
proved particularly valuable for radio transient studies, with groundbreaking new results on radio
emission from gamma-ray bursts, tidal disruption events, supernovae and newly-born AGN jets. We
also update the science case for polarization studies, including Stokes V', and discuss some scientific
results on radio-loud AGN, and from the commensal VLITE and realfast surveys. Finally, we discuss
the new science that is likely to emerge from the third epoch of VLASS observations, which should
roughly double the number of detected transients, allow follow-up of many sources from the first two
epochs, and will include a new commensal all-sky SETI survey.

1. INTRODUCTION

The VLA Sky Survey (VLASS) science case was first
outlined in the survey proposal and then summarized in
the survey description paper (Lacy et al. 2020) (see Ap-
pendix A for citation information). It was based around
four key areas: hidden explosions and transient events,
Faraday tomography of the magnetic sky through po-
larimetry, imaging galaxies through time and space, and
new Milky Way science. Now that the survey has com-
pleted observations for its second epoch, science results
are emerging at a rapid rate. Furthermore, observa-
tions for the third epoch are to be reviewed in May
2022. We therefore felt it timely to present an update
to the science case. Given that observations are only
2/3 complete, and processing of high quality continuum
and polarization images has been delayed due to tech-
nical difficulties that have only recently been overcome,
much of the science has been focused on transients and
variables. These were found in the Quick Look image
products that are produced 1-2 months after observation
(Section 2). Another key set of use cases has emerged
from the commensal projects, realfast and the VLITE
Commensal Sky Survey (VCSS) (Section 3). Although
pipelined VLASS polarization products will not be pro-
duced until Summer 2022, the polarization science cases

have evolved since the original science case was written
(Section 4). The survey has also been used for more tra-
ditional extragalactic continuum radio astronomy (Sec-
tion 5), but only a couple of Galactic science papers have
emerged (Ruan et al. 2020; Barrett 2022). In this Memo
we present some of these early science results and look
forward to Epoch 3. Note that this document is not
intended to be a science case for the third epoch,
which we consider to have been approved as part
of the original survey scope. Rather, the inten-
tion of this document is to show that the survey
is being used to make new discoveries, that sci-
ence beyond the original case is being carried
out, and to look towards future science oppor-
tunities with the existing survey data plus the
addition of Epoch 3.

2. TRANSIENT EVENTS
2.1. Owverview

The systematic exploration of the time domain ra-
dio sky is one of the primary science themes motivat-
ing VLASS. The VLASS strategy of covering the whole
sky observable by the VLA in three epochs is opti-
mized for the detection of radio transients and variables.
VLASS is providing a 100x increase in the number of
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radio transients detected relative to previous surveys.
With > 2000 transients detected in Epoch 2 relative to
Epoch 1 and a similar number that have disappeared
from Epoch 1 to Epoch 2 (D. Dong, personal communi-
cation), early results already confirm that VLASS will
transform our understanding of the transient radio sky.

Most of the VLLASS radio transients detected to date
are opening a unique window on explosive events pow-
ered by core-collapse, merger, accretion, or stellar activ-
ity. Synchrotron emission from shock interaction is an
excellent means to diagnose relativistic outflows and is
sensitive to a wider range of Doppler boosting factors
than surveys in the ~-ray regime (Piran et al. 2019).
This has been demonstrated with the detection of a
decades old transient, present in FIRST but absent from
VLASS, that is a strong candidate for the first bona
fide orphan gamma-ray burst afterglow (Law et al. 2018;
Mooley et al. 2022).

2.2. Tidal Disruption Events

The tidal disruption of stars by supermassive black
holes at the centers of galaxies (TDEs) can also pro-
duce a range of relativistic and sub-relativistic outflows
that can be sensitively traced in the radio (Alexander
et al. 2020). The first radio-discovered TDE was de-
tected in the Caltech-NRAO Stripe 82 Survey (CNSS;
Mooley et al. 2016), a precursor to VLASS (Anderson
et al. 2020). VLASS has expanded the number of TDEs
discovered in the radio, including a decades old tran-
sient that has been fading since 1986 that fills the radio
luminosity gap between the relativistic, jetted TDEs ob-
served at high redshift, and the sub-relativistic outflows
observed in the local universe (Ravi et al. 2022). More
recently a candidate relativistic TDE has been discov-
ered in VLASS at a distance of only 340 Mpc (Somalwar
et al., in prep), much closer than previously uncovered
events. The discovery of this candidate was made by two
separate teams working on VLASS, one using compari-
son of VLASS to the NRAO VLA Sky Survey (NVSS;
Condon et al. 1998), and the second using a new tech-
nique combining simultaneous VLASS and commensal
340 MHz VCSS data aimed at targeting inverted spec-
trum dynamically young sources. An unexpectedly very
delayed TDE radio flare in ASSASN-150i was discovered
in VLASS by Horesh et al. (2021) four years after the
initial event.

2.3. Supernovae

Radio transient surveys are also particularly well-
suited to identifying populations powered by the interac-
tion of supernova ejecta with dense environments, trac-
ing the often complex mass loss history of massive stars.

While optical surveys can identify interaction with dense
material in the immediate environment (~ 10'® cm)
of the supernovae (e.g. super-luminous Type IIn su-
pernovae), radio surveys at GHz frequencies are biased
towards the detection of dense shells of wind material
at much greater distances (~ 1016 — 10'® cm), tracing
pre-supernova outbursts in the centuries prior to core-
collapse.

Cross-matching all publicly announced optical super-
novae prior to 2020 with VL ASS has revealed a sample of
19 heretofore undetected luminous afterglows with prop-
erties that do not obey predictions assuming an 7~2 den-
sity profile from a simple continuous wind (Stroh et al.
2021). Consistent with this observation, follow up of ex-
tremely luminous radio transients discovered in VLASS
and associated with galaxies in the local universe (<
200 Mpc) shows that a substantial fraction have indi-
cations of interactions of supernova ejecta with dense
winds (Dong et al. in prep.). These discoveries open
a new window on studies of common-envelope interac-
tion, which is thought to be an important mechanism
for stripping the envelopes of massive stars, and for the
production of tight compact binary systems observed
in coalescence by LIGO and VIRGO. In one spectacu-
lar example (Dong et al. 2021), the radio transient is
spatially coincident with an archival X-ray transient de-
tected by MAXI, implying a relativistic jet was launched
at the time of core collapse. The combination of an early
relativistic jet and late-time dense interaction is consis-
tent with expectations for the inspiral of a compact ob-
ject within the envelope of its companion, leading to a
merger-driven core collapse supernova. This type of ex-
plosion had been predicted (Chevalier 2012), but never
observed before (Figure 1).

2.4. Newborn Quasar Jets

Young radio jets associated with active galactic nuclei
(AGN) and quasars may exhibit substantial variability
due to source expansion and evolution on timescales of
years to decades (O’Dea & Saikia 2021). Modern ra-
dio surveys that record data over multiple epochs with
cadences of years or longer are therefore capable of
identifying recently-triggered radio jets on the basis of
their radio variability. Recently, Nyland et al. (2020)
searched for optical- and infrared-selected quasars that
had brightened dramatically (> 2x) in the radio be-
tween VLASS Epoch 1 and the Faint Images of the Ra-
dio Sky at Twenty Centimeters survey (FIRST; Becker
et al. 1995). These quasars appear to have transitioned
from radio-quiet to radio-loud in the past 10-20 years
(Figure 2). Simultaneous, multi-band follow-up with
the VLA has revealed compact morphologies and peaked
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Figure 1. Transient highlight - A merger-triggered core collapse supernova (Dong et al 2021): VT J1210+4956
was a transient discovered in VLASS Epoch 1.1, relative to FIRST, and represents the first discovery of a new class of merger-
triggered supernovae. Panel A) Non-detection in the FIRST survey at 1.4 GHz, with a 30 upper limit of 0.41 mJy on 1997
April 17. Panel B) Detection in VLASS at 3 GHz at 2.7 mJy 20.59 years after the FIRST observation (2017 November 20).
Panel C) Optical image of the location of VT 121044956 in a star-forming galaxy at a distance of 140 Mpc. Panel D) The radio
spectrum of VT 121044956 measured from the VLASS discovery observation, and follow-up epochs observed with the VLA
(Project 19A-422). The radio emission is consistent with supernova ejecta colliding with a dense shell of material, ejected by a
binary interaction in the centuries prior to explosion. We also associate the supernova with an archival X-ray transient, which
implies a relativistic jet was launched during the explosion. The combination of an early relativistic jet and late-time dense
interaction is consistent with expectations for the inspiral of a compact object within the envelope of its companion, leading to
a merger-driven core collapse supernova.
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Figure 2. Illustration of the selection criteria from Nyland et al. (2020) used to identify quasars that had switched from
radio-quiet to radio-loud between FIRST and VLASS Epoch 1.
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spectral shapes that are consistent with young, recently-
triggered jets.

The number density of objects found in this VLASS-
FIRST comparison is much larger than expected if the
typical radio source lifetime is ~ 107 yr, as inferred
from spectral aging of FRII radio galaxies (e.g. Myers
& Spangler 1985; Alexander & Leahy 1987), suggest-
ing that only ~ 1% of radio sources are active for long
enough to form large-scale (2 100 kpc) radio sources.
Frequent episodes of short-lived quasar jets could play
an important role in galaxy evolution if they contribute
to the regulation of star formation rates and supermas-
sive black hole growth over cosmic time.

Continued monitoring of the evolution in the fluxes
and radio spectra of these quasars is necessary to test the
hypothesis that they are young (Figure 3). Changes in
source flux tracked across VLASS Epochs 1, 2, and 3 will
directly constrain the physics of the young jets and their
ambient environments (e.g. Ross et al. 2022). In com-
bination with simultaneous multi-band VLA follow-up
observations, the 3 epochs of VLASS will test whether
beaming, multiple superimposed components (e.g. a re-
started jet + fading “lobes”), or transient phenomena
(e.g. extreme scattering events) influence the dynamic
radio properties of candidate newborn quasar jets.

2.5. Fuast Radio Burst Persistent Radio Sources

Fast radio bursts (FRBs) are bright, millisecond
flashes, which have been seen in galaxies out to cos-
mological distances.! The ~600 FRBs published so far
show a bewildering diversity. Some repeat, others are
so far one-offs; some repeating FRBs repeat in periodic
active windows, others repeat randomly. Some FRBs
are in the disks of spiral galaxies, but one has now been
found in a globular cluster. Favored models for FRBs
center on magnetars (Margalit & Metzger 2018), but
many other models are possible (Platts et al. 2019), and
there is currently no consensus, nor an understanding of
how many different types of sources might need to be
explained.

A vital clue to the nature of FRBs is that two
FRBs have been associated with persistent radio sources
(PRSs), which perhaps represent nebulae powered by
the FRB mechanism (Law et al. 2022). The first two
epochs of VLASS are already being used to search for
more PRS: an untargeted search for PRS-like objects
across the full VLASS survey (Law et al., in prep.), and
a targeted search for PRS at the locations of FRBs de-
tected by CHIME (Ibik et al., in prep.). Dong et al. (in

I The highest redshift so far seen for an FRB is z = 0.66; see

frbhosts.org.

prep; Figure 4) have found a transient with very simi-
lar properties to PRSs that is strong candidate for an
emerging pulsar wind nebula. Epoch 3 of VLASS will
provide key information on the flux variability of PRSs
and will allow more sensitive searches for PRSs based
on stacked images.

2.6. Time domain science with Single Epoch products

The delivery of Single Epoch (SE) products will al-
low further time domain science to be performed. In
particular, the spectral evolution of slow transients can
be studied between epochs, as can the polarization. In
general, polarization variability contains information on
the structure of magnetic fields in the jet production
region and/or in regions of Faraday rotation around it
(Marti-Vidal & Goddi 2021), but has only been studied
for a few hundred sources (e.g. Lister et al. 2021), with
VLASS we will be able to extend these studies into the
tens of thousands.

3. COMMENSAL SCIENCE
3.1. realfast

realfast is a commensal, real-time, fast-transient
search system integrated with the VLA correlator. This
gives the VLA the ability to search for dispersed tran-
sients on a fast (milliseconds) visibility data stream be-
fore the standard visibility data (binned in timescales
~seconds) are generated. Commensal operation during
VLASS has discovered transient and variable signatures
on timescales faster than the correlator integration time.
This has also been useful in revealing data problems dur-
ing VLASS that have resulted in improvements to the
correlator and scheduling software.

3.1.1. FRBs

realfast is now in full commensal operation for L-, S-,
C- and X-band continuum observations. With its real-
time operation and access to a slow data stream, realfast
is uniquely positioned to search for persistent and fast-
evolving radio counterparts to FRBs. The slow-sampled
data is used to search for both a persistent radio source
and/or rapid time-evolving radio emission (seconds to
minutes). This feature was first demonstrated for large
numbers of FRBs by VLA /realfast and has since been
designed into Square Kilometre Array (SKA) pathfind-
ers, such as The Australian SKA Pathfinder (ASKAP;
Hotan et al. 2021) and MeerKAT (Jonas & MeerKAT
Team 2016).

The realfast system has made major contributions to
our understanding of FRBs. The prototype system was
used to make the first precise localization of an FRB,
which provided the first direct evidence of FRBs as an
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Figure 3. Multi-epoch, multi-band radio spectra of three candidate young jets fit with curved power-law models (see Nyland
et al. 2020 for details). On timescales of a couple of years, the radio spectra of candidate newborn jets may exhibit a) no
signs of variability, b) steadily increasing optically-thick flux consistent with expectations for an adiabatically expanding young
source, or ¢) extreme changes in shape indicative of relativistic beaming effects (Nyland et al. in prep.)

extragalactic phenomenon (Chatterjee et al. 2017; Ten-
dulkar et al. 2017; Bassa et al. 2017; Marcote et al. 2017).
It is currently the only FRB detector in the world with
an angular resolution that allows every FRB it detects
to be confidently associated with a host galaxy out to
z ~ 1 (Figure 5).

A central question in the field is: do all FRBs come
from the same kind of object or are there multiple kinds
of FRB-emitting objects? FRB localization will con-
tinue to drive novel discoveries by building large sam-
ples of multiwavelength associations. realfast has local-

ized seven FRBs, largely through pointed observations
of repeating FRBs. Two of these FRBs have persistent
radio counterparts that have motivated new models for
FRB sources (Niu et al. 2021). These models make pre-
dictions for source environment and host galaxy that
are not yet well constrained by the small sample of
FRB/PRS sources. More examples are needed to mea-
sure the luminosity and spectral properties that define
their total energy, age, and other properties.

3.1.2. Pulsars
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Figure 4. Top: The discovery of VT 1137-0337. From left to right: (1) The position of the transient relative to an SDSS image
of its host: a 10%® Mg dwarf star forming galaxy, (2) A nondetection in our reference epoch, the FIRST survey, (3) The initial
detection image from Epoch 1.1 of VLASS, (4) Confirmation of the transient at the same frequency as FIRST through VLA
followup. Bottom: (1) The flat %35 radio spectrum of VT 1137-0337, which has faded by ~20% in the 4 years since first
detection and shows no indication of spectral structure due to scintillation or AGN variability. (2) VT 1137-0337 in comparison
to other transients and flat spectrum sources associated with dwarf galaxies. Among sources left of the dashed line (harder than
the v9% diffusive shock acceleration limit), VT 1137-0337 is the only transient. The source bears a striking resemblance to

both known persistent radio sources associated with FRBs

The commensal fast transient search during VLASS
has also detected numerous pulsars. Currently, 40 mil-
lisecond transients have been found: 35 are identified
as known pulsars via sky position and dispersion mea-
sure (DM) matches; 5 have DM consistent with galactic
sources and are likely to be newly-discovered pulsars.
In some cases, only a single pulse is detected, making
them candidate “rotating radio transients” (RRATS).
The sources have been found via their individual pulses,
rather than periodicity searches. This kind of search is
much less sensitive than traditional searches, but it se-
lects for pulsars with large pulse-to-pulse variability or
mode-changing behavior (Burke-Spolaor & Bailes 2010).
Furthermore, VLASS observes from 2-4 GHz, a fre-
quency range that has never been used for an all-sky
pulsar survey. These two facts make the VLASS pul-
sar survey a unique complement and novel view on the
Milky Way pulsar population.

3.2. VLITE Commensal Sky Survey

The VLA Low-band Ionosphere and Transient Exper-
iment (VLITE; Clarke et al. 2016) is a commensal ob-
serving system on the VLA that operates at 340 MHz
during nearly all observations that use the Cassegrain
focus. VLITE records roughly 6000 hours of data per

year and currently operates on 18 antennas. VLITE
was modified to enable operation during VLASS. The
resulting data acquired in this mode is known as the
VLA Commenal Sky Survey (VCSS; Peters et al. 2021).

VCSS observations have been underway since the be-
ginning of VLASS. Data are processed using a modified
version of the VLITE data processing pipeline. Low
frequency observations have much larger primary beam
responses than higher frequencies, thus VCSS produces
a set of overlapping snapshots based on the VLASS
observing strategy. The snapshots are combined into
mosaics with a typical sensitivity of 3 mJy/beam for
a single epoch, and a resolution of 20”. All VCSS
mosaics are processed through the VLITE Database
Pipeline (VDP; Polisensky et al. 2019) into a custom
SQL database. The VCSS data products are used for
stand-alone science, such as measuring the properties of
extended, steep-spectrum sources that VLASS not be
detected by VLASS. Together with VLASS, VCSS also
provides simultaneous spectral index measurements,
which constrains source conditions (e.g. optically-thin
vs. optically-thick synchrotron) and ages.

At early times, radio transients provide unique physi-
cal information such as ejecta speeds and ambient den-
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Figure 5. Summary view of four of the seven VLA /realfast localizations of FRBs (publications at http://realfast.io/

publications/). These detections have helped demonstrate that FRBs live in a wide range of environments, including high
and low stellar mass, mergers and isolated galaxies, and hosts with ionization dominated by both star formation and active
galaxies.
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sity profiles that are key to understanding energetic ex-
plosions and their progenitors. The challenge is to iden-
tify and study these events before these early signa-
tures fade. The combination of VLASS and VCSS is
offering a unique view of young transients, by providing
instantaneous 0.3-3 GHz spectral indices for >500,000
sources at each VLASS epoch. Chen et al. (in prep.)
have used this data set to derive a comprehensive census
of self-absorbed and optically thick (and hence poten-
tially young and rapidly-evolving) transients at the ear-
liest stages of evolution, including a remarkably bright
(~70 mJy) new Galactic nova. Epoch 3 of VLASS and
VCSS will not only increase our yield of such sources by
50%, but will let us track the spectral evolution of such
sources identified in the first two epochs.

4. POLARIZATION
4.1. Circular polarization

A special consideration that has emerged after the
original science case was written is whether to store the
Stokes V' (circular polarization) images that are pro-
duced by the pipeline. Initially, it was thought that
Stokes V' would be of poor quality due to difficulties
with on-axis calibration and strong off-axis leakage. The
decision was thus taken early in the survey not to store
the Stokes V' products, saving ~ 30% in storage costs
(Stokes V' is output by the pipeline by default, so the
processing costs are zero). Early tests, however, suggest
that the on-axis calibration can be as good as for Stokes
@ and U, and that the Stokes V off-axis leakage, though
worse than for @Q and U, is $ 1% compared to source V,
polarizations of up to ~ 10%.

Circularly-polarized emission from stars can be due to
intrinsic processes in a single star, or from binary (star-
star or star-planet) interactions. It provides information
about both the star itself (e.g., single vs. binary) and
about the extent to which processes at or near the Sun
are similar or dissimilar to those of other stars. Typical
polarizations are well above the 1% level (e.g. Hallinan
et al. 2007; Villadsen & Hallinan 2019; Vedantham et al.
2020; Quiroga-Nurtiez et al. 2020; Pritchard et al. 2021).
Pulsars and magnetars also often show circular polar-
ization. It is also possible that new classes of object
will be discovered. For example, Wang et al. (2021) find
a mysterious transient with strong circular polarization
near the Galactic Center. In AGN, circular polarization
of 2 1% is much rarer, however, some low-luminosity
AGN show circular polarization (Irwin et al. 2018). All
known sources of circular polarization are variable, thus
the multi-epoch nature of VLASS is particularly impor-
tant for this science.

4.2. Linear polarization

Polarimetry of compact sources was one of the main
original science drivers for VLLASS, with the potential
to provide unique information on the magnetic fields in
both active and star-forming galaxies, and on how these
fields have evolved over cosmic time (Mao et al. 2014).
In particular, VLASS is a superb complement to lower-
frequency polarization surveys such as the Polarization
Sky Survey of the Universe’s Magnetism (POSSUM;
Gaensler et al. 2010) and the LOFAR Two-metre Sky
Survey (LOTSS; Shimwell et al. 2022), because it is sen-
sitive to much higher rotation measures (RMs) that are
expected to completely depolarize sources in these other
data sets. Furthermore, VLASS provides significant sky
overlap with both POSSUM and LOTSS, allowing data
sets to be combined to perform ultra-broadband spec-
tropolarimetry (see, e.g., Anderson et al. 2016). This
makes both VLASS on its own and VLASS in combi-
nation with POSSM or LOTSS valuable for identifying
Faraday complex souces, where a simple Faraday screen
model is insufficient to explain the observed dependence
of polarization on wavelength (Anderson et al. 2015).

While polarization processing from VLASS is still in
a pilot/testing phase, the Canadian Initiative for Radio
Astronomy Data Analysis (CIRADA; www.cirada.ca)
has created an extensive software suite for analysis
and processing, ready for application to VLASS Stokes
cubes. This includes quality assessment and diagnos-
tic tools (which have already been used on pilot cubes),
and pipelines to apply rotation RM synthesis and de-
rive RM catalogs. Analysis of pilot cubes has resulted
in a detection of around ~ 6 RMs per deg?, consistent
with predictions, and implying a total yield of around
200,000 RMs per epoch.

A relatively unexplored topic is time-variability of
AGN polarization, which directly probes physical pro-
cesses happening close to the central supermassive black
hole. Polarization monitoring over decades (e.g., Aller
et al. 2017) and/or at milliarcsecond-scale resolution
(e.g., Hovatta et al. 2012; Lister et al. 2018) have both
been performed for modest samples of hundreds of AGN
over a small set of widely spaced frequencies, and mostly
only for very bright sources. But, there has never been
a large-scale, multi-epoch, broadband spectropolarimet-
ric survey at mJy flux levels. Initial spectropolarimetric
results from a small number of sources suggest remark-
able, complex variability in Faraday rotation for some
AGN (Figure 6; Anderson et al. 2019). However, a much
broader phenomenology needs to be established before
any meaningful interpretation becomes possible.
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Figure 6. Broadband spectropolarimetric variability of PKS B0454-810 between 2012 (left panel) and 2017 (right panel)
(Anderson et al. 2019). Red points represent /I, while blue points indicate U/I, with respective best-fit models from a multi-
component Faraday rotating source shown as red and blue lines. Orange lines show the best fit at the other epoch, and the
lower panel shows the standarized residuals between the data and the model. Substantial variability in frequency-dependent

polarization properties is seen between epochs. The source’s 1.4 GHz total intensity varied from 0.81 Jy in 2012 to 0.97 Jy in
2017.
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5. IMAGING GALAXIES THROUGH TIME AND
SPACE

The high angular resolution of VLASS makes it unique

VLASS SSG

VLASS observations have already discovered a record-
breaking number of transient radio sources, and the
breadth of the transient science return from VLASS

continues to grow rapidly. Cross-matching of transients
detected in VLASS Epoch 2.1 with Pan-STARRS and
Gaia have produced the largest sample of radio stellar
flares ever produced (Ayala et al. in prep.). Given that
most of the expected slow transients (SNe, TDEs) fade
on timescales of months, the sample of transients be-
tween Epoch 2 and 3 will be largely different from those
between Epochs 1 and 2, essentially doubling the sample
size. Furthermore, for those transients that do persist
on timescales of years, Epoch 3 will give a further point
on the light curve.

among wide-field radio surveys, and VLASS has already
been used many times in studies of radio galaxies and
other AGN. To give some examples, VLASS data have
been used to study the structure and spectra of dust
obscured AGN (Patil et al. 2020), AGN in dwarf galaxies
(Molina et al. 2021; Ward et al. 2021), and an extended
radio jet at z = 6.1 (Ighina et al. 2022).

VLASS was not designed with high surface bright-
ness sensitivity as a goal, nevertheless it has proven very
useful in the study of extended (angular size 2 1’, corre-
sponding to = 0.5 Mpc at z = 1) radio galaxies. VLASS
reveals structure in the outer lobes of radio galaxies
that would appear unresolved in lower-resolution sur-
veys. Furthermore, VLASS detections of the cores and
kpc-scale inner structures of giant radio galaxies have
proven of great value for providing optical /IR identifi-
cations, and have improved our understanding of the
nature of ongoing activity in the cores and inner jets
(e.g. Tang et al. 2020; Oei et al. 2022)

A systematic inspection of the entire North Polar Cap
region (Decl > 464°) in comparison with optical /IR sur-
veys like Pan-STARRS and AIIWISE has yielded around
200 new giant radio galaxies with projected size larger
than 1Mpc.? In addition, positions for a few thousand
candidate extended radio galaxies were logged during a
visual inspection of VLASS Epoch 1 Quick Look images
of southerly regions not covered by FIRST (Villarreal
Hernédndez & Andernach 2018).

A fraction of these radio galaxies can be spotted semi-
automatically by looking for pairs of extended radio
sources in VLASS source catalogs (e.g. Gordon et al.
2021) by a selection of a suitable range of mutual orien-
tation angles and those with respect to the axis connect-
ing the source pair. If such pairs are chosen among the
“empty islands” in the catalog of Gordon et al. (2021),
many of these turn out to be remnant-type radio galax-
ies of angular size (< 1’) not previously recognized in
prior large-scale radio surveys. VLASS is also useful in
the classification of remnant radio galaxies based on the
absence of hotspots in diffuse lobes of previously known
radio galaxies.

6.2. Fast transients and SETI

A third epoch of VLASS improves the science results
from realfast in three ways: improved sensitivity, an ex-
tra epoch to search for events, and a longer time baseline
to study changes. The realfast system searches for tran-
sient events, so new discoveries of FRBs and pulsars are
more likely with more time on sky. In fact, realfast was
fully operational only starting in VLASS Epoch 2, so a
third epoch will double the amount of commensal, fast-
transient search time on sky. For some science cases,
deeper or longer time baselines will improve our under-
standing of these events or their multiwavelength coun-
terparts. For example, the time variability of FRB PRS
counterparts is poorly constrained, but it is a powerful
discriminator of FRB source models.

The Commensal Open-Source Multimode Interfer-
ometer Cluster Search for Extraterrestrial Intelligence
(COSMIC) uses separate feeds from the VLA anten-
nas connected to GPU-based signal analysis hardware
to search for extraterrestrial technosignatures.® The sys-
tem is expected to be operational by the start of VLLASS
Epoch 3 observing, and, by operating in parallel with
VLASS, will be able to perform an all-sky SETT search
that would not be possible otherwise.

6.3. Polarimetry

The multi-epoch polarization data set that VLASS
will provide will be unique, since no other all-sky po-
larization sky survey consists of multiple epochs toward
large numbers of sources. Two epochs on their own will
provide ambiguous results, since they will not be able
to distinguish short-term or fluctuating behavior from
secular trends. A third VLASS epoch will be vital to
establishing patterns and statistics of polarization vari-
ability in AGN.

6. PROSPECTS FOR THE THIRD EPOCH OF
VLASS

6.1. Slow transients

2 See presentation by Andernach at https://www.aoc.nrao.edu/

events/VLA40th/slides/session9/Heinz- Andernach.pdf. 3 https://www.seti.org/using-vla-seti
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Figure 7. An example of a giant radio galaxy for which the combination of VLASS (epochs 1 and 2), NVSS and deep optical
surveys was essential to arrive to its identification. The central crosses on the VLASS and NVSS images indicate the location

of the host galaxy.

6.4. Radio AGN and star-forming galaxies

For non-variable radio sources, the cumulative imag-
ing products from all three epochs will improve sensi-
tivity by 70% compared to the single epoch products,
and the additional uv data will also help to suppress ar-
tifacts. At the flux density levels corresponding to the
limit of VLASS, AGN dominance of the radio source
counts is giving way to rapidly rising counts of star-
forming galaxies (e.g. Matthews et al. 2021), so even
this small sensitivity improvement will be important in
terms of increasing the number of star-forming galaxies
available for study. The cumulative imaging products
will also include tapered lower resolution (= 7-arcsec)
images that will result in improved sensitivity for low
surface brightness objects such as the lobes of giant ra-
dio galaxies. For variable AGN, the extra epoch will al-
low better characterization of AGN variability in the ra-
dio. This is especially important for the newborn quasar
jets described in Section 2.4, where VLASS Epoch 3 ob-
servations can determine if most of them continue to
brighten, or whether a fraction of them are fading back
into quiescence on timescales of a few years.

7. SUMMARY AND FUTURE DIRECTIONS

VLASS has been very successful in advancing a num-
ber of scientific areas. In particular, new results on slow
radio transients have already led to new important new
insights into gamma-ray bursts, supernovae, TDEs and
radio AGN life-cycles. In combination with the com-
mensal realfast program, VLASS gives us a unique way
to study FRBs and any persistent sources associated
with them, which will potentially revolutionize our un-
derstanding of these mysterious objects. With the pro-
duction of pipelined polarization images to start in the
summer of 2022, polarization studies, including polar-
ization variability, will open up, completing the synop-
tic axes of the survey (time, frequency and polariza-
tion). VLASS has also been valuable for pointing the
way towards future projects such as ngVLA and SKA,
both in terms of adding to and refining the science cases
of these instruments, and in terms of the scientific and
technical developments in wide-field, wide-band imaging
algorithms and in high-throughput computing that will
be needed to support them.

Looking ahead to Epoch 3, the quantity and quality of
multiwavelength survey data complementary to VLASS
will continue to improve. Large area ongoing/upcoming
sky surveys include multi-epoch optical surveys such as
ZTF and LSST, spectroscopic surveys such as DESI
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and PFS, and space-based surveys such as eROSITA,
SphereX and further Gaia data releases. These will be
valuable for identifying and obtaining redshifts for both
non-varying radio sources and slow transients. Tran-
sient identification in VLASS is also likely to improve
in Epoch 3 through the refinement of algorithms devel-
oped for Epoch 1 to Epoch 2 transient identification.
Thus, although it might be argued that Epoch 3 will
only double the number of transients found by VLASS,
its impact will be enhanced by more than that, both in

terms of numbers and in terms of the ability to use new
surveys to quickly identify and classify the events.

The NRAO is organizing an upcoming conference to
support VLASS science and engage with the commu-
nity.* The conference title is the “Very Large Array
Sky Survey in the Multiwavelength Spotlight,” and it
will take place from September 7-9, 2022, in Socorro,
New Mexico, USA as well as virtually. This confer-
ence will provide a platform for a diverse range of scien-
tific perspectives, both on the discoveries enabled by the
Very Large Array Sky Survey (VLASS) on its own, and
on advances made possible through synergy with other
datasets.
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Citations of VLASS using VLASS data
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Figure 8. Citations of the VLASS survey paper that use VLASS data by (calendar year) quarter.

APPENDIX

A. CITATION STATISTICS FOR THE VLASS SURVEY DESCRIPTION PAPER

At the current time of writing (June 2022), the VLASS survey paper (Lacy et al. 2020), published in March 2020 has
190 citations on ADS. In common with other survey papers, many of these do not use the survey data, but instead cite
the survey paper give their work context, or point towards possible future studies. The NRAO librarian has identified
59 papers that actually use VLASS data. These citations are consistent with a growing uptake of the survey with time
(Figure 8).
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