
VLASS Survey Definition:

Time Domain Science



Frequency:

- Transient science is inherently flexible and well suited to play a commensal role in 
most VLASS survey definitions.

- However transient science benefits from repeated mapping of large volumes           

–> favors higher survey speed and thus low frequencies (L and S band).



Area and Depth:

- Transient science benefits from repeated mapping of large volumes. 

- For a fixed survey duration,  volume is proportional to survey area, A1/4.

- Population are proportionally closer and brighter – easier follow-up.

–> favors wide and shallow surveys.

- Caveats: 

1) Minimum survey depth necessary for some populations

2) Survey area can be traded off with number of epochs. Repeated emphasis on 
multiple epochs in discussions in the transient group.

3)  Transient rate not strictly proportional to volume for many populations. E.g. GRB 
afterglows at z~0.5.



Resolution:

- Transient sources are unresolved for all configurations.

- Larger configurations enable better localization and are favoured.

- 2” is a minimum for extragalactic surveys and 1” is a minimum for the Galactic 
Plane and Bulge to allow unique localization.

- Consensus View: The resolution of the VLA is a unique advantage relative to other 
surveys and should be showcased in the VLASS.



Observation Mode:

- The use of on-the-fly (OTF) mapping is essential for transient science with the 
shallow surveys in the VLASS to allow multiple epochs [not relevant for deep 
fields]. 

- Epoch depth should be defined by the allowed maximum data rate -> 25 MB/s ~ 
equates to 0.5 sec integrations at S band ~ equates to rm of 130 μJy per epoch.

- Impact is on data rate and volume but should not impact final data product, 
*including timeline*. Should improve survey speed.

- Most raised problems, such as pointing errors, RFI, wideband joint deconvolution, 
etc. are no specific to OTF. Some, such as CLEAN bias, should be better with 
multiple epoch OTF. 

- Outstanding issues to be considered via examination of test data, both images and 
catalogs, to be shared in preparation for VLASS.



Additional Points:

- The presence of legacy data (eg. deep radio optical and infrared surveys) is a huge 
advantage in categorizing radio transients (e.g. SDSS and FIRST).

- Fast dump modes would open up the possibility of searching for radio transients on 
sub-second timescales (e.g. FRBs) [Law et al. white paper].

- The commensal use of the VLITE system would greatly increase the transient 
science return for the VLASS.



Monolithic Survey Definition (S-band):

- 7 epochs extragalactic

- 18 epochs Galactic



Multi-frequency, Tiered Survey:

- 2 epochs extragalactic all-sky (OTF)

- 7 epoch extragalactic wide (OTF) – highest priority

- 100 epochs Deep (pointed) [e.g. COSMOS]

- 6 epochs Galactic  



Transient science with the VLASS is diverse -> 

TDEs
SNe
Orphan GRBs (long)
NS-NS mergers
X-ray binaries
Young stellar objects
Brown dwarfs
Novae
Fast radio bursts, 
Galactic plane pulsars
AGN
Active stars
Galactic Center radio transients
Extreme scattering events

Key point: The VLASS will the first blind radio transient survey deep enough to 
answer fundamental question about known populations of radio transients



The phase space of Galactic radio transients at S-band. The solid black lines represent Galactic source counts 
from the MAGPIS survey [White et al. 2005, AJ, 130, 586] and extragalactic source counts from the FIRST survey. 
The dashed black lines give expected rates of different classes of transients from [Williams et al. 2013, ApJ, 762, 
85]. The dashed blue line denotes variable Galactic population from [Becker et al. 2010, AJ, 140, 157]. Wedges 
indicate upper limits to the transient rates form previous surveys, and errorbars (2-σ) are transient rates for 
past detections. The markers are color-coded according to frequency of observations. Rates for novae are 
estimated from optical transient survey.



The phase space of slow extragalactic transients. The solid red line represent extragalactic source counts from 
FIRST. The dashed black lines give expected rates of different classes of transients at 3 GHz based on their 
known light curves and their occurence per Gpc3 per year. The rates for NS-NS and SN1998bw are from Frail et 
al. 2012, and those for orphan long-GRB afterglows are from Ghirlanda 2014. The dashed red line denotes the 
variable extragalactic source population (1% of the persistent sources; variety of references, e.g. Mooley et al. 
2013 and references therein). The dashed grey line is the transient rate claimed by Bower et al. 2007. Wedges 
indicate upper limits to the transient rates form previous surveys, and errorbars (2-σ) are transient rates for 
past detections. The markers are color-coded according to frequency of observations. 



1) Detection of off-axis (orphan) GRB

2) Detection of Neutron star merger event

3) Exotic neutron stars (Chaterjee white paper)

4) Determination of the TDE rate

5) Determination of the rate of obscured supernovae in the local Universe

6) Determination of rate of known and unknown classes of radio transients, both 
extra-galactic and Galactic

7) Discovery of additional Galactic Center Radio Transients (GCRTs)

8) Radio maps and catalogs for all future transients surveys, as well as gravitational 
wave counterpart searches.


