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The VLBA (Very Long 
Baseline Array)

10 x 25m antennas. 327MHz → 86 GHz.



  

V-FASTR overview

● A commensal search for FRBs using the VLBA.
● Lots of benefits!
–Good sensitivity. Lots of time on sky.

– Can follow up to potentially milli-arcsec resolution

–Geographically distributed antennas provide robustness 
against local RFI and LEO satellites.

– VLBA uses the DiFX software correlator- can get 
spectrometer data almost for free.

● Not 100% straightforward
– Details of how DiFX works and produces data are important

– Tcal signals, AGC, 2-bit sampling, etc etc etc



  

V-FASTR pipeline

Total power from each
Antenna
●approx 1ms
●approx 0.5 MHz

Disks from each  antenna
shipped to Socorro



  

DiFX = flexible, powerful, 
scalable

Switch

See Deller et al 2007, 2011

Node 1

Node 2

Node N

...

V-FASTR

Spectrometer data via
UDP multicast.

High time resolution
Experiment 2

High time resolution
Experiment N

Additional experiments put
no extra load on correlator



  

Technical Issues I: Tcal

UDP packet loss causes black bands of missing data (this is an unusually bad case)



  

Technical Issues I: Tcal



  

Technical issues II: RFI

Short-term (ms) bursty RFI is easy to detect and deal with. Longer term RFI
(both narrow and broadband) that is strong enough affects the gain control and sampler
statistics making the total power seen by the correlator change with time. This makes
median subtraction difficult.



  

Test data – Pulsar B0329



  

Blazing a trail towards SKA

● V-FASTR is a “trailblazer”, beating a path towards 
ASKAP/CRAFT and eventually the SKA.

● Commensal fast transient searches on interferometers 
is new. How can we improve on the situation compared 
to single dishes?

● We have 2N datastreams from N antennas. How 
should we combine them?

● Naïve approach:
● simply sum them. Get sqrt(N) improvement in SNR.
● BUT:  a strong signal in any one antenna biases the sum, so 

strong RFI in any antenna will show up in the sum as well.



  

Enter statistical decision theory



  

Statistical decision theory

● Formalism for evaluating performance of 
“detection” task.

False positive fraction
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“ROC” Curve. ROC = 
receiver operator 
characteristic. 

Point along this curve is dictated
by detector threshold. 
Conversely desired false positive 
fraction sets detector threshold.



  

Naive “sum stations”  in presence of 
weak RFI (simulation)



  

Sum stations via a simple robust 
estimator with weak RFI (simulation)

e.g. discard highest & lowest values



  

Comparison of detectors

- For B0329 test data, 
a simple robust 
estimator was as good 
as any more 
sophisticated (machine 
learning) model.

- Substantially better 
than a naive 
summation approach.

Note scaleThompson et al. 2011.



  

Event follow-up
● Recorrelate baseband data with fine time 

resolution
● Output fine time res visibilities in DiFX format

● Dedisperse visibilities (not spectrometer), 
convert to FITS



  

Event follow-up

● FRING, selfcal, split, image in AIPS/Difmap. PRESTO!

Notes:
-if selfcal, astrometric 
precision limited to ~1”
- can estimate source 
location based on delays
- can use phase calibrators 
if required

Milli-arcsec precision! Take 
that Parkes...

This is an image of a single pulse
from the B0329 test data.



  

Example SNR ~8 pulse

Strong, ~10 ms long 
transmissions from Iridium 
satellites. Primarily narrow-
band, but 2-bit sampling 
steals power across band.

RFI causes errors in average 
power subtraction



  

Example SNR 17 pulse



  

V-FASTR Curiosities



  

Curiosities: V-chirp

Approximate
edge of IF



  



  

Time on sky to 2013 Nov 8



  

Sky coverage to 2013 Nov 8

Log Hours – All receivers combined



  

Sky coverage to 2013 Nov 8

Log Hours – 20cm receiver



  

Sky coverage to 2013 Nov 8

Log Hours – 4cm receiver



  

Event rate limits

From Deneva et al. 2009

● Deneva et al. 2009 published 
limits from 461 hours of 
survey time from PALFA 
(using Arecibo multibeam @ 
20cm)

● Arecibo 5-sigma sensitivity in 
one beam @ 20cm, 10ms: 
0.011 Jy

Limits from sidelobes

Limits from main
lobe

New FRB! Not a limit any more!



  

V-FASTR event rate limits

From: Trott et al., 2013. ApJ 767 4T



  

Summary

● V-FASTR re-uses an interferometer, the VLBA, in 
commensal mode to search for dispersed radio 
pulses.
● Made possible by flexibility of DiFX software 

correlator
● Robust estimation techniques and machine 

learning can do an excellent job of maximising 
detector performance

● Experiment is placing increasingly tight limits on 
event rates, bordering on a challenge for 
Thornton et al rate.



  

Meanwhile
back in the 70s...

O'Sullivan, Ekers, Shaver.
Nature, 1978

Rees 1977. Nature



  

Scooped 40 years ago?

Charman et al 1970. Nature 228

Network of 2-dipole antennas recording total
Power at 150MHz with ~second timescales.

Estimated SEFD 500,000 Jy.



  

Questions?

● V-FASTR:
● System description

– Wayth et al. 2011. ApJ, 735, 97W
– Thompson et al. 2011: ApJ, 735, 98T

● First 6 month results
– Wayth et al., 2012. ApJ 753L 36W

● Combining events/limits from different telescopes/freqs 
plus updated results
– Trott et al., 2013. ApJ 767 4T

● DiFX:
● Deller et al. 2007 PASP, 119, 318D
● Deller at al. 2011 PASP, 123, 275D



  



  

Blind Pulsar detections
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