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VLITE-FAST
• VLITE DIFX correlator has a dump 

time of 2 seconds, so imaging 
transient searches are on that 
timescale or longer 

• But, faster signals are interesting! 

• Raw voltage data could be processed 
to look for fast, dispersed transients, 
but data volume and processing 
requirements are large 

• Requirement: Don’t interfere with 
standard VLITE processing! 

• Solution: Send data stream to 
GPUs to process on the fly. Trigger 
dump of buffer for sufficiently 
interesting candidate events.
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Why Fast Transients?
• VLITE commensal system gets LOTS of time on the 

sky per year (~6000 hours) and FOV is >2 deg so 
rare events can be detected 

• Single pulse searches for pulsars and RRATs 

• Fast Radio Bursts (FRBs) 

• Other?



RRATs
• Rotating Radio Transients 

• First found by McLaughlin+ (2006) in Parkes 
1.4 GHz data. 

• Many found at other frequencies by current 
surveys.  

• ~150 known so far 

• http://astro.phys.wvu.edu/rratalog/ 

• Dispersion measures (DMs) consistent with 
Galactic origin. 

• Reobservations usually yield a period or 
average pulse rate. 

• Periods longer on average than for canonical 
pulsars, but may be a selection effect

VLITE-FAST can expand the population without spending lots of dedicated observing time.



FRBs
• Fast Radio Bursts 

• First found by Lorimer+ (2007) in Parkes 
1.4 GHz data. 

• DM much larger than expected for a 
Galactic source at the sky position.  

• ~15 detected so far in Parkes 1.4 GHz 
data, 1 in Arecibo 1.4 GHz data, 1 in 
GBT 820 MHz data.  

• No repeat pulses detected so far despite 
multiple reobservations → either don't 
repeat, or repeat on very long timescales 

• Latest estimates are 6 x 103 per day full 
sky

Like GRBs, precise localizations may be the key to understanding! 
Detections at different frequencies with different telescopes also important.



VLITE-FAST Parameters
• Input data is 128 MSPS VDIF voltage 

stream from 2 polarizations for 10 
VLA antennas 

• 64 MHz total bandwidth, but 
upper 24 MHz unusable due to 
MUOS satellites 

• Sensitivity is such that brightest 10% 
of FRBs and RRATs should be 
detectable (with large  uncertainties 
due to spectral index and scattering)

For estimating τsc at the VLITE observing frequency, we use the empirical
fit of observed scattering broadening vs. DM from Bhat et al. (2004):

logτsc = −6.46 + 0.154log (DM) + 1.07 (log (DM))2 − 3.86logfobs, (2)

where τsc is in ms and fobs is in GHz. The dispersion broadening over the
width of one channel is given by

dtDM,1ch =
8.3µsDM∆f1ch

f 3
obs

, (3)

where ∆f1ch is in MHz and fobs is in GHz.
The minimum detectable peak flux density is given by the radiometer

equation, where Wobs takes the place of observation time. We assume a
detection threshold of σmin = 6.

Smin =
σmin (Trec + Tsky)

G
√

Nant Npol ∆f Wobs

. (4)

Finally, the observed peak flux density for each FRB is scaled to the VLITE
frequency using either the FRB’s measured spectral index if available, or the
average pulsar spectral index αav = −1.7:

SFRB,V LITE = SFRB

(

fobs,V LITE

fobs,FRB

)α

, (5)

where SFRB and fobs,FRB are the values from Table 1.
Figures 1 and 2 shows the detectability by VLITE of all currently known

FRBs from the literature and the RRATs from McLaughlin et al. (2006).
With the above assumptions, the Lorimer Burst is the only FRB bright
enough to be detected by VLITE, while two of the 11 original RRATs would
be detected. RRATs have much lower DMs than FRBs and are there-
fore much less scattered. Rotational periods can most often be derived for
RRATs, and some objects discovered as RRATs turn out to be slow and/or
intermittent pulsars detectable as periodic emitters with longer observation
times. This makes the average pulsar spectal index a reasonable assumption
in the case of RRATs.

The biggest uncertainty lies in the spectral indices of FRBs. How similar
they are to the average pulsar spectral index is unknown. The two measured
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VLITE’s Sensitivity to Fast Radio Bursts

Julia Deneva

February 2, 2015

The following parameters were used in calculating VLITE’s sensitivity
towards Fast Radio Bursts (FRBs). Bandwidth and number of channels
exlude the part of the VLITE band contaminated by MUOS.

• Bandwidth (∆f) = 40 MHz

• Observing frequency (fobs) = 340 MHz

• System temperature (Trec) = 150 K

• Sky temperature (Tsky) = 50 K

• Gain = 0.054 K/Jy

• Sampling time (dt) = 0.001 s

• Number of polarizations (Npol) = 2

• Number of channels (Nch) = 3920

• Number of antennas (Nant) = 10

The observed pulse width Wobs is related to the intrinsic pulse widthWint:

Wobs =
(

W 2

int + dt2 + τ 2sc + dt2DM,1ch

)1/2
, (1)

where τsc is the scattering broadening and dtDM,1ch is the dispersion broad-
ening over the width of one channel. For now we ignore the dispersion broad-
ening due to finite spacing between trial DM values in the DM search list.
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First Pulsar Detection

• PSR B0329+54 (P= 714 ms, DM=27 pc/cm3)

MUOS band!



Noise Diode Removal
• Switched noise diode on VLA at 10 Hz, aligned with 1 PPS 

• Remove signal and flatten bandpass by dividing by mean 
bandpass over each 0.05 second segment
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Dispersion
• Dispersion delays across the 

band are large at these low 
frequencies! 

• 0.8 s at DM 100 

• 8.4 s at DM 1000 

• Large buffers on GPU required 
for efficient dedispersion 

• Order 10,000 DM trials 
required to sample DMs up to 
1000



Dispersion reduces RFI



Processing Pipeline
• On CPU: 

• Read data from raw ethernet port and fill ring buffer using psrdada library.  
Commanding and dumping of buffer on alert is all implemented 

• On GPU: 

• Channelize using CUFFT library 

• Remove cal diode and flatten bandpass 

• Perform 2-D dedispersion transform (B. Barsdell’s dedisp library) 

• Working on pulse search via convolution and thresholding on GPU 

• Dump ring buffer from all antennas when significant pulse detected 

• Buffer is 16 GB/antenna, which holds 1 minute of data



GPU Comparison
Model RAM

GFLOPS 
(single 

precision)
# Avail

GTX 780 3072 3977 6

GTX Titan Black 6144 5121 1

GTX Titan X 12288 6144 6

Many thanks to Richard Dodson of ICRAR for 6 new Titan X GPUs!



Plans
• Finish integrating a convolution and peak detection kernel in the 

GPU pipeline 

• Start running on single antennas continuously 

• Explore ways to combine antennas without interfering with DIFX 
operation 

• Incoherently sum 2 polarizations + 2 antennas from each node 

• Pass around moderate significance hits and look for 
coincidences 

• Image the dumped VDIF data to localize the transient to up to few 
arcsecond precision


