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The Prototype All-Sky Imager (PASI)
• Software correlator and imager in the LWA1’s RFI shelter
• Receives a continuous 100 kSPS stream from all the dipoles
• Near-live imaging of the sky with up to 1 s cadence at 100% 

duty cycle, typically running 10−20 hr/day, covering 3π sr
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The Prototype All-Sky Imager (PASI)

http://www.phys.unm.edu/~lwa/lwatv/56381.mov
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http://lwa.unm.edu/live



The Prototype All-Sky Imager (PASI)
PASI

Data I/O
1. Simulating sky data
2. Streaming TBN data from DP
3. Reading TBN data from disk

Monitor & control interface

Automated RFI excision

All-sky imager (CASA)

FX correlator
F — polyphase filterbank
X — correlator

Phase & flux calibration
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The Prototype All-Sky Imager (PASI)

Internal storage provides look-back 
time for all levels of data products

• 10−20 hours for raw data 
— not yet implemented

• > 30 days for visibilities 
with 1 s time resolution

• images kept forever
• detection candidates

kept forever
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Lightning!
74 MHz



LWA1 lightning observation mode

When lightning is present near the LWA1:
• Set TBN to 85 MHz and reduce the gain
• Record the raw data to disk on DR5
• Post-process with 5 ms (current) to 50 µs 

(anticipated) time resolution
• Compare results from NMT / Langmuir 

Lab’s instrumentation, especially the 
Lightning Mapping Array



Fast imaging of lightning
Intra-cloud discharge, 
traveling from SSW 
horizon to overhead

5 s integration
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Fast imaging of lightning
Intra-cloud discharge, 
initiating overhead, 
branching, then traveling 
to the horizons

30 ms integration
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Exploring new transient phase space
• Low frequency, full Stokes
• Large field of view: 10,000 deg2 per image
• Cadence: 1–5 s integrations, 100% duty cycle
• Uptime: ~12 hr good data per day

(currently limited by TBN / beamformer conflicts)
• Duration: ~6000 hr data and counting
• Noise limit from image differencing: ~100 Jy rms



Exploring new transient phase space
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n: 95 s

Unidentified FRED transients
37.9 MHz 29.9 MHz
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Detection strategy
• Confusion: 100 Jy/beam at 38 MHz
• Image differencing in Stokes I and V
• Detect large rises

(> 5 σ off G. plane; > 7 σ on it)
• Remove transient candidate if:

- below 20º–25º altitude
- obvious RFI in the spectrum
- any associated linear polarization
- close to >30 Jy VLSS sources
- vis data reveal it’s not broadband
- moving across the sky!

• 300 days searched,
200 days remaining
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Fast Radio Bursts?

signal-to-noise ratios (SNRs) to yield astrophysi-
cally interesting constraints for either parameter
and show no evidence of scattering.

Our FRBs were detected with DMs in the
range from553 to 1103 cm−3 pc. Their highGalactic
latitudes (jbj > 41○, Table 1) correspond to lines
of sight through the low column density Galactic
ISM corresponding to just 3 to 6% of the DM
measured (10). These small Galactic DM con-
tributions are highly supportive of an extragalac-
tic origin and are substantially smaller fractions
than those of previously reported bursts, which
were 15% of DM= 375 cm−3 pc for FRB 010724
(4) and 70% of DM = 746 cm−3 pc for FRB
010621 (5).

The non-Galactic DM contribution, DME, is
the sum of two components: the intergalactic
medium (IGM; DMIGM) and a possible host gal-
axy (DMHost). The intervening medium could be
purely intergalactic and could also include a con-
tribution from an intervening galaxy. Two op-
tions are considered according to the proximity
of the source to the center of a host galaxy.

If located at the center of a galaxy, this may be
a highly dispersive region; for example, lines
of sight passing through the central regions of
Milky Way–like galaxies could lead to DMs in
excess of 700 cm−3 pc in the central ~100 pc (11),
independent of the line-of-sight inclination. In
this case, DME is dominated by DMHost and re-
quires FRBs to be emitted by an unknownmecha-
nism in the central region, possibly associated
with the supermassive black hole located there.

If outside a central region, then elliptical host
galaxies (which are expected to have a low electron
density) will not contribute to DME substantially,
and DMHost for a spiral galaxy will only contrib-
ute substantially to DME if viewed close to edge-
on [inclination, i > 87○ for DM > 700cm−3pc;
probabilityði > 87○Þ ≈ 0:05]. The chance of all
four FRBs coming from edge-on spiral galaxies
is therefore negligible (10−6). Consequently, if the
sources are not located in a galactic center, DMHost

would likely be small, and DMIGM dominates.
Assuming an IGM free-electron distribution, which
takes into account cosmological redshift and as-
sumes a universal ionization fraction of 1 (12, 13),
the sources are inferred to be at redshifts z = 0.45
to 0.96, corresponding to comoving distances of
1.7 to 3.2 Gpc (Table 1).

In principle, pulse scatter-broadening mea-
surements can constrain the location and strength
of an intervening scattering screen (14). FRBs
110627, 110703, and 120127 are too weak to
enable the determination of any scattering; how-
ever, FRB 110220 exhibits an exponential scat-
tering tail (Fig. 1). There are at least two possible
sources and locations for the responsible scatter-
ing screens: a host galaxy or the IGM. It is pos-
sible that both contribute to varying degrees.

For screen-source, Dsrc, and screen-observer,
Dobs, distances, themagnitude of the pulse broad-
ening resulting from scattering is multiplied by
the factor DsrcDobs=ðDsrc + DobsÞ2. For a screen
and source located in a distant galaxy, this effect

probably requires the source to be in a high-
scattering region, for example, a galactic center.

The second possibility is scattering because
of turbulence in the ionized IGM, unassociated
with any galaxy. There is a weakly constrained
empirical relationship betweenDM andmeasured
scattering for pulsars in the MW. If applicable to
the IGM, then the observed scattering implies
DMIGM > 100cm−3 pc (2, 15). With use of the
aforementioned model of the ionized IGM, this
DM equates to z > 0:11 (2, 12, 13). The prob-
ability of an intervening galaxy located along the
line of sight within z ≈ 1 is ≤0.05 (16). Such a
galaxy could be a source of scattering and dis-
persion, but the magnitude would be subject to
the same inclination dependence as described for
a source located in the disk of a spiral galaxy.

It is important to be sure that FRBs are not a
terrestrial source of interference. Observations at
Parkes have previously shown swept frequency
pulses of terrestrial origin, dubbed “perytons.”
These are symmetric W > 20 ms pulses, which
imperfectly mimic a dispersive sweep (2, 8). Al-
though perytons peak in apparent DM near
375 cm−3 pc (range from ~200 to 420 cm–3 pc),

close to that of FRB 010724, the FRBs presented
here have much higher and randomly distributed
DMs. Three of these FRBs are factors of >3
narrower than any documented peryton. Last, the
characteristic scattering shape and strong disper-
sion delay adherence of FRB 110220 make a
case for cold plasma propagation.

The Sun is known to emit frequency-swept
radio bursts at 1 to 3GHz [typeIIIdm (17)]. These
bursts have typical widths of 0.2 to 10 s and
positive frequency sweeps, entirely inconsistent
with measurements of W and a for the FRBs.
Whereas FRB 110220 was separated from the
Sun by 5.6°, FRB 110703 was detected at night
and the others so far from the Sun that any
solar radiation should have appeared in multi-
ple beams. These FRBs were only detected in a
single beam; it is therefore unlikely they are of
solar origin.

Uncertainty in the true position of the FRBs
within the frequency-dependent gain pattern of
the telescope makes inferring a spectral index, and
hence flux densities outside the observing band,
difficult. A likely off-axis position changes the in-
trinsic spectral index substantially. The spectral

Fig. 1. The frequency-integrated flux densities for the four FRBs. The time resolutions match the
level of dispersive smearing in the central frequency channel (0.8, 0.6, 0.9, and 0.5 ms, respectively).
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LWA1 / Parkes:
10−1.5 in frequency
104 in time
103 in flux density

Thornton et al. (2013)

Parkes Radio Telescope

LWA1



Next steps
Soon:

• Process 200 days of more data
• Further verification that these are real
• Measure or limit DMs from visibility data
• Flux calibration, self-calibration
• Check associations with nearby stars

Over the next ~year:
• Search beamformed data:

detectable in Steve’s SDP project?
• Trigger beamformed observations
• More / better data: OVRO and Sevilleta


