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The Prototype All-Sky Imager (PASI)
• Software correlator located in the LWA1’s RFI shelter
• Receives a continuous 100 kSPS stream from all the dipoles
• Images the full sky with a ~5 s cadence at 100% duty cycle 

and (potentially) 99% uptime, covering ≈ 3π sr every day



The Prototype All-Sky Imager (PASI)

http://www.phys.unm.edu/~lwa/lwatv/55938.mov



PASI system design
PASI

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

… complete
 … complete
… complete

Monitor & control interface … in progress

Automated RFI excision … year 1

All-sky imager … complete

FX correlator
F — polyphase filterbank
X — correlator

… complete
 … complete

Automated transient detection … years 1 & 2
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Internal storage provides look-back 
time for all levels of data products

• 10–20 hours for raw data
• 30 days for visibilities
• images kept forever
• detection candidates

kept forever



http://lwa.unm.edu/live
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Jovian bursts … and shimmering

http://www.phys.unm.edu/~lwa/lwatv/55926.mov



Sporadic E event and solar bursts

http://www.phys.unm.edu/~lwa/lwatv/56106.mov



Lightning!

http://www.phys.unm.edu/~lwa/lwatv/56055.mov



Lightning!

http://www.phys.unm.edu/~lwa/lwatv/56055.mov
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Exploring new transient phase space

• Frequency: 10–87 MHz CF, with full Stokes
• FOV: full sky with each image; ≈ 3π sr every day
• Cadence: current max is 20 images per minute, live;

could be as fast as 40 images/min with minor changes
• Uptime: 24 hrs/day with ~90% duty cycle demonstrated, 

but currently limited by TBN / BAM conflicts
• Noise limits for 74 MHz integrations:

    10 s integration:     2 Jy/beam
     2 hr integration:  0.1 Jy/beam

➤ Result is ~107 images per year, if TBN issue is resolved
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PASI, 1 month

4900 MHz

3100 MHz

1400 MHz

840 MHz

< 88 MHz

Figure 9. Cumulative areal density of radio sources and transients as a function of peak flux density
for various surveys. Surveys that reported upper limits are shown by the L-shaped symbols; the
allowed phase space is below and to the left of these symbols. Surveys reporting detections are shown
as points with 2 σ error bars. The LWDA limit is omitted because their flux sensitivity is rightward
of the displayed scale. For PASI, we show the flux density sensitivity for one hour integrations and
the areal density limit yielded by 30 days of observation with 90% uptime. Accounting for the full
18 months of observation would move this point downward by another 1.2 orders of magnitude.
(Figure adapted from Ofek et al. 2011; please refer to that paper for the references shown.)

the noise limit at 74 MHz is ∼100 mJy. Achieving sub-Jansky sensitivities will require careful
calibration of our instrument and detection algorithms, but we believe that it is feasible during the
second year of this project.

Monitoring of the radio sky at these frequencies by past experiments has been minimal, so these
sensitivity limits represent a new frontier. In comparison, the Long Wavelength Demonstrator
Array (LWDA) conducted a transient search on 106 hr of data taken at the same location as the
LWA1 (Lazio et al. 2010b). Their all-sky snapshots had a ∼500 Jy noise level. No transients were
detected. Figure 9 shows the sensitivity of this project in comparison to past surveys. Notice,
however, that all past surveys except the LWDA are at least a decade higher in frequency.

As LOFAR comes online, it too will monitor the transient sky at both its high band (110–
240 MHz) and low band (30–80 MHz). The LOFAR effort will be largely complementary (rather
than competitive) with PASI. Their Radio Sky Monitor (RSM) system will employ beamforming
using the core LOFAR stations to scan the sky. While it will be able to make daily scans of the
northern sky at deeper sensitivity levels (∼mJy), the beams give instantaneous coverage of only
∼1% of the full sky. Additionally, the harsh RFI environment of western Europe may reduce the
duty cycle of their monitoring observations. Finally, at a latitude 18◦ south of LOFAR, the LWA

11

PASI, 1 month
2 hr integrations

Exploring new transient phase space



Strategy to reach noise limit

−

New image

=

Model for same LST Residuals

• Confusion limit is 25 Jy/beam at 74 MHz, but this limit is 
dominated by constant, unpolarized emission
• Image differencing

• Polarization filtering

new ref residuals

−

New image

=

Model for same LST Residuals

Figure 7. Reduction of confusion by image differencing. Left: a 5 s integration of the entire

74.03 MHz sky, taken at LST 20:00. Cyg A and the Cyg X region are near the zenith, at center;

Cas A is in the upper left; the galactic center region is in the lower right; and the horizon forms

the image’s edge. While some of the diffuse structure is from the galactic plane, much of it is

systematic sidelobe structure. Center: a reference model generated by averaging 20 earlier images

taken at the same frequency and LST (within ±1 minute). Notice that both real and sidelobe

structure are very similar to the new image, although close study reveals minor differences. Right:
the difference between the image and the model, shown with the same color scale. The residuals

shown here are still above the 5 s noise limit, due principally to our current lack of flux calibration.

Given the excellent radiometric stability of the TBN system (as demonstrated in Figure 5), better

calibration and image subtraction should easily provide noise-limited observations of at least 5 s

and likely much longer.
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Figure 8. Reduction of confusion using circular polarization. Left: uncalibrated images of the

unpolarized and polarized sky above the LWA1 at 25.61 MHz. Circular polarization from Jupiter

(below and left of center) and from a weak RFI source on the NE horizon are clear in both maps,

while the confusion due to unpolarized emission from Cas A, Cyg A, and galactic synchrotron

mostly disappear in Stokes V . Right: by applying an empirical model of the circular polarization

induced by the antennas, we can reduce the polarization leakage to better than −15 dB, as measured

by the V/I ratio for bright sources above 15
◦
elevation.
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Possible causes of shimmering
52.0 MHz• Ionospheric scintillation

+ stronger when ionospheric 
disturbances are present

+ also seen in beam data
− ~50 Jy noise floor without 

elevation dependence
• Calibration issues
+ phase cal could likely be 

improved; using bright Sun
− hard to explain 5 s variability
• Problem with DP?
• Bug in my code?
− hard to believe possible

http://www.phys.unm.edu/~lwa/lwatv/56121.mov



Possible causes of shimmering
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Figure 4: “Blind” beamforming: Cyg A drift scan. The three spikes in the last half of the plot are
apparently RFI.
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Figure 4: “Blind” beamforming: Cyg A drift scan. The three spikes in the last half of the plot are
apparently RFI.
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Figure 4: “Blind” beamforming: Cyg A drift scan. The three spikes in the last half of the plot are
apparently RFI.
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Figure 4: “Blind” beamforming: Cyg A drift scan. The three spikes in the last half of the plot are
apparently RFI.
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Figure 4: “Blind” beamforming: Cyg A drift scan. The three spikes in the last half of the plot are
apparently RFI.
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Figure 4: “Blind” beamforming: Cyg A drift scan. The three spikes in the last half of the plot are
apparently RFI.
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Figure 4: “Blind” beamforming: Cyg A drift scan. The three spikes in the last half of the plot are
apparently RFI.
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Figure 4: “Blind” beamforming: Cyg A drift scan. The three spikes in the last half of the plot are
apparently RFI.
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• Ionospheric scintillation
+ stronger when ionospheric 

disturbances are present
+ also seen in beam data
− ~50 Jy noise floor without 

elevation dependence
• Calibration issues
+ phase cal could likely be 

improved; using bright Sun
− hard to explain 5 s variability
• Problem with DP?
• Bug in my code?
− hard to believe possible

Drift scan observation using 
beamformed TBN data



Possible causes of shimmering
• Ionospheric scintillation
+ stronger when ionospheric 

disturbances are present
+ also seen in beam data
− ~50 Jy noise floor without 

elevation dependence
• Calibration issues
+ phase cal could likely be 

improved; using bright Sun
− hard to explain 5 s variability
• Problem with DP?
• Bug in my code?
− inconceivable!

1000 random points on the sky with 
fixed RA & Dec measured over 24 hr

Uniform cutoff at ~50 Jy zenith:
hard to explain with scintillation



Possible causes of shimmering
• Ionospheric scintillation
+ stronger when ionospheric 

disturbances are present
+ also seen in beam data
− ~50 Jy noise floor without 

elevation dependence
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− hard to explain 5 s variability
• Problem with DP?
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− hard to believe possible

52.0 MHz

http://www.phys.unm.edu/~lwa/lwatv/56121.mov
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74 MHz

Source fluxes
2D Gaussian is fit to 
each known source 
location.  Gives:
• deviation from 

expected location
• PSF radius
• power

Targeted sources:
• The “A Team” of

Cas, Cyg, Vir, Tau
• The Sun
• Jupiter (< 40 MHz)

Python interface will 
be available soon,
with data stored in
the UNM archive.



Raw image data

• Images are stored in a proprietary 
binary format on PASI.  (Should be 
transferred into the UNM archive.)  
Image DB files are never deleted.
• Each file is: 1 hr / 720 integrations /

360 MB.
• Four images (Stokes I, Q, U, V) per 

integration, stored as 4 × 180 × 180 
floating point array, plus lots of 
metadata.
• Encapsulated in a Python class for 

simplified access (PasiImageDB).



Visibility data

• Saved for at least two weeks in a 
rolling buffer on PASI.
• Each file is: one integration / 6.5 MB.
• Saved as gzipped CASA 

Measurement Set directories.
• I can provide UVFITS-format data 

upon request.



Summary
• Images the full sky many times per minute at 100% duty cycle 

and > 90% uptime, covering ≈ 3π sr every day
• This is a virtually unexplored region of transient phase space!
• Still much calibration work to be done before it realizes its full 

potential
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LEDA Commensal All-sky Transients
• Large-aperture Experiment to detect the Dark Ages:

approved and funded project to develop a 50 MHz BW 
correlator backend for the LWA
• LEDA CATs (Caltech PI: Gregg Hallinan)

75 kHz BW ➞ 50 MHz BW
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Figure 9. Cumulative areal density of radio sources and transients as a function of peak flux density
for various surveys. Surveys that reported upper limits are shown by the L-shaped symbols; the
allowed phase space is below and to the left of these symbols. Surveys reporting detections are shown
as points with 2 σ error bars. The LWDA limit is omitted because their flux sensitivity is rightward
of the displayed scale. For PASI, we show the flux density sensitivity for one hour integrations and
the areal density limit yielded by 30 days of observation with 90% uptime. Accounting for the full
18 months of observation would move this point downward by another 1.2 orders of magnitude.
(Figure adapted from Ofek et al. 2011; please refer to that paper for the references shown.)

the noise limit at 74 MHz is ∼100 mJy. Achieving sub-Jansky sensitivities will require careful
calibration of our instrument and detection algorithms, but we believe that it is feasible during the
second year of this project.

Monitoring of the radio sky at these frequencies by past experiments has been minimal, so these
sensitivity limits represent a new frontier. In comparison, the Long Wavelength Demonstrator
Array (LWDA) conducted a transient search on 106 hr of data taken at the same location as the
LWA1 (Lazio et al. 2010b). Their all-sky snapshots had a ∼500 Jy noise level. No transients were
detected. Figure 9 shows the sensitivity of this project in comparison to past surveys. Notice,
however, that all past surveys except the LWDA are at least a decade higher in frequency.

As LOFAR comes online, it too will monitor the transient sky at both its high band (110–
240 MHz) and low band (30–80 MHz). The LOFAR effort will be largely complementary (rather
than competitive) with PASI. Their Radio Sky Monitor (RSM) system will employ beamforming
using the core LOFAR stations to scan the sky. While it will be able to make daily scans of the
northern sky at deeper sensitivity levels (∼mJy), the beams give instantaneous coverage of only
∼1% of the full sky. Additionally, the harsh RFI environment of western Europe may reduce the
duty cycle of their monitoring observations. Finally, at a latitude 18◦ south of LOFAR, the LWA
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LEDA CATS
1 month


