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The Prototype All-Sky Imager (PASI)
• A backend to the LWA1’s digital processor, to be located in 

the RFI shelter
• Receives the TBN data stream: continuous 100 kSPS data 

from all the dipoles
• Using a software FX correlator, PASI will image the entire sky 

(≈1.5 π sr) many times per minute to a few Jy
• This is a virtually unexplored region of transient phase space!

(radio frequency, sky coverage, imaging cadence, uptime)



PASI hardware
An additional backend, to be 
located in the RFI shelter 
• 4 × 8 × 2.93 GHz 

Nehalem cores
• Infiniband switch
• 10 GbE port(s)
• Provided by LANL

Plan to move the cluster to 
the shelter this summer



PasiFX software correlator and imager

Look-back time: 10–20 hr for raw data
                           weeks for visibilities
                           images kept forever

PASI

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

… complete
 … year 1

… complete

Monitor & control interface … in progress

Automated RFI excision … years 1 & 2

All-sky imager … in progress

FX correlator
F — polyphase filterbank
X — correlator

… in progress
 … complete

Automated transient detection … years 1 & 2
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Recently began imaging
April 21

77 MHz, 80 kHz BW
30 s integration
175 stands

Dirty image (quite!)

Full Stokes

Imaged using PasiFX 
and CASA in ~20 s



Recently began imaging
April 27

77 MHz, 80 kHz BW
30 s integration
175 stands
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Sensitivity
• Confusion limit is 25 Jy/beam at 74 MHz, but this limit is 

dominated by constant sources
• Search strategies:

+ Image differencing
+ Comparison of point sources (as returned by CLEAN)
+ Searching for polarization

• Noise limits for 74 MHz frequency, 80 kHz bandwidth —
    10 s integration:  2 Jy/beam
     2 hr integration:  100 mJy/beam

• Few comparable studies:
LWDA transient search (106 hr)
had a noise level of 500 Jy/beam Lazio 

et al. 
(2010)



Comparison with LOFAR monitoring
LWA1 PASI
correlator

5 s
75 MHz
80 kHz

16,000 deg2

2º
5 Jy
lower

LOFAR RSM
24 beams

5 s
75 MHz
4 MHz

420 deg2

8’
0.1 Jy
higher

technique
integration
frequency
bandwidth
field size
resolution
sensitivity
RFI risk

complementary approaches!

(Fender et al. 2006)



Science targets
Transients that are 
BRIGHT and RARE:
• Bright flares from 

Hot Jupiters
• Giant flares from 

magnetars
• Rotating radio 

transients (RRATs)
• Prompt GRB 

emission
• The unknown …
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It was established over a decade ago that the remarkable high-
energy transients known as soft g-ray repeaters (SGRs) are
located in our Galaxy1,2 and originate from neutron stars with
intense (#1015G) magnetic fields—so-called ‘magnetars’3. On
27 December 2004, a giant flare4 with a fluence5 exceeding
0.3 erg cm22 was detected from SGR 1806220. Here we report
the detection of a fading radio counterpart to this event. We
began a monitoring programme from 0.2 to 250 GHz and
obtained a high-resolution 21-cm radio spectrum that traces
the intervening interstellar neutral hydrogen clouds. Analysis
of the spectrum yields the first direct distance measurement of
SGR 1806220: the source is located at a distance greater than
6.4 kpc and we argue that it is nearer than 9.8 kpc. If correct, our
distance estimate lowers the total energy of the explosion and
relaxes the demands on theoretical models. The energetics and
the rapid decay of the radio source are not compatible with the
afterglow model that is usually invoked for g-ray bursts. Instead,
we suggest that the rapidly decaying radio emission arises from
the debris ejected during the explosion.
On 3 January 2005 we observed SGR 1806220 with the Very

Large Array (VLA) and identified and promptly reported6 a new
radio source at right ascension a J2000 ! 18 h 08min 39.34 s and
declination d J2000 ! 2208 24 0 39.7 00 (with an uncertainty of ^0.1 00

in each coordinate) coincident with the quiescent X-ray counter-
part7. In Table 1 we report the results of a subsequent monitoring
programme undertaken with the VLA, the Giant Metre-wave Radio
Telescope (GMRT), the Australia Telescope Compact Array
(ATCA), the Nobeyama Millimeter Array (NMA) and the Institut
de Radioastronomie Millimétrique (IRAM) 30-m telescope.
The radio source decays in all frequency bands, but its behaviour

is complex (Fig. 1). At each band we model the flux with a power
law, S n(t) / ta, but allow for changes in the temporal indices a
(‘breaks’) at two epochs. These breaks are clearly seen in our highest
signal-to-noise ratio data. After the first break (nine days postburst)
the light curve steepens to 24& a&23: The radio source8 from
SGR 1900"14 following the 27 August 1998 giant flare9 showed a
similar rapid decay at 8GHz. Subsequently, around day 14, the light
curve flattens to a < 21. At any given epoch, the radio spectrum
can be modelled by a power law, S n / nb. The spectral index, b,

steepens with time, changing from about 20.7 to 20.9 (see Fig. 1
and Supplementary Information).

We confirm claims that the source is resolved10 by an independent
analysis. We find that it is elongated with a major-axis of v < 77
milliarcseconds (mas) and an axial ratio of 2:1 (Table 2). We
considered four expansion models: v / t s with unconstrained s,
and three plausible models (s ! 0, 2/5 and 1). The best-fit model
corresponds to no expansion (s ! 0.04 ^ 0.15). However, owing to
the limited range of our observations we prefer not to model the
dynamics of the explosion.

We took advantage of the brightness of the radio source and
obtained a high-resolution spectrum (Fig. 2b) centred around the
21-cm line of atomic hydrogen (H I). Intervening interstellar clouds
appear as absorption features in the spectrum. These clouds are
expected to participate in the rotation of the Galaxy and the
absorption features allow us to infer ‘kinematic’ distance estimates.
Such estimates have several caveats. First, in the inner Galaxy the
radial velocity curve is double-valued (see Fig. 2c) leading to a ‘near’
distance estimate (d l) and a ‘far’ distance estimate (du) for each
velocity. Second, in some directions, there are features with non-
circular motion, for example, the ‘3-kpc expanding arm’ and the
‘230 km s21 spiral arm’11. Finally, in the innermost part of the
Galaxy there is a deficit of cold gas12.

Significant H I absorption towards SGR 1806220 is seen over the
velocity range 220 to "85 km s21 (Fig. 2b). There is also a weak
(2.5j) absorption feature coincident in velocity with a clearly
detected 12CO(1–0) emission feature identified13 as MC94 (Fig. 2a).
Adopting a simple galactic rotation curve with a circular velocity

Figure 1 Broadband temporal behaviour of the transient radio source coincident with SGR
1806–20. The abscissa indicates days elapsed since the giant flare on 27.90 December

2004. The displayed flux density measurements (denoted with symbols) were obtained in

six frequency bands with the VLA, GMRT and ATCA (Table 1). The error bars denote 1j

uncertainties. With the exception of the 6.1-GHz data (which is insufficiently sampled at

early and late times and is not shown), the light curves with n . 1 GHz are best fitted by

power-law models (shown as lines, S n / tai # with two breaks at t 1 , 9 days and

t 2 , 15 days (see the Supplementary Information for exact values). The temporal index

varies chromatically in the time before and after the first break (denoted by regions A and

B respectively). The exponent value ranges from22& aA &21 and24& aB &23;

here the subscript identifies the region of interest. After day ,15 (region C) the source

decay flattens to a C < 2 0.9 at these frequencies, which persists until day 51. Region

B, the period of steep light-curve decline, is shaded grey. The light curves with n , 1 GHz

do not show these temporal breaks or late time flattening. Apparently a single power-law

decay model with a ! 21.57 ^ 0.11 (0.24 GHz) and a ! 21.80 ^ 0.08 (0.61 GHz)

provides a good statistical description of the data. Our substantial frequency coverage

(over three decades) allows an excellent characterization of the spectrum. The spectrum is

consistent with a single power-law slope (S n / n b) at all epochs. On day 7, before the

first temporal break, we find b ! 20.62 ^ 0.02. The spectrum steepens to a value of

b ! 20.76 ^ 0.05 (day 15), reaching b ! 20.9 ^ 0.1 (days 21–51).
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Days since burst

Giant flare from SGR 1806–20
(Cameron et al. 2005)

50 MHzextrapolation



Science targets
Transients that are 
BRIGHT and RARE:
• Bright flares from 

Hot Jupiters
• Giant flares from 

magnetars
• Rotating radio 

transients (RRATs)
• Prompt GRB 

emission
• The unknown …

(Keane et al. 2011)
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Circularly polarized synchrotron 
maser emission from GRB shock

(Sagiv & Waxman 2002)
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Lorimer bursts?
(Lorimer et al. 2007)

indicative calculations about potential source
luminosity and event rates, we adopt a distance
of 500 Mpc. This corresponds to z ~ 0.12 and a
host galaxy DM of 200 cm!3 pc. In recognition
of the considerable distance uncertainty, we
parameterize this as D500 = D/500 Mpc. If this
source is well beyond the local group, it would
provide the first definitive limit on the ionized
column density of the intracluster medium,
which is currently poorly constrained (17).

What is the nature of the burst source? From
the observed burst duration, flux density, and dis-
tance, we estimate the brightness temperature
and energy released to be ~1034 (D500/W5)

2 K
and ~1033W5D500

2 J, respectively. These values,
and light travel-time arguments that limit the
source size to <1500 km for a nonrelativistic source,
imply a coherent emission process from a compact
region. Relativistic sources with bulk velocity v are
larger by a factor of either G (for a steady jet model)
or G2 (for an impulsive blast model), where the
Lorentz factor G = [1 ! (v2/c2)]!1/2 and c is the
speed of light.

The only two currently known radio sources
capable of producing such bursts are the ro-
tating radio transients (RRATs), thought to be
produced by intermittent pulsars (4), and giant
pulses from either a millisecond pulsar or a
young energetic pulsar. A typical pulse from a
RRAT would only be detectable out to ~6 kpc
with our observing system. Even some of the
brightest giant pulses from the Crab pulsar,
with peak luminosities of 4 kJy kpc2 (18),
would be observable out to ~100 kpc with the
same system. In addition, both the RRAT
bursts and giant pulses follow power-law dis-
tributions of pulse energies. The strength of
this burst, which is some two orders of mag-
nitude above our detection threshold, should
have easily led to many events at lower pulse
energies, either in the original survey data
or follow-up observations. Hence, it appears
to represent an entirely new class of radio
source.

To estimate the rate of similar events in the
radio sky, we note that the survey we have

analyzed was sensitive to bursts of this inten-
sity over an area of about 5 square degrees (i.e.,
1/8250 of the entire sky) at any given time over
a 20-day period. Assuming the bursts to be
distributed isotropically over the sky, we infer a
nominal rate of 8250/20 " 400 similar events
per day. Given our observing system parame-
ters, we estimate that a 1033-Jy radio burst
would be detectable out to z ~ 0.3, or a distance
of 1 Gpc. The corresponding cosmological rate
for bursts of this energy is therefore ~90 day!1

Gpc!3. Although considerably uncertain, this is
somewhat higher than the corresponding esti-
mates of other astrophysical sources, such as
binary neutron star inspirals [~3 day!1 Gpc!3

(19)] and gamma-ray bursts [~4 day!1 Gpc!3

(20)], but well below the rate of core-collapse
supernovae [~1000 day!1 Gpc!3 (21)]. Although
the implied rate is compatible with gamma-ray
bursts, the brightness temperature and radio
frequency we observed for this burst are higher
than currently discussed mechanisms or limita-
tions for the observation of prompt radio emis-
sion from these sources (22).

Regardless of the physical origin of this
burst, we predict that existing data from other
pulsar surveys with the Parkes multibeam
system (23–26) should contain several similar
bursts. Their discovery would permit a more
reliable estimate of the overall event rate. The
only other published survey for radio transients
on this time scale (27) did not have sufficient
sensitivity to detect similar events at the rate pre-
dicted here. At lower frequencies (~400 MHz)
where many pulsar surveys were conducted,
although the steep spectral index of the source
implies an even higher flux density, the predicted
scattering time (~2 s) would make the bursts
difficult to detect over the radiometer noise. At
frequencies near 100MHz, where low-frequency
arrays currently under construction will operate
(28), the predicted scattering time would be on
the order of several minutes, and hence would be
undetectable.

Perhaps the most intriguing feature of this
burst is its 30-Jy strength. Although this has
allowed us to make a convincing case for its
extraterrestrial nature, the fact that it is more
than 100 times our detection threshold makes
its uniqueness puzzling. Often, astronomical
sources have a flux distribution that would
naturally lead to many burst detections of
lower significance; such events are not ob-
served in our data. If, on the other hand, this
burst was a rare standard candle, more distant
sources would have such large DMs that they
would be both red-shifted to lower radio
frequencies and outside our attempted disper-
sion trials. If redshifts of their host galaxies are
measurable, the potential of a population of
radio bursts at cosmological distances to probe
the ionized intergalactic medium (29) is very
exciting, especially given the construction of
wide-field instruments (30) in preparation for
the Square Kilometre Array (31).

Fig. 2. Frequency evolution and integrated pulse shape of the radio burst. The survey data,
collected on 24 August 2001, are shown here as a two-dimensional “waterfall plot” of intensity as
a function of radio frequency versus time. The dispersion is clearly seen as a quadratic sweep across
the frequency band, with broadening toward lower frequencies. From a measurement of the pulse
delay across the receiver band, we used standard pulsar timing techniques and determined the DM
to be 375 ± 1 cm!3 pc. The two white lines separated by 15 ms that bound the pulse show the
expected behavior for the cold-plasma dispersion law assuming a DM of 375 cm!3 pc. The
horizontal line at ~1.34 GHz is an artifact in the data caused by a malfunctioning frequency
channel. This plot is for one of the offset beams in which the digitizers were not saturated. By
splitting the data into four frequency subbands, we have measured both the half-power pulse width
and flux density spectrum over the observing bandwidth. Accounting for pulse broadening due to
known instrumental effects, we determine a frequency scaling relationship for the observed width
W = 4.6 ms ( f/1.4 GHz)!4.8 ± 0.4, where f is the observing frequency. A power-law fit to the mean
flux densities obtained in each subband yields a spectral index of !4 ± 1. The inset shows the total-
power signal after a dispersive delay correction assuming a DM of 375 cm!3 pc and a reference
frequency of 1.5165 GHz. The time axis on the inner figure also spans the range 0 to 500 ms.
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Galactic Center 
Radio Transient 

J1745−3009
(Hyman et al. 2005)
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Summary

• Will open up a radically new region of transient phase space, 
imaging the entire sky at Jy level, many times per minute

• Will provide “look back” capabilities for GRB follow-up, etc.
• Ultimately will generate our own transient alerts
• Software development in progress; first animations of the sky 

expected soon!


