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Prototype  All Sky Imager
• Correlates live stream of TBN 

(XX, YY, XY, YX)

• 5 second integrations

• 6 channels covering 75 kHz

• Image noise of ~50 Jy at zenith 
(confusion limited)

• Records visibilities to a 10 TB 
DRSU, where they live for about 
two to three months

• Images are recorded onto a 4 
TB hard drive and stored 
indefinitely. 13,000 hours so far! 



Search for Transients

• We use image subtraction 
to allow images to be 
searched for transients 

• From every image a running 
average of the previous 4 
images is subtracted 

• Image noise ~ 45 Jy

• Pixels above 6 sigma of the 
image noise are considered 
to be transient candidates
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Analyzing the full 13,000 hours
• Used image subtraction on the entire 13,000 hours

• Have found 65 transients between 25 and 38 MHz

• Observed rate density at 38 MHz: 6.3 x 10-3 yr-1deg-2

• Distributed randomly on the sky, consistent with a uniform 
distribution convolved with power pattern
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Transients
• Light Curves are all very similar, fast rise with exponential 

decay, and they’re spectra is constant across the 75 kHz

• They all show no signs of polarization beyond what is 
expected from leakage
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Transients

Many have been elongated in space
Very!!!!



NASA’s All Sky Fireball Network



NASA’s All Sky Fireball Network

Fireballs are large meteors
AMS says brighter than a planet

(Brighter than magnitude -4)



Fireball Correlation?

• We found 12 of our 65 Transients to correlate in both space and 
time all were brighter than visual magnitude -4

• Given the fact that one should expect to see a fireball that 
bright once every 20 hours or so, the probability of coincidence 
is about one in 1028

vel. M ht. 1 ht. 2

av 65 km/s -4.9 111 km 91 km

σ 11 km/s 1.5 9 km 9 km
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Ok they’re meteors...
• Meteors plasma trails have long been 

known to reflect man made RFI 
(Helmboldt et al. 2014)

• They satisfy specular (Snell’s Law) 
requirements and usually only a small 
portion of the trail satisfies this

• Signals are almost always strongly 
linearly polarized

• Almost always narrow band, and 
most PASI RFI is narrow band

• The number of reflections increases 
dramatically as you get closer to the 
horizon
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Figure 6. A schematic (not to scale) of the geometry
assumed for forward scattering by a meteor trail. The la-
beled vectors and associated angles are discussed in the
text and are included in equation (2). The red dashed
lines trace the horizontal plane as viewed from the trans-
mitter; the horizontally polarized electric field, ~E, is par-
allel to this plane and perpendicular to ~rt.
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How about the light curves
• The light curves of our transients are all consistent FREDs

• Long Duration Meteor Trail reflections usually have erratic 
trails, and almost always have a very sudden onset < 1s
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Conclusions
• We discovered a new type of emission from fireballs, which were 

previously unknown to emit in the HF and VHF bands

• The fact that we do not see them at 52.0 and 74.0 MHz and they 
appear brighter at 25.6 than at 38 leads us to believe the 
emission is non-thermal

• Radio Energy ~ 10-3 J, which is 10-11 of the total kinetic energy

• Brightness temperatures of 105 K also supports this idea

• Appeared in the June 20 issue of ApJ Letters (788 L26)
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Power Calibration
• Power from Cygnus A 

measured on ten separate 
days throughout the year 
and fit with with a 
parametric model

• Used this to calibrate the 
off-source noise

• Computed standard 
deviation every degree of 
movement to estimate the 
zenith dependent RMS 
noise
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Backup Slides



FRBs
• Fast Radio Bursts (FRBs) have recently been discovered 

(Lorimer et al. 2007; Thornton et al. 2013; Spilter et al. 2014) 

• High dispersion measures >300 pc cm-3

• Pulse widths ~ 3 ms

• Flux Density ~ 1-5 Jy

• ~ 104/day

energy distribution across the band in FRB 110220
is characterized by bright bands ~100 MHz wide
(Fig. 2); the SNRs are too low in the other three
FRBs to quantify this behavior (2). Similar spec-
tral characteristics are commonly observed in the
emission of high-|b| pulsars.

With four FRBs, it is possible to calculate an
approximate event rate. The high-latitude HTRU
survey region is 24% complete, resulting in 4500
square degrees observed for 270 s. This cor-
responds to an FRB rate ofRFRBðF e 3 Jy msÞ ¼
1:0þ0:6

−0:5 % 104sky−1day−1, where the 1-s uncer-
tainty assumes Poissonian statistics. The MW
foreground would reduce this rate, with increased
sky temperature, scattering, and dispersion for
surveys close to the Galactic plane. In the ab-
sence of these conditions, our rate implies that
17þ9

−7 , 7
þ4
−3 , and 12þ6

−5 FRBs should be found in
the completed high- and medium-latitude parts
of the HTRU (1) and Parkes multibeam pulsar
(PMPS) surveys (18).

One candidate FRB with DM > DMMW has
been detected in the PMPS [ jbj < 5○ (5, 19)].
This burst could be explained by neutron star
emission, given a small scale-height error;
however, observations have not detected any
repetition. No excess-DM FRBs were detected in
a burst search of the first 23% of the medium-
latitude HTRU survey [jbj < 15○ (20)].

The event rate originally suggested for
FRB 010724, R010724 ¼ 225 sky−1 day−1 (4), is
consistent with our event rate given a Euclid-
ean universe and a population with distance-
independent intrinsic luminosities (source
count, NºF−3=2) yielding RFRB ðF e 3 Jy msÞ
e 102RFRBðF010724 e 150 Jy msÞ.

There are no known transients detected at
gamma-ray, x-ray, or optical wavelengths or
gravitational wave triggers that can be temporally
associated with any FRBs. In particular there is

Fig. 2. A dynamic spectrum showing the frequency-
dependent delay of FRB 110220. Time is measured relative
to the time of arrival in the highest frequency channel. For clarity
we have integrated 30 time samples, corresponding to the dis-
persion smearing in the lowest frequency channel. (Inset) The
top, middle, and bottom 25-MHz-wide dedispersed subband used
in the pulse-fitting analysis (2); the peaks of the pulses are
aligned to time = 0. The data are shown as solid gray lines and
the best-fit profiles by dashed black lines.

Table 1. Parameters for the four FRBs. The position given is the center of the gain pattern of the beam
in which the FRB was detected (half-power beam width ~ 14 arc min). The UTC corresponds to the arrival
time at 1581.804688MHz. The DM uncertainties depend not only on SNR but also on whether a and b are
assumed (a ¼ −2; no scattering) or fit for; where fitted, a and b are given. The comoving distance was
calculated by using DMHost = 100 cm−3 pc (in the rest frame of the host) and a standard, flat-universe
LCDM cosmology, which describes the expansion of the universe with baryonic and dark matter and dark
energy [H0 = 71 km s−1Mpc−1,WM=0.27,WL =0.73;H0 is the Hubble constant andWM andWL are fractions
of the critical density of matter and dark energy, respectively (29)]. a and b are from a series of fits using
intrinsic pulse widths of 0.87 to 3.5ms; the uncertainties reflect the spread of values obtained (2). The observed
widths are shown; FRBs 110627, 110703, and 120127 are limited by the temporal resolution due to dis-
persion smearing. The energy released is calculated for the observing band in the rest frame of the source (2).

FRB 110220 FRB 110627 FRB 110703 FRB 120127

Beam right
ascension ( J2000)

22h 34m 21h 03m 23h 30m 23h 15m

Beam declination
( J2000)

−12° 24′ −44° 44′ −02° 52′ −18° 25′

Galactic latitude,
b (°)

−54.7 −41.7 −59.0 −66.2

Galactic longitude,
l (°)

+50.8 +355.8 +81.0 +49.2

UTC (dd/mm/yyyy
hh:mm:ss.sss)

20/02/2011
01:55:48.957

27/06/2011
21:33:17.474

03/07/2011
18:59:40.591

27/01/2012
08:11:21.723

DM (cm−3 pc) 944.38 T 0.05 723.0 T 0.3 1103.6 T 0.7 553.3 T 0.3
DME (cm

−3 pc) 910 677 1072 521
Redshift, z (DMHost =

100 cm−3 pc)
0.81 0.61 0.96 0.45

Co-moving distance,
D (Gpc) at z

2.8 2.2 3.2 1.7

Dispersion index, a −2.003 T 0.006 – −2.000 T 0.006 –
Scattering index, b −4.0 T 0.4 – – –
Observed width

at 1.3 GHz, W (ms)
5.6 T 0.1 <1.4 <4.3 <1.1

SNR 49 11 16 11
Minimum peak

flux density Sn(Jy)
1.3 0.4 0.5 0.5

Fluence at 1.3 GHz,
F (Jy ms)

8.0 0.7 1.8 0.6

SnD2 (× 1012 Jy kpc2) 10.2 1.9 5.1 1.4
Energy released, E (J) ~1033 ~1031 ~1032 ~1031

www.sciencemag.org SCIENCE VOL 341 5 JULY 2013 55
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• A large spectral index may 
make FRBs extremely bright 
at low frequencies

• But large amounts of 
scattering (Pulse Broadening) 
may prevent detection



FRBs

• We should be able to constrain different parts of parameter 
space with both PASI and beam observations

• They might be related to another class of recently discovered 
transient at higher frequencies, Perytons, which are thought to 
occur in the atmosphere, and perhaps even FRBs (Kulkarni et 
al. 2014; Katz 2014; Burke- Spoloar et al. 2011; Thornton et al. 
2013; Lorimer et al. 2007)

• We just discovered a source of radio emission in the 
atmosphere, fireballs. Given the large range in energies, 
size scales, and time scales of meteors, they could be 
responsible for Perytons



Time of Day of Transients
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