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Charting the Transients Universe with Radio Surveys

Transients as a physics lab
Why do we care? 

• Cosmology 
• Extreme gravity and states of matter 
• Accretion physics 

How do we fit in? 
• Precursor results 
• Meshing with other surveys 
• The Four Elements of Transients Survey Science

2

Why you should care 
• Fast Radio Bursts 
• IDVs & Extreme Scattering Events 
• Flare stars & dwarf novae 
• Symbiosis



Charting the Transients Universe with Radio Surveys

Scientific Motivation
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• Transients probe  
– high brightness temperature emission 
– extreme states of matter 
– physics of strong gravitational fields 
– physics of accretion 
– extreme energy densities 

• Impulsive transients are subject to 
propagation effects that probe 

• the IGM 

• the spacetime metric
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Charting the Transients Universe with Radio Surveys

Known Knowns & Known Unknowns
Time-domain - bursty and generally coherent 

• Pulsars including Magnetar bursts, Transitional XRBs, Giant Pulses, 
RRATs 

• Fast Radio Bursts 
• Bursty emission from exoplanet-star systems, brown 

dwarfs 

Image domain - incoherent synchrotron or thermal 
• X-ray binaries  
• Tidal Disruption Events 
• Novae & Flare stars 
• Intra-day variable quasars/Extreme Scattering Events 
• System mergers/gravitational wave events
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Fast Radio Bursts

Transients as cosmological probes
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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) ~1039 ~1037 ~1038 ~1037

www.sciencemag.org SCIENCE VOL 341 5 JULY 2013 55
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We can 
– directly detect every single baryon along the line of sight! 
– use the DM-redshift relation as a cosmic ruler 
– measure turbulence on sub 108m scales at distances of ~1Gpc 
– probe IGM physics: primordial magnetic field & energy deposition

Dark energy:

identity unknown,

~73 percent

Dark matter:

identity unknown,

~23 percent

Luminous matter:

stars and luminous gas 0.4 percent

radiation 0.005 percent

Other nonluminous components

intergalactic gas 3.6 percent,

neutrinos 0.1 percent

supermassive black holes

0.004 percent

“Missing” 
Baryons

G
alaxies

X-ray coronae

Ly-α 
absorption 
systems

see both Macquart et al., Fender et al. in the SKA Science book



Fast Radio Bursts

Extraordinary FRB properties
• Bright Fluences up to ~10 Jy ms  

– ~15 events from Parkes (Lorimer et al. 2007; Thornton et al. 2013)  

– 1 at Arecibo (Spitler et al. 2014)  

– 1 at Green Bank (forthcoming) 

• Distant Extremely high dispersion measures for objects above the Galactic plane 
(375-1500 pc/cm3) 
– Not obviously associated with nearby galaxies 

• Common Inferred event rate ~ 2-5 x103 sky-1 day-1 

• Scattered At least 4 exhibit temporal smearing of order several milliseconds (much larger 
than expected due to scattering in the Milky Way)

6

110m GBT 64m Parkes 300m Arecibo



Fast Radio Bursts

Where are the missing baryons?
FRB dispersion can directly answer this question 

• Missing baryons location an important element of galaxy 
halo accretion and feedback  

• Most dark matter found in galaxy halos, but most baryonic 
matter outside this scale (>100kpc) 

• How do we determine its distribution?

7

𝛾 McQuinn 2014
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Evidence of FRB Cosmological Origin

Observations show there is a 4.7:1 difference in the 
detection rate between high (>30 deg) and low latitude   
(Petroff et al. 2014) 

Interstellar scintillation explains this dependence: also implies source 
counts are non-Euclidean (dN/dSν ~ Sν-3.5) (Macquart & Johnston 2015) 

8

latitude Hours on sky Events Rate (h/event)
|b|<15 1927,7 2 960

30<|b|<45 2128,85 7 300
|b|>45 1030,0 6 170



Fast Radio Bursts

Scintillation enhancement

9

• In the regime of strong diffractive scintillation, the 
probability distribution of amplifications at high 
latitude is  

• The differential source counts follow a distribution 

• where δ=0 for a Euclidean universe that is 
homogeneously populated with transients

pa(a) = e�a

p(S⌫) / S�5/2+�
⌫
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Fast Radio Bursts

FRB enhancement

10

• Observed flux density: Z=Sν x a: 
4 Macquart & Johnston
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Fig. 1.— The distribution of observed flux densities pZ(Z) (blue line) for an initial flux density distribution (purple line) that is nonzero
over the range S

min

< Z < S
max

and with � = 0. The e↵ect of the di↵ractive scintillations is to draw out the high end of the distribution
into a tail that decreases like Z�1 exp(�Z), increase the di↵erential event counts over the range S

min

⌧ Z . S
max

and to extend the low
luminosity component of the distribution to zero flux density.

For completeness, we also consider the flux density distribution where a large number of scintles, N , contribute to
the overall measurement of the flux density across the observing bandwidth, using eq.(3):
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where
1

F
1

is a confluent hypergeometric function, and we have taken the limits S
min

= 0 and S
max

! 1 in order to
make the problem analytically tractable. The expression in the curly brackets represents the correction to the event
rate over the non-scintillating signal.
In the limit N ! 1 this distribution approaches the intrinsic distribution given by eq.(5). For finite values of N ,

there is still some small increase in the event rate over the range S
min

⌧ Z . S
max

, but this diminishes rapidly with
N , as shown in Figure 2. The important point is that for the small scintillation bandwidths typical of di↵ractive
scintillation closer than 30� to the Galactic plane where one has N & 30 for typical HTRU observing parameters, the
overall enhancement is less than ⇡ 5%.
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Fig. 2.— The amplification of the event rate with the number of scintles that contributes to the flux density in the limit in which N is
large and S

min

! 0 and S
max

! 1.

2.2. Flux density distribution measured with a single-pixel or multibeam receiver

A complication arises in comparing the observed flux density distribution of FRBs with foregoing results because
all FRB detections have hitherto been detected with non-interferometric radio telescopes. Each event is detected at
an unknown angular distance from the beam centre, and the observed signal-to-noise is attenuated by an unknown
amount according to the beam shape. However, although the e↵ect of beam attenuation is unknown for any given
event, it is nonetheless possible to derive its statistical e↵ect on a population of events. We quantify this e↵ect here.
Our analysis is informed by two aspects of the HTRU survey:

original distribution

observed distribution

• Enhance the event rate 
by a factor �

�
5
2 � �

�

• Draws out tail 
of distribution 

the transient events. The quantity R is proportional to the integral event counts (i.e.
the number detected above the threshold flux density S0), and the differential count is
given by differentiating with respect to S0.

For simplicity of notation, we therefore write the probability distribution of event
flux densities (akin to differential event number counts) as

pS(S) = KS−5/2+δ
0 , (3)

where K can be derived by comparing pS with eq.(2), and the factor δ takes into account
evolution in the progenitor population and the non-Euclidean geometry of the Universe
at z ! 1. (Similar effects in the quasar number counts give rise to effects with δ ∼
0.5.) Furthermore, if these events occur only at cosmological distances, there will be a
maximum flux density Smax that is attainable, and pS(S) = 0 for S > Smax.

0.2 0.5 1.0 2.0 5.0 10.0 20.0

10 4

0.01

1

100

p
Z
(Z
)/
K

Z/S
max

Figure 1: The distribution of observed flux densities pZ(Z) for an initial flux density
distribution that stops at Z = Smax. The effect of the diffractive scintillations is to draw
out the distribution into a tail that decreases like Z−1 exp(−Z).

We can now compute the distribution of observed event flux densities, subject to
enhancement by diffractive scintillation, assuming δ = 0∗. The observed flux density is
the product Z = S × a, and the probability distribution of Z is

pZ(Z) =

∫

pS(S)pa

(

Z

S

)

dS

S
(4)

= K

[

exp

(

−
Z

Smax

)

3Smax + 2Z

2S3/2
maxZ2

+
3
√

π

4Z5/2
erfc

(

√

Z

Smax

)]

(5)

The behaviour of p(Z) is shown in Figure 1, where we see that the effect of the scintil-
lations is to extend the distribution to flux densities above Z = Smax.

∗We perform the calculation for δ ̸= 0 in an appendix (yet to be typed up).
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Fast Radio Bursts

Consequences

11

• An indirect measurement of the source count distribution!

11

disparity α
2:1 3

3:1 3,4

4:1 3,67

5:1 3,85

On the paucity of FRBs at low galactic latitudes 7

The phenomenon may be explained as an e↵ect of Eddington bias. The e↵ect of scintillation is to mix populations
with di↵erent initial flux densities. Scintillation is equally likely to amplify the radiation as it is to de-amplify it.
However, if the initial flux density distribution is su�ciently steep, the absolute number of low flux density sources
redistributed to higher flux densities greatly exceeds the number of high flux density sources redistributed to low flux
densities. When the initial population follows a power law in flux density, the nett e↵ect is to increase the event rate
of sources at high flux density relative to those with flux densities near the lower flux density cuto↵ of the distribution,
S
min

. For flux densities S
min

⌧ S⌫ . S
max

the distribution retains the same power-law index as the initial distribution,
but the di↵erential event rate is increased by a factor �(5/2� �).

The nett enhancement is a factor of ⇡ 30% for a population whose event rate scales as S�5/2
⌫ (i.e. for a non-evolving

population and neglecting cosmological e↵ects, � = 0). However, as shown in Figure 4, the enhancement is extremely
sensitive to the slope of the distribution: a steeper distribution with � = �1/2 yields an enhancement of a factor of
2.0, while � = �1 increases the event rate by a factor of 3.3 over the initial rate. On the other hand, the e↵ect works
in the opposite direction for distributions shallower than S�2

⌫ , with � = 1/2 yielding no nett enhancement in event
rate, and � = 1 causing an ⇡ 11% decrement in the event rate.
Di↵ractive interstellar scintillation explains in principle the observed disparity in the detection rate of FRBs at high

and low Galactic latitudes. Accepting this explanation as viable, we can then infer limits on the steepness of the FRB
event rate flux density distribution. Of the 15 FRBs detected to date, only 2 have been detected a latitudes < 20�

[check!]. This is almost certainly subject to Poisson errors so 2 is plausibly more like 3-4 and we can place a lower
bound on the ratio of high- to low-latitude event rates of 3 : 1. This in turn implies that FRB event rate distribution
must scale more steeply than S�3.5

⌫ . [need hard numbers from Simon].
A specific prediction of the model is a strong coupling between enhancement in the event rate and the strength of the

scattering associated with the turbulent Galactic ISM. In the present treatment we have considered the enhancement of
the event rate when amplification is due to a single scintle and in the limit in which a large number of scintles contribute
to the observed flux density. The largest e↵ect occurs when only a single scintle contributes to the scattering (i.e.
when the decorrelation bandwidth is comparable to the observing bandwidth, when the scintillations are relatively
weak), and the e↵ect diminishes with scattering strength, as shown in Figure 2.
The progression from the weak- to strong-scintillation limit is expected to follow a trend from high to low Galactic

latitudes. However, we do not present a detailed prediction of the event rate on Galactic latitude. The low number of
FRB detections does not yet merit such a detailed comparison. Moreover, do not expect there to be a straightforward
mapping between enhancement and Galactic latitude. The turbulent scattering properties of the ISM are known to be
highly inhomogeneously distributed and, while there is a general trend to decreasing scattering strength with Galactic
latitude, it also depends on Galactic longitude and the other details particular to each individual line of sight. This
is particularly pertinent here because there is a strong selection bias to detect only FRBs that are subject to weaker
di↵ractive scintillation; in other words, we expect FRBs to be detected preferentially along sightlines with anomalously
weak scattering.
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Fig. 4.— The enhancement in the event rate for FRBs subject to di↵ractive scintillation by a single scintle across the observing band as

function of � for a flux density distribution scaling as S
�5/2+�
⌫ ⌘ S�↵

⌫ .

4. CONCLUSION

Our conclusions are as follows:

– Galactic di↵ractive interstellar scintillation can explain the observed disparity in event rates of FRBs between
high and low Galactic latitude without altering the slope of the flux density distribution. The enhancement
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CVs are radio emitters
Survey of dwarf novae in outburst detected all 5 systems with the VLA, Sν=15-50 µJy/
beam (distances of 100-330 pc)   

 Undetectable in quiescence if like SS Cyg, so only detectable as transients.  

Dwarf novae are numerous, nearby & non-relativistic accretion laboratories —  
A new probe of the accretion/ejection connection   
Comparison with neutron star and black hole systems probes how jet launching is affected by the 
depth of the gravitational potential well. 

12

3808 D. L. Coppejans et al.

Figure 4. Radio flux density of all high-sensitivity observations of non-magnetic CVs, taken since 2008, as a function of distance (Körding et al. 2008, 2011;
Miller-Jones et al. 2011, 2013; this work). The dotted line shows the expected trend (1/d2) for sources with equal luminosities. Errors are calculated via
standard error propagation techniques. Observations taken of the DN SS Cyg at various stages of outburst are plotted for comparison.

as follows:

EM ∼ ⟨n2
e⟩Z

(
rorbit

pc

)
,

⟨n2
e⟩ ∼ 4 × 107 Z−0.5 cm−3. (5)

Assuming a spherical emitting region with radius r ∼ 1 × 1014 cm
(the size restriction based on the brightness temperature) and width
Z times the orbital radius (dr = Zrorbit), we can estimate the total
mass of a thermal emitting region as

Mt = 4πr2nempdr,

Mt ∼ 8 × 1023 Z0.5 g, (6)

where mp is the mass of a proton (g). If the emission was indeed
thermal, Z could be derived by watching the evolution of the radio
light curve past epoch 2.

The observed spectrum with α = 2 and −0.1 at higher frequencies
is more compatible with a thin dense shell (e.g. of a nova) than an
extended, centrally concentrated (r−2) stellar wind. The latter would
have α = 0.6 at lower frequencies, breaking to α = −0.1 and would
need a rather contrived geometry in order to reproduce the observed
spectrum.

If there is a non-thermal component to the emission in the second
observation of TT Ari, then more than one emission mechanism is
necessary to produce the observed properties. Consequently we do
not favour this scenario.

5.2 Non-thermal emission

Non-thermal emission from CVs has been suggested by a number
of authors (e.g. Fuerst et al. 1986; Benz & Guedel 1989; Benz
et al. 1996; Körding et al. 2008) in the form of gyrosynchrotron and
synchrotron emission and maser emission.

5.2.1 Gyrosynchrotron emission

Fuerst et al. (1986) concluded that either the magnetic field strength
is insufficient or the production rate of relativistic electrons is too
low in non-magnetic CVs to produce gyrosynchrotron radiation, but
this conclusion was based on the fact that they did not detect any
of the eight non-magnetic CVs they observed at 5 GHz. Benz et al.
(1983) had detected EM Cyg prior to this, but Fuerst et al. were
unable to explain this discrepancy. Since then, SU UMa has been
detected (Benz & Guedel 1989) and so has V603 Aql (this work),
so their conclusion needs revision.

Gyrosynchrotron emission is known to produce highly polarized
CP, so it is a plausible emission mechanism for TT Ari. Although
the 3σ upper limits on the CP fraction in RW Sex and V603 Aql are
12.9 and 12.0 per cent, respectively, we cannot rule it out for these
two sources.

Following the procedure in Benz & Guedel (1989), we can esti-
mate the achievable brightness temperature for gyrosynchrotron
emission of non-thermal electrons. For typical values of the

MNRAS 451, 3801–3813 (2015)
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Ionospheric Ducts —MWA
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Presentation Title (alter in master slide)

Night-time IPS @ 155MHz

14

4 Kaplan et al.

Fig. 2.— Bottom section: flux densities of PKS B2322�275 on 2014 November 06 (blue), PKS B2322�275 on 2014 October 06 (black),
PKS B2318�195 on 2014 November 06 (red), and PKS B2331�312 on 2014 November 06 (green) measured with the MWA. The flux
densities were measured from individual 2 s integrations, with uncertainty of about 0.2 Jy. Note that the y-axis ranges for all four panels
are the same. Bottom panel: the modulation index (rms flux density variation over a 2min interval divided by the average flux density for
that interval) for the same data-sets. The expected uncertainty on the modulation index under the assumption of no extra variability is
< 1%. The top section shows the flux density of PKS B2322�275 along with the dynamic spectrum, measuring the flux density across 8
di↵erent sub-bands (3.84MHz each, with frequency increasing from the bottom) for the period indicated. The gaps are from the intervals
between subsequent 2-min observations.

detected above 5 GHz (implying a steeper spectral index
↵ ⇡ �1.2, with S⌫ / ⌫↵) and hence likely has more ex-
tended emission. This can explain why PKS B2322�275
and PKS B2318�195 were observed to be the only sig-
nificant bright scintillators. That would not be the case
for an ionospheric origin.

Finally, NASA’s Omniweb database21 suggests that
only weak auroral and ionospheric activity occurred on
both nights, with no clear CME arriving at Earth, mod-
est Kp indices22 (global average magnetic activity) of
about 2, and temporal behavior over the whole field typ-
ical of quiet ionospheric conditions23 (S. T. Loi 2015,
pers. comm.). Absent any other viable explanation for
what we see, and since what we see agrees with all of
the known properties (amplitude, time-scale, and source
selection) of IPS (as in Hewish et al. 1964), we conclude
IPS the most likely origin of the anomalous variability.
This is largely confirmed by the Ooty Radio Telescope
observations.

3.2. Variability Properties

21 See http://omniweb.gsfc.nasa.gov/.
22 See http://www.ngdc.noaa.gov/stp/GEOMAG/kp_ap.html.
23 While we do see a modest enhancement in the auroral ac-

tivity (given by the AE index) that peaks near 13:25UT, the en-
hancement is not very notable, there are multiple enhancements
that day, and there are even more significant enhancements on our
comparison night which are not coincident with scintillation.

The modulation of PKS B2318�195 appears to start
20–30 min after that for PKS B2322�275, and that the
period of enhanced modulation lasts for about 30min
for both sources (although some of the modulation may
extend past the end of our observing period). Assum-
ing the modulation is caused by IPS from a CME, the
elongation di↵erence implies a speed of ⇠ 500 km s�1

for a distance of 0.1 AU. This speed is consistent with
those inferred from Ooty observations on 2014 Novem-
ber 06, where a number of sources at elongations > 90�

that were in the same direction as PKS B2322�275 and
PKS B2318�195 showed significantly enhanced scintilla-
tion (see Fig. 3 for an example). For a solar wind speed of
500 v500km s�1, we infer a minimum transverse size of the
CME of 9 ⇥ 105v500 km from the duration of the modu-
lation. However, given typical radial expansion of CMEs
(e.g., Manoharan et al. 2000) we expect radial sizes of
0.2–0.4 AU. Therefore we believe that the duration of the
IPS is set by the thickness of some sub-structure within
the putative CME.

As there is significant variability down to our sam-
pling of 2 s, we infer CME structure on scales down to
.1000v500 km. We see an apparent transition from a flat
power spectrum to a decline in Figure 3. This may be as-
sociated with the Fresnel scale, above which IPS is sup-
pressed (Manoharan & Ananthakrishnan 1990). How-
ever, actually measuring the Fresnel scale and directly
constraining the turbulent properties generally requires

Kaplan et al. 2015
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Intra-Day Variability
Over 56% of all flat-spectrum cm-wavelength radio sources 
exhibit IDV (Lovell et al. 2008) 

Free VLBI - we will ID a large fraction of AGN automatically!
15

PKS 0405-385 (Kedziora-Chudczer et al. 1997)
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Extreme Scattering Events

16Fig. 2.– Observations (left panel, adapted from Clegg et al. 1998; original data in Fiedler et al. 1987) and theory (right panel) for the ESE seen in the quasar
09541 658. The upper curves correspond to a radio frequency of 8.1 GHz (to which 1 Jy has been added) and the lower curves to 2.7 GHz.

Occurs in 1 in 70 compact sources per year 
(Fiedler et al. 1987)



Transients Science with the SKA

More results from precursors
MWA 

• Limits on image plane event rate: 10-7 sq.deg.-1 @ 28s cadence at 180MHz 
(Rowlinson et al.) 

• Discovery of intermittent IPS very far from Sun (Kaplan et al. 2015) 
• Ionospheric scintillation due to large organised structures (Loi et al.) 
• Searches for FRBs in both image and time domains 

LOFAR 
• LOTAAS LOFAR Tied-array All-sky survey - 219 beams (9 sq. deg). 

MeerKAT 
• commensal interrogation of MeerKAT data for transients was embraced by all 

PIs of the MeerKAT Large Survey Projects 
ASKAP-12  

VAST  
CRAFT - will have ability to read out baseband buffers to search for FRBs 

VLA/VLBA 
Ongoing high-time resolution searches (FRBs) 
V-FASTR 
STRIPE-82 (Kunal Mooley et al.)

17
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4 Elements of Transients Surveys
#1 Time on Sky 

• output linearly proportional to time on sky 

#2 Near real-time detection & localisation 
• multi-λ followup requires positions good enough to provide 

unambiguous matches (~1” or better for extragalactic) 
#3 Characterisation 

• Amongst all candidates, which merit scrutiny?   
• Necessary discriminators: 

• Spectrum, polarisation, outburst timescale and shape, 
previous behaviour at this position 

#4 Followup - milking the science out of it 
• Palm off to dedicated monitoring programme? 
• Reschedule survey to include this position with the required 

cadence?
18
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On #1
Planned vs. Opportunistic surveys 

• Reasonable to expect at most 10% of the telescope to be 
dedicated to transients surveys 

• The future lies with the opportunistic 
• 100% of the telescope time means we net: 

• 10x more transients & 10x rarer events 

• Altruistic: SKA transients model is to share all events with 
the community 
• Everybody gets our results for free 
• This model is broadly embraced (e.g. SWIFT and LSST)

19



Charting the Transients Universe with Radio Surveys

On #2 & #4
Build transients searches into the survey strategy at the 
beginning 

• Ensure search requirements aren’t watered down in the 
inevitable rush to get the survey underway 

Archive facility 
• User interface is crucial 

• c.f. the LOFAR experience 

Triggers: Formulate a policy to respond to and issue Triggers 
• We can either disrupt/override telescope operations or  
• ensure that the underlying survey has the flexibility to make 

use out of followup time (i.e. build up sensitivity in the region 
of an event)

20



Transients Science with the SKA

On #3 (characterisation)
Respond to (and issue) triggers 

• To what extent should we “respond”? 

For real-time commensal time-domain 
& image plane search 

• Timely followup required to catch 
events in the act 

Buffer - images & voltages 
• A time machine to respond to triggers 

with some latency (e.g. from our own 
detection systems)  

VLBI: an essential followup component 

21

Which events are the real 
gems? 

SKA will see huge numbers of 
transients, but need enough 
information to sort the wheat 
from the chaff. 



Transients Science with the SKA

Crossover with other science
Pulsars 

• High time resolution 
EOR 

• A contaminant that needs to be removed from data 
Continuum 

• IDV present in >50% of all flat-spectrum AGN 
Our Galaxy 

• Novae, flare stars, X-ray binaries 
Cosmic Rays 

• All-sky at sub-ms Δt/Shares several technical requirements 
VLBI 

• An essential component of followup for some science 
HI/Spectral line 

• Variable HI absorption by intervening galaxies
22

Everybody will participate in Transients Science



Transients Science with the SKA

Transients community brings friends

Relevance is key to us: 
We must have the capacity to 
link our objects to the rest of the 
electromagnetic spectrum 
Optical in the era of… 

• LSST 
• OWLs 
• Desert Transients Factory 

We plug into a network of 
followup facilities (MeerLicht) 
JWST 
ALMA 
X-ray/gamma-ray 
Advanced LIGO

23
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The                  message
Symbiosis 
Makes telescopes productive out of the blocks 

• Significant discoveries while large-scale surveys are still ramping up 
• Spot defects in the data that you might not otherwise know exist 
• Variability can aid your science too! — IDVs for continuum science 

Most Transients science is commensal 
• Exceptions: particular targets, e.g. Galactic Centre 

Need enough information from the telescope to make 
transients science useful 

• Necessitated by need to separate the wheat from the chaff 

Wide FoV & sensitivity combination is already yielding great 
surprises

24
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Fast Radio Bursts

Scintillation can explain this!
Giving FRBs a lift 

• Suggestion: random amplification due to turbulence 
in our Galaxy “magnifies” events ordinarily too weak 
to be detected 

• How does this work? 
– There is a characteristic bandwidth associated 

with interstellar scintillation 
– The stronger the scattering (i.e. the more material 

the radiation propagates through), the smaller the 
decorrelation bandwidth. 

– Closer to the plane the scattering is stronger and the 
decorrelation bandwidth at smaller.  

– Enhancement can only work well above the Galactic 
plane

26

Macquart & Johnston, MNRAS 2015



Fast Radio Bursts

Steep source counts — how?
For homogeneously-distributed events in Euclidean space, 
differential source counts scale as Sν-5/2: 

• With a sensitivity to events down to flux density Sν we detect events 
of luminosity L out to distance  

The number of events we detect per Sν bin is 

If the source counts deviate from Sν-5/2 either  
1. non-Euclidean geometry matters (i.e. at high z) or  
2. they must be distributed inhomogeneously with distance (i.e. 
at high z) 
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Chance favours the prepared mind

Most discoveries in this domain are driven by 
innovations in technology 

• High time resolution science limited by I/O capabilities 
• FRBs discovery brought about by advances in compute 

capacity 

• Wide field of view 
• Necessary to find rare events 
• Dictates formidable processing power 

• Radio telescopes are still behind the domain of high energy 
searches 
• Fermi, SWIFT, …
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