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Fast Radio Burst Emission

Fast radio bursts (FRBs) are extragalactic radio transients last-
ing micro- to milliseconds with unknown physics of emission.
Their large distances imply extreme brightness temperatures
(>∼ 1035 K) (Bhandari et al., 2020), eliminating thermal pro-
cesses and necessitating a coherent emission mechanism. A co-
herent emission mechanism then implies that some degree of
coherence should be measurable given a sufficiently strong de-
tection, low temporal smearing due to scattering, and fine enough
time resolution. One simple diagnostic for the coherency of a sig-
nal is the second-order intensity correlation function:

g(2)(τ ) = 〈I(t + τ )I(t)〉
〈I(t)〉2

, (1)

where I is the intensity/Stokes I of the signal, and the angled
brackets indicate an average over time t.

ASKAP is able to detect FRBs in real-time and obtain polari-
metric FRB measurements at a time resolution of ∼ 3ns. A
notable example of an FRB with structure only probeable with
such a data set is FRB181112 (Cho et al., 2020).

Method

It is generally observed that FRBs can be polarised in both neg-
ligible and large fractions (Day et al., 2020). Therefore we as-
sume that FRB radiation is partially-polarised with some frac-
tion 0 ≤ p ≤ 1, calculated from the Stokes parameters I, V, and
L:

p =
〈V 〉2 + |〈L〉|2

1/2

〈I〉
. (2)

In order to measure the coherence of the signal, we compare g(2)

to the value expected for incoherent, partially-polarised radia-
tion (IPPR). The expected g2(0) for IPPR is (Scott et. al, in
prep)

g
(2)
IPPR(0) = 1.5 + 0.5p2. (3)

We first coherently dedisperse the data of FRB181112 with the
S/N-maximising dispersion measure of 589.265 pc cm−3. We then
calculate the Stokes parameters I , V , and L = Q + iU as func-
tions of time at the full time resolution of ∼ 3ns. These time
series are then binned and averaged across 336 samples, to bring
the time resolution to exactly 1µs. In each bin, g(2)(0), p, and
g

(2)
IPPR(0) are calculated by (1), (2), and (3) respectively. These

quantities, as well as I , are plotted in Figure 2.

FRB181112

FRB181112 is an excellent candidate for attempting to directly measure the coher-
ence of FRB radiation. It has intrinsically very narrow structure and a remarkably
low scattering timescale for the observing frequency (∼ 1GHz), as well as having
been detected with a very high S/N. It is measured to have distinct polarisation char-
acteristics, including a high polarisation fraction across the first of its four sub-bursts
(Cho et al., 2020).

Figure 1 (right): Dynamic spectrum of FRB 181112 at 1 ms time resolution and
1 MHz frequency resolution, showing the characteristic dispersive sweep across fre-
quency with time.
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Figure 2: Top panel: Intensity/Stokes I of FRB181112’s first
burst, averaged in time bins of width 1µs. Middle panel: Total
polarisation fraction p in each time bin. Bottom panel: g(2)(0),
calculated for each time bin (green), and predicted from p
(orange).

Conclusions

•We observe that FRB181112’s second-order correlation
statistics are consistent with those expected for incoherent,
partially polarised radiation
•We do not conclude that FRB181112’s emission was
incoherent. It is more likely that an incoherent propagation
process, e.g. scattering, has de-cohered the radiation and
obscured its coherent statistics
•Observations of FRBs with negligible scattering are highly
desirable, perhaps even necessary, to directly measure the
coherence of FRB emission. This may require observations at
higher radio frequencies than ASKAP has been performing.

It is worth noting that the data used in this analysis have not
been polarisation calibrated, like the data used by Cho et al.
(2020) were. Cho et al. (2020) report a polarisation fraction of
0.94, well above the peak value of ∼ 0.6 measured here. Polar-
isation calibration will be performed on these data to complete
the analysis. Even without this calibration, the results shown
here still demonstrate the validity of the method.
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