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Figure 2. Maximum distance at which gravitational wave afterglows can
be detected as a function of inclination angle for a range of circum-merger
densities. Solid lines denote observations of 200 galaxies to a detection
threshold of 75 `Jy at 3 GHz with the VLA, while dashed lines denote
observations with the ATCA targeting 50 galaxies to a detection threshold
of 70 `Jy at 8 GHz. The LIGO range for O4 and design specifications is
shaded in dark and light grey respectively. The 50% completeness of the
GLADE catalogue is also labelled.

normalisation constant is calculated by requiring hR(\obs)i = R.
Duque et al. (2019) obtain the same result by instead computing the
gravitational wave detector horizon. While Finn & Cherno� (1993)
only calculate antenna patterns for L-shaped interferometers, the
above equation is a su�cient approximation to the 3G detector
configurations for our purposes as any discrepancy is negligible
compared to the current uncertainty in detector specifications and
sensitivity.

5.2.1 Galaxy Targeting

Figure 2 shows the maximum distance at which an afterglow can
be detected for a range of circum-merger densities spanning 10�4–
1 cm�3, using a galaxy-targeting approach with the ATCA and the
VLA as outlined in Section 3.2.

We note that while this strategy will allow most events to be
detected at distances comparable to the LIGO range, the incom-
pleteness of existing galaxy catalogues at these distances makes
this strategy only feasible for the closest mergers (⇡! ⌧ 100 Mpc).
We do not consider applying this approach to any next generation
facilities as their fields of view are large enough that they contain
multiple candidate hosts per pointing, and their survey speeds are
large enough that an unbiased search is generally feasible.

5.2.2 Unbiased Searches

We therefore turn our focus to the unbiased searches described in
Table 3, which we split into four broad categories.

Figure 3 shows the detectability of events in unbiased searches
with current facilities. Most on-axis mergers, as well as most o�-axis
mergers occuring in dense environments, localised to  10 deg2 de-
tected with current gravitational wave facilities and the A+ upgrade
will be detectable with MeerKAT and some will be detectable with
the VLA and Apertif. However, we note that only a small fraction of

Table 3. Capabilities of unbiased searches for radio afterglows for a range
of telescopes and observing strategies, including observing frequency (a),
bandwidth (�a), total areal coverage (⌦total) and required observing time
()total)

Telescope a Strategy ⌦total (detect )total
(GHz) (deg2) (`Jy) (hr)

Apertif 1.4 deep 10 125 12
wide 40 250 12

ASKAP 0.9 deep 30 175 10
wide 300 550 10

DSA 1.35 deep 10 5 1
wide 100 5 2.5

MeerKAT 1.4 wide 10 35 12

ngVLA 2.4 wide 10 5 10
ultra-wide 100 25 10

SKA-1 1.43 wide 10 10 10
ultra-wide 100 40 10

SKA-2 1.43 wide 10 1 10
ultra-wide 100 4 10

VLA 1.5 wide 5 75 12

events will be localised this well with these detectors. LIGO Voy-
ager will have better localisation capabilities, and some events will
produce afterglows that are detectable out to the detector horizon.

For events that are localised to tens of square degrees, com-
parable to the median localisation for 2G detectors (Abbott et al.
2020b), we consider follow-up with ASKAP and Apertif. Figure 3
also shows the maximum distance at which afterglows will be de-
tected, and we find that it is feasible to detect the afterglow produced
by most on-axis mergers with current gravitational wave detectors.

Figure 4 shows the same metrics applied to the DSA-2000,
ngVLA and SKA-1 compared to the range of Voyager and 3G
detectors for events localised to  10 deg2 and  100 deg2. We
find that while the majority of events detected with Voyager will
be accompanied by detectable afterglows, it will not be possible to
detect afterglows in widefield follow-up of the most distant events
discovered by a complete 3G network. However, we note that the
median localisation achievable with a complete 3G network is ⇠
1 deg2. Therefore widefield searches will not be necessary for most
events, and the targeted single-pointing strategy outlined in Section
5.2.3 may be a more useful metric.

5.2.3 Monitoring electromagnetic counterparts

Figure 5 shows prospects for detecting radio emission with current
radio facilities from events that have been localised by the detec-
tion of an electromagnetic counterpart. Assuming that neutron star
mergers occur in comparably dense environments to short GRBs
(= ⇠ 10�2 cm�3 Fong et al. 2015) we find that most neutron star
mergers detected during O4, and a large fraction with the A+ con-
figuration, should produce radio emission that is detectable with
deep single pointing observations. However current facilities will
not be su�cient for a comprehensive census of radio afterglows
as we move towards the 3G era – only on-axis mergers occuring
in dense environments (= & 10�1 cm�3) will be detectable at the
Voyager horizon.

The sensitivity of future radio telescopes will partially ad-
dress this problem. Figure 6 shows the detectability horizon for the
ngVLA and both phases of the SKA (with the DSA-2000 horizon
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