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telescopes can cover that area more e�ciently. Gravitational wave
localisations are generally irregular shapes (although this will be
less true as we move to arrays with >3 detectors) and often multi-
modal, while telescope fields of view are either circular or rectan-
gular. Ghosh et al. (2016) find that it is significantly more e�cient
to cover localisation regions with a distributed group of multiple
small-FoV telescopes than a single widefield telescope due to the
lower extraneous coverage. Similarly, the SKA/ngVLA will use
many small-FoV pointings and will therefore achieve more e�cient
coverage than the DSA-2000 strategy of fewer large-FoV pointings.

3.4 Serendipitous Observations

Advances in radio telescope technology will allow for numerous
widefield surveys of the radio sky to be undertaken in the coming
decades. Deep all-sky surveys will provide sensitive reference im-
ages for transient follow-up, and widefield transient searches will
likely provide serendipitous coverage of gravitational wave events.

3.4.1 ASKAP

The Evolutionary Map of the Universe (EMU; Norris et al. 2011)
will cover the sky South of +30 deg declination to a design sensi-
tivity (1f noise) of ⇠ 10 `Jy at 1.3 GHz. This will provide the most
sensitive map of the Southern radio sky to-date and be useful as
a reference image for transient searches. The Rapid ASKAP Con-
tinuum Survey (RACS; McConnell et al. 2020) achieves a typical
sensitivity of 250 `Jy at 900 MHz and has already been used as a
reference image in follow-up of GW190814 (Dobie et al. 2019b).

The proposed Variables And Slow Transients (VAST; Murphy
et al. 2013) survey is split into three main components, Wide, Deep
and Galactic, and will span at least 5 years. VAST-Wide will observe
an area of 10000 deg2 to a detection threshold of 2.5 mJy on a daily
cadence. VAST-Deep will achieve a detection threshold of 250 `Jy
and will observe 10000 deg2 7 times, and a single 30 deg2 field
daily. VAST-Galactic will observe 750 deg2 of the galactic plane
64 times to a detection threshold of 500 `Jy, which will be useful
for events where optical follow-up is hindered by extinction and a
high rate of unrelated transients. Here we consider the VAST-Wide
and low cadence VAST-Deep surveys, as the wide areal coverage
makes them more conducive to this kind of search. We also note
that the ASKAP Survey Science observing strategy has not yet been
finalised

3.4.2 MeerKAT

While MeerKAT has a higher instantaneous sensitivity than
ASKAP, there are currently no plans to use it for a dedicated
widefield untargeted transients survey (Fender et al. 2017). Instead,
transient searches will be conducted using commensal data from
other surveys, which cover relatively small areas of sky (generally
less than 30deg2, see Holwerda et al. 2012; Serra et al. 2016; de
Blok et al. 2016; Bailes et al. 2018). Therefore the proposed tran-
sients search with MeerKAT will search a smaller area of sky to a
greater sensitivity compared to ASKAP. As this is less conducive to
serendipitous coverage of multi-messenger events, we instead con-
sider an idealised untargeted survey for radio transients covering
5000 deg2 observed to a sensitivity of 20 `Jy with 9 observations
separated by 4 months. This corresponds to a total observing time
of 3750 hours.

Table 2. Capabilities of gravitational wave detector networks made of the
Hanford (H), Livingston (L), Virgo (V), Kagra (K), LIGO-India (I) detectors.
Detectors improved by the A+ upgrade are denoted by a subscript + while
LIGO-Voyager detectors are denoted by a subscript + .

Epoch Facilities Timeline Rangea Localisationb Ratec

(Mpc) (deg2) (yr�1)
O4 HLVK 2022–23 190d 35 10
O5 H+L+V+K 2025–26 330d 35 50
2G H+L+V+KI+ 2026 330 35 50

Voy. HVLVVV 2030 1100 70 1800

3G ET, CE, Voy 2040 5 ⇥ 104 10 108

ET, 2CE 5 ⇥ 104 1 108

a Maximum range of any detector in the network
b Order of magnitude estimate for typical localisation
c Number of detections per year assuming a merger rate of 320 Gpc�3yr�1

(The LIGO Scientific Collaboration & the Virgo Collaboration 2020)
d We assume a total network range of 160 Mpc and 300 Mpc for O4 and O5

respectively

3.4.3 Deep Synoptic Array

The Cadenced All-Sky Survey (Hallinan et al. 2019) will observe
16 epochs of the sky North of �30 deg on a 4-month cadence to a
detection threshold of 10 `Jy, providing coverage of the majority of
gravitational wave events. It will also ultimately provide a reference
image with an rms noise of 500 nJy.

4 GRAVITATIONAL WAVE DETECTORS

4.1 Second Generation Detectors

4.1.1 Fourth Observing Run (O4; 2022–2023)

The Fourth Observing Run (O4) will run for one year with both
LIGO detectors close to the design sensitivity of a sky and incli-
nation angle averaged detection range of 190 Mpc (Abbott et al.
2020b). Advanced Virgo will have a binary neutron star range of
90–120 Mpc (comparable to the LIGO detector ranges during O3),
while the sensitivity of KAGRA (KAGRA Collaboration et al. 2019,
2020) has a large uncertainty and estimates for its binary neutron
star range is 25–130 Mpc. Assuming a KAGRA range of 80 Mpc
the estimated number of detections is 10+52

�10, with a median 90%

localisation of 33 deg2. We adopt a detection range of 160 Mpc
based on the minimum specifications for the LIGO detectors and
reflecting the lower range of the other two detectors.

4.1.2 Fifth Observing Run (O5; 2024–2025)

The fifth observing run will begin after the A+ upgrade, which
will increase the LIGO detector range to 330 Mpc Abbott et al.
(2020b). The Virgo detector will also undergo significant upgrades,
and will operate with a binary neutron star range of 150–260 Mpc
and KAGRA will operate with a range of at least 130 Mpc and
possibly as high as 155 Mpc. For the purposes of this paper we
assume a sky and inclination angle averaged detection range of
300 Mpc.

4.1.3 A Five Detector Network (2025+)

LIGO-India (Iyer et al. 2011) is expected to join operations in
2025 and will eventually reach design specifications with a range
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