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Abstract

The Ultraviolet Explorer (UVEX) is expected to fly in 2030 and will have the opportunity—and the rapid near/far-
ultraviolet (UV) capabilities—to glean unprecedented insight into the bright UV emission present in kilonovae like
that of AT 170817gfo, the electromagnetic counterpart to binary neutron star merger GW170817. To do so, it will
need to perform prompt target-of-opportunity observations following detection of binary neutron star mergers by
the LIGO–Virgo–KAGRA gravitational observatories. We present initial simulations to develop UVEX target-of-
opportunity strategies for such events and provide the community with detailed initial estimates of the prospects for
and characteristics of UVEX target-of-opportunity observations following gravitational-wave events, considering
fiducial scenarios for the fifth and sixth LIGO–Virgo–KAGRA observing runs. Additionally, in light of the
relatively few binary neutron star mergers observed since GW170817, we consider variant target-of-opportunity
strategies for UVEX to maximize scientific gain in the case of a lowered binary neutron star merger rate.

Unified Astronomy Thesaurus concepts: Ultraviolet transient sources (1854); Gravitational wave astronomy (675)

1. Introduction

1.1. UVEX: The UltraViolet EXplorer

As of 2024 February 13th, the UltraViolet EXplorer (UVEX;
PI Fiona Harrison) has been selected by NASA as its next
Astrophysics Medium-Class Explorer mission with a launch date
of 2030 (Fisher 2024). UVEX will be a space telescope with
wide-field, co-aligned imaging in the near- and far-ultraviolet
(NUV/FUV) band with a 12.25 deg2 field of view. It will
additionally possess moderate-resolution (R� 1000) spectro-
scopic capabilities across a broad bandpass covering much of the
FUV and NUV (Kulkarni et al. 2023). In addition to the rapid
target-of-opportunity (ToO) capabilities considered in this work,
UVEX will serve as a joint FUV/NUV deep survey instrument,
providing a crucial multi-band UV counterpart to the optical and

infrared surveys of the coming era (Rubin, Euclid, and Roman;
Laureijs et al. 2011; Akeson et al. 2019; Ivezić et al. 2019).
These capabilities allow UVEX to cover a missing sector of the
observational landscape of the 2030s: a deep, multi-band UV
mission with ample sky coverage and rapid ToO response times.
The Hubble Space Telescope, while of course highly sensitive,
possesses a narrow field of view (0.002 deg2) and slow
(>2 weeks) ToO response times; the Neil Gehrels Swift
Observatory (Swift; Gehrels et al. 2004) only covers the NUV;
and the Ultraviolet Transient Astronomical Satellite (ULTRA-
SAT; Sagiv et al. 2014; Shvartzvald et al. 2024), while effective
for rapid ToOs and imaging in the NUV with a planned ToO
response time of <15minutes from ToO trigger and a FOV of
204 deg2, does not provide the depth, spectral capabilities, or
FUV coverage of UVEX. For detailed comparison of the
relevant capabilities of current and planned UV observatories to
UVEX and typical requirements for follow-up to gravitational
wave (GW) events, see Table 1. For further details as to the
planned capabilities and broad science portfolio of UVEX,
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including its planned surveys and time-domain studies beyond
those considered here, refer to Kulkarni et al. (2023).

1.2. Multimessenger Astronomy

A central goal of UVEX is to leverage the capabilities
described above to perform rapid electromagnetic (EM) follow-
up to gravitational wave (GW) events, so as to capture the
crucial early-time UV emission of kilonovae (KNe).12 KNe are
the electromagnetically bright transient counterparts to binary
neutron star (BNS) and neutron star—black hole (NSBH)
mergers, formed when matter comprising some fraction of the
component neutron star(s) is ejected during the late inspiral and
merger (Li & Paczyński 1998). The optical/near-infrared (nIR)
KN emission is driven by radioactive decay of heavy elements
formed in the ejecta through rapid neutron capture (r-process)
nucleosynthesis (Metzger et al. 2010); KNe also feature bright
UV emission at early times (Evans et al. 2017), although the
underlying factors driving this emission have yet to be
determined (see e.g., discussion in Kulkarni et al. 2023).13 It
is worth noting that BNS/NSBH mergers can also produce
short gamma-ray bursts (sGRBs) and long-lasting radio
emission, the former likely powered by accretion onto the
merger remnant, and the latter believed to arise from a jet
structure; refer to Metzger (2019) for a review of KN theory
and observations across the EM spectrum.

One of the most powerful and scientifically fruitful means by
which one can achieve KN observations is through prompt

follow-up with EM observatories of BNS or NSBH mergers
detected through GWs. Indeed, the BNS merger GW170817
(Abbott et al. 2017a) and its EM counterpart, KN AT 2017gfo
(Abbott et al. 2017b; Alexander et al. 2017; Chornock et al.
2017; Cowperthwaite et al. 2017; Margutti et al. 2017; Nicholl
et al. 2017; Soares-Santos et al. 2017), led to a profound and
far-reaching scientific yield. This first—and, so far, only—
multimessenger event of its kind resulted in insights across
many aspects of astrophysics, including cosmology (e.g.,
Abbott et al. 2017c; Guidorzi et al. 2017; Hjorth et al. 2017;
Hotokezaka et al. 2019; Dietrich et al. 2020; Wang & Giannios
2021; Bulla et al. 2022; Palmese et al. 2024), the nature of the
remnant object (e.g., Abbott et al. 2017d, 2017e; Smartt et al.
2017; Yu et al. 2018; Gill et al. 2019; Margalit & Metzger 2019;
Murguia-Berthier et al. 2021), constraints on the dense nuclear
equation of state (EoS; Coughlin et al. 2019a; Capano et al.
2020; Dietrich et al. 2020; Essick et al. 2020; Raaijmakers
et al. 2020; Al-Mamun et al. 2021; Biswas 2021; Breschi et al.
2021; Legred et al. 2021; Miller et al. 2021; Nicholl et al. 2021;
Pang et al. 2021; Raaijmakers et al. 2021; Huth et al. 2022), the
origin of heavy elements through r-process enrichment (e.g.,
Chornock et al. 2017; Coulter et al. 2017; Cowperthwaite et al.
2017; Kasen et al. 2017; Kasliwal et al. 2017, 2022; Kilpatrick
et al. 2017; Pian et al. 2017; Rosswog et al. 2017, 2018; Smartt
et al. 2017; Watson et al. 2019), and beyond; see Nakar (2020)
and Margutti & Chornock (2021) for a review. In addition to
the rich astrophysics of the EM counterpart itself, EM
information regarding the distance and redshift of the host
galaxy breaks important degeneracies for the analysis of the
GW signal, further allowing for improved characterization of
the latter (e.g., Abbott et al. 2017a; Guidorzi et al. 2017;
Gianfagna et al. 2023). Further joint EM-GW observations of
neutron-star-containing mergers and their KNe could provide

Table 1
UVEX Capabilities Compared to Other Current and Upcoming UV Observatories and Typical Expected Values for LVK-detected BNS Mergers and their KN

Counterparts in O6

Swift Hubble ULTRASAT UVEX O6 BNS/KNe

UV Band(s) NUV NUV NUV NUV+FUV NUV+FUV
FOV 0.08 deg2 0.002 deg2 204 deg2 12.25 deg2 10 s—100 s of deg2

Depth (AB mag) 24 28.75 22.5 24.7 (NUV)/24.6 (FUV) 19.6–25.0 (NUV at 300 Mpc)
ToO Response Time <150 s >2 weeks <15 minutes 3 hr (average) ∼6 hr

Note. The “FOV” values given for O6 BNS/KNe are the expected sky localizations for well-localized BNS in O6 (Petrov et al. 2022). The range of KN apparent
magnitudes corresponds to the minimum/maximum peak NUV luminosity for KN emission models considered in Kulkarni et al. (2023), observed at a distance of
300 Mpc (the equivalent quote for the fainter FUV emission is 19.5–27.2 AB mags). The ToO response time listed for BNS mergers is the expected timescale after
which it will likely no longer be possible distinguish between emission models for the KN UV emission; see e.g., Figure 14 of Kulkarni et al. (2023). The depths
quoted for ULTRASAT and UVEX are limiting magnitudes for a 5σ detection in a standard 900 s dwell. The depth quoted for Hubble is the current limiting
magnitude of WFC3/UVIS at 2500 Å as given by Figure 3 of the Hubble Space Telescope Primer for Cycle 33 (Peeples & The STScI Science Mission Office 2025).
The depth quoted for Swift is the 5σ limiting magnitude of the UVOT instrument for a 1000 s exposure with the white light filter (Gehrels et al. 2004). The ToO
response time for Swift is based on updated capabilities presented in (Tohuvavohu et al. 2024). Remaining quotes drawn from Gehrels et al. (2004), Peeples & The
STScI Science Mission Office (2025), Shvartzvald et al. (2024), Kulkarni et al. (2023), and the UVEX Mission website (https://www.uvex.caltech.edu/page/for-
astronomers).

12 Singular: kilonova (KN).
13

“Kilonova” has historically referred in a technical sense to the optical/nIR
emission of such a counterpart; following observation with Swift of early-time
UV excess in KN AT2017gfo (Evans et al. 2017), the term is at times now
taken to be inclusive of UV emission. As this work primarily considers the UV
emission that will be observed by UVEX, we adopt the UV/optical/nIR
convention for simplicity’s sake.
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unparalleled, independent constraints on the Hubble constant
(e.g., Coughlin et al. 2020a, 2020c; Bulla et al. 2022), solidify
our understanding of KN dynamics and the dense nuclear EoS
(e.g., Nicholl et al. 2021; Breschi et al. 2024), and more.

With this rich scientific bounty in mind, the motivation for
pursuing EM follow-up observations to GW events—especially
those that contain a NS and can therefore produce a KN—is
clear. Since GW170817, several additional neutron-star-
containing mergers have been detected via GWs (Abbott
et al. 2020a, 2021a). However, no additional KNe counterparts
have been located. While the absence of an observed EM
counterpart can still provide some information (e.g., Kasliwal
et al. 2020; Ahumada et al. 2024), the prospect of repeating the
scientific windfall of GW170817—and then surpassing it via
observations of an entire population of KNe—remains a
tantalizing one.

1.3. Challenges for Electromagnetic Follow-up

Numerous thorough searches were performed for the BNS
merger GW190425 (Abbott et al. 2020a) (e.g., Coughlin et al.
2019b; Hosseinzadeh et al. 2019; Antier et al. 2020a; Gompertz
et al. 2020; Saleem et al. 2020; Song et al. 2019; Paek et al.
2024), as well as the NSBH mergers GW200105 and
GW200115 (Abbott et al. 2021a) (e.g., Antier et al. 2020b;
Page et al. 2020; Anand et al. 2021; Dichiara et al. 2021) and
GW events in O4 (Ahumada et al. 2024). Part of the challenge
lies in the broad sky area that any such follow-up endeavor
must search. GW detectors do not have high angular resolution
to individual sources, and while a network of 3+ detectors
allows for significant improvements in this respect, GW
localization regions—that is, the area of the sky covered by,
e.g., the 90% credible level (C.L.) error region for the GW-
inferred localization—are expected to remain large (many 10 s
or 100 s of square degrees) for the immediate future (Petrov
et al. 2022; Kiendrebeogo et al. 2023). Tiling a GW
localization region spanning such a broad area of the sky is a
difficult task for most modern observatories. Adding this
difficulty, light curve predictions from KN models for these
events are still quite uncertain. This is largely due to the fact
that we do not yet understand the dominant mechanism
powering the KN at early times. Possibilities include a
predominantly nucleosynthesis-powered KN (Li & Paczyński
1998; Metzger et al. 2010; Banerjee et al. 2020, 2024;
Hotokezaka & Nakar 2020; Klion et al. 2021), a nucleosynth-
esis-powered KN with additional contributions from β-decay of
free neutrons (Metzger et al. 2015; Gottlieb & Loeb 2020), and
a shock-powered KN (Piro & Kollmeier 2018). Depending on
which of these prescriptions is used, the corresponding light-
curve predictions can vary by more than 4 mag over the first
few hours after merger (see, e.g., Figure 43 of Kulkarni et al.
2023). When this uncertainty is joined by the intrinsic GW
uncertainties on the inclination ι and luminosity distance DL of

the BNS/NSBH merger in question, the depth at which a given
telescope needs to observe each field to be able to actually
detect a potential KN becomes difficult to estimate. One could,
of course, take a highly conservative approach and observe
each field at extreme depth, but doing so requires large per-field
exposure times.
Time is, however, of the essence. Not only are KNe fast-

evolving and fade quickly (as seen for AT 2017gfo in, e.g.,
Cowperthwaite et al. 2017), but many open questions as to the
physical nature of KNe and the origin of heavy elements can
only be answered by observing the KN during the rapid
evolution of its light curve at early times. As noted above,
different underlying mechanisms can cause drastically different
KN luminosities in the first few hours. After 5–10 hr, however,
the magnitude difference between (e.g.) shock-powered versus
nucleosynthesis-powered KN models shrinks dramatically,
likely to within observational uncertainty of one another (e.g.,
Figure 43 of Kulkarni et al. 2023 and surrounding discussion).
The exact nature of the early-time evolution of the KN lightcurve
is ambiguous, as the first observations of KN AT 2017gfo were
performed 15 hr after the merger (Abbott et al. 2017b; Alexander
et al. 2017; Cowperthwaite et al. 2017; Chornock et al. 2017;
Margutti et al. 2017; Nicholl et al. 2017; Soares-Santos et al.
2017). Taken together, these considerations both complicate and
lend additional impetus to EM-GW follow-up observations,
requiring them to be deep, broad, and rapid. This quandary is the
driving motivation for employing wide-field survey telescopes in
the pursuit of EM follow-up to GW events. These observatories
are designed with wide fields of view and the ability to quickly
move from pointing to pointing for efficient survey operations.
The primary challenge then becomes how one can achieve the
necessary depth for successful followup of a given KN
counterpart in the short time before it fades without sacrificing
coverage of the GW localization region.

1.4. UVEX Target-of-opportunity Strategy

The preliminary UVEX ToO strategy for EM-GW follow-up
of BNS mergers, as presented in Kulkarni et al. (2023), is
designed to fulfill two scientific goals. The first, for UVEX to
perform follow-up of a sample of BNS mergers detected in
GWs; the second, to do so with sufficient alacrity as to capture
the crucial early-time evolution of their KN counterparts. This
latter consideration amounts to obtaining the first epoch of
observations within 6 hr of merger; subject to an average ToO
response time of <3 hr, this leaves on average a maximum of
3 hr to tile the 90% C.L. GW localization region. Following
this initial epoch, UVEX would continue to repeat its tiling
pattern over the localization area for a total of 24 hr to obtain a
multi-epoch FUV + NUV light curve. UVEX will likely fly
concurrent to O5 or O6, each of which is expected to observe a
large sample BNS mergers; however the majority of these
mergers are not anticipated to be “golden” events like that of
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GW170817. Instead, detected BNS mergers are expected to
span a broad range of inferred distances and sky localization
areas (Petrov et al. 2022; Kiendrebeogo et al. 2023). Pursuing
follow-up to all detected BNS events will not be feasible for
several reasons, including the fact that UVEX has numerous
other science goals; only a fraction of UVEX’s baseline
mission is dedicated to EM-GW ToO observations. More
importantly, it will not be possible for UVEX to fully tile large
localization regions with sufficient depth to detect distant KNe
and do so quickly enough to capture their early-time evolution.
As such, the task of defining an EM-GW ToO strategy for
UVEX becomes that of selection: on which mergers do we
trigger ToO observations so as to maximize the total scientific
gain of our follow-up observations, given these limitations?

Towards this end, it is necessary to define a set of criteria for
ToO selection, based on the information available in a realistic
EM-GW follow-up setting. From low-latency LVK analyses of
a given GW signal (e.g., Chaudhary et al. 2024), we will have
access to estimates of the luminosity distance and sky
localization for a given BNS candidate; this information, in
conjunction with the imaging capabilities of the UVEX
instrument itself and a (conservative) estimate of the KN
luminosity, allow us to evaluate candidate ToO triggers along
the following axes: (1) the total sky area covered the 90% C.L.
GW localization region, (2) the fraction of the 90% C.L. GW
localization region that UVEX is able to tile within 3 hr, and (3)
that each UVEX pointing in the localization region can reach
sufficient per-tile exposure time so as to reach a fiducial KN
source FUV magnitude depth, given the UV background and
GW-inferred distance estimate for that pointing and current
modeling uncertainties for the UV KN luminosity.

1.5. UVEX EM-GW Selection Criteria

The UVEX EM-GW ToO selection criteria presented in
Kulkarni et al. (2023) were defined such that UVEX could
achieve ToO observations for follow-up of �20 BNS mergers,
assuming the GWTC-2 rate of -

+ - -320 Gpc yr240
490 3 1 (Abbott

et al. 2021b), the BNS-broad observing scenarios (see Section 2),
and a five-detector network consisting of LIGO Hanford, LIGO

Livingston, Virgo, KAGRA, and LIGO India at design (A+)
sensitivity. These criteria, as presented in the UVEX proposal
and concept study report (CSR), are as follows: (1) the 90% C.L.
GW localization region must be �100 deg2, (2) UVEX must be
able to cover �99% of the GW localization probability within
3 hr, and (3) that each UVEX pointing must reach a source FUV
magnitude depth of −12.1 AB mag, given the UV background
and GW-inferred mean distance estimate for that pointing. The
choice of FUV source magnitude is a conservative one such that
UVEX will be able to detect and characterize the KN counterpart
regardless of current modeling uncertainties as to the KN peak
magnitude. See Appendix E2 of Kulkarni et al. (2023) for further
details as to the specific light curve models considered. The final
set of UVEX ToO selection criteria are summarized in Table 2.
These criteria were estimated in the UVEX proposal to yield 20
(35) ToO triggers in 1.5 yr of O5 (O6), given the assumptions
outlined above. Further details as to the simulations and results
leading to these criteria as performed for UVEX proposal can be
found in Kulkarni et al. (2023). In this work, we provide
pertinent details of these estimates’ underlying LVK observing
scenarios (Section 2), detail the analysis framework and
codebase used to determine the UVEX EM-GW selection
strategy (Section 3), present a method for estimating the
strategy-dependent success rate of such observations
(Section 4), provide updated estimates of the associated
prospects for UVEX EM-GW ToOs based on the latest LVK
observing scenarios (Section 5), and lend additional considera-
tion to strategies which can maximize the scientific success of
UVEX EM-GW follow-up in the case of a lower astrophysical
BNS rate (Section 6).

2. Observing Scenarios

Realistic estimates of the prospects for EM-GW follow-up
with UVEX require well-founded predictions for the GW
landscape of the coming years. This work uses the GW
observing scenarios presented in Kiendrebeogo et al. (2023).
Kiendrebeogo et al. (2023) consider two models for the
underlying astrophysical BNS/NSBH/BBH mass/spin distri-
butions: the LRR model, which serves as a comparison point to

Table 2
UVEX ToO Selection Criteria as Established in the UVEX Proposal and CSR

Selection Criteria Value

Area of GW90% C.L. Localization �100 deg2

Total Time to Tile �3 hr (10,800 s)
Per-tile Exposure Time �3 hr (10,800 s)
Tiling Coverage �99%
FUV Depth (Source Magnitude) −12.1 AB mag

Note. The tiling coverage is the minimum percentage of the GW90% C.L. localization that can be tiled in 3 hr. The FUV depth is the AB source magnitude achievable
by UVEX in each pointing, assuming the mean GW distance estimate. Note that these criteria can be relaxed to ensure UVEX’s ability to achieve impactful KN
science under adverse conditions.
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previous studies (see e.g., Abbott et al. 2020b; Petrov et al.
2022); and the PDB/GWTC-3 model, which instead draws on
the population inference model of Farah et al. (2022) as fit to
the GWTC-3 catalog (Abbott et al. 2023). In contrast to the LRR
model, which parameterizes and draws from independent
distributions for each source classification (i.e., BNS/NSBH/
BBH), the PDB/GWTC-3 model treats the entire compact
binary mass spectrum holistically with a single function
consisting of a broken power law with a dip in the lower mass
gap at 2.72–6.13Me.

14 Further details can be found in Farah
et al. (2022), Abbott et al. (2023), Kiendrebeogo et al. (2023).
Additionally, some of the original considerations for UVEX
used a variation of the Petrov et al. (2022) scenarios. These
simulations, produced for the UVEX proposal prior to the advent
of the updated Kiendrebeogo et al. (2023) observing scenarios,
follow the methods of Petrov et al. (2022) save that they employ
a uniform neutron star mass distribution15 on [1, 2]Me, aiming
to reflect the broader neutron star mass distribution supported by
the events of GWTC-3 (Abbott et al. 2023) and as such are
referred to hereafter as the BNS-broad scenarios. The observing
scenarios employed in this work use the PDB/GWTC-3 model
of Kiendrebeogo et al. (2023). All results presented in this work
assume the GWTC-3 (Abbott et al. 2023) astrophysical BNS
merger rate of -

+210 120
240 Gpc−3 yr−1.

Each observing scenario is comprised of a large number of
simulated GW waveforms with source parameter distributions
as described above. These waveforms are then injected into
simulated detector noise and recovered using a matched filter
search. The simulated event rates for BNS/NSBH/BBHs used
in the Petrov et al. (2022) and Kiendrebeogo et al. (2023)
scenarios are much larger than the rates for such events
determined by LVK observations (e.g., Abbott et al. 2023), so
as to reduce the impact of Monte Carlo error; the simulated rate

can be straightforwardly scaled to an estimated rate through the
procedure discussed in Section 3.3. Recovered signals with a
SNR > 10 are then characterized with the rapid localization
software BAYESTAR (Singer & Price 2016; Singer et al.
2016a, 2016b) to determine posterior estimates of the event
luminosity distance and GW localization on the sky. The
detected event catalogs, corresponding GW localization sky-
maps, and posterior summary statistics produced through this
process are the primary data products used for the work
presented here. Further details can be found in Petrov et al.
(2022) and Kiendrebeogo et al. (2023).

3. uvex-followup

The uvex-followup code was developed for the UVEX
proposal and science paper (Kulkarni et al. 2023), in order to
rapidly process the large observing scenario data sets of Petrov
et al. (2022) and Kiendrebeogo et al. (2023) and compute
UVEX follow-up prospects as realized for a set of user-defined
ToO selection criteria. uvex-followup is open source and
can be found at https://github.com/criswellalexander/uvex-
followup. The code as presented here is an updated version of
the infrastructure used for Kulkarni et al. (2023), and operates
as follows:

3.1. Preprocessing

First, the observing scenario data set is filtered to only those
events with a total 90% C.L. sky localization area less than or
equal to a user-specified maximum area (e.g., in Table 3, 100
sq. deg.). This allows us to remove events with broad sky
localizations that are unlikely to prove to be suitable follow-up
candidates. The down-selected data set is then split into a user-
specified number of batches to allow for parallel computation
of the following steps.
For each remaining event, we calculate the necessary UVEX

exposure time in each sky pixel within the localization region
to reach a SNR of 5 for a user-specified fiducial FUV source

Table 3
Configuration Settings for uvex-followup used for the Fiducial O5 and O6 UVEX Prospects Simulations

Configuration Parameter Setting

Maximum Localization Area 100 deg2

Maximum Tiling Time 3 hr (10,800 s)
Minimum Per-tile Exposure Time 500 s
Maximum Per-tile Exposure Time 3 hr (10,800 s)
Minimum Coverage 99%
Fiducial FUV Source Magnitude −12.1 AB mag
GW Distance Estimate mean
BNS Rate -

+ - -210 Gpc yr120
240 3 1

Observing Run Overlap 1.5 yr

Note. Each parameter is described in Section 3. These settings are identical to those used in the UVEX proposal and science paper (Kulkarni et al. 2023), save for the
BNS rate.

14 Hence, PDB: Power law + Dip + Break.
15 The Petrov et al. (2022) and LRR models assume normally distributed
neutron star masses with a mean of 1.33Me and standard deviation of 0.09Me.
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magnitude (e.g., in Table 3, -12.1 AB mags.). The exposure
time can be computed for an apparent magnitude corresponding
to either the mean or 90% confidence upper limit of the GW
luminosity distance estimate. The results presented in this work
use the mean luminosity distance estimate. Exposure times are
calculated with the UVEX exposure time calculator (ETC)
within uvex-mission.16 The UVEX ETC accounts for
relevant aspects of the UVEX instrument (field of view, FUV/
NUV bandpasses, CMOS detector noise contributions, etc.), as
well as the UV background contribution at the sky location in
question. It important to note that the results presented in this
work are conditioned on our current understanding of UVEX
performance, and may change as knowledge of the telescope
performance improves. Due to constraints within our current
observation scheduling algorithm (which is not yet capable of
scheduling UVEX observations with adaptive exposure times;
see the following section), we take the per-tile exposure time to
be the maximum per-pixel exposure time across the entire
localization region. If this final exposure time exceeds a user-
defined maximum exposure time, that event is discarded. If the
calculated exposure time is below some user-defined minimum,
it is set to that minimum value. All remaining events are then
re-batched and prepared as input for the observation scheduling
software.

3.2. Scheduling

A simulated observing plan for each event is procured
through dorado-scheduling. dorado-scheduling
was developed for Dorado, a concept for a similar mission in
smallsat format that preceded UVEX; the code is open source
and available at https://github.com/nasa/dorado-scheduling.
It leverages Mixed-Integer Linear Programming to find the
globally optimal UVEX17 observing plan for tiling a GW
localization region, given a per-tile exposure time, subject to
the constraints of the telescope motion and total allowable
observing time. The scheduling code used for the simulations
that supported the Dorado concept study did adaptively
optimize the exposure time for each individual field based on
SNR modeling across the entire field of view. However, this
capability is not yet supported for UVEX. We are working to
implement the adaptive exposure time scheduling algorithm for
UVEX and other missions; these efforts will be described in an
upcoming manuscript (Singer et al. 2025). For further details
on dorado-scheduling and its underlying algorithm, see
the dorado-scheduling documentation.18

3.3. Postprocessing

With observing plans in hand, uvex-followup then
computes the total tiling coverage achieved for each event. Any
event for which the observing plan does not achieve a user-
specified threshold coverage of the GW localization (e.g., in
Table 3, 99%) is discarded. This can occur for several reasons;
the most common culprits are (1) events at large distances with
broad sky localizations, and (2) events for which a significant
portion of the localization region is outside of the UVEX field
of regard (FoR) due to Sun/Moon/Earth exclusion.
Any events that remain in the data set after this procedure,

having fulfilled all the selection criteria, are considered selected
ToO triggers. The proportion of selected events to the total
number of events in the observing scenario simulation is then
normalized to a user-specified astrophysical rate (e.g., in
Table 3, -

+ - -210 Gpc yr120
240 3 1). For a given user-specified

observing run overlap duration (e.g., in Table 3, 1.5 yr),
estimates are then given for the expected number of UVEX
ToO triggers. Following Petrov et al. (2022) and Kiendrebeogo
et al. (2023), the uncertainty of these estimates accounts for
both the log-normal error of the astrophysical rate measurement
and uncertainty in the observed number of events due to
Poisson statistics, but does not include the Monte Carlo error of
the observing scenario simulations themselves. Statistics for the
distribution of exposure times and that of the number of UVEX
pointings are also computed. Finally, summary plots are
produced. All outputs are saved, along with a file containing
the selected events and their characteristics, to a directory of the
user’s choice.

4. Estimated Success Rates

For a given choice of ToO selection strategy and observing
scenario, we estimate the success rate and corresponding
counterpart detection rates as follows. A triggered ToO
observation is considered successful if it (1) observes the pixel
that contains the true (simulated) source location ntrue, and (2)
the observation reaches sufficient depth as to detect the
counterpart in the first epoch of observations. As a primary
goal of UVEX EM-GW follow-up is to capture the early-time
behavior of the KN light curve, we do not account for the
possibility of achieving detection by stacking observations
across multiple subsequent epochs. The former consideration is
purely binary, i.e.,

( ) ( )=
Î
Ï

n
n

p
1 observed fields
0 observed fields.

1loc
true

true
 ⎧

⎨⎩
The latter, however, is somewhat more involved. At a base
level, condition (2) requires that the limiting magnitude of our
observation exceeds the true apparent magnitude of the
counterpart (i.e., m mlim,obs KN ). The limiting magnitude of
our observations, as described in Section 3, is such that UVEX
can observe a counterpart with assumed absolute magnitude

16 uvex-mission is under development by Brian Grefenstette and the
UVEX science team. It is currently housed within a private repository on
GitHub, but is planned to be made available to the public before UVEX
launches. The work presented here uses uvex-mission version v0.11-158
(current as of 2024 October 16th).
17 dorado-scheduling supports several missions, including UVEX and
the titular Dorado.
18 https://dorado-scheduling.readthedocs.io/
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M̂AB at the point-estimate distance D̂L given by the GW
distance posterior mean, such that

ˆ ( ˆ ) ( )= + -m M D5 log 5. 2Llim,obs AB 10

Additional complicating factors (extinction, UV background,
etc.) are accounted for within the UVEX ETC. The true
apparent magnitude of the counterpart, mKN, is given in terms
of the true intrinsic KN absolute magnitude and the actual
(simulated) source distance:

( ) ( )= + -m M D5 log 5. 3LKN AB,true 10 ,true

While DL,true is known for events contained within the
observing scenarios simulations, the intrinsic KN UV lumin-
osity is as-of-yet relatively unconstrained. We assume that our
ignorance as to the intrinsic KN peak magnitude can be
captured with a uniform prior in FUV absolute magnitude, such
that

( ) ( ) ( )p ~ - -M 17.9, 10.2 AB mags. 4AB,true 

The prior bounds are chosen so as to encapsulate the full extent
of KN FUV emission models considered in Kulkarni et al.
(2023); see Figure 43 and surrounding discussion therein. We
emphasize that this distribution is solely used to estimate the
probability of success for the ToO strategies considered in this
work as applied to a given observing scenario. The strategies in
this work assume a fixed point estimate of the intrinsic KN
luminosity with which to compute necessary exposure times
and observing schedules. We do not at this juncture have a
good understanding of the true distribution of UV KN
luminosities, in part because of uncertainty as to the underlying
KN UV emission mechanism(s). As such, the choice of a
uniform distribution approximates the current broad uncertainty
in the absolute magnitudes of the (simulated) KNe in our
simulations. In contrast, a probabilistic approach to the ToO
selection strategy itself would benefit from assuming a prior
that less heavily weights brighter events such as a Gaussian or
half-Gaussian distribution. Such an approach is an important
aspect of further work on EM-GW follow-up with UVEX (see
discussion in Section 7; Singer et al. 2025).

We can now write an expression for the probability of
success in terms of depth, ( )pdepth  :

( ) ( ˆ ˆ )

( ) ( )
ò
p

=

´
-

-
p M M D D

M dM

; , ,

, 5

L Ldepth
17.9

10.2

AB,true AB ,true

AB,true AB,true

 

where

( )

( ˆ ˆ )
ˆ ( ˆ ) ( )= + - + -

6

M M D D

M D M D

; , ,

1 5 log 5 5 log 5

0 otherwise.

L L

L L

AB,true AB ,true

AB 10 AB,true 10 ,true


⎧
⎨⎩

From here, it is straightforward to compute the total estimated
probability of success for a given ToO observation as a

combination of Equations (1) and (5):

( ) ( ) ( ) ( )= ´p p p . 7tot loc depth  

We apply this formalism to all selected ToO targets within each
considered strategy/simulation. The overall success rate for a
given scenario is computed by taking the mean of the values of

( )ptot  for all selected events contained within. We addition-
ally estimate the rate of KN counterpart detection (as opposed
to ToO triggers) for each strategy/scenario by including the
overall success rate of a given strategy as an additional
efficiency factor of the Poisson process.

5. Updated Prospects for UVEX EM-GW Follow-up

The prospects presented here for UVEX EM-GW follow-up
build on the procedure developed for the UVEX proposal and
selection process, bringing it in line with the current post-
selection UVEX timeline and mission details—although these
remain subject to change—as well as our improved under-
standing of the BNS rate and mass distribution. As the precise
details of the LVK observing run timeline and detector
sensitivity in the coming years remain uncertain, we consider
two fiducial observing scenarios. The “O5” scenario considers
1.5 yr of overlap with a LVK detector network consisting of the
LIGO Hanford, LIGO Livingston, Virgo, and KAGRA at their
respective projected O5 sensitivities. The “O6” scenario
considers the same configuration at the projected sensitivities
for O6 and a fiducial 1.5 yr overlap. These prospects are
estimated by applying our UVEX EM-GW ToO selection
criteria as developed for the UVEX proposal to the updated
scenarios of Kiendrebeogo et al. (2023) with the GWTC-3
astrophysical BNS rate estimate of -

+ - -210 Gpc yr120
240 3 1

(Abbott et al. 2023). The uvex-followup configuration
used for both the O5 and O6 simulations is given in Table 3.
These updated estimates retain the UVEX ToO selection
strategy developed for the UVEX proposal, and can therefore
be taken as a modernization of the quotes presented in Kulkarni
et al. (2023).19 We consider an expanded set of ToO selection
strategies in Section 6.
For the O5 (O6) simulation, with the fiducial observing strategy

detailed in Table 3 and an overlap of 1.5 yr of concurrent
observations, UVEX is estimated to trigger EM-GW ToO
observations for -

+8.9 5.0
11.1 ( -

+11.3 6.3
14.0) BNS mergers. The success

rate of the fiducial observing strategy as applied to the O5 (O6)
scenarios is 76.3% (77.5%), corresponding to an estimated -

+6.8 3.8
8.4

( -
+8.8 4.9

10.9) KN counterpart detections. The overall distribution of
these ToO triggers with respect to their GW distance estimates
and sky localizations for O5 and O6 can be found in top panels of
Figure 1. It is expected that the LVK BNS rate measurement will
change following O4; to allow the estimates presented in this

19 i.e., 20 ToO triggers for O5 and 35 for O6; the (Kulkarni et al. 2023) quotes
did not include the detailed treatment of uncertainty now present within uvex-
followup (as described in Section 3.3).
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work to be robust to rate updates in the coming years, we provide
a simple tool to convert these quotes to the corresponding quote
with a BNS rate of the user’s choice. This tool can be found at
https://github.com/criswellalexander/uvex-rate-updater.

6. Expanded Strategies for UVEX Follow-up

In the event that the dearth of BNS mergers in O4 continues
and is indicative of a relatively lower BNS rate than had
previously been assumed, UVEX may need to alter its EM-GW
ToO strategy accordingly. We therefore present several potential
variant strategies for EM-GW ToO selection with UVEX, and

discuss the advantages and disadvantages of each. We consider
three potential adaptive axes, relaxing the stringency of our
analysis with respect to the maximum considered GW localization
area, the minimum acceptable percent coverage by UVEX of the
localization region, and the assumed intrinsic KN luminosity. For
each case considered, simulations were performed with uvex-
followup as applied to the observing scenarios of Kiendre-
beogo et al. (2023). The UVEX EM-GW ToO trigger count
estimates, success rates, and estimated number of counterpart
detections for each variant strategy as applied to the O5 and O6
observing scenarios are found in Table 4.

Figure 1. UVEX ToO selection summary plots for selected simulations discussed in Sections 5–6. Top: event selection for the fiducial strategy (Section 5) as applied
to the O5 and O6 observing scenarios. Bottom: event selection for selected expanded ToO strategies. The bottom left panel shows the CT90 strategy (Section 6.2),
which reduces the minimum required UVEX coverage of the GW localization region to 90%. The bottom right panel shows the M-13.1+CT90 strategy (Section 6.3),
which additionally assumes a less-conservative value of the intrinsic KN luminosity for exposure time calculations. Points correspond to individual simulated events
from the Kiendrebeogo et al. (2023) observing scenarios, so the total number of points is not one-to-one with the expected number of observed BNS mergers (although
it is proportional); scaling from the simulated event rate to an astrophysical BNS rate of -

+ - -210 Gpc yr120
240 3 1 (Abbott et al. 2023) yields the UVEX BNS ToO trigger

rates given in Table 4. Events are plotted by their mean GW distance estimate and 90% C.L. GW localization areas. Points in gray are not selected due to the overall
threshold of �100 deg2 GW90% C.L. localization area. Events with �100 deg2 localizations that are not selected due falling outside of the UVEX FoR or exceeding
the maximum epoch time constraint of 3 hr are marked as black and orange ×s, respectively. Selected events are color-coded by per-tile exposure time.
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6.1. Maximum Area

As discussed in Section 3.1, uvex-followup automati-
cally rejects events with a GW90% localization area greater
than a user-defined maximum area (default 100 deg2). This cut
is largely motivated from a computational perspective; it was
considered unlikely for a GW localization of greater than
100 deg2 to pass the other, more-computationally intensive
steps in the selection workflow. To ensure that this criterion
was not needlessly restrictive, we considered increased
maximum area cuts of 150 and 200 deg2. Expanding the
allowed localization areas in this way resulted in no deviation
from the default values produced with a maximum area cut of
100 deg2. We conclude that—in isolation—adjusting the
maximum area cut beyond 100 deg2 has minimal effect
on the number triggered ToO observations, and that this
computationally expedient approach is robust to within the
Monte Carlo error of the observing scenarios simulations. It is
worth noting that allowing for a longer total epoch duration or
adaptive exposure time could increase the accessible total
localization areas; we leave such considerations to future work
(see Section 7). Variation of this parameter was omitted in
following simulations.20

6.2. Coverage Threshold

The percent coverage threshold defines the minimum
allowed coverage by UVEX of the GW localization region. It
is given as the total integrated probability tiled by the observing

plan; e.g., 99% coverage equates to a 99% chance that the
counterpart is present within the observed fields. Higher
coverage thresholds yield a higher confidence that the UVEX
ToO observing plan will include the KN counterpart; however,
a stringent threshold may reject events with a high probability
of success, but which are missing some small area of the
localization region due to Sun exclusion, time constraints, etc.
It is worth noting that the threshold defines a minimum level of
coverage, and therefore most selected events will in fact
encapsulate a greater total probability than given by the
threshold. The (quite conservative) fiducial coverage threshold
employed for the UVEX proposal process was 99%. We
consider two variant strategies—dubbed CT95 and CT90—in
which this threshold is relaxed to 95% and 90%, respectively,
and consider the impact on the overall ToO count and success
rate. Doing so yields a small increase in ToO triggers with a
negligible change in success rate: adopting the CT90 strategy
leads to -

+3.2 1.8
3.9 and -

+3.4 2.0
4.3 additional triggers for the O5 and

O6 scenarios, for a total of -
+12.1 6.8

15.0 and -
+14.7 8.3

18.3 triggers,
respectively. The success rate of the CT90 strategy as applied
to the O5 scenario is 0.3% higher than that of the fiducial case
and is only reduced by 0.2% for the O6 scenario, yielding a
total of -

+9.3 5.2
11.5 ( -

+11.4 6.4
14.1) detected counterparts for O5 (O6).

The relative ToO trigger counts and success rates for coverage
thresholds of 99%, 95%, and 90% can be found in Table 4. An
event selection plot for the CT90 strategy can be found in the
bottom left panel of Figure 1. In general, relaxing this
requirement results better retention of nearby/well-localized
events that fall marginally outside of the UVEX FoR; compare,
e.g., the proportion of events lost to FoR exclusion in the O6
simulation with this strategy as opposed to with the fiducial
strategy, as seen in Figure 1.

Table 4
Summary of ToO Rates, Success Rates and, and Estimated Number of Successful Observations for all UVEX ToO Selection Strategies Considered in this Work

Strategy Observing Run: O5 (O6)

BNS ToO Triggers Success Rate Expected Successful Observations

Fiducial -
+8.9 5.0

11.1 ( -
+11.3 6.3

14.0) 76.3% (77.5%) -
+6.8 3.8

8.4 ( -
+8.8 4.9

10.9)

A150 -
+8.9 5.0

11.1 ( -
+11.3 6.3

14.0) 76.3% (77.5%) -
+6.8 3.8

8.4 ( -
+8.8 4.9

10.9)
A200 -

+8.9 5.0
11.1 ( -

+11.3 6.3
14.0) 76.3% (77.5%) -

+6.8 3.8
8.4 ( -

+8.8 4.9
10.9)

CT95 -
+10.7 6.0

13.2 ( -
+13.1 7.3

16.3) 76.7% (77.2%) -
+8.2 4.6

10.2 ( -
+10.1 5.7

12.5)
CT90 -

+12.1 6.8
15.0 ( -

+14.7 8.3
18.3) 76.9% (77.3%) -

+9.3 5.2
11.5 ( -

+11.4 6.4
14.1)

M-13.1 -
+15.7 8.8

19.4 ( -
+22.5 12.6

27.9) 78.6% (80.4%) -
+12.3 6.9

15.3 ( -
+18.1 10.2

22.4)
M-13.1 + CT95 -

+21.4 12.0
26.5 ( -

+28.9 16.2
35.9) 63.6% (70.0%) -

+13.6 7.7
16.9 ( -

+20.2 11.4
25.1)

M-13.1 + CT90 -
+23.9 13.4

29.7 ( -
+33.1 18.5

41.0) 63.5% (63.6%) -
+15.2 8.6

18.8 ( -
+21.1 11.9

26.1)

Note. Quotes are given as “quote for O5 (quote for O6).” The fiducial strategy corresponds to the original UVEX ToO selection strategy. A150 and A200 include
events with GW localization 90% C.L. areas up to 150 and 200 deg2, respectively (all other strategies retain a 100 deg2 area cut). CT95 and CT90 relax the
requirement for UVEX coverage of the 90% C.L. localization area to 95%/90% from the fiducial 99%. The M-13.1 strategy assumes an intrinsic KN absolute
magnitude of -13.1 AB mags (see the fiducial assumption of −12.1 AB mags). M-13.1+CT95 and M-13.1+CT90 combine the M-13.1 strategy with the CT95/CT90
strategies.

20 Save for the least conservative strategy, M-13.1+CT90 (see description in
Section 6.3). For completeness, we consider this strategy with a maximum area
cut of 200 deg2. We again see no deviation from the number of events with an
area cut of 100 deg2.
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6.3. Assumed Intrinsic KN Magnitude

As discussed in Section 1.3, the expected distribution of
intrinsic KN magnitudes is essentially unconstrained. The fiducial
approach, by assuming a extremely conservative KN absolute
FUV magnitude of –12.1 AB mags, ensures that the ToO is
successful regardless of what the underlying mechanism is for KN
UV emission (provided the true counterpart is in the tiled region).
This is of course advantageous, especially when one is in a
position to pick and choose follow-up targets from a large
population of BNS mergers. If scarcity is a factor, however, the
scientific return of ToO observations will likely be increased by
following up more events at a reduced depth. We therefore
consider a brighter assumed KN absolute magnitude of –13.1 AB
mag. This strategy is referred to hereafter as M-13.1. Relaxing our
assumption in this respect still allows UVEX to probe most UV
emission mechanisms of interest while significantly reducing the
required per-tile exposure time. Moreover, any non-detections that
would occur as a result of this choice could still prove informative
(as in, e.g., Coughlin et al. 2020b).

Perhaps unsurprisingly, this strategy carries the most
significant effect on the number of UVEX EM-GW ToO
triggers, almost doubling the ToO trigger count compared to the
fiducial strategy. The M-13.1 variation alone results in an
estimated -

+6.8 3.8
8.3 and -

+11.2 6.3
13.9 additional ToO triggers for O5

and O6, for a total of -
+15.7 8.8

19.4 and -
+22.5 12.6

27.9 triggers,
respectively. We also consider a joint strategy, dubbed M-13.1
+ CT90, which couples M-13.1 with a relaxed coverage
threshold of 90%. This approach yields an estimated -

+15.0 8.4
18.6

and -
+21.8 12.2

27.0 additional triggers for O5 and O6, for a total of

-
+23.9 13.4

29.7 and -
+33.1 18.5

41.0 triggers, respectively. By and large, the
additional triggers result from the increased distances at which
this strategy will trigger ToOs, as can be seen in Figure 1. While
adopting the M-13.1 + CT90 strategy does result in a
substantially reduced success rate (63.5% and 63.6% for the
O5 and O6 scenarios), it nonetheless yields the highest estimate
for successful counterpart detections: -

+15.2 8.6
18.8 ( -

+21.1 11.9
26.1) for O5

(O6). The trigger counts, success rates, and estimated counter-
part detections for each strategy can be found in Table 4.

7. Discussion and Future Work

We present a detailed description of the uvex-followup
code used to estimate prospects for EM follow-up to BNS
mergers detected in GWs with UVEX, as well as updated
prospects for ToO observations of KN counterparts with UVEX
concurrent to LVK observing runs O5 and O6 ( -

+8.9 5.0
11.1 and

-
+11.3 6.3

14.0 triggers, respectively). In light of a likely reduced BNS
rate following a dearth of BNS detections in O4 to-date, we
consider expanded strategies beyond those considered in the
UVEX proposal and selection process. We find that relaxing
certain stringent assumptions for ToO selection—namely, the
minimum % coverage of the GW localization and the assumed

intrinsic KN magnitude—can help ensure that the scientific
return of EM-GW ToO observations with UVEX is robust to a
lower rate of BNS detections, increasing the number of UVEX
ToO triggers by 168.5% and 192.9% (for O5 and O6,
respectively) while only reducing the success rate by ∼12.8%
and ∼13.9% (for an assumed KN absolute magnitude of -13.1
AB mags and a coverage threshold of 90%). Conditioned on the
observing scenarios of Kiendrebeogo et al. (2023), the GWTC-3
BNS rate of -

+ - -210 Gpc yr120
240 3 1, and an assumption of

uniform uncertainty in the intrinsic KN peak magnitude as
given in Equation (4), we estimate that the fiducial UVEX EM-
GW ToO strategy yields -

+6.8 3.8
8.4 ( -

+8.8 4.9
10.9) counterpart detections

in O5 (O6), whereas the M-13.1 + CT90 variant strategy more
than doubles this figure, yielding -

+15.2 8.6
18.8 ( -

+21.1 11.9
26.1) UVEX-

detected KN counterparts. We emphasize that these results are
based on early estimates of the UVEX instrument performance,
which may change as the understanding of the telescope
performance matures. Additionally, we provide a tool for easily
updating these results with a new estimate of the BNS rate.
It is worth noting that while the approach taken in this work

relies on a series of binary criteria, the actual reality of the KN
counterpart landscape will be much more nuanced. The calculations
performed in this work leverage only the GW point estimate of the
merger distance, rather than the full luminosity distance posterior
distribution. Moreover, they do not capture the full variation in UV
backgrounds, foregrounds and extinction across the a given GW
localization (absent the capability for adaptive exposure times, we
instead use the largest required exposure time across the field for
every pointing). A promising direction of future work is to recast
the question of UVEX ToO triggers probabilistically, accounting
for the full joint distance and sky localization posterior,
incorporating adaptive exposure times, and treating our uncertainty
as to the intrinsic KN magnitude with a broad prior distribution.
Such a method would not only be able to employ the optimal
exposure time for each field within the GW localization region, but
also allow UVEX ToO observations to be triggered based entirely
on how likely they are to succeed, marginalizing over the
uncertainty of the GW observation and KN luminosity. Efforts
towards such an approach are ongoing and will be presented in a
future work (Singer et al. 2025). It will also be important to
consider in future both the advantages and drawbacks of extending
the total epoch duration, potentially providing additional depth/
coverage at the cost of a more sparsely sampled lightcurve.
Additionally, this work and prior estimates (Kulkarni et al.

2023) consider only UVEX ToO prospects for BNS mergers. A
small fraction21 of NSBH mergers are also expected to produce
EM-bright counterparts; as such, prospects for UVEX ToO
observations following GW-detected NSBH mergers should be
explored in future. Finally, we have restrained ourselves to the
questions regarding the rate of and procedures for UVEX EM-GW
ToO observations of KNe; it will be valuable to consider what

21 10%–20%; see Biscoveanu et al. (2023) and references therein.
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constraints can be placed on astrophysical parameters of interest
(namely, the underlying mechanism of early-time UV emission in
KNe), how those constraints depend on the size and nature of the
sample, and how such considerations may impact the overall
UVEX EM-GW ToO strategy.
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(https://github.com/nasa/dorado-scheduling), uvex-mis-
sion (Grefenstette et al., private repository), BAYESTAR

(Singer & Price 2016), Matplotlib (Hunter 2007), Numpy (Harris
et al. 2020), Scipy (Virtanen et al. 2020), Python (Van Rossum &
Drake 2009), Healpy (Zonca et al. 2019), Pandas (McKin-
ney 2010), and Astropy (Robitaille et al. 2013; The Astropy
Collaboration et al. 2018; Astropy Collaboration et al. 2022).

Data Availability

The version of uvex-followup used for this study can be
found on Zenodo (Criswell 2024). The data products created for
this work are available on Zenodo (Leggio & Criswell 2024).
The observing scenarios used in this work are publicly available;
see Kiendrebeogo et al. (2023) and references therein.

Appendix
Histograms

We include for reference histograms of 90% C.L. GW
localization areas (Figure 2), event distances (Figure 3), and
time to first detection (Figure 4) for events selected for ToO
triggers with the fiducial UVEX EM-GW strategy, the variant
CT90 strategy with a 90% coverage threshold (discussed in
Section 6.2), and the variant M-13.1+CT90 strategy with a
90% coverage threshold and an assumed KN absolute
magnitude of −13.1 AB mags (discussed in Section 6.3) for
both the O5 and O6 simulations.

Figure 2. Localization area distributions for UVEX BNS ToO triggers in the simulations of O5 (top) and O6 (bottom). Distributions are shown for the fiducial UVEX
EM-GW strategy, the variant strategy with a 90% coverage threshold and the variant strategy with a 90% coverage threshold and an assumed KN absolute magnitude
of -13.1 AB mags for both the O5 and O6 simulations. The median area and 90% credible intervals (C.I.) are indicated with solid and dashed lines, respectively. Mean
and C.I. values for the LVK O5 simulations are as follows: -

+4.68 4.47
19.64 deg2 for fiducial, -

+6.68 6.47
27.78 deg2 for CT90, and -

+8.40 7.99
61.21 deg2 for M-13.1 + CT90. Mean and C.

I. values for the LVK O6 simulations are as follows: -
+4.21 4.08

14.6 deg2 for fiducial, -
+5.56 5.43

29.54 deg2 for CT90, and -
+9.19 8.87

44.54 deg2 for M-13.1 + CT90.
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Figure 3. Event distance distributions for UVEX BNS ToO triggers in the simulations of O5 (top) and O6 (bottom). Distributions are shown for the fiducial UVEX
EM-GW strategy, the variant strategy with a 90% coverage threshold and the variant strategy with a 90% coverage threshold and an assumed KN absolute magnitude
of -13.1 AB mags for both the O5 and O6 simulations. The median distance and 90% C.I. are indicated with solid and dashed lines, respectively. Mean and C.I. values
for the LVK O5 simulations are as follows: -

+248.9 154.9
222.5 Mpc for fiducial, -

+286.7 185.2
192.1 Mpc for CT90, and -

+397.3 279.4
496.6 Mpc for M-13.1 + CT90. Mean and C.I. values

for the LVK O6 simulations are as follows: -
+283.0 183.2

190.5 Mpc for fiducial, -
+293.6 189.5

214.0 Mpc for CT90, and -
+418.1 283.5

441.5 Mpc for M-13.1 + CT90.

Figure 4. Time to first detection distributions for for UVEX BNS ToO triggers in the simulations of O5 (top) and O6 (bottom). Note that t = 0 denotes the beginning
of observations, not the time of merger. The UVEX ToO response time requirement is <3 hr from receipt of the trigger to the start of observations. Distributions are
shown for the fiducial UVEX EM-GW strategy, the variant strategy with a 90% coverage threshold and the variant strategy with a 90% coverage threshold and an
assumed KN absolute magnitude of -13.1 AB mags for both the O5 and O6 simulations. The median time and 90% C.I. are indicated with solid and dashed lines,
respectively. Mean and C.I. values for the LVK O5 simulations are as follows: -

+1.15 1.01
1.46 hr for fiducial, -

+1.19 1.05
1.38 hr for CT90, and -

+0.93 0.79
1.63 hr for M-13.1 + CT90.

Mean and C.I. values for the LVK O6 simulations are as follows: -
+1.12 0.98

1.47 hr for fiducial, -
+1.14 1.01

1.49 hr for CT90, and -
+0.93 0.79

1.71 hr for M-13.1 + CT90.
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