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Figure 1. The combined SNR-⇠2 noise probability den-
sity function for LHO, LLO, and Virgo in the BNS region,
computed by adding the normalized 2D-histograms of back-
ground triggers in SNR-⇠2/SNR2 plane from the three de-
tectors. The gold star indicates GW190425. There is no
background present at the position of GW190425; it stands
out above all of the background recorded in the Advanced
LIGO and Virgo detectors in the first three observing runs.
The background contains 169.5 days of data from O1 and
O2 and the first 50 days of O3, at times when any of the de-
tectors were operating. For comparison the LLO and LHO
triggers for GW170817 are also shown in the plot as blue and
red diamonds, respectively.

to the BNS source category. The initial sky map had a
90% credible region of 10 200 deg2. Although data from
both LLO and Virgo were used to constrain the sky lo-
cation, it extended over a large area due to the fact that
the signal was only observed with high confidence in
a single observatory. Gravitational-wave localization re-
lies predominantly on measuring the time delay between
observatories. In this case, the ability to constrain the
sky location is dominated by the antenna response of
LLO, and therefore the observed strain amplitude, com-
bined with the distance prior, favors certain parts of the
sky.
We generated an improved sky map using a Bayesian

analysis that sampled over all binary system parame-
ters (see Section 4), producing a 90% credible sky area
of 8 284 deg2 and a distance constrained to 159+69

�71 Mpc.
This sky map, and the initial low-latency map, are
shown in Figure 2. As a comparison, GW170817 was
localized to within 28 deg2 at a 90% credible level. The
broad probability region in the sky map for this event
presented a significant challenge for follow-up searches
for electromagnetic counterparts. At the time of writ-
ing, no confirmed counterparts have been reported in
coincidence with GW190425 (e.g., Hosseinzadeh et al.
2019; Coughlin et al. 2019; Lundquist et al. 2019, but
also see Pozanenko et al. 2019), although a wide range

Figure 2. The sky map for GW190425. The shaded patch is
the sky map obtained from the Bayesian parameter estima-
tion code, LALInference (Veitch et al. 2015) (see Section 4)
with the 90% confidence region bounded by the thin dot-
ted contour. The thick, solid contour shows the 90% confi-
dence region from the low-latency sky localization algorithm,
BAYESTAR (Singer & Price 2016).

of searches for coincident electromagnetic or neutrino
signals have been performed and reported in the GCN
Circular archive.4

4. SOURCE PROPERTIES

We have inferred the parameters of the GW190425
source using a coherent analysis of the data from LLO
and Virgo (in the frequency range 19.4–2048Hz) follow-
ing the methodology described in Appendix B of Abbott
et al. (2019c).5 The low-frequency cuto↵ of 19.4Hz was
chosen such that the signal was in-band for the 128 s of
data chosen for analysis. In this frequency range there
were ⇠ 3900 phase cycles before merger.
We cleaned the data from LLO to remove lines from

calibration and from known environmental artifacts
(Davis et al. 2019; Driggers et al. 2019). For Virgo,
we used the low-latency data. The LLO data were
subsequently pre-processed (Cornish & Littenberg 2015;
Pankow et al. 2018) to remove the noise transient dis-
cussed in Section 2. Details of the transient model and
the data analyzed can be found in Abbott et al. (2019b).
The results have been verified to be robust to this glitch
removal by comparing the analysis of the pre-processed
data with that using the non-pre-processed data and by
comparing results with a low-frequency cuto↵ of 30Hz.
We estimated the noise spectra of the data from both
detectors using the methods described in Littenberg &
Cornish (2015) and Chatziioannou et al. (2019).

4 All GCN Circulars related to this event are archived at https:
//gcn.gsfc.nasa.gov/other/S190425z.gcn3.

5 From here on, we will use GW190425 to refer to the gravitational-
wave signal and as shorthand for the system that produced the
signal.
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