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FIG. 1. Left panel: A Mollweide projection of the 50% and 90% LIGO localization regions for S190521g (with 44%/56% in
the northern/southern hemisphere) and the location of ZTF19abanrhr (within the 78% contour). ZTF covered 48% of the
90% region and contours at declination < �30� indicate southern hemisphere regions not covered by ZTF. Right panel: The
marginal luminosity distance distribution integrated over the sky (dotted blue line) for S190521g as well as the conditional
distance distribution (black line) at the position of ZTF19abanrhr. The red line corresponds to the luminosity distance of
ZTF19abanrhr, assuming a Planck15 cosmology [36].

Fig. 3 shows that a decade-long baseline reveals evidence for more significant variability in J1249+3449. Note that
these data, from the Catalina Real-time Transient Survey [CRTS; 43], are noisier than ZTF (a result of a 0.7-m survey
telescope vs. a 1.2-m survey telescope), and are binned at 15 day intervals for clarity in the plot. Using the DRW
model parameters from the CRTS data, which characterize the overall variability of the source, we simulated the
observed ZTF light curve 250,000 times and find an equivalent flare (i.e., matching the selection criteria described
above) in four instances. The event is thus very unlikely to arise from AGN activity in this particular source (i.e.,
⇠ O(0.002%). Similarly, to address the look-elsewhere e↵ect, we produced 1000 simulations of the full sample of 3255
AGN in the 90% three-dimensional localization region of S190521g using their CRTS DRW parameterizations and
ZTF time sampling. We find a comparable AGN flare in just five simulations, i.e., O(0.5%) chance of a false positive,
prior to visual inspection.

Supernovae can occur in AGN [e.g., 44], although the rate is likely small (> 2 ⇥ 10�7 AGN�1 yr�1 in the WISE

sample). Even with a O(1051erg) energy output, we expect rise times of O(20� 50) days and a decay time or plateau
of ⇠ 100� 200 days [45]. The flare in Fig. 2 lasts 40 days observed-frame, or only 28 days rest-frame which is a poor
match to supernova lightcurves. In addition, supernovae evolve in color over time [46] whereas this flare is uniform
with color over time, suggestive of a shock or accretion, rather than a supernova. We therefore rule out a supernova
as a likely false positive.

Microlensing, with an expected rate of O(10�4) per AGN [47], is uniform in color at restframe UV/optical bands
and is also expected for AGN. However, the expected characteristic timescale for microlensing is O(yrs) [47], which
is inconsistent with the several week ZTF19abanrhr flare. Assuming a M� lens in the source galaxy, we require the
lens to orbit at ⇠ 1kpc at 200km s�1 in order to match the timescale (⇠ 2 ⇥ 106s) and magnification (⇠ 1.4) of
this event; assuming a population of O(1010) stars in appropriate orbits, geometric considerations produce a rate of
O(10�5) events yr�1 AGN�1.

Tidal disruption events (TDEs) also occur in AGN. Stellar disruptions can occur around the central SMBH in a
galaxy, but only for MSMBH ⇠< 108 M� [for a non-spinning SMBH; 48]. TDEs can also occur around small BHs in
AGN disks, but as neutron star (NS) or white dwarf (WD) disruptions. EM counterparts to BH-NS tidal disruptions
in AGN disks at z < 0.5 should span ⇠ [4, 113] (fAGN/0.1) yr�1 where fAGN is the fraction of BBH mergers expected


