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A B S T R A C T 

We analyse high-cadence data from the Transiting Exoplanet Surv e y Satellite ( TESS ) of the ambiguous nuclear transient (ANT) 
ASASSN-18el. The optical changing-look phenomenon in ASASSN-18el has been argued to be due to either a drastic change 
in the accretion rate of the existing active galactic nucleus (AGN) or the result of a tidal disruption event (TDE). Throughout 
the TESS observations, short-time-scale stochastic variability is seen, consistent with an AGN. We are able to fit the TESS light 
curve with a damped-random-walk (DRW) model and recover a rest-frame variability amplitude of ˆ σ = 0 . 93 ± 0 . 02 mJy and 

a rest-frame time-scale of τD R W 

= 20 

+ 15 
−6 d. We find that the estimated τDRW 

for ASASSN-18el is broadly consistent with an 

apparent relationship between the DRW time-scale and central supermassive black hole mass. The large-amplitude stochastic 
variability of ASASSN-18el, particularly during late stages of the flare, suggests that the origin of this ANT is likely due to 

extreme AGN activity rather than a TDE. 

Key words: accretion, accretion discs – black hole physics – galaxies: active – galaxies: nuclei. 
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 I N T RO D U C T I O N  

ctive galactic nuclei (AGNs) are the actively accreting supermas- 
ive black holes (SMBHs) found at the centre of ∼1–5 per cent of
alaxies in the local universe (e.g. Ho 2008 ; Haggard et al. 2010 ;
acerda et al. 2020 ). For decades, it has been known that AGNs vary
tochastically both photometrically (e.g. Ulrich, Maraschi & Urry 
997 ; Drake et al. 2009 ; MacLeod et al. 2012 ) and spectroscopically
e.g. Bianchi et al. 2005 ). Due to the recent growth of optical
ransient surv e ys, AGNs and quiescent galaxies alike have also been
ound to undergo extreme flaring behaviour. Such events include 
idal disruption events (TDEs; van Velzen et al. 2011 ; Gezari et al.
012 ; Holoien et al. 2014b , 2016a ; Payne et al. 2021 ; Hinkle et al.
021b ), dramatic changes in the accretion rates of known AGNs 
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e.g. Denney et al. 2014 ; Shappee et al. 2014 ; Wyrzykowski et al.
017 ; Frederick et al. 2019 ; Trakhtenbrot et al. 2019a ; Frederick
t al. 2021 ), and a growing class of ambiguous nuclear transients
ANTs; Neustadt et al. 2020 ; Holoien et al. 2021 ; Hinkle et al.
021a ). 
Broadly, nuclear transients share a set of observed characteristics 

ncluding bright ultraviolet (UV) emission (e.g. Holoien et al. 2016a ;
eustadt et al. 2020 ; Hinkle et al. 2021a ), strong emission lines

Holoien et al. 2014b ; Leloudas et al. 2019 ; Trakhtenbrot et al.
019a ), slow and often smooth photometric evolution (Hinkle et al.
020 ; Frederick et al. 2021 ; van Velzen et al. 2021 ), and, for some
vents, X-ray emission (Holoien et al. 2016a ; Neustadt et al. 2020 ;
inkle et al. 2021b ). The different classes of nuclear transients
ften have distinct properties in their X-ray continua, colour evo- 
ution, and the presence of light-curve rebrightening episodes (e.g. 
rederick et al. 2021 ). Ho we ver, in the case of ANTs, the lack of
xpected features or the presence of unexpected features can make 
 definitive classification difficult (Neustadt et al. 2020 ; Frederick 
t al. 2021 ; Holoien et al. 2021 ; Malyali et al. 2021 ; Hinkle et al.
021a ). 
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One example of an ANT is ASASSN-18el (AT2018zf 1 ; Nicholls
t al. 2018 ; Trakhtenbrot et al. 2019b ). ASASSN-18el, ( α, δ) =
19:27:19.630, + 65:33:53.78), was disco v ered by the All-Sk y Au-
omated Surv e y for Superno vae (ASAS-SN; Shappee et al. 2014 ;
ochanek et al. 2017 ) on 2018 March 3 in a known AGN, 1ES
927 + 654 (Giacconi et al. 1979 ). Archi v al spectra were that of
 ‘true’ Type 2 AGN, with narrow lines and no broad lines even
n polarized light (Boller et al. 2003 ; Tran, Lyke & Mader 2011 ).
re-disco v ery imaging from the Asteroid Terrestrial-impact Last
lert System (ATLAS; Tonry et al. 2018a ) indicates that the source
ecame active as early as 2017 December 23 (Trakhtenbrot et al.
019b ). 
Spectroscopic follow-up of the flare found that the AGN had

road emission lines, suggesting that ASASSN-18el was an optical
hanging-look A GN (CL-A GN; e.g. Denney et al. 2014 ; Shappee
t al. 2014 ; LaMassa et al. 2015 ), changing from a Seyfert 2 to a
eyfert 1 over the course of several months. During the optical flare,

he X-ray flux dropped by several orders of magnitude (Trakhtenbrot
t al. 2019b ; Ricci et al. 2021 ; Laha et al. 2022 ) and the dominant
-ray component softened from a hard power-law typical of an AGN

e.g. Ricci et al. 2017 ) to a more TDE-like blackbody spectrum (e.g.
uchettl, Guillochon & Ramirez-Ruiz 2017 ). Based on the X-ray

volution and smooth UV/optical flare, Ricci et al. ( 2020 ) speculated
hat ASASSN-18el was a TDE. None the less, the o v erall properties
f ASASSN-18el make a definitive distinction between an AGN flare
nd TDE difficult. 

In this paper, we analyse photometry of ASASSN-18el from
he Transiting Exoplanet Surv e y Satellite ( TESS ; Ricker et al.
015 ), additional late-time optical light curves, and late-time X-
ay light curves from the Neutron Star Interior and Composition
xplorer ( NICER ; Gendreau, Arzoumanian & Okajima 2012 ) to
nderstand the emission of ASASSN-18el in the growing context
f nuclear flares. This paper is organized as follows. In Section 2 ,
e detail the data used in this work. In Section 3 , we present
ur analysis and then discuss our results in Section 4 . Finally,
e summarize our findings in Section 5 . Throughout the paper,
e assume a cosmology of H 0 = 69.6 km s −1 Mpc −1 , �M 

=
.29, and �� 

= 0.71 (Wright 2006 ; Bennett et al. 2014 ). The
ource redshift of z = 0.01905 implies a luminosity distance of
3.3 Mpc and the Galactic foreground extinction in the direction of
SASSN-18el is A V = 0.236 mag Schlafly & Finkbeiner ( 2011 ).
rakhtenbrot et al. ( 2019b ) measured a virial mass of M BH =
.9 × 10 7 M � using spectra from their follow-up campaign, which
e adopt in this manuscript. As this is a single epoch measure-
ent, we will assume an uncertainty of 0.3 dex (e.g. Guo et al.

020 ). 

 DATA  

ata near peak emission and up to roughly 400 d after were presented
riginally in Trakhtenbrot et al. ( 2019b ), with additional X-ray data
hown in Ricci et al. ( 2021 ) and X-ray/UV data shown in Laha et al.
 2022 ). Here, we re-reduce ground-based surv e y data on ASASSN-
8el from ASAS-SN and ATLAS, now extending roughly 1300 d
fter peak. We additionally use TESS, Swift, NICER, and ground-
ased follow-up data. In this section, we describe the procedures
sed to obtain and reduce these data. 
NRAS 521, 3517–3526 (2023) 
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.1 ASAS-SN data 

he ASAS-SN transient surv e y consists of five sites located at
aleakal ̄a Observatory, McDonald Observatory, the South African
strophysical Observatory, and two at Cerro Tololo Inter-American
bservatory, all hosted by the Las Cumbres Observatory (Brown

t al. 2013 ). Each site hosts four telescopes on a common mount,
nd the telescopes are 14-cm aperture Nikon telephoto lenses with
 . ′′ 0 pixels. Ho we ver, at the time of the discovery of ASASSN-18el,
SAS-SN operated with two units taking V -band images and three
nits taking g -band images. After the seasonal break following the
ransient peak emission, ASAS-SN had fully switched to g -band
maging and all of the later time ASAS-SN data are in the g -band. 

The images were reduced using the automated ASAS-SN pipeline
Shappee et al. 2014 ), which uses the ISIS image subtraction package
Alard & Lupton 1998 ; Alard 2000 ). We then used the IRAF APPHOT

ackage with a two-pixel radius (approximately 16 . ′′ 0) aperture to
erform aperture photometry on each subtracted image to produce
 differential light curve. We calibrated our photometry using the
AVSO Photometric All-Sk y Surv e y (Henden et al. 2015 ). To obtain
ood detections or limits throughout the transient evolution, we
tacked the ASAS-SN epochs. We used 10-d bins prior to and during
he flare for both V - and g -band data, and 50-d bins for the g -band
ata after the seasonal break to sample the decline. We excluded
SAS-SN data more than 1000 d after peak optical emission as

ontamination from the residuals of a nearby star became similar in
mplitude to the transient. 

.2 ATLAS data 

t the time of disco v ery, ATLAS consisted of two 0.5-m f/2 Wright
chmidt telescopes located on Haleakal ̄a and at the Mauna Loa
bservatory. The ATLAS telescopes typically obtain four 30-s

xposures of 200–250 fields, covering roughly a quarter of the sky
isible from Hawaii, each night (Smith et al. 2020 ). Depending on
he Moon phase, ATLAS uses either the ‘cyan’ ( c ) filter from 420–
50 nm or the ‘orange’ ( o ) filter co v ering the 560–820 nm range
Tonry et al. 2018a ). As there was little c -band co v erage of the flare,
articularly in the late phases where we focus our study, we have
xcluded it from our analysis. 

The ATLAS images are processed by a pipeline that includes flat-
eld, astrometric, and photometric calibrations. We performed forced
hotometry on the subtracted ATLAS images of ASASSN-18el as
escribed in Tonry et al. ( 2018a ) to create a differential light curve.
ue to the bright host galaxy and nearby stars, there are many epochs
ith artefacts remaining in the subtracted images, as indicated by the
igh reduced χ2 of the PSF fits. We therefore excluded images with
educed χ2 > 10. Similar to our ASAS-SN light curves, we combined
ndividual epochs to increase the S/N. Prior to the flare, we combined
he data in 10-d bins, during the flare we combined the four intranight
bservations, and after the seasonal break we stacked in 30-d bins. 

.3 Additional photometry 

e also obtained BVrRiI data from several ground-based observato-
ies. These include the Las Cumbres Observatory Global Telescope
etwork (Brown et al. 2013 ), the 0.5-m DEdicated MONitor of
Xotransits and Transients (DEMONEXT; Villanue v a et al. 2016 ;
illanue v a Ste ven et al. 2018 ), the 0.5-m Io wa Robotic Telescope,
nd the Post Observatory. 

We reduced these data using standard procedures including flat-
eld corrections and then obtained the astrometry for each image

https://www.wis-tns.org/object/2018zf
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sing astrometry.net (Barron et al. 2008 ; Lang et al. 2010 ). For
hese ground-based data, we used apphot to measure 5 . ′′ 0 aperture 
agnitudes of the host plus transient emission and subtracted the 5 . ′′ 0

ost flux computed by Hinkle et al. ( 2021c ). We used REFCAT (Tonry
t al. 2018b ) magnitudes of stars in the field and the corrections of
upton ( 2005 ) for calibration. We stacked all of this ground-based
hotometry in 1-d bins as the source was bright, and there were
everal facilities taking images concurrently. 

We also use the Swift UBV + UV photometry of ASASSN-18el 
resented in Hinkle et al. ( 2021c ). Some of these data were originally
resented in Trakhtenbrot et al. ( 2019b ) but were re-reduced in
inkle et al. ( 2021c ) to account for corrected calibration files for

he Swift UV filters. Fig. 1 shows the light curves of ASASSN-18el
rom ASAS-SN, ATLAS, Swift, and ground-based observatories in 
B magnitudes and corrected for Galactic foreground extinction. 

.4 TESS obser v ations 

he host galaxy of ASASSN-18el lies close to the North Ecliptic Pole
nd the TESS northern continuous viewing zone. It was observed in 
ach sector of Cycle 2 except for Sector 24. The source was very
lose to the edge of the chip in Sector 14, and therefore we do not
nclude this sector. This allowed us to get a high-cadence and high-
recision light curve beginning roughly 500 d after the peak optical 
mission. The source was also observed again in Sectors 40 and 41
f Cycle 4. 
The differential light curves are generated from the TESS full 

rame images (FFIs) following the procedures of Vallely et al. ( 2019 ,
021 ). Because the TESS PSF has non-tri v al structure and the camera
rientations rotate between sectors, we constructed independent 
eference images for each sector. We selected the first 100 FFIs of
ood quality obtained in each sector, excluding images with abo v e
v erage sk y background lev els or PSF widths. We also e xcluded FFIs
hat were affected by an instrument anomaly, showed significant 
ackgrounds due to scattered light, had data quality flags, or a 
ompromised spacecraft pointing. We converted the measured fluxes 
nto TESS -band magnitudes using an instrumental zero point of 
0.44 electrons per second in the FFIs (TESS Instrument Handbook; 
anderspek et al. 2018 ). 

.5 NICER obser v ations 

hroughout the evolution of ASASSN-18el, X-ray observations were 
btained using NICER (Gendreau et al. 2012 ), an external payload 
n the International Space Station. NICER observed ASASSN-18el 
 total of 431 times between 2018 May 22.8 and 2021 February 17.7
ObsIDs: 1200190101 − 1200190287, 2200190201 − 2200190370, 
nd 3200190301 − 3200190451; PI: Kara). 

The NICER data were reduced using NICERDAS version 6a 
nd HEASOFT version 6.26.1. We applied standard filtering cri- 
eria in NICERL2 . These criteria include 2 : a NICER pointing of
NG DIST < 0.015 degrees from the source location and ex- 

lusion of events during a South Atlantic Anomaly passage or 
hen Earth was 30 ◦ (40 ◦) abo v e the dark (bright) limb. We also

emo v ed ev ents that were flagged as o v ershoot or undershoot ev ents
EVENT FLAGS = bxxxx00) and used the ‘trumpet filter’ to remo v e
vents with a PI RATIO > 1.1 + 120/PI (Bogdanov et al. 2019 ). 
 See https:// heasarc.gsfc.nasa.gov/ docs/nicer/data analysis/ nicer analysis g 
ide.html or (Bogdanov et al. 2019 ) for more details. 

s
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0
V  
To extract count rates for each epoch, we used XSELECT , and the
tandard ancillary response (nixtiaveonaxis20180601v002.arf) and 
esponse matrix (nixtiref20170601v001.rmf) files from the NICER 

ALDB. We assumed a photon index of 1.7 and the Galactic column
ensity of 6.4 × 10 20 cm 

−2 (Ricci et al. 2020 ) to convert the count
ates to fluxes. Data within ∼500 d of peak optical emission were
resented in Ricci et al. ( 2021 ). Here, we extend the NICER data
o v erage until nearly 1100 d after peak to trace the X-ray luminosity
volution at late times. 

 ANALYSI S  

.1 Optical light cur v e 

n addition to the pre-flare and near-peak data presented in Trakht-
nbrot et al. ( 2019b ), the light curves shown in Fig. 1 now extend
everal years after the peak emission of the transient. It is clear that
t the beginning of the TESS observations of ASASSN-18el, the 
ransient is still detectable in both the stacked ASAS-SN g -band and
he ATLAS o -band data. 

To obtain a time of peak optical light, we fit a parabola to the
TLAS o -band light curve as it is the most complete on both sides
f the peak. Since the cadence is low, we fit the parabola o v er a wide
ate range of dates between MJD = 58116.2 and MJD = 58292.5.
e generated 10 000 realizations of the ATLAS light curve over

his date range with each flux perturbed by its uncertainty assuming
aussian errors. We then fit a parabola to each of the perturbed light

urves and took the median value as the peak of the distribution and
sed the 16th and 84th percentiles as the uncertainties. This leads to
 time of peak o -band emission of MJD = 58 210 ± 2 with a peak
ux of 1.9 ± 0.1 mJy. Several studies of TDE flares have found
ignificant offsets between the peak times in different optical bands 
Holoien et al. 2019 , 2020 ; Hinkle et al. 2021b ) although the cadence
f ASAS-SN data and the lack of UV data near peak preclude such
omparisons. 

One distinguishing feature of TDE light curves is that they are
ommonly described by a power-law decline in flux. In particular, 
hen the mass per unit binding energy is constant, the decline slope

s t −5/3 (e.g. Evans & Kochanek 1989 ). To examine the decline slope
f ASASSN-18el in the context of TDEs, we fit the ATLAS o -band
ux as 

 = f 10 

(
t − t 0 

10 d 

)α

+ h (1) 

o estimate the time t 0 , the flux 10 d later f 10 , the flux offset h ,
nd the power-la w inde x α. We fit the ATLAS data from 10 d after
eak to MJD = 58817.5. An MCMC (Markov Chain Monte Carlo)
t yields best-fitting parameters of t 0 (MJD) = 58101 + 17 

−14 , f 10 =
8 + 12 

−10 mJy , h = −0 . 10 + 0 . 06 
−0 . 09 mJy , and α = −1 . 05 + 0 . 15 

−0 . 12 , and this
odel is shown in Fig. 2 . This decline is consistent with the UV

ecline slope of α = −0.91 ± 0.04 measured by Laha et al. ( 2022 ).
he decline slope is also significantly flatter than expected for 
DEs (e.g. Rees 1988 ; Phinney 1989 ), consistent with the qualitative
omparison shown in Trakhtenbrot et al. ( 2019b ). In Fig. 2 , we also
how a t −5/3 decline, fit with the same t 0 as abo v e. While the t −5/3 

ecline roughly follows the ATLAS photometry, the flatter decline 
lope of α = −1.05 clearly provides a better description of the decline 
een for ASASSN-18el. 

The root mean squared (RMS) residuals from the power-law fit are
.11 mJy after subtracting the median ATLAS flux uncertainty (e.g. 
aughan et al. 2003 ). For the remaining calculations of the RMS
MNRAS 521, 3517–3526 (2023) 
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Figure 1. Optical and UV light curves of ASASSN-18el, showing ASAS-SN ( gV ; squares), ATLAS ( o ; pentagons), Swift ( UBV + UV ; circles), and other 
ground-based ( BVrRiI ; diamonds) photometry. The photometry shown here spans from roughly 200 d prior to peak optical emission in the ATLAS o -band to 
roughly 1250 d after in observer-frame days. The vertical red bands indicate time periods with TESS co v erage. The v ertical black line indicates the time of the 
ATLAS o -band peak. Horizontal error bars indicate the date range of observations stacked to obtain deeper limits and higher S/N detections, although for some 
data they are smaller than the symbols. Downw ard-f acing triangles indicate 3 σ upper limits. All data are corrected for Galactic extinction and are shown in the 
AB system. 

Figure 2. Top panel : ATLAS o -band light curve (orange diamonds) and the 
best-fitting power-la w (e xponential-decay) model in blue (red). The light grey 
shaded region shows the time period included in the fits. Also shown with 
the dashed grey line is a t −5/3 decline assuming the same t 0 as the free index 
power-law fit. Bottom panel : The residuals of the models, shown in the same 
colour as the fits themselves. 
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catter, we subtract the median flux uncertainty to correct for the
ontribution of statistical noise to the observed variability. 

We next fit the decline of ASASSN-18el using an exponential-
ecay model 

 = ae −( t−t peak ) /τde c ay + c (2) 

imilar to what has been done for some TDEs (e.g. Holoien et al.
014a , 2016a , b ; Payne et al. 2021 ). Here, we set t peak of MJD
 58 210 from our fit to the ATLAS o -band light curve and fit

he ATLAS data o v er the same time period to find best-fitting
arameters of a = 1 . 69 + 0 . 07 

−0 . 06 mJy , τde c ay = 147 + 11 
−10 days , and c =

 . 22 ± 0 . 02 mJy . This model is shown in Fig. 2 , and it also provides
 reasonable description of the data, with RMS residuals of 0.15
Jy. The best-fitting τ decay ∼ 147 d is roughly three times longer

han found for typical TDEs (Holoien et al. 2014a , 2016a , b ). The
xponential decay fit is also a better description of the data than a
 

−5/3 decline. 
We next compare the RMS measurements obtained from the

ecline fits to the RMS scatter in the archi v al ATLAS light curve.
nly considering data taken before the beginning of the rise on MJD
 58110, we find an RMS scatter of 0.02 mJy in the ATLAS o-band

ata, suggesting that the transient is significantly more variable than
he host galaxy was in quiescence. 

.2 TESS light cur v e 

ith our TESS light curve, we are able to study the variability
roperties of ASASSN-18el in great detail. In order to understand,

art/stad746_f1.eps
art/stad746_f2.eps
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Figure 3. TESS data stacked in 2-h bins (black points) with the mean DRW light curve shown in red. In this model, linear offsets are computed between the 
sectors such that the global mean flux is zero. Here, no correction for Galactic extinction has been applied. The shading represents the RMS of the DRW light 
curves. The range of allowed light curves broadens rapidly when there is no data in a given time interval. The vertical grey bars mark the beginning of new 

sectors. The inter-sector calibration has larger errors than the point-to-point precision in the TESS light curve (shown as the error bar in the upper right), but 
these uncertainties are included in our analysis and do not affect our results. 
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Figure 4. Contours of log( ̂ σ ) and log( τDRW 

), shown at 1, 2, and 3 σ from the 
best-fitting value shown as a black cross. The values of ˆ σ and τ have been 
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his variability in the context of AGN, we used a damped-random- 
alk (DRW) model (e.g. Kelly, Bechtold & Siemiginowska 2009 ; 
ozłowski et al. 2010 ; MacLeod et al. 2010 ; Zu, Kochanek &
eterson 2011 ; MacLeod et al. 2012 ; Zu et al. 2013 ) to fit the
ariability seen in Fig. 3 . Fundamentally, a DRW variability model 
ssumes that the power spectral density (PSD) of an AGN can be
escribed by a flat spectrum (white noise) at low frequencies, with a
mooth transition to a f −2 power-law (red noise) at higher frequencies. 
he parameters of the model are the characteristic time-scale τDRW 

nd the amplitude ˆ σ = σ [(2 × 365 . 25 d ) /τD R W 

] 1 / 2 . 
Follo wing Kozło wski et al. ( 2010 ), we fit the observed TESS light

urve from Sectors 15 to 26, allowing for an independent flux offset
or each sector (these are simply additional linear parameters in the 
odel). This provides a well-defined statistical means of including 

he non-adjacent data in Sectors 25–26, drives the mean flux to zero,
nd includes all the uncertainties from these flux offsets into the 
stimates of ˆ σ and τDRW 

. The magnitude of the median offset is 57
Jy with a dispersion of 83 μJy. We binned our TESS light curve in
-h bins so that the light curve has a reasonable signal-to-noise ratio
er binned epoch. Throughout the remainder of this manuscript, we 
se these flux offsets to calibrate the fluxes for each individual Cycle
 sector relative to the first TESS sector. Ho we ver, we note that the
nter-sector calibration likely has larger errors than the point-to-point 
recision in the TESS light curve and long time-scale trends should 
e viewed with caution. 
The error contours for the variability time-scale and amplitude are 

hown in Fig. 4 , with the parameters corrected for source redshift
nd Galactic extinction. At the 1 σ level, the contours are well- 
eha ved, b ut the allowed upper bound on τDRW 

increases rapidly 
t higher confidence. The characteristic time-scale of τD R W 

= 20 + 15 
−6 

 is similar to those found for other AGNs with similar mass SMBHs
e.g. Kelly et al. 2009 ; Burke et al. 2021 ). The variability amplitude
f ˆ σ = 0 . 93 ± 0 . 02 mJy, corresponding to σ ∼ 0.13 mJy for τDRW 

=
0 d, is large, immediately suggestive of AGN-like variability 
e.g. Vanden Berk et al. 2004 ; MacLeod et al. 2010 ; Kozłowski
016 ). 
We tested how our decisions on connecting individual TESS sectors 

ogether affected our results, finding that regardless of how we match
MNRAS 521, 3517–3526 (2023) 
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Figure 5. PSD (left-hand panel) and SF (right-hand panel) of the 2-h binned TESS light curve. The PSD is computed using SCIPY.SIGNAL.PERIODOGRAM . The 
red lines are the PSD and SF binned in 100 logarithmic bins and the red shading indicates the 1 σ scatter o v er that bin width. The grey band around the SF 
is the uncertainty at that lag. The blue lines are the estimated τDRW 

, with the shading representing the uncertainty. As expected, the best-fitting τDRW 

roughly 
coincides with the break in the PSD from a flat white noise to the higher frequenc y power-la w slope. The purple lines are a power-law fits, with the PSD fit 
giving α = −2.11 and the SF fit yielding γ = 0.54, both consistent with the expectations of a DRW model. The blue arrows represent the re gions o v er which 
the power-law fits are done. 

Figure 6. NICER (black circles) and TESS (dark red pentagons) light curves 
of ASASSN-18el. The NICER luminosity is integrated over the 0.3–10 keV 

bandpass. The TESS luminosity is λL λ at the pivot wavelength of the TESS 
bandpass and includes the quiescent host galaxy plus AGN flux. It is clear 
that the X-ray component of the emission is more than an order of magnitude 
more luminous than the optical component during the time of o v erlapping 
data. 
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djoining sectors, the reco v ered τDRW 

values are consistent within 1 σ
ncertainties. The variability amplitude σ is much more sensitive to
hoices on sector matching, but we are able to directly compute
he RMS scatter for each TESS sector, circumventing the DRW

odelling and sector-matching entirely. The median RMS scatter
er sector is 24 μJy, which is 8 per cent of the median TESS flux o v er
he same range. 

Fig. 5 shows the PSD and structure function (SF) of the TESS
ight curve of ASASSN-18el between Sectors 15 and 23, a v oiding
he sector-long gaps in the TESS co v erage. The PSD was computed
sing SCIPY.SIGNAL.PERIODOGRAM and a flat top window function
o increase amplitude accurac y. As e xpected from previous studies
f AGN variability (e.g. Mushotzky et al. 2011 ; Kozłowski 2017 ),
NRAS 521, 3517–3526 (2023) 
he PSD is flat at low frequencies, with a declining power-law at
igher frequencies. Similarly, the SF is roughly flat at long lags with
 declining slope towards shorter lags. At the highest frequencies
shortest lags), the PSD (SF) flattens again as the signal becomes
ominated by photometric noise. There is also a dip in the PSD at
0.04 d −1 , likely due to the 27 d length of the TESS sector and the

inear offsets applied between the sectors. If we fit the PSD abo v e
he measured value of τDRW 

(in frequency) with a single power-law
lus a photometric noise term, we find a power-la w inde x of α =
2.11 ± 0.16. Likewise, if we fit the SF below the measured value

f τDRW 

(in time) with the same model, we find a power-law index
f γ = 0.54 ± 0.02. 
The canonical power-law slope for a DRW model is α = −2

e.g. Zu et al. 2011 ; Zu et al. 2013 ) for the PSD and γ = 0.5 (e.g.
ozłowski 2016 ) for the SF. Studies of AGNs using high-quality
epler light curves (Mushotzky et al. 2011 ; Smith et al. 2018 ) have

hown a range of power-law slopes between α = −1.7 and α =
3.3, although Moreno et al. ( 2021 ) showed that Kepler systematics

an mimic AGN variability. Therefore, we find that the power-law
lopes for the PSD and SF of ASASSN-18el are fully consistent with
ther optical AGNs and with the theoretical assumptions made when
tting the TESS light curve with a DRW model. 

.3 Optical/X-ray correlation 

ext, we searched for a correlation between the TESS optical and
ICER X-ray light curves, shown in Fig. 6 . Here, we include the
uiescent host galaxy plus AGN flux in the TESS bandpass to the
ero-mean TESS light curve shown in Fig. 3 . The X-ray emission is
oughly an order of magnitude higher than the optical emission at the
ame phase, unlike many other ANTs (Neustadt et al. 2020 ; Hinkle
t al. 2021a ). Qualitativ ely, both light curv es show a plateau o v er the
ime period from 500 to 700 d after the peak emission where they
 v erlap. 
We tried to measure a temporal lag between the NICER and TESS

ight curves. If the optical variability was a result of the reprocessing
f the far more luminous X-rays, we would expect to see a correlation
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Figure 7. TESS data stacked in 2 h bins (red points) spanning from the initial Sector 15 light curve to the very late-time Sector 41 light curve. The vertical 
grey bars mark the beginning of new sectors, and the error bar in the upper right indicates the median magnitude of the sector-to-sector of fsets. Sho wn for TESS 
sectors prior to Sector 40 is the zero-mean DRW light curve from Fig. 3 scaled such that the first TESS sector matches the differential flux in concurrent ATLAS 
o-band data. For the very late-time sectors, the TESS light curve is scaled to match the differential flux in concurrent ATLAS o-band data. 
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etween light curve features in the X-ray and the optical, with the
ptical lagging behind the X-ray. Assuming this is due to light travel
ime, this lag would give an approximate physical size of the accretion 
isc between the X-ray emitting corona and the cooler portions of the
isc from which the emission seen in the TESS bandpass originate. 
nfortunately, neither the straightforward cross-correlation function 

ode PYCCF (Sun, Grier & Peterson 2018 ) nor the more sophisticated
RW modelling code JAVELIN (Zu et al. 2011 ; Zu et al. 2013 ) model
roduced a useful result. Additionally, we tested if binning the TESS
ata and/or smoothing the light curves to remove long-term trends 
ffected the lag fits, but neither was able to return an acceptable
esult. 

.4 Very late-time data 

fter TESS returned to the Northern hemisphere in Cycle 4, 
SASSN-18el was observed again. We show the full TESS light 

urve as of the end of 2021, including Sectors 15–23, 25–26, and
0–41 in Fig. 7 . It is immediately clear that the rapid high-amplitude
ariability has faded by the very-late time sectors. To quantify the 
hange in variability amplitude between the early and late sectors, 
e measured the RMS scatter in the first sector and compared it to

he last sector. For Sector 15, the RMS scatter around the median
ux is 46 μJy. Roughly 2 yr later in Sector 41, the RMS scatter
ad dropped by a factor of almost 5–9 μJy. ASASSN-18el will be
bserved in 13 continuous TESS sectors in Cycles 4 and 5 (Sectors
7–59), allowing for additional late-time monitoring of the source 
ariability well after the transient has faded. 

While the o v erall light curve shape is not particularly important for
nderstanding the short-term variability expected of AGNs, we used 
tacked late-time ATLAS data to measure the o -band flux concurrent 
ith active TESS sectors to allow us to create a long-term TESS light
urve. We matched the first TESS sector to the concurrent ATLAS
 -band flux and applied the linear offsets between sectors computed
n the DRW modelling to calibrate the flux of the remaining Cycle
 TESS sectors. For the Cycle 4 TESS light curves, we added the
oncurrent ATLAS o -band flux to the differential TESS light curve.
s our primary aim in Fig. 7 is to show the consistent strong short-

erm variability of ASASSN-18el o v er a 2 yr time span, details on
ector-to-sector matching are largely inconsequential. 

 DI SCUSSI ON  

wo plausible explanations have been put forward to explain the 
L phenomenon observed for the ANT ASASSN-18el. The first is 

elated to instabilities in the existing AGN disc, either as a result of a
hange in the accretion flow (Trakhtenbrot et al. 2019b ) or something
ore exotic like a magnetic inversion in the disc (Scepi, Begelman &
exter 2021 ; Laha et al. 2022 ). The second is increased accretion due

o a TDE, which disrupted the existing X-ray corona while powering
 large UV/optical flare (Ricci et al. 2020 ; Li et al. 2022 ; Masterson
t al. 2022 ). 

The variability seen in the TESS light curve is typical of known
GNs and consistent with the DRW model frequently used to 
escribe AGN variability. Both the PSD and SF of the TESS light
urve are typical of AGNs. Therefore, independent of any modelling 
f the TESS light curve and choices on sector matching, this short-
erm stochastic variability suggests an AGN origin for ASASSN- 
8el. 
Nevertheless, with a measurement of τDRW 

, we can compare to 
nown relationships, such as the one between τDRW 

and the central 
MBH mass, shown in Fig. 8 . As the black hole mass increases,
o does the characteristic time-scale, resulting from the scaling of 
ccretion disc parameters (e.g. Kelly et al. 2009 ; Zu et al. 2013 ).
MNRAS 521, 3517–3526 (2023) 
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Figure 8. The rest-frame DRW time-scale ( τDRW 

) as compared to the SMBH 

mass for a given AGN. The sample of Kelly et al. ( 2009 ) is shown in light 
blue, with their best-fitting line shown with the light blue solid line. The solid 
grey line is our fit of the Kelly et al. ( 2009 ) sample using the methods of Kelly 
( 2007 ). The dashed grey lines are plus/minus 1 σ from the best-fitting line. 
Both NGC 4395 (Burke et al. 2020 ) and ASASSN-18el are excluded from 

this fit. 
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n particular, Burke et al. ( 2021 ) suggest that the characteristic
ariability time-scale is linked to the thermal time-scale for the
V-emitting region of the accretion disc, even when that τDRW 

is
easured with optical rather than UV photometry. ASASSN-18el

ies near the trend between τDRW 

and SMBH mass. In Fig. 8 , we
ave shown both the original best-fitting line and our fit to the data
rom Kelly et al. ( 2009 ) using the MCMC procedure of Kelly ( 2007 )
o better illustrate the range of allowed slopes for this relationship
iv en man y sources with large uncertainties. 
Similarly, we can compare the pre-flare constraints from ASAS-

N and ATLAS on variability to those obtained with TESS . Prior to
he flare, there are only hints of weak activity, with sparse detections
n the ASAS-SN V -band photometry. This is consistent with the
rchi v al Seyfert 2 classification of the AGN 1ES 1927 + 654. The
ack of strong variability prior to the flare in contrast with short-time-
cale variability seen during the flare suggests that ASASSN-18el
s an example of an increase in the accretion rate onto the AGN
ather than a TDE. This scenario is also consistent with the late-time
ecrease in variability, as the AGN begins to return to its quiescent
tate. 

It is important to note that there are some caveats to the analysis of
GN light curves using a DRW model. The primary concern is the

ength of the light-curv e relativ e to the reco v ered time-scale. Recent
imulations suggest that for robust reco v ery of DRW parameters, the
ength of the light curve should be at least 10 times the τDRW 

(e.g.
ozłowski 2017 , 2021 ), with shorter light curves biased towards

horter time-scales. For ASASSN-18el, the length of the TESS light
urve is roughly 16 times longer than the recovered τDRW 

. Fig. 4 of
ozłowski ( 2021 ) suggests that there is only a ∼0.1 dex uncertainty

n τDRW 

at this length. Even if the true τDRW 

for ASASSN-18el was
nderestimated by a few tenths of a dex, it would remain close to
he trend shown in Fig. 8 . Finally, as noted in Section 3.2 , results
elated to the long-time-scale trends in the TESS light curve should be
iewed with caution because of uncertainties and systematic issues
ssociated with the inter-sector calibrations. 
NRAS 521, 3517–3526 (2023) 
In addition to the high precision TESS photometry, the X-ray light
urve from NICER gives important constraints on physical processes
ccurring close to the SMBH. Two notable aspects of the X-ray
mission for ASASSN-18el are the extremely high X-ray to optical
uminosity ratio and the deep dip in X-ray flux at ∼100 d after the
ptical peak. The proposed model of Scepi et al. ( 2021 ) may provide
 natural explanation for these features. In this model, the accretion
isc prior to the flare exists in a magnetically arrested disc (MAD)
tate (e.g. Narayan, Igumenshchev & Abramowicz 2003 ). In such
 state, the UV/optical region of the disc is radiatively inefficient
nd the X-ray emission is synchrotron-powered (Scepi et al. 2021 ),
ccounting for the unusually high X-ray to optical luminosity ratio. 

Scepi et al. ( 2021 ) suggest that a magnetic inversion occurs due to
he advection of material with opposite magnetic polarity through the
isc, thus disrupting the MAD state. In such a magnetic inversion,
econnection occurs first in the outer regions of the disc, increasing
he radiative efficiency and powering the dramatic UV/optical flare.
s the accretion flow reaches the SMBH, the X-ray corona is
estroyed, decreasing the X-ray luminosity with a lag relative to
he UV/optical brightening (Scepi et al. 2021 ). As magnetic flux
ccumulates, the X-ray corona is rebuilt and the X-ray luminosity
eco v ers. The decline in the UV/optical emission can either be due
o a newly formed MAD state or a decrease in the accretion rate.
cepi et al. ( 2021 ) predict that for the latter scenario, we should see a
econdary decline in the X-ray luminosity roughly 2 yr later. Indeed,
he NICER data show a decline in X-ray luminosity beginning at

700 d after peak optical emission, consistent with such a model. 
Finally, with respect to the possibility that the CL phenomenon was

aused by a TDE, it is difficult to explain the observed variability
n the context of TDE emission. To date, only a small number of
DEs hav e e xhibited an y stochastic variability (e.g. Holoien et al.
019 ), and TDE light curves rarely exhibit re-brightening episodes
e.g. Malyali et al. 2023 ; Wevers et al. 2023 ) like the ones seen here
n ATLAS and ASAS-SN photometry. Late-time studies of TDEs
ave suggested a shift in the emission mechanism from one tied to
he fallback of mass onto the SMBH to emission from the accretion
isc itself (Balbus & Mummery 2018 ; van Velzen et al. 2019 ; Jonker
t al. 2020 ). A natural assumption is that, similar to AGN discs, this
ay lead to enhanced variability from instabilities in disc. None the

ess, when examining late-time data on the TDEs ASASSN-14ae
nd ASASSN-14li (van Velzen et al. 2019 ; Hinkle et al. 2021c ), we
nd that there is no significant variability on several day time-scales
ven long after disc emission is thought to become the dominant
omponent for these sources (van Velzen et al. 2019 ). This suggests
hat a TDE transitioning to a disc-dominated state is unlikely to show
he very large variability that we see from ASASSN-18el at similarly
ate times. In addition, the long o v erall time-scale of the event is not
onsistent with known TDEs (e.g. Holoien et al. 2014a , 2016a , b ;
inkle et al. 2020 ). These suggest that a TDE is likely not the source
f the transient emission for ASASSN-18el. 

 SUMMARY  

hrough our analysis of late-time optical photometry, NICER X-ray
ata, and a high-cadence TESS light curve of ASASSN-18el, we find
he following: 

(i) Optical transient emission from ASASSN-18el remains de-
ectable abo v e pre-flare lev els for roughly 700 d after the peak optical
mission with late-time re-brightening episodes continuing until at
east 1250 d after peak. 
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(ii) The initial decline of ASASSN-18el as measured from the 
TLAS o -band light curve is significantly flatter than the canonical 
 

−5/3 power-law for TDEs. Additionally, when the decline is fit by 
n exponential-decay model, the time-scale of the decline is roughly 
hree times longer than observed for typical TDEs. 

(iii) The high-S/N and high-cadence TESS light curve within 
000 d of peak optical emission shows strong variability on time- 
cales less than a single TESS sector, immediately suggestive of 
trong AGN activity. 

(iv) The TESS light curve’s large variability amplitude and char- 
cteristic time-scale are consistent with light curves of AGNs with 
imilar SMBH masses, supporting the claim that the observed 
ransient emission at late times is fully consistent with a dramatic 
GN flare. Ho we ver, there are large uncertainties and potential 

ystematic errors related to the long-time-scale trends in the TESS 
ight curve. 

(v) The X-ray and optical evolution is distinct, with large dips in 
-ray luminosity at early and late times despite a relatively smooth 
ptical light curve. Ho we ver, during the period of o v erlap between
ESS and NICER data, a multiwavelength plateau phase is observed. 
one the less, we were unable to reco v er a temporal lag between the
-ray and TESS bandpasses. 
(vi) The very late-time TESS data (more than 1000 d after peak 

mission) continues to show stochastic variability, but at a lower 
mplitude than earlier sectors. 

From our analysis of these late-time data, and in particular the 
xquisite TESS data, we find that the flare in ASASSN-18el is likely
he result of a large AGN flare, possibly induced by a magnetic
nversion in the disc (Scepi et al. 2021 ). Many of the optical CL-
GNs to date lack the wealth of data presented here. Ho we ver, the

ew that do, such as NGC 2617 (Shappee et al. 2014 ) and ASASSN-
8el, may suggest that such state changes are not al w ays long term
ut rather may be the result of large flares. 

The use of TESS and its unparalleled combination of photometric 
recision, cadence, and sky coverage is a promising avenue for 
tudying the physical origin of ANTs. TESS observations of an ANT 

t any phase can give detailed insight into the variability properties 
f a galaxy. At the very least, a sector of TESS data should be able to
nco v er the presence of AGN-like variability in ANT host galaxies,
ell below what can be probed from the ground. This gives promise

hat we can begin to understand the range of nuclear behaviours and
ccretion processes through the disambiguation of ANTs. 
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