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ABSTRACT

Supermassive black holes disrupt passing stars, producing outbursts called tidal disruption events (TDEs). TDEs have recently
gained attention due to their unique dynamics and emission processes, which are still not fully understood. Especially, the
so-called optical TDEs are of interest as they often exhibit delayed or obscured X-ray emission from the accretion disc, making
the origin of the prompt emission unclear. In this paper, we present multiband optical polarization observations and optical
spectrometry of a recent TDE candidate AT 2022fpx, alongside monitoring observations in optical, ultraviolet, and X-rays. The
optical spectra of AT 2022fpx show Bowen fluorescence as well as highly ionized iron emission lines, which are characteristic
of extreme coronal line emitters. Additionally, the source exhibits variable but low-polarized continuum emission at the outburst
peak, with a clear rotation of the polarization angle. X-ray emission observed approximately 250 d after the outburst peak in
the decay appear flare-like but is consistent with constant temperature blackbody emission. The overall outburst decay is slower
than for typical TDEs, and resembles more the ones seen from Bowen fluorescence flares. These observations suggest that AT
2022fpx could be a key source in linking different long-lived TDE scenarios. Its unique characteristics, such as extreme coronal
line emission, variable polarization, and delayed X-ray flare, can be attributed to the outer shock scenario or a clumpy torus
surrounding the supermassive black hole. Further studies, especially in the context of multiwavelength observations, are crucial
to fully understand the dynamics and emission mechanisms of these intriguing astrophysical events.

Key words: black hole physics — polarization — shock waves — galaxies: nuclei — X-rays: galaxies.

1 INTRODUCTION

A tidal disruption event (TDE), where a supermassive black hole
(SMBH) disrupts structurally a passing star causing a surge of matter
to accrete into the black hole, powers a luminous outburst typically
detected in the X-ray and/or optical wavelengths (Komossa & Bade
1999; Donley et al. 2002). Recent optical monitoring programs, such
as the Zwicky Transient Facility (ZTF), have significantly increased
the number of known TDEs but, at the same time, challenged our
understanding of their dynamics and emission processes (Gezari et al.
2012; van Velzen et al. 2021). Many of these ‘optical TDEs’ show

* E-mail: karri.koljonen @ntnu.no

X-ray emission only years after the optical peak indicating delayed
or obscured emission from the accretion disc and leaving the origin
of the prompt emission unclear (Gezari 2021).

The most striking features in the TDE optical spectra are broad
helium and/or hydrogen emission lines (e.g. Arcavi et al. 2014).
However, it has become clear that higher ionization lines also exist
in the spectra of some TDEs. These include lines formed by Bowen
fluorescence (Bowen 1928) in dense gaseous matter surrounding an
ionizing extreme ultraviolet source (e.g. Netzer, Elitzur & Ferland
1985; Kastner & Bhatia 1990), and have been identified in hydrogen
and helium-rich TDEs (e.g. Blagorodnova et al. 2019; Onori et al.
2019; van Velzen et al. 2021; Charalampopoulos et al. 2022;
Wevers et al. 2022), where they are thought to originate from a
hot and compact UV/optical photosphere (van Velzen et al. 2021).
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However, Bowen fluorescence lines are also observed in the case
of ‘rejuvenated SMBHs’ (Trakhtenbrot et al. 2019). Subsequently,
these events have been termed ‘Bowen fluorescence flares’ (BFFs;
Makrygianni et al. 2023), encompassing several sources that exhibit
long-lasting UV/optical emission persisting for several years, along
with Bowen fluorescence lines (typically He 1l Ly ¢ A3038 induced
O111 line blend at 3754, 3757, and 3759 A, and O 111 A374.4 induced
NI lines at 4097, 4104, and 4640 A are observed in the optical),
and broad hydrogen and helium emission lines with velocities of a
few thousand kilometres per second.

In rare cases, even higher ionization lines than those of the Bowen
lines have been observed from TDEs in the form of highly ionized,
or ‘coronal’, emission lines ([Fe X1v] A5303, [Fe Vi1] AA5720, 6087,
[Fex] A6374, [Fexi] 27892, and [Fexmi] A10798; Onori et al.
2022; Short et al. 2023). The extreme ionization strength of these
coronal lines suggests the presence of a strong extreme-UV or soft
X-ray ionizing source within a gas-rich environment [e.g. similar
to narrow-line regions in active galactic nuclei (AGN); Cerqueira-
Campos et al. 2021; GRAVITY Collaboration 2021]. Similar lines
have been observed from the nuclear spectra of so-called extreme
coronal line emitters (ECLEs; Komossa et al. 2008, 2009; Wang et al.
2011, 2012) — galactic nuclei that seem otherwise quiescent and not
active. Recent comparisons of ECLE and TDE properties suggest that
ECLE:s are likely echoes of unobserved past TDEs in these galaxies
(Callow et al. 2024; Clark et al. 2024; Hinkle, Shappee & Holoien
2024).

Several scenarios have been proposed to explain the emission
from optical TDEs. The prevailing ones include reprocessed X-
ray emission by the obscuring, surrounding gas from the stellar
debris (e.g. Roth et al. 2016) or radiatively driven wind (e.g.
Metzger & Stone 2016; Parkinson et al. 2022), and tidal stream shock
powered emission (Shiokawa et al. 2015). In the latter scenario,
intersecting stellar streams near the pericentre of the stellar orbit
form a nozzle shock that dissipates orbital energy (Bonnerot & Lu
2022). However, this energy loss is likely not enough to produce
rapid circularization of the flow and the subsequent formation of
the accretion disc (Piran et al. 2015; Steinberg & Stone 2024).
Instead, the stellar flow collides with itself further away from the
black hole [10'5-10'¢ cm; O(103 R,); Ryu, Krolik & Piran 2020],
producing strong shocks that can produce emission in the optical
band.

Polarization observations (both spectro- and photopolarimetry)
of optical TDEs are scarce, with only a few significant detections
available in the literature (Wiersema et al. 2012, 2020; Lee et al. 2020;
Leloudas et al. 2022; Patra et al. 2022; Liodakis et al. 2023). These
studies showed that in most cases TDEs have a polarization level of
a few per cent that is overall constant in regions that are continuum-
dominated and free of strong, depolarizing emission lines. Only
in one case, a very high polarization degree was inferred (up to
~25 per cent; Liodakis et al. 2023). Thus, polarization observations
hold the potential to distinguish between different accretion disc
formation scenarios. In the reprocessing scenario, the polarization
degree from an electron-scattering photosphere is low (a maximum of
~6 per cent in the most favourable conditions; Leloudas et al. 2022).
Conversely, in the outer shock scenario, synchrotron emission arising
from strong shocks can lead to a much higher polarization degree (up
to ~25 percent; Liodakis et al. 2023). Hybrid scenarios, based on
collision-induced outflows, have also been proposed to explain the
observed polarization behaviour (Charalampopoulos et al. 2023a).
However, the diverse polarization signatures found even in the limited
number of TDE:s studied so far present a challenge for current models
to comprehensively explain.
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1.1 AT 2022fpx

The transient AT 2022fpx (ATLAS22kjn, ZTF22aadesap,
Gaia22cwy) was discovered on 2022 March 31 (MJD 59669) by
the Asteroid Terrestrial-impact Last Alert System (ATLAS) with a
discovery magnitude of 18.54 in the ATLAS/orange filter (Tonry
et al. 2022). It was subsequently classified as a TDE candidate
at a redshift of z = 0.073 (Perez-Fournon et al. 2022).! The
event is associated with the nuclear region of the galaxy SDSS
J153103.70+532419.3. The peak r- and g-band magnitudes of 17.6
and 17.8 mag, respectively, were reached on 2022 July 24 (MJD
59784), approximately 115 d after the discovery. Prior to the transient
event, the long-term magnitude level has remained constant at around
20.1 mag in the Gaia g band.

Based on optical monitoring of the event by several optical
transient facilities, e.g. ZTF? and Gaia,> AT 2022fpx has remained
relatively bright since the peak emission, showing a slow decay
currently at 18.9 mag (r band, 2024-05-17). The classification optical
spectrum of AT 2022fpx presented by Perez-Fournon et al. (2022)
in the Transient Name Server (TNS) exhibits strong but moderately
broad hydrogen and ionized helium emission lines with maximum
velocities of a few thousand kms™!.

The light-curve behaviour and spectral properties of AT 2022fpx
deviate from the typical optical TDE light-curve evolution, which
exhibit faster decays, bluer optical continua, and higher optical line
velocities around ~10* kms™! (e.g. van Velzen et al. 2021; Char-
alampopoulos et al. 2022). However, it is noteworthy that the TNS
spectrum was obtained relatively late in the event, approximately 85 d
after the first detection of the transient. Consequently, it remains un-
certain whether AT 2022fpx exhibited broader emission lines at early
times. Also, at comparable times to the first spectrum for AT 2022fpx,
there are TDESs that display similar line widths, such as ASASSN-14li
(Brown et al. 2017). Overall, the observational characteristics of AT
2022fpx align more closely with the ‘rejuvenated SMBH’ scenarios
(Trakhtenbrot et al. 2019), and thus, AGN contribution cannot be
ruled out.

In this paper, we present an optical spectrum obtained from the
Nordic Optical Telescope (NOT), optical polarization observations
from both NOT and the Liverpool Telescope, and UV/X-ray observa-
tions from the Neil Gehrels Swift Observatory and XMM—Newton,
taken during the transient event AT 2022fpx, along with publicly
available optical photometric data from ZTF. Section 2 provides
details on the observations and data reduction. In Section 3, we
present the optical spectrum of AT 2022fpx, showing highly ionized
emission lines, in addition to Bowen, hydrogen, and helium lines,
which indicate the source being an ECLE. We also derive and discuss
the host galaxy properties. Further, we present the optical polarization
properties of AT 2022fpx, demonstrating clear variability, along
with optical/UV monitoring throughout the event. Additionally, we
discuss the X-ray monitoring results, which indicate a late-time flare
and spectral properties consistent with blackbody emission. Section 4
delves into the discussion of the variable polarization, in addition to
drawing comparisons with recent well-sampled TDEs sharing similar
properties to AT 2022fpx. Finally, Section 5 concludes the paper. We
utilize a flat cosmology with Hy = 69.6 km s~! Mpc™' for our
calculations.

Thttps://www.wis-tns.org/object/2022fpx
Zhttps://lasair-ztf Isst.ac.uk/objects/ZTF22aadesap/
3http://gsaweb.ast.cam.ac.uk/alerts/alert/Gaia22cwy/
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2 OBSERVATIONS

2.1 Optical spectroscopy

In order to confirm the classification of AT 2022fpx we obtained
an optical spectrum with the Alhambra Faint Object Spectrograph
and Camera (ALFOSC) at NOT using the grism Gr4. The spectrum
was reduced using the PYPEIT package (Prochaska et al. 2020a,b)
and included overscan, bias and flat-field corrections, cosmic ray
removal, spectral extraction, wavelength calibration using arc lamps,
creation of a sensitivity function using a standard star observed on
the same night, flux calibration with this sensitivity function, and
telluric correction via fitting to a grid of atmospheric models.

2.2 Optical polarization

We observed AT 2022fpx using ALFOSC at NOT in 13 epochs
during the transient event from MJD 59772.5 to MJD 60 173 with
irregular cadence. Observations were conducted in the Johnson R, V,
and/or B bands, employing the standard set-up for linear polarization
observations (lambda/2 retarder followed by a calcite).

The data were analysed using the semi-automatic pipeline de-
veloped at the Tuorla Observatory (Hovatta et al. 2016; Nilsson
et al. 2018). This pipeline follows standard procedures, where
sky-subtracted target counts were measured in the ordinary and
extraordinary beams using aperture photometry (with aperture radius
sizes of 1.5 or 2.5 arcsec depending on the seeing). Normalized
Stokes parameters, polarization degree (IT), and polarization angle
() were calculated from intensity ratios of the two beams using
standard formulas (e.g. Landi Degl’Innocenti, Bagnulo & Fossati
2007).

Given the low level of polarization (see below), we conducted a
set of simulations to validate our error estimates and identify any
potential systematic effects that may not have been considered in our
analysis chain. A detailed description of this process can be found in
Appendix A.

In addition to our NOT observations, we supplemented our data
set with data from the Multicolour OPTimised Optical Polarimeter
(MOPTOP), mounted at the 2-m Liverpool Telescope. MOPTOP fea-
tures a dual-beam polarimeter with a continuously rotating half-wave
plate, enabling quasi-simultaneous B-, V-, and R-band observations
with a 7 x 7 arcsec? field of view (Shrestha et al. 2020). MOPTOP
observations were conducted from MJD 59816.9 to MJD 59868.8.

To enhance measurement accuracy, we combined adjacent ob-
servations by calculating a weighted average (with uncertainty) in
Stokes-q and -u space. Subsequently, we converted these values to
polarization degree and angle. If a >30 detection was not achieved,
we increased the number of combined data points. This process
allowed us to establish more robust 99.7 percent (30) confidence
interval (C.1.) upper limits overall.

The detected values were then corrected for the depolarizing
effect of the host-galaxy light (Andruchow, Cellone & Romero 2008;
Liodakis et al. 2023). The correction depends merely on the ratio of
the host galaxy flux to total flux within the aperture. To estimate
the brightness of the host, we converted the Panoramic Survey
Telescope & Rapid Response System (Pan-STARRS) catalogue
(DR2) mean PSF magnitudes of the galaxy to the Johnson B-, V-, and
R-band magnitudes using the formulae from Tonry et al. (2012), de-
termining pre-event mean values of 20.29 & 0.04, 19.33 £ 0.02, and
18.78 £ 0.02 mag, respectively. The PSF magnitudes were selected,
as the aperture radii used for NOT and MOPTOP observations were
small, ~1-2 arcsec, that do not include the whole galaxy. In this

MNRAS 532, 112-125 (2024)

case, we observed only a slightly higher intrinsic polarization degree
compared to the observed values.

We also estimated the effect of strong Balmer emission lines in
the Johnson B and V filters on the measured polarization degree
using the NOT/ALFOSC spectrum described above. The line fluxes
of Hy and H 8 are approximately 3 percent and 8 per cent of the
total flux, respectively, in the B and V bands. Thus, they present only
a minor modification to the obtained polarization parameters, which
we neglect in this paper.

2.3 Optical/UV photometry

We analysed 61 Swift UltraViolet and Optical Telescope (UVOT)
observations taken during the event between MJD 59 768 and MJD
60355. All UVOT filters were utilized only during the peak emission
phase, with a predominant use of the UV filters (W 1/M2/W2). Source
count rates, AB magnitudes, and fluxes were measured using the
UVOTSOURCE V4.3 task, which is part of the HIGH ENERGY ASTRO-
PHYSICS SOFTWARE (HEASOFT). When more than one exposure was
taken during the telescope pointing, we combined the images using
the UVOTIMSUM task. Additionally, we ensured that the measured
countrates were not affected by the source falling in a low-throughput
area of the detector.

We also used ZTF g- and r-band data from the transient broker
LASAIR (Smith et al. 2019).

2.4 X-ray observations
2.4.1 SwifXRT

We conducted a search for X-ray sources in the vicinity of AT
2022fpx by stacking 61 archival Swift X-ray Telescope (XRT) photon
counting mode images from the same set of Swift observations men-
tioned above. This stacking procedure was performed using XSELECT
V2.5 and XIMAGE V4.5.1 in HEASOFT. A 140 source was identified
at the coordinates RA 15:31:03.77, Dec. 4- 53:24:17.1 (position error
of 3.7 arcsec), matching the location of AT 2022fpx. The mean source
count rate of this source is 0.0031 % 0.0002 countss~! in the 0.3—
1 keV band (corrected for the point spread function, sampling dead
time, and vignetting). No higher energy photons were detected from
the source. We further iteratively adjusted the time ranges of the
stacking procedure for progressively shorter times maintaining the
source at the location of AT 2022fpx with a signal-to-noise ratio
larger than two at a minimum. This resulted in 24 epochs, with count
rates ranging from ~0.001 to ~0.015 countss~'.

We also extracted a spectrum using all the XRT observations from
MID 59768 to MJD 60355, resulting in a total exposure of 124
ks and a total of 371 £ 25 source counts from AT 2022fpx. The
spectral bins in the 0.3 to 1 keV range were grouped to a minimum
signal-to-noise ratio of three, resulting in 19 spectral bins.

2.4.2 XMM—Newton

We observed the source with XMM—Newton on 2023 May 7 (MJD
60071), 287 d after the optical peak emission. Unfortunately, the
pointing was heavily affected by soft proton radiation from Earth’s
magnetosphere, rendering the EPIC-pn camera data unusable. Nev-
ertheless, we were able to utilize the EPIC-MOS camera data to some
extent. We extracted the source products using the SCIENCE ANALYSIS
SOFTWARE (SAS) version 20.0.0 following standard procedures.
Background flares were filtered by excluding times when the 10—
12 keV count rate exceeded 0.35 counts s~! for MOS. This resulted in
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Figure 1. The TNS classification spectrum (black line) and our
NOT/ALFOSC spectrum (blue line) of AT 2022fpx taken during the optical
rise and close to the peak of the event, respectively. Both spectra exhibit
prominent hydrogen and ionized helium lines. The NOT spectrum, acquired
41 d later than the TNS spectrum, shows a bluer continuum, featuring
combined N 11 and He I line at 4635-4685 A, a highly ionized silicon line at
7613 A ([S x11]) and highly ionized iron lines at 5303 A ([Fe x1v]), 6374 A
([Fe X]), and 7892 A ([Fe X1]). Phases listed are relative to peak.

8.5 ks of usable exposure time. A source at the location of AT 2022fpx
was detected with a significance of ~140, exhibiting a count rate of
0.032 4 0.002 counts s~! and a total of 618 source counts. We further
combined the MOS spectra using the EPICSPECCOMBINE routine in
SAS. For spectral fitting, we considered the same spectral range as
for Swift/XRT data, i.e. from 0.3 to 1 keV, grouping it similarly to
a minimum S/N = 3, resulting in 28 spectral bins. We performed
spectral fitting using the INTERACTIVE SPECTRAL INTERPRETATION
SYSTEM (1s1S; Houck 2002) and estimated the errors on the best-
fitting parameter values via Monte Carlo analysis. In the modelling,
we added a constant factor to account for the flux difference between
the two X-ray detectors used.

3 RESULTS

3.1 Spectral reclassification of AT 2022fpx as an ECLE

Fig. 1 displays the spectrum of AT 2022fpx from our NOT/ALFOSC
observations. The TNS spectrum was taken 85.5 d after the initial
detection, while the NOT observation occurred 126.5 d after the
discovery. The line strengths and widths of the hydrogen, He1, and
He11 lines appear consistent in both spectra. Additionally, the NOT
spectrum reveals emission lines from Bowen fluorescence (N 111) and
high-ionization state ‘coronal’ lines (S V11, and [Fe X] — [Fe X1v]),
although the [FeX] emission line can be also seen in the TNS
spectrum as well. Thus, these suggest that AT 2022fpx falls into
the classification of both Bowen fluorescence TDEs and ECLEs.
Previous studies, such as those by Wang et al. (2012) and Callow
et al. (2024), have employed a criterion wherein the flux of at least
one coronal line exceeds [O111] A5007 line flux by 20 percent in
order to classify the source as an ECLE. In our NOT spectrum, the
[Fe x1v] 25304 line flux surpasses this criterion, being a factor of 1.7
higher that of the [O 111] line. Upon fitting a single Gaussian profile

The ECLE AT 2022fpx 115

to the Ho and H 8 emission lines, we obtained full width at half-
maximum (FWHM) values of 1800 % 31 and 2100 + 60 kms™!,
respectively. Conversely, fitting the He 1 and N1II line blend with
two Gaussian profiles yielded FWHM values of 2930 4 70 km s~
for He 11and 2500 & 100 km s~! for N 111. As discussed in Section 1.1,
these line widths are notably narrower than those typically observed
for TDE:s at early times. However, it is worth noting that TDEs can
exhibit similarly narrow-line widths at comparable epochs. We have
obtained additional comprehensive spectroscopic follow-up of AT
2022fpx, which will be presented in a future publication (Reynolds
et al. in prep).

3.2 Host galaxy properties

The AIWISE colours of the host galaxy (W1 - W2 =0.147 4 0.063,
W2 - W3 =252 4 0.22) do not support AGN host based on the
classifications of Jarrett et al. (2011), Mateos et al. (2012), and Stern
et al. (2012). However, more recently, the infrared colours have
been found not to be very accurate classifiers (e.g. Radcliffe et al.
2021), and combining the infrared colours with optical photometry
may provide more accurate results (Daoutis et al. 2023). Using their
method, we estimate the following probabilities for the host galaxy:
53.8 percent for AGN, 30.3 percent for a ‘composite’ (e.g. Ho,
Filippenko & Sargent 1997), 8.2 percent for LINER, 4.3 percent
for a passive, and 3.4 percent for a star-forming host galaxy. The
results imply a high probability of the host galaxy being an AGN or
composite and quite small for being purely star-forming or passive.
This is probably because the galaxy appears very red in the optical
(passive) but also red in the infrared (active), which is contradicting
for a purely star-forming or passive galaxy. We note that the accuracy
for obtaining a correct classification for AGN is nevertheless quite
low, at 56 per cent (Daoutis et al. 2023). Based on the WISE infrared
colours of a sample of E4A galaxies, the rising infrared emission
could be explained by the presence of post-AGB stars or a low-
luminosity and/or obscured AGN (Alatalo et al. 2017). However, the
host galaxy of AT 2022fpx is not detected in the lowest frequency
WISE band (W4; 22 pum). Therefore, while we cannot completely
rule out AGN host, it is safe to assume that in the case of AGN host,
the nucleus has a low luminosity and it is not radiatively dominant
in the system (Alatalo et al. 2017).

In the absence of spectra predating the transient detection, we
employed spectral energy distribution (SED) fitting using the updated
version (Yang et al. 2022) of the CODE INVESTIGATING GALAXY
EMISSION (CIGALE;* Burgarella, Buat & Iglesias-Paramo 2005; Noll
et al. 2009; Boquien et al. 2019) to estimate the properties of the
host galaxy. Photometric data of the host galaxy were gathered
from archival observations to construct its SED (see details in
Appendix B).

The SED fitting in CIGALE utilized modules for various com-
ponents, including the stellar initial mass function (Bc03), de-
layed star formation history (SFHDELAYED), attenuation model (pus-
TATT_MODIFIED_STARBURST), redshift (RepsuirTing), AGN model
(pALE2014), and nebular emission (NEBULAR), covering an extensive
range of the parameter space (Table C1). Additionally, we incorpo-
rated an additional 10 per cent error in the source fluxes to account
for any photometric scatter, such as variations due to atmospheric
conditions or low-scale variability. While it is not anticipated that
the host galaxy is radiatively dominated by an AGN, we considered
the potential contribution of an AGN to its SED.

“https://cigale.lam.fr
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Best model for AT2022fpx_host
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Figure 2. Best-fitting model for the SED of the quiescent host galaxy of AT
2022fpx obtained by CIGALE. See the text for details.

The best-fitting model SED exhibited a satisfactory fit with a
low reduced chi-square value (Xf = 1.4; Fig. 2). However, the
estimations of galaxy parameters were not solely based on the best-
fitting model but rather on the parameter’s x 2-weighted probability
density functions (PDFs). These PDFs encompass all CIGALE models
generated during the fitting process, with their weights determined by
their respective x 2, reflecting how effectively each model reproduces
the observed SED. This approach enables us to quantify the extent of
parameter estimation variability across different models and derive
robust estimations of their uncertainties. Given that the PDFs in our
case do not exhibit a Gaussian distribution, the estimations rely on
the mode and 68 per cent/32 per cent C.I. The x 2-weighted PDFs for
parameters such as star formation rate (SFR), stellar mass (M, ), and
AGN fraction (fagn) are provided in Fig. C1.

The galaxy SED is dominated by an old stellar population with
an average age of 4.7703 Gyr, with a more recent star formation
burst with an estimated age of 1.1 & 0.1 Gyr. The resulting galactic
stellar mass value is My, = 7.94 £0.75 x 10° Mg. The current
SFR indicated by the model is negligible, at log [SFR/(Mg yr~")]
= —14.1t8;2, but non-negligible dust emission is required in the
SED fit (Eg.y = 0.4 mag), indicating dust heated most probably
by post-AGB stars. The AGN fraction is fagn = 0.0, which is
in agreement with other galaxy classification methods expecting no
AGN contribution in the galaxy’s emission. These properties could
be explained if the galaxy underwent a merger with a dwarf star-
forming galaxy which aligns well with typical E4A galaxies that are
overrepresented in TDE hosts (Arcavi et al. 2014; French, Arcavi &
Zabludoff 2016; Law-Smith et al. 2017; Hammerstein et al. 2021).

3.3 The multiwavelength outburst evolution of AT 2022fpx

Fig. 3 displays the multiwavelength data set described above for
AT 2022fpx, covering the transient event from the optical rise in
2022 May to the end of 2023. We note that AT 2022fpx has not yet
returned to pre-flare flux levels, and the event is still ongoing. In the
top panel, we present the ZTF g- and r-band light curves, along with
the Swift/UVOT light curves and the Swift/XRT count rate, showing
variable emission. The decaying optical/UV fluxes were fitted with
an exponential function in all filters. This fitting was executed using
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ULTRANEST® (Buchner 2021), which utilizes the nested sampling
Monte Carlo algorithm MLFRIENDS (Buchner 2016, 2019) to derive
posterior probability distributions and Bayesian evidence. In Fig. 3
(top panel), we display the best-fitting exponential functions, F o
exp(—t/b), with decay time-scales b = 181 £ 17 d (r band), b
= 155 £ 12 d (g band), b = 248 £ 30 d (UVOT W1 band), b
=202 +20d (UVOT W2 band), and b =213 £ 18 d (UVOT M2
band). These time-scales are more than two times longer than typical
optical TDE decay rates (e.g. Liodakis et al. 2023).

Another interesting aspect of the optical light curve is a precursor
event before the rise to the peak (see Fig. 3). Precursor events in
TDEs have not been commonly observed, with the exception of AT
2020wey (Charalampopoulos et al. 2023b), where a flattening of the
rise was observed for approximately 8 d, and AT 2019azh (Faris et al.
2023) with a similar flattening from 10 to 30 d before the light-curve
peak. Similar to the slow time-scale of the decay, the precursor event
in AT 2022fpx is taking place much earlier at ~70 d before the
light-curve peak.

We also fitted the six-band Swift/UVOT SEDs, or in cases where
only UV bands are available, the quasi-simultaneous (£2 d) UVOT
+ ZTF SEDs, with blackbody and power-law models. In general,
the power-law model fits the SEDs better. In Fig. 3 (second panel),
we show the spectral index of the power-law model, F, oc v™*UV/opt,
which decreases steadily over the decay from ayyyopt ~ 1 10 ctyyyopt ~
0, indicating spectral flattening. A blackbody model at the peak gives
a rest-frame bolometric luminosity of Lyoy, peak = 5.9 £ 1.1 x 10%
erg s~!and a temperature of Tpeq = 16600 & 850 K.

We also calculated the optical-to-X-ray flux ratio (Fy/Fx) by
converting the Swift/XRT count rate to X-ray flux in the 0.1-1 keV
band using the best-fitting X-ray model fitted to the XMM—Newton
and Swift/XRT data (see Section 3.5). The flux ratio evolution plotted
in Fig. 3 (third panel) shows that the ratio reached a value of about
2 at the phase of peak X-ray emission, which is a typical ratio for
an optical TDE with late-time X-ray brightening (Gezari, Cenko &
Arcavi 2017).

3.4 Optical polarization results

The bottom two panels in Fig. 3 shows the polarization results
from our NOT and Liverpool Telescope observations. The source
consistently exhibits a low polarization degree (IT < 3 per cent)
throughout our observations. During the peak optical emission, we
successfully detected polarization in the B band in both ALFOSC
and MOPTOP observations and additionally in the V band for
ALFOSC. At later times, we constrain the polarization degree to
IT < 0.5 per cent at the 99.7 per cent C.I. (R band), suggesting that
the source became unpolarized. The polarization degree in the B-
band detections varied from IT ~0.4 percent to I1 ~2.7 percent,
while for the V-band detection it was IT ~ 0.8 per cent.

We observed significant variability in both the polarization
degree and angle from AT 2022fpx. Previous optical polarization
observations of TDEs have typically shown polarized emission after
the peak with decreasing polarization degree as the event progresses
(e.g. Lee et al. 2020; Liodakis et al. 2023). Although the overall trend
seems to match previous results, this is the first time we observe
short-term variability. The first B-band polarization detection
(IT ~ 2.5 per cent) takes place just before the peak of the optical
light curve, the second B-band observation (IT ~ 0.4 per cent) at the
peak, and the remaining detections in B and V bands occur after the

Shttps://johannesbuchner.github.io/UltraNest/
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Figure 3. The multiwavelength observations of AT 2022fpx. In the top panel, the coloured points depict Swift/UVOT and ZTF reddened fluxes, while the
black crosses represent the Swift/XRT count rate. The black square and dots at the bottom of the panel indicate the observation times for XMM—Newton and
Swift. Exponential decay profiles fitted to the optical/UV data are overlaid (coloured lines corresponding to different wavebands), excluding the data during
the high X-ray emission phase where additional flux above the exponential decay is clearly seen. In the four bottom panels, we display the spectral index of
the power-law model fitted to the quasi-simultaneous UV/optical SEDs (top panel), the optical (g band) and X-ray flux ratio (middle-top panel), the optical
polarization degree (middle-bottom panel), and the optical polarization angle (bottom panel) from our NOT/Liverpool Telescope observations. Different optical
bands are represented by coloured filled circles, as described in the figure legend in the top panel. Downward-pointing arrows indicate 3o upper limits (99.7

per cent C.1.), and the error bars show 1o (68 percent C.I.) uncertainty.

peak (IT = 0.8 per cent-2.7 per cent). At the same time, we observe
a change in the B-band polarization angle from ¥ = 62° to ¢ = 7°
in the form of a continuous smooth rotation. The V-band detection
yields a polarization angle ¢ = 76°, consistent within uncertainties
with the first B-band detection, but not part of the B-band rotation
trend.

After the decay has progressed more than 200 d, we observe
a brightening in X-rays (see details in Section 3.5). The polar-
ization degree in the R band remains undetected at the 3o level.
Lowering the detection threshold to 2.60 (99 percent C.I.), we
find two ‘significant detections’ with polarization degree around
IT ~ 0.4 per cent-0.7 per cent (from MJD 60061 to MJID 60081).
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Figure 4. The time-averaged (Swift/XRT) and snapshot (XMM/MOS) X-ray
spectra of AT 2022fpx fitted with the same absorbed blackbody model. XRT
spectrum is normalized to match the MOS spectrum.

Interestingly, these ‘detections’ occur around the time the source
starts to brighten in X-rays, after which the polarization degree
drops to IT < 0.4 percent (99 percent C.I.). We discuss further
the possible scenarios for the polarization variability in Section 4.1.

3.5 Late-time X-ray brightening

The X-rays started to rise around MJD 60050 with possible low
X-ray activity before that at a level of (9 & 3) x 10~ countss™!
(Fig. 3), corresponding to an unabsorbed flux of (2.8 & 0.9) x 1074
erg s~' cm™? in the 0.3-1.0 keV band. This assumes a blackbody
spectrum with a temperature of 95 eV and a hydrogen column density
of 1.25 x 10?° atoms cm™2 along the line of sight (see below; Fig. 4).
The rise in X-rays appear to occur simultaneously with the small rise
in UV/optical fluxes during the decay, as indicated by their deviation
from the exponential decay profile in Fig. 3. At the UV/optical peak,
the X-rays are not detected, with a 3¢ upper limit of 2.5 x 1073
countss™!' (7.7 x 107'* erg s7! cm™2). The X-ray emission lasted
about 100 d at a more or less constant level, but dimmed down after
that. However, recent observations show that the X-ray emission is
recovering again, possibly indicating the start of another ‘flare’ or a
periodic behaviour.

We fitted both the XMM—Newton/MOS and the time-integrated
Swift/XRT spectra with an absorbed and redshifted blackbody model
using Cash statistics and subplex optimization in ISIS. The agreement
of the time-integrated Swift/XRT spectrum spanning ~400 d and
the XMM—Newton snapshot spectrum indicates that the shape of the
spectrum remains constant throughout the X-ray brightening (Fig. 4).
We fixed the interstellar absorption at Ny = 1.25 x 10%° atoms cm ™2
(HI4PI Collaboration 2016) by adding a TBABS component to the
model, using abundances from Wilms, Allen & McCray (2000).
The best-fitting model has Cash statistics of 49.5 with 44 degrees
of freedom and indicates a temperature of 95 = 5 eV. The rest-
frame bolometric blackbody luminosity during the XMM-Newton
observation at the source distance of 311 Mpc is (8.7 & 1.2) x 10*
erg s~'. While the temperature is a reasonable value for a TDE (e.g.
Kajava et al. 2020), the luminosity is relatively low, corresponding
to the Eddington luminosity of a ~ 7 x 10* My black hole or an
Eddington fraction of 0.007 for a 107 M, black hole.
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3.6 Black hole mass estimates

We estimated the mass of the black hole through various methods,
including fitting the observed light curves with the MODULAR OPEN
SOURCE FITTER FOR TRANSIENTS (MOSFIT;® Guillochon et al.
2018) resulting in log Mpu/Mg = 7.4670.)2, and using the code
TDEMASS’ (Ryu et al. 2020), yielding log Mgy/Mg = 6.717013.
We utilized the TDE model (Mockler, Guillochon & Ramirez-Ruiz
2019) within MOSFIT and the observed light curves in different
bands, including Swift/UVOT W1, M2, and W2 bands, as well as
ZTF r and g bands, as input. The code assumes that the optical-to-UV
emission is reprocessed accretion disc emission in the surrounding
gas. TDEMASS solves two non-linear algebraic equations derived
in Ryu et al. (2020) that arise from the outer shock model, where
the optical/UV emission is generated by dissipation in shocks near
the debris’ orbital apocentre. The parameters required for solving
the equations are the observed peak UV/optical luminosity and the
observed temperature at peak luminosity, which we derive from a
blackbody model fit to the Swift/UVOT data taken at MJD 59 783
coinciding with the ZTF light-curve peak.

We also used empirical relations with the black hole mass involv-
ing peak luminosity and radiated energy (Mummery et al. 2024),
which resulted in log Mgy /Mg = 6.80 &£ 0.54 and log Mgu/Mg =
7.19 £ 0.44, respectively. The relation of the black hole mass with
the plateau luminosity in Mummery et al. (2024) yielded a much
higher value, log Mpu/Mg = 8.4, which is not surprising, as AT
2022fpx has not yet reached the plateau phase and remains quite
luminous. We also utilized an empirical relation of the black hole
mass with the host galaxy mass (Greene, Strader & Ho 2020;
Mummery et al. 2024), resulting in logMpy/Mg = 6.62 £ 0.58
using the host galaxy mass derived in Section 3.2. If the above
estimates for the black hole mass are independent, the global mean
would be log Mgy /Mg = 6.95 £ 0.53.

4 DISCUSSION

4.1 On the variable polarization

The low optical polarization degree observed in optical TDEs has
often been interpreted as arising from scattering from free electrons
in a reprocessing layer surrounding the black hole (Leloudas et al.
2022; Charalampopoulos et al. 2023a). While our results would
indeed be consistent with such a scenario, the erratic variability in the
polarization degree and rotation in the polarization angle observed
in AT 2022fpx cannot easily fit into the reprocessing picture. In
this scenario, the X-ray brightening after the peak is attributed to
the reprocessing layer becoming optically thin to X-rays. Using the
global mean estimate for the black hole mass, we find the necessary
time for the transition to the optically thin regime to be f#y, ~ 14
d (Metzger & Stone 2016), which is ~20 times shorter than the
observed time lag between the optical and X-ray peak emissions.
Previously, we interpreted changes in the polarization angle as
arising from the shift in shock dominance within the outer shock
scenario (Liodakis et al. 2023). In this scenario, intersecting stellar
streams near the pericentre of the stellar orbit form a nozzle shock
that dissipates orbital energy (Bonnerot & Lu 2022). However, this
energy loss is likely insufficient to rapidly circularize the flow
and lead to the formation of the accretion disc (Piran et al. 2015;

Ohttps://github.com/guillochon/MOSFiT
"https://github.com/tachoryu/TDEmass
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Steinberg & Stone 2024). Instead, the stellar flow collides with
itself further away from the black hole, producing strong shocks
that emit in the optical. According to this scenario, we expect the
pericentre shock to form and dominate the emission during the
rising phase of the outburst (Steinberg & Stone 2024). The pre-
peak polarized emission would then correspond to emission from
the pericentre shock. The subsequent drop in the polarization degree
at the optical peak could result from the formation of the outer shocks,
as emission from multiple polarized components with different
polarization angles could lead to depolarization (e.g. Liodakis et al.
2020). The change in the polarization angle coincides with the
drop in the polarization degree. However, the polarization angle
continues to change, while the polarization degree recovers back
to pre-peak level. After the optical peak, the polarization degree
drops again, but now the polarization angle returns to the pre-peak
values (although in a different optical band). This erratic variability
and changes in the optical polarization angle could be interpreted
as contributions from different shocks at different times. However,
without dedicated simulations to evaluate the relative contribution of
the different shocks to their composite emission, we cannot reach firm
conclusions. Using the black hole mass estimate from TDEMASS, we
can estimate the return time of the most-bound material to be 7y =
52 £+ 10 d (following Piran et al. 2015). Thus, the phase of the outer
shock emission is expected to take place around 1.5-3 x £y (Shiokawa
et al. 2015), precisely the time interval of the observed polarization
variability. In addition, the expected time from the disruption to the
optical peak (1.5 x fy) is ~78 d, matching the outburst rise time
well. In this scenario, the brightening in X-rays can be interpreted
as the delayed formation of the accretion disc (e.g. Kajava et al.
2020). The accretion disc is expected to form between 3 and 10 x £y
(Shiokawa et al. 2015), i.e. ~150-520 d, consistent with the observed
behaviour

We observe a potential (2.60) increase in the polarization degree
coinciding with the rise of the X-ray emission. Interestingly, the X-
ray emission lasts for only ~100 d at a high level, accompanied
by only a mild increase in the optical flux and a flattening of the
optical/UV spectrum during the same period. The observed low
degree (IT < 0.5 per cent) of polarization during the X-ray flare
is typical of values found for the polarization from X-ray binary
accretion discs (e.g. Krawczynski et al. 2022) and AGNs (e.g. Marin
et al. 2023).

Another scenario that could possibly explain the observed po-
larization behaviour is scattering from a compact, clumpy torus
(Marin & Stalevski 2015; Marin, Goosmann & Gaskell 2015). In
this scenario, the degree of optical polarization is expected to be
low. However, both the polarization degree and angle depend on
the inclination of the system to the line of sight which should not
vary unless the accretion disc undergoes precessing motion (which
could be the case if the orbital plane of the disrupted star and the
spin axis of the black hole are misaligned; Teboul & Metzger 2023).
In that case, the intrinsic emission changes angle to the scatterer
leading to erratic variability of the polarization degree and both
smooth and sudden changes of the polarization angle (see Fig. 1 in
Marin & Stalevski 2015). The observed polarization angle rotation
rate of change in the B band is ¥ = (1.2 & 0.3)°d™'. Assuming
polarization angle variations are achromatic, the rate of change of
the polarization angle from the last B-band detection to the V band is
twice as fast ¢y = (2.6 & 0.6)° d~', although it is still within 20" from
the B-band rotation rate and could imply that the polarization angle
rate of change remained the same. The lack of detectable polarization
at late times could be attributed to the end of the disc precession. That
bounds the alignment time-scale of the disc to between ~140 and
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Figure 5. Comparison of the rest-frame ZTF r- or g-band light curves from
AT 2021loi (a candidate BFF source; Makrygianni et al. 2023), AT 2022fpx,
and AT 2022upj (both coronal line sources). The translucent coloured regions
represent the times of detected X-ray emission from the sources.

284 d. Following Teboul & Metzger (2023), we can estimate the
allowed parameter space for the mass and spin of the black hole for
the disruption of a solar mass star. We find black hole mass values
consistent with the estimates above; however, they require a fairly low
black hole spin; o ~ 0.1. While the value of the spin is low, similar
results were found for AT 2020ocn that showed quasi-periodic X-ray
eruptions attributed to Lense—Thirring precession of the accretion
disc (Pasham et al. 2024). Under this scenario, the brightening of X-
rays can be interpreted as the central source becoming temporarily
unobscured from the clumpy torus material. This could also explain
both the flare profile of the observed X-rays (and the recurrence of the
X-ray emission) as well as the very low levels of polarization degree.
One might expect the polarization degree to rise again after the central
source becomes obscured. Unfortunately, our optical polarization
observations did not continue after the first X-ray flare, so we cannot
confirm the possibility of this scenario.

4.2 The nature of AT 2022fpx

AT 2022fpx is among the few optical TDEs exhibiting coronal line
emission during the flare decay, alongside AT 2017gge (Onori et al.
2022), AT 2019qiz (Short et al. 2023), and AT 2022upj (Newsome
et al. 2022). The appearance of coronal lines varies from source
to source, with AT 2017gge and AT 2019qiz showing the lines at
later times, approximately ~200 and ~400 d after the optical peak,
respectively, while AT 2022upj and AT 2022fpx exhibit the lines
earlier, at approximately ~41 and <86 d after the optical peak,
respectively.

Additionally, the appearance of X-rays differs; AT 2017gge (Onori
etal. 2022), and AT 2022fpx exhibit late-time emission, whereas AT
2019qiz (Nicholl et al. 2020) show X-ray emission already at the
optical peak. For AT 2022upj, we examined the available Swift/XRT
data, and found clear detections starting from ~350 d from the optical
peak (see Fig. 5) aligning with the late-time detections of X-rays
from AT 2017gge and AT 2022fpx. Thus, the relationship between
the ionizing X-ray emission and the coronal lines appears complex.
However, AT 2019qiz is one of the closest TDEs, which could explain
the earlier X-ray detection.

In addition to the coronal lines, AT 2022fpx shares several
properties with BFF events, including the clear identification of
Bowen lines, a slow decay of optical fluxes, and a rebrightening phase
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occurring approximately a year after the initial decline (Makrygianni
et al. 2023). While for other BFFs, it has appeared clearer that the
observed events could arise from some form of reactivation or flare
of an already identified AGN (Trakhtenbrot et al. 2019; Makrygianni
et al. 2023), in the case of AT 2022fpx, the AGN nature of the
galaxy is uncertain, and several pieces of evidence point against it,
including the ECLE nature (see Section 3.1), host galaxy SED, and
the mid-infrared colours (see Section 3.2). Therefore, AT 2022fpx
could serve as a crucial source to link at least some BFFs to TDEs.

The resemblance of the optical light curve of AT 2022fpx to a
well-sampled BFF, AT 2021loi (Makrygianni et al. 2023), is striking
(Fig. 5). The light curves have similar shapes, with only the rise
being faster and the rebrightening more pronounced in AT 2021loi
compared to AT 2022fpx. Additionally, the timing of the rebright-
ening is almost identical. This similarity could suggest potentially
similar black hole masses in these systems, around Mpy ~ 107 Mg.
The difference in rebrightening amplitudes might be attributed to AT
2021loi being more obscured, leading to X-rays being reprocessed
to the optical regime (although not suggested by Makrygianni et al.
2023 due to the prominently blue continuum of the source), while
AT 2022fpx is either less obscured or has more clumpy blocking
matter, allowing more X-rays to propagate without reprocessing. To
explore this further, we examined the Swift/XRT data of AT 2021loi
up to date and found a 3o source at the correct location by stacking
all available photon counting mode data. Notably, most of the X-
ray counts coincide with the time of the rebrightening (Fig. 5). The
combined Swift/XRT count rate of the two pointings taken between
MIJD 59754 and MJD 59786 (corresponding to 327-357 d after
peak) is 0.0025 £ 0.00095 (2.60). Whether or not this is a true
detection, it potentially indicates that the onset or increase of the
accretion disc emission can occur later in BFFs, similar to other
optical TDEs.

The comparable light-curve profiles of AT 2022fpx and AT 20211oi
argue against the origin from AGN variability, as one would expect
AGN flares to be stochastic events and not follow a similar trend.
This lends more weight to the TDE classification; however, the long-
term light curve and the lower velocities of the Balmer lines still need
clarification in this context. If some BFFs are TDEs occurring in low-
luminosity or quiet AGN, our line of sight to the central source could
be obstructed by a dusty torus, and the longer time-scales might be
influenced by the more complex surroundings and a potentially low-
luminosity accretion flow already in place. This scenario aligns well
with the observed polarization properties and the late-time X-ray
emission seen in AT 2022fpx.

5 CONCLUSIONS

In this paper, we presented the optical polarization monitoring
observations of AT 2022fpx together with accompanying UV/optical
photo- and spectrometry, and X-ray observations. The optical spectra
taken around ~100 d after the optical peak shows highly ionized
(coronal) lines making AT 2022fpx one of the few TDEs showing
these lines during the optical decay. The source exhibited also
peculiar, variable but low-polarized emission at the optical peak
of the transient event including a clear rotation of ~50 deg of the
polarization angle. In addition, X-ray emission was observed later
on in the decay coinciding with a small rise in the optical/UV fluxes,
but displaying more flare-like emission profile that potentially is
re-emerging currently.

We attribute the polarization behaviour and late-time X-rays either
to the outer shock scenario, which has been established to explain the
observed behaviour of optical TDEs, or perhaps more plausibly, to a
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clumpy torus surrounding the SMBH. AT 2022fpx is the first source
showing properties from both ECLEs and BFFs, characterized by
coronal and Bowen lines, slowly decaying optical/UV light curve,
and a rebrightening event (more prominent in X-rays than optical).
The relation to possible dormant or obscured AGN remains an
interesting and intriguing aspect of the BFF sources. However, the
AGN nature in the case of AT 2022fpx is not clear, and the presence of
coronal lines suggests a TDE classification. Thus, AT 2022fpx could
be a key source in linking BFF sources and ECLEs to long-lived
TDEs.
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APPENDIX A: ERROR ESTIMATES AND
SYSTEMATIC EFFECTS OF THE NOT
POLARIZATION DATA
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Figure A1. An example of the usage of mock data to validate the accuracy
of our error determination. The grey lines represent growth curves (the degree
of polarization, P, as a function of the aperture radius) for 100 mock data sets
corresponding to a source with zero polarization. The green symbols depict
one such curve, accompanied by 2o error bars derived from our analysis chain.
The blue and red lines indicate the 67 percent and 99 per cent confidence
limits, respectively, using the standard formula (see the text for details). The
black symbol denotes the polarization degree derived from the actual data.

In principle, the standard dual-beam sequence of the polarization
data reduction pipeline should cancel out any effects caused by
the gain difference between the ordinary and extraordinary beams.
However, some of our observations were made during a full moon,
resulting in a relatively high and sometimes variable background.
Specifically, two epochs were conducted under bright sky conditions,
where the sky background was approximately 10 times brighter than
in moonless conditions. Additionally, three epochs occurred under
grey sky conditions, with the sky background being roughly three
times brighter, while the remaining epochs were conducted under
dark conditions. Typically, the background exhibited changes of 5—
20 per cent during the image sequence in dark and grey conditions,
except for one observing epoch where the rising Moon caused
the sky background to increase by a factor of ~3. During the
two observations conducted under bright conditions, the sky level
changed by less than 20 per cent.

Our flat-fielding procedure does not completely eliminate dust
features, which could potentially affect the measured polarization
properties during bright sky conditions. Therefore, we generated
mock images of the source with zero polarization degree for those
epochs where significant polarization was detected. We analysed
these mock images similarly to the observed data. The mock data
consisted of images whose properties, such as the number, size,
noise parameters, background level, rate of background level change,
and signal-to-noise ratio per beam, accurately corresponded to the
conditions of a given observing epoch. The mock images were also
multiplied by an image containing the residual dust features.
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We created 100 sets of mock images per epoch and computed the
polarization degree of the source based on the measurement aperture
radius. The distribution of the polarization degree was then compared
to the magnitude of the errors returned by our analysis chain at
each aperture radius. Fig. Al displays the results for the first night
of our observing campaign, during which the sky background was
particularly high. Similar results were obtained for the other epochs;
specifically, the distribution of polarization degree derived from the
mock data (grey lines in Fig. A1) aligns with the errors derived by our
analysis chain and with the standard formula o p = 0.5/SNR, where
o is the error of the polarization degree, and SNR is the signal-
to-noise ratio of a single retarder position image. Our simulations
demonstrate that the bright and varying background, as well as the
flat-field residuals, do no significantly impact our measurements.
While there is some indication that errors are slightly underestimated
at larger apertures, it is worth noting that our measurements were
conducted using apertures smaller than the affected region.

APPENDIX B: HOST GALAXY SED AND
DETERMINATION OF ITS POTENTIAL
VARIABILITY

We compiled the host galaxy SED using data obtained from various
archival observations. The photometric data encompassed u-, g-,
i-, and z-band data (cmodel mags) from the Sloan Digital Sky
Survey Data Release 17% (Abdurro’uf et al. 2022), g-, r-, i-, z-, and
y-band data (Kron mags) from the Pan-STARRS survey catalog’
(Chambers et al. 2016), as well as J-, H-, and K-band data from the
Two Micron All Sky Survey'® (2MASS), and the W1-, W2-, W3-,
and W4-band data from AIIWISE Source Catalogue!' (Wright et al.
2010; Mainzer et al. 2011).

The collected data are not simultaneous and originates from widely
different observing epochs, potentially impacting the SED fitting
process, particularly if the galaxy exhibits variability. The Pan-
STARRS data comprise several stacked images (ranging from 9 to
23, depending on the band) with a mean epoch of 2013-01-20. In
contrast, the SDSS data were acquired on 2001-05-23, significantly
earlier. The 2MASS data predate 2001, obtained during the mission’s
operational lifetime, while the WISE data comprise three stacked
epochs spanning 2010-2011.

To assess the variability of the host galaxy, we examined pre-
transient archival survey photometry. Specifically, we obtained V-
band data from the Catalina real-time transient survey (CRTS), cover-
ing the period from 2006-06-15 to 2013-09-28, W1 (3.4 micron) data
from the NEOWISE mission spanning from 2010-10-01 to 2021-06-
15, and G-band imaging from the Gaia mission spanning from 2014-
05-11 to 2021-05-23. Visual inspection of these data revealed no sig-
nificant large-scale flares resembling AT 2022fpx, nor did we observe
any clear stochastic variations typically associated with AGN.

We applied a 3o -clipping procedure to the measured CRTS mag-
nitudes to identify any measurements that could indicate either vari-
ability or spurious readings. We found that the clipped measurements
did not correspond to transient activity. Upon closer inspection, of
the five values among the 166 measurements that were clipped, four
exhibited significant decreases in magnitude, accompanied by larger

8hittps://www.sdss4.org/dr17/
9https://catalogs.mast.stsci.edu/panstarrs/
10https://www.ipac.caltech.edu/2mass/releases/allsky/
https://wise2.ipac.caltech.edu/docs/release/allwise/
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B CRTS V band magnitudes
—— o of measured magnitudes

5 { === g= median measurement uncertainty

Figure B1. A magnitude histogram in V band of the host galaxy from CRTS
spanning 7 yr of observations from 2006 to 2013. The red line depicts the
expected distribution of the measured magnitudes under the assumption
of standard error, while the black line represents the expected distribution
assuming a median photometric uncertainty of the individual measurements.
All the measured magnitudes are consistent with a constant V-band magnitude
of 17.9 mag.
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Figure B2. Time evolution of the host galaxy in W1 band (3.4 micron) from
NEOWISE survey. The shaded region shows the standard deviation of the
data.

uncertainties, suggesting inconsistency with genuine variability. The
single measurement clipped due to an increase in magnitude was
reinstated in the data set. Subsequently, we binned the data to
compare the measured magnitudes with the expected distribution.
The standard deviation of the measured magnitudes was found to be
consistent with the median photometric uncertainty of the individual
measurements (Fig. B1). Based on our analysis, we conclude that
there is no evidence of V-band variability between 2006-06-15 and
2013-09-28. Consequently, it is improbable that the host optical
magnitudes have varied between the SDSS and PanSTARRS epochs.

MNRAS 532, 112-125 (2024)

$20Z 1890190 80 UO Jasn AJISIaAIun s8400|\ uyor [00diaAl Aq 2202692/Z1 L/1L/2ES/81oNnie/Seiuw/woo dno-olwspese//:sdny wolj papeojumoq


https://www.sdss4.org/dr17/
https://catalogs.mast.stsci.edu/panstarrs/
https://www.ipac.caltech.edu/2mass/releases/allsky/
https://wise2.ipac.caltech.edu/docs/release/allwise/

124 K. I. I Koljonen et al.

Performing a similar analysis for the NEOWISE and Gaia data
poses more challenges due to the limited number of measurements
available for our source (only 25 and 22 for NEOWISE and Gaia,
respectively, compared to 162 for CRTS). Additionally, proper
uncertainties for the Gaia measurements are unavailable as they are
not provided by the Gaia Alerts service. Moreover, given that the host
of AT 2022fpx is resolved at the Gaia resolution, variations in the
measured magnitude could arise due to different scanning directions
during observation.

In Fig. B2, we present the time evolution of the NEOWISE data,
with the 1o region highlighted. While two data points exhibit poten-

tial connections to real variability at a 0.2 mag level, it is worth noting
that our data originate from the AIIWISE catalog, corresponding
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to the first three data points. Consequently, although we cannot
definitively rule out variability in the host without examining the
individual stacked images, the magnitudes we utilize align well with
the mean galaxy magnitude.

APPENDIX C: CIGALE FIT PARAMETERS

The configuration of the CIGALE SED fitting modules is presented
in Table C1. A detailed description of the parameters is provided
by Boquien et al. (2019). The x2-weighted PDFs of the M,, SFR,
and AGN fraction, used to estimate the parameter’s quantities and
uncertainties, are shown in Fig. C1.

5'I"'I"'I":'I
log [SFR/(M yr~1)1= —14.1139
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probability density

—

s M
-14.4 -14.2
log (SFR/M o yr—1)

el
-14.6

Figure C1. The M, (upper left), SFR (upper right), and AGN fraction (bottom) x2-weighted probability densities of all CIGALE models (black line). The

modes and 68 per cent/32 per cent C.I. are shown with vertical dashed and dotted red lines, respectively. The estimated quantities are shown at the top of each

panel with red fonts.
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Table C1. Configuration of the CIGALE SED fitting modules.

The ECLE AT 2022fpx

125

Module sthdelayed
tau_main 5, 10, 100, 200, 500, 1000, 3000, 5000 e-folding time of the main SP model in Myr
age_main 8000, 9000, 10000, 12000, 13000 Age of the main SP in the galaxy in Myr
tau_burst 1,2,5, 10,25, 50, 100 e-folding time of the late starburst population
age_burst 100, 200, 500, 800, 900, 1000, 1100, 1500, 2500 Age of the late burst in Myr
f_burst 0.01,0.1,0.3,0.4,0.45, 0.5, 0.55,0.6, 0.7, 0.8 Mass fraction of the late burst population
sfr A 1 Multiplicative factor controlling the SFR
normalize False Normalize SFH to produce one solar mass
Module bc03
imf 0 Salpeter initial mass function
metallicity 0.0001, 0.0004, 0.004, 0.008, 0.02, 0.05 zZ
separation_age 10 Young and old SPs separation age in Myr
Module nebular
logU -2.0,—1.0 Ionization parameter
f_esc 0.0 Fraction of escaping Ly continuum photons
f_dust 0.0 Fraction of absorbed Ly continuum photons
lines_width 300.0 Line width (kms™!)
emission True Include nebular emission
Module dustatt_modified _starburst
E_BV_lines 0.01, 0.1, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5, 0.55, 0.6, 0.7 colour excess of the nebular lines
E_BV _factor 0.3,0.35,0.4 Reduction factor applied on E_BV _lines.
uv_bump_wavelength 217.5 Central wavelength of the UV bump (nm)
uv_bump_width 35.0 Width (FWHM) of the UV bump (nm)
uv_bump_amplitude 0.0 Amplitude of the UV bump
powerlaw _slope —1.5,-0.5,0.0,0.5 Modifying slope §
Ext_law_emission_lines 1 1 corresponds to MW extinction law
Ry 3.1 Ay/EB —V)
Module dale2014
fracAGN 0.0, 0.025, 0.05, 0.075, 0.1, 0.125, 0.15, 0.175, 0.2, AGN fraction

0.25,0.3,0.4,0.5
alpha 1.5,2.0,2.5 Alpha slope
Module restframe_parameters
beta_calz94 True UV slope as in Calzetti et al. (1994)
D4000 True As in Balogh et al. (1999)
IRX True based on GALEX FUV and dust luminosity
Module redshifting
redshift 0.073
Module
additional_error 0.1 Relative error added in quadrature to the uncertainties

of the fluxes and the extensive properties
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